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Simple Summary: There have been huge improvements in both vaccination and the management of
COVID-19 in patients with cancer. In addition, different variants may be associated with different
presentations. Therefore, we examined whether indicators of the severity of COVID-19 in patients
with cancer who present to hospital varied during different waves of the pandemic and we showed
that these indicators remained predictive. We validated that the COVID-19 Risk in Oncology Evalu-
ation Tool (CORONET), which predicts the severity of COVID-19 in cancer patients presenting to
hospital, performed well in all waves. In addition, we examined patient outcomes and the factors that
influence them and found that there was increased vaccination uptake and steroid use for patients
requiring oxygen in later waves, which may be associated with improvements in outcome.

Abstract: Patients with cancer have been shown to have increased risk of COVID-19 severity. We
previously built and validated the COVID-19 Risk in Oncology Evaluation Tool (CORONET) to
predict the likely severity of COVID-19 in patients with active cancer who present to hospital.
We assessed the differences in presentation and outcomes of patients with cancer and COVID-19,
depending on the wave of the pandemic. We examined differences in features at presentation and
outcomes in patients worldwide, depending on the waves of the pandemic: wave 1 D614G (n = 1430),
wave 2 Alpha (n = 475), and wave 4 Omicron variant (n = 63, UK and Spain only). The performance
of CORONET was evaluated on 258, 48, and 54 patients for each wave, respectively. We found
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that mortality rates were reduced in subsequent waves. The majority of patients were vaccinated
in wave 4, and 94% were treated with steroids if they required oxygen. The stages of cancer and
the median ages of patients significantly differed, but features associated with worse COVID-19
outcomes remained predictive and did not differ between waves. The CORONET tool performed
well in all waves, with scores in an area under the curve (AUC) of >0.72. We concluded that patients
with cancer who present to hospital with COVID-19 have similar features of severity, which remain
discriminatory despite differences in variants and vaccination status. Survival improved following
the first wave of the pandemic, which may be associated with vaccination and the increased steroid
use in those patients requiring oxygen. The CORONET model demonstrated good performance,
independent of the SARS-CoV-2 variants.

Keywords: COVID-19; cancer; CORONET; outcomes; Omicron; vaccination

1. Introduction

The SARS-CoV-2 virus, which causes COVID-19 disease, has infected over half a billion
people worldwide, resulting in at least 6 million deaths [1]. Patients with cancer have been
particularly affected, in terms of both cancer treatment delays and risks of more severe
COVID-19 disease. Early in the pandemic, studies reported mortality rates of between 10%
and 30% [2–7]. Thereafter, vaccines have been rapidly developed and a number of disease-
modifying treatments have been identified. Vaccinations have resulted in decreased numbers
of patients experiencing severe COVID-19; however, vaccinations have been less effective
in reducing infection rates, particularly with respect to the newer Omicron variants [8–10].
Upon presentation with COVID-19, depending on the variant and the severity of infection,
patients may receive corticosteroids, antivirals such as remdesivir, or antibodies such as
tocilizumab [11–13]. Together, these have improved outcomes, at least in the developed
world [11–13].

Despite the rapid progress in the prevention and management of COVID-19, patients
with cancer continue to present to hospital with severe COVID-19 disease. Studies have
shown that the severity of COVID-19 is similar in patients who are infected with different
SARS-CoV-2 variants; however, there are improved outcomes when patients with cancer
are vaccinated, compared with patients who remain unvaccinated [14]. At the start of the
pandemic, numerous studies examined the associations between different clinical features and
the severity of COVID-19 [2,4,6,7,15,16]. However, it is not clear whether these associations
remain discriminatory in patients who are infected with different SARS-CoV-2 variants and in
patients who are vaccinated. Therefore, we examined whether clinical features at presentation
to hospital changed over time, based on the increased uptake of vaccinations and on infection
by different coronavirus variants. In addition, we examined whether patient outcomes
changed following presentation to hospital with COVID-19 and cancer. Previously, we
developed the COVID-19 Risk in Oncology Evaluation Tool (CORONET) to guide healthcare
professionals and systems in decision-making regarding the need for admission and to provide
information regarding the likely severity of COVID-19 illness [17]. This tool allowed us to
examine whether there were differences in the severity of infection, determined by CORONET
scores during different waves of the pandemic. Having previously shown that the CORONET
tool performed well for patients with D614G SARS-CoV-2 and Alpha variants, we validated
its usage for patients with Omicron infections.

2. Materials and Methods

Approval (reference 20/WA/0269) was granted from the UK Research Ethics Com-
mittee for this study. Information regarding governance/regulatory approvals for each
international cohort are available in previously published papers [17]. Patients with ac-
tive cancer were included in the study, We defined active cancer as solid (stage I–IV) or
haematological cancer diagnosed in the last 6 months or cancer or recurrent or metastatic
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or haematological cancer, not in complete remission, that was treated for 6 months or
more. The selected patients had a laboratory-confirmed SARS-CoV-2 infection. They were
defined as vaccinated if they had more than one dose of any available vaccination against
SARS-CoV-2. No patients in the dataset were infected more than one time; thus, each
patient presented with a unique case of COVID-19. Asymptomatic patients who were
screened as part of routine testing for surgical procedures and found to be positive were
not included, as their data were not routinely captured. Details regarding data collection
and outcome definitions are provided in Lee et al. [17].

Patient data were collected worldwide from the United Kingdom, the United States,
Spain, Denmark, and France, and from medical centres contributing to ESMO-CoCARE. We
included a range of hospitals that manage cancer patients in different settings, from local
district general/local community hospitals, in which general acute physicians manage acute
oncology admissions, to tertiary cancer centres, within which there are highly specialised
oncology services [17].

We defined the different dominant variants responsible for the SARS-CoV-2 waves as
follows: the wave 1 D614G SARS-CoV-2 variant, including patients who presented from
March 2020 until the end of August 2020; the wave 2 Alpha variant, comprising patients
who presented from September 2020 until the end of April 2021; and wave 4 Omicron
variant from December 2021 until the end of February 2022 (the date of cut-off for data
collection) [1]. Of note, we did not include the Delta wave 3, due to the insufficiency of
available data (n = 15) to support meaningful conclusions.

We previously developed CORONET to help determine the need to admit patients
to hospital on the bases of their likelihood of needing oxygen (as generally oxygen is only
given in hospital) and their severity of COVID-19, as indicated by predictions for required
oxygen and/or death [17]. As a result, we established four key outcomes, arranged in a
0–3 point ordinal scale: discharged, admitted (≥24 h inpatient), admitted+O2 requirement
(including ventilator support), and admitted+O2+died (with the death directly attributable
to COVID-19 disease, not to cancer). These four outcomes were used as measures of
disease severity [17]. Contrary to an analysis of binary outcomes (e.g., need for oxygen
vs. no need for oxygen), this strategy improved the ability to provide a complete clinical
picture that was important for overall decision-making regarding hospital admission. A
threshold of ≥1.0 determined admissions and a threshold of ≥2.3 determined severe
outcome (additional details are available in [17]).

Differences between waves and in outcomes were assessed using the Pearson’s Chi-
square (X2) test and the Mann–Whitney U test. We evaluated the differences in both the
CORONET scores and in the performances of the model during different waves. Patients
who missed more than one variable from the five features that provided the greatest
contribution to the score (i.e., National Early Warning Score 2 (NEWS2), C-reactive protein
(CRP), albumin, age, and platelets) were excluded from the CORONET score evaluation.
The significance level was set at p = 0.05, and p values were adjusted for multiple testing
using the Benjamini–Hochberg method. CORONET’s performance on clinical decision-
making for patients presenting with different SARS-CoV-2 variants was examined using
the receiver operating characteristic (ROC). CORONET scores were calculated for patients
that were not in the model’s derivation cohort (see [17]).

3. Results

Patient data were collected for wave 1 D614G (n = 1430) and wave 2 Alpha (n = 475)
from 12 participating hospitals in the UK, two hospitals in Spain, four hospitals in the USA,
and (via the ESMO-CoCARE registry) hospitals throughout the world, excluding the USA,
Canada, and Latin America (see [17]). Patients in wave 4 Omicron (n = 63) were treated in
the UK and Spain (details regarding number of patients are provided in Supplementary
Table S1). Clinical features of the patients are shown in Table 1. Intriguingly, patients who
presented to hospital in wave 2 had a significantly lower median age, compared with first
wave patients (61 vs. 68 p < 0.001, Table 1). Almost all patients (i.e., 95.8%) in the UK/Spain



Cancers 2022, 14, 3931 5 of 15

cohort who presented to hospital with available data (48 of the 63, with 15 having missing
data) were vaccinated with at least one dose by the time the Omicron wave developed.

Table 1. Patient characteristics during three SARS-CoV-2 waves.

Unknown Overall 1
D614G

2
Alpha

4
Omicron

n 1968 1430 475 63

Age *, median
[Q1, Q3] 0 67.0 [57.0, 76.0] 68.0 [59.0, 77.0] 61.0 [50.0, 72.0] 66.0 [54.0, 73.0]

D614G vs. Alpha:
p < 0.001, CLES

** = 0.621

Cancer type,
n (%)

Breast

141

325 (17.8) 223 (17.3) 93 (19.6) 9 (14.3)
Colorectal 161 (8.8) 108 (8.4) 47 (9.9) 6 (9.5)

Lung 248 (13.6) 170 (13.2) 67 (14.1) 11 (17.5)
Other solid cancer 801 (43.9) 576 (44.7) 197 (41.6) 28 (44.4)

Haematological
malignancy 291 (15.9) 212 (16.4) 70 (14.8) 9 (14.3)

Solid cancer
stage, n (%)

1

539

197 (17.3) 189 (24.5) 7 (2.2) 1 (1.9)
2 135 (11.9) 103 (13.4) 25 (7.9) 7 (13.5)
3 328 (28.8) 193 (25.1) 123 (38.9) 12 (23.1)
4 478 (42.0) 285 (37.0) 161 (50.9) 32 (61.5)

Chemotherapy,
n (%) 314 653 (33.2) 377 (26.4) 249 (52.4) 27 (42.9)

Immunotherapy,
n (%) 314 92 (4.7) 54 (3.8) 33 (6.9) 5 (7.9)

Targeted
Therapy, n (%) 314 197 (10.0) 121 (8.5) 64 (13.5) 12 (19.0)

Radiotherapy,
n (%) 486 106 (5.4) 50 (3.5) 45 (9.5) 11 (17.5)

Vaccination,
n (%)

Vaccinated
1 dose
2 doses
3 doses

15
- 0 0

46 (95.8)
1 (2.2)
8 (17.4)

37 (80.4)

Unvaccinated - 1430 (100.0) 475 (100.0) 2 (4.2)

* Statistical differences were calculated only for age because there were too many missing values for other
categorical features; ** CLES = common language effect size, the probability that a score selected randomly from
one distribution will be greater than a score selected randomly from another.

We observed that there were significantly more patients discharged within 24 h in
waves 2 and 4, compared with patients discharged within 24 h in wave 1 (186, or 39.2%,
26, or 41.3%, and 336. or 23.5%, respectively; see Table 2). The mortality rate for patients
admitted with COVID-19 and cancer was 26.4% in wave 1 vs. 13.1% in wave 2 and 0%
in wave 4 (wave 2 vs. wave 1; 1 p < 0.001, with no deaths observed in the UK/Spain
Omicron cohort). We observed no significant difference in the requirements for oxygen
between the waves (wave 1 vs. wave 2, p = 0.265; wave 1 vs. wave 4, p = 0.368; wave 2 vs.
wave 4, p = 0.265). Steroids were the mainstay of treatment following hospital admission,
particularly in waves 2 and 4. Antivirals and antibodies were rarely used (Table 3). Of
note, 40% (32/81) of patients requiring oxygen in wave 1, 88% (78/89) of patients requiring
oxygen in wave 2, and 94% (15/16) of patients requiring oxygen in wave 4 were treated
with steroids, showing the impact of the RECOVERY trial data (the use of steroids only for
those patients requiring oxygen) in the management of COVID-19 [12].

Next, we examined whether there were differences in patients’ clinical features during
different waves of the pandemic (Table 4). In particular, patients with COVID-19 were
stratified by treatment outcomes to explore differences that were specific to COVID-19 severity.
Patients in wave 1 were older than patients in wave 2, independent of COVID-19 severity.
Similarly, wave 1 patients presented with significantly lower cancer stages than patients in
waves 2 or 4, independent of COVID-19 severity. Performance status differed only among
patients who died due to COVID-19 in waves 1 and 2 (higher in wave 1, p = 0.0075). There
were no significant differences during the three waves in the laboratory values of patients
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who presented with severe COVID-19 (patients who required oxygen or who were dying),
apart from albumin, which was observed to be lower in patients requiring oxygen in wave 2
than in patients requiring oxygen in wave 1 (p = 0.0029).

Table 2. Patient outcomes during three SARS-CoV-2 waves.

Wave

Overall 1
D614G

2
Alpha

4
Omicron Significant Differences between Waves *

n 1968 1430 475 63

Outcome, n (%)

Discharged 548 (27.8) 336 (23.5) 186 (39.2) 26 (41.3) 1 vs. 2: p < 0.001; 1 vs. 4: p = 0.002
Admitted 527 (26.8) 379 (26.5) 129 (27.2) 19 (30.2)

Admitted+O2 454 (23.1) 338 (23.6) 98 (20.6) 18 (28.6)
Admitted+O2+

died 439 (22.3) 377 (26.4) 62 (13.1) 0 1 vs. 2: p < 0.001

* Chi-squared tests; p values adjusted for multiple comparisons using the Benjamini–Hochberg method.

Table 3. Treatments for COVID-19.

1
D614G

2
Alpha

4
Omicron

No.
Patients
Treated

No.
Patients

Not
Treated

Missing
No.

Patients
Treated

No.
Patients

Not
Treated

Missing
No.

Patients
Treated

No.
Patients

Not
Treated

Missing

steroids 36 (32.4%) 75 (67.6%) 1319 88 (51.2%) 84 (48.8%) 303 19 (41.3%) 27 (58.7%) 17
remdesivir 1 (0.9%) 110 (99.1%) 1319 14 (8.3%) 155 (91.7%) 306 0 (0%) 45 (100%) 18
lipinovir 16 (14.4%) 95 (85.6%) 1319 0 (0%) 167 (100%) 308 0 (0%) 46 (100%) 17

interferon 0 (0%) 108 (100%) 1322 0 (0%) 167 (100%) 308 0 (0%) 46 (100%) 17
interferon beta 4 (3.6%) 106 (96.4%) 1320 0 (0%) 167 (100%) 308 0 (0%) 46 (100%) 17
anticoagulation

prophylaxis 70 (64.2%) 39 (35.8%) 1321 79 (46.7%) 90 (53.3%) 306 22 (47.8%) 24 (52.2%) 17

anticoagulation
treatment dose 6 (5.5%) 103 (94.5%) 1321 20 (11.9%) 148 (88.1%) 307 0 (0%) 46 (100%) 17

antibiotic 79 (71.8%) 31 (28.2%) 1320 100 (58.8%) 70 (41.2%) 305 17 (37%) 29 (63%) 17
plasma 2 (1.8%) 108 (98.2%) 1320 5 (3%) 162 (97%) 308 0 (0%) 46 (100%) 17

tocilizumab 5 (4.5%) 105 (95.5%) 1320 8 (4.8%) 159 (95.2%) 308 2 (4.3%) 44 (95.7%) 17
nebulised

interferonb 1 (0.9%) 106 (99.1%) 1323 0 (0%) 167 (100%) 308 0 (0%) 46 (100%) 17

hydroxychloroquine 51 (45.9%) 60 (54.1%) 1319 0 (0%) 166 (100%) 309 0 (0%) 46 (100%) 17
aspirin 1 (1%) 102 (99%) 1327 2 (1.2%) 165 (98.8%) 308 0 (0%) 46 (100%) 17

baricitinib 0 (0%) 15 (100%) 1415 0 (0%) 49 (100%) 426 0 (0%) 46 (100%) 17
molnupiravir - - 1430 - - 475 0 (0%) 42 (100%) 21
sotrovimab - - 1430 - - 475 0 (0%) 42 (100%) 21
other drug - - 1430 - - - - - 63

Table 4. Comparison of patients’ characteristics associated with severity of COVID-19 during waves,
stratified by outcome.

Wave, Median [Q1, Q3]

Variable Outcome 1
D614G

2
Alpha

4
Omicron

Significant
Differences between

Waves *

Age

Discharged 62.0 [53.0, 71.0] 58.0 [44.0, 67.8] 66.0 [60.5, 72.0] 1 vs. 2 p = 0.0017;
2 vs. 4 p = 0.0473

Admitted 65.0 [56.0, 74.0] 61.0 [51.0, 71.0] 53.0 [43.5, 73.0] 1 vs. 2 p = 0.0273
Admitted+O2 71.0 [63.0, 78.0] 68.0 [55.0, 76.0] 67.5 [64.2, 74.5] 1 vs. 2 p = 0.0125

Admitted+O2+died 73.0 [65.0, 81.0] 70.5 [58.2, 78.0] 1 vs. 2 p = 0.0034

Solid cancer stage

Discharged 2.5 [1.0, 3.0] 3.0 [3.0, 4.0] 4.0 [3.0, 4.0] 1 vs. 2 p = 0.0000,
1 vs. 4 p = 0.0041

Admitted 3.0 [2.0, 4.0] 4.0 [3.0, 4.0] 4.0 [3.0, 4.0] 1 vs. 2 p = 0.0001

Admitted+O2 3.0 [1.0, 4.0] 4.0 [3.0, 4.0] 4.0 [3.0, 4.0] 1 vs. 2 p = 0.0000,
1 vs. 4 p = 0.0146

Admitted+O2+died 4.0 [2.0, 4.0] 4.0 [3.0, 4.0] 1 vs. 2 p = 0.0125
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Table 4. Cont.

Wave, Median [Q1, Q3]

Variable Outcome 1
D614G

2
Alpha

4
Omicron

Significant
Differences between

Waves *

Performance status

Discharged 1.0 [0.0, 1.0] 1.0 [1.0, 1.0] 1.0 [0.2, 1.0]
Admitted 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0 [0.0, 1.0]

Admitted+O2 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 2.0 [1.0, 2.0]
Admitted+O2+died 2.0 [1.0, 3.0] 1.0 [1.0, 2.0] 1 vs. 2 p = 0.0075

Total no.
comorbidities

Discharged 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0 [1.0, 2.0]
Admitted 1.0 [1.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0]

Admitted+O2 2.0 [1.0, 3.0] 1.0 [1.0, 2.0] 1.0 [1.0, 2.8] 1 vs. 2 p = 0.0014
Admitted+O2+died 2.0 [1.0, 4.0] 2.0 [1.0, 3.0]

NEWS2

Discharged 1.0 [0.0, 2.0] 1.0 [0.0, 3.0] 1.0 [0.0, 1.0]
Admitted 2.0 [1.0, 3.0] 2.0 [1.0, 4.0] 1.0 [0.0, 2.0]

Admitted+O2 4.0 [2.0, 6.0] 3.0 [1.0, 4.0] 3.5 [2.0, 5.0] 1 vs. 2 p = 0.0063
Admitted+O2+died 4.0 [2.0, 7.0] 5.5 [3.0, 8.0]

Albumin

Discharged 40.0 [36.0, 43.0] 41.0 [36.0, 44.0] 40.0 [36.0, 43.2]
Admitted 37.0 [32.0, 41.0] 39.0 [34.0, 42.0] 37.0 [31.5, 43.0]

Admitted+O2 33.0 [28.0, 37.0] 30.0 [23.5, 35.5] 30.5 [25.0, 36.0] 1 vs. 2 p = 0.0029
Admitted+O2+died 32.0 [26.0, 38.0] 31.0 [28.0, 38.0]

C-reactive protein

Discharged 12.0 [4.6, 47.0] 9.5 [3.0, 39.8] 4.3 [3.1, 17.0]
Admitted 36.0 [12.0, 90.4] 22.0 [6.4, 65.2] 43.6 [7.8, 108.9]

Admitted+O2 70.0 [36.3, 127.0] 57.1 [18.5, 122.4] 62.4 [25.7, 128.1]
Admitted+O2+died 91.0 [40.0, 168.0] 118.8 [52.8, 201.7]

Lymphocytes

Discharged 1.1 [0.7, 1.9] 1.3 [0.9, 1.8] 1.1 [0.6, 1.6]
Admitted 0.9 [0.5, 1.4] 0.9 [0.6, 1.6] 0.8 [0.5, 1.6]

Admitted+O2 0.9 [0.6, 1.4] 0.8 [0.6, 1.2] 1.1 [0.6, 1.4]
Admitted+O2+died 0.7 [0.4, 1.2] 0.6 [0.4, 1.2]

NLR

Discharged 2.9 [1.9, 5.1] 2.4 [1.6, 4.2] 3.3 [1.7, 5.9]
Admitted 3.7 [1.9, 8.6] 3.9 [2.1, 7.5] 4.3 [2.6, 11.1]

Admitted+O2 4.5 [2.7, 9.3] 4.6 [2.1, 7.6] 5.4 [2.9, 6.8]
Admitted+O2+died 5.9 [3.1, 13.0] 6.6 [3.1, 12.3]

Neutrophils

Discharged 3.5 [2.2, 4.9] 3.2 [2.2, 4.5] 3.5 [2.0, 4.2]
Admitted 3.9 [2.2, 6.3] 3.7 [2.2, 5.8] 3.9 [3.0, 9.2]

Admitted+O2 4.4 [2.9, 6.8] 4.0 [2.1, 5.4] 5.3 [3.6, 8.3]
Admitted+O2+died 5.0 [3.0, 7.9] 5.3 [2.6, 9.6]

Platelets

Discharged 217.0 [170.0, 271.0] 229.0 [188.0, 275.0] 193.0 [130.5, 285.5]
Admitted 216.0 [149.2, 296.0] 234.0 [151.8, 311.5] 243.0 [196.5, 389.0]

Admitted+O2 192.0 [143.0, 264.0] 204.0 [143.0, 275.2] 202.5 [157.5, 312.8]
Admitted+O2+died 183.5 [110.0, 270.0] 181.0 [127.0, 287.0]

* Mann–Whitney U and Chi2 tests were used for numeric and categorical (solid cancer stage and performance
status) features, accordingly; p-values were corrected for multiple testing, using one-step Sidak correction.

We investigated whether the features remained significant in predicting the severity
of COVID-19 during each wave (Figure 1, Supplementary Table S2). Older patients were
significantly more likely to have severe outcomes in both waves 1 and wave 2, but there was
no such correlation in wave 4. Similarly, lower lymphocytes and platelets were associated
with increased severity in waves 1 and 2, but these associations were not observed in
wave 4 (Figure 1; for p-values see Supplementary Table S2). Patients with higher NEWS2,
CRP, and neutrophils, and lower albumin, had more severe outcomes in all waves.

We previously developed the CORONET score to predict the severity of COVID-19
upon patients’ presentation to hospital and to aid in deciding whether to admit or dis-
charge patients with cancer and COVID-19 [17]. In this analysis, CORONET scores were
calculated for 258, 48, and 54 patients who were included from waves 1, 2, and 4, respec-
tively, following exclusions due to missing values (Supplementary Table S3). Intriguingly,
the CORONET scores during the three waves were not significantly different (p > 0.05,
Supplementary Table S4, Figure 2), indicating consistent patient severity at the times of pre-
sentation and admission to hospital for all variants (Supplementary Table S4). Treatments
for COVID-19 for each cohort are provided in Supplementary Table S5; steroid use was
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the treatment that differed most significantly. With consistent area under the curve (AUC)
during the different waves, CORONET demonstrated its continuing capability to predict
COVID-19 severity (Figure 3). The AUC for admission was 0.82 for wave 1 vs. 0.72 for wave
2 vs. 0.80 for wave 4; the AUC for death was 0.77 for wave 1 vs. 0.78 for wave 2 vs. 0.88
for wave 4. Sensitivity, specificity, positive predictive value, and negative predictive value
for the CORONET scores in the different waves, based on the cutoffs determined in [17],
are presented in Supplementary Tables S6–S8. CORONET scores indicated that admission
was recommended for 94% of patients who required oxygen or died in wave 1, for 89%
of patients who required oxygen or died in wave 2 and for 89% of patients who required
oxygen or died in wave 4 (Supplementary Tables S6–S8 and Figure 2).

Figure 1. Known features associated with COVID-19 severity, compared during different waves and
stratified by outcome. Statistically significant differences between features within the waves were
marked by: ****—p < 0.0001, ***—p < 0.001, **—p < 0.01, *—p < 0.05; Mann–Whitney U and Chi2

tests were used for numeric and categorical (solid cancer stage and performance status) features,
accordingly; p values were adjusted using the Benjamini–Hochberg method.
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Figure 2. CORONET scores predicted for individual patients from wave 1. D614G, 2. Alpha, and
wave 4. Omicron.

Figure 3. Performance of the CORONET model in different waves. CORONET scores were calculated
for 258, 48, and 54 patients who were included from wave 1. D614G, 2. Alpha, and wave 4.
Omicron. AUC = area under the curve calculated for admission and requirement for oxygen (O2).

4. Discussion

Multiple studies have shown that patients with cancer have more severe outcomes
due to COVID-19 than do patients without cancer, due to a combination of immune
dysregulation and the effects of certain treatments, particularly those that deplete B cells
in haematological cancers [18–20]. Over time, mortality in the general population versus
mortality in members of the population who are infected has decreased during the different
waves of the pandemic [21], which is likely due to multiple factors, including country-
dependent public health measures, vaccination, and improved management of severe acute
COVID-19 disease. However, patients with cancer, in general, have been shown to have
reduced immune responses to vaccination and can present with severe COVID-19 [22–24].
It is important to note that following the first wave of the pandemic, the volume of cancer-
directed therapies offered to patients returned to normal levels. Despite this, the mortality
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rate in cancer patients also decreased in the different waves, which is reassuring for patients
who are undergoing cancer treatment.

Our study showed that features that were previously associated with COVID-19 sever-
ity in patients with cancer [2,6,25,26], such as low albumin, higher CRP, and neutrophils,
remain discriminatory in patients who present with different variants. This is important
in terms of assessing the likely severity of SARS-CoV-2 infections for individual patients.
Indeed, we validated the CORONET score’s ability to identify patients with severe COVID-
19 due to different variants and in patients with different vaccination status. The AUC
was 0.80 for admission and 0.87 for the requirement of oxygen in patients presenting with
the Omicron variant. Given the rapidly changing nature of the COVID-19 pandemic, it is
particularly important to assess the temporal stability of risk prediction models. Here, we
showed that in a small validation cohort, CORONET has a similar performance during the
different pandemic waves and in different countries.

Our study revealed that at time of presentation to hospital, markers of COVID-19
severity were similar during the different waves, despite the fact that the majority of the
patients were vaccinated during the Omicron wave. This is intriguing, as it suggests that
management of patients with COVID-19 and cancer, following their presentation with
COVID-19 to hospital, might affect outcomes. Vaccination may also affect the likelihood of
mortality in severe COVID-19 patients [14]; however, we note that there was an increased
use of steroids (40% in wave 1 88% in wave 2, and 94% in wave 4) in patients requiring
oxygen, which may have had a significant impact, as other treatments were rarely used in
our cohorts. The improvement in mortality (26.5% in wave 1, 13.1% in wave 2), particularly
in wave 2 where no patients were vaccinated, could be associated with steroid treatment.
Therefore, studies evaluating the differences in COVID-19 outcomes over time should
consider not only vaccination, but also post-infection management. However, there were
significant amounts of missing data in our analysis, and to test these findings further, we
propose to examine steroid use and mortality in vaccinated and non-vaccinated cancer
patients, in larger cohorts. Based on the RECOVERY Phase III trial data in the general
population and the interesting observations in our cohorts, we emphasise that it is essential
that all patients with cancer and COVID-19, requiring oxygen, are managed with steroids
unless contraindicated [12]. Of note, we observed that the disease stage of cancer in patients
who present to hospital with COVID-19 was higher in waves 2 and 4 than in wave 1. This
difference suggests that cancer severity may have an effect on the necessity for admission;
however, the patients’ performance status was similar, which indicates that the situation is
more complex. Larger cohorts are needed to consider this further. We also observed age
differences in patients who presented during the different waves, with wave 2 patients
having a lower median age. This may be due to the vaccine rollout, which targeted older
patients first, or it may be that younger patients were more likely to become infected due to
social factors, as observed in other studies [27].

The main limitation of this study was the small size of cohorts, particularly the cohort
size of the Omicron wave. This factor may have affected the levels of significance for
some of the statistical tests, particularly in the comparisons between wave 4 and wave
1. Significant data were missing, particularly in terms of the treatments used to manage
COVID-19. In addition, due to this study’s retrospective nature, there was no centrally
determined COVID-19 management plan; therefore, treatment of COVID-19 varied among
the various treatment centres. Nonetheless, this study provides important provisional
insights, associated with different pandemic waves, into the features of patients with cancer
and COVID-19. These insights may be further examined in larger studies in the future.

5. Conclusions

Patients with cancer who present and are admitted to hospital with COVID-19 have
similar features of severity, which remain discriminatory despite differences in SARS-
CoV-2 variants and vaccination status. Survival improved following the first wave of the
pandemic, which, at time of presentation to hospital, may be related to both vaccination
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and the increased steroid use in patients who require oxygen. The CORONET model
demonstrated good performance, independent of the SARS-CoV-2 variants.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14163931/s1, Table S1: Number of patients in the dataset
obtained from 12 participating hospitals in the UK, 2 hospitals in Spain, 4 hospitals in the USA,
and as part of the ESMO-CoCARE registry, hospitals throughout the world, excluding the USA,
Canada and Latin America. Table S2: Known features associated with COVID-19 severity compared
between different waves, stratified by outcome. Table S3: Number of patients selected for CORONET
validation before and after exclusion based on the criteria for missing values. Table S4: Predicted
CORONET score for patients from wave D614G, Alpha and Omicron waves. Table S5: Treatments for
COVID-19 amongst patients used to evaluate CORONET. Table S6: Sensitivity, specificity, Positive
Predictive Value and Negative Predictive Value for admission, requirement for oxygen in relation to
the threshold defined by the CORONET score for 258 patients from D614G wave. Row highlighted
in grey signifies the admission threshold. Table S7: Sensitivity, specificity, Positive Predictive Value
and Negative Predictive Value for admission, requirement for oxygen in relation to the threshold
defined by the CORONET score for 48 patients from Alpha wave. Row highlighted in grey signifies
the admission threshold. Table S8: Sensitivity, specificity, Positive Predictive Value and Negative
Predictive Value for admission, requirement for oxygen in relation to the threshold defined by
the CORONET score for 54 patients from Omicron wave. Row highlighted in grey signifies the
admission threshold.
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