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Immune checkpoint inhibitor (ICI) use steadily increased since 

arly reports describing marked efficacy [1] . They are now a main- 

tay treatment for several cancer types. Since the start of the 

ARS-CoV-2 pandemic, questions persisted about whether and how 

mmune-enhancing properties of ICIs impact outcomes in can- 

er patients with COVID-19 [2–4] . In particular, considering the 

ytokine-release syndrome as the major event driving the de- 

anged immune response underlying severe COVID-19, the major 

oncerns were related to the possible exacerbating effect of cyto- 

oxic T-lymphocyte-associated protein 4 (CTLA-4) and programmed 

eath-1/programmed death ligand-1 (PD-1/PD-L1) checkpoint in- 

ibitors [5] . In addition, ICIs are known to produce immune-related 

dverse events, including interstitial pneumonitis, with potential 

mplications of synergistic lung injury. On the one hand, animal 

tudies suggest checkpoint pathways are protective in certain sys- 

emic viral infections [6] , while initial clinical evidence indicates 

otential synergistic antiviral effects of PD-L1 inhibition and an- 

iretroviral therapy in HIV-1-positive patients [7] . 

Determining how ICIs impact outcomes in cancer patients with 

OVID-19 is difficult for several reasons. While used for sev- 

ral cancer types, fewer cancer patients receive ICIs compared to 

ther systemic anticancer therapies (SACT). Also, many variables 

onfound this assessment, including comorbidities, cancer type, 

OVID-19 infection, and ICI regimen. In a systematic review and 

eta-analysis we conducted of 42 reports published before May 

021, only nine provided data to assess adjusted outcomes [8] . Of 

hese, considerable heterogeneity of ICI effect on survival and se- 

ere events existed (I2 = 42%, P = 0.10 and I2 = 52%, P = 0.08

espectively). Only one study investigated more than 100 ICI pa- 

ients while more than half studied fewer than 10 patients. Studies 

ith adjusted analyses included fewer than 44 patients each. Al- 

hough no association with clinical outcomes was found, certainty 

f evidence was very low due to limited ICI patient numbers and 
14 
ntale and Ospedale Maggiore della Carità Hospital, Novara, 

le, Novara, Italy 

pus, London, UK 

tute, National Institutes of Health, Bethesda, MD 20892 

ortillo 200, 00128, Roma, Italy 

ve not provided definitive answers regarding whether previous immune

ent alters outcomes for cancer patients with COVID-19. 

y (NCT04393974) was searched from February 27, 2020, to January 31,

 systemic anti-cancer therapy in the 4 weeks before laboratory-confirmed

-score matching using country, vaccination status, primary tumor type,

tumor stage, and remission status investigated differences in predefined

ose who had or had not received ICIs. 

ed, 137 ICI-only and 1378 non-ICI met inclusion criteria. Before matching,

nrolled at centers in Italy, and had histories of smoking, thoracic cancers,

tive malignancies ( P ≤0.02). After matching, there were 120 ICI and 322

ad no differences (odds ratio: 95% CI) in presenting COVID-19 symptoms

VID-specific therapy (0.88: 0.54-1.41), 14-day (0.95: 0.56-1.61), or 28-day

owever, ICI patients required less COVID-19-related hospitalization (0.37:

(0.51: 0.31-0.83) and developed fewer complications (0.57: 0.36-0.92). 

score matched analysis, previous ICI therapy did not worsen and poten-

mes in patients with cancer. 

by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

ew adjusted analyses. Recent reports published in 2022 continue 

o be at odds regarding whether ICIs have a harmful, beneficial, or 

o effect in this patient group [9–11] . 

Recognizing the importance of understanding SARS-CoV-2 in- 

ection in patients with cancer, registries were initiated early in the 

andemic that systematically compiled data from cancer patients. 

hese registries provide increasingly informative tools for examin- 

ng ICI treatment in patients with SARS-CoV-2 infection. OnCovid 

s one such registry including 37 centers from UK, Italy, Spain, 

rance, Belgium, and Germany. It prospectively collected data from 

atients with cancer presenting with laboratory-confirmed COVID- 

9 and reports from this registry were previously published [12–

9] . We employed this registry in combination with propensity- 

atched analysis to compare ICI therapy alone vs non-ICI SACT re- 

eived within 4 weeks of COVID-19 diagnosis on outcomes in pa- 

ients with cancer. 

ethods 

In this retrospective analysis we utilized the OnCovid registry 

NCT04393974) database to explore the potential association be- 

ween previous exposures to chemotherapy-free ICI regimens and 

OVID-19 severity. Some methods employed to explore the On- 

ovid registry described in this study were published previously 

12–20] . A full description of the OnCovid study design and proce- 

ures is provided in Supplementary Methods. For details on data 

ollection, refer to Supplementary Methods and Supplementary 

able 1. 

tudy approval 

Development and use of the OnCovid registry (NCT04393974) 

as approved by United Kingdom Health Research Authority 

20/HRA/1608) and corresponding research ethics committees at 

ach participating institution. Further approval was provided by 

ational Institutes of Health’s Office of Technology Transfer. 

http://creativecommons.org/licenses/by/4.0/
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atient selection and study design 

The OnCovid registry prospectively collected consecutive pa- 

ients meeting inclusion criteria: (i) age ≥18 years; (ii) COVID-19 

iagnosis confirmed by nasopharyngeal swab reverse transcription- 

olymerase chain reaction; (iii) any history of malignancy. Non- 

nvasive/premalignant lesions or those with low malignant poten- 

ial (i.e. skin basal cell carcinoma, cervical non-invasive carcinoma 

n situ, ductal carcinoma in situ) were excluded. For hematologic 

alignancies, only diseases with defined malignant behavior (lym- 

homa, leukemia, multiple myeloma) were included. 

SACT is primarily administered in active and/or advanced stage 

isease. Therefore, to mitigate bias from comparing patients with 

on-active/early-stage disease, we focused this analysis on patients 

ho received SACT within 4 weeks before COVID-19 diagnosis. The 

roup of interest is patients receiving chemotherapy-free, ICI-based 

egimens. Patients receiving other SACT modalities (chemotherapy, 

hemotherapy combinations, tyrosine kinase inhibitors, endocrine 

herapy, and other monoclonal antibodies) comprised the control 

roup (designated as ICI and non-ICI patients, respectively). 

We describe distribution of key baseline characteristics across 

he overall study population, ICI, and non-ICI groups. We next per- 

ormed propensity-score matching (PSM) between ICI and non-ICI 

ohorts to obtain comparable subgroups. Outcomes were compared 

n unmatched and matched groups. 

linical data and outcomes 

Variables related to key demographics and tumor characteris- 

ics were abstracted: country, sex, age, number of comorbidities, 

moking status, primary tumor site, tumor stage, tumor status, 

nd SARS-CoV-2 vaccination status (see Supplementary Methods 

or definition and Supplementary Table 2). Patients were observed 

rom confirmation date of first SARS-CoV-2 infection until death 

r loss of follow-up. Patients that did not attend planned follow- 

p appointments scheduled by treating clinicians, for any reason, 

ere considered lost to follow-up. 

Acknowledging the competing influence of the underlying ma- 

ignancy in determining clinical outcomes, we elected the all-cause 

4-day and 28-day case fatality rate as the clinical endpoints of in- 

erest, in an attempt to differentiate early (COVID-19-related) from 

ate (cancer-related) mortality as consistently done in with our reg- 

stry [15 , 16 , 17 , 21] . 

The following were abstracted as a proxy of COVID-19 mor- 

idity: COVID-19-related symptoms, COVID-19 complications, re- 

eipt of COVID-19-oriented therapy, hospitalization due to COVID- 

9, need for oxygen therapy, and mortality. Patients hospitalized at 

nrollment (designated as pre-existing) were excluded from hospi- 

alization analysis. Mortality was validated by investigators at each 

enter through electronic medical records and death certificates. 

redefined COVID-19-related symptoms, complications, and thera- 

ies can be found in the Supplemental Methods. 

tatistical analysis 

Baseline characteristics are reported using descriptive statistics. 

ategorical variables were analyzed using Fisher exact test and 

earson χ2 test as appropriate with estimation presented as un- 

djusted odds ratio and 95% CI. Median follow-up was calculated 

sing reverse Kaplan-Meier method. 

PSM with a 1:3 ratio (ICI vs non-ICI) and caliper of 0.2 was 

erformed using MatchIt package in R with “nearest” method, to 

btain comparable cohorts of ICI vs non-ICI SACT within 4 weeks 

efore COVID-19 diagnosis, with balancing measured through post- 

atching standardized mean difference (SMD). Patients receiving 

CIs were set as the reference group. Patients enrolled with the 
15 
iagnosis of breast cancer were excluded from matching as none 

eceived ICI therapy. Patients were matched based on key vari- 

bles: country (United Kingdom, Italy, Spain, others), sex (male vs 

emale), age ( ≥65 vs < 65 years), number of comorbidities (0-2 

s > 2 comorbidities), primary tumor (gastrointestinal, gynecolog- 

cal/genitourinary, thoracic, hematologic, and other), tumor stage 

advanced vs non-advanced), tumor status (active/progressive vs 

on-active/in remission), and vaccination status (fully/boosted vs 

artially/unvaccinated). Patients with missing information for these 

ere excluded from matching. 

Each outcome is presented as a crude rate and compared with 

nivariable analysis in the overall study population. To mitigate 

ny residual variability in baseline covariates after matching, a 

ouble adjustment approach [22] was used by fitting separate mul- 

ivariable logistic regression models to compare each outcome be- 

ween the PSM cohort using sex, age, comorbidities, tumor stage, 

umor status, and vaccination status as adjusting covariates. Re- 

ults are presented as odds ratios (OR) and 95% CI. For all analy- 

es, P -value of < 0.05 was considered statistically significant. Anal- 

ses were performed using R-studio software (R Core Team (2021). 

 Foundation for Statistical Computing, Vienna, Austria; https:// 

ww.R-project.org ) and MedCalc® Statistical Software version 20 

MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org ; 

021). 

esults 

atient characteristics and outcomes in unmatched groups 

Of 3523 patients assessed, 1515 patients received SACT within 4 

eeks before COVID-19 diagnosis, including 137 treated with ICIs 

s their SACT ( Figure 1 ). The administered ICIs included mostly PD- 

/PD-L1 checkpoint inhibitor monotherapy (n = 107, 78.1%), fol- 

owed by PD-1/PD-L1 and CTLA-4 inhibitors combinations (N = 13, 

.5%), experimental monotherapy (N = 13, 9.5%) and experimen- 

al combinations (N = 4, 2.9%). A detailed list of types of ICI is 

vailable in Supplementary Table 3. Baseline data for these pa- 

ients are provided in the left-hand columns of Table 1 . Compared 

o non-ICI patients, more ICI patients were enrolled at centers in 

taly, were male, and had histories of smoking, thoracic cancers, 

dvanced cancer, and active malignancies ( P ≤0.02). Almost 15% 

f patients lacked documented smoking histories and this planned 

ovariate was excluded from matching. Overall, most patients were 

nvaccinated (81.8%) with a trend of fewer unvaccinated ICI pa- 

ients (77.0 vs 82.2%, P = 0.09). Most vaccinated patients received 

n mRNA vaccine (Supplementary Table 2). Proportions of ICI and 

on-ICI patients with 0 to 1 or ≥2 comorbidities were similar. 

Outcomes for unmatched patients are shown on the left side of 

able 2 . COVID-19-related symptoms and complications were sim- 

lar between ICI and non-ICI groups. Treatment with oxygen or 

OVID-19-specific therapies was also similar. While fewer ICI pa- 

ients required COVID-19-related hospitalization compared to non- 

CI (45.9 vs 58.4%, P = 0.02), mortality rate in ICI patients was 

reater at 14 days (22.4 vs 14.3%, P = 0.01) and was greater at 28

ays in a trend approaching significance (26.9 vs 19.8%, P = 0.053). 

atient characteristics and outcomes in matched groups 

After matching, there were 322 and 120 patients in non-ICI and 

CI groups, respectively, that were well-balanced with an overall 

MD of 0.01. Distribution of propensity scores was well-balanced 

n visual inspection (Supplementary Figure 1) and individual co- 

ariate SMDs were ≤0.1 (Supplementary Table 4). Previous dif- 

erences in baseline characteristics of unmatched groups were no 

onger evident, as shown in the right-hand columns of Table 1 . 

esults of multivariable analysis are shown on the right side of 

https://www.R-project.org
https://www.medcalc.org
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Figure 1. OnCovid database patients included in analysis. 

Figure 2. Forest-plot graph reporting the propensity score matching fitted multivariable logistic regression results for each COVID-19 outcome. 

Numbers in each calculation are provided in Table 2 . Full multivariable models are presented in Supplementary Table 4. 

CI, confidence intervals; OR, odds ratio. 
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able 2 . Compared to non-ICI, those on ICI regimens maintained 

o significant differences in presence of COVID-19-related symp- 

oms (OR 0.69, 95% CI: 0.37-1.28) or receipt of COVID-19-oriented 

herapy (OR 0.88, 95% CI: 0.54-1.41) ( Figure 2 ). ICI recipients no 

onger had differences in 14-day (OR 0.95, 95% CI: 0.56-1.61) and 

8-day mortality (OR 0.79, 95% CI: 0.48-1.29). However, receipt of 

CI was associated with reduced need for oxygen therapy (OR 0.51, 

5% CI: 0.31-0.83), hospitalization due to COVID-19 (OR 0.37, 95% 

I: 0.21-0.67), and COVID-19 related complications (OR 0.57, 95% 
16
I: 0.36-0.92). Full PSM-fitted multivariable regression models are 

eported in Supplementary Table 5. 

iscussion 

ICIs amplify the host cellular immune response, thus aug- 

enting anti-tumor and, in some instances, anti-pathogen re- 

ponses [1 , 7] . However, COVID-19 pathology and mortality are in 

art related to an exuberant host immune response, leading to 
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Table 1 

Baseline characteristics of all patients who were on systemic anticancer therapy in the 4 weeks before COVID-19 diagnosis. 

Baseline characteristics All patients All patients Matched patients 

Non-ICI patients ICI patients P -value Non-ICI patients ICI patients P -value 

(N = 1515) (N = 1378) (N = 137) (N = 322) (N = 120) 

Country 

United Kingdom 324 (21.4) 304 (22.1) 20 (14.6) 0.0192 49 (15.2) 18 (15.0) 0.648 

Spain 502 (33.1) 459 (33.3) 43 (31.4) 127 (39.4) 42 (35.0) 

Italy 570 (37.6) 503 (36.5) 67 (48.9) 122 (37.9) 53 (44.2) 

Others 119 (7.9) 112 (8.1) 7 (5.1) 24 (7.5) 7 (5.8) 

Sex 

Female 815 (53.9) 770 (56.0) 45 (32.8) < 0.0001 107 (33.2) 39 (32.5) 0.975 

Male 697 (46.1) 605 (44.0) 92 (67.2) 215 (66.8) 81 (67.5) 

Missing 3 3 - 

Age 

< 65 years 728 (48.3) 681 (49.7) 47 (34.6) 0.0007 133 (41.3) 44 (36.7) 0.438 

≥65 years 778 (51.7) 689 (50.3) 89 (65.4) 189 (58.7) 76 (63.3) 

Missing 9 8 1 - - 

Comorbidities 

0-1 941 (62.1) 860 (62.4) 81 (58.1) 0.4498 209 (64.9) 70 (58.3) 0.245 

≥2 574 (37.9) 518 (37.6) 56 (40.9) 113 (35.1) 50 (41.7) 

Smoking history 

Never smokers 710 (46.7) 671 (57.4) 39 (31.5) < 0.0001 123 (38.2) 35 (29.2) 0.083 

Former/current smokers 584 (38.5) 449 (42.6) 85 (68.5) 163 (50.6) 75 (62.5) 

Missing 221 208 13 36 (11.2) 10 (8.3) 

Primary tumor 

Breast 393 (26.1) 393 (28.7) - < 0.0001 - - 0.620 

Gastrointestinal 351 (23.3) 311 (22.7) 40 (29.4) 111 (34.5) 36 (30.0) 

Gynecological/Genito- 

Urinary 

241 (15.9) 216 (15.8) 25 (18.4) 74 (23.0) 25 (20.8) 

Thoracic 230 (15.3) 168 (12.3) 62 (45.6) 113 (35.1) 52 (43.3) 

Others 85 (5.6) 79 (5.8) 6 (4.4) 21 (6.5) 6 (5.0) 

Hematological 207 (13.7) 204 (14.9) 3 (2.2) 3 (0.9) 1 (0.8) 

Missing 8 7 1 - - 

Tumor stage 

Non-advanced 447 (33.4) 459 (35.4) 18 (13.4) < 0.0001 39 (12.1) 15 (12.5) 1.000 

Advanced 952 (66.6) 836 (64.6) 116 (86.6) 283 (87.9) 105 (87.5) 

Missing 86 83 3 - - 

Status at COVID-19 

diagnosis 

Remission/non- 

measurable 

509 (33.4) 484 (35.3) 25 (18.4) 0.0001 62 (19.3) 23 (19.2) 1.000 

Active malignancy 1002 (66.3) 891 (64.7) 111 (81.6) 260 (80.7) 97 (80.8) 

Missing 4 3 1 - - 

SARS-CoV-2 vaccination 

status 

Unvaccinated 1171 (81.8) 1074 (82.2) 97 (77.0) 0.0924 Unvaccinated: 0.490 

Partially vaccinated 37 (2.6) 36 (2.8) 1 (0.8) 271 (84.2) 97 (80.8) 

Fully vaccinated 124 (8.7) 110 (8.4) 14 (11.1) Vaccinated: 

Boosted 100 (7.0) 86 (6.6) 14 (11.1) 51 (15.8) 23 (19.2) 

Unknown 83 72 11 - - 

ICI, immune checkpoint inhibitor. 
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mmunosuppressive therapies as the mainstay of COVID-19 treat- 

ent [5] . Therefore, the interplay between previous ICI therapy 

nd COVID-19 disease progression and outcomes in cancer patients 

s complex. In this study, we specifically focused on whether and 

ow previous ICI therapy impacts virus-related outcomes in can- 

er patients presenting with COVID-19. This question can only be 

ddressed with observational studies. SARS-CoV-2-infected cancer 

atients are complex, and investigation related to COVID-19 re- 

uires adjustment for multiple confounding variables. In our pre- 

ious systematic review of reports published up to May 2021, no 

tudy provided adjusted analysis on more than 44 ICI-treated pa- 

ients, and most included 10 or fewer [8] . We concluded larger co- 

orts are needed to address this question. A recent informal litera- 

ure search suggests this investigation is now one of three studies 

tilizing adjusted analysis in greater than 100 ICI patients [10 , 23] . 

Examination of unmatched patients demonstrates a need to ad- 

ust for confounding variables of ICI treatment in cancer patients 

ith COVID-19. Compared to non-ICI patients, significantly more 

CI patients were male, older than 65 years, and had histories 
17 
f smoking, thoracic cancers, advanced cancer, and active disease. 

hese are also characteristics consistent with type and stage of tu- 

or that ICIs are employed for. Possibly related to these imbal- 

nces, ICI patients had similar COVID-19-related symptoms, com- 

lications, and COVID-19-specific therapeutic needs, but greater 

4-day and 28-day mortality in unmatched analysis. However, ba- 

is for their reduced hospitalization rates in unmatched analysis is 

nclear, and one could only postulate that ICIs may have an ef- 

ect on accelerated immune response and viral clearance. It does 

ot appear to reflect a protective effect of ICIs since mortality rates 

ith ICIs were increased. In an earlier report from this registry in 

90 patients, 456 of whom were on SACT, ICI therapy was not asso- 

iated with worse unadjusted outcomes, including mortality [8 , 19] . 

After matching, ICI and non-ICI patient groups were well- 

alanced based on SMDs, distribution of propensity scores, and 

bsence of previous significant baseline differences in unmatched 

roups. Possibly because age, cancer stage, and level of activity 

ere similar, ICI patients no longer had trends of increased mor- 

ality rates in matched analysis. While presence of COVID-19 symp- 
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Table 2 

Outcomes in patients who were on systemic anticancer therapy in the 4 weeks before COVID-19 diagnosis. 

Outcomes All Patients All Patients Matched Patients 

Non-ICI Patients ICI Patients OR (95% CI) Non-ICI Patients ICI Patients OR (95% CI) 

(N = 1515) (N = 1378) (N = 137) (N = 322) (N = 120) 

COVID-19 specific therapy 

No 632 (44.8) 573 (44.5) 59 (48.0) 0.87(0.60-1.26) 133 (41.6) 51 (42.5) 0.88(0.54 – 1.41) 

Yes 780 (55.5) 716 (52.0) 64 (52.0) 169 (56.0) 56 (52.3) 

Missing 103 89 14 20 13 

Symptoms from COVID-19 

No 204 (13.5) 181 (13.1) 23 (16.8) 0.75(0.47-1.23) 37 (11.5) 18 (15.0) 0.69(0.37 – 1.28) 

Yes 1311 (86.5) 1197 (86.9) 114 (83.2) 285 (88.5) 102 (85.0) 

Oxygen therapy 

requirement 

No 831 (58.9) 755 (58.5) 76 (63.3) 0.82(0.55-1.20) 145 (45.0) 66 (55.0) 0.51(0.31 – 0.83) 

Yes 580 (41.1) 536 (41.5) 44 (36.7) 155 (51.7) 39 (37.1) 

Missing 104 87 17 22 15 

Complications from 

COVID-19 

No 1026 (67.7) 931 (67.6) 95 (69.3) 0.92(0.62-1.34) 185 (57.5) 82 (68.3) 0.57(0.36 – 0.92) 

Yes 489 (32.3) 447 (32.4) 42 (30.7) 137 (42.5) 38 (31.7) 

Hospitalization 

Not required 520 (42.6) 467 (41.6) 53 (54.1) 0.61(0.40-0.92) 74 (23.0) 43 (35.8) 0.37(0.21 – 0.67) 

Due to COVID-19 700 (57.4) 655 (58.4) 45 (45.9) 161 (68.4) 42 (49.4) 

Pre-existing 279 244 35 87 35 

Missing 16 12 4 

14-day mortality rate 

No 1264 (84.9) 1160 (85.7) 104 (77.6) 1.71(1.09-2.61) 244 (75.8) 91 (75.8) 0.95(0.56 – 1.61) 

Yes 224 (15.1) 194 (14.3) 30 (22.4) 74 (23.3) 28 (23.5) 

Missing 27 24 3 4 1 

28-day mortality rate 

No 1184 (79.6) 1086 (80.2) 98 (73.1) 1.49(0.98-2.22) 217 (67.4) 85 (70.8) 0.79(0.48 – 1.29) 

Yes 304 (20.4) 268 (19.8) 36 (26.9) 101 (31.8) 34 (28.6) 

Missing 27 24 3 4 1 

CI, confidence interval; ICI, immune checkpoint inhibitor; OR, odds ratio. 
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oms at presentation and receipt of COVID-19-specific therapy was 

imilar, significantly fewer ICI patients required oxygen therapy or 

eveloped COVID-19-related complications. These differences pro- 

ide a basis for why ICIs were associated with reduced hospitaliza- 

ions and suggest in balanced populations, net effects of ICI ther- 

py may be protective. 

Consistent with present findings, in an analysis of greater than 

500 cancer patients with COVID-19 in the UK adjusting for age, 

ex, and nine comorbidities, ICI receipt within 30 days of infec- 

ion in 102 patients was associated with decreased hospital, all- 

ause, and COVID-19-related mortality compared to other SACT or 

o anti-cancer therapy [10] . However, in an industry-conducted 

SM study using a United States (US) database of more than 17,0 0 0

atients with cancer and COVID-19, ICI treatment in 228 patients 

ithin 90 days of COVID-19 infection had similar 30-day mortal- 

ty and COVID-19 severity compared to a group of 456 patients 

atched on age, sex, region, smoking history, tumor type, and 

tage, and comorbidities [23] . Another US-based study investigated 

 registry of more than 12,0 0 0 patients with cancer and COVID- 

9, adjusting for a range of variables [24] . Of 599 registry patients 

dministered some form of immunotherapy within 90 days of in- 

ection, 539 received an ICI. This study reported immunotherapy 

orsened COVID-19 severity or incidence of cytokine storm in pa- 

ients with baseline immunosuppression. However, because almost 

0% of immunotherapy patients received non-ICI therapy, including 

AR-T cell therapy, its findings are difficult to interpret with regard 

o ICI therapy alone. 

Considering our study and these other larger ones together, it 

ppears even when adjusted analyses are applied in cohorts more 

han twice the size of previous reports, overall impact of ICI ther- 

py in cancer patients with COVID-19 remains unclear [8] . Impor- 

antly, when considered in context of the nine smaller adjusted 

nalyses in our systematic review, most data suggest recent ICI 
18 
herapy does not worsen outcomes in cancer patients with COVID- 

9. Randomized controlled trials (RCTs) examining effects of acute 

CI therapy may be informative on safety. In a proof-of-concept 

CT, in patients with COVID-19 pneumonia not on mechanical ven- 

ilation, ICI plus tocilizumab and standard of care in seven patients 

educed time to discharge without increased adverse effects com- 

ared to standard of care alone in five relatively well-balanced 

ontrol patients [25] . However, this study was very small with 

everal investigators reporting potential competing interests. Other 

CTs examining effects of early ICI therapy in patients present- 

ng with COVID-19 are registered without results (NCT04413838, 

CT04356508, NCT04343144, NCT04268537, EUCTR2020-001373- 

0-FR, IRCT20150303021315N19). 

This study and other large studies described above have lim- 

tations. Even with prospectively collected registries, subsequent 

nalysis of registry data is retrospective. Additionally, the num- 

er of variables potentially confounding interpretation of effects 

f ICIs in cancer patients with COVID-19 is growing. ICI regimens 

re increasingly different with respect to agents, cellular targets, 

iming, and duration [26 , 27] . In fact, one of the limitations of our

tudy is missing information on duration of exposure to ICIs before 

OVID-19 diagnosis. Additionally, the types and stages of cancer 

CIs are used for are increasing. ICIs were predominantly used for 

he treatment of patients with lung cancer and unadjusted analysis 

howed no effect of ICI therapy on mortality or other severe out- 

omes in COVID-19 patients with thoracic malignancies [28] . How- 

ver, the present study finds decreased COVID-19-related hospital- 

zations and complications in ICI-treated patients, possibly high- 

ighting changing practice patterns. Furthermore, strains of COVID- 

9 are changing as is vaccination status of cancer patients [29–32] . 

n a previous analysis of ICI patients from the OnCovid registry, 

accination appeared beneficial [12] . Patients with cancer receiv- 

ng ICIs are still a small proportion of those receiving SACT. It is 
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ossible no registry or database will provide the granularity and 

ower to definitively assess risks or benefits of previous ICI ther- 

py in this population. While this analysis included country as a 

ariable in matching, this was not a single country-based study. 

Patients already hospitalized at time of their COVID-19 diagno- 

is were excluded from hospitalization analysis. While these pa- 

ients were hospitalized for non-COVID-19-related reasons and ap- 

eared to subsequently develop nosocomial COVID-19, it is possi- 

le some had asymptomatic COVID-19 at time of hospitalization. 

ata related to oxygen therapy were missing for some patients. Af- 

er assigning all matched ICI patients with missing data a need for 

xygen therapy, and all non-ICI patients with missing data a non- 

eed for oxygen therapy, results still favored ICI patients but were 

o longer significant (OR [95% CI]) (0.88 [0.58-1.34] P = 0.56). 

onclusion 

In this propensity-matched analysis of cancer patients on SACT 

ho presented with COVID-19, compared to patients who received 

on-ICI therapy, those who received ICIs had reduced oxygen re- 

uirements, COVID-19-related complications, and need for hospi- 

alization due to COVID-19. Further clinical study is necessary to 

xplore these associations. 
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