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ABSTRACT

Introduction: To evaluate the impact of Sars-Cov-2 infection on mortality and immune checkpoint inhibitor (ICI)
toxicity in patients with cancer receiving ICIs compared to those not receiving ICIs. Methods: We conducted a
retrospective matched cohort study of 25 patients receiving ICIs within 1 year of coronavirus disease 2019 (COVID-19)
diagnosis between March 20, 2020, and June 3, 2020, at the Dana-Farber Cancer Institute/Mass General Brigham.
Cases were matched 1:1 with controls based on age, sex, and anticancer therapy within the prior 6 months. Results:
Seven of 25 (28%) patients receiving ICIs died from COVID-19 as compared with nine of 25 (36%) controls. Through
multivariable analysis adjusting for age, sex, and anticancer therapy, ICI use was not associated with increased risk for
COVID-19 death (OR [odds ratio] 0.36, 95% CI 0.07-1.87). Determinants of mortality included age (OR 1.14, 95% CI
1.03-1.27) and chronic obstructive pulmonary disease (OR 12.26, 95% CI 1.76-85.14). Statin use was protective
against mortality (OR 0.08, 95% CI 0.01-0.63). Two patients experienced persistent immune-related adverse events
(irAEs) (hypophysitis); one had new-onset irAE (hypothyroidism) during their COVID-19 course. Patients with ICIs
had significantly higher platelet (p =0.017) and D-dimer (p = 0.037) levels. Elevated troponin levels (p = 0.01) were
associated with COVID-19 death in patients using ICI. Conclusion: There is insufficient evidence to conclude
COVID-19-related outcomes are associated with ICIs, and we did not observe an increased risk of COVID-19-related
death associated with ICIs. The potential protective effect of statin therapy and role of laboratory biomarkers warrant
turther investigation.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic
has presented unique challenges for clinicians caring for
patients with cancer.!"?! Although early studies suggest
that patients with cancer may be more vulnerable to
COVID-19,!"3! recent studies have refuted these claims
and have shown no increased mortality rates when
compared to patients without cancer.!*®! The impact of
immune checkpoint inhibitors (ICIs) on COVID-19-
related clinical outcomes remains unclear.!”!

ICIs augment the T-cell response and prevent cancer
immune evasion, generatin§ durable responses in diffi-
cult-to-treat tumor types.®! Immune-related adverse
events (irAEs) are hypothesized to be driven in part by
cytokine dysregulation,''" which may parallel the
cytokine storm implicated in COVID-19 cases of acute
respiratory distress syndrome (ARDS).'#7'¢! In contrast,
ICIs may also improve viral clearance'’ or restore
immunocompetency in exhausted T cells during chronic
viral infection.!'®2?% Notably, T-cell exhaustion and
lymphopenia have been proposed as contributors to
COVID-19’s immunopathology.!'%21]

Limited studies on the impact of COVID-19 in patients
with cancer receiving ICIs have yielded mixed find-
ings.l"®?2-271 No studies have investigated the concur-
rent impact of ICI therapy and COVID-19 infection on
irAEs. In this retrospective matched cohort study, our
primary analysis evaluated the impact of ICIs on COVID-
19-related death when compared with patients not
receiving ICIs. We also evaluated for new or persistent
irAEs in the setting of COVID-19. Finally, we investigated
baseline characteristics, concomitant medications, and
laboratory results as possible predictors for COVID-19
mortality in patients receiving ICIs.

METHODS

Study Design, Setting, and Participants

The Partners Healthcare Institutional Review Board
approved this project (No. 2020P000851). The study was
performed in accordance with the Declaration of
Helsinki. After institutional review board approval, we
performed a retrospective matched cohort study of adult
patients receiving ICIs (programmed cell death [PD-1], its
ligand [PD-L1], and/or cytotoxic T-lymphocyte-associat-
ed protein 4 [CTLA-4] inhibitors) prior to a confirmed
COVID-19 diagnosis in the Dana-Farber Cancer Insti-
tute/Mass General Brigham network between March 20,
2020 and June 3, 2020. We queried inpatient and
outpatient electronic medical records, billing codes,
and pharmacy records for patients with cancer receiving
ICIs including nivolumab, durvalumab, atezolizumab,
cemiplimab, pembrolizumab, tremelimumab, and/or
ipilimumab within 1 year of COVID-19 diagnosis
confirmed by serology and/or polymerase chain reac-
tion. We chose a 1-year time point to account for the
immune-modulating effects of ICIs, which may have an
effect on delayed ICl-associated toxicities even after the

decline of receptor occupancy.”® Patients with any
malignancy type and those receiving ICI therapy alone
and/or in combination with other anticancer agents,
were included.

Data Collection

We abstracted electronic medical records for demo-
graphics, oncologic history, ICI, other anti—cancer agent
therapy within 6 months prior to COVID-19 diagnosis,
comorbidities, and concomitant medications. A medical
oncologist graded irAEs occurring before and during
COVID-19 course on the basis of Common Terminolo%z
Criteria for Adverse Events (CTCAE) version 5.0.1%°)
COVID-19 characteristics were abstracted including
presenting symptoms, intensive care unit (ICU) admis-
sion, COVID-19 complications, and treatments. Relevant
radiologic findings and presenting, peak, and nadir
laboratory results were collected. Clinical status at last
follow-up was defined as fully recovered, recovered with
complications (defined as a new oxygen requirement
even after COVID-19 recovery), or death.

Data and Statistical Analysis

The primary outcome was death due to COVID-19.
Summaries of patient demographics, comorbidities,
cancer and COVID-related disease characteristics, con-
comitant medications, oncologic history, and irAEs are
primarily descriptive. The control group was manually
and randomly selected on the basis of three specific
criteria: age, sex, and anticancer therapy within the prior
6 months to COVID-19 diagnosis. Comparisons between
cases and matched controls for characteristics measured
on a continuous scale were conducted with Wilcoxon
rank sum tests. Fisher exact test was used to compare
categorical variables. Parallel analyses assessed differenc-
es according to COVID-19-related death. The Wilcoxon
rank sum test compared laboratory results.

The relationships between COVID-related death, pa-
tient disease, and prior treatment characteristics were
explored by using multivariable logistic regression
models. Only comorbidities or concomitant medications
at the time of COVID-19 diagnosis with at least a 20%
incidence (10 patients) were considered and included
hypertension, hyperlipidemia, chronic obstructive pul-
monary disease (COPD), obesity, autoimmune disease,
smoking status, steroid use, statin use, and vitamin D
supplementation. Cancer type, disease stage, prior
radiotherapy, and vaccine of any type within 6 months
were also considered. Cancer type was classified into four
categories: gastrointestinal (GI), skin, thoracic, and other.

All models included the three matching criteria and
cancer treatment cohort (ICI versus no ICI). Each of the
predictors listed above was modeled individually, with
those having statistical significance of p < 0.2 carried
forward as a potential predictor in the final multivariable
model (hypertension, hyperlipidemia, COPD, smoking
status, and statin use). Statistical assessment for the
models was based on Wald chi-square tests, with
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significance defined as p < 0.05. Odds ratio (OR)
estimates are presented with 95% Wald confidence
intervals. Analyses used SAS 9.4 (SAS Institute Inc).

RESULTS

Clinical Characteristics of Patients

Between March 20, 2020 and June 3, 2020, we queried
electronic records to find patients receiving immuno-
therapy who received inpatient or outpatient care. We
reviewed the records of 611 patients with cancer with
prior ICI use who were evaluated as inpatients or
outpatients at our institutions, although this number is
not comprehensive of all patients receiving ICIs at our
institutions; 359 of these patients were tested for SARS-
CoV-2. The final study population included 25 patients
who tested positive for SARS-CoV-2 and received ICI
within 1 year of their COVID-19 diagnosis. Sixteen of 25
(64%) patients received other forms of anticancer
therapy in addition to ICI, including chemotherapy
and targeted therapy, within 6 months of their COVID-
19 diagnosis. The median age was 72 years (range 45-83
y) and 11 (44%) patients were female (Tables 1 and 2).

The most common malignancy was lung (10/25, 40%),
followed by oropharyngeal cancer (4/25, 16%), melano-
ma (3/25, 12%) and nonmelanoma skin cancer (2/25,
8%). Most patients had a solid tumor malignancy (24/25,
96%) and one patient had a hematologic malignancy
(4%). The most common comorbid conditions were
hypertension (18/25, 72%) and hyperlipidemia (14/25,
56%), with a median Charlson Comorbidity Index of 9
(range 2-18). The most common concomitant medica-
tions at the time of COVID-19 diagnosis were vitamin D
(13/25, 52%), proton pump inhibitors (11/25, 44%),
corticosteroids (8/25, 32%), and statins (8/25, 32%)
(Supplementary Table 1).

The 25 controls without prior ICI use were well
matched on the basis of age (68 years, range 36-87 y),
sex (44% tfemale), and receipt of anticancer therapy in
the past 6 months (64%). Matching from the limited
population of patients with cancer diagnosed with
COVID-19 resulted in some baseline differences. Type
of malignancy (p = 0.0002) and cancer staging (p <
0.0001) significantly differed, and we were unable to
match exact anticancer therapy regimens (Supplemen-
tary Table 1). The controls had lower Charlson Comor-
bidity Index of 7 (range 2-11, p = 0.001) and received
more recent anticancer therapy prior to COVID-19
diagnosis than did patients receiving ICI (12 vs 29 days,
p=0.03).

Impact of ICI on COVID-19-Related Death
Among 25 patients receiving ICI therapy within 1 year
of their COVID-19 diagnosis, the median time between
last dose of ICI and COVID-19 diagnosis was 29 days
(range 0-328 d) (Table 1). Among 25 control patients not
receiving ICls, the median time between last dose of
anticancer therapy (non-ICI) and COVID-19 diagnosis

was 12 days (range 0-118 d). Most patients receiving ICIs
were treated in the inpatient setting (19/25, 76%) with
six (24%) patients treated as outpatients (Fig. 1). Seven
(28%) patients died owing to COVID-19, compared with
nine (36%) patients in the control group.

Significant predictors of COVID-19-related death
included age (OR [per 1-year increment]: 1.14, 95% CI:
1.03-1.27), COPD (OR [yes versus no|: 12.26, 95% CI:
1.76-85.14), and active statin use (OR [yes versus no]:
0.08, 95% CI: 0.01-0.63) (Fig. 2). After controlling for
significant predictors in our matched cohort analysis,
history of ICI therapy within 1 year of COVID-19
diagnosis did not significantly impact COVID-19-related
death (OR [yes versus no]: 0.36, 95% CI: 0.07-1.87, p =
0.23) (Fig. 2). When history of ICIs and/or anticancer
therapy within 6 months prior to COVID-19 diagnosis
was removed from the pooled analysis, age (OR: 1.14,
95% CI: 1.04-1.25), COPD (OR: 13.26, 95% CI: 1.81-
97.45), and active statin use (OR: 0.09, 95% CI: 0.01-
0.72) remained significant predictors for COVID-19-
related death.

COVID-19-Related Clinical Characteristics
and Outcomes

Most patients receiving ICIs presented with respiratory
(72%) and GI (60%) symptoms (Table 3). Five (20%)
patients were admitted to the ICU. Thirteen patients
(52%) required supplemental oxygen, with two (8%)
requiring intubation. More controls required ICU care
(10/25, 40%, p = 0.02) and intubation (9/25, 36%, p =
0.04). The most common respiratory complications in
patients receiving ICIs were pleural effusion (36%) and
pneumonia (24%).

Immune-Related Adverse Events

Eight (32%) patients had a history of confirmed irAEs
prior to their COVID-19 diagnosis. The most common
prior irAEs were dermatitis (3/8, 37.5%), hepatitis (3/8,
37.5%), and hypophysitis (2/8, 25%). We followed up
patients for a median of 57 days (range 21-83 d) after
COVID-19 diagnosis. Three (12%) patients had docu-
mented grade-3 irAEs during their COVID-19 course,
with one irAE (hypothyroidism) being new in onset and
two being persistent irAEs (hypophysitis) (Table 4,
Supplementary Fig. 1).

Laboratory Findings

We investigated differences between laboratory values
for cases and controls (Supplementary Fig. 2; Supple-
mentary Table 2). Most hematologic and inflammatory
biomarkers did not differ between the two cohorts.
Although both ICI and control cohorts had similar
percentages of patients on cytotoxic chemotherapy
within 6 months prior to COVID-19 diagnosis—60%
and 64%, respectively—patients with ICI use had
significantly higher presenting platelet count (median
226 vs 173 K/mcL, p = 0.02) and D-dimer level (median
1850 vs 1123 ng/mL, p = 0.04) compared to controls.
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Table 1.—Demographic, clinical, and treatment characteristics

of patients with cancer treated with or without ICIs before
testing positive for COVID-19

ICI Use, No ICI Use,

N = 25, N = 25, p-

n (%) n (%) Value

Age, years 0.82
Median (range) 72 (45-83) 68 (36-87)

Sex
Female 11 (44) 11 (44)

Male 14 (56) 14 (56)

Ethnicity 0.44
White 20 (80) 17 (68)
Black/African American 2 (8) 4 (16)
Hispanic/Latino 2 (8) 4 (16)

Other 1(4) 0

Tobacco use history 0.57
Never smoked tobacco 9 (36) 12 (48)

Former tobacco smoker 12 (48) 11 (44)
Current tobacco smoker 4 (16) 2 (8)

Type of malignancy 0.0002
Thoracic® 10 (40) 14
Melanoma and nonmelanoma 5 (12) 0

skin®
Gastrointestinal® 4 (16) 7 (28)
Other! 6 (24) 17 (68)

Comorbid conditions
Hypertension 18 (72) 11 (44)
Hyperlipidemia 14 (56) 6 (24)
Autoimmune disease 8 (32) 3(12)

Cardiac disease® 8 (32) 6 (24)
COPD 7 (28) 6 (24)
Obesity (BMI > 30) 6 (24) 4 (16)
Diabetes 2 (8) 10 (40)

Charlson Comorbidity Index 0.001
Median (range) 9 (2-18) 7 (2-11)

Received vaccination in the last year 0.26
No 16 (64) 11 (44)

Yes 9 (36) 14 (56)

History of autoimmune disease 0.17
No 17 (68) 22 (88)

Yes 8 (32) 3 (12)

ICI received in last year

Atezolizumab 3 (12)
Cemiplimab 1(4)
Durvalumab 14
Ipilimumab 1(4)
Nivolumab 3(12)

Pembrolizumab 16 (64)

Number of prior lines of oncologic therapy

1 7 (28) 14 (56)
2 11 (44) 5 (20)
3 2(8) 4 (16)
4 14) 1(4)

5 3(12) 1(4)
6 1(4) 0

Time between last dose of ICI therapy and COVID-19 diagnosis
Actively on therapy 7 (28)
< 3 months 10 (40)

3-6 months 3(12)
> 6 months-1 year 5 (20)

Table 1.—Continued

ICI Use, No ICI Use,
N=25, N=25, p-

n (%) n (%) Value
Cancer staging at initiation of ICI (cases) or anticancer < 0.0001
therapy (controls)
0 4 (16)
I 0 0
I 2 (8) 0
IVA-C 22 (88) 9 (36)
Not applicable (hematologic) 14 8 (32)
Unknown 0 4 (16)
Cancer status at initiation of ICI (cases) or anticancer 0.002
therapy (controls)
Local disease 14 4 (16)
Lymph node metastases 1(4) 0
Distant metastases 21 (84) 9 (36)
No evidence of disease (adjuvant) 1 (4) 4 (16)
Not applicable (hematologic) 14 8 (32)
Disease status at last imaging prior to COVID-19 diagnosis
Progression of disease 14 (56) 8 (32)
Stable disease 4 (16) 5 (20)
Partial response 7 (28) 3(12)
Complete response 0 9 (36)
Other anticancer therapy in past 6 months (cases)
No 9 (36)
Yes 16 (64)
Concurrent with ICI 12
After ICI discontinuation 4
Anticancer therapy in past 6 months (controls)
No 9 (36)
Yes 16 (64)
History of radiation therapy prior to ICI
Yes 14 (56)
History of chemotherapy prior to ICI
Yes 14 (56)
Time between initiation of anticancer therapy and 0.52
COVID-19 diagnosis
Median, days (range) 125 (13- 67 (2-1684)
718)
Time between last dose of anticancer therapy
Median, days (range) 29 (0-328) 12 (0-118) 0.03

Patient still currently receiving ICI (or anticancer therapy) 0.99
at time of COVID-19 diagnosis
Yes 7 (28) 6 (24)
No 18 (72) 19 (74)

BMI: body mass index; COPD: chronic obstructive pulmonary disease;
COVID-19: coronavirus disease 2019; ICI: immune checkpoint inhib-
itor

For cases, thoracic cancers include five squamous cell, four adenocar-
cinoma, and one non-small-cell lung cancer, not otherwise specified.
For controls, one case of small cell lung cancer

PFor cases, skin cancers include three melanoma and two nonmelano-
ma skin cancers (basal cell carcinoma and squamous cell carcinoma).
“For cases, gastrointestinal cancers include one esophageal, one liver,
one colon, and one gastric cancer. For controls, one liver, four colon,
one gastric, and one pancreatic cancer

dFor cases, other cancer types include four oropharyngeal, one breast,
and one acute myeloid leukemia (AML). For controls, one breast, one
AML, one chronic myeloid leukemia, one acute lymphoblastic
leukemia, one myelofibrosis, three B-cell lymphoma, one T-cell
lymphoma, one multiple myeloma, two prostate, one ovarian, one
thyroid, one bladder, one renal, and one brain cancer

“Including coronary artery disease, congestive heart failure, arrhythmia,
atrial fibrillation, and cardiac disease not otherwise specified
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Table 2.—Patient demographics, oncologic history, comorbidities, and outcomes of 25 patients with COVID-19 and ICI therapy

Pt Age (y)/Sex/ Final COVID-19
No.” Ethnicity ICI-Treated Malignancy Stage Comorbidities ICI Status™
1 55/M/White Melanoma v HTN, hemophilia, hepatitis C, syphilis Nivolumab Fully recovered
2 73/F/White Lung, squamous cell IVB HTN, HL, COPD, pulmonary embolism, Pembrolizumab Died
CHE, CKD, obesity
3 47/F/Black Breast v Asthma, allergic rhinitis Nivolumab Fully recovered
4 81/M/White Esophageal IVB HTN, HL, IBD, peripheral neuropathy, Pembrolizumab  Died
iron deficiency anemia
5 45/M/Hispanic Liver v DM Atezolizumab Recovered with
or Latino complications
6 72/F/White Lung, squamous cell v HTN, HL, COPD, malignant lymphoma, Pembrolizumab Died
hiatal hernia, low back pain,
depression, previous MI, CKD
7 51/F/White Oropharyngeal IVA Celiac disease, anemia, MALT lymphoma Pembrolizumab Fully recovered
8 77/F/White Lung, adenocarcinoma v HTN, COPD, CAD, CHE, CVA, Pembrolizumab Died
tuberculosis, CKD, obesity
9 74/M/Black Oropharyngeal, squamous cell 1V HTN, dementia, HIV, CKD Pembrolizumab  Died
10 66/F/White Lung, adenocarcinoma 111 HTN, cirrhosis (porphyria and hepatitis Durvalumab Fully recovered
C), obesity, osteopenia, prior DVT,
depression
11 80/M/White Acute myelogenous leukemia MDS, benign prostatic hyperplasia Ipilimumab Died
12 71/M/White Nonmelanoma skin cancer v Asthma, prior DVT, homelessness, Pembrolizumab  Fully recovered
pancreatitis, temporal artery
hemorrhage, otitis externa
13 62/F/White Lung, other v Atrial fibrillation, mitral valve prolapse, Pembrolizumab Fully recovered
iron deficiency anemia
14 61/M/White Oropharyngeal squamous cell IV HTN, HL Pembrolizumab Recovered with
complications
15 47/M/White Oropharyngeal I HTN, oral mucositis (radiation induced), = Pembrolizumab Recovered with
GERD, depression, obstructive sleep complications
apnea
16 76/M/Hispanic Lung, squamous cell v HTN, HL, DM, asthma, COPD, PE, atrial Nivolumab Fully recovered
or Latino fibrillation, pericardial effusion, prior
GI bleed
17 74/F/White Lung, squamous cell v HTN, HL, COPD, PE, PVD, GERD, Atezolizumab Recovered with
anxiety complications
18 61/M/White Melanoma v HL, CVA, eczema, psoriasis, Lyme disease, Pembrolizumab Fully recovered
neurosyphilis, neuromyopathy
19 80/F/White Lung, adenocarcinoma IVB HTN, HL, COPD, atrial fibrillation, Atezolizumab Recovered with
obesity, pacemaker, autonomic complications
dysfunction (orthostatic),
cytomegalovirus infection, depression,
history of breast cancer, history of
endometrial cancer, osteoarthritis
20 75/F/White Colon v HTN, HL, IBD, GERD, arthritis Pembrolizumab Fully recovered
21 66/M/White Lung, adenocarcinoma v HTN, HL, COPD, CAD, CVA, alcoholism Pembrolizumab Recovered with
complications
22 83/M/White Nonmelanoma skin v HTN, HL, atrial fibrillation, prostate Cemiplimab Fully recovered
cancer cancer, osteoarthritis, lumbar disc
disease, GERD, anemia
23 54/M/White Melanoma v HTN, HL, obesity, cognitive impairment Pembrolizumab  Fully recovered
(congenital), hearing loss, ankylosing
spondylitis, schizophrenia, sarcoma,
psoriasis
24 75/M/White Lung, squamous cell v HTN, HL, cardiomyopathy Pembrolizumab Died
25 61/F/Other Oropharyngeal vc HTN, HL, prior PE Pembrolizumab  Fully recovered

CAD: coronary artery disease; CHF: congestive heart failure; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; COVID-19:
coronavirus disease 2019; CVA: cerebrovascular accident; DM: diabetes mellitus; DVT: deep vein thrombosis; GERD: gastric esophageal reflux disease;
GI: gastrointestinal; HIV: human immunodeficiency virus; HL: hyperlipidemia; HTN: hypertension; IBD: inflammatory bowel disease; ICI: immune
checkpoint inhibitor; IV, stage 4 malignancy; MALT: mucosa-associated lymphoid tissue; MDS: myelodysplastic syndrome; MI: myocardial

infarction; PE: pulmonary embolism; Pt: patient; PVD: peripheral vascular disease
“Age at COVID-19 diagnosis
“Recovered with complications is defined as patient having a new oxygen requirement even after COVID-19 recovery
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Immune checkpoint inhibitor use

Status
Highest

Hospitalization level of care

Floor
N=14

Yes (56%)

N=19
(76%)

Complications
N=6
(24%)

Full recovery
N=12
(48%)

No immune checkpoint inhibitor use

Status

Highest

level of care Hospitalization

Floor
N=14
(56%)

Complications 1
N=1 (4%) ]

N=24

(96%)

Full recovery
N=15

(60%)

N=1 (4%)

Figure 1.—COVID-19 outcomes among 25 patients receiving ICI within 1 year of COVID-19 diagnosis and 25 case control patients. Flow graphic demonstrating the
hospitalization status, highest level of care, and final COVID-19 outcomes among the two patient cohorts (25 patients with prior ICI use and 25 controls). Complications
are defined as patients who continue to require supplemental oxygen after discharge. COVID-19: coronavirus disease 2019; ICI: immune checkpoint inhibitor.

We also compared laboratory results between survivors
and deaths within each cohort (Supplementary Fig. 3).
Elevated presenting, peak, and nadir troponin levels
were related to COVID-19 mortality in patients with ICI
use (p =0.04, 0.01, 0.03) but not in controls.

DISCUSSION

A challenge facing oncologists is the uncertainty
regarding the impact of ICIs on COVID-19 outcomes in
patients with cancer. In this retrospective matched
cohort study of 25 patients treated at major academic
centers, exposure to ICIs within a year of COVID-19

diagnosis was not associated with increased COVID-19-
related mortality. Notably, patients receiving ICIs did not
tare worse despite having a higher proportion of
underlying thoracic malignancies, smoking history,
obesity, metastatic disease, and higher Charlson Comor-
bidity Index, although they had a lesser proportion of
hematologic malignancy and diabetes mellitus, both of
which were associated with worse COVID-19 out-
comes. 3"

Interestingly, the 28% mortality rate among patients
with ICI use in our cohort mirrors the mortality rate for
patients with cancer in two cancer cohort studies from
Montefiore?’! (New York, NY) and the United King-

‘ Odds Ratio (95% CI) p-value
Age i- 1.14 (1.03-1.27) 0.01*
Female sex e 0.23 (0.04-1.36) 0.1
Chemoltargeted —e— 0.45 (0.09-2.39) 0.35
ICI —e 0.36 (0.07-1.87) 0.23
Statin use |t ° { 0.08 (0.01-0.63) 0.02 *
COPD I o 1 12.26 (1.76-85.14) 0.01*
T T T 1
0.01 0.1 1 10 100
Odds Ratio (95% Cl)
« >

better outcome

worse outcome

Figure 2.—Predictors of COVID-19 mortality in multivariable analysis. Odds ratios for the impact of baseline patient characteristics on COVID-19 mortality, including
age, sex, use of non-ICI anticancer therapy (chemo/targeted) in the past 6 months, ICI therapy in the past year, active statin use, and COPD. Odds ratios were calculated
by multivariable logistic regression. Error bars represent 95% Cls. The x-axis is on a log; scale. The odds ratio for age is per increasing year. p-value < .05. COPD: chronic
obstructive pulmonary disease; COVID-19: coronavirus disease 2019; ICI: immune checkpoint inhibitor.
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Table 3.—COVID-19-related outcomes of patients with cancer
receiving ICIs or other anticancer therapy before testing
positive for COVID-19

ICI Use, No ICI Use,

N=25 N=25 p-
n (%) n (%) Value
Admission status for COVID-19 0.10
Managed inpatient 19 (76) 24 (96)
Managed outpatient 6 (24) 1 (4)
ICU admission 0.02
Yes 5 (20) 10 (40)
No 14 (56) 14 (56)
Not hospitalized 6 (24) 1 (4)
COVID-19 test type 0.99
Polymerase chain reaction 24 (96) 25 (100)
Serology 14 0 (0)
Presenting symptoms
Respiratory® 18 (72) 20 (80)
Gastrointestinal® 15 (60) 9 (36)
Fatigue/malaise 13 (52) 9 (36)
Fever 11 (44) 20 (80)
Chills 5 (20) 3 (12)
Neurological® 3(12) 3(12)
Anosmia 2 (8) 2 (8)
Ageusia 2 (8) 0 (0)
Asymptomatic 14 0 (0)
Final clinical status 0.15
Fully recovered 12 (48) 15 (60)
Recovered with complications 6 (24) 1(4)
Death 7 (28) 9 (36)
Cause of death related to COVID-19
Respiratory failure 4 (57.1) 5 (55.6)
Multi-organ failure 3 (42.9) 3 (33.3)
Sepsis 0 1(11.1)
Baseline or chronic oxygen requirement 0.02
Yes 6 (24) 0
No 19 (76) 25 (100)
Radiologic testing for COVID-19
CXR 17 (68) 25 (100)
CT 12 (48) 10 (40)
Supplemental oxygen interventions for COVID-19 0.04

Nasal cannula with standard O, 13 (52) 18 (72)
High-flow nasal cannula 1 (4) 0
Non-rebreather 5 (20) 1 (4)
CPAP 1(4) 0
Intubation 2 (8) 9 (36)
BIPAP 0 1(4)
Multi-organ complications related to COVID-19
Multi-organ failure 3(12) 2 (8)
Sepsis 5 (20) 6 (24)
None 14 (60) 18 (72)
Pulmonary complications related to COVID-19
Respiratory failure 2 (8) 9 (36)
Pleural effusion 9 (36) 1 (4)
Pneumonia 6 (24) 9 (36)
None 6 (24) 10 (40)
ARDS 3(12) 10 (40)
Pneumonitis 2 (8) 0
Pulmonary embolism 2 (8) 0
Unknown 14 0

Table 3.—Continued

ICI Use, No ICI Use,
N=25, N-=25, p-
n (%) n (%) Value
Cardiac complications related to COVID-19
Hypotension 6 (24) 4 (16)
Cardiac ischemia 2 (8) 14
Atrial fibrillation 4 (16) 5 (20)
CHF exacerbation 14 0
Sinus bradycardia 1 (4) 0
Right ventricular conduction 14 14
delay
Cardiomyopathy 0 14
None 13 (52) 16 (64)
Treatments for COVID-19 and related complications 0.04
Supportive care 15 (60) 8 (32)
Antibiotics 13 (52) 21 (84)
Chloroquine/ 4 (16) 7 (28)
hydroxychloroquine
Remdesivir 3(12) 10 (40)
Vasopressors 2 (8) 0
Tocilizumab 2 (8) 0
Glucocorticoids 2(8) 0
Mechanical ventilation 2 (8) 9 (36)
Anticoagulants 2 (8) 0
Beta blockers/calcium channel 1 (4) 0
blockers
Platelets 1 (4) 0
Antivirals 14) 2 (8)

ARDS: acute respiratory distress syndrome; BIPAP: Bilevel airway

positive pressure; CHF: congestive heart failure; COVID-19: coronavi-

rus; CPAP: continuous positive airway pressure; CT: computed tomog-
raphy scan; CXR: chest radiograph; ICI: immune checkpoint inhibitor;

ICU: intensive care unit

“For cases, respiratory symptoms include shortness of breath (12, 48%),
dry cough (7, 28%), sore throat (3, 12%), cough with sputum (3, 12%),
and nasal congestion (1, 4%). For cases, respiratory symptoms include
dry cough (14, 56%), shortness of breath (8, 32%), cough with sputum
(2, 8%), sore throat (1, 4%), hemoptysis (1, 4%), and nasal congestion
(1, 4%)

PFor cases, gastrointestinal symptoms include nausea (6, 24%),
vomiting (5, 20%), diarrhea (4, 16%), and abdominal pain (3, 12%).
For controls, gastrointestinal symptoms include diarrhea (8, 32%),
nausea and vomiting (4, 16%), and abdominal pain (2, 8%)

“For cases, neurological symptoms include altered mental status (1, 4%)
and headache (2, 8%). For controls, neurological symptoms include
headache (2, 8%) and altered mental status (1, 4%)

dom®! and is higher than that from studies from the
Cancer Consortium (13%)" and Mount Sinai (New York,
NY)(11%).4

Previous studies in patients with cancer have conflict-
ing results, with recent larger studies supporting a
tavorable impact of ICIs on COVID-19 clinical outcomes,
congruous with our findings. Prior ICI use in 31 patients
included in a study'®! of 423 patients with cancer in New
York predicted hospitalization (hazard ratio [HR] 3.06)
and severe respiratory illness (HR 3.03), defined as high-
flow oxygen supplementation or mechanical ventilation,
when compared with patients with no ICI use In
contrast, another case series from France®” and a global
registry for thoracic cancers with over 70 patients!?*2%
did not find a significant impact of ICI on COVID-19
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Table 4.—Immune-related adverse events occurring in patients before and during COVID-19 course

Prior to COVID-19 Diagnosis

During COVID-19 Diagnosis

Patient Last ICI

No. Tumor Type Regimen irAE No. 1 (Grade) irAE No. 2 (Grade) irAE No. 3 (Grade) irAE No. 1 (Grade)
2 Melanoma Nivolumab Colitis (3) Hepatitis (3) Pancreatitis (2)

11 Lung Durvalumab Dermatitis (2)

27 Oropharyngeal Pembrolizumab Hepatitis (1) Dermatitis (1)

19 Melanoma Pembrolizumab Pancreatitis (3) Hepatitis (1) Hypophysitis (3) Hypophysitis (3)*

23 Skin cancer Cemiplimab Dermatitis (2)

9 Lung Pembrolizumab Pneumonitis (3)

3 Lung Pembrolizumab Hypophysitis (3) Hypophysitis (3)*

5 Esophageal Pembrolizumab Hypothyroidism (3)°

COVID-19: coronavirus disease 2019; ICI: immune checkpoint inhibitor; irAE: immune-related adverse event

Persistent irAE continuing during COVID-19 course
PNew irAE developing during COVID-19 course

outcomes. In a UK study of 44 patients, recent ICI
therapy within 4 weeks of COVID-19 diagnosis trended
toward decreased risk of COVID-19 death (OR 0.59).12%
Similarly, in a study with 41 patients with lung cancer,
PD-1 blockade was not significantly associated with
increased risk of COVID-19 severity or mortality.*>! In
one prospective study among 461 patients, recent
anticancer treatment including immunotherapy within
4 weeks of COVID-19 diagnosis was not a significant
contributor to COVID-19 mortality.*! The conflicting
results of these studies could be attributed in part to
differences in sample size, patient characteristics, and
cancer type.

ARDS is a severe COVID-19 complication that is
driven by inflammatory cytokines.""* The interleukin-6
(IL-6) cytokine is elevated in both patients with COVID-
19 and patients who develop irAEs, which may suggest
a similar mechanism of immune activation. According-
ly, patients with COVID-19 receiving ICIs may be at
increased risk for more profound cytokine storm and
immune hyperactivation. Notably, our data did not find
that this was evident on laboratory evaluation, was
significant enough to induce irAEs, or led to higher
death rate. ICIs may induce favorable outcomes by
improving viral clearance!’’! and restoring immuno-
competency in exhausted T cells.['®2° However, this
study is retrospective and therefore is not positioned to
answer this question; further study of immune corre-
lates is required.

We also evaluated ICl-induced irAEs in the setting of
COVID-19. Two patients (8%) developed COVID-19
pneumonitis; despite radiologic overlap,*!! neither were
initially suspected of having ICl-induced pneumonitis.
Notably, we only observed one new-onset irAE. There
were two cases of persistent hypophysitis, which is
expected, as this generally requires chronic hormone
replacement. Further study is warranted to evaluate
whether a longer follow-up period would alter rates of
delayed effects of COVID-19 on irAEs.

Age and COPD were independent predictors of
COVID-19-related death in our entire cohort. Advanced
agel®?7:32331 and COPDI?534-3¢ are known significant

predictors of COVID-19 hospitalization and mortality in
patients with cancer. Increased mortality rates may be
due to higher risk for respiratory failure®! or increased
airway expression of angiotensin-converting enzyme II
(ACE2) in Patients with COPD, which predisposes to
viral entry.®”! Thus, patients with cancer who have
COPD, regardless of anticancer therapy, may be at
greater risk of COVID-19 mortality.

Active statin use had a significant protective effect,
aligning with known evidence. Statin intake has been
associated with the absence of COVID-19 symptoms (OR
2.91).138] Retrospective data from China show a signifi-
cant decrease in mortality (HR 0.58) in patients taking
statins.!®?! Statins may have an anti-inflammatory effect
and dampen immune response in the setting of severe
COVID-19 infection.!**?! Statin therapy may also
stimulate angiopoietin-1 and maintain myeloid differ-
entiation factor 88 levels, the adaptor protein of toll-like
receptors, leading to mitigation of NF-kB activation and
decreased risk of ARDS.®%2l In contrast, there is a
potential mechanistic negative effect of statins on
COVID-19 infection from increasing ACE2 expres-
sion.[*3! Given the ubiquitous use of statins, larger
studies are warranted to explore this relationship.

We did not observe differences in most biomarkers
between ICI and non-ICI patients with cancer. Notably,
ICI patients had significantly higher platelet counts and
D-dimer levels at presentation than non-ICI patients,
although a similar proportion of patients in both cohorts
had D-dimer levels above the reference range (86.7% vs
83.3%).

The activation of coagulation pathways from the
cytokine response to COVID-19 infection!****! could be
augmented with checkpoint blockade owing to the
inflammatory contribution of reinvigorated T cells.!*®!
Although D-dimer and platelet counts were significantly
elevated among ICI patients, the clinical relevance is
uncertain because all deaths were related to respiratory
failure and not due to hypercoagulable states.*”! Among
ICI patients, two (8%) experienced nonfatal pulmonary
embolisms compared with zero clotting events among
control patients.
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Elevated troponin levels predicted COVID-19 deaths
in patients receiving ICIs, while this differentiation was
not observed in non-ICI patients. The underlying
mechanism is still unclear; however, this discrepancy
may be due to potential inflammatory differences
mediated by ICI treatment, including the increased
presenting levels of D-dimer in ICI patients. 34!

Limitations

This study is limited by its small sample size and
retrospective nature. Our methodology was not all-
encompassing in comprehensively searching for all
patients receiving ICIs with coexisting COVID-19 diag-
nosis among our institutions. We may have missed
COVID-19-infected patients who tested or received care
elsewhere or who did not test owing to asymptomatic or
mild symptoms in the time frame. Another possibility
for bias is the greater proportion of ICI patients managed
as outpatients compared with controls. However, we
repeated the multivariable logistic analysis of only
inpatients (N = 38) and did not find a significant
difference in outcomes or ORs (Supplementary Fig. 4).
Furthermore, our patients varied in regard to recency of
last ICI dose; most were actively receiving therapy (28%)
or had their last ICI dose within 3 months of COVID-19
diagnosis (40%) (Table 1). Receptor occupancy of ICIs
decays graduall%r over the 6 months following ICI
discontinuation,®® and we were unable to control for
differences in risk among patients according to recency
of their last ICI dose. Moreover, we did not account for
Eastern Cooperative Oncology Group (ECOG) status,
which could affect survival outcomes, as this informa-
tion was not documented or available. Lastly, we were
limited to 1:1 matching for cases to controls, based on
three criteria, given our small total control population of
cancer patients with COVID-19 infection. Accordingly,
we were unable to control for cancer malignancy stage or
cancer types in our primary analysis.

CONCLUSION

This study provides insight on the COVID-19 out-
comes and irAEs of patients with cancer receiving ICIs.
Substantially, our matched cohort analysis found that
ICI treatment is not associated with greater risk of
COVID-19 mortality. Consistent with previous reports,
age and COPD were significant risk factors for death
within our cohort, and statins provided a protective
benefit. We observed low rates of new or persistent irAEs
within our small sample. Finally, patients receiving ICIs
only exhibited differences in elevated platelets and D-
dimer at COVID-19 diagnosis. Although larger prospec-
tive studies are necessary to evaluate long-term safety of
ICIs during COVID-19 infection, our findings support
the continuation of ICIs during the COVID-19 pandemic
for patients with cancer because we did not observe an
increased risk of COVID-19-related death associated
with ICI therapy.
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