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SUMMARY

Background: The clinical impact of severe coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), in immunocompromised patients has not been sys-
tematically evaluated.
Methods: We reviewed current literature reporting on COVID-19 in cancer (CA), hematopoietic cell (HCT),
and solid organ transplant (SOT) patients and compared their clinical data and outcomes to the gen-
eral population. For adult CA, HCT and SOT patients, an extensive search strategy retrieved all articles
published until July 20, 2020 by combining the terms coronavirus, coronavirus infection, COVID-19, and
SARS-CoV-2 in PubMed, Cochrane, and Web of Science, and following the Preferred Reporting Items for
Systematic Reviews and Meta-analysis guidelines. For the pediatric CA cohort, a global COVID-19 reg-
istry was used. For the general population cohort, a large meta-analysis was used to compare pooled
prevalence estimates, and two large meta-analyses were utilized to serve as pooled comparators for hos-
pitalized COVID-19 patients.
Findings: Compared to the general population, adult CA and SOT patients with COVID-19 had higher
comorbidities, greater levels of inflammatory markers at diagnosis, and higher rates of intensive care
and hospital mortality. Pediatric CA patients and HCT patients with COVID-19 tended to have clinical
presentations and outcomes similar to the general population.
Interpretation: To our knowledge, this is the first systematic review evaluating COVID-19 phenotype and
outcomes in immunocompromised patients and comparing them to the general population, which shows
that hospital outcomes appear to be worse in adult CA and SOT patients, potentially due to their higher
co-morbidity burden.
Funding: None
© 2021 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Key points

had higher co-morbidities and worse hospital outcomes versus the
general population with COVID-19. Pediatric CA and HCT patients

Question: Do immunocompromised patients with coronavirus
disease 2019 (COVID-19) have different clinical presentations and
outcomes than the general population?

Findings: In this systematic review of 4942 adult and pedi-
atric cancer (CA), hematopoietic cell (HCT) and solid organ trans-
plant (SOT) patients with COVID-19, adult CA and SOT patients
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https://doi.org/10.1016/j.jinf.2021.01.022

with COVID-19 tended to have either milder or similar presen-
tation and hospital outcomes than the general population with
COVID-19.

Meaning: Clinical outcomes in immunocompromised patients
with COVID-19 may vary based upon co-morbidity burden.

Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic caused by
the novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has afflicted millions of people around the world, resulting
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in nearly one million deaths.! COVID-19 is primarily characterized
by fever and lower respiratory symptoms but can range in sever-
ity from asymptomatic to critical illness with acute respiratory dis-
tress syndrome (ARDS), septic shock, multiorgan failure and death.
While the strongest predictor of hospitalization and death is age
>65 years, patients with comorbidities at any age are at higher risk
of severe disease.”™ As our understanding of COVID-19 evolves, it
is becoming apparent that there are two phases of the disease - an
initial immunosuppressive state allowing viral replication followed
by a hyperinflammatory response leading to worsening respira-
tory failure and shock.®” Viral escape from immune surveillance
is demonstrated by both quantitative®-!! and qualitative'?'3 sup-
pression of NK cells and depletion of CD8* T cells'*16 in patients
with severe disease. Therefore, stunting the immune response early
in the infection could potentially enable uncontrolled viral replica-
tion and clinical progression to severe disease. Given this patho-
physiology, immunocompromised patients may be at higher risk
for severe COVID-19.

Cancer (CA), hematopoietic cell transplant (HCT), and solid or-
gan transplant (SOT) patients compromise a significant proportion
of immunocompromised patients, a heterogeneous population with
primary (inheritable) and secondary (acquired) immune abnormal-
ities.!” In 2018, an estimated 1735,350 people were newly diag-
nosed with CA in the United States.’® In the same year, 36,529
SOTs!® and 14,006 autologous and 9028 allogeneic HCTs?0 were
performed in the United States. Immune-based pharmaceutical and
cellular therapies have transformed outcomes in these patients by
reducing malignant disease relapse,?! preventing or attenuating
deleterious alloreactivity (i.e., graft rejection or graft-versus-host
disease) and inflammation,?? or augmenting antimicrobial immu-
nity.2> Some of these same immunomodulatory therapies have also
been used to treat severe COVID-19.24:25

Despite an emerging literature on COVID-19 in immunocompro-
mised patients, a comprehensive review defining the clinical im-
pact of COVID-19 in CA, HCT and SOT patients and comparing out-
comes with the general population has not been performed. There-
fore, we performed a systematic review of COVID-19 defining clin-
ical features, laboratory testing, therapeutic interventions and out-
comes in immunocompromised patients and then compared these
results to the general population with COVID-19.

Methods
Search strategy and selection criteria

We followed the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines?° to conduct a lit-
erature search from each individual database inception until the
completion of this review (July 20, 2020). In efforts to maintain a
broad and comprehensive search, all studies published in a peer-
reviewed, academic journal, regardless of study design were eligi-
ble for inclusion in this review. The entry terms used were coron-
avirus, COVID-19, and SARS-CoV-2 plus the following: cancer, heart
transplant, immunocompromised, kidney transplant, lung transplant,
liver transplant, solid organ transplant, stem cell transplant, from
PubMed, Cochrane, and Web of Science. References from any rel-
evant study or review, whether meeting inclusion criteria or ineli-
gible and studies published during time of analysis were manually
searched to optimize inclusion of any additional research that may
have been missed in the online search. Four independent authors
(J.A.B.,, BPT, RS, and M.G.L.) screened articles. When research pro-
duced more than one published study utilizing the same data, only
articles that presented disparate enough data were included. Oth-
erwise, only the more comprehensive and recent study was in-
cluded.
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Publications meeting the initial search criteria were evaluated
for inclusion in the current study. To be included, the study must
have reported clinical data on adult (A-CA) or pediatric (P-CA) can-
cer patients and SOT or HCT recipients with confirmed COVID-19.
Our inclusion and exclusion criteria identified 64 SOT studies,?’-%°
11 HCT studies,”’-191 25 A-CA studies,'9%26 and one global P-CA
database,'?’ the COVID-19 and Childhood Cancer Registry (CCCR)
(Fig. 1)(Supplemental Table 1). The CCCR is a global COVID-19 ob-
servatory resource center through the Global COVID-19 Observa-
tory and Resource Center for Childhood Cancer, a collaborative ef-
fort between St. Jude Children’s Research Hospital (SJCRH) and the
International Society of Paediatric Oncology (SIOP). The database
was initially accessed in June 2020 and data was extracted through
July 20, 2020, which included patient demographics and COVID-19
risk factors, illness severity, clinical/laboratory data, outcomes, and
treatment. The CCCR was used for P-CA data given its volume of
reported patients and the incomplete data reported in case reports
and small case series, which compromise the majority of the pub-
lished COVID-19 experience in the P-CA population, resulting in the
inability to ensure that data from these publications were not du-
plicated in the registry.

In order to compare characteristics of COVID-19 with the im-
munocompromised cohorts, a large meta-analysis of COVID-19 pa-
tients (n=61,742)'2% was selected as the general population co-
hort, given the publication presented patient data in a manner
comparable to our study with similar pooled prevalence analyses
as described below. Within this cohort, 2¢7% (95% CI 0e4-7e4)
of patients had CA and where thus immunocompromised, which
is within the incidence rate for CA within the general population
(8¢3%, standard error 0¢17).12% Therefore, the CA patient data was
not separated from the general population data. For a compara-
tor from hospitalized COVID-19 patients from the general popu-
lation, we combined data from 2 large meta-analyses'3%-131 (total
n=11,721) with patient data similar to our meta-analysis.

Data extraction

Following initial screen, three independent reviewers (J.A.B.,
R.S., M.G.L.) extracted available data. Discrepancies were resolved
by discussion and consensus with a fourth independent reviewer
(JJ.A). Each study was evaluated for patient demographic data in-
cluding patient age at time of COVID-19 diagnosis, comorbidities,
time from transplant to COVID-19 diagnosis (SOT and HCT), organ
transplanted (SOT), transplant indication (HCT), transplant-related
immunosuppression in the (SOT), and type of malignancy (A-CA
and P-CA). Similarly, each study was evaluated for prevalence of
COVID-19 symptoms (fever, fatigue, myalgia, cough, dyspnea, ab-
dominal pain, vomiting, diarrhea, anosmia/dysgeusia, and neuro-
logic symptoms such as headache). However, data from a given
study was only utilized if the study explicitly referenced the pres-
ence or absence of a given symptom.

Laboratory data including hematologic indices and inflamma-
tory markers [procalcitonin (PCT), C-reactive protein (CRP), ery-
throcyte sedimentation rate (ESR), D-dimer, ferritin, lactose dehy-
drogenase (LDH), and interleukin 6 (IL-6)] during a patient’s course
of COVID-19 were also extracted. Leukopenia and lymphopenia
were defined as white blood cell count (WBC) less than 4500/uL
and absolute lymphocyte count (ALC) less than 1000/uL, respec-
tively.

Each study was evaluated for highest COVID-19 severity ex-
perienced by reported patients during their illness. Where stud-
ies did not explicitly state the severity of their cohort, attempts
were made to classify patients based upon their reported clinical
data according to the Infectious Disease Society of America crite-
ria as either mild/moderate or severe (pneumonia, ARDS or inten-
sive care management). If not possible, studies were excluded from
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Fig. 1. PRISMA Diagram.

analyses of COVID-19 severity. Data on hospitalization rates, need
for intensive care unit (ICU), and mortality were also recorded.
Where not explicitly stated as being in the ICU, patients were
included as receiving “intensive care” if they needed invasive or
non-invasive ventilatory support or inotropic therapy. Type and
frequency of use for all attempted COVID-19 therapeutics were
extracted, including modification of baseline immunosuppression
(SOT) or of antineoplastic therapies (A-CA and P-CA). The HCT lit-
erature did not report alteration in immunosuppression.

Data analysis

Pooled proportional estimates and their 95% confidence inter-
vals (CI) for symptoms, comorbidities, and outcomes were calcu-
lated using a random effect model with Freeman-Tukey double arc-
sine transformation.’>?-133 Heterogeneity of included studies were
assessed by calculating 12 statistics. Nearly every pooled analysis
showed some degree of heterogeneity among the included stud-
ies with the degree of heterogeneity varying widely (Supplemental
Table 2). Continuous variables, such as lab values, were presented
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as medians and interquartile ranges (IQR) either as listed explicitly
in the studies or calculated from individual patient values. These
variables were summarized descriptively. Demographic data and
disease characteristics were summarized descriptively. Statistical
analyses were performed using the base R package (R Foundation
for Statistical Computing, Vienna, Austria) with the “meta” package
and GraphPad Prism 8 (GraphPad Software, San Diego, California).

Role of the funding source

There was no funding source for this study.

Results
Patient demographics

The SOT cohort included kidney (n =675, 59¢7%), liver (n =295,
26¢1%), heart (n =77, 6¢8%), multiple/other (n=34, 3¢0%) and lung
(n=50, 44%). Median patient age ranged from 05 to 736 years
with 50% studies having median age >57 years. Median time from
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SOT to COVID-19 diagnosis ranged from 0 to 26 years with 50% of
studies reporting a median time from transplant >four years.

Within the HCT cohort, 74¢2% (n=23) were allogeneic and
22¢6% (n=seven) were autologous transplants with one chimeric
antigen receptor T cell recipient reported. Median patient age
ranged from 10e5 to 64 years with 50% of studies reporting me-
dian age >59 years. Median time from HCT to COVID-19 diagnosis
ranged from 77 days to three years with 50% of studies reporting
median time to infection >255 days.

The cancer (CA) cohort included adult (A) and pediatrics (P) pa-
tients. A-CA patients primarily had solid tumors (n=2360, 748%)
and hematologic malignancies (n=653, 20¢7%). Median patient
age ranged from 32 to 76 years with 50% of studies reporting
a median age >63 years. P-CA patients had acute lymphoblastic
leukemia (n =316, 50¢7%), other hematologic malignancy (n= 101,
16¢2%), extracranial solid tumor (n=159, 25¢6%), and central ner-
vous system malignancy (n =47, 7¢5%). Nearly 60% of pediatric pa-
tients were less than ten years with the remainder between the
ages of ten and 18. Patient characteristics are displayed in Supple-
mental Figure 1.

Patient co-morbidities

Consistent with the general population,'?® hypertension was
the most common comorbidity in adult immunocompromised pa-
tients with COVID-19 (Fig. 2A). In general, immunocompromised
adults had more baseline comorbidities than general population
COVID-19 patients as represented by the gray rectangles. Specifi-
cally, the SOT and A-CA had more comorbid cardiovascular disease
[20076% (95% CI 14063-27+49) and 16e71% (95% CI 9e54-25¢12),
respectively] and hypertension [74¢97% (95% Cl 66¢75-82¢49) and
39¢86% (95% CI 31e56-4843), respectively] than the general popu-
lation. In addition, SOT patients had a higher incidence of diabetes
39¢19% (95% CI, 32¢86-4569). P-CA patients had lesser amounts
of comorbidities among the immunocompromised. However, the
pediatric population was as comorbid in the areas of cardiovascu-
lar and pulmonary disease as adults with COVID-19 from the gen-
eral population.

COVID-19 symptoms

In general, the most frequent symptoms reported in immuno-
compromised patients were fever and cough, consistent with what
is reported in the general population with COVID-19 (Fig. 2B).
SOT patients experienced markedly more dyspnea [46¢63% (95%
Cl 3883-5445)] than the general population. P-CA patients had
lower pooled prevalence of fever, fatigue, myalgia, cough, dyspnea
and neurologic symptoms versus both other immunocompromised
cohorts and the general population. Anosmia and dysgeusia were
inconsistently and rarely reported. With the exception of the P-CA
cohort in whom 29¢46% patients are reported in the CCCR to have
asymptomatic infection,'?’ the rate of asymptomatic disease in the
other immunocompromised cohorts could not be estimated given
the wide variation in reporting.

Disease severity

Data sufficient to distinguish patients in the severe COVID-19
category from the combined category of mild/moderate disease
was present in 4 HCT studies (31 patients), 31 SOT studies (501
patients), ten A-CA studies (2462 patients), and 336 of the pa-
tients entered into the CCCR (Fig. 2C). The estimated pooled preva-
lence of severe disease was 20024% (95% Cl 16¢07-2494) among
P-CA patients, 32¢19% (95% CI 12¢31-55¢07) among HCT patients,
33016% (95% Cl 19¢35-48¢43) among A-CA patients, and 4216
(95% CI 33¢52-51¢00) among SOT patients.
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Fig. 2. Characteristics of immunocompromised patients with COVID-19 compared
to the general population with COVID-19. Pooled prevalence estimates from multi-
ple studies in HCT, SOT, A-CA, and P-CA patients for (Panel A) patient comorbidi-
ties, (Panel B) COVID-19 symptoms, and (Panel C) COVID-19 severity are depicted
as dots with bars indicating the 95% confidence intervals. The vertical hatched line
indicates the comparable pooled prevalence for the similar measure in the gen-
eral population with 95% confidence intervals indicated by the gray box as re-
ported by Pormohammad et al.'*® For Fig. 2C, data from the Pormohammad et al.
meta-analysis only permitted pooled prevalence comparison for severe disease, not
mild/moderate.
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Fig. 3. Leukocyte indices of SOT recipients and A-CA patients with COVID-19.
The reported median (filled circle) and interquartile range (line) for (Panel A)
leukocyte count (leukocytes x103/uL) and (Panel B) absolute lymphocyte counts
(lymphocytes/uL) as reported in studies where this data was reported as such or
could be calculated from individual patient data. These time of collection of these
laboratory values differed amongst studies. Where multiple values were reported,
the value with greatest severity was selected for comparison. The vertical hatched
line indicates the comparable median in the general population with interquar-
tile range indicated by the gray box as reported by Pormohammad et al.'>® The
inverted bracket on the upper X axis indicates the leukopenia and lymphopenia
ranges for A and B, respectively. CUKTP: Columbia University Kidney Transplant Pro-
gram.

Laboratory evaluations

Despite receiving immunosuppressive therapies, A-CA (n=five)
and SOT (n=20) studies reporting WBC indices at time of COVID-
19 diagnosis had median leukocyte counts within the normal
range and comparable to those reported in the general popula-
tion with COVID-19 (Fig. 3A). However, all A-CA studies and all but
one3! SOT study reported low ALC, again comparable to the gen-
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eral population (Fig. 3B). Similarly, data for P-CA patients showed
515% patients (n=565 with leukocyte indices reported) having
an ALC<1000 cells/uL. While not reported in a manner permit-
ting calculation of interquartile ranges, six HCT studies?2.94,99-101
reported ALC data with only one'®! showing a median ALC above
the lymphopenia range.

Most studies reported elevated inflammatory markers among
immunocompromised cohorts. All A-CA (n=three) and SOT
(n=19) studies reporting CRP data reported medians above the
normal CRP range (Supplemental Figure 2A). Of these, nine
SOT31.42,44,45,49,67,73,76,134 stydies and one A-CA study'>® reported
median CRP values above the 95% confidence interval for the gen-
eral population.'?® Of 18 SOT studies and one A-CA study report-
ing ferritin levels, only one SOT study® reported a median ferritin
level in the normal range with the remainder of studies having el-
evated values (Supplemental Figure 2B). All but one3! of the SOT
studies reporting LDH data (n=16) had median values above the
normal range (Supplemental Figure 2C). In contrast, only one'?? of
the three A-CA studies reporting on LDH had a median elevated
level and this one just above the cutoff for normal. Only one HCT
study reported on inflammatory markers.'°! Among this eight pa-
tient cohort the median CRP, ferritin, and LDH were all elevated.

Given the thrombotic complications from COVID-19, p-dimer
levels were analyzed (Supplemental Figure 2D). Among SOT stud-
ies, one A-CA study, and one HCT study reporting D-dimer levels,
only one of these studies®® reported a median within the normal
range. In all the other studies, the pD-dimer level was elevated. Of
note, D-dimer was not among the data reported in CCCR data on P-
CA patients. Lastly, given its association with COVID-19-associated
cytokine release syndrome (CRS) and multisystem inflammatory
system in children (MIS-C), IL-6 levels were analyzed (Supplemen-
tal Figure 2E). All eight SOT studies and all four A-CA studies in-
cluding data on IL-6 showed median IL-6 levels above the normal
range with several studies reporting levels above those reported in
the general population with COVID-19. No HCT studies reviewed
reported on IL-6 levels, which were also not reported in the CCCR
for P-CA patients.

Therapeutic management

Multiple therapies were given to immunocompromised pa-
tients with COVID-19 (Table 1). The most common therapy was
hydroxychloroquine. Azithromycin and corticosteroids were the
next most commonly utilized therapies. Multiple antiviral agents
were trialed among the immunocompromised including remde-
sivir, lopinavir-ritonavir, darunavir-cobicistat, oseltamivir, umifen-
ovir, ribavirin, favipiravir, and ganciclovir. IL-6 blockade was re-
ported most frequently in the SOT population; and convalescent
plasma was rarely trialed.

One common approach to COVID-19 management was modi-
fying baseline immunosuppression or delaying further immuno-
suppressive therapies (Supplemental Figure 3). Pooled prevalence
estimates for modification/discontinuation by immunosuppressive
agent were as follows: 64¢7% (95% CI 11¢5-100) for mTOR in-
hibitors, 492% (95% Cl 32¢6-66¢0) for calcineurin inhibitors, and
845% (95% ClI 758-91¢9) for antimetabolites. Delays in antineo-
plastic therapies occurred in 56e3% (95% CI 11e4-96e2) of A-CA
and 28e4% (95% CI 24¢9-32¢1) of P-CA patients.

Outcomes in hospitalized patients

To evaluate severity in a single context that was most uni-
form across all studies evaluated, we evaluated outcomes data for
only hospitalized patients. We calculated the pooled prevalence
of critical condition/need for intensive care as well as hospital
mortality among hospitalized immunocompromised patients with
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Table 1
COVID-19-directed therapies used in immunocompromised patients.
SOT (n=1018) HCT (n=30) A-CA (2243) P-CA (n=623)

Immunosuppression
Hydroxychloroquine 636 11 306 28
Azithromycin 300 3 293 53
Corticosteroids 425 1 118 NA
Ruxolitinib 0 2 0 NA
Unspecified immunomodulation ~ NA NA 85 NA
Antiviral
Remdesivir 20 2 0 1
Lopinavir-ritonavir 134 4 77 10
Darunavir-cobicistat 24 0 0 NA
Oseltamivir 10 0 45 NA
Umifenovir 9 0 171 NA
Ribavirin 3 0 51 NA
Favipiravir 1 0 0 NA
Leronlimab 6 0 0 NA
Ganciclovir 0 0 9 NA
Unspecified 0 0 184 NA
Monoclonal antibody
Tocilizumab 120 0 12 NA
Anakinra 11 2 0 NA
Cytokine
Interferon-o 11 0 77 NA
Interferon-f 3 0 0 NA
Plasma
IVIG 44 3 73 16
Convalescent Plasma 4 2 0 2

* n=2864 (one study listed “antibiotics”, but did not specify azithromycin).

Intensive Care and Mortality Rates Among
Hospitalized Imnmunocompromised Patients
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Fig. 4. Intensive care and mortality rates among hospitalized immunocompromised
patients. Pooled prevalence estimates of need for intensive care and mortality were
calculated from patient data exclusively on hospitalized immunocompromised pa-
tients from those studies where such data was explicitly reported. The pooled
prevalence is depicted as a filled circle with the bar representing 95% confidence in-
tervals. Data from two large studies'*-*! (total n=11,721) of hospitalized COVID-19
patients from the general population were utilized to calculate comparable pooled
prevalence estimates (vertical hatched line) and 95% confidence intervals (respec-
tive gray bars).

COVID-19 and compared similarly calculated data from two large
studies of hospitalized general population patients with COVID-
19,130131 (Fig. 4). The SOT COVID-19 population distinguished itself
from its general population counterpart by having a significantly
higher need for intensive care support [35¢8% (95% CI 28e7-433)
and 231% (95% CI 18¢0-2846), respectively| and greater mortality
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[232% (95% CI 18¢9-27¢7) and 12¢5% (95% Cl 8e3-174)], respec-
tively. No other population varied significantly from the general
population, including the P-CA cohort. However, within immuno-
compromised patients, the P-CA cohort did vary significantly from
the A-CA cohort in terms of mortality [1009% (95% Cl 6¢9-16¢2)
and 28e1% (95% CI 17¢5-28¢1), respectively].

Discussion

To our knowledge, the current study is the largest meta-analysis
analyzing clinical and laboratory data as well as outcomes among
different immunocompromised patient populations with COVID-
19 and comparing results to a robust general population cohort
with COVID-19. As recent meta-analyses have focused exclusively
on cancer'3% or SOT patients.’>” Herein, results show differences
among the immunocompromised and general population cohorts
after COVID-19. First, SOT patients with COVID-19 had more co-
morbidities (cardiovascular disease, diabetes, and hypertension),
dyspnea and required intensive care more often, and had higher
mortality despite having similar disease severity versus the general
population with COVID-19. Second, A-CA patients with COVID-19
also had more comorbidities (cardiovascular disease, hypertension)
and higher mortality than the general population with COVID-19.
Furthermore, at the time of COVID-19 diagnosis, both A-CA and
SOT patients had similar levels of WBCs and lymphopenia, despite
higher levels of ferritin and p-dimers than the general popula-
tion with COVID-19. Notably, SOT patients with COVID-19 also had
higher IL-6 levels. Third, P-CA patients with COVID-19 had simi-
lar comorbidities, but less symptomatology compared to A-CA, SOT
and the general population with COVID-19. Despite having similar
severity in COVID-19 as A-CA and SOT patients, P-CA patients had
lower mortality versus their adult immunocompromised counter-
parts,’36 but similar mortality risk and need for ICU as the gen-
eral population with COVID-19. Fourth, HCT patients with COVID-
19 seem similar to the general population with COVID-19 with re-
spect to disease severity and outcomes for hospitalized patients.
However, the literature on COVID-19 in HCT patients was limited.
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Fung and Babik performed the original literature review on
immunosuppressed patients with COVID-19, which suggested that
SOT and CA patients may be at increased risk for severe dis-
ease and adverse outcomes.'*® The current meta-analysis supports
these preliminary findings and further enables subgroup analysis
of cancer patients by age. Specifically, P-CA have less fever, fatigue,
myalgia, cough and dyspnea than their adult counterparts. Addi-
tionally, P-CA patients have less hospital-associated mortality than
A-CA. Both findings are consistent with recent limited P-CA*° and
more extensive pediatric COVID-19'0 literature, suggesting more
mild or asymptomatic infection in pediatric patients.

In a recent prospective, multi-center cohort study involving
482 SOT patients, Kates et al. observed a 28-day mortality rate
of 20e5% among inpatients (n=376), which associated with pa-
tient age and co-morbidities rather than intensity of immuno-
suppressive therapy.'#! Like the current meta-analysis, modifica-
tions in immunosuppression were the most frequent interven-
tion (337, 70% patients) and hydroxychloroquine the most fre-
quent COVID-19 directed therapy. In contrast to the Kates et al.
study, the current meta-analysis showed increased pooled preva-
lence for both intensive care and mortality in hospitalized SOT pa-
tients (n=809), exceeding the respective prevalence in the general
population with COVID-19. Potentially, the SOT populations may be
different between studies given differences in pooled prevalence
of co-morbidities and disease severity, likely reflecting the over
two-fold difference in analyzed hospitalized SOT patients between
studies. Furthermore, SOT patients with COVID-19 in the current
meta-analysis had profound lymphopenia and higher background
inflammation (CRP, ferritin) at the time of COVID-19 diagnosis ver-
sus the general population. In particular, IL-6 levels were noted
to be higher in SOT patients with COVID-19. As a risk factor for
COVID-19-related mortality in hospitalized patients,'“? elevated IL-
6 is a biomarker for the underlying immune dysregulation associ-
ated with severe COVID-19'*3 as exemplified by impairment in NK
cell function and restoration with tocilizumab.!#4

Only 30 HCT patients with COVID-19 were included in the cur-
rent analysis, given limited literature published. A retrospective,
single-institution experience on COVID-19 in 77 adult cell therapy
recipients [35 allogeneic HCT, 37 autologous HCT, and five chimeric
antigen receptor (CAR) T cell] was recently published and reported
favorable clinical outcomes in patients without active malignant
disease.'*> Median time between COVID-19 diagnosis and cell ther-
apy was 782 days (IQR 354-1611 days). Most patients had fever
and lower respiratory tract symptoms (cough, dyspnea) with chest
imaging showing infiltrate. Only 44% patients required hospital-
ization, and 50% did not require oxygen. Of the 47% patients re-
ceiving COVID-19 treatment, most patients received hydroxychloro-
quine (32%). Of 15 patients having IL-6 levels assessed, eight re-
ceived tocilizumab or siltuximab for pre-treatment median IL-6
1767 pg/mL (49¢5-15784 pg/mL). Overall survival at day 30 post-
COVID-19 diagnosis was 78% (95% CI 68-91%).

Outcomes in cancer and transplant patients are improving,
given the use of biologic therapies targeting immune response
against malignant disease®® and improvements in the field of
transplantation, including enhanced supportive care and use of cel-
lular therapies.'#”-14® Remarkably, these same immunomodulatory
and cellular therapies'*® are being applied to patients with se-
vere COVID-19, including pediatric patients.’”® Yet alterations in
immunosuppression as reported in the current meta-analysis may
negatively impact primary disease outcomes in cancer and trans-
plant patients with COVID-19.

By synthesizing the current literature reporting on clinical out-
comes in CA, HCT and SOT patients with COVID-19, the current
study provides a framework for future research, revealing gaps in
knowledge that reflect the lack of detailed, homogenous report-
ing and the need for longer post-infection follow-up to assess di-

335

Journal of Infection 82 (2021) 329-338

rect (viral pathology) and indirect (alterations in immunosuppres-
sion) effects of SARS-CoV-2 on primary disease outcomes. Com-
mon gaps in knowledge across immunocompromised patient pop-
ulations with COVID-19 include detailed viral epidemiology, includ-
ing sensitivity and specificity of diagnostic assays, duration of vi-
ral shedding, and efficacy of therapeutics like remdesivir. Specific
knowledge deficits relevant to both solid organ and hematopoietic
cell transplant recipients with COVID-19 include defining need for
modification in immunosuppressive therapy, viral effects on graft
function, and potential viral induction of deleterious alloreactivity
targeting the graft, including graft rejection/failure and even the
host like graft-versus-host disease.

This study has several limitations, including significant study
heterogeneity largely due to inherent differences among the im-
munocompromised patient populations but also differences in data
collection among studies. Secondly, due to sample size limitations,
subset analyses like effect of therapeutic agent or graft type on
outcome could not be performed. Thirdly, the follow-up period var-
ied significantly across studies, affecting outcomes like mortality.
Lastly, the study could not perform univariable and multivariable
analyses for constructing risk models for severe COVID-19 disease.

Notwithstanding these limitations, the work is the first sys-
tematic review summarizing COVID-19 in distinct immunocom-
promised patient populations and comparing data with the gen-
eral population. In so doing, immunocompromised patients were
found to have more comorbidities than the general population,
have worse outcomes among patients requiring hospitalization for
COVID-19 compared to the general population, and experience al-
terations in the management of their primary disease that may
place them at risk for worse outcomes. Future study directions
must focus on reporting identified gaps presented herein and en-
suring uniform data capture.
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