European Journal of Cancer 167 (2022) 81-91

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.ejcancer.com

Original Research

Clinical profile and mortality of Sars-Cov-2 infection in ™
cancer patients across two pandemic time periods (Feb ¢
2020—Sep 2020; Sep 2020—May 2021) in the Veneto
Oncology Network: The ROVID study

Maria V. Dieci “**, Giuseppe Azzarello °, Vittorina Zagonel I

Franco Bassan ©, Stefania Gori ', Giuseppe Aprile &,

Vanna Chiarion-Sileni ", Sara Lonardi d, Cristina Oliani ',

Marta Zaninelli ’, Rita Chiari ©, Adolfo Favaretto ', Alberto Pavan ™,
Elisabetta Di Liso “, Eleonora Mioranza “, Alessandra Baldoni ©,
Francesca Bergamo 4 Marco Maruzzo ¢, Stamatia Ziampiri ©,

Alessandro Inno ', Filomena Graziani £, Giusy Sinigaglia ',

Michele Celestino *, Pierfranco Conte *°, Valentina Guarneri “° on behalf
of Veneto Oncology Network

% Oncology 2, Veneto Institute of Oncology IOV-IRCCS, Padova, Italy

° Department of Surgery, Oncology and Gastroenterology, University of Padova, Italy

¢ Oncology and Oncologic Hematology, AULSS 3 Serenissima, Mirano Hospital, Mirano (Venice), Italy
9 Oncology 1, Veneto Institute of Oncology IOV-IRCCS, Padova, Italy

¢ Oncology, AULSS 7 Pedemontana, Santorso Hospital and Bassano Hospital, Vicenza, Italy

T Oncology, IRCCS Ospedale Don Calabria-Sacro Cuore, Negrar di Valpolicella, (Verona), Italy

€ Department of Oncology, San Bortolo General Hospital, AULSS 8 Berica, Vicenza, Italy

Y Melanoma Oncology Unit, Veneto Institute of Oncology 10V-IRCCS, Padova, Italy

! Oncology, AULSS 5 Polesana, Santa Maria Della Misericordia Hospital, Rovigo, Italy

I Oncology, AULSS 9 Scaligera, Villafranca Hospital, Villafranca, (VR), Italy

k Oncology, AULSS 6 Euganea, South Padova Hospital, Monselice, (PD), Italy

! Department of Oncology, AULSS 2 Marca Trevigiana, Ca’Foncello Hospital, Treviso, Italy

™ Oncology Department, AULSS 3 Serenissima, Sant’ Angelo General Hospital, Mestre and SS Giovanni e Paolo General
Hospital, Venezia, Italy

Received 25 January 2022; received in revised form 3 March 2022; accepted 7 March 2022
Available online 18 March 2022

* Corresponding author: Department of Surgery, Oncology and Gastroenterology - University of Padova, Oncology 2 - Veneto Institute of
Oncology IOV-IRCCS, Via Gattamelata 64, 35128, Padova, Italy. Fax: +390498215932.
E-mail address: mariavittoria.dieci@unipd.it (M.V. Dieci).

https://doi.org/10.1016/j.ejca.2022.03.005
0959-8049/© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http:/
creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:mariavittoria.dieci@unipd.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2022.03.005&domain=pdf
https://doi.org/10.1016/j.ejca.2022.03.005
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/09598049
www.ejcancer.com
https://doi.org/10.1016/j.ejca.2022.03.005
https://doi.org/10.1016/j.ejca.2022.03.005

82

KEYWORDS
Sars-Cov-2;
COVID-19;
Cancer

M. V. Dieci et al. | European Journal of Cancer 167 (2022) 81—91

Abstract Introduction: We analyzed a cohort of patients with cancer and Sars-Cov-2 infec-
tion from the Veneto Oncology Network registry across two pandemic time periods.
Materials and methods: 761 patients with cancer and SARS-CoV-2 infection were included.
Results: 198 patients were diagnosed during the first pandemic time period (TP1; February
2020 September 2020), 494 during TP2 before the vaccination campaign (TP2/pre-vaccination;
September 2020-21 February 2021) and 69 in TP2/post-vaccination (22 February 2021-15 May
2021). TP2 vs TP1 patients were younger (p = 0.004), showed more frequently a good perfor-
mance status (p < 0.001) and <2 comorbidities (p = 0.002), were more likely to be on active
anticancer therapy (p = 0.006). Significantly fewer patients in TP2 (3-4%) vs TP1 (22%) had
an in-hospital potential source of infection (p < 0.001). TP2 patients were more frequently
asymptomatic (p = 0.003). Significantly fewer patients from TP2 were hospitalized (p <
0.001) or admitted to intensive care unit (p = 0.006). All-cause mortality decreased from
30.3% in TP1, to 8.9% and 8.7% in the two TP2 periods (p < 0.001), reflected by a significant
reduction in Sars-Cov-2-related mortality (15.2%, 7.5% and 5.8% in the three consecutive time
periods, p = 0.004).

Conclusions: Differences in clinical characteristics and features of Sars-Cov-2 infection be-
tween TP1 and TP2 reflect the effects of protective measures and increased testing capacity.
The lower mortality in TP2 is in line with a less frail population. However, the vast majority
of death events in TP2 were related to COVID-19, reinforcing the priority to protect cancer
patients.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

More than 280 million Severe acute respiratory syn-
drome coronavirus 2 (Sars-Cov-2) infection cases and
more than 5,400,000 deaths have been reported world-
wide as of December 2021 [1]. In Italy, the number of
confirmed cases is more than 5,700,000, of which more
than 600,000 are in the Veneto Region [2].

During the emergency of the first outbreak, the
Veneto Oncology Network (Rete Oncologica Veneta
[ROV]) licensed and subsequently updated a dedicated
diagnostic-therapeutic pathway (PDTA), a workflow
harmonizing protective measures for oncologic patients
and staff members, while guaranteeing at the same time
the continuity of oncologic care, across medical
oncology units operating in the Veneto Region [3].
These efforts have likely contributed to mitigating the
rate of Sars-Cov-2 infection and its consequences in
cancer patients. However, several registry-based and
population-based studies consistently documented a
30% rate of mortality for cancer patients infected with
Sars-Cov-2 during the first surge [4—9] In a multivariate
analysis including more than 20,000 in-hospital COVID-
19 patients, malignancy as a pre-existing condition was
an independent factor associated with mortality [10].
These findings identified cancer patients as a vulnerable
population, at a higher risk of the severe outcome of
Sars-Cov-2 infection as compared to non-cancer pa-
tients. The Rete Oncologica Veneta COVID-19
(ROVID) is a prospective registry from the Veneto
Region (Italy) including cancer patients with a

documented Sars-Cov-2 infection. In a previous analysis
involving 170 patients (February 2020—September
2020), all-cause and Sars-Cov-2-specific mortality rates
were 33% and 17% [11].

In the past year, preparedness towards the pandemic
has significantly improved, including optimization of
COVID-19 clinical management, increased testing ca-
pacity and contact tracing ability, implementation of
protective measures including vaccination. It is now
clear that aiming for ‘zero COVID-19’ is an unrealistic
target in the short-time period [12,13]. The pandemic
continues to strike with new waves driven by the
emerging Sars-Cov-2 variants [14]. Therefore, moni-
toring the performance of integrated care across
pandemic phases [15], as well as the epidemiology and
course of infection in cancer patients, is of paramount
importance to assess the effectiveness of protective ac-
tions and plan future strategies.

In this update of the ROVID study, we evaluate the
epidemiology, clinical characteristics, mortality rates for
cancer patients with Sars-Cov-2 infection across the first
and second pandemic time periods.

2. Methods

The ROVID (ROV COVID19) study is an observational
study coordinated by the ROV and involves 26 medical
oncology units. All consecutive patients with cancer
diagnosis and documented SARS-CoV-2 infection
(positive nasopharyngeal swab). The set of variables has
been previously described (10).
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This updated analysis includes cancer patients diag-
nosed with Sars-Cov-2 from February 2020 to May
2021.

We considered the following time periods, according
to the Italian National Institute of Health’s analysis of
the pandemic in Italy [16]: first outbreak (February
2020—May 2020), transition phase (June 2020 — mid-
September 2020), second time period (from mid-
September 2020). For this analysis, we considered the
first outbreak together with the transition phase (first
time period [TP1]). Moreover, we divided the second
time period (TP2) into pre- and post-vaccination cam-
paigns for oncologic patients (cut-off: 22 February 2021,
date of the official launch of the vaccination campaign
for cancer patients in the Veneto Region). It has to be
acknowledged that different pandemic time periods or
waves are not synchronous in all countries. This is why,
for our project, we applied a definition of pandemic time
periods which is consistent with the epidemiology of the
pandemic in Italy [16]. The database lock date for this
analysis is 31 May 2021.

Testing policies for cancer patients in the Veneto
Region initially recommended a nasopharyngeal swab
only in case of symptoms or close contact criteria. Pol-
icies changed in late April 2020 recommending to test in
all the following cases, irrespective of symptoms or close
contact criteria: prior to surgical interventions, in case of
hospitalization, prior to the administration of myelo-
suppressive treatments requiring granulocyte colony-
stimulating factors, and in patients who had

First time period

haematopoietic cell transplantation. Since April 2020,
testing policies remained unchanged until the date of
database lock for this analysis.

To compare variables across the different time-
periods we used the X* test or the Kruskal—Wallis
test. Outcomes of interest were: all-cause mortality and
Sars-Cov-2-related mortality (as determined by the in-
vestigators) occurring at any time during follow-up.
Rates of mortality were compared by using the X>
test. Odds ratios and 95% confidence intervals (95%Cls)
were calculated by logistic regression analysis. Statistical
analyses were performed by using IBM® SPSS® Statis-
tics (version 26). Level of significance was p < 0.05. The
protocol was approved by the institutional review board
of participating centres. All study procedures were in
accordance with the precepts of Good Clinical Practice
and the Declaration of Helsinki.

3. Results
3.1. Description of TPI and TP2

From February 2020 to May 2021, 761 patients were
included: 198 from TP1 (191 in the first outbreak and 7 in
the transition phase), 494 from TP2/pre-vaccination and
69from TP2/post-vaccination. Fig. 1 shows the number
of cases per week. Although the date of the launch of the
vaccination campaign for cancer patients in the Veneto
Region is 22 February 2021, the first administrations of
vaccine doses were planned in early March 2021. In our
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6.6 in the first time period (14.6 in the first outbreak after excluding the transition phase)

21.6 in second time period/pre-vaccination
6.1 in second time period/post-vaccination

Fig. 1. Number of new weekly cases of cancer patients diagnosed with Sars-Cov-2 infection across centres participating to the ROVID
study from February 2020 to May 2021. Relevant time periods considered in the present study are shown.
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cohort, more than 76% (n = 53) of patients from TP2/
post-vaccination got infected by the end of March
2021, thus likely either before receiving the first dose or in
the interval between the two doses of vaccine. Full data
on vaccination status are available for 26 patients from
TP2/post-vaccination: 11 got infected before receiving
any vaccine dose, 14 between the first and the second
dose, and 1 after the 2-dose vaccination cycle.

3.2. Patients’ characteristics

Patients from TP2 vs TPl were younger, had more
frequently an ECOG (Eastern Cooperative Oncology
Group) Performance Status 0—1, and presented with
fewer comorbidities (Table 1). The proportion of never
smokers was lower in TP2 vs TP1 (data unavailable for
27.6% of patients Table 1).

The proportion of patients on active therapy at the
time of Sars-Cov-2 infection was higher in TP2, mainly
driven by a higher rate of patients receiving immuno-
therapy (Table 1). Among 478 patients on anticancer
treatment, 71.3% discontinued therapy because of Sars-
Cov-2 infection, with similar proportions in the three
time periods (68.6% in TP1, 72.7% in TP2/pre-
vaccination and 74.5% in TP2/post-vaccination;
p = 0.662). Anticancer therapy was resumed for 63.2%
of patients (40.8% in TP1, 71.7% in TP2/pre-vaccination
and 51.5% in TP2/post-vaccination, p < 0.001).

3.3. Sars-Cov-2 infection

The potential source of Sars-Cov-2 infection was iden-
tified as in-hospital contact in 8.8% of the cases, with a
significant decrease from TP1 (21.7%) to TP2 (4.5% pre-
vaccination and 2.9% post-vaccination; p < 0.001,
Fig. 2A).

At the time of Sars-Cov-2 infection, 69.7% patients
presented with COVID-19 symptoms, with a signifi-
cantly higher proportion in TP1 (78.6%, as compared to
65.6% in TP2/pre-vaccination and 73.1% in TP2/post-
vaccination, p < 0.001, Fig. 2B). Fever, cough and
dyspnea were significantly more frequent among pa-
tients from TP1 (Fig. 2C—F).

More than 41% of patients were hospitalized and
2.2% were admitted to intensive care units (ICU), with a
significant decline from TP1 to TP2 (Fig. 2G). Median
duration of hospitalization was 13 days (95%CI 12—15),
with a trend towards a reduced length from TP1 (me-
dian 14 days, 95%CI 12—17) to TP2 (median 12 days,
95%CI 11—15 pre-vaccination and median 11 days, 95%
CI 6—17 post-vaccination; p = 0.085). The pattern of
COVID-19 treatments significantly changed over time,
with increasing use of steroids and a decline in the
administration of antivirals, anti-malarials and azi-
thromycin (Fig. 2H). The use of low molecular weight
heparin was also significantly different in the three time

periods, although potentially biased by administration
for reasons other than COVID-19.

Overall, 613 (80.6%) patients had documented reso-
lution of Sars-Cov-2 infection (67.2% in TP1, 86.4% in
TP2/pre-vaccination, 76.8% in TP2/post-vaccination,
P < 0.001). Median time to negative swab was 20 days
(95%CI 19-21).

3.4. Mortality rates across time periods

Overall, 110 patients had died (14.5%), being the cause
of death directly correlated with Sars-Cov-2 infection
in 71 cases (9.3% of the total study population, 64.5%
of death events). Other causes of death were: cancer
progression (n = 23) and other/unknown
(n = 16Mortality rate significantly decreased over
time: 30.3% in TP1, 8.9% in TP2/pre-vaccination and
8.7% in TP2/post-vaccination (P < 0.001; Fig. 3).
Similarly, the rate of Sars-Cov-2-related mortality was
significantly reduced: 15.2% in TP1, 7.5% in TP2/pre-
vaccination and 5.8% in TP2/post-vaccination
(P = 0.004; Fig. 3). Looking at the same data from a
different perspective, we observed that in TP2, the
proportion of patients dying from Sars-Cov-2 infection
over the total deaths was significantly higher: 84.1% in
TP2/pre-vaccination (n = 37 out of 44 death events),
66.7% in TP2/post-vaccination (n = 4 out of 6 death
events) vs 50% in TPl (n = 30 out of 60 death events,
P = 0.002). In summary, the risk of dying from any
cause and the risk of dying from Sars-Cov-2 infection
were significantly lower in TP2 vs TP1. Nevertheless,
among patients with a death event, the probability of
dying for Sars-Cov-2 infection was higher in TP2. This
observation accounts for the different clinical condi-
tions, burden of comorbidity and thus, potential
competing causes of death, of TP1 vs TP2 patients.

3.5. Factors associated with Sars-Cov-2 infection-related
mortality

We evaluated factors potentially associated with Sars-
Cov-2 infection-related mortality. For the purpose of
this analysis, we considered TP2/pre-vaccination and
TP2/post-vaccination in one single time period.
Sars-Cov-2 diagnosis in TP1, male gender, increased
age, ECOG PS > 2, >2 pre-existing comorbidities, stage
IV cancer, palliative setting, haematologic or lung ma-
lignancy, COVID-19 symptoms at diagnosis, in-hospital
contagion, hospitalization and ICU admission, all
resulted associated in univariate analysis with the risk of
Sars-Cov-2-related mortality (Table 2). At multivariate
analysis, increased age, stage IV cancer, hospitalization
and ICU admission were independent factors; when
hospitalization and ICU admissions were excluded to
include in the multivariable model only conditions that
were present at the time of Sars-Cov-2 diagnosis,



Table 1

Patient demographic, clinical and tumour characteristics according to pandemic time periods.

TP1 N = 198 TP2/pre-vaccination n = 494 TP2/post-vaccination n = 69 Total N = 761 P value
n % N % n % n %

Sex Female 107 54.0% 260 52.6% 45 65.2% 412 54.1% 0.743
Male 91 46.0% 234 47.4% 24 34.8% 349 45.9%

Age (years), median (range) 69 (25-95) 66 (23—94) 65 (31-91) 67 (23-25) 0.004

ECOG Performance Status 0 63 36.6% 255 58.9% 26 46.4% 344 52.0% <0.001
1 61 35.5% 127 29.3% 21 37.5% 209 31.6%
2 27 15.7% 34 7.9% 6 10.7% 67 10.1%
3 15 8.7% 14 3.2% 3 5.4% 32 4.8%
4 6 3.5% 3 0.7% 0 0.0% 9 1.4%

Cancer diagnosis Breast 49 24.9% 127 25.9% 21 30.4% 197 26.0% 0.240
Gastrointestinal 42 21.3% 97 19.8% 13 18.8% 152 20.1%
Genitourinary 24 12.2% 76 15.5% 8 11.6% 108 14.3%
Gynecologic 9 4.6% 25 5.1% 6 8.7% 40 5.3%
Haematologic malignancy 15 7.6% 20 4.1% 2 2.9% 37 4.9%
Head and Neck 6 3.0% 7 1.4% 1 1.4% 14 1.8%
Lung 24 12.2% 61 12.4% 5 7.2% 90 11.9%
Melanoma 10 5.1% 48 9.8% 6 8.7% 64 8.5%
Other 18 9.1% 30 6.1% 7 10.1% 55 7.3%

Cancer Stage I 36 18.5% 76 15.5% 12 17.4% 124 16.4% 0.651
11 19 9.7% 63 12.8% 9 13.0% 91 12.1%
111 24 12.3% 68 13.8% 10 14.5% 102 13.5%
v 116 59.5% 284 57.8% 38 55.1% 438 58.0%

Documented lung metastases No 164 82.8% 401 81.2% 51 73.9% 616 80.9% 0.435
Yes 34 17.2% 93 18.8% 18 26.1% 145 19.1%

Cancer setting Curative 82 41.4% 207 42.2% 31 44.9% 320 42.2% 0.872
Palliative 116 58.6% 284 57.8% 38 55.1% 438 57.8%

Smoking habit Never smoker 105 77.2% 273 74.4% 27 56.3% 405 73.5% <0.001
Current smoker 31 22.8% 47 12.8% 9 18.8% 87 15.8%
Former smoker 0 0.0% 47 12.8% 12 25.0% 59 10.7%

Selected comorbidities Hypertension 86 43.4% 207 41.9% 32 46.4% 325 42.7% 0.821
Cardiac comorbidites 57 28.8% 75 15.2% 10 14.5% 142 18.7% <0.001
Pulmonary comorbidites 17 8.6% 33 6.7% 8 11.6% 58 7.6% 0.228
Autoimmune disorders 12 6.1% 12 2.4% 0 0.0% 24 3.2% 0.010
Diabetes 33 16.7% 81 16.4% 8 11.6% 122 16.0% 0.894
Chronic renal failure 13 6.6% 22 4.5% 0 0.0% 35 4.6% 0.271

Presence of 1 or more comorbidities No 39 19.7% 155 31.4% 19 27.5% 213 28.0% 0.008
Yes 159 80.3% 339 68.6% 50 72.5% 548 72.0%

Presence of 2 or more comorbidities No 97 49.0% 308 62.3% 39 56.5% 444 58.3% 0.002
Yes 101 51.0% 186 37.7% 30 43.5% 317 41.7%

Obesity No 171 86.4% 428 86.6% 57 82.6% 656 86.2% 0.784
Yes 27 13.6% 66 13.4% 12 17.4% 105 13.8%

Active anticancer therapy (any) No 92 46.5% 167 33.9% 23 33.3% 282 37.1% 0.006
Yes 106 53.5% 326 66.1% 46 66.7% 478 62.9%

(continued on next page)
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Table 1 (continued)

P value

Total N = 761

TP2/post-vaccination n = 69

TP2/pre-vaccination n = 494

TP1 N = 198

0

31.1%

0,

0

0,

0

31.6%
11.7%
18.0%
13.2%

0,

0

0,
28.8%
5.6%

0.698

237
79

34.8%
14.5%

8.7%

24
10

156
58
89
65

57
11
24
24

Chemotherapy

Active anticancer therapy (type)

0.028

10.4%
15.6%
13.0%

Immunotherapy
Targeted therapy

0.067

119
99

12.1%

0.938

14.5%

10

12.1%

Endocrine therapy

Abbreviations: TP, pandemic time period.
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COVID-19 symptoms emerged as an independent factor
(Table 2).

4. Discussion

We reported on Sars-Cov-2 infection in cancer patients
across the first two pandemic time periods from a pro-
spective database reflecting a homogeneous healthcare
context.

Consistently with the pattern in the general popula-
tion, we observed a larger diffusion of cases in TP2 vs
TPI1, coherently with the emergence of variants of
concern driving the second surge in Europe, like the
B.1.1.7 lineage [17,18]. Moreover, testing capacity was
improved from TPl to TP2, as described in the
‘methods’ section, potentially allowing the diagnosis of
more asymptomatic cases.

The main result of our study is a three-fold decrease
in all-cause mortality rates from TP1 to TP2, reflecting
also a halving of Sars-Cov-2-related mortality. The
increased testing capacity, the adoption of new testing
policies for cancer patients and the implementation of
measures to protect patients and the clinical staff
explain the differences in characteristics of patients and
Sars-Cov-2 infection observed in TP2 vs TP1 that may
have driven a reduced mortality risk.

Patients from TP2 were younger, in better clinical
conditions, and with fewer comorbidities. All these fac-
tors are known to be associated with all-cause mortality
[4,6,19]. These features also determined a reduction in
Sars-Cov-2-related mortality in our study, as they resul-
ted significantly associated with this outcome. The pro-
portion of patients receiving anticancer therapy at the
time of Sars-Cov-2 infection was also higher in TP2,
reflecting better clinical conditions allowing the admin-
istration of antineoplastic drugs as well as the efforts put
in place to ensure the continuity of oncologic care.

Another key result is the dramatic decrease in in-
hospital transmission as the source of infection, from
22% in TP1 to 3—4% in TP2, highlighting the efficacy of
measures to protect the vulnerable population of hos-
pitalized cancer patients, including restriction of access
to visitors, testing for asymptomatic patients, as well as
screening tests and vaccinations for healthcare pro-
viders. As compared to community transmission, pa-
tients with an identified in-hospital source of infection
had a more than two-fold increase in the risk of Sars-
Cov-2-related mortality, stressing the importance to
prevent Sars-Cov-2 circulation within inpatient clinics.
This is consistent with data from the OnCovid registry
showing that pre-existing hospitalization is an indepen-
dent poor prognostic factor [20].

Consistently with the increased testing capacity, TP2
patients were less frequently symptomatic. Accordingly,
we also observed in TP2 a reduced rate of complicated/
severe COVID19, by considering the rate of hospitali-
zations and ICU admissions as a proxy.
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Fig. 2. Characteristics of Sars-Cov-2 infection across pandemic time periods: type of contact (A), symptoms (B—F), hospitalization and

ICU admission (G), and COVID-19 therapies. ICU: intensive care unit.

The pattern of anti-COVID-19 therapies changed
over time, in line with the contemporary evidence [21].
The optimization of COVID-19 management might
have contributed to improve clinical outcomes, although
we were not able to formally assess its impact.

Several factors resulted associated with Sars-Cov-2-
related mortality in our cohort by univariate analysis.

Given the strict relation among them, only a few were
independent predictors in multivariate analysis. We
advocate for a comprehensive assessment of cancer pa-
tients diagnosed with Sars-Cov-2 infection in order to
identify those at higher risk of severe illness deserving
adequate clinical strategies to limit this risk. Impor-
tantly, we observed a lack of association of active

35%
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30,3%
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M all-cause mortality

All cause: p<0.001
Sars-Cov-2-related: p00.004

.
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Fig. 3. Mortality rates across the three pandemic time periods.
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Table 2

Univariate and multivariate logistic regression analysis evaluating the association of patient-associated, tumour-associated and infection-
associated factors with Sars-Cov-2-related mortality.

Factors

Univariate

OR (95%CI)

Time period (first vs second)

Sex (male vs female)

Age (continuous)

ECOG PS (>2 vs 0—1)

Smoking habit (current/vs former or never)

Comorbidity (>2 vs < 2)

Obesity (yes vs no)

Cancer stage (IV vs I-III)

Cancer setting (palliative vs curative)

Cancer type (haematologic or lung vs others)

Active anticancer therapy (yes vs no)

Chemotherapy ongoing (yes vs no)

Immunotherapy ongoing (yes vs no)

COVID-19 symptoms (presence vs absence)

Source of infection: In-hospital vs
Extra-hospital®

Hospitalization (yes vs no)

ICU admission

2.27 (1.37-3.41)
1.81 (1.10—2.97)
1.06 (1.03—1.08)
2.41 (1.30—4.48)
0.90 (0.40—2.06)
1.93 (1.18=3.15)
1.32 (0.68—2.55)
2.78 (1.54—5.03)
2.31 (1.32—4.02)
3.42 (2.01—5.80)
1.26 (0.75—2.13)
1.23 (0.74—2.05)
0.78 (0.33—1.86)
7.91 (2.85-22.0)
2.52 (1.09—5.81)

61.43 (14.9—352.7)

20.84 (7.45—58.3)

Multivariate® Multivariate”
P OR (95%CI) P OR (95%CI) P
<0.001  0.75 (0.39—1.46) 0.398 1.61 (0.86—3.01) 0.139
0.019 1.02 (0.52—2.00) 0.955 1.38 (0.75—2.54) 0.309
<0.001  1.05 (1.02—1.09) 0.005 1.06 (1.02—1.09) 0.001
0.005 0.84 (0.39—1.80) 0.653 1.30 (0.62—2.72) 0.483
0.799
0.009 1.01 (0.52—1.97) 0.977 1.12 (0.61-2.07) 0.711
0.412
0.001 29.98 (1.49—604.46)  0.027 21.04 (1.31-338.65)  0.032
0.003 0.12 (0.01—-2.25) 0.157 0.13 (0.10—1.96) 0.140
<0.001 242 (1.19-4.92) 0.015 2.41 (1.26—4.59) 0.008
0.379
0.432
0.571
<0.001 1.55 (0.50—4.84) 0.451 5.02 (1.75—14.38) 0.003
0.030
<0.001  68.27 (8.95—520.52)  <0.001
<0.001 9.61 (2.44—37.79) 0.001

OR, odds ratio; CI, confidence interval; p, p value; ECOG, Eastern cooperative Oncology Group; PS, performance status; ICU, intensive care unit.
# Multivariate analysis including those factors significantly associated with outcome in univariate analysis.
° Multivariate analysis including those factors significantly associated with outcome in univariate analysis, after exclusion of hospital and ICU

admission.

¢ Not included in multivariate analysis due to high number of missing cases (contact not identified).

anticancer therapy with mortality. This is a debated
issue, since data from other registries are controversial
[6,19,20,22—25]. Based on our results, we support the
opportunity of maintaining active anticancer treatments
during the pandemic, provided the implementation of
appropriate measures to prevent Sars-Cov-2 trans-
mission and a risk-stratification approach.

Few other studies evaluated the evolution of Sars-
Cov-2 infection in cancer patients beyond the first
outbreak [19,20,22,26]. Comparison with these studies is
limited by differences in healthcare contexts, time pe-
riods, definitions of pandemic time frames, patients’
selection and definition of outcome. Indeed, other
studies did not present data on Sars-Cov-2-related
mortality but reported either all-cause-related mortal-
ity or early all-cause-related mortality. The largest study
evaluated around 200,000 patients included in a pro-
spective UK registry until August 2021, of which about
20,000 had either a past history or current diagnosis of
malignancy at the time of Sars-Cov-2 infection [26]. The
authors did not observe a reduction in mortality rates
for cancer patients despite a clear trend in lower mor-
tality across time for non-cancer patients [26]. This
study was focused on hospitalized COVID-19 patients,
thus possibly skewed to a more critical population.
Conversely, a significantly lower mortality rate across
time in Sars-Cov-2-infected cancer patients was reported
by other studies [19,20,22]. The OnCovid cohort
demonstrated a significant reduction in 14-day mortality
throughout 5 pre-specified time periods, from 29.8% in

February—March 2020 to 14.5% in January—February
2021 [20]. Similar to our findings, this work described
a higher prevalence of younger patients and with fewer
comorbidities in the second outbreak, as well as a lower
rate of hospitalization required for COVID-19 [20].
Differently to our study, there was a trend towards a
higher rate of patients with pre-existing hospitalization
at the time of Sars-Cov-2 infection diagnosis (27% in the
second outbreak vs 22% in the first outbreak)19. The
authors concluded that the implementation of wide-
spread testing for Sars-Cov-2 is likely a major factor
explaining the reduction in mortality. We agree that
diffuse testing is key to more accurately unravel the ef-
fects of Sars-Cov-2 infection in cancer patients and to
adequately maintain COVID-19-free pathways. We also
believe that the reduction in mortality derives from the
application of broader preventive measures, including
those aimed at reducing in-hospital transmission that
were homogeneously applied in the Veneto Region.

Our study has limitations. First, we were not able to
capture the effects of a 2-dose full vaccination cycle.
Further updates of the ROVID s will provide evidence
in this regard. Second, data on sequencing of Sars-Cov-2
variants is not available.

A major strength of our study is the homogeneous
healthcare context. This aspect is not trivial. Indeed,
heterogeneity in the Italian territory has been docu-
mented, at least in terms of testing policies for cancer
patients [27]. Moreover, differences in patients’ outcome
have also been reported in patients from Europe vs
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United Kingdom [28]. The availability of data on Sars-
Cov-2-related mortality as a pre-specified outcome
collected in the database, thus not indirectly inferred.

In conclusion, we demonstrated that under the
adoption of common guidelines and policies, the mor-
tality of cancer patients with Sars-Cov-2 infection
dramatically declined over time. Nevertheless, the vast
majority of death events occurring in Sars-Cov-2 infec-
ted cancer patients in TP2 were related to COVID-19.
Therefore, the protection of cancer patients from Sars-
Cov-2 infection remains a priority, including vaccina-
tion. As of the time of this report, we are facing a new
rapid spread of the contagion sustained by the Omicron
variant, and thus, it is fundamental to acknowledge the
evolutionary nature of the pandemic and be prepared
for flexibility.
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