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ABSTRACT
Background In ambulatory patients with cancer 
with asymptomatic or pauci- symptomatic SARS- 
CoV-2 infection, the safety of targeted therapies (TTs), 
chemotherapy (CT) or immune checkpoint inhibitors (ICIs) 
therapy is still unknown.
Material and methods From the start of the first epidemic 
wave of SARS- CoV-2 in Bergamo, Italy, we have prospectively 
screened all consecutive outpatients who presented for 
treatment to the Oncology Division of the Papa Giovanni XXIII 
Hospital, Bergamo for SARS- CoV-2 antigen expression. We 
identified patients treated with ICIs and compared these to 
patients with the same cancer subtypes treated with TTs or CT.
Results Between March 5 and May 18, 293 consecutive 
patients (49% melanoma, 34% non- small cell lung cancer, 
9% renal cell carcinoma, 8% other) were included in this 
study: 159 (54%), 50 (17%) and 84 (29%) received ICIs, 
CT or TTs, respectively. Overall 89 patients (30.0%) were 
SARS- CoV-2 positive. Mortality of SARS- CoV-2- positive 
patients was statistically significantly higher compared 
with SARS- CoV-2 negative patients (8/89 vs 3/204, 
respectively, Fisher’s exact test p=0.004). All deaths were 
due to COVID-19. Serious adverse events (SAEs) were 
more frequent in SARS- CoV-2- positive patients compared 
with SARS- CoV-2- negative cases (Cochran- Mantel- 
Haenszel (CMH) test p=0.0008). The incidence of SAEs in 
SARS- CoV-2 positive compared with SARS- CoV-2 negative 
patients was similar in ICI and CT patients (17.3% and 
3.7% for positive and negative patients in ICIs and 15.4% 
and 2.7% in CT, Breslow- Day test p=0.891). No COVID-19- 
related SAEs were observed in the TTs patients.
Conclusions The incidence of SAEs was higher for SARS- 
CoV-2- positive patients treated with ICIs and CT, mostly 
in advanced disease. No SAEs were observed in patients 
treated with TTs. SAEs were COVID-19 related rather than 
treatment related. Treatment with ICIs does not appear 
to significantly increase risk of SAEs compared with CT. 
This information should be considered when determining 
treatment options for patients.

INTRODUCTION
The recent global outbreak of SARS- CoV-2 
infection and the resulting COVID-19 poses 

an unprecedented health crisis that was 
declared a pandemic by the WHO on March 
11, 2020.1 The causative pathogen has been 
identified as a beta- coronavirus with high 
sequence homology to bat coronaviruses.2 
This virus uses ACE2 receptor as the domi-
nant mechanism of cell entry.3 The consid-
erable spread of the current pandemic has 
brought tremendous pressure and disastrous 
consequences for public health and medical 
systems worldwide.

Although mild respiratory tract infec-
tion characterizes most COVID-19 cases, a 
serious and potentially fatal illness can occur, 
principally driven by a respiratory distress 
syndrome and/or vascular complications.4 
Severe outcomes are more common in older 
male patients with secondary comorbidities. 
Hypertension, chronic respiratory system 
diseases, diabetes and cardiac diseases were 
highlighted as potential risk factors for poor 
outcomes from COVID-19. Serum analysis 
showed higher plasma levels of proinflamma-
tory cytokines in severely ill patients.4 Since 
chronic diseases may lead to low immune 
function, a strong correlation between the 
host immune status and COVID-19 prognosis 
has been highlighted. Therefore, immune- 
suppressed patients were added within the 
higher- risk group for severe illness from 
COVID-19.

Recently, studies on outcome of patients 
with cancer with COVID-19 disease have been 
reported5–7 and they suggest that risk of death 
is associated with advancing patient age, 
male gender and comorbidities, similarly to 
patients without cancer. However, it remains 
unclear whether the use of anticancer treat-
ment impacts on outcomes for patients who 
are positive for SARS- CoV-2.
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Checkpoint inhibitors have revolutionized the outcomes 
for many different cancers and treatments based on 
programmed cell death protein 1 (PD-1) inhibition are 
the standard of care in many common and rare tumor 
types. Treatment- related toxicities with immune check-
point inhibitors (ICIs) are common and due to recogni-
tion of autoantigens by the immune system, resulting in 
immune toxicity. The potential impact of treating patients 
with asymptomatic or pauci- symptomatic SARS- CoV-2 
infection with ICIs is still unknown. Currently, little is 
known about specific phenotypic and/or functional T cell 
changes associated with symptomatic and asymptomatic 
SARS- CoV-2 infection. Early studies consistently showed 
an increased presence of activated T cells, primarily 
characterized by expression of HLA- DR, CD38, CD69, 
CD25, CD44, and Ki-67.8–10 Furthermore, levels of PD-1 
seem to increase in circulating T cells. PD-1 expression is 
commonly associated with T cell exhaustion, but it is also 
well known that, in the context of acute viral infections, 
PD-1 is also expressed by activated effector T cells during 
early phases of T cell priming. Building on this biolog-
ical background, two potential clinical scenarios can 
be hypothesized: (1) ICIs treatment may help to coun-
teract the immunologic impairment of T cells induced 
by COVID-19 infection, contributing to viral clearance 
through the reactivation of PD-1+ viral epitope- specific 
T cells; (2) ICIs therapies can conversely shift COVID-19 
disease towards its more aggressive inflammatory stage 
through the promotion of different immune activation 
mechanisms.

The city of Bergamo was the epicenter of the recent 
Italian SARS- CoV-2 infection outbreak. The tragic 
SARS- CoV-2 emergency did not spare patients with cancer 
and further complicated their management. Considering 
the lack of clinical data in the current literature, we there-
fore prospectively evaluated whether, and to what extent, 
the asymptomatic or pauci- asymptomatic SARS- CoV-2 
infection increased the burden of toxicities in patients 
treated with ICIs in the ambulatory setting, and compared 
these rates with patients treated with chemotherapy (CT) 
and targeted therapies (TTs)

MATERIALS AND METHODS
Patients and methods
Between March 5, 2020 and May 18, 2020, all consecutive 
asymptomatic/pauci- symptomatic patients with cancer 
scheduled to begin or continue an anticancer treat-
ment at the outpatient facility of the Oncology Division 
of Papa Giovanni XXIII hospital in Bergamo, Italy, were 
screened for SARS- CoV-2 infection. All patients signed a 
dedicated informed consent form, approved by the local 
ethical committee, and completed a survey questionnaire 
about signs or symptoms of SARS- CoV-2 infection or overt 
COVID-19 disease in the previous 2 months.

A two- step diagnostic test for SARS- CoV-2 infection 
was performed. The rapid lateral flow chromatographic 
serologic immunoassay for the qualitative detection of 

anti- SARS- CoV-2 IgG and IgM was used for all patients. 
Nasopharyngeal swab RNA reverse transcriptase (RT) PCR 
assay was then used to search for active infection in cases 
with IgM/IgG seropositivity. To evaluate the presence of 
IgG and IgM against SARS- CoV-2, all enrolled subjects 
were tested with the NADAL® COVID-19 IgG/IgM Test 
(Moers, Germany) which is a qualitative membrane- based 
immunoassay for the detection of IgG and IgM antibodies 
to SARS- CoV-2 in whole blood, serum or plasma specimen 
(web page of Moers, Germany). Nasopharyngeal swabs 
were performed by trained nurse practitioners and staff 
from the hospital’s COVID-19 Assessment Team. Presence 
of SARS- CoV-2 on nasopharyngeal swab specimens was 
determined by means of real- time RT- PCR. GeneFinder 
COVID-19 Plus RealAmp Kit (Elitech, Milan, Italy) or 
Allplex 2019 n- CoV Assay (Seegene, Seul, South Korea) 
were used to detect SARS- CoV-2 by amplification of RdRp 
gene, E gene and N gene as previously reported.11

SARS- CoV-2 positivity was defined by RT- PCR at the 
nasopharyngeal swab or serologic test. Patients with 
overt symptomatic COVID-19 disease did not enter this 
screening but were referred to a specialized team and 
are not part of the present study population. Since the 
NADAL® COVID-19 IgG/IgM Test is not strictly a diag-
nostic tool, to validate the results, a sensitivity analysis 
was carried out applying a more stringent definition of 
SARS- CoV-2 status, considering positive- only patients with 
a nasal swab positive test.

We included all consecutive asymptomatic/pauci- 
symptomatic patients with cancer who were on or recently 
ceased ICIs, TTs or CT. We excluded patients who stopped 
treatment more than 3 months prior to study entry, which 
was defined as the date of SARS- CoV-2 testing.

The main objective of the study was to investigate 
whether an asymptomatic or pauci- asymptomatic 
SARS- CoV-2 infection could significantly increases the 
burden of adverse events (AEs) and/or serious adverse 
events (SAEs) in ICIs patients as compared with CT 
and TTs patients. AEs were classified according to NCI- 
CTCAE V.5.0 (common terminology criteria for adverse 
events: https:// ctep. cancer. gov/ protocoldevelopment/ 
electronic_ applications/ docs/ CTCAE_ v5_ Quick_ Refer-
ence_ 8. 5x11. pdf), while death, life- threatening toxici-
ties, hospitalization (initial or prolonged), disability or 
permanent damage were considered as SAEs. All AEs and 
SAEs that occurred during treatment were prospectively 
collected and reported in this study irrespective of the 
causal relationship with treatment or SARS- CoV-2 infec-
tion. Furthermore, we collected data to determine the 
proportion of patients who died due to SARS- CoV-2 infec-
tion rather than due to other causes.

An exploratory aim was to evaluate the objective 
response rate (ORR) and disease control rate (DCR) in 
SARS- CoV-2- positive and SARS- CoV-2- negative patients. 
For this purpose, only patients who started ICIs no more 
than 3 months before SARS- CoV2 testing were included 
for the analysis of ORR and DCR. ORR was defined as the 
proportion of patients with a complete response (CR) or 

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
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partial response (PR), while the DCR was defined as the 
proportion of patients with a CR, PR or stable disease.

A validation set (n=21) of patients treated with ICIs 
were treated at the Istituto Nazionale dei Tumori in 
Naples, Italy, (14 patients), and at Christie National 
Health Service Foundation Trust in Manchester, UK, 
(7 patients). In Naples, similarly to the training cohort, 
consecutive SARS- CoV2- positive patients treated with ICIs 
have been collected and SAEs were registered in medical 
charts; SARS- CoV2 infection was confirmed by nasopha-
ryngeal swab. In Manchester, patients receiving systemic 
therapy for cancer that presented with potential mild, 
pauci- symptomatic COVID-19- related symptoms (such as 
fever and cough) were tested and SARS- CoV2 infection 
was confirmed by nasopharyngeal swab. Similarly to the 
training cohort, patients with severe COVID-19 disease 
were referred to a specialized team and were not included 
in the present study.

Statistical analysis
The association between SARS- CoV-2 and SAEs/AEs was eval-
uated by means of χ2 test or Fisher’s exact test, as appropriate.

A χ2 test for trend (exact p value) to compare the maximum 
grade for each AE between SARS- CoV-2- positive and SARS- 
CoV-2- negative patients was performed.

To evaluate if ICIs acted as a confounder on the asso-
ciation between SARS- CoV-2 and AEs/SAEs, a CMH test 
was performed taking into account the treatment received 
(ICIs vs CT vs TTs) as the stratification factor. Addition-
ally, to assess whether the odds of AEs/SAEs according to 
SARS- CoV-2 status was different in ICIs versus CT versus TTs, 
the Breslow- Day test was performed.

In patients with cancer receiving ICIs, bivariate logistic 
regression models to estimate the adjusted ORs of SAEs for 
meaningful covariates, adjusting for the effect of SARS- CoV-2 
test result, were performed. In details, we tested known prog-
nostic covariates, such as age, sex, comorbidities, platelet 
count, lymphocyte count, neutrophils count and neutro-
phils/lymphocyte (NL) ratio, determined at the time of 
serologic testing. Moreover, within the subset of SARS- CoV-
2- positive subjects, univariate logistic regression models were 
performed. For continuous variables, the assessment of the 
linearity of the effect on the logit of the outcome variable was 
performed by means of the evaluation of the statistical signif-
icance of the Wald test of restricted cubic splines added to 
the model.12

Median follow- up time was defined as the time from the 
start of cancer therapy to the date of death or last available 
visit.

Statistical analyses were performed using SAS V.9.4. All 
statistical tests were two- sided and considered significant 
at p<0.05.

RESULTS
Two hundred and ninety- three consecutive patients were 
included in this study: 159 received ICIs, 50 received 
CT and 84 received TTs. Demographic and general 

characteristics of patients treated with ICIs, CT or TTs are 
reported in table 1. The most frequent tumor type in ICIs 
patients was melanoma (57.2%), followed by non- small 
cell lung cancer (33.3%), renal cell carcinoma (7.5%) and 
other malignancies (1.9%). Statistically significant differ-
ences between ICIs, CT or TTs were observed for some 
demographic characteristics, specifically a lower median 
age in the TTs group compared with ICIs (Wilcoxon p 
value =0.007) and a higher proportion of men in ICIs and 
CT compared with TTs (Fisher’s p=0.006 for ICIs vs TTs 
and Fisher’s p=0.033 for CT vs TTs) were found. However, 
apart from the lack of patients with melanoma in the 
CT group (Fisher’s p<0.001), there were no statistically 
significant differences between ICIs- treated, CT- treated 
or TTs- treated patients in terms of stage distribution and 
comorbidities. The median time from the last dose of 
anticancer treatment to the date of SARS- CoV-2 testing 
was 23.5 days (first quartile (Q1): 14.0, third quartile 
(Q3): 42.0) and 21 days (Q1:7, Q3:33) for ICIs and CT, 
respectively, while it was only 1 hour (Q1:1, Q3: 1) for 
TTs, due to the oral daily schedule.

The majority of the 159 (78.6%) ICIs patients were 
treated for advanced disease while the remaining patients 
were being treated in the adjuvant setting. The ICI was 
single- agent anti- PD1/programmed death ligand 1 
(PDL-1) in 137 (86.2%) patients, combined immuno-
therapy (anti- cytotoxic T lymphocyte associated protein 
4 (CTLA4) plus anti- PD1) in 20 (12.6%) and anti- 
CTLA4 in 2 patients. Median time from starting ICIs, 
was 7.1 months (Q1: 3.2, Q3: 14.9). Summary informa-
tion on tumor therapy history and on hematologic vari-
ables is reported in online supplemental tables 1 and 
2, respectively. The majority of the CT- treated (80.4%) 
and TT- treated (82.1%) patients had advanced disease. 
The median follow- up was 3.9 months (Q1: 2.8, Q3: 7.3) 
and 12.4 months (Q1: 3.8, Q3: 19.7) in CT and TTs, 
respectively.

The incidence of SARS- CoV-2 positivity was similar 
across the three treatment groups: 13 (26.0%) in CT, 24 
(28.6%) in TTs and 52 (32.7%) in ICIs, (χ2 test p=0.610, 
online supplemental table 3). Among SARS- CoV-2- 
positive patients, 3 (23.1%) and 10 (41.7%) of CT- treated 
and TTs- treated patients presented with one or more mild 
symptoms at the time of testing, most frequently fever. 
Half of the SARS- CoV-2- positive ICI patients (25 patients, 
48.1%) presented with one or more mild symptoms at the 
time of testing. The most frequent symptom was fever.

Among ICIs- treated patients, 50 (31.5%) experienced 
an AE. There was no statistically significant association 
between AE occurrence and SARS- CoV-2 positivity (χ2 
test p=0.222). The most frequent AE was gastrointestinal 
toxicity (any grade: 15.0% and 7.7% in SARS- CoV-2- 
negative and SARS- CoV-2- positive patients, respectively). 
The majority of AEs was low grade; two grade 3 (G3) 
AEs were reported in SARS- CoV-2- negative patients 
(one lipase increase, one colitis). In SARS- CoV-2- positive 
patients two G3 AEs (one asthenia, one staphylococcus 
infection) and one G4 AE (hepatic toxicity, transaminitis) 

https://dx.doi.org/10.1136/jitc-2020-001694
https://dx.doi.org/10.1136/jitc-2020-001694
https://dx.doi.org/10.1136/jitc-2020-001694
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occurred. A higher occurrence of cardiovascular AEs was 
observed in SARS- CoV-2- positive patients (one patient 
with G1 elevation of the troponin and two patients with 
G2 hypertension, online supplemental table 4) compared 
with SARS- CoV-2- negative patients where no cardiovas-
cular AE was observed.

The proportion of patients who experienced AEs 
in SARS- CoV-2- positive compared with SARS- CoV-2- 
negative patients was similar in ICIs (25.00% vs 34.58%), 
CT (38.46% vs 43.24%) and in TTs (20.83% vs 31.67%) 
(Breslow- Day test p=0.9112). No statistically significant 
association between occurrence of AEs and SARS- CoV-2 
positivity was found in the whole population or by treat-
ment group (CMH test p=0.123; Fisher’s test p=1.000, 
0.426, and 0.276 for CT, TTs and ICIs, respectively).

No statistically significant association between rate of 
AEs and disease stage was found in the overall popula-
tion (Fisher’s exact test p=0.653); moreover the incidence 
of AEs in SARS- CoV-2- positive and SARS- CoV-2- negative 
patients was similar between stage III (17.4% vs 35.7%) 
and stage IV (28.8% vs 35.2%) (Breslow- Day test p=0.340).

SAEs according to type of treatment
SAEs occurred in 16 (5.5%) patients of the whole popu-
lation, 11 (12.4%) in the SARS- CoV-2- positive group and 
5 (2.5%) in the SARS- CoV-2- negative group. Ten (90.9%) 
SAEs in the SARS- CoV-2- positive group occurred in 
patients with advanced disease. SAEs were more frequent 
in SARS- CoV-2- positive patients when compared with 
SARS- CoV-2- negative cases (CMH test p=0.0008).

The incidence of SAEs in SARS- CoV-2- positive 
compared with SARS- CoV-2- negative patients was similar 
in ICIs- treated patients (17.3% vs 3.7%) and the CT group 
(15.4% vs 2.7%) (Breslow- Day test p=0.891) (table 2). 
In SARS- CoV-2- positive patients, the incidence of SAEs 
in patients receiving ICIs versus CT was not statistically 
different (17.3% vs 15.4%, respectively, Fisher’s exact test 
p=1.000). No SAEs were observed in SARS- CoV-2- positive 
or SARS- CoV-2- negative patients receiving TTs.

The most common reason for hospitalization in SARS- 
CoV-2- positive ICIs- treated patients was pneumonitis in 
seven out of nine patients, and five of these required 
oxygen because of shortness of breath and desaturation. 
In two of these cases, COVID-19 was confirmed by bron-
choalveolar lavage. A CT scan showed bilateral multiple 
peripheral lesions with ground- glass opacity with retic-
ular pattern, consolidation, and fibrotic and subpleural 
lines (online supplemental figure 1). In all cases, fever 
was present; in one case renal replacement therapy was 
needed. Antibiotics and antivirals were administered in 
six and three patients, respectively. Two patients required 
glucocorticoids because of dyspnea not responding to 
oxygen therapy, while in two refractory patients inter-
leukin (IL) 6 blocking therapy was administered (table 3). 
Among 50 patients treated with CT, 3 (6.0%) patients 
experienced an SAE, 2 of these were SARS- CoV-2 positive 
(table 3). One patient was hospitalized, two patients were 
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treated at home with O2 therapy, and all three patients 
died of pulmonary complications (table 3).

In patients receiving ICIs, after adjusting for the effect 
of SARS- CoV-2 positivity, NL ratio and lymphopenia 
were significantly associated with the occurrence of 
SAEs (adjusted OR: 1.68, 95% CI 1.19 to 2.36, p=0.003 
for NL ratio and adjusted OR: 0.11, 95% CI 0.02 to 0.70, 
p=0.020 for lymphocyte count, table 4). In the subgroup 
of SARS- CoV-2- positive patients, NL ratio showed a statis-
tically significant association with SAEs (OR: 2.76, 95% 
CI 1.16 to 6.54, p=0.021, (online supplemental table 5). 
In line with the results reported in the whole cohort of 
ICIs- treated patients, lymphocyte count showed a trend 
towards statistical significance (OR: 0.90, 95% CI 0.01 to 
1.06, p=0.056).

The low number of patients and SAEs in the CT and TTs 
groups precluded any analysis of NL ratio and lympho-
cyte count as prognostic factors.

Deaths
Eleven patients died, of which eight were SARS- Cov-2 
positive. Mortality of SARS- CoV-2- positive patients was 
statistically significantly higher compared with SARS- 
CoV-2- negative patients (8/89 vs 3/204, respectively, 
Fisher’s exact test p=0.004). The median age of the 
deceased patients was 72 years (Q1: 58.0, Q3: 80.0), six 
(54.5%) were women, and six (54.5%) had at least one 
comorbidity.

In the SARS- CoV-2- positive patients the mortality rate 
was 11.5% (6/52) and 15.4% (2/13) in the ICIs- patients 
and CT- patients, respectively (Fisher’s test, p=0.655). In 
the ICIs and CT groups all deaths were due to COVID-19 
and all patients had advanced disease.

In the ICIs- patients the main cause of death was the 
acute respiratory distress due to bilateral pneumonitis 
in all patients. All patients but one were hospitalized, 
received O2 therapy and none responded to steroid treat-
ment. Only one patient received supportive care at home, 
but ultimately died due to respiratory complications. In 

all cases, the clinical diagnosis was COVID-19 disease with 
acute respiratory failure. CT- related deaths were due to 
due to bilateral pneumonitis.

In the overall population, the incidence of deaths was 
not statistically significantly different between stages III 
and IV (1/65 vs 10/228, Fisher’s exact test p=0.466); 
however, in stage IV, the incidence of deaths of SARS- 
CoV-2- positive patients was statistically significantly higher 
compared with negative cases (12.1% vs 1.2%, Fisher’s 
exact test p=0.001).

Incidence of SAEs in the validation cohort
To confirm these results, an external cohort of 21 SARS- 
CoV-2- positive patients with melanoma treated with ICIs 
was reviewed. Twelve patients (57.1%) had advanced 
disease (AJCC stage IV) while the remaining patients were 
treated in the adjuvant setting. The mean age was 59.6 
years, 57.1% were male, 61.9% were ECOG 0 at the time 
of SARS- Cov-2 serology test and 28.6% had comorbidities. 
The ICI was single agent anti- PD-1 in 17 (81%) patients 
and a combined immunotherapy (anti- CTLA-4 plus anti- 
PD-1) in the remaining 4 patients (19%). Three patients 
(14.3%) presented with one or more mild symptoms at 
the time of testing, all of them had fever and cough, or 
fever and dyspnea/myalgia. Four patients (19.0%) expe-
rienced an SAE and were hospitalized, two had pneumo-
nitis, none died. The frequency of SAEs was similar in the 
study and validation cohorts (17% and 19%, respectively, 
Fisher’s exact test p=1.000).

Overall response of patients treated with ICIs during SARS-
CoV-2 infection
Among 159 ICI- patients included, 51 (32.1%) started 
treatment no more than 3 months before the SARS- CoV-2 
testing, and for 34 (66.7%, of which 14 were SARS- CoV-2 
positive and 20 SARS- CoV-2 negative) patients the tumor 
assessment after 3 months from testing was available.

The ORR was 21.4% (3 patients with CR/PR, 11 
patients with stable disease/PD) in SARS- CoV-2- positive 

Table 2 Comparison of frequency of SAEs according to SARS- CoV-2 test results between treatment received

CT
n=50

TT
n=84

ICI
n=159

Overall
n=293

SARS- CoV-2- positive patients 13 (26.0) 24 (28.6) 52 (32.7) 89 (30.4)

No occurrence of SAE 11 (84.6) 24 (100.0) 43 (82.7)

Occurrence of SAE 2 (15.4) – 9 (17.3)

SARS- CoV-2- negative patients 37 (74.0) 60 (71.4) 107 (67.3) 204 (69.6)

No occurrence of SAE 36 (97.3) 60 (100.0) 103 (96.3)

Occurrence of SAE 1 (2.7) – 4 (3.7)

CMH test* 0.0008*

Breslow- Day test* 0.8909

*Breslow- Day test: tests the homogeneity of the OR between the two groups.
†CMH: Cochran- Mantel- Haenszel test: tests the conditional independence between SAE and SARS- CoV-2 test result controlling for the type 
of therapy.
.CT, chemotherapy; ICI, immune checkpoint inhibitors; SAE, serious adverse event; TT, targeted therapy.

https://dx.doi.org/10.1136/jitc-2020-001694
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patients and 30.0% (6 patients with CR/PR, 14 patients 
with stable disease/PD) in SARS- CoV-2- negative patients 
(Fisher’s test, p=0.704). The DCR was 78.6% (11 patients 
with CR/PR/stable disease, 3 patients with PD) in SARS- 
CoV-2- positive patients and 85.0% (17 patients with CR/
PR/stable disease, 3 patients with PD) in SARS- CoV-2- 
negative patients (Fisher’s test, p=0.672).

Sensitivity analyses according to nasal swab SARS-CoV-2 
status
Considering the more stringent definition of SARS- CoV-2 
positivity, based on the results of nasal swab only, the 
number of SARS- CoV-2- positive patients in the CT and TTs 
groups decreased from 13 to 3 and from 24 to 8 patients, 
respectively (online supplemental table 6). On the other 
hand, serologic positivity was not confirmed for only four 
patients in the ICIs group. Consequently, the incidence 
of SARS- CoV-2 positivity was similar for CT and TTs (6.0% 
and 9.5% respectively, Fisher’s exact test p=0.537) while it 
was statistically significantly higher in ICIs (30.2%, Fish-
er’s exact test p<0.001 for both comparisons).

In terms of incidence of AEs, SAEs and mortality 
between SARS- CoV-2- positive and SARS- CoV-2- negative 
patients, the sensitivity analysis results confirmed our 
main findings in the whole population, and specifically: 
(1) No statistically significant association between rate of 
AEs and SARS- CoV-2 positivity was found (Fisher’s exact 
test p=0.063, online supplemental table 7); (2) SAEs were 
more frequent in SARS- CoV-2- positive patients compared 
with SARS- CoV-2- negative cases (Fisher’s exact test 
p=0.001, online supplemental table 7); (3) Mortality of 
SARS- CoV-2- positive patients was statistically significantly 
higher compared with SARS- CoV-2- negative patients 
(Fisher’s exact test p=0.011, online supplemental table 
7); (4) In patients receiving ICIs, after adjusting for the 
effect of SARS- CoV-2 positivity, NL ratio and lymphopenia 
were significantly associated with the occurrence of SAEs 
(adjusted OR: 1.67, 95% CI 1.19 to 2.35, p=0.003 for NL 

ratio and adjusted OR: 0.11, 95% CI 0.02 to 0.70, p=0.019 
for lymphocyte count).

In the subgroup of SARS- CoV-2- positive patients treated 
with ICIs, the NL ratio showed a statistically significant 
association with SAEs (OR: 2.67, 95% CI 1.15 to 6.22, 
p=0.023).

DISCUSSION
The three most striking results of the present study are: 
(1) The SAEs are more frequent in SARS- CoV-2- positive 
patients compared with SARS- CoV-2- negative cases (CMH 
test p=0.0008); (2) The mortality rate is higher in SARS- 
CoV-2- positive patients treated with CT or ICIs (11.5% vs 
1.9% for ICI- treated patients and 15.4% vs 2.7% in CT, 
CMH test p=0.0021), but not in patients treated with TTs. 
SARS- CoV-2- positive patients receiving TTs did not experi-
ence any SAE; (3) In asymptomatic or pauci- symptomatic 
SARS- CoV-2- positive patients with cancer receiving ICIs, 
the incidence of AEs was not increased compared with 
SARS- CoV-2- negative patients.

Patients with cancer appear to be at increased risk of 
mortality and severe illness during SARS- CoV-2 infec-
tion compared with those without cancer. Kuderer et al 
reported a death rate of 13%, and mortality was higher 
(40%) in patients with active advanced disease progressing 
on treatment.7 An analysis of 334 patients with cancer 
from the Mount Sinai Health System reported an 11% 
rate of death.13 A third series of 218 patients with cancer 
reported a case fatality rate of 28%, although the authors 
acknowledged a bias towards more severe cases.14 Our 
data extend the above results showing that mortality of 
SARS- CoV-2- positive patients is statistically significantly 
higher compared with SARS- CoV-2- negative patients 
(9.0% vs 1.5%, respectively, Fisher’s exact test p=0.004). 
In our cohort all deaths in the ICIs and CT groups were 
due pneumonitis and acute respiratory failure, both 
strictly related to COVID-19 disease. Considering the 
increased risk of SAEs in general (hospitalization and 
deaths) and specifically mortality rate as well, our data 
suggest the need for increased surveillance and testing 
for SARS- CoV-2 in all patients with cancer having systemic 
therapy, because of the increase of severe toxicities.

One of the open issues is the impact of systemic thera-
pies and specifically the burden of SAEs during CT and 
ICIs. In the study reported by Kuderer et al7 only 4% of 
patients had received immunotherapy. Furthermore 
this was primarily a retrospective cohort study designed 
for rapid patient accrual and data collection during the 
COVID-19 pandemic, lacking precise timing for diag-
nostic and therapeutic procedures, and without data on 
toxicities. Similarly in the New York study,13 no data on 
cancer treatment and safety were shown.

Our study shows that in patients treated with CT, TTs 
or ICIs there is no increase in AEs in SARS- CoV-2- positive 
patients compared with non- infected patients. Interest-
ingly, in patients with cancer receiving CT or ICIs we 
observed an increase in SAEs but not AEs. There was no 

Table 4 Bivariate logistic regression models—effect of 
covariates on SAE controlling for SARS- CoV-2 test result—
ICI cohort

N

P value 
of 
variable

Adjusted OR (95% 
CI)

Age 159 0.130 1.05 (0.99 to 1.12)

Sex (female vs male) 159 0.235 2.05 (0.63 to 6.73)

Comorbidity (yes vs 
no)

159 0.587 1.39 (0.42 to 4.61)

Platelet count 133 0.175 1.01 (1.00 to 1.01)

Lymphocyte count 130 0.020* 0.11 (0.02 to 0.70)

NL ratio 130 0.003* 1.68 (1.19 to 2.36)

Adjusted OR: OR adjusted for the effect of SARS- CoV-2 test 
result.
ICIs, immune checkpoint inhibitors; NL, neutrophils/lymphocyte; 
SAE, serious adverse events.

https://dx.doi.org/10.1136/jitc-2020-001694
https://dx.doi.org/10.1136/jitc-2020-001694
https://dx.doi.org/10.1136/jitc-2020-001694
https://dx.doi.org/10.1136/jitc-2020-001694
https://dx.doi.org/10.1136/jitc-2020-001694
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apparent increased risk of immune toxicity (colitis, hepa-
titis, thyroiditis, etc) seen in SARS- CoV2- positive patients. 
However, there was an increase in SAEs and these were 
due to pneumonitis. This might suggest a potential 
detrimental synergistic effect on the pulmonary toxicity 
between SARS- CoV-2 infection and CT or ICIs that, in 
turn, leads to severe pulmonary toxicity.

The natural history of SARS- CoV-2 infection covers 
three main phases:15 an initial phase, which is charac-
terized by viral replication and relatively mild symptoms 
(early infection phase); a second phase with mild respira-
tory symptoms (pulmonary phase); a third phase with a 
hyperinflammatory condition.

Based on our results, it is plausible that CT with the 
intrinsic immunosuppressive mechanism of action may 
have a negative impact during the viral replication, and 
ICIs can worsen the inflammatory phase. TTs may have 
no impact on either the first replicative phase or the 
second inflammatory phase. Overall, our results support 
a better tolerability of TTs in SARS- CoV-2- positive patients 
in terms of SAEs. This could help physicians to better 
select treatments in patients with cancer with a targetable 
oncogenic addicted disease.

Our results provide practical suggestions for manage-
ment of patients with cancer receiving ICIs. Considering 
that the incidence of SAEs in patients on ICIs is not negli-
gible, clinicians may consider delaying the initiation of 
therapy in patients with cancer with advanced disease if 
this is clinically acceptable. In addition temporary discon-
tinuation could be considered in patients with major 
radiologic response. This may be particularly important 
in older patients, who, if SARS- CoV-2 positive, are intrin-
sically at higher risk, as previously reported.7

Interestingly and consistently with earlier results 
showing a correlation between lymphopenia and COVID-
19- associated disease severity,16 in our study patients with 
lymphopenia and high NL ratio, who were receiving ICIs 
had a higher risk of developing SAEs. Further studies are 
needed to confirm if these parameters may be considered 
predictive biomarkers of toxicity.

The lower incidence of SAEs seen in the adjuvant 
setting compared with the metastatic setting may reflect 
the degree of cancer- induced immunosuppression seen 
in metastatic disease

The main reason for hospitalization was pneumonia. 
In the context of SARS- CoV-2 positive patients receiving 
ICIs, one of the main challenges is the differential diag-
nosis between ICIs- related versus COVID-19- related pneu-
monitis. Bilateral pneumonia, usually characterized by 
multiple peripheral lesions with ground- glass opacity with 
reticular pattern, consolidation, microvascular dilatation 
and vacuolar images, fibrotic and subpleural lines have 
been reported in patients with COVID-19 and ICIs. Simi-
larly, COVID-19 and ICIs adverse events share systemic 
symptoms including fever, cough, fatigue, dyspnea and 
gastrointestinal symptoms.

The strengths of this study include the relatively 
large cohorts of patients included, the inclusion of 

SARS- CoV-2- positive and SARS- CoV-2- negative patients 
across major tumor types and systemic therapies, and the 
use of a validation cohort to confirm the incidence of 
SAEs in SARS- CoV-2- positive patients receiving ICIs. We 
are aware of potential limitations since our study is under-
powered to identify any potential difference of SAEs in 
different tumor histologic subtypes and small statistically 
differences in patients receiving ICIs or other treatments. 
Furthermore, patients were not stratified according to 
potential confounders that could impact on treatment- 
related toxicity. Finally, and most importantly, patients 
with complicated COVID-19 were not included in our 
study. Hence we cannot exclude that the overall mortality 
rate in patients with cancer is higher than that reported 
in the cohort of patients included in our study.

In conclusion, our study suggests that in asymptomatic 
or pauci- symptomatic patients, SAEs and mortality rates 
are higher in SARS- CoV-2- positive cases, and for this 
reason clinicians should carefully monitor these patients 
during treatment. TTs are not associated with SAEs and 
this may be an option in some patients.
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