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Background: COVID-19 has significantly affected patients with cancer and revealed unanticipated challenges in securing
optimal cancer care across different disciplines. The European Society for Medical Oncology COVID-19 and CAncer
REgistry (ESMO-CoCARE) is an international, real-world database, collecting data on the natural history,
management, and outcomes of patients with cancer and SARS-CoV-2 infection.
Methods: This is the 2nd CoCARE analysis, jointly with Belgian (Belgian Society of Medical Oncology, BSMO) and
Portuguese (Portuguese Society of Medical Oncology, PSMO) registries, with data from January 2020 to December
2021. The aim is to identify significant prognostic factors for COVID-19 hospitalization and mortality (primary
outcomes), as well as intensive care unit admission and overall survival (OS) (secondary outcomes). Subgroup
analyses by pandemic phase and vaccination status were carried out.
Results: The cohort includes 3294 patients (CoCARE: 2049; BSMO: 928, all hospitalized by eligibility criteria; PSMO:
317), diagnosed in four distinct pandemic phases (January to May 2020: 36%; June to September 2020: 9%; October
2020 to February 2021: 41%; March to December 2021: 12%). COVID-19 hospitalization rate was 54% (CoCARE/
PSMO), ICU admission 14%, and COVID-19 mortality 22% (all data). At a 6-month median follow-up, 1013 deaths
were recorded with 73% 3-month OS rate. No significant change was observed in COVID-19 mortality among
hospitalized patients across the four pandemic phases (30%-33%). Hospitalizations and ICU admission decreased
significantly (from 78% to 34% and 16% to 10%, respectively). Among 1522 patients with known vaccination status
at COVID-19 diagnosis, 70% were non-vaccinated, 24% had incomplete vaccination, and 7% complete vaccination.
Complete vaccination had a protective effect on hospitalization (odds ratio ¼ 0.24; 95% confidence interval [0.14-
0.38]), ICU admission (odds ratio ¼ 0.29 [0.09-0.94]), and OS (hazard ratio ¼ 0.39 [0.20-0.76]). In multivariable
analyses, COVID-19 hospitalization was associated with patient/cancer characteristics, the first pandemic phase, the
presence of COVID-19-related symptoms or inflammatory biomarkers, whereas COVID-19 mortality was significantly
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higher in symptomatic patients, males, older age, ethnicity other than Asian/Caucasian, Eastern Cooperative Oncology
Group performance status �2, body mass index <25, hematological malignancy, progressive disease versus no evident
disease, and advanced cancer stage.
Conclusions: The updated CoCARE analysis, jointly with BSMO and PSMO, highlights factors that significantly affect
COVID-19 outcomes, providing actionable clues for further reducing mortality.
Key words: COVID-19, SARS-CoV-2, cancer, oncology, vaccination
INTRODUCTION

The severe acute respiratory syndrome coronavirus 2
(SARs-CoV-2) emerged in December 2019, infecting more
than 645 million people and resulting in >6 million deaths
from the coronavirus disease (COVID-19).1 COVID-19 has
had important consequences on health systems across the
world,2 with cancer patients especially vulnerable given
the increased risk of SARS-CoV2 infection, morbidity, and
mortality,3-6 and also given the global disruption of cancer
care from early detection and diagnosis to optimal care.7-9

In January 2020, the European Society for Medical
Oncology (ESMO) initiated the ESMO COVID-19 and CAncer
REgistry (ESMO-CoCARE) in order to study the effects of
COVID-19 in patients with cancer and propose approaches
to mitigate the risks related to COVID-19 and cancer diag-
nosis/treatment, as well as the evolution of both diseases.10

ESMO-CoCARE was amongst the largest, observational,
multicenter registries, including centers from Europe, Africa,
and Asia/Oceania.

The first analysis of the ESMO-CoCARE registry showed
that patient/cancer characteristics related to gender,
ethnicity, poor fitness, comorbidities, systemic inflamma-
tion, and the presence of an active malignancy were asso-
ciated with moderate/severe disease and adverse outcomes
from COVID-19. These initial findings highlighted the need
to adapt the daily practice in oncology.10,11 With the evo-
lution of the pandemic, prevention of infection and sub-
sequent severe COVID-19 appeared to be crucial for
patients with cancer, with vaccination being the most
effective method of achieving this goal. Fortunately, owing
to a massive global effort, several highly effective vaccines,
particularly messenger RNA (mRNA)-based (BNT162b2 and
mRNA-1273) and adenovirus-vectored vaccines (ChAdOx1
nCoV19, Ad26.COV2-S, and Gam-COVID-Vac), have been
developed at an unprecedented speed.12-15 These vaccines
were safe and effective in patients with cancer.13,16-18

Moreover, several patients experienced natural SARS-CoV2
infection and acquired immune protection.11,13

As the pandemic has progressed, the availability of
effective vaccines and therapeutics as well as the devel-
opment of new variants could influence the severity of
COVID-19 in cancer patients, hence we proceeded to the
second analysis of ESMO-CoCARE data, jointly with BSMO
(Belgian Society of Medical Oncology)19 and PSMO (Portu-
guese Society of Medical Oncology) registries. Herein, we
report on the results of this updated analysis, which aimed
at assessing significant prognostic factors for the COVID-19
outcomes of hospitalization, mortality, intensive care unit
(ICU) admission, and overall survival (OS). In addition,
https://doi.org/10.1016/j.esmoop.2023.101566
subgroup analyses by pandemic phase and vaccination
status were carried out.

METHODOLOGY

Study design and participants

This is an observational prospective study, based on longi-
tudinal multicenter surveys of cancer patients diagnosed
with COVID-19. The aim of the study is primarily to describe
the characteristics of COVID-19 in patients with cancer,
exploring associations with both cancer and COVID-19
outcomes. The current analysis cohort includes cancer pa-
tients with COVID-19, registered in CoCARE, BSMO, and
PSMO. In the BSMO registry, only hospitalized patients with
cancer and COVID-19 were included. All three registries
collected data on clinical features, course of disease, man-
agement, and outcomes for both cancer and COVID-19
disease. Data reported here were extracted from medical
records of consecutive patients diagnosed with COVID-19
from 1 January 2020.

Study objectives and endpoints

The present analysis focuses on the identification of factors
potentially associated with COVID-19 hospitalization and
mortality over the different pandemic phases (also named
waves) and subgroups of special interest. The primary
endpoints were (i) COVID-19 hospitalization, categorized
based on hospitalization requirement and indication for ICU
admission (no hospitalization versus hospitalization indi-
cated/took place, with or without ICU indication/admission)
and (ii) COVID-19 mortality, including deaths reported for
patients who did not recover from COVID-19, as well as
deaths reported for patients who recovered but died later
due to COVID-19 complications. Secondary endpoints
included admission to ICU (ICU indication/admission versus
no hospitalization or hospitalization indicated/took place,
without ICU) and OS (time-to-event endpoint), defined as
time from the date of formal COVID-19 diagnosis until
death from any cause. Of note, the analysis of COVID-19
hospitalization did not include BSMO, since all patients
from BSMO were hospitalized, while COVID-19 mortality
was analyzed for hospitalized patients only (among non-
hospitalized only 2.8% died due to COVID-19).

Statistical analysis

Significant risk factors for COVID-19 hospitalization, COVID-19
mortality, and admission to ICU were examined through
multivariable logistic regression models, stratified by registry,
odds ratios (OR) are provided (multicollinearity also checked).
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Multivariable Cox proportional hazards models, stratified by
registry, were fitted for OS, hazard ratios (HR) are provided
(proportionality was explored by Schoenfeld’s residuals).

For the multivariable analyses, a pre-selection of
explanatory variables was made to avoid overfitting of the
model. Initial variable selection was based on significance
from univariable analysis stratified by registry (P < 0.10),
possible correlation between variables, importance of fac-
tors, and data availability. For all the multivariable models,
the factors with significant effects were derived based on
the backward elimination method (removal criterion P >
10%). Several important factors were further explored,
including (i) phase of the pandemic [phase I (January to May
2020); phase II (June to September 2020); phase III (October
2020 to February 2021); phase IV (March to December
2021)], (ii) vaccination status at COVID-19 diagnosis [no
vaccination/vaccination not completed; vaccination
completed (at least 2 weeks)], (iii) age at COVID-19 diag-
nosis (<50; 50-69; �70 years), and (iv) ethnicity (Caucasian;
Asian; other). The association of these factors with patient/
clinical/cancer/COVID-19 characteristics was explored
through Fisher’s exact test. Subgroup analyses for the pri-
mary outcomes of COVID-19 hospitalization/mortality were
carried out to determine whether the effect of these
characteristics of interest was consistent across the various
subgroups. Separate multivariable logistic regression ana-
lyses were carried out for each subgroup.

For the subgroup analysis by vaccination status, the
propensity score matching method was used to create two
cohorts of the same size and similar characteristics,
adjusting for confounding factors and reducing potential
bias resulting from factors’ inequalities between the two
cohorts (‘1 to 1 Greedy Matching’ algorithm).

All P values are two-sided and considered statistically
significant if �0.05. Due to the exploratory setting of this
analysis, multiplicity adjustment is not applied.

Data were analyzed using SAS v9.4 and R v4.0.5 software.

RESULTS

Cohort description

The overall analysis cohort includes 3294 patients with
cancer history and COVID-19 diagnosis from January 2020
to February 2022: 2049 (62%) from CoCARE (23 countries,
with the UK (31%) and Spain (20%) contributing most,
database cut-off date: 17 May 2022), 928 (28%) from
Belgian centers (BSMO), and 317 (10%) from Portuguese
centers (PSMO) (Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2023.101566). Overall,
36% of the analysis cases were diagnoses from the first
phase of the pandemic, 9% from phase II, 41% from phase
III, and 12% from phase IV (Figure 1A). This time distribution
holds also for CoCARE, whereas in BSMO, most of the cases
were from phase I (54%), and in PSMO from phase III (62%).
Of note, in BSMO registry, there is available information
only until January 2021 (i.e. until phase III of the pandemic).

A flow chart of the analysis for the overall population and
by registry is presented in Supplementary Figure S1,
Volume 8 - Issue 3 - 2023
available at https://doi.org/10.1016/j.esmoop.2023.
101566. Cohort demographics, clinical, and cancer disease
characteristics are provided in Supplementary Table S2,
available at https://doi.org/10.1016/j.esmoop.2023.
101566. Median age of the overall cohort was 66 years
(interquartile range 55-75 years), with half of the patients
being females. Among patients with known ethnicity, 68%
were Caucasian and 8% Asian. Almost equal were the never
smokers (38%) with the former/current smokers (37%),
while 60% had Eastern Cooperative Oncology Group per-
formance status (ECOG PS) 0/1. Most of the patients had
pre-existing co-morbidities (74%), with cardiovascular (49%)
and metabolic (33%) the most common ones, while 69%
received at least one concomitant medication
(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2023.101566).

The vast majority (88%) of patients had solid tumors
(breast: 21%, colorectal: 13%, lung: 13%, prostate: 7%;
other: 34%), with hematological malignancies reported for
9%. Most of the patients had evidence of active cancer at
COVID-19 diagnosis (62%) with 21% having no evidence of
disease (excluding BSMO with non-available cancer status),
whereas half (50%) had cancer stage III/IV. Some 60% were
on cancer treatment (including any antineoplastic therapies
within 3 months before COVID-19 diagnosis). For 31% of the
patients, the cancer treatment plan was adjusted due to
COVID-19 (25% delay, 3% cancellation).

Table 1 summarizes the vaccination status of patients.
Among the 2366 CoCARE/PSMO patients, 534 (23%) had an
initial vaccination and 186 (8%) had also received a booster
dose. At COVID-19 diagnosis, 103 patients (4%) had
completed vaccination (last dose at least 2 weeks before
COVID-19 diagnosis) and 1419 (60%) were either not
vaccinated (1058; 45%) or vaccination was not completed
(361; 15%).
COVID-19 diagnosis, course of illness, and outcome

Details on COVID-19 diagnosis and course of illness are
provided in Supplementary Table S3, available at https://
doi.org/10.1016/j.esmoop.2023.101566. COVID-19 hospi-
talization was reported for 65% of the patients, including
14% with ICU admission. Of note, the COVID-19 hospitali-
zation rate (excluding BSMO who were all hospitalized) was
54%. At initial presentation of COVID-19, 76% had at least
one symptom, most commonly fever (46%), cough (41%),
and dyspnea (31%). Complications occurred to 35% of the
patients, most frequently pulmonary (24%), cardiovascular
(7%), and systemic (6%). Furthermore, based on CoCARE/
PSMO, 13% experienced serious complications, 32%
required supplemental oxygen, whereas treatment of
COVID-19 or its sequelae was administered to 42%,
including azithromycin (19%), anticoagulation (18%),
hydroxychloroquine (15%), and corticosteroids (15%).

Regarding clinical outcome (Supplementary Table S4,
available at https://doi.org/10.1016/j.esmoop.2023.
101566), among 2809 patients with available follow-up,
622 (22%) died due to COVID-19. Overall, 1031 (37%)
https://doi.org/10.1016/j.esmoop.2023.101566 3
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Figure 1. COVID-19 infection across pandemic phases. (A) Patients with COVID-19 infection over time, overall, and by registry (N ¼ 3294). (B) Patients with COVID-
19-related hospitalization, ICU admission and death due to COVID-19 across pandemic phases, overall (N ¼ 3294).
CoCARE, COVID-19 and CAncer REgistry; BSMO, Belgian Society of Medical Oncology; ICU, intensive care unit; PSMO, Portuguese Society of Medical Oncology.
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Table 1. Vaccination status, overall and by registry

Vaccination CoCARE
(n [ 2049)

PSMO
(n [ 317)

All patients
(N [ 2366)

Initial vaccination, n (%)
Yes 451 (22.0) 83 (26.2) 534 (22.6)
Modified virus 220 (10.7) 15 (4.7) 235 (9.9)
RNA 169 (8.2) 45 (14.2) 214 (9.0)
Peptide 4 (0.2) 4 (0.2)
Other 10 (0.5) 10 (0.4)
Non-available 48 (2.3) 23 (7.3) 71 (3.0)

No 976 (47.6) 82 (25.9) 1058 (44.7)
Unknown/missing 622 (30.4) 152 (47.9) 774 (32.7)
Booster vaccination, n (%)
Yes 183 (8.9) 3 (0.9) 186 (7.9)
Modified virus 24 (1.2) d 24 (1.0)
RNA 144 (7.0) 2 (0.6) 146 (6.2)
Peptide 2 (0.1) d 2 (0.1)
Other d d d
Non-available 13 (0.6) 1 (0.3) 14 (0.6)

No 241 (11.8) 69 (21.8) 310 (13.1)
No initial vaccination 976 (47.6) 82 (25.9) 1058 (44.7)
Unknown/missing 649 (31.7) 163 (51.4) 812 (34.3)
Vaccination status at
COVID-19 diagnosis, n (%)
No vaccination/
vaccination not completed
before infection

1273 (62.1) 146 (46.1) 1419 (60.0)

No vaccination 976 (47.6) 82 (25.9) 1058 (44.7)
Vaccination not completed 297 (14.5) 64 (20.2) 361 (15.3)

Vaccination completed
before infection
(at least 2 weeks)

97 (4.7) 6 (1.9) 103 (4.4)

Initial vaccination 83 (4.1) 6 (1.9) 89 (3.8)
Booster dose 14 (0.7) 14 (0.6)

Unknown/missing 679 (33.1) 165 (52.1) 844 (35.7)

BSMO had no available information regarding vaccination.
Percentages are calculated within column.
BSMO, Belgian Society of Medical Oncology; CoCARE, COVID-19 and CAncer REgistry;
PSMO, Portuguese Society of Medical Oncology.
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deaths were recorded, with the most common reasons
being COVID-19 complications (60%) and progressive dis-
ease (PD) (cancer) (18%). Among patients who recovered
(n ¼ 2437), 7% had major complications, including lung
function (3%), pneumonitis (3%), and fatigue (2%). Thirty
patients had been re-infected or COVID-19 was re-activated
(Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2023.101566).
Association with baseline factorsdmultivariable analysis
and temporal trends

COVID-19 hospitalization. According to the multivariable
logistic model (Supplementary Table S5, available at https://
doi.org/10.1016/j.esmoop.2023.101566), COVID-19 hospi-
talization rate was higher in older patients, with Asian/other
ethnicity compared with Caucasian, worse ECOG PS (�2)
and a higher number of co-morbidities (OR range 1.26-
2.90). Patients with breast, colorectal, or other solid tumors
had lower hospitalization rate than patients with hemato-
logical malignancies (OR ¼ 0.34, 0.48, and 0.59, respec-
tively) whereas patients with PD (cancer) needed to be
hospitalized more often compared with those with no evi-
dence of disease (NED) (OR ¼ 1.67). During the second,
Volume 8 - Issue 3 - 2023
third, and fourth phases, lower hospitalization rates were
observed compared with the first phase (OR ¼ 0.26, 0.36,
and 0.19, respectively). Asymptomatic patients were hos-
pitalized less often, as expected (OR ¼ 0.13), whereas,
patients in the poorer risk category of neutrophil-
lymphocyte ratio (NLR) (�6), platelet-lymphocyte ratio
(PLR) (�270), OnCOVID inflammatory score (OIS) (�40),
and prognostic index (PI) had higher hospitalization rates
(OR range 1.60-5.48).

COVID-19 mortality (among hospitalized patients). COVID-
19 mortality among hospitalized patients (multivariable
model; Supplementary Table S6, available at https://doi.
org/10.1016/j.esmoop.2023.101566) was higher in male
patients, older, with ethnicity other than Asian/Caucasian,
worse ECOG PS (�2), and BMI < 25 (OR range 1.34-2.14).
Patients with prostate or other solid tumors had fewer
COVID-19-related deaths than patients with hematological
malignancies (OR ¼ 0.37 and 0.55, respectively). Patients
with progressive tumor, however, died more often due to
COVID-19 compared with those with NED (OR ¼ 2.50).
Finally, as expected, patients with stage I/II or III, had lower
COVID-19 mortality rates than patients with stage IV (OR ¼
0.40 and 0.62, respectively). This held also for asymptomatic
patients (OR ¼ 0.43).

COVID-19 ICU admission. ICU admission (Supplementary
Table S7A, available at https://doi.org/10.1016/j.esmoop.
2023.101566) was higher in patients with worse ECOG PS
(�2), coming from centers in lower-middle-income coun-
tries compared with high-income (OR ¼ 1.87 and 2.02,
respectively), whereas, older age patients had a lower ICU
admission rate (OR ¼ 0.89). Patients with solid tumors were
admitted to ICU less frequently than patients with hema-
tological malignancies (OR range 0.31-0.63). Patients with
PD, however, had higher ICU admission rates compared
with those with NED (OR ¼ 1.70) as well as patients in the
poorer risk category of OIS (�40) (OR ¼ 1.71). Asymp-
tomatic patients were admitted to ICU less often (OR ¼
0.19).

Due to the unexpected finding regarding age, a sensitivity
analysis was conducted excluding BSMO (with only hospi-
talized patients). In this case, the pandemic phase was
found significant and remained in the model instead of age
(all other variables and their effect were the same)
(Supplementary Table S7A, available at https://doi.org/10.
1016/j.esmoop.2023.101566).

OS. Among 2791 patients with available information, me-
dian follow-up was 6.05 months (interquartile range 5.95-
11.99). A total of 1013 (36%) deaths were recorded, with
58.8% [95% confidence interval (CI) 56.6% to 61.0%] 1-year
OS rate and median OS 13.6 months (95% CI 12.6-16.5
months) (Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2023.101566). According to the final
stratified multivariable Cox model (Supplementary
Table S8A, available at https://doi.org/10.1016/j.esmoop.
2023.101566), males showed a higher mortality risk
https://doi.org/10.1016/j.esmoop.2023.101566 5
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(HR ¼ 1.40). The risk of death was lower for Asians in
comparison with Caucasians (HR ¼ 0.55), whereas higher
for other ethnicity (HR ¼ 1.31). Worse ECOG PS and lower
BMI were also associated with increased risk of death (HR ¼
2.09 and 1.32, respectively). Patients with breast and
prostate tumors had lower mortality risk compared with
those with hematological malignancies (HR ¼ 0.63 and
0.55, respectively), as well as patients with stage I/II and III
compared with IV (HR ¼ 0.38 and 0.62, respectively).
Immunotherapy/targeted therapy (alone or with chemo-
therapy) and other cancer treatment or no treatment, were
also associated with lower risk of death compared with
chemotherapy (HR range 0.70-0.79). Finally, patients in the
NLR poorer risk category displayed higher mortality risk
(HR ¼ 1.44). In sensitivity analysis excluding BSMO, only
BMI (compared with the above model) was not found to be
significant and thus not included in the corresponding final
model (Supplementary Table S8B, available at https://doi.
org/10.1016/j.esmoop.2023.101566).

Subgroup analysis by pandemic phase

Hospitalization, ICU admission, and all-cause death rates
decreased significantly across the four pandemic phases
(hospitalization from 78% in January to May 2020 to 34% in
March to December 2021, ICU from 16% to 10%, all-cause
death from 41% to 19%). Among hospitalized patients, no
significant change was observed for COVID-19 mortality, as
opposed to COVID-19 mortality for the overall cohort
(Table 2). Respective rates for the overall cohort are pre-
sented in Figure 1B.

Most of the patient/clinical/cancer/COVID-19 character-
istics differed significantly among the different pandemic
phases (Supplementary Table S9, available at https://doi.
org/10.1016/j.esmoop.2023.101566). According to multi-
variable models for COVID-19 hospitalization and COVID-19
mortality (among hospitalized), by pandemic phase
(Supplementary Table S10, available at https://doi.org/10.
1016/j.esmoop.2023.101566), age, ECOG PS, cancer sta-
tus, tumor type were significant prognostic factors for both
endpoints, in most of the phases. Symptoms were also
significant for COVID-19 hospitalization in all phases, as well
as in phase I for COVID-19 mortality. The effect of gender
was significant only in phase I. Ethnicity and BMI exhibited a
significant effect only on the hospitalization rate in phase III.
The effect of country’s income level on hospitalization was
significant in phases I and III, but in the opposite direction:
in phase I, hospitalization rate was higher in upper-middle-
income countries (95%) compared with high-income econ-
omies (75%), whilst in phase III the opposite association was
detected (22% versus 46%).

Subgroup analysis by vaccination status

Vaccination had a protective effect in COVID-19 hospitali-
zation (OR ¼ 0.24), ICU admission (OR ¼ 0.29), and OS
(HR ¼ 0.39), whereas no difference was shown in COVID-19
mortality rate among hospitalized patients (Table 3). The
association of vaccination status with variables of interest is
6 https://doi.org/10.1016/j.esmoop.2023.101566
presented in Supplementary Table S11, available at https://
doi.org/10.1016/j.esmoop.2023.101566, with a significantly
higher vaccination rate for Caucasians (9%), patients with
ECOG PS 0 (9%), centers in Northern/Western Europe
(10%), and upper-middle-income economies (13%). Breast
(10%) and prostate (9%) cancer patients had the highest
vaccination rates, as well as patients on active cancer
treatment at COVID-19 diagnosis (8%). The vaccination rate,
however, was significantly lower among symptomatic pa-
tients (6%), with pulmonary/cardiovascular/systemic com-
plications (2%/1%/2%), requiring O2 (2%), as well as those
requiring COVID-19 treatment (5%). In Supplementary
Table S12, available at https://doi.org/10.1016/j.esmoop.
2023.101566, the multivariable logistic models for COVID-
19 hospitalization are presented for each vaccination
subgroup, after matching for baseline characteristics. For
non-completely vaccinated patients, less hospitalizations
occurred in the upper-middle economies compared with
high-income countries, possibly due to health system ca-
pacity saturation. Age, symptoms and PLR were significant
factors in the vaccination group, whereas ethnicity, ECOG
PS, BMI, and cancer status were significant factors in the
non-vaccinated one. No model was fitted for COVID-19
mortality due to the small number of patients and events
in each subgroup.
Subgroup analyses by age group and ethnicity

Subgroup analysis by age is based on the following grouping:
543 (17%) ‘<50 years’, 1379 (42%) ‘50-69 years’, and 1324
(41%) ‘�70 years’. Older patients had significantly higher
rates of hospitalization (70%), COVID-19 death among hos-
pitalized (37%), and all-cause death (45%) (Table 4). Age was
significantly associated with most of the factors examined
(Supplementary Table S13, available at https://doi.org/10.
1016/j.esmoop.2023.101566). In Supplementary Table S14,
available at https://doi.org/10.1016/j.esmoop.2023.101566,
results from the multivariable models for COVID-19 hospi-
talization and COVID-19 mortality (among hospitalized) are
presented for each age subgroup. ECOG PS was a significant
prognostic factor for both endpoints, in all subgroups, with
stronger effect for younger patients. Cancer status (PD versus
NED) was significant for COVID-19 hospitalization and mor-
tality in the<50 and 50-69 groups, whereas cancer stage had
a significant effect on themortality of patients>50 years old.
Symptoms had a significant effect (increasing with age) on
hospitalization for all age groups, and for mortality of older
patients (�70). PI significantly affected the hospitalization of
younger patients, and PLR and OIS the hospitalization of
middle-age patients, whereas modified Glasgow prognostic
score (mGPS) affected older patients. Ethnicity was found to
be significant for COVID-19 hospitalization only, in the groups
of <50 years and 50-69 years (with Caucasian having lower
hospitalization rate), whereas gender, co-morbidities, and
vaccination status were significant prognostic factors for
hospitalization in the <50 years age group. The pandemic
phase was significant for COVID-19 hospitalization, for all age
groups (with less hospitalizations during phases II/III/IV
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compared with I), as well as for older patients (�70 years) for
COVID-19 mortality (with less COVID-19 deaths for phase II
only compared with I).

Subgroup analysis by ethnicity was based on 2036
patients with known ethnicity: 1390 (68%) Caucasian, 163
(8%) Asian, and 483 (24%) other ethnicities. Patients with
ethnicity other than Asian/Caucasian had significantly
higher rates of COVID-19 hospitalization (62%), COVID-19-
related deaths among hospitalized (47%), ICU admission
(17%), and all-cause death (41%) (Table 4). Ethnicity was
also significantly associated with most of the factors
examined (Supplementary Table S15, available at https://
doi.org/10.1016/j.esmoop.2023.101566). In Supplementary
Table S16, available at https://doi.org/10.1016/j.esmoop.
2023.101566, the multivariable logistic models for COVID-
19 hospitalization and COVID-19 mortality among hospi-
talized are presented for each ethnicity subgroup. Results
for the Asian subgroup are mainly descriptive due to the
small number of patients.
DISCUSSION

This updated analysis showed a significant decrease across
the four pandemic phases in COVID-19-related hospitaliza-
tion, ICU admissions, and overall COVID-19-mortality;
however, no significant change was reported in COVID-19-
related mortality among hospitalized patients, which
remained relatively stable across pandemic phases. At the
time of analysis, the COVID-19-related death rate in our
cohort was 22% with 622 deaths. This result was similar to
that of 24.5%, reported in the first analysis of ESMO-
CoCARE10 but higher compared with the mortality rates in
the general population.20-22 Although, these results were
better than those reported initially in COVID-19 patients
with cancer,21,23 a great variability was observed across
studies in the literature, with a mortality rate between 13%
and 33%.23-26 A meta-analysis of 110 studies showed a
pooled mortality rate of 14.1% in patients with cancer and
COVID-19.27 On the contrary, a different meta-analysis on
33 879 patients yielded a mortality rate of 25.4%, in line
with the first CoCARE analysis.10,28 This heterogeneity could
be explained by geographic location, pandemic phases, as
well as access to cancer treatment and COVID-19 care.

Regarding the stability in COVID-19-related mortality
among hospitalized patients across the pandemic phases,
this could be due to the increased risk of infection after the
first lockdown, a negative selection bias for the high-risk
population, and ineffective antiviral treatments for severe
COVID-19. Indeed, modalities of viral transmission have
changed29 and some patients might have had more
advanced and severe cancers during phases III and IV of the
pandemic owing to a disrupted access to care. A study
showed a decrease in mortality between the first and the
second outbreaks,30 and this finding was also present in our
analysis when evaluating COVID-19 mortality over all
CoCARE/PSMO patients, but stability was observed for
COVID-19 mortality over hospitalized patients in our cohort
(primary endpoint). The hospitalization rate was 54%, close
https://doi.org/10.1016/j.esmoop.2023.101566 7
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Table 3. Univariable association of vaccination status with the primary/secondary outcomes, overall

COVID-19 hospitalization
(All pts excl. BSMO)

COVID-19 mortality
(Hospitalized pts)

COVID-19 ICU admission
(All pts)

Overall survival
(All pts)

Characteristic

% Hospital
(n ¼ 1148)

Total
(n ¼ 2143)

Odds ratioa

(95% CI)
% COVID-19 deaths
(n ¼ 520)

Total
(n ¼ 1639)

Odds ratioa

(95% CI)
% ICU
(n ¼ 379)

Total
(n ¼ 2818)

Odds ratioa

(95% CI)
% Deaths
(n ¼ 1013)

Total
(n ¼ 2791)

Hazard ratioa

(95% CI)

Vaccination at COVID P < 0.001b P ¼ 0.78b P [ 0.029b P [ 0.0039c

Incomplete/no vaccination 51.4 1343 Reference 33.6 660 Reference 9.4 1343 Reference 33.1 1281 Reference
Vaccination completed 20.4 103 0.24 (0.14-0.38) 28.6 14 0.83 (0.26-2.67) 2.9 103 0.29 (0.09-0.94) 11.0 82 0.39 (0.20-0.76)
Unknown/missing 62.7 697 d 30.5 965 d 18.2 1372 d 40.6 1428 d

Non-significant associations are presented in gray.
Percentages are calculated within row for each outcome.
BSMO, Belgian Society of Medical Oncology; CI, confidence interval; ICU, intensive care unit.
aStratified by registry, excluding category ‘unknown/missing’.
bFisher’s exact test excluding category ‘unknown/missing’.
cLog-rank test excluding category ‘unknown/missing’.

Table 4. Univariable associations of age and ethnicity with the primary/secondary outcomes, overall

COVID-19 hospitalization
(All pts excl. BSMO)

COVID-19 mortality
(Hospitalized pts)

COVID-19 ICU admission
(All pts)

Overall survival
(All pts)

Characteristic % Hospital
(n ¼ 1148)

Total
(n ¼ 2143)

Odds ratioa

(95% CI)
% COVID-19 deaths
(n ¼ 520)

Total
(n ¼ 1639)

Odds ratioa

(95% CI)
% ICU
(n ¼ 379)

Total
(n ¼ 2818)

Odds ratioa

(95% CI)
% Deaths
(n ¼ 1013)

Total
(n ¼ 2791)

Hazard ratioa

(95% CI)

Age at COVID P < 0.001b P < 0.001b P ¼ 0.30b P < 0.001c

<50 years 36.6 467 0.22 (0.17-0.29) 24.2 178 0.43 (0.3-0.63) 11.3 495 1.21 (0.86-1.72) 21.0 461 0.38 (0.31-0.48)
50-69 years 49.4 968 0.4 (0.32-0.49) 26.6 646 0.56 (0.44-0.7) 14.1 1216 1.27 (0.99-1.62) 33.2 1158 0.63 (0.55-0.73)
�70 years 70.4 707 Reference 37.3 814 Reference 13.7 1106 Reference 45.3 1171 Reference
Unknown/missing 100.0 1 d 100.0 1 d 100.0 1 d 100 1 d

Ethnicity P < 0.001b P < 0.001b P < 0.001b P < 0.001c

Caucasian 51.4 1351 Reference 36.0 644 Reference 7.2 1351 Reference 35.2 1240 Reference
Asian 54.4 160 1 (0.72-1.4) 17.3 81 0.39 (0.21-0.71) 10.0 160 1.41 (0.81-2.48) 13.7 146 0.40 (0.26-0.63)
Other 62.0 471 1.43 (1.15-1.78) 46.9 192 1.6 (1.15-2.22) 16.8 471 2.58 (1.87-3.55) 40.5 346 1.28 (1.05-1.55)
Unknown/missing 46.6 161 d 25.5 722 d 22.4 836 d 39.3 1059 d

Non-significant associations are presented in gray.
Percentages are calculated within row for each outcome.
BSMO, Belgian Society of Medical Oncology; CI, confidence interval; ICU, intensive care unit.
aStratified by registry, excluding categories ‘unknown/missing’.
bFisher’s exact test excluding categories ‘unknown/missing’.
cLog-rank test excluding categories ‘unknown/missing’.
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to that of 58% reported by Grivas et al.26 The actual number
of patients with cancer and COVID-19 may have not been
accurate, with some patients having asymptomatic or
minimally symptomatic COVID-19 not being tested and
consequently not being included in the studies.31-33

Another study showed a decrease in mortality across the
wave during the acute phase of COVID-19 infection with a
possible benefit of steroids.34 Possible explanations were
the difference of duration of follow-up or the fewer number
of different countries with less heterogeneity in the man-
agement of COVID infection and therefore a better man-
agement of patients and their complications.

The factors associated with increased COVID-19-related
risk of mortality in hospitalized patients were male
gender, older age, ethnicity other than Caucasian/Asian,
worse ECOG PS, BMI < 25, and an active malignancydin
line with published studies24,26,35 and the first CoCARE
analysis.10 Hematological malignancy had significantly
higher risk of death than prostate cancer or other solid
tumors. Hematological malignancies had already been
associated with worst COVID-19 outcome36,37 and reduced
immune responses to the vaccination contributing to
ongoing unfavorable COVID-19 outcomes.13,18,38 The HR for
‘no treatment’ versus chemotherapy with regard to hospi-
talization was 2.81; this result is consistent with those of
CCC19,24 which suggested that cancer treatment could be
continued during the pandemic in view of the benefit-risk
ratio, even for cytotoxic chemotherapy if clinically indicated.

Interestingly, in our study COVID-19 hospitalizations and
ICU admissions decreased across the four pandemic phases.
The OR between the first phase (January to May 2020)
compared with the subsequent pandemic phases ranged
from 0.15 to 0.30. This result could be explained by better
management of COVID-19, acquired anti-SARS-Cov2 im-
munity either naturally or through vaccination, early diag-
nosis and supportive therapy, the presence of less
aggressive SARS-Cov2 variants, and a lower tendency to
hospitalize minimally symptomatic patients.39 Indeed,
avoiding hospitalization could also decrease the risk of
nosocomial transmission and complication. Our observation
that older age patients had a lower ICU admission rate
could reflect an age limit of ICU admissions during the
highest peaks of the COVID-19 pandemic.

Because of the effectiveness of COVID-19 vaccines in
patients with cancer, we carried out a subgroup analysis in
patients with complete vaccination and founddin univari-
ate analysisda significant decrease in COVID-19 hospitali-
zation, ICU admission, along with an increased OS. Of note,
complete vaccination rate in our cohort was only 7%, which
did not allow the assessment of the effect of vaccination on
COVID-19 mortality. Our findings are consistent with pre-
vious studies that showed the effect of vaccination on hu-
moral and T-cell-mediated responses16,40 or on COVID-19
infection41-43; however, clinical outcome was explored on
limited numbers of vaccinated patients.44 Vaccination
against COVID-19 proves to be an effective strategy in
protecting vulnerable populations, including patients with
cancer, and boosters could further increase its benefit.45
Volume 8 - Issue 3 - 2023
The study OnCovid recently showed a reduction of in-
fection’s morbidity and mortality in patients with breast
cancer with complete vaccination.46

It is important to highlight that in our study complete
vaccination had a significantly protective effect against
COVID-19 hospitalization, ICU admission, and OS only in
univariable analysis; this effect, however, was lost when
adjusting for socioeconomic and demographic parameters.
In this respect, we report that complete vaccination rates
were significantly higher in Northern/Western Europe and
in upper-middle-income level countries, which confirms
previous observations in the health care utilization and
health outcomes of populations during the COVID-19
pandemic, especially in terms of morbidity and mortal-
ity.47,48 Indeed, gross disparities in hospitalization rates and
mortality between racial/ethnic groups and geographical
locations in the context of COVID-19 highlighted the
shortcomings of public health strategies in achieving best
health for all. For instance, several studies have shown
disproportionate adverse effects of COVID-19 on African
Americans.49,50 Progressive pandemic planning in the next
decade must be inclusive, aware of the social gradient of
risk, and reflecting a whole-of-society approach to risk
reduction. In addition, our results support the importance
of SARS-CoV-2 vaccination in cancer patients. Indeed, vac-
cine hesitancy was present in all populations, including
patients with cancer,51-53 as demonstrated by a large meta-
analysis that found only 59% vaccine acceptance.53

Limitations to our study include the potential selection
bias due to the observational nature of our registries; the
presence of missing values, the enrichment with mainly
severe COVID-19 cases, the heterogeneity in patient man-
agement, and data collection across individual registries and
institutions. Despite these limitations, with >3000 cases
from real-world electronic health record data included, our
study allowed for a robust statistical analysis partly miti-
gating its intrinsic selection bias.

In conclusion, we showed a decrease in COVID-19 hos-
pitalization and ICU admission rates across the pandemic
phases. Complete vaccination had a protective effect
against severe COVID-19 but did not remain significant
when adjusting for other socioeconomic and demographic
parameters. Our study highlights factors that significantly
affect COVID-19 outcomes, providing actionable clues for
further reducing mortality. Collectively, our results have risk
stratification and resource use implications that may be
informative for future public health challenges experienced
by patients, clinicians, and health care systems.
ACKNOWLEDGEMENTS

The ESMO-CoCARE Registry Steering Committee thanks the
following colleagues for their contribution in the develop-
ment, monitoring, implementation, support, and coordina-
tion of the project: Klizia Marinoni and Delanie Young
(ESMO Scientific and Medical Division), Isabelle Scherer
(ESMO Legal Officer), Vanessa Pavinato (ESMO Communi-
cation Head), Keith McGregor (ESMO CEO), Jean-Yves
https://doi.org/10.1016/j.esmoop.2023.101566 9

https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566


ESMO Open P. Martin et al.
Douillard (former ESMO CMO); Institut Curie in its role of
Controller with special mention to the Legal Office Staff
Veronique Gillon, Jeremie Tournay, and Cécile Bultez (Eur-
axi). The ESMO-CoCARE Registry Steering Committee ex-
presses its gratitude towards the centers collaborating in
the Registry, their principal investigators, the patients and,
anyone involved in the effort.

FUNDING

This work was supported by the European Society for
Medical Oncology (ESMO) (no grant number). Belgian So-
ciety of Medical Oncology (BSMO) registry was supported
by Pfizer, Bristol Myers Squibb Company (BMS), Roche,
Amgen, Astellas Pharma, Eli Lilly and Company, Novartis,
Pierre Fabre, and Leo Pharma (no grant numbers), The
funders of the study had no role in the design and conduct
of the study, data collection, data management, statistical
analysis and interpretation of the data, the preparation,
review or approval of the manuscript, and the decision to
submit the manuscript for publication.

DISCLOSURE

JO declares speaker honoraria from AstraZeneca, Bayer,
Bristol Myers Squibb (BMS), GlaxoSmithKline (GSK), Jans-
sen, Merck Sharp & Dohme (MSD), Novartis, and Roche;
declares advisory role from AstraZeneca, Eisai, Janssen,
Novartis, and Roche. Institutional funding from AstraZeneca
for investigator initiated clinical trial.

EdA reports consultation/advisory role for Novartis,
Roche/GNE, Seagen; reports speaker’s engagement from
AstraZeneca, Libby, Lilly, Pierre Fabre, and Zodiac; reports
local PI for ABCSG, Gilead, Immunomedics, MSD, Nektar,
Odonate Therapeutics, and Synthon; reports travel grant
from AstraZeneca, and Roche/GNE; reports steering com-
mittee member of AstraZeneca, Breast International Group,
Gilead, and Roche; reports institutional research grant from
AstraZeneca, GSK/Novartis, Roche/GNE, and Servier.

JR reports speaker’s engagement from AstraZeneca, BMS,
Ferrer, Fresenius Kabi, Leo Pharma, Merck, MSD, Persan
Farma, and Roche; reports advisory role from Fresenius Kabi
and MSD.

S�S reports speaker’s engagement from Amicus, Astra
Zeneca, Novartis, Pfizer, and Roche; reports advisory role
from Ely Lilly and Pfizer.

DV reports speaker’s engagement from Servier.
RL reports speaker’s engagement from AstraZeneca; re-

ports consultation/advisory role from Pierre Fabre and
Lumisphere Technology; institutional funding from Astra-
Zeneca, BMS, and Pierre Fabre.

J W declares royalties in Anasys Instruments; reports
institutional research grant from Lung Ambition Alliance.

TKC reports consultation/advisory role from Analysis
Group, Aptitude Health, AstraZeneca, BMS, Calithera, EMD
Serono, Exelixis, Infinity, Lilly, Merck, Pfizer, Surface
Oncology; reports speaker’s engagement from Advent
health, ASCO-SITC, ASiM, Cancernet, Caribou Publishing,
France Foundation, Ipsen, Kidney Cancer Association, MD
10 https://doi.org/10.1016/j.esmoop.2023.101566
Anderson Cancer Center, MJH Life Sciences, NAMC, Peer-
view, PER, ResearchToPractice, Springer, UAE Society of Onc,
and WebMed; member of the Data Safety Monitoring Board
for clinical trial from Aravive; grant review to Orien
Network; member of board of directors from Academic and
Community Cancer Research United and KidneyCAN;
external advisory board member of Gustave Roussy; stocks/
shares in Nuscan, Osel, Pionyr, and Tempest; royalties in Up-
To-Date; institutional funding from Alliance, AstraZeneca,
BMS, Eisai, EMD-Serono, Exelixis, Lilly, Merck, Peloton,
Pfizer, Takeda, and Tracon; institutional research grant from
BMS, Exelixis, and Roche; local PI for GSK, Nikang, Roche,
and Surface Oncology.

DA reports consultation/advisory role for AstraZeneca,
Boston Scientific, BMS, CRA International, Gilead, Janssen
Cilag, MSD, Onkowissen, Pierre Fabre Pharma, Seagen,
Terumo; reports speaker’s engagement from Amgen, Apti-
tude Health, Art Tempi Media, AstraZeneca, Boehringer
Ingelheim, Boston Scientific, BMS, Clinical Care Options
(CCO), Eisai, From Research to Practice, GSK, Imedex, Ipsen,
MCI, MedAhead (Austria), Merck (Serono), MSD, Pierre
Fabre Pharma, PRMA Consulting, Roche, Sanofi (Genzyme),
Seagen, Servier, streamitup Germany, Tactics MD LLC, Ter-
umo, Viatris, WebMD; reports serving as local PI for BMS,
Pierre Fabre Pharma and coordinating PI for OncoLytics;
reports grant funding from AbbVie; reports being/been
Data Safety Monitoring Board chair of Sanofi (Genzyme);
reports being/been a steering committee member of
Roche; reports roles as associate editor for ESMO Open and
Annals of Oncology from Elsevier; reports role as associate
editor Clinical Colorectal Cancer from Elsevier.

KH reports consultation/advisory board from Amgen,
Arch Oncology, ARTIOS, AstraZeneca, BMS, Boehringer
Ingelheim, Codiak, Idera, Merck, MSD, Oncolys, Pfizer, Psi-
Vac, Replimune, and Vyriad; honoraria for lectures from
Amgen, AstraZeneca, BMS, and Boehringer Ingelheim;
institutional funding from AstraZeneca, Boehringer Ingel-
heim, MSD, and Replimune.

KP reports consultation/advisory role for AstraZeneca, Eli
Lilly, Gilead, Gilead Sciences, McCann Health, MSD, Novar-
tis, Pfizer, Pierre Fabre, Roche, Roularta, Seagen, and Teva;
speaker’s engagement from AstraZeneca, Eli Lilly, Med-
scape, MSD, Mundi Pharma, Novartis, Pfizer, Roche, and
Sanofi; advisory board for Vifor Pharma; trial chair for MSD;
institutional funding from Sanofi.

JR reports speaker honoraria and/or advisory board from
AstraZeneca, ESO, and Gilead Sciences.

OM reports consultation/advisory role from Amgen,
BMS, GSL, MSD, Novartis, Pierre Fabre, and Roche;
speaker’s engagement from Amgen, BMS, Pierre Fabre, and
Roche; writer’s engagement from BMS; institutional
research grant from Amgen, BMS, Merck, MSD, and Pierre
Fabre; institutional funding from Amgen, BMS, MSD, and
Pierre Fabre.

UD reports member of the Tumor Agnostic Evidence
Generation working Group from Roche.

SP reports consultation/advisory role for AbbVie, Amgen,
Arcus, AstraZeneca, Bayer, BeiGene, Bio Invent, Biocartis,
Volume 8 - Issue 3 - 2023

https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566


P. Martin et al. ESMO Open
Blueprint Medicines, BMS, Boehringer Ingelheim, Daiichi
Sankyo, Debiopharm, Eli Lilly, F-Star, Foundation Medicine,
Genzyme, Gilhead, GSK, Illumina, Incyte, IQVIA, iTheos,
Janssen, Merck Serono, Mirati, MSD, Novartis, Novocure,
Pfizer, PharmaMar, Phosplatin Therapeutics, Regeneron,
Roche/Genentech, Sanofi, Seattle Genetics, Takeda, and
Vaccibody; speaker’s engagement from AstraZeneca, BMS,
Boehringer Ingelheim, Ecancer, Eli Lilly, Fishawack, Imedex,
Medscape, Mirati, MSD, Novartis, OncologyEducation, PER,
Pfizer, PRIME, RMEI, Roche/Genentech, RTP, Sanofi, and
Takeda; associate editor Annals of Oncology for Elsevier;
coordinating PI for AstraZeneca; steering committee mem-
ber of AstraZeneca, Beigene, BMS, iTeos, Mirati, MSD,
Pharma Mar, Phosplatin Therapeutics, and ALEX; trial chair
for GSK, and Roche/Genentech.

GP reports full time employment from ESMO.
ER reports investigator-initiated trial funds (paid to the

institution) by AstraZeneca, BMS, Janssen and AMGEN;
coordinating PI of Light Chain Biosciences.

All other authors have declared no conflicts of interest.
REFERENCES

1. Coronavirus Disease (COVID-19) Situation Reports [Internet]. Available
at https://www.who.int/emergencies/diseases/novel-coronavirus-
2019/situation-reports. Accessed December 16, 2022.

2. Riera R, Bagattini ÂM, Pacheco RL, Pachito DV, Roitberg F, Ilbawi A.
Delays and disruptions in cancer health care due to COVID-19
pandemic: systematic review. JCO Glob Oncol. 2021;7:311-323.

3. Yu J, Ouyang W, Chua MLK, Xie C. SARS-CoV-2 transmission in patients
with cancer at a tertiary care hospital in Wuhan, China. JAMA Oncol.
2020;6(7):1108-1110.

4. Bernard A, Cottenet J, Bonniaud P, et al. Comparison of cancer patients
to non-cancer patients among COVID-19 inpatients at a national level.
Cancers (Basel). 2021;13(6):1436.

5. Sharafeldin N, Bates B, Song Q, et al. Outcomes of COVID-19 in Pa-
tients with cancer: report from the national COVID cohort collabora-
tive (N3C). J Clin Oncol. 2021;39(20):2232-2246.

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.

7. Laurent L, Brugel M, Carlier C, et al. One-year COVID-19 outcomes on
the oncology care patient pathway: Results of a French descriptive,
cross-sectional comprehensive study (ONCOCARE-COV). Cancer Med.
2022;11:4865-4879.

8. Bakouny Z, Paciotti M, Schmidt AL, Lipsitz SR, Choueiri TK, Trinh QD.
Cancer screening tests and cancer diagnoses during the COVID-19
pandemic. JAMA Oncol. 2021;7(3):458-460.

9. Eskander A, Li Q, Yu J, et al. Incident cancer detection during the
COVID-19 pandemic. J Natl Compr Canc Netw. 2022;20(3):276-284.

10. Castelo-Branco L, Tsourti Z, Gennatas S, et al. COVID-19 in patients with
cancer: first report of the ESMO international, registry-based, cohort
study (ESMO-CoCARE). ESMO Open. 2022;7(3):100499.

11. Murray CJL. COVID-19 will continue but the end of the pandemic is
near. Lancet. 2022;399(10323):417-419.

12. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA-
1273 SARS-CoV-2 vaccine. N Engl J Med. 2021;384(5):403-416.

13. Fendler A, de Vries EGE, GeurtsvanKessel CH, et al. COVID-19 vaccines
in patients with cancer: immunogenicity, efficacy and safety. Nat Rev
Clin Oncol. 2022;19(6):385-401.

14. Voysey M, Costa Clemens SA, Madhi SA, et al. Single-dose adminis-
tration and the influence of the timing of the booster dose on
immunogenicity and efficacy of ChAdOx1 nCoV-19 (AZD1222) vaccine:
a pooled analysis of four randomised trials. Lancet. 2021;397(10277):
881-891.
Volume 8 - Issue 3 - 2023
15. Bos R, Rutten L, van der Lubbe JEM, et al. Ad26 vector-based COVID-19
vaccine encoding a prefusion-stabilized SARS-CoV-2 Spike immunogen
induces potent humoral and cellular immune responses. NPJ Vaccines.
2020;5:91.

16. Shmueli ES, Itay A, Margalit O, et al. Efficacy and safety of BNT162b2
vaccination in patients with solid cancer receiving anticancer therapy -
a single centre prospective study. Eur J Cancer. 2021;157:124-131.

17. Agbarya A, Sarel I, Ziv-Baran T, et al. Efficacy of the mRNA-based
BNT162b2 COVID-19 vaccine in patients with solid malignancies
treated with anti-neoplastic drugs. Cancers (Basel). 2021;13(16):4191.

18. Martins-Branco D, Nader-Marta G, Tecic Vuger A, et al. Immune
response to anti-SARS-CoV-2 prime-vaccination in patients with can-
cer: a systematic review and meta-analysis. J Cancer Res Clin Oncol.
2022:1-6.

19. Geukens T, Brandão M, Laenen A, et al. Changes in anticancer treat-
ment plans in patients with solid cancer hospitalized with COVID-19:
analysis of the nationwide BSMO-COVID registry providing lessons
for the future. ESMO Open. 2022;7(6):100610.

20. Yang L, Chai P, Yu J, Fan X. Effects of cancer on patients with COVID-19:
a systematic review and meta-analysis of 63,019 participants. Cancer
Biol Med. 2021;18(1):298-307.

21. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus dis-
ease 2019 in China. N Engl J Med. 2020;382(18):1708-1720.

22. Giannakoulis VG, Papoutsi E, Siempos II. Effect of cancer on clinical
outcomes of patients with COVID-19: a meta-analysis of patient data.
JCO Glob Oncol. 2020;6:799-808.

23. Desai A, Gupta R, Advani S, et al. Mortality in hospitalized patients with
cancer and coronavirus disease 2019: A systematic review and meta-
analysis of cohort studies. Cancer. 2021;127(9):1459-1468.

24. Kuderer NM, Choueiri TK, Shah DP, et al. Clinical impact of COVID-19
on patients with cancer (CCC19): a cohort study. Lancet.
2020;395(10241):1907-1918.

25. Pinato DJ, Zambelli A, Aguilar-Company J, et al. Clinical portrait of the
SARS-CoV-2 epidemic in European cancer patients. Cancer Discov.
2020:CD-20-0773.

26. Grivas P, Khaki AR,Wise-Draper TM, et al. Association of clinical factors
and recent anticancer therapy with COVID-19 severity among patients
with cancer: a report from the COVID-19 and Cancer Consortium. Ann
Oncol. 2021;32(6):787-800.

27. Zarifkar P, Kamath A, Robinson C, et al. Clinical characteristics and
outcomes in patients with COVID-19 and cancer: a systematic re-
view and meta-analysis. Clin Oncol (R Coll Radiol). 2021;33(3):e180-
e191.

28. Tagliamento M, Agostinetto E, Bruzzone M, et al. Mortality in adult
patients with solid or hematological malignancies and SARS-CoV-2
infection with a specific focus on lung and breast cancers: A system-
atic review and meta-analysis. Crit Rev Oncol Hematol. 2021;163:
103365.

29. Denis F, Septans AL, Le Goff F, Jeanneau S, Lescure FX. Analysis of
COVID-19 transmission sources in France by self-assessment before
and after the partial lockdown: observational study. J Med Internet
Res. 2021;23(5):e26932.

30. OnCovid Study Group. Time-dependent COVID-19 mortality in patients
with cancer: an updated analysis of the OnCovid registry. JAMA
Oncology. 2022;8(1):114-122.

31. Pinato DJ, Tabernero J, Bower M, et al. Prevalence and impact of
COVID-19 sequelae on treatment and survival of patients with cancer
who recovered from SARS-CoV-2 infection: evidence from the OnCovid
retrospective, multicentre registry study. Lancet Oncol. 2021;22(12):
1669-1680.

32. Bilich T, Roerden M, Maringer Y, et al. Preexisting and post-COVID-19
immune responses to SARS-CoV-2 in patients with cancer. Cancer
Discov. 2021;11(8):1982-1995.

33. Chen Y, Klein SL, Garibaldi BT, et al. Aging in COVID-19: vulnerability,
immunity and intervention. Ageing Res Rev. 2021;65:101205.

34. Wysocki O, Zhou C, Rogado J, et al. An international comparison of
presentation, outcomes and CORONET predictive score performance in
patients with cancer presenting with COVID-19 across different
pandemic waves. Cancers (Basel). 2022;14(16):3931.
https://doi.org/10.1016/j.esmoop.2023.101566 11

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref2
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref2
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref2
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref3
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref3
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref3
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref4
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref4
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref4
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref5
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref5
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref5
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref6
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref6
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref6
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref7
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref7
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref7
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref7
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref8
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref8
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref8
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref9
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref9
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref10
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref10
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref10
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref11
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref11
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref12
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref12
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref13
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref13
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref13
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref14
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref14
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref14
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref14
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref14
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref15
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref15
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref15
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref15
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref16
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref16
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref16
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref17
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref17
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref17
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref18
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref18
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref18
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref18
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref19
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref19
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref19
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref19
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref20
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref20
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref20
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref21
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref21
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref22
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref22
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref22
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref23
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref23
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref23
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref24
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref24
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref24
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref25
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref25
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref25
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref26
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref26
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref26
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref26
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref27
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref27
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref27
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref27
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref28
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref28
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref28
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref28
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref28
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref29
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref29
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref29
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref29
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref30
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref30
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref30
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref31
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref31
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref31
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref31
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref31
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref32
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref32
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref32
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref33
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref33
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref34
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref34
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref34
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref34
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566


ESMO Open P. Martin et al.
35. de Joode K, Dumoulin DW, Tol J, et al. Dutch Oncology COVID-19
consortium: outcome of COVID-19 in patients with cancer in a
nationwide cohort study. Eur J Cancer. 2020;141:171-184.

36. Pagano L, Salmanton-García J, Marchesi F, et al. COVID-19 infection in
adult patients with hematological malignancies: a European Hema-
tology Association Survey (EPICOVIDEHA). J Hematol Oncol.
2021;14(1):168.

37. Cattaneo C, Daffini R, Pagani C, et al. Clinical characteristics and risk
factors for mortality in hematologic patients affected by COVID-19.
Cancer. 2020;126(23):5069-5076.

38. Fendler A, Shepherd STC, Au L, et al. Immune responses following third
COVID-19 vaccination are reduced in patients with hematological
malignancies compared to patients with solid cancer. Cancer Cell.
2022;40(2):114-116.

39. Nordström P, Ballin M, Nordström A. Risk of SARS-CoV-2 reinfection
and COVID-19 hospitalisation in individuals with natural and hybrid
immunity: a retrospective, total population cohort study in Sweden.
Lancet Infect Dis. 2022;22(6):781-790.

40. Tran S, Truong TH, Narendran A. Evaluation of COVID-19 vaccine
response in patients with cancer: An interim analysis. Eur J Cancer.
2021;159:259-274.

41. Thomas SJ, Perez JL, Lockhart SP, et al. Efficacy and safety of the
BNT162b2 mRNA COVID-19 vaccine in participants with a history of
cancer: subgroup analysis of a global phase 3 randomized clinical trial.
Vaccine. 2022;40(10):1483-1492.

42. Embi PJ, Levy ME, Naleway AL, et al. Effectiveness of 2-dose vaccina-
tion with mRNA COVID-19 vaccines against COVID-19-associated
hospitalizations among immunocompromised adults - nine states,
January-September 2021.MMWRMorb Mortal Wkly Rep. 2021;70(44):
1553-1559.

43. Wu JTY, La J, Branch-Elliman W, et al. Association of COVID-19 vacci-
nation with SARS-CoV-2 infection in patients with cancer: a US
nationwide veterans affairs study. JAMA Oncol. 2022;8(2):281-286.
12 https://doi.org/10.1016/j.esmoop.2023.101566
44. Schmidt AL, Labaki C, Hsu CY, et al. COVID-19 vaccination and break-
through infections in patients with cancer. Ann Oncol. 2022;33(3):340-
346.

45. Shapiro LC, Thakkar A, Campbell ST, et al. Efficacy of booster doses in
augmenting waning immune responses to COVID-19 vaccine in pa-
tients with cancer. Cancer Cell. 2022;40(1):3-5.

46. Tagliamento M, Gennari A, Lambertini M, et al. Pandemic phase-
adjusted analysis of COVID-19 outcomes reveals reduced intrinsic
vulnerability and substantial vaccine protection from severe acute
respiratory syndrome coronavirus 2 in patients with breast cancer. J
Clin Oncol. 2023;41(15):2800-2814.

47. Khanijahani A, Iezadi S, Gholipour K, Azami-Aghdash S, Naghibi D.
A systematic review of racial/ethnic and socioeconomic disparities in
COVID-19. Int J Equity Health. 2021;20(1):248.

48. Baqui P, Bica I, Marra V, Ercole A, Schaar M van der. Ethnic and regional
variations in hospital mortality from COVID-19 in Brazil: a cross-
sectional observational study. Lancet Glob Health. 2020;8(8):e1018-
e1026.

49. Dorn A van, Cooney RE, Sabin ML. COVID-19 exacerbating inequalities
in the US. Lancet. 2020;395(10232):1243-1244.

50. Fu J, Reid SA, French B, et al. Racial disparities in COVID-19 outcomes
among black and white patients with cancer. JAMA Netw Open.
2022;5(3):e224304.

51. Solís Arce JS, Warren SS, Meriggi NF, et al. COVID-19 vaccine accep-
tance and hesitancy in low- and middle-income countries. Nat Med.
2021;27(8):1385-1394.

52. Mejri N, Berrazega Y, Ouertani E, et al. Understanding COVID-19 vac-
cine hesitancy and resistance: another challenge in cancer patients.
Support Care Cancer. 2022;30(1):289-293.

53. Prabani KIP, Weerasekara I, Damayanthi HDWT. COVID-19
vaccine acceptance and hesitancy among patients with cancer:
a systematic review and meta-analysis. Public Health. 2022;212:
66-75.
Volume 8 - Issue 3 - 2023

http://refhub.elsevier.com/S2059-7029(23)00796-2/sref35
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref35
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref35
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref36
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref36
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref36
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref36
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref37
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref37
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref37
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref38
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref38
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref38
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref38
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref39
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref39
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref39
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref39
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref40
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref40
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref40
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref41
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref41
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref41
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref41
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref42
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref42
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref42
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref42
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref42
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref43
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref43
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref43
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref44
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref44
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref44
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref45
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref45
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref45
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref46
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref46
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref46
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref46
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref46
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref47
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref47
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref47
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref48
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref48
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref48
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref48
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref49
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref49
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref50
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref50
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref50
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref51
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref51
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref51
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref52
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref52
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref52
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref53
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref53
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref53
http://refhub.elsevier.com/S2059-7029(23)00796-2/sref53
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566
https://doi.org/10.1016/j.esmoop.2023.101566

	COVID-19 in cancer patients: update from the joint analysis of the ESMO-CoCARE, BSMO, and PSMO international databases
	Introduction
	Methodology
	Study design and participants
	Study objectives and endpoints
	Statistical analysis

	Results
	Cohort description
	COVID-19 diagnosis, course of illness, and outcome
	Association with baseline factors—multivariable analysis and temporal trends
	COVID-19 hospitalization
	COVID-19 mortality (among hospitalized patients)
	COVID-19 ICU admission
	OS

	Subgroup analysis by pandemic phase
	Subgroup analysis by vaccination status
	Subgroup analyses by age group and ethnicity

	Discussion
	Acknowledgements
	Funding
	Disclosure
	References


