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Early mortality in patients @
with cancer and COVID-19 infection treated
with immunotherapy
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Abstract

Background Immunotherapy in the presence of COVID-19 infections raises concerns because of potential
overlapping clinical complications and immune system enhancement. Further investigation is warranted to establish
its safety and to improve clinical decisions.

Methods We conducted a retrospective cohort study using linked health administrative data from Ontario, Canada
to assess 30-day mortality in patients with solid tumors who were treated with immunotherapy within 120 days
before testing positive for COVID-19. A stepwise multivariable logistic regression model was used to identify clinical
factors associated with 30-day mortality.

Results Between January 2020 and April 2023, 281 patients tested positive for COVID-19 and were included in our
study. The mean age was 68 (Standard Deviation: 10.3), 45% (127/281) were females and 58% (163/281) had lung
cancer. 59% of patients (167/281) were treated with single agent immunotherapy, and almost 80% received at least
one dose of COVID-19 vaccine. The 30-day mortality was 22% (63/281) and < 5% of patients were admitted to ICU or
required ventilation. Factors associated with higher mortality were older age (Odds Ratio (OR) 1.60, 95% confidence
interval (Cl) 1.07-2.39), prior radiation therapy (OR 2.38, 95%Cl 1.08-5.28), lower hemoglobin (< 10 g/dl) (OR 4.08,
95%Cl 1.89-8.82) and higher leucocytes count (> 1 1,000/mm?) (OR 3.63, 95%C] 1.55-8.52).

Conclusions Immunotherapy does not seem to increase the risk of 30-day mortality in patients with COVID-19
infections compared to published outcomes of patients with cancer and COVID-19. Mortality was associated with
certain clinical characteristics that need to be carefully examined when prescribing immunotherapy during future
comparable pandemics.
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Introduction

A pandemic related to coronavirus disease (COVID-
19) was declared early in 2020 with devastating effects
and immense strain on the healthcare system in gen-
eral and particularly on patients with cancer related
to delayed diagnosis and delays in treatment start [1,
2]. Moreover, mortality rates related to COVID-19
seem to be significantly higher in patients with cancer
compared to the rest of the population. Several stud-
ies including systematic reviews and meta-analyses
reported a mortality rate as high as 25 to 30% [3-6]
among patients with cancer. This rate varied depend-
ing on age, tumor site and other characteristics.

Patients with cancer might have an augmented
immune response to infection secondary to immu-
nomodulatory drugs, such as programmed cell death
1 or programmed cell death ligand 1 inhibitors (PD-
1, PD-L1 inhibitors) which may aggravate the clini-
cal course of COVID-19. Furthermore, immune side
effects such as pneumonitis can be serious and fatal
events associated with the use of immune checkpoint
inhibitors (ICI) known as immunotherapy and can also
be related to COVID-19. As such, concerns emerged
around ICI use in patients who test positive for
COVID-19, because of potential overlapping clinical
complications and immune system enhancement. Only
a few studies looked at the outcomes of patients with
cancer undergoing active anti-cancer therapy includ-
ing chemotherapy, radiation therapy, surgery, and
ICI with mixed results [7-9]. A recent meta-analysis
showed that the COVID-19 mortality rate did not sig-
nificantly differ between patients with cancer whether
they were undergoing anti-cancer treatments or not
[7].

The safety of using immunotherapy in patients with
COVID-19 infections is not well established and mixed
results were reported warranting further investigations
for better clinical decisions to avoid unnecessary treat-
ment delays that may compromise cancer-related out-
comes. Understanding the full scope and impact of ICI
treatment in patients with COVID-19 is vital to inform
treatment decisions and provide better quality of care.
As such, we aimed to look at the mortality rates in
patients with cancer treated with immunotherapy who
tested positive for COVID-19 in Ontario, Canada.

Methods

Study design

We conducted a retrospective cohort study in Ontario,
Canada’s most populous province with a universal
healthcare system using health administrative data
at ICES (supplementary 1). ICES is an independent,
non-profit research institute whose legal status under
Ontario’s health information privacy law allows it
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to collect and analyze health care and demographic
data, without consent, for health system evaluation
and improvement. Our study adhered to the RECORD
guidelines for health data research [10].

Data sources

The databases used in our study are described in sup-
plementary Table 1. These datasets were linked using
unique encoded identifiers and analyzed at ICES.

Population

Our study included patients with advanced mela-
noma, lung, bladder, head and neck, kidney or Merkel
cell and squamous cutaneous cancers (supplementary
Table 2) in Ontario who were treated with immuno-
therapy between January 2020 and April 2023. Eligible
immunotherapy drugs were avelumab, ipilimumab,
nivolumab, pembrolizumab, atezolizumab, cemipli-
mad and durvalumab. Cancer diagnosis was identified
from the Ontario Cancer Registry database and treat-
ment with immunotherapy was identified from the
Cancer Activity Level Reporting (ALR) and the New
Drug Funding Program (NDFP) databases. The cancer
sites were comprised of malignancies for which immu-
notherapy was approved in Ontario at the time of the
study. Patients with another cancer diagnosis between
starting immunotherapy and 5 years prior to their
study diagnosis were excluded to avoid the impact of
other systemic therapies for different cancers during
the same time. Similarly, patients who did not have a
positive COVID-19 test result within 120 days after
their immunotherapy treatment were excluded. The
codes used for cancer diagnosis and systemic therapy
are listed in supplementary Table 3.

Baseline characteristics and other variables

The following patient and tumor characteristics were
included: age at the time of positive COVID-19 testing,
sex, income quintile, rurality, tumor site, disease stage,
cancer centre facility level where immunotherapy was
given [level 1 being the most complex level of care
delivery and service availability (supplementary meth-
ods 2) [11]], Charlson Comorbidity Index, Edmonton
Symptom Assessment System (ESAS) scores within
60 days prior to COVID-19 testing, laboratory values
within 60 days prior to COVID-19 testing [hemoglo-
bin (<or > =10 g/dl), white blood cells (> or <=11,000/
mm?), platelets (<=or >350,000/mm?), lymphocyte
count (<or >=1.1%x10° ), AST (>or <=40U/L), ALT
(>or >=40U/L), CRP (>or < =10 mg/L), albumin (<or
>=35 g/L), calcium (>or <=2.55mmol/L), creatinine
(<=or >100umol/l), neutrophil to lymphocyte ratio
(NLR), body mass index (BMI)(< or > =25), and hospi-
tal admission and emergency department visits within



Raphael et al. BMC Cancer (2025) 25:922

60 days prior to COVID-19 testing. Treatment charac-
teristics included prior receipt of chemotherapy within
the previous year or radiation therapy within 60 days
prior to COVID-19 testing, ICI type (single agent vs.
combination therapy), COVID-19 vaccination status
(number of doses) and time since immunotherapy ini-
tiation. The details on how each variable was opera-
tionalized are shown in supplementary Table 4.

Outcomes

The primary outcome of this study was mortality
within 30 days of testing positive for COVID-19 as an
inpatient or outpatient (index date). We also looked
at the clinical factors associated with the 30-day mor-
tality, ICU admissions and ventilation rates within 30
days, and overall survival.

Statistical analysis

Continuous baseline characteristics for the cohort
were summarized using means with standard devia-
tions and medians with interquartile ranges as appro-
priate; categorical variables were summarized using
counts and proportions.

An unadjusted analysis followed by a multivariable
logistic regression model were used to evaluate fac-
tors associated with the 30-day mortality. A stepwise
regression method was used to select variables to
include in the final model. A significance level of 0.20
was used to select variables to enter the model and a
significance level of 0.25 was used to delete variables
from the model. Variables with significant missing-
ness were not considered (>15%). Adjusted odds ratios
(ORs) and 95% confidence intervals were reported.
Collinearity and model validity were assessed.

Overall survival was defined as the time from
COVID-19 testing until the date of death, censoring on
the end of the study period if no death occurred. The
probability of survival over time was estimated using
Kaplan-Meier (KM) curves.

Throughout, p-values of <=0.05 were considered
statistically significant. To protect patient privacy, cell
sizes less than or equal to five are not reported. All
analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, NC).

Results

Population

Among 14,444 patients with cancer treated with
immunotherapy, 281 tested positive for COVID-19 by
polymerase chain reaction (PCR) testing within 120
days after treatment and were included in this study
(Fig. 1). The median age was 69 years (IQR 62-76),
45% (N=127) were female and 58% had lung cancer
(N=163). More than half of the patients (62%) were
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treated in a level 1 or level 2 cancer centre, almost a
third (29%) had prior radiation therapy and almost
all patients had prior chemotherapy. Almost 60%
of patients had a Charlson comorbidity score of 3 or
higher and were treated with single agent immuno-
therapy. The 2 most common immunotherapy drugs
used were pembrolizumab and nivolumab. At the
time of COVID-19 test, 46 patients (16%) had ele-
vated white blood cells (>11,000/mm3), 26% had
anemia (Hb<10 g/dl), and 47% had lymphopenia
(<1.1x109/L). Furthermore, 57% of patients had an
elevated BMI (> =25) and a median neutrophil to lym-
phocyte ratio of 6 (IQR 3-11). The details of patients’
characteristics are presented in Table 1.

Mortality

Among 281 eligible patients, 63 (22%) died within 30
days of testing positive for COVID-19. A minority of
patients (<5%) were admitted to the ICU or needed
ventilation. The median survival was 6.03 months
(95%CI, 1.28-27.5) (Fig. 2).

Factors associated with mortality

In the unadjusted models, having a prior emergency
department visit, prior hospital admission, prior radia-
tion therapy, de novo stage 4 cancer, low hemoglobin,
elevated white blood cells, low albumin levels, and
lower NLR were associated with a higher risk of 30-day
mortality. Factors associated with a lower risk of mor-
tality were tumor site (lung cancer and head and neck
cancer compared to melanoma) and higher income
quintile (4 vs. 1). Results from the unadjusted models
are presented in Table 2.

The candidate variables considered for the stepwise
multivariable logistic regression model were age, sex,
income quintile, rurality, tumor site, cancer centre
level, Charlson score, prior emergency department
visit, prior hospital admission, previous radiation ther-
apy and chemotherapy, hemoglobin, white blood cells,
platelets, BMI and immunotherapy drug type. The
final adjusted model included age, income quintile,
tumor site, hospital admission, prior radiation therapy,
hemoglobin, white blood cells and platelets. Older age
was associated with a higher risk of 30-day mortality
(every additional 10 years, OR 1.60 (95% CI, 1.07-
2.39), as were prior hospital admission and prior radia-
tion therapy (OR 1.80, 95% CI 0.86-3.76 and OR 2.40,
95% CI, 1.08-5.28, respectively). Furthermore, lower
hemoglobin (Hb<10 g/dl) and higher white blood
cells (>11,000/mm3) were associated with a higher
risk of death (OR 4.08, 95% CI, 1.89-8.82 and OR
3.63, 95%CI, 1.55-8.52, respectively). Higher income
quintile (income quintile 4 vs. 1) was associated with
a lower risk of mortality (OR 0.24, 95%CI, 0.08-0.74).
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Patients with bladder, head and neck,
lung, melanoma, Merkel, squamous
skin or kidney tumors that received at
least one immunotherapy treatment
N= 14,444 patients

Excluded (n<=15)
- Missing or invalid ICES Key Number
- Missing or invalid age

The number of subjects after data
cleaning exclusions and linking
administrartive datasets
N <=14,430 patients

- Missing or invalid sex

- Death on or before index date
- Non-Ontario resident

- Age <18 yearsold

Other cancer diagnosis between
diagnosis date of cancer of interest
and immunotherapy start date and

Number of patients
N= 12,905 patients

other cancer diagnosis 5 years before
diagnosis date of cancer of interest (n
<=1,525)

No positive COVID-19 test within 120

Number of patients
N= 281 patients

Fig. 1 Flow chart

The adjusted model and the Receiver Operating char-
acteristic (ROC) curve are represented in Table 2;

Figs. 3 and 4.

Fig. 2 Overall survival
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(n=12,624)
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In this population-based study, we report that 22%
of patients with cancer treated with immunotherapy
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Table 1 Baseline characteristics

Baseline characteristics N=281
Median age at index date* (IQR) 69 (62-76)
Female, N (%) 127 (45%)
Income quintile, N (%)

Quintile 1 68 (24%)
Quintile 2 59 (21%)
Quintile 3 55 (20%)
Quintile 4 58 (21%)
Quintile 5 40 (14%)
Tumor site, N (%)

Head and neck 30 (11%)
Skin/Melanoma 40 (14%)
Kidney 28 (10%)
Bladder 20 (7%)
Lung 163 (58%)
Treating Cancer Centre level, N (%)

Level 1 94 (34%)
Level 2 80 (28%)
Level 3 60 (21%)
Level 4 28 (10%)
Missing 19 (7%)
Prior radiation therapy. Yes, N (%) 80 (29%)
Hospital admission before index date. Yes, N (%) 87 (31%)
ED visits before index date. Yes, N (%) 209 (74%)
Charlson comorbidity index

0 13-16 (5%)
1 <=5

2 35 (13%)
3+ 166 (59%)
No hospitalization <=60
Immunotherapy type, N (%)

Immunotherapy single agent 167 (59%)
Combination therapies 114 (41%)
WBC

>11,000/mm3 46 (16%)
<=11,000/mm3 199 (71%)
Hb

<10g/dl 73 (26%)
>=10g/dI 185 (66%)
Platelets

>350,000/mm? 46 (16%)
<=350,000/mm?> 204 (73%)

Lymphocyte count
<1.1x10%L

>=1.1x10%L

Median Neutrophil/lymphocyte ratio (IQR)
BMI

>=25

<25

COVID-19 vaccine. Yes, N (%)
0 doses

1 dose

>=2 doses

Mean days since immunotherapy start date (SD)

133 (47%)
83 (30%)
6(3-11)

159 (57%)
101 (36%)

13 (5%)

6 (2%)

216 (77%)
718 +/-83.8

*COVID-19 testing
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in Ontario died within 30 days of testing positive for
COVID-19. The mortality rate seems in line with what
was reported in the literature. Furthermore, we have
shown that certain clinical factors including older age,
lower hemoglobin, higher white blood cells, prior radi-
ation therapy and hospital admission were associated
with a higher risk mortality. This is in line with previ-
ous reports showing that anemia and leukocytosis are
worse prognostic factors and previous radiation ther-
apy particularly prior lung irradiation with larger fields
[12-14]. During and after the pandemic, cancer was
shown to be a factor associated with worse survival
and increased mortality among patients who tested
positive for COVID-19 compared to patients without
a cancer diagnosis [15, 16]. This is not surprising as
typically patients with cancer are more vulnerable with
their immunosuppressive state. The question we tried
to address in this study is whether the use of immuno-
therapy would affect the outcomes in that setting. This
is based on some reports showing that a subgroup of
patients with COVID-19 may develop a cytokine storm
syndrome which is of particular concern in the context
of immunotherapy while others show that immuno-
therapy may interrupt the T cell exhaustion and deple-
tion and augment the immune system response [17,
18]. In a prospective study, 32% of patients with cancer
on treatment died within 30 days of their COVID-19
infection [19]. This included any type of treatment for
cancer and the study did not have a breakdown of the
type of systemic therapy. In another report, mortal-
ity was at 38% and most of the patients in this study
were not vaccinated [20], unlike our study where most
patients were vaccinated. Furthermore, in that study,
being on active systemic therapy including chemo-
therapy and immunotherapy did not increase the risk
of mortality compared to patients on no active treat-
ment for solid tumors but the risk was increased in
patients with hematologic malignancies [20]. Smaller
studies looked at the outcomes in patients treated with
immunotherapy and in one report with 61 patients,
24% of patients on immunotherapy treatment died
post COVID-19 and this number decreased when
adjusted for comorbidities and vaccination status [21].
In another small study, 110 patients on immunother-
apy were included and 16% if patients died after hav-
ing COVID-19 [9]. Overall, the mortality rate does not
seem to be higher than most of the reports on mor-
tality in patients with cancer [19-23] while we recog-
nize that some studies showed a lower rate of mortality
compared to ours [5, 24]. Furthermore, immunother-
apy does not appear to increase the risk of death com-
pared to patients with cancer on other therapies or no
therapies.
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Table 2 Factors associated with early mortality (unadjusted and adjusted analysis)

Factors associated with mortality Unadjusted analysis

Adjusted analysis

Unit OR (95% Cl) Pvalue OR (95%Cl) Pvalue
Age Every additional 10 years 1.23(0.92-1.63) 0.16 1.6 (1.07-2.4) 0.02
Sex Reference =Male 0.96 (0.55-1.69) 0.89 Not included
Income quintile Reference=quintile 1 0.70 (0.32-1.54) 037 0.54 (0.19-147) 0.22
Quintile 2 0.50(0.21-1.18) (AN 042 (0.14-1.26) 0.12
Quintile 3 041 (0.17-0.99) 0.04 0.24 (0.08-0.74) 0.013
Quintile 4 0.65 (0.26-1.60) 035 041(0.13-1.31) 0.13
Quintile 5
Rural Reference =urban 142 (0.53-3.82) 0.49 Not included
Tumor site Reference = Skin/melanoma 045 (0.21-0.96) 0.04 0.38(0.14-1.04) 0.06
Lung 0.62 (0.21-1.81) 038 0.96 (0.24-3.84) 0.95
Kidney 0.13(0.03-0.64) 0.01 0.21(0.04-1.2) 0.08
Head & neck 124 (041-3.74) 0.70 1.19(0.27-5.1) 0.82
Bladder
Cancer centre level Reference=level 1 1.32(0.64-2.72) 0.46 Not included
Level 2 0.84 (0.36-1.98) 0.70
Level 3 2.0 (0.78-5.14) 0.15
Level 4
Charlson score Reference=0 2.8(0.33-23.8) 035 Not included
No hospitalization 3.5 (0.18-69.34) 041
1 2.33(0.25-21.9) 046
2 5.37(0.69-41.99) 0.11
3
ED visit Yes. vs. no 2.86 (1.29-6.34) 0.01 Not included
Hospitalization Yes. vs. no 235(1.32-42) 0.004 1.8 (0.86-3.76) 0.12
Radiation therapy Yes. vs. no 234 (1.3-4.2) 0.005 2.38(1.08-5.28) 0.03
Chemotherapy Yes. vs.no >999 ” Not included
Hemoglobin <10vs.>=10g/dl 3.55(1.92-6.56) <0.0001 4.08 (1.89-8.82) 0.0003
WBC >11,000 vs. <=11,000/mm? 3.94(1.98-7.81) <0.0001 3,63 (1.55-8.52) 0.003
Platelets 0.350,000 vs. <=350,000/mm> 1.11(0.52-2.36) 0.79 0.57 (0.21-1.58) 0.28
Lymphocyte count <1.1vs. >=1.1x10%L 1.19(0.62-2.3) 0.6 Not included
Neutrophil to lymphocyte ratio 1.045 (1.02-1.08) 0.003 Not included
BMI >=25vs. <25 0.91 (0.5-1.64) 0.74 Not included
Immunotherapy type Combination vs. single agent 1.04 (0.59-1.84) 0.9 Not included

Some limitations of our study include its retro-
spective non-comparative nature and our inability
to capture the cause of death to determine whether
patients’ death was directly related to COVID-19 or
to their cancer. Furthermore, key factors such as per-
formance status (ECOG) and COVID-19 symptoms
were not captured in our analysis, and we did not look
at long term outcomes along with patients’ quality of
life which should be considered in future research to
provide more comprehensive guidance for clinical
treatment. It is also important to mention that test-
ing positive for COVID-19 was based on PCR testing
and not rapid antigen testing, and as such, our num-
bers may be an underestimation of the true numbers
we have in Ontario.

Despite some limitations, to our knowledge,
our report is one of the largest studies investigat-
ing mortality in patients with cancer, treated with
immunotherapy, who tested positive for COVID-19.
Furthermore, with our model, we were able to adjust

for important clinical factors associated with worse
mortality including age, and laboratory values (hemo-
globin and white blood cells); these factors are neces-
sary for treatment decisions.

Our report was able to provide valuable insights and
adds to the body of literature to show that in general
patients with cancer treated with immunotherapy do
not carry a significantly higher risk of 30-day mortal-
ity compared to patients with cancer in general. Learn-
ing from this pandemic, one area we can improve
is to have real-time data analyses to assess patients’
outcomes and help with treatment decision during
the pandemic rather than waiting years before retro-
spectively reporting the outcomes. As such, the evi-
dence we have supports continuing treating patients
with immunotherapy in the event of having COVID-19
infection and treatment cessation or delay is not war-
ranted. Yet, this needs to be cautiously applied as some
clinical variables may be associated with a higher risk
of mortality. For patients with higher risk, there may
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Fig. 4 Forest plot for the variables associated with 30-day mortality
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be a role for pre-exposure prophylaxis or prevention
using approved therapies. Patients’ selection is essen-
tial and a risk-benefit assessment with the patient is
needed especially that stopping treatment may be det-
rimental with the disease progression and in patients
with potentially long-term benefit. Additionally, the
generalizability of the results needs to be carefully
considered especially with the rapid changing in the
epidemiology of the virus over time and space. Overall,
the results from this study and other reports are infor-
mative for future pandemics and show the importance
of vaccination that is in line with previous reports on
the safety of influenza vaccine in patients treated with
immunotherapy [25, 26].

Conclusion

Immunotherapy does not seem to increase the risk
of 30-day mortality in patients with cancer who test
positive for COVID-19. We identified certain clinical
factors associated with a higher risk of mortality that
need to be carefully considered to help with the treat-
ment decision.
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