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ABSTRACT

SARS-CoV-2 is the virus responsible for the COVID-19
pandemic. COVID-19 has highly variable disease severity
and a bimodal course characterized by acute respiratory
viral infection followed by hyperinflammation in a

subset of patients with severe disease. This immune
dysregulation is characterized by lymphocytopenia,
elevated levels of plasma cytokines and proliferative and
exhausted T cells, among other dysfunctional cell types.
Immunocompromised persons often fare worse in the
context of acute respiratory infections, but preliminary
data suggest this may not hold true for COVID-19. In this
review, we explore the effect of SARS-CoV-2 infection

on mortality in four populations with distinct forms of
immunocompromise: (1) persons with hematological
malignancies (HM) and hematopoietic stem cell transplant
(HCT) recipients; (2) solid organ transplant recipients
(SOTRs); (3) persons with rheumatological diseases; and
(4) persons living with HIV (PLWH). For each population,
key immunological defects are described and how these
relate to the immune dysregulation in COVID-19. Next,
outcomes including mortality after SARS-CoV-2 infection
are described for each population, giving comparisons to
the general population of age-matched and comorbidity-
matched controls. In these four populations, iatrogenic
or disease-related immunosuppression is not clearly
associated with poor prognosis in HM, HCT, SOTR,
rheumatological diseases, or HIV. However, certain
individual immunosuppressants or disease states may be
associated with harmful or beneficial effects, including
harm from severe CD4 lymphocytopenia in PLWH and
possible benefit to the calcineurin inhibitor ciclosporin in
SOTRs, or tumor necrosis factor-o: inhibitors in persons
with rheumatic diseases. Lastly, insights gained from
clinical and translational studies are explored as to the
relevance for repurposing of immunosuppressive host-
directed therapies for the treatment of hyperinflammation
in COVID-19 in the general population.

INTRODUCTION

SARS-CoV-2 is the etiological agent of the
disease COVID-19. SARS-CoV-2 was detected
in Wuhan, China in December 2019 and
rapidly spread around the world creating
the most significant global pandemic in a
century. As of April 25, 2021, there have
been >146million cases diagnosed globally
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and >3million global deaths.! The course of
SARS-CoV-2 infection is variable, with course
ranging from asymptomatic, to mild upper
respiratory tract infection or non-specific
viral illness, to multisystem organ failure and
death.”® As the course of SARS-CoV-2 infec-
tion progresses, disease will resolve in up to
80% of infected persons,* or will progress to
requirement for supplemental oxygen and
hospitalization, typically 7-10days after first
onset of symptoms.” In hospitalized persons,
the disease is characterized by hypoxia, but
other organ system involvement can occur
in kidney, heart, liver and brain, with most
damage in the non-lung involved organs mani-
festing as injury related to inflammation.””
Indeed, the prevailing hypothesis about the
pathogenesis of severe disease manifestation
implicates immune system dysregulation as
opposed to direct viral cytopathic effects.
Abnormalities include lymphocytopenia,'® !
increased neutrophil-to-lymphocyte ratio,'*™*
and aberrant cytokine production.'”™™” The
term ‘cytokine storm’ or ‘cytokine release
syndrome’ has been borrowed from other
disease states, specifically chimeric antigen
receptor (CAR)-T cell therapy, and engraft-
ment syndrome after allogeneic hemato-
poietic stem cell transplant, respectively.
Cytokine storm is a life-threatening systemic
inflammatory syndrome that may involve a
variety of innate and adaptive immune cells
and that is manifested by elevated levels of
circulating cytokines and clinical symptoms
due to immune-cell hyperactivation that can
lead to multisystem organ dysfunction and/
or death.'

Infection with SARS-CoV-2 results in a
bimodal disease process.'” In the initial
phase of illness, typical upper respiratory
viral illness or non-specific viral illness symp-
toms develop including fever, chills, a dry
cough, congestion, anosmia, fatigue, myalgia,
headache, nausea, and diarrhea. If disease
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does not resolve, there is progression to development
of pulmonary phase of illness, with onset of dyspnea
and hypoxia with infiltrates of chest radiography®’ and
the need for supportive supplemental oxygen. In hospi-
talized patients, elevated levels of soluble inflammatory
cytokines are present including interleukin (IL)-2, IL-2R,
IL-6, IL-7, IL-8, IL-10, granulocyte colony-stimulatin

factor (G-CSF), and tumor necrosis factor (TNF)-o.!>!

At this disease stage, activated and exhausted CD8 T
cells are associated with increased disease severity.”' **
Detectable at the severe disease stage are the presence
of unusual cell types such as proliferative/exhausted CD4
cells (Ki67, programmed cell death protein 1 (PD-1))
as well as cytotoxic CD4 cells (GNLY).?? Other cellular
markers of disease progression include loss of func-
tional diversity of CD4 T cells* and increased markers
of functional exhaustion measured (ie, PD-1, TIGIT) are
associated with worsened antiviral responses and disease
progression.”* * Plasmablast expansion occurs more in
severe disease and B-cell dysregulation may be associ-
ated with loss of the regulatory chemokines CXCR5 and
CCR6.*' # Other dysfunctional cell types such as mono-
cytes and natural Kkiller cells are also associated with
COVID-19 disease severity.*

Clinical risk factors for more severe COVID-19 disease
presentations have been well-described. Age is a signifi-
cant driver of mortality with an exponential risk as age
increases.? 2° Medical comorbidities including diabetes,
hypertension, chronic kidney disease, obesity, cancer diag-
nosis and immunosuppression are also associated with
COVID-19 disease progression and death in retrospective
studies.”™ Yet the extent to which clinical risk factors
such as cancer diagnosis, active treatment or iatrogenic
immunosuppression compares with other risk factors
such as age or diabetes is not well understood. Respira-
tory viral infections are often more persistent and severe
in immunocompromised persons.” ™ However, the risk
of immunosuppression on COVID-19 disease outcomes
independent from age and comorbidities is incompletely
understood. For instance, in the large CCC19 multicenter
registry cohort study of patients with cancer infected with
SARS-CoV-2, active cancer was associated with a much
higher risk for mortality compared with patients with
cancer in remission.” The association of higher mortality
after SARS-CoV-2 infection in patients with active cancer
may be a function of treatment and/or disease-related
immunosuppression; or conversely, it may be related
to the general higher hazard for death in patients with
active cancer. The effects of various immunosuppressive
treatments on the progression of SARS-CoV-2 infection
may be harmful, have no effect or even be protective.

To address the immune dysregulation caused by
SARS-CoV-2, a number of immunosuppressive agents
have been repurposed as treatment of COVID-19. This
article will explore use of immunosuppressive agents
and risk for COVID-19 disease progression in different
populations of immunocompromised individuals
including solid organ transplant recipients, persons with

hematological malignancies (HM), persons with autoim-
mune conditions on immunosuppression, and PLWH.
Here, we review the literature on risk factors of immu-
nosuppressive agents in these populations, compared
with other known risk factors, and use of immunosup-
pressive therapies for treatment of COVID-19 in these
populations. Key clinical questions in the management of
immunosuppressed persons explored include whether to
reduce the use of modifiable iatrogenic immunosuppres-
sion in those with COVID-19, or to delay the initiation
of otherwise medically indicated immunosuppression or
substitute agents in the era of the COVID-19 pandemic.
Insights from these populations should be used to initiate
randomized controlled trials (RCTs) of immunotherapy
drugs repurposed for the treatment of COVID-19.

Hematological malignancies and hematopoietic cell transplant
recipients

Patients with HM and those who have undergone hema-
topoietic cell transplantation (HCT) have diverse immu-
nosuppressive conditions based on the effect of the
underlying malignancy involving the immune system
and the immunosuppressive effect of cytotoxic or other
therapies, which can affect different compartments of the
immune system, with a particular risk from neutropenia.
The situation in allogeneic HCT recipients is unique due
to the transfer and immune reconstitution from a donor
immune system together with prophylaxis and treat-
ment of graftversus-host disease, typically with agents
suppressing T-cell function.

Patients with HM and particularly those who have under-
gone HCT are prone to develop severe infection with
infectious agents including viral infections resulting in
significant morbidity and mortality. Therefore, when the
COVID-19 pandemic hit, these were patient groups with
a perceived increased risk for poor outcome. Reported
medical literature describing outcomes in persons with
HM or HCT is variable regarding the vulnerability to
SARS-CoV-2 infection and disease with some cohorts
including all patients with the diagnosis of SARS-CoV-2
infection while others include only hospitalized patients
with COVID-19 disease. Wang et al using an US nation-
wide database for patient electronic medical records
showed that patients with HM had an increased risk for
COVID-19 infection and that recently diagnosed patients
had worse outcome with a 5.1% death rate overall.”
Pinana et al reported on the Spanish early experience
during the COVID-19 pandemic on 367 adult and pedi-
atric patients with HM and showed an overall mortality
in non-HCT patients of 31%. Risk factor for death were
age >70, uncontrolled HM, and neutropenia, although
individual HM was not associated with mortality.” In a
systematic review and meta-analysis, Vijenthira et alfound
that adult patients with HM had 34% risk of death after
COVID-19 and that age was the most important factor
influencing mortality.™

Neutropenia due to COVID-19 is rare in non-
cancer populations, with lymphocytopenia being the
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predominant hematological derangement.'** The rela-
tionship between baseline neutrophil count and mortality
in COVID-19 is U-shaped with increased mortality risk
for both neutropenia and neutrophilia.”” While neutro-
penia is a common occurrence in patients with HM,
whether depth and duration of neutropenia are associ-
ated with outcome in COVID-19 in the HM population
is not well studied. Patients with acute leukemia usually
have profound and long-lasting neutropenia due to both
disease-related and treatment-related factors, so focus on
the subpopulation of patients with cancer having leukemia
might indirectly describe the role of neutropenia in
COVID-19 prognosis. In a registry study with historical
controls, Lee et al found that patients with leukemia and
COVID-19 had a significantly higher case fatality rate
compared with other cancer types, and patients with HM
with recent chemotherapy had an increased rate of death
during COVID-19-associated hospital admission.”® Pifana
et al reported that neutropenia <500 cells/pL was associ-
ated with an OR for death of 2.8 (95% CI 1.3 to 6.1),
p=0.010."> Conversely, in a single-center cohort of hospi-
talized patients with cancer having COVID-19, Morjaria et
al found neutropenia <1000 cells/pL. was not associated
with severe respiratory failure or death, and that reversal
of neutropenia with G-CSF was associated with increased
oxygen need or death.” In a systematic review, no asso-
ciation was noted between any hematological parameter
(leukocyte count, platelet count, lymphocyte or neutro-
phil counts) and mortality in COVID-19 among patients
with HM.* In patients with cancer undergoing chemo-
therapy, COVID-19 disease severity was associated with
either high or low lymphocyte counts, low platelet count,
or high neutrophil count.*' Since neutrophils likely play a
role in COVID-19-related pulmonary damage,'* ** reversal
of neutropenia in patients with HM with active COVID-19
may not be advisable.

We have some insight about the differential effect of
HM and the therapies used to treat HM. Garcia-Sudrez
reported on a large cohort of hospitalized patients with
HM (n=697) in Madrid and showed that age >60, acute
myeloid leukemia, and active therapy with monoclonal
antibodies were significant risk factors for mortality.
Conventional chemotherapy showed borderline signif-
icance while patients with hypomethylating agents as
well as patients with myeloproliferative neoplasms had
lower mortality.”” In a meta-analysis, Vijenthira et al
reported no difference in the risk for death between
patients with or without ongoing systemic anticancer
therapy.”® Case reports suggest patients having received
anti-CD20 monoclonal antibody therapy have prolonged
viral shedding and that these patients might not develop
antibodies to SARS-CoV-2.*' * Prolonged viral shed-
ding has also been reported in patients after CAR-T cell
therapy, allogeneic HCT, and in a patient with chronic
lymphocytic leukemia (CLL), conditions in which B-cell
function is suppressed.*® *” Mato et al showed among
198 patients with CLL with a median age of 70 years an
overall case fatality rate at 16 days into the infection of

33%. There was no difference between treatment-naive
and treated patient including those with Bruton tyrosine
kinase inhibitors (BTKi).* Scarfo et al reported mortality
30% in patients with CLL with a median age of 72 years
and found that the risk for severe COVID-19 disease was
associated with higher age (>65 years) but neither older
age nor comorbidities influenced mortality.* Patients
with multiple myeloma showed a similar high mortality
as shown by a large series from the International
Myeloma Society. Chari et al reported a mortality on 650
hospitalized patients of 33% with a major geographical
variation. Risk factors for poor outcome was higher age,
higher stage myeloma, suboptimal myeloma control, and
comorbidities. No specific myeloma therapy influenced
outcome.”

Since patients after HCT have the highest risk for
viral disease among patients with HM, the emergence of
SARS-CoV-2 and COVID-19 had very strong impact on
transplant centers fearing for the outcome of this disease
in a population known to be vulnerable to viral infec-
tions in general and to community-acquired respiratory
viruses.”'™® In a report of 318 patients with HCT from
the CIBMTR registry, Sharma et alshowed 28-day survival
after COVID-19 was 68%. Risk factors for mortality were
age <50 years, male sex, and development of COVID-19
within 12 months after HCT.”” Ljungman et al reported
at the 2020 American Society of Hematology meeting
on the outcome of 272 patients (175 allogeneic and 97
autologous) diagnosed during the spring of 2020. The
median age of this group was 54 years and the overall
mortality was 28.6%. Risk factors for mortality was age
and poor performance status.”® This cohort has now
been updated including 382 patients diagnosed during
the first wave of COVID-19 in Europe and the attribut-
able mortality to COVID-19 was 25.4% with risk factors
for death being age, performance status, and need for
admission to an intensive care unit (ICU) (Ljungman,
Leukemia, in press). Shah et al reported similar outcome
with a 30-day survival of 78% on 72 patients with HCT
and five CART cell-treated patients.” Pifiana et al
reported outcome on 65 allogeneic and 58 autologous
HCT recipients of 18% and 17%, respectively.35 Coll et al
reported mortality of 20% and 24% among 56 patients
with allogeneic HCT and 29 patients with autologous
HCT, respectively.”’

Thus, adult patients with HM and after HCT have
a substantial mortality in COVID-19, although formal
comparisons to the general population are absent.
Thankfully, it appears that in pediatric patients with
HM and HCT, COVID-19 is less severe.”” 1 62 It should
be recognized that most data exist from the early phases
of the pandemic and no series have been presented only
including patients diagnosed after the introduction of
remdesivir, corticosteroids, and systematic antithrombo-
embolic prophylaxis. It is possible that these interven-
tions can have improved the prognosis in these high-risk
groups.
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Solid organ transplant recipients
Recipients of solid organ transplants (SOTRs) must
receive iatrogenic immunosuppression to prevent immu-
nological rejection of the allograft. Antirejection therapy
primarily targets T-cell function and is divided into induc-
tion and maintenance immunosuppression. Periop-
eratively, induction is typically achieved via polyclonal
antibodies such as rabbit antithymocyte globulin (ATG)
combined with high-dose glucocorticoids to achieve
immediate allograft tolerance. Maintenance immunosup-
pression most commonly consists of multimodal regimen
to suppress T-cell function including calcineurin inhib-
itor, with an antimetabolite cell cycle inhibitor, with or
without glucocorticoids. Additional high-dose glucocorti-
coids, anti-T-cell or anti-B-cell therapies, or complement
inhibition may be given to treat rejection. The ‘net state
of immunosuppression’ in SOTRs is a complex clinical
assessment that details current and past immunosuppres-
sion, immunological biomarkers, evidence of infections,
or reactivation of latent viral infections.*®

Antirejection immunosuppression in SOTRs will
in general predispose to more severe course of acute
infections, including RNA respiratory viral infections
including influenza, RSV, and parainfluenza.”* Early in
the COVID-19 pandemic, small case series detailed high
mortality rates on SOTRs, with authors concluding that
immunosuppression confers an increased risk of intu-
bation and death for SOTRs.® " However, mortality in
hospitalized SOTRs was not disproportionate to that in
the general population in subsequent studies.” ** % The
largest multicenter registry of SOT recipients, Kates et al
reported on outcomes in 482 SOTRs.” In the hospital-
ized subgroup (78%), 28-day mortality was 20.5% with
older age and comorbidities (especially CHF, chronic
lung disease, and obesity) and COVID-19 disease severity
at presentation as the main risk factors for mortality.
Multiple surrogate measures of immunosuppression
intensity were not associated with mortality, including
COVID-19 in the early post-transplant course, number
of maintenance immunosuppressives, thoracic (lung
or heart) transplant, or receipt of recent augmented
immunosuppression.28 In a multicenter matched cohort,
Molnar et alused propensity score matching of 98 SOTRs
to 288 non-SOTR persons with critical illness and found
similar 28-day morality (40% and 43%, respectively), RR
0.92 (95% CI 0.70 to 1.22).% Similarly, in a single-center
cohort study, 35 hospitalized SOTRs with COVID-19
were compared with a convenience sample of 100 non-
transplant patients with COVID-19 and no difference in
mortality was noted (23% vs 25%, respectively), OR=0.88
(95% CI 0.3 to 2.21).”” In a study of sequential admis-
sions at two tertiary hospitals in Emilia-Romagna region
in Italy, mortality rate in 24 SOTRs was not different
from the general population in the multivariate adjusted
model for 30-day mortality.m A recent systematic review
and meta-analysis found an 81.0% pooled incidence of
hospitalization for SOTRs with COVID-19 in 22 studies,
likely indicating reporting bias. All-cause mortality after

COVID-19 in SOTRs was 18.6% in 37 studies reporting,
although the timeframe of follow-up was not indicated.”'

Lung transplant recipients have been significantly
affected by the COVID-19 pandemic, an observation
which may be due to various factors, which include that
the lung and respiratory tract is the site of primary infec-
tion of SARS-CoV-2 and also possibly due to use of higher
doses of immunosuppression required for this type of
transplant, compared with other transplants such as liver
and kidney. Case series report mortality ranges from
14% to 46%.% ™ ™ Similarly, heart transplant recipients
also require a higher level of immunosuppression and
mortality in case series ranges from 25% to 33%.”""° In
contrast, most studies of abdominal transplant (kidney
and liver transplant) have shown comparable results of
SARS-CoV-2 infection in these immunocompromised
individuals when compared with the general population.
Chavarot et al performed a propensity matched cohort
study of kidney transplant recipients from three French
centers matched on age and comorbidities to a general
hospitalized cohort and found that outcomes including
mortality were similar.”” The experience in liver trans-
plant recipients also suggested comparable outcomes to
the general population.” ™

The general impact in SOTRs on mortality from
COVID-19 due to iatrogenic immunosuppression for
antirejection cannot be decisively determined at this
time, but together, the data suggest that risks due to
immunosuppression are overshadowed by the risks due
to age and comorbidities. Evidence-based guidance does
not exist for selection of the induction immunosup-
pressive regimen for SOT programs performing trans-
plant during the pandemic. Review of the US transplant
database suggests that SOTRs transplanted during the
pandemic were less likely to receive lymphocyte-depleting
induction agents.*” The vast majority of SOTRs with
COVID-19 reported in the medical literature had mainte-
nance immunosuppression reduced or withdrawn,® ™!
For example, 70% of persons in Kates et al had modifica-
tion to the immunosuppression regimen including anti-
metabolite withdrawal and reduction in 56% and 10%,
respectively.®® In the systematic review and meta-analysis,
the antimetabolite was reduced in 76.2% of SOTRs in 27
studies reporting this observation.”" A small single-blind
RCT (n=50; NCT04420364) is assessing strategies for
reduction of immunosuppression.

Certain maintenance immunosuppressive agents may
have untoward or beneficial consequences, often with
conflicting or inconclusive preclinical or clinical data.
While the antimetabolite mycophenolic acid (MPA) is
effective at strongly inhibiting SARS-CoV-2 in vitro,”
MPA is associated in worsening outcome in COVID-19 in
a study of liver transplant recipients.”® The calcineurin
inhibitor, ciclosporin, also inhibits SARS-CoV-2 in Vitro,82
but has beneficial effects in some clinical studies.*” ** A
retrospective study assessing a clinical protocol to change
tacrolimus to ciclosporin compared with minimization of
the tacrolimus dose found a lower proportional mortality
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12.5% vs 50%, respectively.”” Contradicting this evidence,
Belli et al found use of tacrolimus compared with others
(ciclosporin, mammalian target of rapamycin inhibitors,
or MPA) was associated with a protective effect, HR 0.55
(95% CI 0.31 to 0.99), p=0.0470.* Thus, no firm conclu-
sions on effects from specific maintenance agents can be
drawn from these small, uncontrolled, and sometimes
conflicting studies.

In summary, the building evidence suggests that SOTRs
are not at increased risk of mortality from COVID-19,
when compared with age-matched and comorbidity-
matched controls, and the effect of immunosuppression
on COVID-19 disease progression is uncertain. The vast
majority of SOTRs reported in the literature had reduc-
tion of immunosuppression, most commonly withdrawal
of the antimetabolite component.

Rheumatic diseases

Patients with rheumatic disease exhibit a broad spectrum
of immune dysfunction encompassing inflammatory
diseases such as rheumatoid arthritis, connective tissue
diseases like systemic lupus erythematosus and systemic
vasculitis like giant cell arteritis. These diseases are driven
by cell-mediated and antibody-mediated mechanisms with
concomitant immunodeficiency also a feature in some
diseases. Many of the agents in long-standing agents in use
inhibit nucleic acid synthesis like azathioprine and leflun-
omide, with calcineurin inhibitors also in use targeting
T-cell activation. More modern therapeutics target cyto-
kines such as TNF-o, or IL-6. B-cell depleting agents are
also commonly used in inflammatory arthritis and vascu-
litis. In patients with rheumatic diseases who acquire
SARS-CoV-2 infection, no differences in outcomes have
been noted between rheumatic diseases, with differences-
driven age, comorbidities, and specific therapies in use by
patients.”” %

The outcomes of patients with rheumatic diseases
during the pandemic have been examined in two
different study designs. First, large observational registry
studies have been carried out largely by the COVID-19
Global Rheumatology Alliance (GRA).¥ ® This is an
international registry of patients with rheumatic disease
from over 40 countries which currently holds >7000 cases.
The first 110 published cases were largely descriptive
and reported a 35% hospitalization rate and 5% death
rate.”’ This was followed by a series of 600 patients with
the primary outcome being hospitalization for COVID-
19.% Factors associated with a higher odds of hospitaliza-
tion included older age, comorbidities (hypertension/
cardiovascular disease, diabetes, lung disease, renal
impairment), and chronic oral glucocorticoid use (pred-
nisone equivalent 210 mg/day, OR 2.05, 95% CI 1.06 to
3.96). The use of disease-modifying antirheumatic drugs
(DMARDs), that is, no anticytokine biological therapies
or JAK inhibitors, was associated with a reduced risk of
hospitalization (adjusted OR (aOR) 0.46, 95% CI 0.22 to
0.93), when no DMARD use was used as the referent. This
reduced risk of hospitalization was largely driven by TNF

inhibitors (anti-TNF), which reduced the odds of hospi-
talization significantly when used as monotherapy (aOR
0.30,95% CI 0.11 to 0.79).

More recently, the COVID-19 GRA has examined the
factors associated with death from COVID-19 in 3729
patients with rheumatic diseases.®® Older age, male
gender, and certain comorbidities (hypertension, cardio-
vascular disease, and chronic lung disease) were risk
factors for COVID-19-related death. In addition, more
rheumatic disease activity compared with low disease
activity or remission was also a risk for COVID-19 death
(aOR 1.87, 95%CI 1.27 to 2.77). Medications that
increased the odds of death when methotrexate was used
as the referent were sulfasalazine (aOR 3.60, 95% CI 1.66
to 7.78), rituximab (aOR 4.04, 95% CI 2.32 to 7.03), and
potent immunosuppressants (cyclophosphamide, azathi-
oprine, mycophenolate, ciclosporin, and tacrolimus)
assessed as a group (aOR 2.22, 95% CI 1.43 to 3.46). The
group of persons not treated with methotrexate, biolog-
ical anticytokine DMARDs or JAK inhibitors also had an
increased risk of death (aOR 2.11, 95% CI 1.48 to 3.01).
This may be due to unmeasured confounding, but it is
worthwhile noting that this group were older and had
higher chronic glucocorticoid use. The sulfasalazine asso-
ciation is of interest because on one hand it is generally
viewed as less likely to cause infectious complications, but
on the other has been identified as interacting with the
SARS-CoV-2 spike protein in computational screening
studies.” Therefore, the interaction of sulfasalazine
with SARS-CoV-2 may be to increase its pathogenicity,
or conversely, the group receiving sulfasalazine did not
have a beneficial effect of immune-modulating therapy
to prevent hyperinflammation of COVID-19. Notably, the
two GRA studies used different referents for their medi-
cation analyses due to the ‘no DMARD’ group being an
unusual cohort of patients, so the results of these studies
would not expect to be directly comparable.

The second study design has been comparative
cohort studies. A Boston group published outcomes
from the Partners health system early in the pandemic.
They matched 52 patients with rheumatic disease and
COVID-19 with 104 patients without rheumatic disease
and COVID-19. They found no difference in hospital-
ization or death but did find higher odds of ICU admis-
sion and mechanical ventilation.”® However, when the
same group repeated their study with a larger group of
143 patients and 688 comparators there was not a signifi-
cantly higher HR for hospitalization, ICU admission, or
death.” Neither of these two studies examined the effect
of rheumatic medications on COVID-19 outcomes due to
lack of power. A much larger comparative cohort study
using the US TriNetX network, a large network of health
systems with health record data and live updates, included
2379 patients with rheumatic disease and 142750 non-
rheumatic disease controls.” Using logistic regression
with exposure score matching, and including the covari-
ates age, sex, ethnicity, and body mass index they found
small increases in risk for hospitalization, ICU admission,
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acute renal failure, and venous thromboembolism (VTE)
in patients with rheumatic disease compared with patients
without rheumatic disease, although only the risk for
VTE persisted in multivariate regression controlling for
comorbidities. No excess risk was found for mechanical
ventilation (relative risk (RR) 1.05, 95% CI 0.77 to 1.44)
or death (RR 1.08, 95% CI 0.81 to 1.44). Thus, the risks
of poor outcome in patients with rheumatic disease in
this group were likely mediated by comorbidities. The
use of traditional oral antirheumatic drugs (assessed as
a group) or anticytokine biologics and JAK inhibitors
(assessed as a group) did not increase the risk of poor
outcomes in either of their models. Consistent with the
registry studies the use of chronic oral glucocorticoid was
arisk for poor outcomes both in their primary model (RR
1.74, 95% CI 1.28 to 2.38), and in their extended model
which included comorbidities and prior hospitalization
(RR 1.50, 95% CI 1.07 to 2.10).

The dichotomy between the efficacy of acute glucocor-
ticoids to treat COVID-19 seen in the RECOVERY trial”
and poor outcomes seen with chronic glucocorticoid use
in patients with rheumatic disease is notable, however
the cause of this is currently not entirely clear,”” but may
be related to timing of use in relation to COVID-19 diag-
nosis. The findings of improved outcomes in those taking
anti-TNF have also been found in other cohorts and in
meta-analyses of outcome studies,”"" leading to calls
for randomized trials of anti-TNF for the treatment of
COVID-19 in the general population.'’! ' In summary, in
patients with rheumatic diseases, major factors increasing
the risk of poor outcomes relate to comorbidities, age,
and gender,'” ' risks shared with the general popula-
tion.'"” Risk factors specific to patients with rheumatic
disease are also important including chronic glucocor-
ticoid use, rituximab, sulfasalazine, potent immunosup-
pressants, and elevated disease activity. Other therapies
such as anticytokine biologics or JAK inhibitors were not
found to be harmful, and especially anti-TNF may have
protective effects.

Persons living with HIV

There are an estimated 1.2 million PLWH in the USA'*
and >38 million people living with HIV globally. Given
global scale up of HIV antiretroviral therapy (ART)
programs, nearly 70% of PLWH worldwide are receiving
ART."" In the USA, 58% of prevalent cases are in people
>45 years of age and 32% of prevalent cases are in people
>55 years of age.'” Indeed, with decreased AIDS mortality
globally with ART, the population of PLWH is aging, with
an estimated 20% of PLWH over the age of 50 globally
and 80% of the PLWH 50+ population living in low-
income and middle-income countries.'” Although life
expectancy has increased for PLWH on ART, this popu-
lation has increased rates of several comorbidities that
may affect the severity and natural history of SARS-CoV-2
infection,'” including substantially increased risk of
camcer,110 cardiovascular disease!'! and non-infectious
pulmonary diseases.''? Additionally, in the USA, HIV

disproportionately affects black and Latino populations,
populations also disproportionately affected by COVID-
19."" Together, these data highlight the importance of
considering the burden of COVID-19 in PLWH from a
syndemic perspective.'*

Untreated, HIV leads to CD4 lymphocytopenia in
blood and tissues and is associated with chronic inflam-
mation. With combination ART, HIV replication is rapidly
controlled, however, immune reconstitution occurs over
years, with evidence of T-cell immune dysfunction even 10
years after initiation of ART, especially in people who do
not start therapy during acute infection.'”” HIV and asso-
ciated immune dysfunction'’” has been associated with
impaired regulation of oncogenic viruses, with immune
control related to CD4 count.'"’ Less is known about the
effects of HIV on coronavirus or other respiratory viral
infection infections. For influenza, PLWH on ART have
similar durations of symptoms and viral shedding and
complications compared with HIV-seronegative patients,
although among PLWH, viral shedding is increased in
those with <200CD4 T cells/mL.116 17 Several studies have
evaluated COVID-19 outcomes among PLWH (table 1).
Population-based studies in the UK'"® and South Africa'"
have identified increased COVID-19 mortality among
PLWH. COVID-19 case fatality rates among PLWH range
from 3.2% in South Africa to 4.5%—-20% in US studies,
with differences likely due in part to the age distribu-
tion of HIV populations between studies and higher
death rates in studies documenting the outcomes in the
early COVID-19 pandemic. Results from comparisons
of mortality rates between PLWH and HIV-seronegative
people diagnosed with COVID-19 have yield variable
results. Comorbidities are common in PLWH in all
studies, and poor outcomes (eg, ICU level care or death)
were associated with comorbidities in PLWH. HIV was
not an independent factor for death in most studies that
corrected for age and comorbidities associated with death
in HIV-seronegative populations.

While HIV infection alone does not appear to be a
risk factor for disease progression, people with CD4
<200cell/mL have an estimated 5.22 (95% CI 1.28
t021.35) increased odds of being hospitalized and 3.32
(95% CI 1.11 to 9.93) increased odds of worse outcomes
with COVID-19."" ! CD4 lymphocytopenia is exacer-
bated by acute SARS-CoV-2 infection,' and increased
inflammatory markers (eg, C reactive protein and IL-6)
are associated with poor prognosis.'* '** Tt appears
that uncontrolled HIV effects T-cell responses during
acute SARS CoV2 infection. One study evaluated T-cell
dynamics during SARS-CoV-2 infection in 376 PLWH
and 382 HIV-seronegative controls. PLWH were grouped
by ART use, as 205 had ART suspended during the
pandemic due disruptions in supply. This study demon-
strated that PLWH on ART and HIV-seronegative patients
with COVID-19 had similar augmentation of cytotoxic
CD4 and CD8 T-cell responses in blood, while increases
were blunted in patients not on ART. Likewise, CD4/CD8
ratio, a measure of immune dysfunction, decreased only

6

Goldman JD, et al. J Immunother Cancer 2021;9:¢002630. doi:10.1136/jitc-2021-002630



Table 1 Epidemiological studies of laboratory-confirmed COVID-19 in PLWH
Population Study design Primary findings Reference
» US HIV-COVID-19 Multicenter Registry of PLWH > 77% of cases occurred in those 40+ Dandachi et a/'?
Consortium and COVID-19 years of age.
» 286 cases » 55% required hospitalization based on
» On ART 93% O, saturation <94% or elevated gSOFA
» <200CD4/mL 15% score.
» 29% received ICU level care.
» Mortality in PLWH 9.4%.
» Hypertension, chronic lung disease
and <200 CD4/mL at risk factors
for hospitalization as well as severe
outcomes (ICU or death).
» Public sector Western Population cohort study » HIV was associated with standardized Boulle et a'®

vvyy

vYvyy

\AA A A A 4

| 2
>

>

Cape, South Africa
22,308 COVID-19 cases
18% of cases in PLWH
60% of PLWH and
COVID-19 with HIV viral
load <1000 copies/mL

New York City
Department of Health
204,583 cases COVID-19
2410 in PLWH

88% of PLWH
hospitalized with HIV VL
<200 copies/mL

COVID-19 HIV Registry Match

TriNext Network

50,167 cases COVID-19
404 in PLWH

40% in US South

70% on ART

Electronic health record cohort

Mt. Sinai, Hospital-based cohort with
Of 4,402 COVID-19 5:1 HIV-seronegative matched
admissions, 88 in PLWH controls

100% on ART

>

vyvyy

mortality ratio 2.39 (95% CI 1.96 to 2.86).
Case fatality in PLWH 3.2%.

Increased death in PLWH and HIV VL
>1000 copies/mL and/or <200 CD4 cells/
mL.

COVID-19 death associated with current
or prior tuberculosis.

Compared with all PLWH and all
COVID-19 cases in New York City,
highest proportion in black or Latino and
high-poverty neighborhoods.

Case fatality in PLWH 12.9%.

59% of PLWH and COVID-19 had >1
other comorbidity.

PLWH had higher rates of composite
outcome: hospitalization, ICU admission
and/or death.

Increased ICU admission and death
among PLWH with <200CD4 cells/mL.
Analyses not-corrected for comorbidities.

19% of PLWH were hospitalized, 7%
required ICU.

Case fatality in PLWH 4.95%.

PLWH more likely to be black.

PLWH had increased rates of
hypertension, diabetes, chronic
kidney disease, obesity and tobacco
dependence.

PLWH had increased hospitalization and
mortality, although risk of death.

Not significant after correcting for
comorbidities.

No difference in C reactive protein or
ferritin.

PHLW high increased rates of tobacco
use and COPD.

Case fatality in PLWH 20%.

No increased risk for PLWH after
correcting for comorbidities.

Braunstein et a/'?!

Hadi et a/'®°

Sigel et al'®*

ICU, intensive care unit; NYC, New York City; PLWH, people living with HIV; gSOFA, quick sepsis-related organ failure assessment; VL, viral
load.

in participants not on ART. While immune checkpoint
proteins (PD-1 and TIM-1) were increased in all PLWH
compared with HIV-seronegative controls, the proportion

of cells expressing these immune checkpoints increased
during SARS-CoV-2 infection only in PLWH not on ART.
These data suggest that ART improves T-cell responses to
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SARS-CoV-2.'* Evaluation of plasma cytokines in this same
population demonstrated decreased IL-2 and increases in
the immunosuppressive factors IL-10 and TGF-b in those
not on ART. These data support an important role for
ART during SARS-CoV-2 infection. Additional studies are
required to evaluate the relative effects of HIV viremia
and HIV-associated CD4 lymphocytopenia on adaptive
SARS-CoV-2 immune responses in PLWH as well as to
evaluate whether there are unique features of cytokine
storms in this patient population.

DISCUSSION
This review summarizes what is known about the effects
of immunosuppression on disease progression and
mortality in patients from different immunosuppressed
populations. SOTRs, patients with rheumatic diseases,
and patients with cancer receive iatrogenic immunosup-
pression as part of their treatment courses, while patients
with HM and PLWH have intrinsic disease-related immu-
nosuppression. The weight of evidence at this time does
not suggest that all of these types of immunosuppression
are associated with increased mortality, especially when
the well-known risk factors of age and comorbidities are
included in models.'*® The evidence at this point is based
on retrospective studies, many of them registries which
are subject to biases and confounding. Based on their
mechanism of action, different immunosuppressive medi-
cations may be harmful, have no effect, or be beneficial.
Clinical insights from observational data regarding
effects of immunomodulatory therapies in the setting
of COVID-19 have provided rationale in repurposing of
these treatments for the treatment of COVID-19 in the
general population. Observational data on use of tocili-
zumab showed reduced risk for mechanical ventilation or
death,"”"* which were not realized in subsequent small
RCTs.""""** However, newly released trials are now showing
promise in reducing combined mechanical ventilation or
death," " or reducing mortality."**'** These latter RCTs
also noted a synergistic effect of anti-IL-6 therapy with
corticosteroids.'** ' Multiple JAK inhibitors have been
studied in RCTs for treatment of COVID-19, with barici-
tinib as the most promising. In the National Institutes of
Health (NIH) ACTT-2 trial, remdesivir was used with or
without baricitinib, and there was modest additive effect
of baricitinib to reduce time to recovery, and trend of
decreased mortality with effects seemingly concentrated
in the subgroup with baseline need for supplemental
oxygen by high flow nasal cannula.””® Another large RCT
of baricitinib is recently completed (NCT04421027)
and top-line results show a promising reduction in
mortality."” Early description of COVID-19 outcomes
in people with X linked agammaglobinemia (inherited
defect in BTK) and a clinical trial of the BTKi acalabru-
tinib"™® supported moving to RCTs, but acalabrutinib
failed to meet its primary end point of decreased respira-
tory failure or death in a phase II trial (NCT04346199).
Based on reports of ciclosporin in vitro and observational

in vivo benefit, a single-center study from Madrid studied
patients with COVID-19 in the general population. In this
study, the use of ciclosporin was associated with decrease
in mortality, OR 0.24 (95% CI 0.12 to 0.46), p<0.0010."*
A number of small RCTs (NCT04492891, NCT04412785)
are studying the repurposed use of ciclosporin for treat-
ment of COVID-19. As noted in rheumatological diseases,
anti-TNF therapy had beneficial effects of preventing
COVID-19 disease progression when used chronically
and primarily for DMARD effect. A small phase II trial has
been initiated for the anti-TNF, infliximab, for treatment
of COVID-19 (NCT04425538). Lastly, a number of studies
have assessed anti-GM-CSF agents including mavrilim-
umab' ! and lenzilumab,'** '** with early signals of
benefit. The recruiting ACTIV-5 trial will study remdesivir
with or without lenzilumab (NCT04583969). Ongoing
clinical trials will clarify the role of targeted immune-
modulatory drugs. Study design and timing of immuno-
modulatory administration is likely to be important.

For the treatment of SARS-CoV-2 in persons with immu-
nocompromise, there is no evidence to date suggesting
that these immunosuppressed populations should receive
different therapy than the general population. Antiviral
therapies are important and given longer shedding dura-
tions in immunocompromised persons, a longer course
of antivirals or initiation later in the disease course may
be warranted, although these strategies are unstudied.
Baseline immunosuppression may be dose-recued, held,
delayed, or replaced with COVID-19-specific therapy such
as dexamethasone. The RECOVERY trial” demonstrated
that low-dose dexamethasone for up to 10 days decreased
mortality in hospitalized patients, with the greatest benefit
noted in patients receiving mechanical ventilation.”® Thir-
ty-two PLWH were included, although itis unclear if other
immunocompromised persons were included. While no
subgroup analysis was performed for immunosuppressed
persons, the benefit-to-risk profile for dexamethasone use
in immunocompromised persons with severe COVID-19
seems favorable. Additional approaches may be appro-
priate, but should be used with caution. As reviewed
above, the results have been mixed for tocilizumab, and
these trials in general did not enroll many immunocom-
promised patients. Other anecdotal evidence exists for
tocilizumab use in SOTRs, in addition to antirejection
immunosuppression.'** '* Tocilizumab has also previ-
ously been shown to be safe and have activity in PLWH
on ART with Kaposi sarcoma herpesvirus-associated
multicentric Castleman disease.'*® Ideally, patients with
immunosuppressed conditions should not be excluded
from COVID-19 clinical trials. As described in the section
for each immunocompromised population, studies
are sparse and controlled trials non-existent to support
adjustments to immunosuppression at time of active
COVID-19. Thus, recommendations are limited to expert
opinion, and society guidelines suggest personalizing
the immunosuppression regimen. For transplant recip-
ients (including HCT and SOTRs), the NIH guidelines
recommend individualizing changes based on disease
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severity, specific immunosuppressants, transplant type,
and risk for graft rejection.'*” For patients with HM who
are candidates for HCT, the American Society for Trans-
plantation and Cellular Therapy recommends to delay
HCT procedures in persons with active COVID-19.'*
For patients with rheumatology, the American College of
Rheumatology (ACR) recommends holding immunosup-
pressant therapies other than IL-6 inhibitors for 2weeks
in the context of active COVID-19.'* For PLWH, the NIH
guidelines recommend to continue current antiretroviral
combination therapy.'*”

A major advance in the prevention of SARS-CoV-2 has
been the establishment of effective mRNA vaccineswhich
confer ~95% protection against COVID-19."" ! These
clinical trials mostly excluded immunocompromised
persons, but did include PLWH. Additional vaccines
are being evaluated. The US Center for Disease Control
and Prevention recommend that PLWH and other
immunocompromised persons can receive COVID-19
vaccines with proper counseling on lack of safety and
efficacy studies and the possibility of reduced immu-
nogenicity. Professional societies including the Society
for Immunotherapy in Cancer, American Society of
Transplantation and the ACR recommend SARS-CoV-2
vaccine to their patient populations, given the likeli-
hood of expected benefit, despite the lack of published
studies. Vaccination is encouraged in these immuno-
suppressed patient groups, although it is possible that
the immune responses will be less robust, as has been
seen in response to natural infection.'””* Indeed, early
studies are showing comparable safety, but reduced
immunogenicity has been observed for these popu-
lations, including patients with HM,HA_156 SOTRS,157
and those with rheumatological diseases.”™® '™ To
achieve comparable vaccine efficacy, further strategies
employing altered vaccine schedules, doses, or adjust-
ment to immunosuppression during vaccination might
be needed, and should be accomplished only in the
context of a clinical trial. More research is needed to
assure that SARS-CoV-2 vaccination is safe and effective
in immunocompromised persons.

In conclusion, the findings from observational studies
of chronically immunosuppressed populations provide
fundamental insights into the effects of iatrogenic immu-
nosuppression and whether these therapies could be
repurposed for treatment of COVID-19. Anticytokine
and other immunomodulatory therapies given for other
purposes may have beneficial, harmful, or no effects on
COVID-19 disease progression. These therapies are being
repurposed from chronic disease-related treatments,
to acute therapies in COVID-19 to halt disease progres-
sion of aberrant T-cell responses, exhaustion, or cytokine
storm. The bimodal disease process of viral and hyper-
inflammation presents challenges to successful inter-
ventional trials which repurpose immunosuppression to
prevent hyperinflammation in COVID-19. Careful atten-
tion to study design, baseline disease status, and timing
of intervention will be needed to draw firm conclusions

about where in the COVID-19 disease process immuno-
suppression is helpful or harmful.
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