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Supplemental content
IMPORTANCE Cytokine storm due to COVID-19 can cause high morbidity and mortality and
may be more common in patients with cancer treated with immunotherapy (10) due to
immune system activation.

OBJECTIVE To determine the association of baseline immunosuppression and/or |0-based
therapies with COVID-19 severity and cytokine storm in patients with cancer.

DESIGN, SETTING, AND PARTICIPANTS This registry-based retrospective cohort study included
12 046 patients reported to the COVID-19 and Cancer Consortium (CCC19) registry from
March 2020 to May 2022. The CCC19 registry is a centralized international multi-institutional
registry of patients with COVID-19 with a current or past diagnosis of cancer. Records
analyzed included patients with active or previous cancer who had a laboratory-confirmed
infection with SARS-CoV-2 by polymerase chain reaction and/or serologic findings.

EXPOSURES Immunosuppression due to therapy; systemic anticancer therapy (I0 or non-10).

MAIN OUTCOMES AND MEASURES The primary outcome was a 5-level ordinal scale of
COVID-19 severity: no complications; hospitalized without requiring oxygen; hospitalized and
required oxygen; intensive care unit admission and/or mechanical ventilation; death. The
secondary outcome was the occurrence of cytokine storm.

RESULTS The median age of the entire cohort was 65 years (interquartile range [IQR], 54-74)
years and 6359 patients were female (52.8%) and 6598 (54.8%) were non-Hispanic White. A
total of 599 (5.0%) patients received 10, whereas 4327 (35.9%) received non-10 systemic
anticancer therapies, and 7120 (59.1%) did not receive any antineoplastic regimen within 3
months prior to COVID-19 diagnosis. Although no difference in COVID-19 severity and
cytokine storm was found in the |0 group compared with the untreated group in the total
cohort (adjusted odds ratio [aOR], 0.80; 95% Cl, 0.56-1.13, and aOR, 0.89; 95% Cl, 0.41-1.93,
respectively), patients with baseline immunosuppression treated with 10 (vs untreated) had

= 1 1 o 0, - o
worse COVID-19 severity and cytokine storm (aOR, 3.33; 95% Cl, 1.38-8.01, and aOR, 4.41; Author Affiliations: Author

95% CI, 1.71-11.38, respectively). Patients with immunosuppression receiving non-10 affiliations are listed at the end of this
therapies (vs untreated) also had worse COVID-19 severity (aOR, 1.79; 95% Cl, 1.36-2.35) and article.
cytokine storm (aOR, 2.32; 95% Cl, 1.42-3.79). Group Information: The members of
. . . ) the COVID-19 and Cancer Consortium
CONCLUSIONS AND RELEVANCE This cohort study found that in patients with cancer and are listed in Supplement 3.
COVID-19, administration of systemic anticancer therapies, especially 10, in the context of Corresponding Author: Toni
baseline immunosuppression was associated with severe clinical outcomes and the Choueiri, MD, Department of Medical
development of cytokine storm. Oncology, Dana-Farber Cancer
Institute, 450 Brookline Ave, Boston,
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04354701 MA, 02215 (toni_choueiri@dfci.

harvard.edu); Trisha Wise-Draper MD,
PhD, 3125 Eden Ave ML 0562,
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OVID-19 disproportionately affects patients with can-

cer, with high rates of hospitalization and death.! Both

patient- and cancer-specific factors have emerged as
predictors of poor outcomes.! Among anti-neoplastic agents,
cytotoxic chemotherapy, which is immunosuppressive, has
been linked to worse outcomes.? However, the effect of addi-
tional therapies that influence the immune system such as im-
munotherapy (I0) or immunosuppressive agents on COVID-19
severity has not been fully established.

It has been hypothesized that immune checkpoint inhibi-
tors (ICIs) could have a beneficial association with COVID-19 out-
comes. Severe COVID-19 is characterized by lymphopenia with
markedly reduced CD8-positive T-cells, and an upregulation of
exhaustion markers (eg, PD-1).3* Given that blocking immune
checkpoints can reverse T-cell exhaustion, multiple clinical
trials are evaluating anti-PD-1 antibodies in patients with
COVID-19 to test their potential to decrease COVID-19 severity
(NCT04413838,NCT04268537, NCT04356508). Conversely, 10
could disrupt the balance of the immune system and potentially
exacerbate widespread immune-mediated injury observed with
severe COVID-19.° Similarly, immunosuppression has been
hypothesized to limit antiviral responses and consequently lead
to poor outcomes.

To date, there have been conflicting studies regarding im-
mune-stimulating and immunosuppressive therapies on
COVID-19 outcomes, possibly owing to modest sample sizes
and potential confounding factors.®° Given the unclear influ-
ence of 10 on patients with cancer and COVID-19 outcomes and
immune-mediated inflammation, we aimed to evaluate the
association between baseline immunosuppression and/or
10-based therapies on COVID-19 severity and incidence of
cytokine storm using data from the COVID-19 and Cancer
Consortium (CCC19, ccc19.org), while accounting for rel-
evant demographic and clinical covariates and adjusting for
effect modification.

Methods

Study Design

The CCC19 maintains an international multi-institution reg-
istry of patients with COVID-19 with a current or past inva-
sive cancer diagnosis.!® Data are collected and managed using
REDCap at Vanderbilt University Medical Center.!%!! The trial
protocol is available in Supplement 1.

Reports were accrued from March 17, 2020, to May 12, 2022,
and included patients with laboratory-confirmed SARS-CoV-2in-
fection (eFigure 1in Supplement 2). Patients were divided into
3 groups: those who received 10, defined as PD-(L)1 and/or
CTLA-4 inhibitors, bispecific T-cell engagers (BiTE), or chime-
ric antigen receptor (CAR) T-cell therapies, during the 3 months
before COVID-19 diagnosis (I0 group); those who received non-I0
antineoplastic regimens (non-I0 group), defined as cytotoxic che-
motherapy, targeted therapies, or endocrine therapies; and those
who did not receive any systemic therapy (untreated group). Pa-
tients were also divided by baseline immunosuppression sta-
tus. Complete inclusion and exclusion criteria are provided in
the eMethods in Supplement 2.

JAMA Oncology Published online November 3, 2022
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Key Points

Question Areimmunotherapy (I0) drugs and/or baseline
immunosuppression associated with cytokine storm and worse
clinical outcomes in patients with cancer and COVID-19 disease?

Findings This cohort study of 12 046 patients with cancer and
COVID-19 found that treatment with 10 and other systemic
anticancer therapies in the context of baseline immunosup-
pression was associated with an increased incidence of cytokine
storm and worse outcomes in patients with cancer infected with
SARS-CoV-2.

Meaning These findings suggest that patients with cancer with
baseline immunosuppression and COVID-19 may experience worse
outcomes when treated with 10 or non-10 systemic anticancer
therapy, whereas those without any preexisting immune
suppression can safely receive anticancer therapeutic regimens.

The Vanderbilt University institutional review board deter-
mined that informed consent was not required, and all data were
deidentified (VUMC IRB#200467). The study was approved by
institutional review boards at participating sites. This ongoing
study is registered on ClinicalTrials.gov (NCT04354701).

Outcome Definitions
The primary outcome was a 5-level ordinal scale of COVID-19 se-
verity based on the most severe disease status: no complica-
tions; hospitalized without requiring oxygen; hospitalized and
required oxygen; intensive care unit admission and/or mechani-
cal ventilation; death. In the event of mortality, causes of death
were determined as part of data curation in the CCC19 registry.
The secondary outcome was the incidence of a cytokine
storm among patients, defined as biological and clinical evi-
dence of severe inflammation, with end-organ dysfunction
(eMethods in Supplement 2), based on a previously suggested
definition of cytokine storm.!?

Statistical Analysis

To evaluate the association of IO or immunosuppression with
the primary and secondary outcomes, we conducted a multi-
variable logistic regression balanced for covariate distribu-
tions through inverse probability of treatment weighting
(IPTW), and adjusted for variables (Supplement 2) selected
based on a priori decisions.

Because baseline immunosuppression might modify the ef-
fect of anticancer systemic therapies, we included the interac-
tion terms of cancer treatment and immunosuppression in the
regression models to account for different effects between the
strata by immunosuppression status. A full description of the
statistical plan is available in eFigure 2, and eTable 2, and
eMethods in Supplement 2.

. |
Results

A total of 12 046 patients were included (eFigure 1in Supple-
ment 2). Overall, 6359 (53.0%) were women and 6598 (55%)
were non-Hispanic White. The median IQR) age was 65 (54-74)
years. The median (IQR) follow-up was 90 (30-180 ) days (Table).
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Table. Descriptive Statistics for Outcome Variables and Clinical Features Stratified by 3 Treatment Groups

No. (%)
No systemic Systemic anticancer therapy other 10 within 3 mo prior
treatment than 10 3 mo prior to COVID-19  to COVID-19 diagnosis
Characteristic (n=7120) diagnosis (n = 4327) (n =599)
COVID-19 severity
Not hospitalized 3368 (47) 1902 (44) 260 (43)
Hospitalized and did not require 966 (14) 682 (16) 81 (14)
supplemental oxygen
Hospitalized and required 1147 (16) 638 (15) 87 (15)
supplemental oxygen
Intensive care unit and/or 515 (7) 249 (6) 33 (6)
mechanical ventilation
Death 1124 (16) 856 (20) 138 (23)
Cytokine storm®
Absent 2354 (33) 1268 (29) 186 (31)
Present 860 (12) 533(12) 68 (11)
Age (25th/50th/75th 56/66/76 52/62/72 57/65/73
percentile), y
Sex
Female 3575 (50) 2527 (58) 257 (43)
Male 3539(50) 1798 (42) 342(57) Abbreviation: ECOG, Eastern
Race and ethnicity Cooperative Oncology Group.
Hispanic 958 (13) 855 (20) 85 (14) 2 Immunotherapy (I0) was defined as
Non-Hispanic Black 1256 (18) 761 (18) 75 (13) the receipt of PD-(L)1 and/or CTLA-4
Non-Hi T Whit 4050 (57 5192 (51 356 (59 inhibitors, bispecific T-cell engagers
on-fispanic White G7) G1) (9 (BiTE) or chimeric antigen receptor
Other 728 (10) 441 (10) 69 (12) T-cell therapies within 3 months
Smoking status before COVID-19 diagnosis
Never 3650 (52) 2429 (56) 227 (38) ® Cytokine storm was defined by
Current or former 3233 (45) 1743 (40) 356 (59) presence of 3 criteria: (an
elevated marker of inflammation
ECOG performance status (IL-6, CRP, or D-dimer), (2) a severe
0 2251 (32) 1467 (34) 157 (26) systemic clinical manifestation (ie,
1 1438 (20) 1544 (36) 272 (45) hypotension, need for vasopressors,
hiah or sepsis) or severe lunginjury (ie,
2 or higher 842 (12) 701 (16) 117 (20) pneumonitis or acute respiratory
Type of malignant abnormality© distress syndrome), and (3) a
Solid tumor 5901 (83) 3182 (74) 567 (95) secondary organ dysfunction (e,
Hematological neoplasm 1415 (20) 1360 (31) 52(9) elevated alanine tr'ansamlnase;
aspartate transaminase, or elevated
Cancer status creatinine levels) or fever.
Remission or no evidence of 4562 (64) 930(21) 33(6) < Percentages could sum to greater
disease than 100% because categories are
Active and progressing 606 (9) 900 (21) 175 (29) not mutually exclusive.
Active and responding 233(3) 1086 (25) 147 (25) dImmunosuppression was defined as
Active and stable 919 (13) 945 (22) 176 (29) (1) baseline administration of more
Immunosuppression® than 20 mg/d of prednisone
equivalent, (2) baseline
Absent 6489 (91) 3410 (79) 517 (86) administration of other
Present 631(9) 917 (21) 82 (14) immunosuppressive medications,
Previous receipt of COVID-19 (3) receipt of Bruton tyrosine kinase
vaccines inhibitors (BTKi) within 3 months
Yes 584 (8) 538 (12) 90 (15) from COVID-19 diagnosis, (4)
receipt of anti-CD20 therapy within
No A ) S (D ) 12 months from COVID-19 diagnosis,
Follow-up (25th/50th/75th 30/90/180 24/70/180 30/70/135 or (5) stem cell therapy within 12

percentile), d

months from COVID-19 diagnosis.

Overall, 599 (5.0%) patients received IO within 3 months
before COVID-19 diagnosis (IO group; eTable 1 and eFigure 3
in Supplement 2), whereas 4327 (35.9%) received non-IO thera-
pies (non-IO group), and 7120 (59.1%) received no anti-
neoplastic regimen (untreated group). In the IO group, 138
(23%) patients died, compared with 856 (20%) in the non-I0
group, and 1124 (16%) in the untreated group. The raw inci-
dence of cytokine storm was comparable across all groups at

jamaoncology.com

12% with 684, 533, and 860 for the IO, non-IO, and untreated
groups, respectively (eTable 5in Supplement 2). The standard-
ized mean differences (SMDs) pre- and post-IPTW are shown
in eTables 3 and 4 in Supplement 2.

No difference was found for COVID-19 severity or cyto-
kine storm in the IO and non-IO groups vs untreated group
(Figure 1; eTables 6 and 8 in Supplement 2). Baseline immu-
nosuppression was also not associated with higher incidence
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Figure 1. Forest Plot of Adjusted Odds Ratios for COVID-19 Severity, Stratified by Immunosuppression Status

aOR
Characteristic (95% ClI)
Treatment group (vs none)
Non-10
Immunosuppressed 1.79(1.36-2.35)

No immunosuppression 0.97 (0.87-1.08)
10
Immunosuppressed 3.33(1.38-8.01)
No immunosuppression 0.79 (0.55-1.13)
Age (every 10-y increase)
Immunosuppressed
No immunosuppression
Sex (vs female)
Immunosuppressed

1.12(1.02-1.24)
1.30(1.24-1.35)

1.42 (1.07-1.86)
No immunosuppression  1.32 (1.19-1.46)
Race (vs non-Hispanic White)
Hispanic
Immunosuppressed 1.07 (0.74-1.55)
No immunosuppression 1.29 (1.10-1.50)
Non-Hispanic Black
Immunosuppressed 1.18 (0.85-1.63)
No immunosuppression 1.43 (1.26-1.62)
Other
Immunosuppressed 0.72(0.44-1.19)
No immunosuppression 1.06 (0.89-1.27)
Obesity status (vs not obese)
Immunosuppressed 1.31(0.99-1.73)
No immunosuppression  1.04 (0.94-1.15)
Smoking status (vs never smoker)
Immunosuppressed 1.16 (0.89-1.52)
No immunosuppression ~ 1.12 (1.00-1.24)
Comorbidities (present vs absent)
Cardiovascular

Immunosuppressed 1.39(1.01-1.92)

No immunosuppression 1.55 (1.37-1.74)
Pulmonary

Immunosuppressed 1.21(0.87-1.67)

No immunosuppression 1.50 (1.32-1.70)
Kidney

Immunosuppressed 1.47 (1.04-2.09)

No immunosuppression
Diabetes mellitus

1.52(1.32-1.76)

1.58(1.17-2.13)
1.51(1.35-1.70)

Immunosuppressed
No immunosuppression
ECOG PS (vs 0)

1
Immunosuppressed 1.43 (1.06-1.91)
No immunosuppression 1.40 (1.23-1.60)
22
Immunosuppressed 3.72(2.38-5.83)
No immunosuppression 3.81 (3.22-4.51)
Unknown
Immunosuppressed 1.42(0.98-2.05)

No immunosuppression 1.42 (1.26-1.61)

Better
outcomes

Worse
outcomes

= >
m

0 1 2 3 4 5

aOR (95% CI)

aOR
Characteristic (95% ClI)
Type of cancer (present vs absent)
Solid tumors
Immunosuppressed 0.80 (0.44-1.45)

No immunosuppression 1.08 (0.81-1.45)
Hematological

Immunosuppressed 1.17 (0.65-2.12)

No immunosuppression 1.78 (1.35-2.34)
Thoracic

Immunosuppressed 1.20(0.71-2.01)

No immunosuppression 1.59 (1.30-1.95)

Cancer status (vs remission or NED)

Active and responding

Immunosuppressed 0.56 (0.38-0.82)

No immunosuppression 1.01 (0.82-1.23)
Active and stable

Immunosuppressed 1.13(0.78-1.63)

No immunosuppression 1.13 (1.00-1.28)
Active and progressing

Immunosuppressed 2.58(1.73-3.85)

No immunosuppression 3.41 (2.91-3.99)
Unknown

Immunosuppressed 1.28 (0.90-1.80)

No immunosuppression 1.60 (1.38-1.87)

Country of residence (US vs not)

Immunosuppressed 0.33(0.16-0.68)
No immunosuppression  0.87 (0.70-1.08)

Month of COVID-19 diagnosis
(vs Jan -Apr 2020)

May-Aug 2020
Immunosuppressed
No immunosuppression
Sep-Dec 2020
Immunosuppressed

0.40 (0.29-0.57)
0.66 (0.57-0.76)

0.51(0.34-0.77)
No immunosuppression 0.56 (0.48-0.65)
Jan-Apr 2021
Immunosuppressed
No immunosuppression
May-Aug 2021
Immunosuppressed

0.38(0.24-0.60)
0.64 (0.52-0.79)

0.73(0.43-1.26)
No immunosuppression 0.82 (0.66-1.01)
Sep-Dec 2021
Immunosuppressed
No immunosuppression
Jan-Apr 2022
Immunosuppressed 0.21(0.11-0.39)
No immunosuppression 0.33 (0.24-0.47)
Vaccination status (vs none)
Immunosuppressed
No immunosuppression

0.31(0.17-0.58)
0.66 (0.49-0.87)

0.72 (0.44-1.18)
0.68 (0.53-0.88)

Better
outcomes

Worse
outcomes

0 1 2 3 4 5
aOR (95% CI)

aOR indicates adjusted odds ratio; ECOG PS, Eastern Cooperative Oncology Group performance score; |0, immunotherapy.

of severe COVID-19 or cytokine storm in the total cohort
(eTables 6 and 8 in Supplement 2).
In the multivariate regression analysis, the interaction

term of 10 (vs untreated) group

and baseline immunosuppres-

sion presented a nonsignificant trend toward worse clinical
outcomes and was significantly associated with cytokine
storm. In addition, the interaction term of the non-IO (vs

JAMA Oncology Published online November 3, 2022

untreated) group and baseline immunosuppression was sig-
nificantly associated with more severe COVID-19 and cytokine
storm (eTables 6 and 8 in Supplement 2). Based on these
results, multivariable analyses stratified by baseline immuno-
suppression demonstrated both the 10 and non-IO (vs
untreated) groups were associated with worse COVID-19 out-
comes in the context of preexisting immunosuppression (aOR,
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Figure 2. Forest Plot of Adjusted Odds Ratios for Cytokine Storm, Stratified by Immunosuppression Status

aOR Better | Worse
Characteristic (95% CI) outcomes : outcomes
Treatment group (vs none)
Non-10
Immunosuppressed 2.32(1.42-3.79) ——
No immunosuppression 1.10 (0.89-1.36) E
10
Immunosuppressed 4.41(1.71-11.38) —_——>
No immunosuppression 0.88 (0.42-1.84) ——
Age (every 10-y increase)
Immunosuppressed 0.98 (0.81-1.18) L =
No immunosuppression  1.30 (1.20-1.41) L ]
Sex (vs female)
Immunosuppressed 1.18(0.73-1.92) —
No immunosuppression  1.68 (1.38-2.04) ——
Race (vs non-Hispanic White)
Hispanic
Immunosuppressed 1.59(0.72-3.48) —
No immunosuppression 1.49 (1.12-2.00) ——
Non-Hispanic Black
Immunosuppressed 1.65(0.92-2.96) —a—
No immunosuppression 1.81 (1.41-2.33) ——
Other
Immunosuppressed 1.89(0.79-4.56) =
No immunosuppression 1.11(0.79-1.55) ——
Obesity status (vs not obese)
Immunosuppressed 1.59(0.99-2.57) —
No immunosuppression  1.30 (1.06-1.58) i
Smoking status (vs never smoker)
Immunosuppressed 1.56 (0.94-2.60) —
No immunosuppression  1.11 (0.91-1.36) E
Comorbidities (present vs absent)
Cardiovascular
Immunosuppressed 1.93(1.08-3.45) .
No immunosuppression 1.75 (1.40-2.19) ——
Pulmonary
Immunosuppressed 0.90 (0.48-1.68) ——
No immunosuppression 1.97 (1.55-2.51) ——
Kidney
Immunosuppressed 3.28(1.61-6.66) =
No immunosuppression 2.55 (1.95-3.33) —a—
Diabetes mellitus
Immunosuppressed 1.21(0.68-2.14) ——
No immunosuppression 1.62 (1.30-2.01) ——
o 1 2 3 4

aOR (95% CI)

aOR Better | Worse
Characteristic (95% Cl) outcomes : outcomes
ECOG PS (vs 0)
1
Immunosuppressed 1.38(0.81-2.36) ———
No immunosuppression 1.07 (0.82-1.40) -
22
Immunosuppressed 2.97 (1.38-6.38) =
No immunosuppression 2.63 (1.92-3.62) —a—
Unknown
Immunosuppressed 1.02(0.53-1.97) ——
No immunosuppression 0.90 (0.70-1.15) g
Cancer status (vs remission or NED)
Active and responding
Immunosuppressed 0.49 (0.26-0.93) -
No immunosuppression 0.75 (0.50-1.13) -
Active and stable
Immunosuppressed 0.72(0.37-1.37) ———
No immunosuppression 0.82 (0.62-1.07) -
Active and progressing
Immunosuppressed 0.76 (0.38-1.51) ——
No immunosuppression 1.73 (1.26-2.38) —a—
Unknown
Immunosuppressed 0.74 (0.34-1.60) ———
No immunosuppression 1.34 (1.00-1.81) ——
Month of COVID-19 diagnosis
(vs Jan -Apr 2020)
May-Aug 2020
Immunosuppressed 0.20(0.10-0.41) | &
No immunosuppression 0.42 (0.32-0.54) 3
Sep-Dec 2020
Immunosuppressed 0.19 (0.09-0.40) | =
No immunosuppression 0.17 (0.12-0.22) =
Jan-Apr 2021
Immunosuppressed 0.12 (0.05-0.29) | 3
No immunosuppression 0.21 (0.14-0.30) =
May-Aug 2021
Immunosuppressed 0.25(0.09-0.72) -+
No immunosuppression 0.17 (0.11-0.25) =
Sep-Dec 2021
Immunosuppressed 0.02(0.00-0.10) &
No immunosuppression 0.39 (0.18-0.81) -
Jan-Apr 2022
Immunosuppressed 0.03(0.01-0.11) =
No immunosuppression 0.11 (0.05-0.22) | ]
Vaccination status (vs none)
Immunosuppressed 0.98 (0.37-2.58) —
No immunosuppression  0.55 (0.31-0.97) ——
o 1 2 3 4 5

aOR (95% CI)

aO0R indicates adjusted odds ratio; ECOG PS, Eastern Cooperative Oncology Group performance score; 10, immunotherapy.

3.33; 95% CI, 1.38-8.01, and aOR, 1.79; 95% CI, 1.36-2.35, re-
spectively, Figure 1; eTable 7 in Supplement 2). Higher risk of
cytokine storm was also identified in both the I0 and non-1I0
(vs untreated) groups among patients with baseline
immunosuppression (aOR, 4.41; 95% CI, 1.71-11.38, and aOR,
2.32; 95% CI, 1.42-3.79, respectively, Figure 2; eTable 9 in
Supplement 2). Similar results were seen in the subgroup analy-
sis of patients with active cancer (eTables 10-13 in Supple-
ment 2), and in the sensitivity analysis after the exclusion of
patients who received a combination of cytotoxic chemo-
therapy and PD-(L)1 inhibitors in the IO group (eTables 14-18
in Supplement 2).

jamaoncology.com

|
Discussion

Among patients with baseline immunosuppression, adminis-
tration of IO and, to a lesser extent, non-I0 systemic antican-
cer therapy prior to SARS-CoV-2 infection was associated with
worse disease severity and higher risk of cytokine storm.
The findings of this study help better characterize the as-
sociation of I0 with poor COVID-19 outcomes in relation to
immunosuppression among patients with cancer, and also sug-
gest that these agents are relatively safe to use among immu-
nocompetent patients even during peaks of the pandemic.
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We also found that patients with cancer diagnosed with
COVID-19 across all time periods from May 2020 to April 2022
presented better outcomes compared with the first pan-
demic peak (January 2020-April 2020), indicating that the
management of COVID-19 improved over time (Figure 1). More-
over, vaccination against SARS-CoV-2 was independently as-
sociated with less severe COVID-19 and a lower incidence of
cytokine storm.

Limitations

This study has some limitations, including its retrospective na-
ture, limited power to evaluate patient outcomes according to
the specific types of immunosuppression and IO used and thera-
peutic combinations. Nevertheless, this represents the largest

Interplay of Immunosuppression and Immunotherapy Among Patients With Cancer and COVID-19

cohort with comprehensive clinical and biological data of pa-
tients with cancer and COVID-19 treated with IO reported so
far, helping to evaluate the influence of IO and immunosuppres-
sion on patient outcomes and cytokine storm.

. |
Conclusions

This cohort study found that in patients with cancer diag-
nosed with COVID-19, I0 and immunosuppression alone did
not increase the risk of severe infection or cytokine storm. How-
ever, 10 given in patients with cancer with baseline immuno-
suppression was associated with cytokine storm and worse
clinical outcomes.

ARTICLE INFORMATION
Accepted for Publication: August 11, 2022.

Published Online: November 3, 2022.
doi:10.1001/jamaoncol.2022.5357

Author Affiliations: Department of Medical
Oncology, Dana-Farber Cancer Institute, Boston,
Massachusetts (Bakouny, Labaki, Schmidt,
Choueiri); Division of Hematology/Oncology,
University of Cincinnati Cancer Center, Cincinnati,
Ohio (Grover, Awosika, Gulati, Jandarov,
Wise-Draper); Vanderbilt University Medical Center,
Nashville, Tennessee (C.-Y. Hsu, Johnson, Mishra,
Tucker, Yang, Warner, Shyr); Wake Forest Baptist
Comprehensive Cancer Center, Winston-Salem,
North Carolina (Alimohamed); Sidney Kimmel
Cancer Center, Thomas Jefferson University,
Philadelphia, Pennsylvania (Bashir, Rivera); Loyola
University Medical Center, Maywood, lllinois (Berg,
Knox); Winship Cancer Institute, Emory University,
Atlanta, Georgia (Bilen, Castellano); University of
Colorado, Denver (Bowles); Division of Medical
Oncology, Mayo Clinic, Rochester, Minnesota
(Desai, Elkrief, Halfdanarson, Xie); Hartford
Healthcare Cancer Institute, Hartford, Connecticut
(Eton, E. Hsu); University of Michigan Rogel Cancer
Center, Ann Arbor (Fecher); St. Elizabeth Health
Care, Edgewood, Kentucky (Flora, Gesenhues);
Tisch Cancer Institute, Mount Sinai, New York
(Galsky, Wotman); Division of Medical Oncology,
The Ohio State University, Columbus (Gatti-Mays);
Stanford University, Stanford, California (Glover,

S. A. Shah); Roswell Park Comprehensive Cancer
Center, Buffalo, New York (Gopalakrishnan);
Cleveland Clinic, Cleveland, Ohio (Gupta, Nizam);
Knight Cancer Institute, Oregon Health and Science
University, Portland (Hayes-Lattin); Aurora Cancer
Center, Advocate Aurora Health, Milwaukee,
Wisconsin (Hendawi, Thompson); Henry Ford
Cancer Institute, Detroit, Michigan (Hwang); Mt.
Auburn Hospital, Boston, Massachusetts (Jani,
Weissmann); Penn State Cancer Institute, Hershey,
Pennsylvania (Joshi, Pomerantz); Brown University
and Lifespan Cancer Institute, Providence, Rhode
Island (H. Khan); Herbert Irving Comprehensive
Cancer Center, Columbia University, New York,
New York (S. A. Khan, Schwartz); UCSF, Helen Diller
Comprehensive Cancer Center, San Francisco
(Koshkin, Kwon); Masonic Cancer Center, University
of Minnesota, Minneapolis (Kulkarni); Hollings
Cancer Center, MUSC, Charleston (Matar); Moores
Cancer Center, UCSD, San Diego, California (McKay,
Nonato, Shaya); McGill University Health Centre,
Montreal, Quebec, Canada (Moria); Case

JAMA Oncology Published online November 3, 2022

Comprehensive Cancer Center, Department of
Population and Quantitative Health Sciences,
Cleveland, Ohio (Nock); Jewish General Hospital,
McGill University, Montreal, Quebec, Canada

(Panasci); Fred Hutchinson Cancer Research Center,

Seattle, Washington (Portuguese, Tachiki); George
Washington University, Washington, DC
(Provenzano, Rao); Virtua Health, Marlton, New
Jersey (Puc); Intermountain Healthcare, Salt Lake
City, Utah (Rhodes); Memorial Sloan Kettering
Cancer Center, New York (Riely, Schoenfeld);
University of Kansas Medical Center, Kansas City
(Ripp, Wulff-Burchfield); Instituto Nacional

de Cancerologia, Mexico (Ruiz-Garcia,
Valdez-Reyes); Stanley S. Scott Cancer Center, LSU,
New Orleans, Louisiana (Subbiah); Tempus Labs,
Chicago, lllinois (Thompson); Mays Cancer Center,
UT Health, San Antonio, Texas (D. P. Shah).

Author Contributions: Drs Choueiri and
Wise-Draper had full access to all of the data in the
study and take responsibility for the integrity of the
data and the accuracy of the data analysis.

Drs. Bakouny, Labaki, and Grover are co-first
authors and contributed equally to the work.
Concept and design: Bakouny, Labaki, Grover,
Gesenhues, Matar, Nock, Provenzano, Rao,
Schmidt, Schoenfeld, Thompson, D. Shah, Warner,
Choueiri, Wise-Draper.

Acquisition, analysis, or interpretation of data:
Bakouny, Labaki, Grover, Awosika, Gulati, C. Hsu,
Alimohamed, Bashir, Berg, Bilen, Bowles,
Castellano, Desai, Elkrief, Eton, Fecher, Flora,
Galsky, Gatti-Mays, Gesenhues, Glover,
Gopalakrishnan, Gupta, Halfdanarson,
Hayes-Lattin, Hendawi, E. Hsu, Hwang, Jandarov,
Jani, Johnson, Joshi, H. Khan, S. Khan, Knox,
Koshkin, Kulkarni, Kwon, McKay, Mishra, Moria,
Nizam, Nock, Nonato, Panasci, Pomerantz,
Portuguese, Puc, Rao, Rhodes, Riely, Ripp, Rivera,
Ruiz-Garcia, Schmidt, Schoenfeld, Schwartz, S.

Shah, Shaya, Subbiah, Tachiki, Tucker, Valdez Reyes,

Weissmann, Wotman, Wulff-Burchfield, Xie, Yang,
Thompson, D. Shah, Warner, Shyr, Wise-Draper.
Drafting of the manuscript: Bakouny, Labaki,
Grover, Awosika, C. Hsu, Eton, Gesenhues,
Hendawi, Jandarov, Kulkarni, Pomerantz,
Provenzano, Schoenfeld, Xie, Thompson,
Wise-Draper.

Critical revision of the manuscript for important
intellectual content: Bakouny, Labaki, Grover,
Awosika, Gulati, Alimohamed, Bashir, Berg, Bilen,
Bowles, Castellano, Desai, Elkrief, Fecher, Flora,
Galsky, Gatti-Mays, Gesenhues, Glover,

Gopalakrishnan, Gupta, Halfdanarson,
Hayes-Lattin, E. Hsu, Hwang, Jani, Johnson, Joshi,
H. Khan, S. Khan, Knox, Koshkin, Kwon, Matar,
McKay, Mishra, Moria, Nizam, Nock, Nonato,
Panasci, Portuguese, Provenzano, Puc, Rao,
Rhodes, Riely, Ripp, Rivera, Ruiz-Garcia, Schmidt,
Schoenfeld, Schwartz, S. Shah, Shaya, Subbiah,
Tachiki, Tucker, Valdez Reyes, Weissmann, Wotman,
Wulff-Burchfield, Xie, Yang, Thompson, D. Shah,
Warner, Shyr, Choueiri, Wise-Draper.

Statistical analysis: Bakouny, Labaki, C. Hsu, Glover,
Jandarov, Provenzano, Schmidt, S. Shah, Warner,
Shyr.

Obtained funding: Johnson, D. Shah, Warner,
Choueiri.

Administrative, technical, or material support:
Labaki, Bashir, Bilen, Desai, Flora, Galsky,
Gatti-Mays, Gesenhues, Hayes-Lattin, Hwang, Jani,
Joshi, H. Khan, Koshkin, Kwon, Mishra, Nock,
Pomerantz, Rao, Ruiz-Garcia, Schwartz, Tachiki,
Tucker, Valdez Reyes, Weissmann, Thompson,
Warner, Choueiri.

Supervision: Bakouny, Grover, Gulati, Desai,
Jandarov, Ripp, Schmidt, Schoenfeld, Schwartz, S.
Shah, Thompson, D. Shah, Warner, Shyr, Choueiri,
Wise-Draper.

Conflict of Interest Disclosures: Dr Bakouny
reported nonfinancial support from Bristol Myers
Squibb, grants from Genentech/imCORE, and
personal fees from UpToDate outside the
submitted work. Dr Labaki reported grants from
Genentech/imCORE outside the submitted work.
Dr Gulati reported support to institution for a
clinical trial from AstraZenca and Isoray, and
personal fees from EMD Serono for advisory board
roles outside the submitted work. Dr Bashir
reported research funding to institution from
Amgen, Artios Pharmaceuticals Bicycle
Therapeutics, Boehringer Ingelheim, Daiichi
Snakyo, KAHR, Merck, Pionyr Immunotherapeutics,
RASCAL Therapeutics, Syros Pharmaceuticals,and
Tarveda Therapeutics. Dr Berg reported speakers
bureau fees from Eisai, Exelexis, and Bristol Meyers
Squibb outside the submitted work. Dr Bilen
reported personal fees from Exelixis, Bayer, BMS,
Eisai, Pfizer, AstraZeneca, Janssen, Calithera
Biosciences, Genomic Health, Nektar, EMD Serono,
SeaGen, and Sanofi; advisory board and grants from
Merck, Xencor, Bayer, Bristol Myers Squibb,
Genentech/Roche, SeaGen, Incyte, Nektar,
AstraZeneca, Tricon Pharmaceuticals, Genome &
Company, AAA, Peloton Therapeutics, and a grant
to institution from Pfizer outside the submitted

jamaoncology.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 12/15/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.5357?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5357
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5357

Interplay of Immunosuppression and Immunotherapy Among Patients With Cancer and COVID-19

work. Dr Elkrief reported grants from the Canadian
Institute of Health Research outside the submitted
work. Dr Eton reported grants from BMS outside
the submitted work. Dr Fecher reported grants for
clinical trial funding to institution from BMS, Kartos,
Array-Pfizer, and EMD/Serono-Pfizer; personal fees
from Elsevier, study funding from Array-Pfizer
ECOG-ACRIN, and funding grants to institution from
Merck-Incyte outside the submitted work.

Dr Galsky reported personal fees from BMS, Merck,
Genentech, AstraZeneca, Pfizer, EMD Serono,
SeaGen, Janssen, NuMab, Dragonfly, Glaxo Smith
Kline, Basliea, Urogen, Rappta Therapeutics,
Alligator, and Dracen outside the submitted work.
Dr Gatti-Mays reported institutional research
support from Regeneron outside the submitted
work. Dr Gupta reported personal fees and/or
consulting fees from Merck, EMD Sorono, Pfizer,
BMS, Janssen, Bayer, Gilead, Seattle Genetics,
Natera, and Loxo Oncology, outside the submitted
work. Dr Halfdanarson reported grants, consulting
fees and/or research support to institution from
Advanced Accelerator Applications, Thermo Fisher
Scientific, Turnstone Biologics, Basilea, Ipsen, ITM
Isotopen Technologien Muenchen, TerSera, Curium,
and Terumo, outside the submitted work.

Dr Hwang reported grants to institution from
Merck, Bayer, Genentech, AstraZeneca, and Bausch
Health outside the submitted work; fees received
from TEMPUS, Genzyme, EMD Sorono for
consulting; stock holdings in Johnson & Johnson;
and speaker fees from OncLive. Dr Johnson
reported advising/consulting fees from BMS,
Catalyst, lovance, Jansen, Mallinckrodt, Merck,
Mosaic, Novartis, Oncosec, Pfizer, and Targovax
outside the submitted work; in addition,

Dr Johnson had a patent for MHC-I as biomarker of
immune therapy issued. Dr Joshi reported grants to
Institution from AstraZeneca, Pfizer, Eisai, and
Seagen outside the submitted work. Dr Kulkarni
reported grants from AstraZeneca and personal and
advisory board fees from Genentech outside the
submitted work. Dr McKay reported research
funding from Bayer, Pfizer, Tempus; serves on
Advisory Board/consultant for AstraZenca, Aveo,
Bayer, Bristol Myers Squib, Calithera, Caris,
Dendreon, Exelixis, Janssen, Merck, Myovant,
Novartis, Pfizer, Sanofi, Sorrento Therapeutics, and
Tempus. Dr Mishra reported grants from National
Cancer Institute Support through institution from
grant [Grant P30 CA068485], grants from
International Association for the Study of Lung
Cancer Support through institution, and funding
from American Association for Cancer Research
Support through institution during the conduct of
the study; personal fees from National Geographic
for writing articles outside the submitted work.

Dr Portuguese reported grants from National Heart,
Lung, and Blood Institute (T32 HLO0O7093) during
the conduct of the study. Dr Rhodes reported
personal fees from BMS, Merck, and AstraZeneca
outside the submitted work. Dr Riely reported
grants to institution from Pfizer, Novartis, Takeda,
Roche, Mirati, and Merck outside the submitted
work. Dr Ruiz-Garcia reported personal fees from
ROCHE/Genentech, Amgen, Merck, BMS, and Bayer
outside the submitted work. Dr Schoenfeld
reported personal fees from J&J, KSQ therapeutics,
BMS, Enara Bio, and Heat Biologics; research
funding paid to institution from GSK , PACT Pharma,
lovance Biotherapeutics, Achilles therapeutics,
Merck Research, BMS, and Harpoon; and personal
fees from Perceptive advisors outside the

jamaoncology.com

submitted work. Dr Tachiki reported grants from
the National Institutes of Health (NIH
T32CA009515-37) during the conduct of the study.
Dr Wulff-Burchfield reported grants from Pfizer
global medical grants, personal fees, advisory
board, or consulting fees from Astellas Consulting,
personal fees from Aveo Oncology, Bristol Myers
Squibb, Exelixis, and Janssen, a family member with
stock ownership in Immunomedics and Nektar
outside the submitted work. Dr Thompson
reported employment from Tempus Labs and
Doximity; stock, personal fees from Takeda;
royalties, advisory board, and/or personal fees from
UpToDate, Adaptive, AbbVie, Elsevier Clinical Path,
Epizyme, Janssen, Sanofi, Syapse, and GRAIL/
lllumina outside the submitted work. Dr D. Shah
reported grants from The American Cancer Society
and Hope Foundation for Cancer Research
(MRSG-16-152-01-CCE) and grants from NIH
(P30CA054174) during the conduct of the study.

Dr Warner reported grants from NIH during the
conduct of the study; grants from AACR and
Vanderbilt University; personal fees from Westat,
Melax Tech, Roche, and Flatiron Health; and
ownership of HemOnc.org LLC outside the
submitted work. Dr Shyr reported grants from
NIH/NCI during the conduct of the study; grants
from NIH outside the submitted work. Dr Choueiri
reported unpaid memberships from CCC19 SC and
ESMO-CoCare member during the conduct of the
study; and advisory boards and consultancy
regarding drug developments in GU cancers from
Pfizer, Merck, BMS, Exelixis, EMD Serono, Roche,
Aveo, J&J, and others. Dr Wise-Draper reported
grants for clinical trial grant support from BMS,
Merck & Co, Janssen, AstraZeneca, and Tesaro/GSK;
and personal fees from Caris Life Sciences. No other
disclosures were reported.

Funding/Support: REDCap is developed and
supported by Vanderbilt Institute for Clinical and
Translational Research grant support (UL1
TRO00445 from NCATS/NIH). Support was
received from the National Cancer Institute (P30
CA068485 to Drs Benjamin French, Chih-Yuan Hsu,
Jeremy L. Warnerr, Sanjay Mishra, and Yu Shyr), and
the National Center for Advancing Translational
Sciences of the National Institutes of Health
(2UL1TROO1425-05A1to TWD,
2KL2TR0O01426-05A1 to Dr Gulati). Dr Elkrief was
supported by the Canadian Institute of Health
Research Fellowship, The Henry R. Shibata
Fellowship (Cedar's Cancer Center), and the Royal
College of Physicians and Surgeons of Canada
Detweiler Travelling Fellowship. Dr Shah was
supported by The American Cancer Society and
Hope Foundation MRSG-16-152-01 -CCE and
P30-CA054174. This study was partly supported by
grants from the National Cancer Institute [grant
numbers 5P30CA0506036-21] to Dr Bashir and the
Melanoma Research Foundation (to Dr Johnson).
Dr Tachiki is supported by an NIH T32 Research
Training Grant (5T32CA009515-37) and Kuni
Foundation Discovery Grant.

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Nonauthor Group Members: The nonauthor
members of the COVID-19 and Cancer Consortium
are listed in Supplement 3.

Brief Report Research

Additional Contributions: We thank all members
of the CCC19 steering committee: Toni K. Choueiri,
Narjust Duma, Dimitrios Farmakiotis, Petros Grivas,
Gilberto de Lima Lopes Jr, Corrie A. Painter, Solange
Peters, Dimpy P. Shah, Sonya Reid, Michael A.
Thompson, and Jeremy L. Warner for their
invaluable guidance of the CCC19 consortium.

REFERENCES:

1. Bakouny Z, Hawley JE, Choueiri TK, et al.
COVID-19 and cancer: current challenges and
perspectives. Cancer Cell. 2020;38(5):629-646.
doi:10.1016/j.ccell.2020.09.018

2. LeelY, Cazier J-B, Angelis V, et al; UK
Coronavirus Monitoring Project Team. COVID-19
mortality in patients with cancer on chemotherapy
or other anticancer treatments: a prospective
cohort study. Lancet. 2020;395(10241):1919-1926.
doi:10.1016/S0140-6736(20)31173-9

3. Diao B, Wang C, TanY, et al. Reduction and
functional exhaustion of T cells in patients with
coronavirus disease 2019 (COVID-19). Front Immunol.
2020:;11:827. d0i:10.3389/fimmu.2020.00827

4. Zhou Y, Fu B, Zheng X, et al. Pathogenic T-cells
and inflammatory monocytes incite inflammatory
storms in severe COVID-19 patients. Nat/ Sci Rev.
2020;7(6):998-1002. doi:10.1093/nsr/nwaa041

5. Garassino MC, Ribas A. At the crossroads:
COVID-19 and immune-checkpoint blockade for
cancer. Cancer Immunol Res. 2021;9(3):261-264.
doi:10.1158/2326-6066.CIR-21-0008

6. Dai M, Liu D, Liu M, et al. Patients with cancer
appear more vulnerable to SARS-CoV-2:

a multicenter study during the COVID-19 outbreak.
Cancer Discov. 2020;10(6):783-791. doi:10.1158/
2159-8290.CD-20-0422

7. Tian J, Yuan X, Xiao J, et al. Clinical
characteristics and risk factors associated with
COVID-19 disease severity in patients with cancer in
Wuhan, China: a multicentre, retrospective, cohort
study. Lancet Oncol. 2020;21(7):893-903. doi:10.
1016/S1470-2045(20)30309-0

8. Robilotti EV, Babady NE, Mead PA, et al.
Determinants of COVID-19 disease severity in
patients with cancer. Nat Med. 2020;26(8):1218-1223.
doi:10.1038/s41591-020-0979-0

9. Andersen KM, Bates BA, Rashidi ES, et al;
National COVID Cohort Collaborative Consortium.
Long-term use of immunosuppressive medicines
and in-hospital COVID-19 outcomes: a retrospective
cohort study using data from the National COVID
Cohort Collaborative. Lancet Rheumatol. 2022;4(1):
e33-e41. doi:10.1016/52665-9913(21)00325-8

10. COVID-19 and Cancer Consortium. Electronic
address: jeremy.warner@vumc.org; COVID-19 and
Cancer Consortium. A systematic framework to
rapidly obtain data on patients with cancer and
COVID-19: CCC19 Governance, Protocol, and
Quality Assurance. Cancer Cell. 2020;38(6):761-766.
doi:10.1016/j.ccell.2020.10.022

11. Harris PA, Taylor R, Minor BL, et al; REDCap
Consortium. The REDCap consortium: building an
international community of software platform
partners. J Biomed Inform. 2019;95:103208. doi:10.
1016/j.jbi.2019.103208

12. Fajgenbaum DC, June CH. Cytokine storm.

N Engl J Med. 2020;383(23):2255-2273. doi:10.
1056/NEJMra2026131

JAMA Oncology Published online November 3,2022

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 12/15/2022

E7


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2022.5357?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5357
https://dx.doi.org/10.1016/j.ccell.2020.09.018
https://dx.doi.org/10.1016/S0140-6736(20)31173-9
https://dx.doi.org/10.3389/fimmu.2020.00827
https://dx.doi.org/10.1093/nsr/nwaa041
https://dx.doi.org/10.1158/2326-6066.CIR-21-0008
https://dx.doi.org/10.1158/2159-8290.CD-20-0422
https://dx.doi.org/10.1158/2159-8290.CD-20-0422
https://dx.doi.org/10.1016/S1470-2045(20)30309-0
https://dx.doi.org/10.1016/S1470-2045(20)30309-0
https://dx.doi.org/10.1038/s41591-020-0979-0
https://dx.doi.org/10.1016/S2665-9913(21)00325-8
mailto:jeremy.warner@vumc.org
https://dx.doi.org/10.1016/j.ccell.2020.10.022
https://dx.doi.org/10.1016/j.jbi.2019.103208
https://dx.doi.org/10.1016/j.jbi.2019.103208
https://dx.doi.org/10.1056/NEJMra2026131
https://dx.doi.org/10.1056/NEJMra2026131
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.5357

	Interplay of Immunosuppression and Immunotherapy Among Patients With Cancer and COVID-19
	Recommended Citation
	Authors

	Interplay of Immunosuppression and Immunotherapy Among Patients With Cancer and COVID-19

