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Abstract
Cancer patients are a vulnerable population in the current coronavirus disease 2019 (COVID-19) outbreak. The impact of 
immune checkpoint inhibitors (ICIs) on the outcomes of COVID-19 infection in cancer patients remains largely unclear. We 
retrospectively investigated all solid cancer patients who received at least one cycle of ICIs at a single institution between 
August 2020 and August 2021. All stage IV solid cancer patients who were on or ceased ICI treatment when diagnosed with 
COVID-19 were eligible. All COVID-19 infections were confirmed by RT-PCR. Risk factors for hospitalization, severe 
symptoms, and death were analyzed. A total of 56 patients were included in our study. Twenty (35.7%) patients require 
hospitalization, 12 (21.4%) developed severe symptoms, and 10 (17.9%) died from COVID-19 infection. ICI treatment 
was interrupted in 37 patients (66.1%), 24 of whom (64.9%) had treatment resumed. Eight (80%) COVID-19-related death 
occurred in unvaccinated individuals. Reinfection occurred in seven patients (12.5%), and three of them died from their 
second COVID-19 infection. Factors associated with hospitalization were high Charlson comorbidity score (OR 1.56, 95% 
CI 1.10–2.23, p = 0.01) and lymphocyte ≤ 1500 mm3 (OR 10.05, 95% CI 2.03–49.85, p = 0.005). Age, chemoimmunotherapy, 
and ICI treatment duration were not associated with increased risk of hospitalization, severe symptoms, or COVID-19-re-
lated mortality. ICI therapy does not impose an increased risk for severe COVID-19 infection in stage IV cancer patients. 
Vaccination should be encouraged among this population. Clinicians should be cognizant of a potential worse outcome in 
COVID-19-reinfected patients.
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Introduction

The global coronavirus disease 2019 (COVID-19) pan-
demic has brought about a significant burden on the health 
care system, posing challenges to cancer patient care [1, 2]. 
Compared to those without malignancies, cancer patients 
are more likely to develop severe symptoms and worse 
outcomes, owing to comorbidity-related and overall immu-
nosuppressive status caused by both cancer and anticancer 
treatment such as chemotherapy [3, 4].

Immune checkpoints consist of both stimulatory and 
inhibitory pathways that regulate the immune system. Pro-
grammed cell death 1 (PD-1), programmed cell death ligand 
1 (PD-L1), and cytotoxic T lymphocyte-associated protein-4 
(CTLA-4) are immune checkpoint proteins that play pivotal 
roles in tumor evasion from antitumor immunity [5, 6]. By 
blocking these inhibitory checkpoint proteins, the immune 
checkpoint inhibitors (ICIs) promote T cells to attack cancer 
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cells [7]. Over the last decade, ICIs including PD-1/PD-L1 
inhibitors and CTLA-4 inhibitors have revolutionized can-
cer management and are fundamental to the management of 
various types of advanced stage solid cancers, including lung 
cancer, melanoma, and kidney cancer [8–10].

Data regarding the ICI impact on the risk of severe infec-
tion and mortality in COVID-19-infected cancer patients are 
rather limited. Theoretically, the ICIs could either allevi-
ate or aggravate COVID-19 severity. On the one hand, it 
is documented that during viral infections, blocking PD-1 
pathway enhances viral elimination by preventing or mitigat-
ing T cell exhaustion, avoiding the suppression of antiviral 
immune responses [11, 12]. Studies indicate that COVID-19 
may cause T cell exhaustion by continuous PD-1/PD-L1/
CTLA-4 expression, and ICI treatment may exert antivi-
ral effect by counteracting the COVID-19-induced T cell 
immunologic impairment [13–15]. Currently, a few clinical 
trials (e.g., NCT04335305, NCT04343144, NCT04413838, 
NCT04356508, NCT04333914, and NCT04268537) have 
been registered at ClinicalTrials.gov to examine the ICI 
efficacy in COVID-19-infected patients [16]. On the other 
hand, ICIs have been associated with a spectrum of autoim-
mune toxic effects, termed immune-related adverse events 
(irAEs) [17, 18], including immune-related pneumonitis. 
COVID-19 is characterized by increased cytokine produc-
tion. Cytokine release syndrome (CRS) has been reported 
in patients receiving ICIs as well as those infected with 
COVID-19 [19–21]. The hyperimmune condition associated 
with both the ICI treatment and COVID-19 may simultane-
ously cause an adverse immune hyperactivation. Moreover, 
the potential overlap between immune-related pneumonitis 
and COVID-19-associated interstitial pneumonia may have 
a possible synergistic effect in causing the lung damage in 
ICI-treated cancer patients [19]. Nevertheless, immunosup-
pressive therapies required for irAE treatment can inhibit 
antiviral immune response and potentially increase the risk 
of COVID-19 infection.

It remains unclear whether ICIs are beneficial in treating 
COVID-19 infection by exerting antiviral immune response, 
or they may play a detrimental role by causing excessive 
inflammation leading to adverse outcomes in COVID-19-in-
fected patients. Therefore, we carried out this retrospective 
study to investigate the impact of ICI treatment on the sever-
ity of COVID-19 in cancer patients.

Materials and Methods

We retrospectively investigated all adult solid cancer patients 
who received at least one cycle of ICIs (PD-1/PD-L1/
CTLA4 inhibitors) either as monotherapy or as multi-agent 
therapy at AdventHealth Orlando infusion center between 
August 1, 2020, and August 31, 2021. All stage IV cancer 

patients who were on or ceased ICI treatment when diag-
nosed with COVID-19 were eligible. Combinations of ICI 
with chemotherapy or vascular endothelial growth factor 
inhibitors were allowed. Exclusion criteria included patients 
with prior ICI treatment who were on non-ICI anticancer 
treatment (chemotherapy, target therapy, and radiotherapy) 
at the time of COVID-19 diagnosis and patients who were 
tested positive for COVID-19 before their first dose of ICIs. 
All patients were tested for COVID-19 by reverse transcrip-
tion polymerase chain reaction (RT-PCR) during each treat-
ment cycle per institutional policy. Patients were deemed 
to have COVID-19 infection if an RT-PCR test from the 
nasopharyngeal swab was positive for severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2).

Patient records were individually reviewed to identify 
eligible patients. We collected data regarding patient demo-
graphics, comorbidities, Eastern Cooperative Oncology 
Group (ECOG) performance status score, and body mass 
index (BMI) at the time of COVID-19 infection, cancer his-
tology, ICI therapy-related data, COVID-19 vaccination-
related data, COVID-19 laboratory data (in those who had 
laboratory tests available within 3-days of COVID-19 diag-
nosis), COVID-19 treatment data, and survival outcomes 
related to COVID-19 infection.

The COVID-19 severity was defined as mild for cases 
not requiring supplemental oxygen and not requiring hospi-
talization, moderate for cases requiring hospitalization but 
not meeting criteria for severe cases, and severe for cases 
requiring high-flow oxygen therapy, intensive care unit 
(ICU) admission, need for mechanical ventilation including 
noninvasive, and invasive mechanical ventilation, or death 
due to COVID-19. The time to COVID-19 infection was 
defined as the time between the day of ICI therapy initiation 
and the day of positive COVID-19 test. Follow-up time since 
the ICI initiation was defined as the time from the start of 
the ICI therapy to the date of death or last available visit. 
Follow-up time since the COVID-19 diagnosis was defined 
as the time from the date of positive COVID-19 RT-PCR 
result to the date of death or last available visit. The minimal 
follow-up duration for alive patients was 30 days since the 
COVID-19 diagnosis. The censor date was set at March 10, 
2022. This study was approved by the Institutional Review 
Board at AdventHealth Orlando.

Statistical Analyses

Differences between the hospitalized and the non-hos-
pitalized groups were analyzed using Student’s t test for 
continuous variables and Chi-square or Fisher’s exact test 
for categorial variables, as applicable. Univariate logistic 
regression were used to assess the risk factors associated 
with COVID-19-related hospitalization, severe COVID-19 
symptoms, and COVID-19-related death. Due to limited 
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number of events, multivariate analysis was not performed. 
OR (odds ratio) and associated 95% CI (confidence interval) 
were reported. All p values were two-sided. The differences 
between groups were considered statistically significant if 
p < 0.05. All analyses were done using GraphPad Prism and 
R version 4.0.

Results

Demographics and Clinical Characteristics 
of the Patients

From August 1, 2020, to August 31, 2021, 590 cancer 
patients received at least one cycle of ICI. Among them, 
82 patients (13.9%) tested positive for COVID-19 with the 
earliest infection occurring on April 21, 2020, and the latest 
infection on February 8, 2022. In the 82 COVID-19-positive 
patients, 26 patients were excluded due to COVID-19 infec-
tion onset prior to ICI initiation (nine patients), non-stage 
IV status (four patients), or actively receiving other types of 
therapy after the cessation of ICI treatment when diagnosed 
with COVID-19 (13 patients). Finally, a total of 56 patients 
with stage IV malignant solid tumors were included that 
formed the basis of our study analysis.

Table 1 shows the demographic and clinical characteris-
tics of the 56 patients. The median patient age was 67 years 
(range, 41–91), and 62.1% cases were female. A total of 32 
patients (57.1%) were current or former smokers. The most 
common cancer subtype was thoracic cancer (35.7%), fol-
lowed by genitourinary (21.4%) and gynecologic cancers 
(19.6%). At least one of the specified comorbidities were 
present in 85.7% patients, including chronic obstructive 
pulmonary disease (COPD), non-COPD lung disease, coro-
nary artery disease, hypertension, congestive heart failure, 
diabetes, and chronic kidney disease stage 3 and above. All 
but two patients were actively receiving ICI treatment when 
infected with COVID-19. Most patients (91.2%) received 
PD-1 or PD-L1 inhibitor monotherapy including pembroli-
zumab (53.6%) and nivolumab (17.9%), followed by atezoli-
zumab (14.3%) and durvalumab (5.4%). Thirteen patients 
(23.2%) had chemotherapy within 3 months prior to COVID-
19 diagnosis, of which 12 patients (21.4%) were on active 
chemoimmunotherapy when infected with COVID-19.

The majority of patients were treated in the outpatient 
setting (non-hospitalized group, n = 36, 64.3%), while 20 
patients (hospitalized group, 35.7%) required hospital admis-
sion including four (7.1%) ICU admissions for COVID-19 
management. The baseline characteristics of patients who 
were hospitalized were similar to those who weren’t hos-
pitalized in terms of age, gender, ethnicity, ECOG perfor-
mance status, cancer histology, ICI type, smoking status, 
and obesity. Hospitalized patients had a significantly higher 

number of comorbidities (p = 0.02) and Charlson comorbid-
ity score (p = 0.004).

COVID‑19 Diagnosis and Management

The median time between the last ICI dose to COVID-19 
diagnosis was 9.5 days (range, 0–398). All but four patients 
(92.9%) were on active ICI treatment when diagnosed with 
COVID-19. Thirty patients (53.6%) were symptomatic at the 
time of COVID-19 diagnosis, including 20 out of 20 hos-
pitalized patients (100%) and 10 out of 36 non-hospitalized 
patients (27.8%).

Of the 20 hospitalized patients, half of them chose to do 
not resuscitate (DNR) (n = 8, 40%) or limited to non-invasive 
mechanical ventilation only (n = 2, 10%); therefore, they 
were not intubated or admitted to the ICU. Twelve patients 
(60%) developed severe symptoms. Oxygen therapy was 
administered to 18 patients, including low-flow delivery in 
nine patients (45%), high-flow delivery in seven patients 
(35%), and mechanical ventilation in two patients (10%). 
None of these patients received extracorporeal membrane 
oxygenation.

Of the entire cohort, systemic corticosteroid was given 
to 20 patients (35.7%); antibiotics and antiviral agents were 
given to 21 (37.5%) and 17 patients (30.4%), respectively; 
tocilizumab, baricitinib, and convalescence plasma were 
given to three (5.4%), one (1.8%), and three (5.4%) patients, 
respectively.

ICI Interruption and Resumption

In the entire cohort, ICI was interrupted in 37 patients 
(66.1%), 24 of whom (64.9%) had resumed at the time of 
data cut-off. A significantly higher ICI interruption rate 
was seen in the hospitalized patients (17 of 20, 85%), while 
in the non-hospitalized group, 55.6% (20 of 36) had ICI 
interrupted. The ICI resumption rate was also lower in the 
hospitalized group (35.3% vs. 90%, p = 0.001). Of all the 
asymptomatic patients in the non-hospitalized group, 12 
of 26 (46.2%) cases continued their ICI treatment without 
interruption, while 14 out of 26 patients (53.8%) had ICI 
interrupted and later resumed.

Vaccination

Twenty patients (35.7%) received COVID-19 vaccination 
prior to COVID-19 infection. Twenty unvaccinated patients 
later received their COVID-19 vaccine after recovery from 
COVID-19 infection, which increased the total vaccination 
patient number to 40 (71.4%). Although the rates of vaccina-
tion prior to COVID-19 infection between hospitalized and 
non-hospitalized group were not statistically significant, in 
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Table 1   Patients’ demographic, clinical characteristics, and treatment regimens

Variable Total
n = 56

Hospitalized
n = 20

Non-hospitalized
n = 36

p value

Age, median (range), year 67 (41–91) 69 (57–91) 66 (41–84) 0.26
Gender, n (%) 1.00

  Male 21 (37.5) 7 (35.0) 14 (38.9)
  Female 35 (62.5) 13 (65.0) 22 (61.1)

Ethnicity, n (%) 1.00
  White 39 (69.6) 14 (70.0) 25 (69.4)
  African American 7 (12.5) 2 (10.0) 5 (13.9)
  Other 10 (17.9) 4 (20.0) 6 (16.7)

ECOG score, n (%) 1.00
  0–1 55 (98.2) 20 (100.0) 35 (97.2)
  2 and beyond 1 (1.7) 0 (0.0) 1 (2.6)

Cancer type, n (%) 0.76
  Thoracic 20 (35.7) 7 (35.0) 13 (36.1)
  Genitourinary 12 (21.4) 6 (30.0) 6 (16.7)
  Gynecological 11 (19.6) 2 (10.0) 9 (25.0)
  Gastrointestinal 9 (16.1) 4 (20.0) 5 (13.9)
  Melanoma 2 (3.6) 1 (5.0) 1 (2.8)
  Breast cancer 2 (3.6) 0 (0.0) 2 (5.6)

Type of ICI, n (%) 0.84
  Pembrolizumab 30 (53.6) 11 (55.0) 19 (52.8)
  Nivolumab 10 (17.9) 3 (15.0) 7 (19.4)
  Atezolizumab 8 (14.3) 4 (20.0) 4 (11.1)
  Durvalumab 3 (5.4) 1 (5.0) 2 (5.6)
  I + N 5 (8.9) 1 (5.0) 4 (11.1)

Smoker, n (%) 0.66
  Current 8 (14.3) 3 (15.0) 5 (13.9)
  Former 24 (42.9) 10 (50.0) 14 (38.9)
  Never 24 (42.9) 7 (35.0) 17 (47.2)

PD-L1 status 0.37
   ≥ 50% 3 (5.4) 2 (10.0) 1 (2.8)
   ≥ 1% but < 50% 11 (19.6) 4 (20.0) 7 (19.4)
  Negative 15 (26.8) 3 (15.0) 12 (33.3)
  Unknown 27 (48.2) 11 (55.0) 16 (44.4)

Line of ICI therapy, n (%) 0.78
  First line 33 (58.9) 11 (55.0) 22 (61.1)
  Second line and beyond 23 (41.1) 9 (45.0) 14 (38.9)

Cancer with lung involvement, n (%) 0.33
  Yes 42 (75.0) 17 (85.0) 25 (69.4)
  No 14 (25.0) 3 (15.0) 11 (30.6)

BMI > 30 kg/m2, n (%) 0.57
  Yes 21 (37.5) 6 (30.0) 15 (41.7)
  No 35 (62.5) 14 (70.0) 21 (58.3)

Charlson comorbidity score, median (range) 9 (5–16) 10 (8–15) 9 (5–16) 0.004
Chemoimmunotherapy, n (%) 0.73

  Yes 12 (21.4) 5 (25.0) 7 (19.4)
  No 44 (78.6) 15 (75.0) 29 (80.6)

Fully vaccinated, n (%) 0.57
  Yes 20 (35.7) 6 (30.0) 14 (38.9)
  No 36 (64.3) 14 (70.0) 22 (61.1)
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the 10 patients whose primary cause of death was COVID-
19 infection, eight (80%) were unvaccinated.

Re‑infection

Of the 56 patients, seven patients (12.5%) had recurrence 
of positive COVID-19 test results after the initial COVID-
19 infection (Table 2). All of them had negative COVID-
19 RT-PCR test results in between the initial COVID-19 

Table 1   (continued)

Variable Total
n = 56

Hospitalized
n = 20

Non-hospitalized
n = 36

p value

Time to COVID-19 infection, median (range)
  Treatment cycle 8.5 (1–85) 6.5 (2–85) 10.5 (1–85) 0.85
  Days 185.5 (0–1882) 143.5 (29–1882) 190.5 (0–1732) 0.78

ICI interrupted, n (%) 0.04
  Yes 37 (66.1) 17 (85.0) 20 (55.6)
  No 19 (33.9) 3 (15.0) 16 (44.4)

ICI resumed, n (%) 0.001
  Yes 24/37 (64.9) 6/17 (35.3) 18/20 (90.0)
  No 13/37 (35.1) 11/17 (64.7) 2/20 (10.0)

Time from last ICI to COVID-19 diagnosis, median (range), days 9.5 (0–398) 17.5 (0–398) 0 (0–107) 0.03
Time from COVID-19 diagnosis to next ICI, median (range), days 28 (10–110) 45 (20–110) 25 (10–70) 0.02
Symptomatic, n (%)  < 0.0001

  Yes 30 (53.6) 20 (100.0) 10 (27.8)
  No 26 (46.4) 0 (0.0) 26 (72.2)

Oxygen requirement, n (%)
  No 38 (67.9) 2 (10.0) 36 (100.0) –
  Low-flow 9 (16.1) 9 (45.0) –
  High-flow 7 (12.5) 7 (35.0) –
  BiPAP 2 (3.6) 2 (10.0) –
  Ventilator 0 (0.0) 0 (0.0) –

ICU admission, n (%) –
  Yes 4 (7.1) 4 (20.0) –
  No 52 (92.9) 16 (80.0) –

Laboratory tests, median (range)
  Leukocyte (× 103/ul) 6.17 (0.36–41.59) 6.55 (0.36–41.59) 5.85 (2.25–10.42) 0.09
  Neutrophil (× 103/ul) 3.72 (0.06–30.78) 4.16 (0.06–30.78) 3.70 (1.12–7.25) 0.02
  Lymphocyte (× 103/ul) 1.02 (0.21–3.80) 0.56 (0.21–1.66) 1.40 (0.28–3.80)  < 0.0001
  LNR 0.33 (0.01–3.5) 0.16 (0.01–3.50) 0.38 (0.05–1.27) 0.70
  Platelet (× 103/ul) 204 (32–661) 156 (32–401) 233 (53–661) 0.08

Treatment for COVID-19
  Corticosteroid, n (%) 20 (35.7) 18 (90.0) 2 (5.6)  < 0.0001
  Remdesivir, n (%) 17 (30.4) 17 (85.0) 0 (0.0)  < 0.0001
  Antibiotics, n (%) 21 (37.5) 19 (95.0) 2 (5.6)  < 0.0001
  Tocilizumab, n (%) 3 (5.4) 3 (15.0) 0 (0.0) 0.04
  Baricitinib, n (%) 1 (1.8) 1 (5.0) 0 (0.0) 0.35
  Convalescent plasma, n (%) 3 (5.4) 3 (15.0) 0 (0.0) 0.04

Death related to COVID-19, n (%)  < 0.0001
  Yes 10 (17.9) 10 (50.0) 0 (0.0)
  No 46 (82.1) 10 (50.0) 36 (100.0)

Abbreviations: BMI, body mass index; BiPAP, bilevel positive airway pressure; ECOG, Eastern Cooperative Oncology Group; ICI, immune 
checkpoint inhibitor; I + N, ipilimumab + nivolumab; LNR, lymphocyte-to-neutrophil ratio; ICU, intensive care unit; PD-L1, programmed cell 
death ligand 1; COVID-19, coronavirus disease 2019
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infection and the second positive COVID-19 test, with the 
median number of negative tests 4 (range, 2–10) and the 
median time in between the initial infection and the sec-
ond positive test 277 days (range, 153–406). Four of them 
(57.1%) eventually died, and COVID-19 infection was the 
primary cause of death in three cases (42.9%). Two patients 
with stage IV non-small cell lung cancer (NSCLC) were 
hospitalized for both episodes, and unfortunately, both died 
from the second COVID-19 infection. The third patient who 
died from COVID-19 infection was diagnosed with stage 
IV renal cell carcinoma. She became symptomatic during 
her second COVID-19 episode and was hospitalized for the 
second episode.

Survival Outcomes

With a median follow-up duration of 420  days (range, 
56–2105) since the ICI initiation and 186  days (range, 
11–580) since the COVID-19 diagnosis, 15 deaths (26.8%) 
occurred in the entire cohort, of which COVID-19 was the 
primary causes of death in 10 patients (17.9%) (Table 3). Of 
the 10 COVID-19-related deaths, the median time from the 
COVID-19 diagnosis to death was 16 days (range, 2–59), 

nine patients (90%) had cancers involving lungs either as 
primary lung cancers or as lung metastases. Hospitaliza-
tion due to COVID-19 infection was significantly associated 
with the increasing mortality rates. While the mortality for 
patients who received outpatient management for COVID-19 
was 8.3% (3 of 36), 12 out of 20 patients (60%) who were 
hospitalized for COVID-19 died.

Factors Associated with Hospitalization, Severe 
COVID‑19 Disease, and Death

As shown in Table 4, in univariate analysis, higher Charlson 
comorbidity score (OR 1.56, 95% CI 1.10–2.23, p = 0.01) 
and lymphocyte count ≤ 1,500/mm3 (OR 10.05, 95% CI 
2.03–49.85, p = 0.005) were significantly associated with 
the increased risk of hospitalization, while the time from 
last ICI to COVID-19 diagnosis, ICI treatment duration, ICI 
treatment cycles, and chemoimmunotherapy were not associ-
ated with COVID-19-related hospitalization.

In univariate analysis, lymphocyte ≤ 1,500 mm3 was also 
associated with a higher risk of severe COVID-19 symptoms 
(OR 9.17, 95% CI 1.09–77.23; p = 0.04) (Table 4). Higher 
Charlson comorbidity score, ICI cycles prior to COVID-19 

Table 2   Summary of patients’ characteristics with recurrent positive COVID-19 RT-PCR test results

Abbreviations: BMI, body mass index; ICI, immune checkpoint inhibitor; No., number; M, male; F, female; NSCLC, non-small cell lung cancer; 
HCC, hepatocellular carcinoma; RCC​, renal cell carcinoma; ICI, immune checkpoint inhibitor; ICU, intensive care unit; COVID-19, coronavirus 
disease 2019; RT-PCR, reverse transcription polymerase chain reaction
* Patient was discharged home and later passed away under home hospice care

Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age, year 65 72 69 57 72 74 72
Gender M F F M M F F
Cancer type NSCLC Endometrial NSCLC Urothelial HCC RCC​ NSCLC
ICI type Nivolumab Pembrolizumab Pembrolizumab Pembrolizumab Pembrolizumab Nivolumab Pembrolizumab
BMI > 30 kg/m2 No Yes No No No Yes Yes
No. of negative 

COVID tests in 
between

2 6 4 7 2 10 3

Days between 1st 
and 2nd posi-
tive tests

172 277 207 370 406 349 153

Symptomatic No No Yes, both epi-
sodes

No No Yes, the 2nd 
episode

Yes, both episodes

Hospital admis-
sion

No No Yes, both epi-
sodes

No No Yes, the 2nd 
episode

Yes, both episodes

ICU admission No No Yes, the 2nd 
episode

No No No No

Oxygen require-
ment

No No High-flow No No High-flow Low-flow

Vaccinated No No No Yes, before 2nd 
infection

No Yes, before 2nd 
infection

Yes, before 1st 
infection

Outcome Alive Deceased due 
to unknown 
reason

Deceased due to 
COVID-19

Alive Alive Deceased due to 
COVID-19

Deceased due to 
COVID-19*
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diagnosis, ICI treatment duration prior to COVID-19 diag-
nosis, and time from last ICI to COVID-19 diagnosis were 
not associated with severe symptoms or COVID-19-related 
death. Due to limited number of events, multivariate analysis 
was not performed.

Discussion

The host immune system is pivotal in the outcome of 
COVID-19 infection. Study has shown that ICI-treated can-
cer patients may be more immunocompetent compared to the 
chemotherapy-treated patients [16, 22]. Immunotherapy may 
be able to restore the cellular immunocompetence, helping 
clear SARS-CoV-2 [23]. Meanwhile, the potential synergy 
between ICI mechanisms and COVID-19 pathogenesis on 
inducing adverse immune hyperactivation and the possible 
overlap between COVID-19 pneumonia and immune-related 
pneumonitis are of particular concern. In this single-center 
retrospective study, we investigated the impact of ICI treat-
ment on 56 stage IV solid malignant tumor patients with 
laboratory-confirmed COVID-19 infection.

Almost half of our study population were asymptomatic, 
which was higher than reported by others [2, 24–26]. In our 
experience, 17.9% patients had severe COVID-19 symp-
tom, which was lower than reported 33% in the GCO-002 
CACOVID-19 study [27]. The observed higher proportion 

of asymptomatic patients and lower proportion of severe 
COVID-19 cases in our cohort was likely related to the fact 
that patients in our cohort were repeatedly tested for COVID-
19 via RT-PCR, making our data more representative of the 
true COVID-19 severity in the ICI-treated advanced stage 
cancer patients, while most studies were conducted early in 
COVID-19 pandemic when the screening in cancer patients 
was not universal, which may lead to selection bias and a 
potentially higher proportion of symptomatic patients.

Despite COVID-19 infection, ICI was not interrupted in 
about one-third of the patients (19 out of 56) in our study, 
with most of them asymptomatic. Eighteen out of the 20 ICI-
interrupted non-hospitalized patients (90%) later resumed 
their ICI treatment. Continuous ICI therapy without inter-
ruption may be a feasible strategy for asymptomatic COVID-
19-infected patients, while proper caution should be main-
tained to mitigate the spread of infection from asymptomatic 
patients to others.

In our study, seven patients (12.5%) had reinfection, and 
three died from the second COVID-19 infection, which 
consisted 42.9% of the reinfected subgroup. Of the three 
deceased patients, two were admitted for both the initial 
and the second COVID-19 infection episodes. Cancer 
patients may be tested positive for COVID-19 repeatedly 
due to the failure to clear an initial infection. We were not 
able to analyze the viral genome to further confirm if the 
two infection episodes were caused by different variants of 

Table 3   Characteristics of the deceased patients

Abbreviations: A, atezolizumab; DNR, do not resuscitate; F, female; HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor; I + N, 
ipilimumab + nivolumab; M, male; NSCLC, non-small cell lung cancer; N, nivolumab; P, pembrolizumab; RCC​, renal cell carcinoma; ICU, 
intensive care unit
* Limited to non-invasive positive pressure ventilation
** Patient was initially admitted to ICU requiring high-flow oxygen support; she later decided to be in DNR status and was transferred out of ICU

Age, year Gender Cancer type ICI type Chemoim-
muno-
therapy

Symptomatic Hospital 
admission

ICU admission Cause of death Vaccinated Code

91 M NSCLC P Yes Yes Yes No COVID-19 1 DNR
69 F NSCLC P Yes Yes Yes Yes COVID-19 0 Full
72 F NSCLC P Yes Yes Yes No COVID-19 1 DNR
69 M NSCLC P Yes No No No Malignancy 1 DNR
61 M NSCLC I + N No Yes Yes No COVID-19 0 DNR
77 M HCC A No Yes Yes Yes COVID-19 0 Limited*
57 F HCC A No Yes Yes No COVID-19 0 DNR
62 F Urothelial P No Yes Yes No COVID-19 0 DNR
64 M Urothelial P No Yes Yes No Malignancy 0 Full
61 F Endometrial P No Yes Yes Yes Malignancy 1 Limited*
72 F Endometrial P No No No No Unknown 0 Full
61 F Colorectal N No Yes Yes No COVID-19 0 DNR
74 F RCC​ N No Yes Yes No COVID-19 0 DNR
72 F Melanoma P No Yes Yes Yes** COVID-19 0 DNR
78 F Urothelial A Yes No No No Malignancy 0 DNR
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Table 4   Univariate logistic 
analysis for risk factors 
associated with hospitalization, 
severe COVID-19 disease, and 
death

OR (95% CI) p value

Variate Hospitalization
  Age, year 1.04 (0.97–1.10) 0.26
  Male gender 0.85 (0.27–2.64) 0.77
  White ethnicity 1.03 (0.31–3.38) 0.97
  ECOG score 0.93 (0.29–2.94) 0.90
  BMI (≥ 30 kg/m2) 0.60 (0.19–1.92) 0.39
  Thoracic cancers (vs. non-thoracic cancers) 0.95 (0.30–2.99) 0.93
  Smoking (current/former vs. never smoker) 1.66 (0.54–5.13) 0.38
  Vaccinated for COVID-19 0.67 (0.21–2.17) 0.51
  Charlson comorbidity score 1.56 (1.10–2.23) 0.01
  Cancer with lung involvement 2.49 (0.60–10.29) 0.21
  Days of ICI treatment to COVID-19 infection 1.00 (0.99–1.01) 0.80
  ICI cycles to COVID-19 infection 1.00 (0.97–1.03) 0.88
  Time from last ICI to COVID-19 diagnosis, day 1.03 (0.99–1.05) 0.07
  Chemoimmunotherapy 1.17 (0.32–4.20) 0.81
  PD-1 (vs. combination therapy) 2.15 (0.22–21.18) 0.51
  PD-L1 (vs. combination therapy) 3.33 (0.28–40.29) 0.34
  WBC ≥ 10,000/mm3 8.75 (0.90–84.67) 0.06
  Neutrophil count 1.19 (0.98–1.46) 0.08
  Lymphocyte ≤ 1500 mm3 10.05 (2.03–49.85) 0.005
  Lymphocyte-to-neutrophil ratio 0.42 (0.06–2.78) 0.37

Variate Severe symptoms
  Age, year 1.02 (0.95–1.09) 0.57
  Male gender 0.48 (0.11–2.03) 0.32
  White ethnicity 0.53 (0.14–1.98) 0.34
  ECOG score 0.65 (0.18–2.42) 0.52
  BMI (≥ 30 kg/m2) 1.25 (0.34–4.59) 0.74
  Thoracic cancers (vs. non-thoracic cancers) 1.38 (0.37–5.10) 0.63
  Smoking (current/former vs. never smoker) 1.67 (0.44–6.36) 0.45
  Vaccinated for COVID-19 0.29 (0.06–1.48) 0.14
  Charlson comorbidity score 1.28 (0.93–1.75) 0.13
  Cancer with lung involvement 1.88 (0.36–9.83) 0.46
  Days of ICI treatment to COVID-19 infection 1.00 (0.99–1.01) 0.71
  ICI cycles to COVID-19 infection 0.99 (0.96–1.03) 0.63
  Time from last ICI to COVID-19 diagnosis, day 1.00 (0.99–1.01) 0.76
  Chemoimmunotherapy 1.13 (0.26–5.00) 0.87
  PD-1 (vs. combination therapy) 1.16 (0.11–11.74) 0.90
  PD-L1 (vs. combination therapy) 0.89 (0.06–12.88) 0.93
  WBC ≥ 10,000/mm3 2.73 (0.40–18.61) 0.30
  Neutrophil count 1.12 (0.98–1.28) 0.09
  Lymphocyte ≤ 1,500 mm3 9.17 (1.09–77.23) 0.04
  Lymphocyte-to-neutrophil ratio 1.39 (0.45–4.31) 0.57

Variate Death due to COVID-19
  Age, year 1.04 (0.96–1.12) 0.30
  Male gender 0.67 (0.15–2.92) 0.59
  White ethnicity 0.35 (0.09–1.44) 0.15
  ECOG score 0.73 (0.18–2.96) 0.66
  BMI (≥ 30 kg/m2) 1.14 (0.28–4.61) 0.86
  Thoracic cancers (vs. non-thoracic cancers) 1.25 (0.31–5.08) 0.76
  Smoking (current/former vs. never smoker) 1.96 (0.45–8.54) 0.37
  Vaccinated for COVID-19 0.39 (0.07–2.04) 0.26
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SARS-CoV-2. Although the possibility of reactivation of 
prior infection due to incomplete clearance of SARS-CoV-2 
cannot be ruled out, all the seven patients had several nega-
tive tests in between the two positive RT-PCR test results, 
making reinfection more likely. Solid cancer patients are 
potentially more vulnerable to reinfection with COVID-19 
compared to the general population, owing to the impaired 
immune response to the virus. Clinicians should be aware 
of the potential high mortality rate among this subgroup 
of ICI-treated cancer patients, especially among those who 
had prior history of COVID-19-related hospitalization and 
prioritize their care whenever possible.

About one third of the COVID-19-infected patients in our 
study were admitted to hospital, in line with the rate reported 
by Rogiers et al. but lower than reported by earlier studies [2, 
28]. This is likely related to a higher proportion of asymp-
tomatic patients in our study since patients were regularly 
tested with RT-PCR by our infusion center. The ICU admis-
sion rate in our study was 7.1%, which was relatively lower 
compared to the reported incidence of 14.5% [29]. Since in 
our study population all cases were at advanced stage cancer, 
it was not surprising to see a high full and partial DNR rate 
in this population (50% of the hospitalized group and 90% 
of those who died from COVID-19 infection), which may 
explain the low ICU admission rate.

In line with other reports [2, 27, 28, 30], our study 
showed that high Charlson comorbidity score is associated 
with increased risk of hospitalization, and lymphopenia is 
a predictor for both COVID-19-related hospitalization and 
severe COVID-19. On the other hand, unlike prior study but 
similar to Rogiers study [2, 26, 31, 32], we did not notice 
any association between older age with a worse outcome in 
patients infected with COVID-19, which might be related 
to the fact that our study population consisted of an elderly 

population with a median age of 67 years. Different from 
Rogiers et al. 2, one-fifth of the patients in our study were 
actively receiving chemoimmunotherapy when diagnosed 
with COVID-19. It has been reported that chemotherapy 
within 4  weeks of COVID-19 infection was associated 
with COVID-19-related hospital mortality [33]. However, 
in our study, using univariate analysis, we did not find any 
association between chemoimmunotherapy treatment with 
increased hospital admission, severe symptoms, or COVID-
19-related death. Our relatively small patient size might be 
the explanation to this discrepancy. However, differences 
may exist in the extent of immunosuppression induced by 
chemotherapy alone compared with chemoimmunotherapy, 
contributing to the observed discrepancy.

Data regarding the impact of ICI treatment on the sur-
vival outcome of cancer patients infected with COVID-19 
are limited and conflicting [24, 26–29, 31, 32, 34–37]. One 
study suggested that the history of PD-1 inhibitor exposure 
was not associated with increased risk of severe COVID-19 
disease in lung cancer patients, regardless of the time inter-
val from the last ICI dose received [36]. Similarly, we did 
not observe any association between the time from the last 
ICI exposure to COVID-19 diagnosis and hospitalization 
or severe symptoms. It has been shown that > 70% of PD-1 
receptors may be occupied for more than 2 months following 
last PD-1 inhibitor administration [38], which may partially 
explain why the time interval from last ICI treatment was 
not linked to the severity of COVID-19. Wu et al. carried 
out a small retrospective study involving 11 cancer patients 
and speculated that the severity of COVID-19 could be asso-
ciated with the number of ICI cycles received, with those 
who had three or more cycles more likely to develop severe 
COVID-19 [39]. However, our study did not suggest ICI 
exposure duration to be a risk factor of severe COVID-19. 

Table 4   (continued) OR (95% CI) p value

  Charlson comorbidity score 1.31 (0.94–1.82) 0.11
  Cancer with lung involvement 3.55 (0.41–30.85) 0.25
  Days of ICI treatment to COVID-19 infection 1.00 (0.99–1.00) 0.15
  ICI cycles to COVID-19 infection 0.91 (0.81–1.03) 0.12
  Time from last ICI to COVID-19 diagnosis, day 1.00 (0.99–1.01) 0.84
  Chemoimmunotherapy 1.54 (0.34–7.08) 0.58
  PD-1 (vs. combination therapy) 0.85 (0.08–8.79) 0.89
  PD-L1 (vs. combination therapy) 0.89 (0.06–12.88) 0.93
  WBC ≥ 10,000/mm3 3.58 (0.51–24.98) 0.20
  Neutrophil count 1.11 (0.98–1.25) 0.11
  Lymphocyte ≤ 1500 mm3 6.92 (0.81–59.23) 0.08
  Lymphocyte-to-neutrophil ratio 1.81 (0.57–5.71) 0.31

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; ICI, immune check-
point inhibitor; COVID-19, coronavirus disease 2019; WBC, white blood cell count; PD-1, programmed 
cell death 1; PD-L1, programmed cell death ligand 1; OR, odds ratio; CI, confidence interval
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On the contrary, we noticed that in the hospitalized group, 
the median number of ICI cycles patient received before 
the COVID-19 infection was lower than those who under-
went out-patient management, although the difference was 
not significant (6.5 cycles vs. 10.5 cycles, p = 0.85). In our 
study, 10 patients (17.2%) died from COVID-19, which was 
at the lower end of the reported range of the case fatality 
rate in cancer patients (from 11 to 33%) [2, 3, 24, 27, 33, 
40, 41]. This suggests that ICI therapy does not impose an 
increased risk for worse COVID-19-related outcomes in can-
cer patients. Our study also suggests the potential protec-
tive effect of COVID-19 vaccination, since 80% of COVID-
19-related deaths in our cohort occurred in unvaccinated 
patients. However, due to limited death events, this potential 
protective effect should be interpreted with caution.

Our study has several limitations. First, it was a retro-
spective, single-center study with a limited sample size. 
Second, the case fatality rate, patient characteristics, and 
survival outcomes were not compared with a control group 
of patients receiving other anticancer therapies. Third, our 
study did not evaluate the long-term effect of COVID-19 
infection and especially asymptomatic infection on overall 
survival in ICI-treated cancer patients. Moreover, we were 
not able to evaluate the effectiveness of vaccination on pre-
venting COVID-19 infection since our study population 
included only COVID-19-infected patients. Additional stud-
ies are desirable to further investigate the benefit of COVID-
19 vaccination in patients with advanced stage malignant 
tumors.

This study has some strengths. The proportion of asymp-
tomatic patients was likely to be underestimated in prior 
studies, since asymptomatic patients were less likely to 
be frequently tested and SARS-CoV-2 RT-PCR has a well 
described false negative rate [42]. The median follow-up 
duration in our study was 186 days since COVID-19 diag-
nosis, which was comparably longer than several other 
studies [2, 24, 27–29, 32, 33, 36, 40]. Also, patients in our 
study were routinely tested for COVID-19 per institutional 
policy. This allowed us to better evaluate the true preva-
lence of COVID-19 in our study population and the severity 
of COVID-19 among stage IV cancer patients. Moreover, 
unlike other studies where the study population had vari-
ous stages of cancer with different indications for ICI ther-
apy, the patients in our study all had stage IV disease who 
received ICI treatment with a palliative intent.

Conclusions

In summary, our study showed COVID-19-related mor-
tality in stage IV cancer patients treated with ICIs was 
not higher than prior reported mortality rates for cancer 
patients. The ICI therapy does not impose an increased 

risk for severe COVID-19 infection in advanced stage 
cancer patients. A high Charlson comorbidity score and 
lymphopenia are associated with increased risk of hos-
pitalization in ICI-treated stage IV cancer patients. Vac-
cination should be encouraged among this population as 
we noted high proportion of COVID-19-related death in 
unvaccinated patients. Clinicians should be cognizant of a 
potential worse outcome in COVID-19-reinfected patients, 
especially patients who have a history of COVID-19-re-
lated hospitalization for their initial COVID-19 infection.
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