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Abstract

Background: This prospective, multicentre, observational INVIDIla-2 study is investigating

the clinical efficacy of influenza vaccination in advanced-cancer patients receiving immune-
checkpoint inhibitors (ICls), enrolled in 82 Italian centres, from October 2019 to January 2020.
The primary endpoint was the incidence of influenza-like illness (ILI) until 30 April 2020.

All the ILI episodes, laboratory tests, complications, hospitalizations and pneumonitis were
recorded. Therefore, the study prospectively recorded all the COVID-19 ILI events.

Patients and methods: Patients were included in this non-prespecified COVID-19 analysis,

if alive on 31 January 2020, when the Italian government declared the national emergency.
The prevalence of confirmed COVID-19 cases was detected as ILI episode with laboratory
confirmation of SARS-CoV-2. Cases with clinical-radiological diagnosis of COVID-19 (COVID-
like ILIs), were also reported.

Results: Out of 1257 enrolled patients, 955 matched the inclusion criteria for this unplanned
analysis. From 31 January to 30 April 2020, 66 patients had ILI: 9 of 955 cases were confirmed
COVID-19 ILIs, with prevalence of 0.9% [95% confidence interval (Cl): 0.3-2.4], a hospitalization
rate of 100% and a mortality rate of 77.8%. Including 5 COVID-like ILIs, the overall COVID-19
prevalence was 1.5% (95% Cl: 0.5-3.1), with 100% hospitalization and 64% mortality. The
presence of elderly, males and comorbidities was significantly higher among patients
vaccinated against influenza versus unvaccinated (p=0.009, p <0.0001, p <0.0001). Overall
COVID-19 prevalence was 1.2% for vaccinated (six of 482 cases, all confirmed) and 1.7%

for unvaccinated (8 of 473, 3 confirmed COVID-19 and 5 COVID-like), p=0.52. The difference
remained non-significant, considering confirmed COVID-19 only (p=0.33).
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Conclusion: COVID-19 has a meaningful clinical impact on the cancer-patient population
receiving ICls, with high prevalence, hospitalization and an alarming mortality rate among
symptomatic cases. Influenza vaccination does not protect from SARS-CoV-2 infection.
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Introduction

Since the first outbreak of the COVID-19 pan-
demic in China at the end of 2019, up to mid-July
2020, more than 14,000,000 cases of infections
from severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) have been diagnosed world-
wide.! Clinical factors associated with progression
to a more severe disease stage were elderly age,
male sex, low lymphocyte count, and presence of
comorbidities such as hypertension, diabetes and
chronic obstructive pulmonary disease.?-3 Patients
with cancer have been deemed as having high risk
of severe events from COVID-19, and their high
mortality rates have been reported in recent wide
retrospective analyses, showing that 30-day all-
cause mortality was independently associated
with both general risk factors (older age, smoking
status, comorbidities) and risk factors unique to
oncological patients, like an Eastern Cooperative
Oncology Group performance status (ECOG PS)
of 2 or higher, and active cancer.* Although an
exact estimation of lethality is difficult due to the
high risk of under-diagnosis of asymptomatic and
mild cases, the mortality rate reported up to today
for cancer-patient populations developing COVID-
19 was between 11% and 39% in wide case series
from the United States, Italy and China.*©

No data are available on the prevalence of
COVID-19 in this patient population, given the
lack of a denominator in the cited retrospective
studies, only reporting the cancer-patient popula-
tion known to be affected by SARS-CoV-2 and
their outcome. Statistical estimates suggested
that, at least in male population, patients with
cancer have a higher risk of SARS-CoV-2 infec-
tion [odds ratio (OR) 1.79; confidence interval
(CI) 1.62-1.98, p<<0.0001].7

On the other hand, case series from different
countries heavily affected by the pandemic
showed a high prevalence of cancer patients in

the population with COVID-19.3:8 The Italian
Medical Council described the characteristics of
COVID-19 patients dying in Italy, based on data
available on 30 March 2020, showing that 16.5%
were patients being treated for a malignancy in the
past 5years.” These data indirectly suggest that,
beyond their likely worst prognosis when develop-
ing COVID-19, the risk of being infected with
SARS-CoV-2 could be higher for cancer patients.
Of course, during the peak of the pandemic, the
need for hospital visits and treatment administra-
tions can be considered a risk factor in itself.

Beyond the higher risk of infections for patients
receiving cytotoxic chemotherapy,!® the possible
correlation of SARS-CoV-2 infection with the
type of systemic cancer therapy has not been clar-
ified. Patients with cancer undergoing treatment
with anti-programmed cell-death protein 1/anti-
programmed cell-death ligand 1 (anti-PD-1/anti-
PD-L1)oranti-cytotoxic T-lymphocyte-associated
protein 4 (anti-CTLA-4) immune-checkpoint
inhibitors (ICIs), currently used in the routine
clinical practice to treat many solid tumours, con-
stitute a growing oncological population, and
their specific susceptibility to bacterial or viral
infections has not been investigated. Some con-
cerns have been recently expressed about the pos-
sible risk of administering ICIs in the middle of
the COVID-19 outbreak, essentially due to two
major issues: the potential overlap between the
COVID-related interstitial pneumonia and the
uncommon immune-related lung toxicity from
ICIs, and the hypothesis of a synergy between ICI
mechanism and COVID-19 pathogenesis in
terms of cytokine-release syndrome.!! On the
other hand, considering that immunotherapy is
able to restore the cellular immunocompetence,
the patient undergoing ICI could be more immu-
nocompetent than cancer patients undergoing
chemotherapy, as our data previously suggested
in the case of influenza infection.!?
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With the aim of exploring these hypotheses and
investigating the prevalence and the true clini-
cal impact of COVID-19 in patients with
advanced cancer treated with ICIs, we exploited
the prospective data from the multicentre,
observational INVIDIa-2 study, which is cur-
rently ongoing, performing a non-prespecified
preliminary COVID-19 analysis.

The study is investigating the clinical efficacy of
influenza vaccination in advanced-cancer patients
receiving ICIs enrolled in 82 Italian centres from
October 2019 to January 2020 and prospectively
observed until April 2020. All the influenza-like
illness (ILI) episodes, laboratory tests, complica-
tions, hospitalizations, and pneumonitis were
prospectively recorded according to the study
protocol. Therefore, the INVIDIa-2 study pro-
spectively detected all the symptomatic COVID-
19 events in the study population during the peak
of the SARS-CoV-2 spread in our country.

Methods

INVIDIa-2 study design and participants

The INVIDIa-2 study is a multicentre, prospective,
observational study, still ongoing in the follow-up
phase. The primary objective is the assessment of
the utility of vaccine administration in patients with
advanced cancer undergoing systemic treatment
with ICIs, by evaluating the impact of the influenza
vaccination on the incidence of ILI. The primary
endpoint is the incidence of ILI from 1 October
2019 until 30 April 2020.

The secondary objectives include the description
of the vaccine coverage and its impact in terms of
reduction of severity and fatality of ILI, data
about pharyngeal and/or nasal swabs used in clin-
ical practice for the differential diagnosis of ILI,
and serological laboratory test confirmations. In
order to measure the entity of the indication bias
deriving from the observational nature of the
study, the characteristics of the population in the
two groups of vaccinated and non-vaccinated
patients, have been collected and compared.

All patients with advanced solid tumours receiv-
ing therapy with ICI (alone or in combinations)
from 1 October 2019 to 31 January 2020 (corre-
sponding to the duration of the influenza vaccine
season) were eligible. The influenza season, from
October 2019 to April 2020, constituted the ILI
observation period, with a cut-off date on 30

April 2020 for both the primary endpoint and the
secondary endpoints regarding the severity and
fatality of ILI. The timing of the original study is
shown in Supplemental Figure S1.

The study involves 82 Italian centres; the enrol-
ment target was of 974 patients according to the
sample size calculation (details not shown, origi-
nal protocol available in the supplemental materi-
als); an over-accrual of 30% was provided, based
on the expected rate of screening failures.

ILI, according to the European Centre for Disease
Prevention and Control (ECDC), has been
defined as a sudden and rapid onset of one or
more of the following general symptoms: fever or
low-grade pyrexia, malaise and/or fatigue, head-
ache, myalgia; and at least one of the following
respiratory symptoms: cough, sore throat, dysp-
noea.!? ‘Sudden and rapid’ is taken to mean to
the extent that the date of symptom onset can be
clearly identified. Confirmed influenza or other
confirmed infection was referred to cases con-
firmed by pharyngeal/nasal swab and/or serology
tests.

The trial is registered in the European electronic
database of clinical trials [EudraCT no.: 2020-
002603-18]. Local institutional review board
approval was required for each centre for inclu-
sion in the study. Written informed consent was
obtained for all enrolled patients. All study proce-
dures were in accordance with the precepts of
good clinical practice and the Declaration of
Helsinki.

COVID-19 analysis methods

Despite the COVID-19 analysis obviously not
being prespecified, due to the unawareness of the
SARS-CoV-2 outbreaks at the time of the proto-
col designing, the protocol provided the differen-
tial diagnosis of ILI. All the ILI episodes,
laboratory tests, complications, hospitalizations,
and pneumonitis were collected in a validated
electronic case report form (eCRF) platform
(OpenClinica). Therefore, the study prospec-
tively recorded all the COVID-19 ILI events
within the enrolled patient population.

The primary endpoint of this non-prespecified
COVID-19 analysis was the prevalence of con-
firmed COVID-19 cases in the exposed popula-
tion, detected as ILI episodes with laboratory
confirmation of SARS-CoV-2 infection, occurring
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between 31 January 2020 and 30 April 2020.
This time frame was selected as corresponding to
the COVID-19 outbreak in Italy, and includes
the peak of incidence, reached in March 2020.

As co-primary endpoint, we assessed the overall
COVID-19 prevalence, including cases with clin-
ical-radiological diagnosis of COVID-19 without
laboratory confirmation (not performed, or per-
formed and resulting in negative for SARS-
CoV-2), defined as COVID-like ILlIs.

The secondary endpoints included the hospitali-
zation rate and the mortality rate of COVID-19
cases; their clinical characteristics compared with
those of patients without COVID-19 occurrence;
their overall survival (OS) compared with that of
patients developing non-COVID ILI. Each sec-
ondary endpoint was evaluated both for the con-
firmed COVID-19 population and in the overall
COVID-19 group.

The inclusion criterion for this non-prespecified
COVID-19 analysis was the potential exposure to
SARS-Cov-2 infection, namely, the patients must
be alive on 31 January 2020 (this date has been
chosen conventionally, corresponding to the dec-
laration of national emergency by the Italian gov-
ernment, before the first local case was officially
diagnosed). The prevalence of COVID-19 was
assessed among patients with ILI symptoms.
Confirmed COVID-19 cases were defined with
SARS-CoV-2 nasal and/or pharyngeal swab posi-
tivity according to the local clinical practice.
COVID-like cases were defined as epidemiologi-
cal, clinical and radiological characteristics with
high suspicion for COVID-19, irrespective of the
laboratory confirmation, considering on one hand
the high pre-test probability of SARS-CoV-2
infection, and on the other hand, the suboptimal
sensitivity of real-time polymerase chain reaction
(RT-PCR) tests, with a high percentage of false-
negative findings.!4

Statistical analysis

Data related to quantitative variables were
reported using the median and interquartile range
(IQR), and absolute count and percentages when
referring to categorical items. Association between
categorical variables was evaluated with the 2
test. Differences in lymphocyte distribution were
tested with the Friedman one-way repeated meas-
ures analysis of variance by ranks. OS was calcu-
lated from the onset of ILI symptoms to the date

of death or censored at the last available follow-
up date. Survival curves were estimated by the
Kaplan—-Meier method and compared with the
log-rank test.

Role of the funding source

The funders of the study had no role in study
design, data collection, data analysis, data inter-
pretation, or writing of the report. The corre-
sponding author had full access to all the data in
the study and had final responsibility for the
publication.

Results

The INVIDIa-2 study prospectively enrolled
1257 advanced-cancer patients receiving ICIs.
According to the inclusion criteria, 955 patients
were eligible for the present COVID-19 analysis.
Their characteristics are summarized in Table 1.

Patients who received influenza vaccination were
482, versus 473 who were not vaccinated: the
characteristics were unbalanced between the two
groups, since vaccination was more frequently
administered in males (p=0.009), smokers
(»p<<0.0001), lung cancer patients (p=0.003),
patients with comorbidities (p<<0.0001) and
elderly (p<<0.0001).

There were 66 patients with ILI episodes occur-
ring after 31 January 2020. The confirmed
COVID-19 ILIs were 9, with prevalence of 0.9%
(95% CI: 0.3-2.4; 9/955 cases) of the study popu-
lation. Including COVID-like ILIs, diagnosed in
five patients, the overall COVID-19 prevalence in
advanced-cancer patients treated with ICIs was
1.5% (95% CI: 0.5-3.1; 14/955 cases). Figure 1
shows the distribution of ILI cases after 31 January
2020. The probability that an ILI episode was
COVID related in the considered time frame for
this patient population ranged from 13.6% to
21.2%. The positivity rate of the performed swabs
in the ILI population was 34.6% (nine positive
swabs out of 26 performed in the ILI population).

Confirmed COVID-19

For nine patients, the clinical diagnosis of
COVID-19 was confirmed by positive RT-PCR
on nasal and/or pharyngeal swab. Their charac-
teristics were reported in Table 2. For all patients,
the ICI treatment was an anti-PD-1/anti-PD-L1
antibody.
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Table 1. Characteristics of patients included in the
COVID-19 analysis of the INVIDIla-2 study.

Patient characteristics Distribution
(955 patients)

Age

Median 69.5 years

Interquartile range 61-76 years

Sex

Male

Female

ECOG PS

0

1

2

3

NA

Smoking

Never

Former

Active

NA

Primary tumour site
Lung

Renal cell carcinoma
Melanoma
Urothelial carcinoma
Head and neck
Other

Line of therapy

I

Il

1]

NA

Type of treatment

ICl only

648 (67.9%)
307 (32.1%)

571 (59.8%)
332 (34.8%)
35 (3.7%)

2 (0.2%)

15 (1.6%)

288 (30.2%)
415 (43.5%)
225 (23.6%)
27 (2.8%)

507 (53.1%)
169 (17.7%)
108 (11.3%)
58 (6.1%)
33(3.5%)
80 (8.4%)

526 (55.1%)
346 (36.2%)
80 (8.4%)
3(0.3%)

854 (89.4%)

(Continued]

Table 1. (Continued)

Patient characteristics Distribution
(955 patients)

ICI plus chemotherapy 85 (8.9%)

ICI plus other drugs 16 (1.7%)

Type of immunotherapy
Anti-PD-1/anti-PD-L1 893 (93.5%)
Anti-CTLA-4 3(0.3%)

Anti-PD-1/PD-L1 plus anti
CTLA-4

59 (6.2%)

Comorbidities (at least one) 712 (76.4%)

Number of comorbidities

0 242 (25.3%)
1 254 (26.6%)
=2 459 (48.1%)

Arterial hypertension 396 (41.5%)

Respiratory comorbidities 115 (12.0%)
(COPD/asthma)

Diabetes mellitus 146 (15.3%)

Splenectomy 9 (0.9%)

COPD, chronic obstructive pulmonary disease; COVID-19,
infection by the SARS-CoV-2 virus; CTLA-4, anti-cytotoxic
T-lymphocyte-associated protein 4; ECOG PS, Eastern
Cooperative Oncology Group performance status; ICI,
immune-checkpoint inhibitor; NA, not available; PD-1,
anti-programmed cell-death protein 1; PD-L1, anti-
programmed cell-death ligand 1.

ILI after January 31, 2020 (n = 66)

= Non-COVID
m CoviD-19
COoVID-like

Figure 1. Pie graph representing the distribution of
patients developing influenza-like illness (ILI] after 31
January 2020.

COVID-19, infection by the SARS-CoV-2 virus.
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Table 2. Characteristics of patients developing influenza-like illness with laboratory confirmation of SARS-CoV-2 infection (defined as confirmed COVID-19).

Combination
therapy

ICI

COPD/

Diabetes

Immuno-
logical

Hyper-

Splen-

Tumour
stage

Primary
tumour

ECOG Smoking status
PS

Sex

COVID-19 Age
case

line

asthma

tension

ectomy

disorders

No

No No

No

| Yes Yes

Lung cancer

Current smoker

74

No

No No

No

vV No Yes

Lung cancer

Former smoker

74

No

No No

No

I\ No Yes

Lung cancer

Former smoker

74

No

vV No No No No No

Renal-cell

2 Unknown

50

carcinoma

Chemo-

No No

No

I\ No Yes

Endometrial

cancer

Non-smoker

70

therapy

No

\ No No HIV No No

Lung cancer

Current smoker

59

No

No No

No

vV No Yes

Lung cancer

Former smoker

78

No

I\ No No No No No

1%

Lung cancer

Former smoker

67
82

Yes No No

No

Yes

No

Lung cancer

Former smoker

COPD, chronic obstructive pulmonary disease; COVID-19, infection by the SARS-CoV-2 virus; ECOG PS, Eastern Cooperative Oncology Group Performance Status, collected at

immunotherapy initiation; F, female; HIV, human immunodeficiency virus; ICI, immune-checkpoint inhibitor; M, male.

None of the characteristics among sex, smoking
status, primary tumour, or comorbidities were
related to confirmed COVID-19 occurrence,
except splenectomy (11.1% in splenectomised
patients wversus 0.8% in non-splenectomised,
p»=0.002; Supplemental Table S1). The influ-
enza vaccination was not related to the confirmed
COVID-19 prevalence, which was 1.2% (95%
CI: 0.2-3.7) in vaccinated patients versus 0.6%
(95% CI: 0.1-1.8) for unvaccinated (p =0.33).

The clinical features of the confirmed COVID-
19 ILIs are described in Table 3: almost all
patients presented fever and dyspnoea; all
patients developed interstitial pneumonia, diag-
nosed at the computed tomography (CT) scan or
with chest X-ray (RX). The hospitalization rate
was 100%; seven of nine patients died due to
COVID-19, with mortality rate of 77.8% (95%
CI 40.1-96.1 with continuity correction). The
median OS (mOS) of patients developing
COVID-19-related ILI was 10days (95% CI:
2-20); it was significantly shorter compared with
that of non-COVID ILI, which was not reached
[p<0.0001; Figure 2(a)].

Overall COVID-19

For five further patients, whose characteristics
were reported in Supplemental Table S2, the
diagnosis of COVID-19 was reached considering
the clinical features (summarized in Supplemental
Table S3), the radiological finding of interstitial
pneumonia in all five cases, and the epidemiologi-
cal context of the COVID-19 outbreak peak in
Italy and in the specific region of the respective
participating centre. In all five cases, nasal/phar-
yngeal swab for SARS-CoV-2 was performed
with negative results.

Considering the COVID-like ILIs together with
the confirmed COVID-19, the overall COVID-
19 ILI group (14 patients) had similar behaviour
to that previously reported for the confirmed
cases, without any correlation to clinical variables
other than splenectomy (p =0.016; Supplemental
Table S1). The influenza vaccination was not
related to the overall COVID-19 prevalence,
which was 1.2% among vaccinated patients versus
1.7% for unvaccinated (p =0.56).

The hospitalization rate was 100% also in this
subgroup, and two of five patients died due to
COVID-like ILI in addition to deaths from con-
firmed COVID-19, with mortality rate in the
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Table 3. Clinical features of influenza-like illness episodes with confirmed diagnosis of COVID-19.

COVID-19 General Respiratory Hospitali- Interstitial Swab site COVID-ILI Death Time from last ICI
case symptoms symptoms zation pneumonia outcome reason administration
(at CT scan to COVID-19
or RX) symptoms
occurrence
(weeks)
1 Fever Cough, sore Yes Yes Pharyngeal Death COovVID-19 20
throat
2 Fever, Dyspnoea Yes Yes Nasal Death COVID-19 1
myalgias
3 Fever Dyspnoea Yes Yes Pharyngeal Death COovID-19 21
4 Fever Dyspnoea Yes Yes Nasal Death COVID-19 11
5 Fever, Dyspnoea Yes Yes Pharyngeal Alive, ICl delay 1
malaise/ (66 days)
fatigue
6 Fever Dyspnoea Yes Yes Pharyngeal Death COvVID-19 9
7 Malaise/ Dyspnoea Yes Yes Nasal Death COVID-19 1
fatigue
8 Fever Cough Yes Yes Pharyngeal Alive, ICI 2
discontinuation
9 Fever, Cough, Yes Yes Nasal Death CcoviD-19 7
malaise/  dyspnoea
fatigue

COVID-19, infection by the SARS-CoV-2 virus; CT, computed tomography; ICI, immune checkpoint inhibitor; ILI, influenza-like illness; RX, X-ray.

(a) 1o (b) .,o-jl
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57 54 s0 43 36 27 18 8 4 1 1 52 50 46 41 35 26 18 8 4 1 4
9 4 3 1 1 1 9 4 3 1 1 1
5 4 ) 2 1 1

Figure 2. Kaplan-Meier survival curves for patients with confirmed COVID-19 influenza-like illness (ILI) and
patients with non-COVID ILI.

(a) Kaplan-Meier survival curves for patients with confirmed COVID-19 ILI and patients with non-COVID ILI (calculated from
the onset of influenza-like symptoms to death or to the last follow up for patients surviving to ILI); (b) Kaplan-Meier survival
curve for patients with COVID-like ILI, compared with that of patients with confirmed COVID-19 ILI and with non-COVID ILI.
COVID-19, infection by the SARS-CoV-2 virus.

The blue line is for non-COVID-ILI and the green for COVID-19 ILI in (a) and (b}, and the red line is for COVID-like ILI in (b).
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T0 T1 T2

Figure 3. Spider plot representing the trend of

the lymphocyte count in patients with confirmed
COVID-19 or COVID-Llike ILI at three timepoints.

TO: start of immunotherapy with immune-checkpoint
inhibitors; T1: during therapy; T2: close to COVID-19 diagnosis
(immediately before or at hospital admission). The downward
trend from TO to T2 was statistically significant (p= 0.035).
COVID-19, infection by the SARS-CoV-2 virus.

overall COVID-19 population of 64.3% (95%
CI: 35.6-86.0 with continuity correction).

The mOS of patients with COVID-like ILI was
not reached, but life expectancy was shorter com-
pared with that of patients with confirmed
COVID-19 ILI and longer than that of non-
COVID-ILI patients [p<0.0001; Figure 2(b)].

The lymphocyte count of the overall COVID-19
cases, assessed at baseline before immunotherapy
start, during immunotherapy and finally close to
the COVID-19 ILI development, showed a statis-
tically significant downward trend (Figure 3;
p»=0.035).

Discussion

The prevalence of COVID-19 in a patient sub-
group from the overall population is a time- and
site- dependent statistic, even in a pandemic
scenario, difficult to interpret without its epide-
miological contextualization. The COVID-19
outbreak in Italy started at the end of January
2020 with the first two cases imported from
China, leading to the subsequent local transmis-
sion of the infection, with increasing incidence
from February 2020 until the plateau reached in
April 2020, after the peak of the Italian outbreak,
occurred in March 2020. On 30 April 2020, in
Italy, over a population of 60,317,000 inhabit-
ants, the confirmed cases of COVID-19 were
205,463, of whom 13.6% were dead, 0.8% were

inpatients in intensive care units, 8.8% were hos-
pitalized due to severe symptoms, 39.8% were
outpatients with active illness and 37% were
healed.’> The mortality rate of 13.6% for
COVID-19 in our country at the end of April was
calculated considering the overall denominator
of asymptomatic and symptomatic infections,
mainly detected by RT-PCR swab screening, car-
ried out in leopard spots in the national popula-
tion. On the other hand, if the nationwide
incidence of SARS-CoV-2 infection in Italy was
about 0.34% according to the previously cited
data, when considering symptomatic cases only,
it was likely around 0.21%, as also confirmed by
regional reports, and the estimated mortality rate
of symptomatic COVID-19 was 21.6%.7:15

In this epidemiological context, the prevalence of
0.9% for confirmed COVID-19, prospectively
found in our study population, can be interpreted
as high. Furthermore, this incidence was even
probably underestimated, missing asymptomatic
cases.

If, on one hand, the hospitalization rate of 100%
could be interpreted as a deliberate choice of the
clinicians to keep under close control these frail
patients when developing even mild forms of this
harmful infection, on the other hand, the upset-
ting mortality rate, almost reaching 78% of cases
with mOS of only 10 days from the onset of
symptoms, overcame our expectations. The
underestimation of the denominator, missing the
share of patients with asymptomatic SARS-Cov-2
infections, can partially justify such a high mor-
tality. Moreover, the mortality estimate could
lack precision due to the relatively small number
of cases. Beyond these considerations, our find-
ings provide a clear demonstration that COVID-
19 has a statistically significant and clinically
meaningful worse OS when compared with other
influenza-like infections in the advanced-cancer
patient population [see Figure 2(a)]. The inter-
mediate OS of patients with COVID-like ILI
episodes [shown in Figure 2(b)] could subtend
the likely mixed etiopathogenesis of such ill-
nesses, clinically attributed to SARS-CoV-2 due
to their presentation and radiological features,
but possibly partially due to other viral infec-
tions, including the classic influenza virus (of
note, none of the COVID-like cases received the
flu vaccine, while the majority of confirmed
COVID-19 was vaccinated) or even to ICI-
related pneumonia.l®

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

M Bersanelli, D Giannarelli et al.

The results of the present analysis should be read
in light of our patient characteristics. Before con-
sidering their cancer treatment, the patients in this
study population are affected by advanced cancer,
with advanced median age (69.5years), male
prevalence (2:1), significant comorbidity, and
more than 50% of patients having lung cancer. All
these variables have been related to high risk of
severe events and death from COVID-19.2-47.17.18
Furthermore, also within the population of cancer
patients, significant difference in the morbidity
from SARS-CoV-2 infection has been previously
seen in retrospective subgroups, with higher risk
of death (OR: 5.58;95% CI: 1.71-18.23; p=0.01)
and severe events reported for patients with meta-
static cancer, but not for patients with non-meta-
static tumours, when compared with patients
without cancer.!® Of note, the INVIDIa-2 study
included only active advanced cancers, negatively
selecting the patient population irrespective of the
systemic treatment administered. The treatment
with ICI constitutes another concern about the
possible risk factors for COVID-19, as recently
argued with controversial rationale.!1,20,21

On the other hand, the currently available data
seem to testify in favour of better outcome of can-
cer patients with COVID-19 when previously
treated with immunotherapy rather than with
chemotherapy,!%2223 and despite the severity of
the disease developed by lung cancer patients,
PD-1 blockade exposure has not been associated
with increased severity of COVID-19.24 With lack
of current prospective evidence about COVID-19
incidence and severity in cancer patients treated
with chemotherapy or any other targeted cancer
drugs, and without a control arm in our study,
definitive conclusions about the possible contri-
bution of the systemic treatment with ICI to
COVID-19 morbidity cannot be drawn.

The study findings about the influenza vaccine do
not show association between vaccination and
COVID-19 morbidity. On the other hand, the
characteristics of vaccinated patients were strongly
in favour of a high risk of severe COVID-19. Even
in the lack of direct advantage from flu vaccine
administration with respect to SARS-CoV-2
infection, while a COVID-19 vaccine is still miss-
ing, safe and quite effective influenza vaccines are
available. Considering the possible convergence
of a new outbreak of COVID-19 simultaneously
with the epidemic of seasonal influenza, the wide-
spread use at least of the flu vaccine will be even
more crucial, both reducing the probability of

viral pneumonia and facilitating the differential
diagnosis of ILI.

Mention is deserving of the significant decrease of
lymphocyte count found in our COVID-19 patients
from the beginning of immunotherapy to the devel-
opment of infection. It has been reported that
CD4+ and CD8+ lymphocytes are significantly
low in severe/critical COVID-19 patients.!” The
phenomenon of lymphocyte depletion has demon-
strated unfavourable prognostic implications both
in cancer and COVID-19.25:26 Furthermore, recent
data demonstrated that surviving T cells during
COVID-19 are functionally exhausted.?> The lym-
phocyte decrease shown in our patients developing
COVID-19 was consistent with the poor prognosis
of the disease in our population.

The present study has some limitations: the
COVID-19 analysis was not prespecified; as a con-
sequence, the prospectively recorded data lacked
useful COVID-specific details, for example, extra-
ILI symptoms (such as anosmia and dysgeusia)
and the specific therapeutic approach to COVID-
19 used in our patients. Another relevant limita-
tion is the lack of information about asymptomatic
COVID-19: the study was not designed to detect
subclinical infections and did not include any col-
lection data from laboratory tests performed as
screening in the absence of symptoms. In addition,
in Italy, during the study period, the laboratory
tests were performed only in the case of severe
symptoms according to the World Health
Organization definition.2?” This approach could
have favoured late diagnosis, increasing the need
for hospitalization and leading to the high mortal-
ity rate in this frail patient population. Even more,
the healthcare system in Italy was in an heavy
emergency state during the conduct of the study,
likely negatively impacting on the outcome of these
patients.

The strength of the present study is the prospec-
tive nature, providing reliable data about the
impact of COVID-19 in advanced-cancer patients
treated with immunotherapy, and also constitut-
ing the only prospective report on the occurrence
of symptomatic SARS-CoV-2 infection in a wide
cancer-patient population during the peak of the
COVID-19 outbreak. Prospective data about
patients receiving other cancer therapies would
be warranted in the upcoming further outbreak,
given both the high risk of bias from retrospective
data collection and the difficulty of the post hoc
identification of an unbiased denominator.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 12

In conclusion, according to the risk factors pre-
viously demonstrated in the literature, the prev-
alence, hospitalization and mortality from
symptomatic COVID-19 in our study population
of advanced-cancer patients treated with ICI was
meaningful, likely mainly due to metastatic dis-
ease and to general risk factors peculiar to cancer
patients. In the current lack of curative treatment
for COVID-19, a wider use of laboratory diag-
nostic tests in advanced-cancer patients treated
with immunotherapy should be considered,
aimed at the early detection of infection and offer-
ing the chance for preventing its progression to
severe forms.
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