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In 84,246 consecutive Italians tested for SARS-CoV-2, we 
examined the prevalence of cancer and clinical outcomes 
of viral infection. Overall, 5.7% (4,789/84,246) had previ-
ously been diagnosed with cancer and, among the SARS-CoV-
2-positive (CV2+ve) patients, 7.8% had a cancer diagnosis 
(723/9,275). Prevalence of cancer was not associated with 
risk of infection (odds ratio of 0.97; 95% confidence inter-
val of 0.89–1.06). The proportion of CV2+ve people hospi-
talized was higher among patients with cancer (56.6 versus 
34.4% among other people), and so was the proportion of 
deaths (14.7% versus 4.5%). The risk of adverse outcomes 
of SARS-CoV-2 infection was significantly higher for patients 
with cancer versus those without, particularly for males and 
older people.

On 31 December 2019, the World Health Organization (WHO) 
was informed about a cluster of cases of a worrying infectious pneu-
monia of unknown etiology in Wuhan, Hubei Province, China. 
Three days later, 11 of the 44 initially reported infected individu-
als were reportedly as severely ill. The infectious disease was called 
novel coronavirus 2019.

The infectious agent was subsequently detected in Italy (31 
January 2020) in two Chinese patients, and then the number 
of individuals infected rose rapidly to 1,694 by 1 March (https://
www.epicentro.iss.it/coronavirus/sars-cov-2-sorveglianza-dati; 
accessed 24 April 2020). On 11 March, the WHO Director-General 
said, “We have therefore made the assessment that COVID-19 
can be characterized as a pandemic” (https://www.who.int/dg/
speeches/detail/who-director-general-s-opening-remarks-a 
t-the-media-briefing-on-covid-19–11-march-2020; accessed 24 
April 2020). The clinical course of SARS-CoV-2 infection has yet 
to be fully characterized, and the clinical syndrome can range from 
asymptomatic infection to severe acute respiratory distress syn-
drome, even progressing to multi-organ failure.

Because of their particular clinical and biological risk factors 
(systemic immunosuppression, surgical treatments and/or chemo-
therapy), patients with cancer (irrespective of the primary site and 
clinical stage of their disease) are plausibly considered more suscep-
tible to infection than individuals without cancer1–5.

This report addresses the prevalence of patients with a clinical 
history of cancer in an Italian population tested for SARS-CoV-2 
infection among the residents of the Veneto region in the northeast 
of Italy (with an overall population of 4,906,000 in 2019).

The primary outcomes of this study were: (1) a quantification 
of the prevalence of patients with a history of cancer in the popula-
tion tested for SARS-CoV-2 infection and (2) an estimation of the 
association between a history of cancer and clinical outcomes of  
patients who were CV2+ve.

Results
Of the 84,246 individuals tested, 4,789 (5.7%) had a history of can-
cer (Table 1). The proportion was higher for males (2,311/33,183 
(7.0%)) than for females (2,478/51,063 (4.9%)).

When the individuals tested for SARS-CoV-2 infection were 
stratified by age (under 70 years old, 71,100; 70–79 years old, 
5,551; 80 or more years old, 7,595), the prevalence of CV2+ve 
patients with cancer was 281/2,628 (10.7%), 186/1,025 (18.1%) and 
256/1,136 (22.5%), respectively, in the three age categories (test for 
trend P < 0.0001).

Using logistic regression analysis, the prevalence odds ratio 
(pOR) of a CV2+ve status in the study population was statistically 
associated with sex (female versus male, pOR = 0.68, 95% confi-
dence interval (CI) = 0.65–0.71) and age (70–79 versus 0–69 years, 
pOR = 2.73, 95% CI = 2.55–2.93; ≥80 years versus 0–69 years, 
pOR = 3.15, 95% CI = 2.96–3.34). A clinical history of cancer was not 
associated with CV2+ve status (pOR = 0.97, 95% CI = 0.89–1.06).

Table 1 shows the demographics for the CV2+ve individuals 
(patients with cancer versus those without): 723/9,275 (7.8%) had 
been diagnosed with cancer. Males prevailed (P = 0.0025) among 
these patients with cancer, and their distribution increased with 
older age (test for trend P < 0.0001). Among the CV2+ve individu-
als needing to be hospitalized, a statistically significant difference 
between the patients with cancer and the others emerged only for 
age (test for trend P < 0.0001).

Among the 723 CV2+ve patients with cancer, 55 (7.6%) had 
a history of multiple malignancies (M/F = 38:17); 35 of these 55 
patients (63.6%) were hospitalized due to their SARS-CoV-2 infec-
tion and 8/55 (14.5%) died (results not shown in the table).

Table 1 also shows the prevalence of clinical outcomes among 
the 723 CV2+ve patients with cancer and the other 8,552 (patients 
who did not have cancer) CV2+ve individuals, overall and by sex. 
The proportion of CV2+ve individuals hospitalized was 56.6% 
(409/723) among patients with cancer, as compared with 34.4% 
(2,941/8,552) among the others (P < 0.0001). The prevalence of 
those admitted to the intensive care unit (ICU) due to SARS-CoV-
2-related disease did not differ between the patients with cancer and 
the others (7.5% versus 6.2%, P = 0.18). Of the 723 CV2+ve patients 
with cancer, 106 died of SARS-CoV-2-related disease during the 
study period (14.7%), as compared with 385 of 8,552 (4.5%) of the 
other CV2+ve individuals (P < 0.0001).

Using logistic regression (pOR adjusted for sex and age), the risk 
of hospitalization and death was consistently lower among females 
(POR = 0.35, 95% CI = 0.28–0.38 and POR = 0.44, 95% CI = 0.36–
0.54, respectively; Fig. 1). Compared to younger people, CV2+ve 
patients aged 70 years or more were at greater risk of hospitalization 
(pOR = 4.02) and death (pOR = 25.43) (Fig. 1).
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As for the interval between cancer diagnosis and infection, indi-
viduals who had been diagnosed with cancer within the 2 years 
before acquiring the infection showed the highest risk of both hos-
pitalization and death (pOR = 2.67, 95% CI 1.74–4). A lower, but 
still significant increased risk was also documented for patients who 
developed cancer in the previous 2–5 years (pOR = 1.68, 95% CI 
1.11–2.48), or more than 5 years before the infection (pOR = 1.59, 
95% CI 1.08–2.31) (Fig. 1). The difference in pORs for death (by 
latency times between cancer diagnosis and viral infection) was 
not significant (P value for Wald statistic, 0.10). No statistically sig-
nificant association emerged between age or history of cancer and 
admission to the ICU, while such an event was less frequent among 
women (Fig. 1).

Among CV2+ve patients with cancer, the risk of adverse events 
was distinguished by site of primary cancer (Table 2), the most com-
mon being cases of breast (n = 128), prostate (110), colon or rectum 

(95) and hematological malignancies (81). A statistically significant 
higher pOR (after adjusting for sex and age) for hospitalization due to 
the viral infection emerged for breast, hematological and urological 
malignancies. As for admission to the ICU, no statistically significant 
increase in pOR was seen for any of the malignancies considered. 
A statistically significant higher pOR for death was associated with 
lung cancer, breast cancer and hematological malignancies.

Discussion
A recent position paper published in Nature Medicine (“Caring for 
patients with cancer in the COVID-19 era”) stated that “At present, 
the uncertainty of the true incidence of COVID-19 (symptomatic 
cases plus asymptomatic cases) makes it impossible to accurately 
calculate a patient’s risk of COVID-19. Determining the incidence 
of COVID-19 through the use of large-scale serological testing is 
therefore a priority”6.

Table 1 | Prevalence of SARS-CoV-2 among 84,246 residents of the Veneto region of northeastern Italy by history of cancer, sex and 
age

Total Participants with cancer Participants without cancer P value

N % N %

Tested for SARS-CoV-2 84,246 4,789 5.7 79,457 94.3

 Sex <0.0001

 Male 33,183 2,311 7 30,872 93

 Female 51,063 2,478 5 48,585 95

 Age <0.0001

 <70 years 71,100 2,628 4 68,472 96

 70–79 years 5,551 1,025 18 4,526 82

 ≥80 years 7,595 1,136 15 6,459 85

CV2+ve individuals 9,275 723 7.8 8,552 92.2

 Sex 0.0025

 Male 4,529 392 9 4,137 91

 Female 4,746 331 7 4,415 93

 Age <0.0001

 <70 years 6,285 281 4 6,004 96

 70–79 years 1,220 186 15 1,034 85

 ≥80 years 1,770 256 14 1,514 86

Hospitalized due to SARS-CoV-2 infection 3,350 409 12.2 2,941 87.8

 Sex 0.92

 Male 2,130 261 12 1,869 88

 Female 1,220 148 12 1,072 88

 Age <0.0001

 <70 years 1,581 110 7 1,471 93

 70–79 years 811 140 17 671 83

 ≥80 years 958 159 17 799 83

Died due to SARS-CoV-2 infection 491 106 21.6 385 78.4

 Sex 0.59

 Male 312 65 21 247 79

 Female 179 41 23 138 77

 Age 0.1

 <70 years 53 12 23 41 77

 70–79 years 132 28 21 104 79

 ≥80 years 306 66 22 240 78

Pearson’s chi-square test was used to identify differences in the proportions of individuals between two categories. The Cochran–Armitage test was used to look for any trends for an ordinal variable with 
more than two categories. Both tests were two-tailed.
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The present study addresses the prevalence of individuals with a 
history of cancer (4,789 participants, 5.7%) in a large population of 
84,246 consecutively tested for SARS-CoV-2 infection.

In the Italian population considered here, individuals with a 
history of cancer did not show any increased risk associated with 
CV2+ve status (pOR = 0.97). This apparent discrepancy with 
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Fig. 1 | Results of the logistic regression on CV2+ve patients. a–c, The data depict the pOR adjusted for sex and age, with error bars reporting 95% 
CI (n = 9,275 patients). The risk of hospitalization (a) and death (c) was consistently lower among females. Compared to younger people, CV2+ve 
patients aged 70 years or more were at greater risk of hospitalization (a) and death (c). A statistically significant increase in the risk was documented for 
individuals who had been diagnosed with cancer within the 2 years before acquiring the infection (a,c). No statistically significant association emerged 
between age or history of cancer and admission to the ICU (b).
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respect to clinical expectations6,7 and findings in the earlier-affected 
Chinese population8–10 could be at least partially explained by the 
demographic profile of the cancer population considered, which 
mostly included older males.

Consistently with Xia et al.9, we support the need to seek further 
confirmation of our findings due to the possibility of confounding 
factors resulting from the changing profile of the populations tested 
over the study period11,12.

As expected, the prevalence of SARS-CoV-2 infection increased 
with age in our sample (with and without a history of cancer) 
and was higher in males. Similar results emerged in the Chinese 
population8,13.

Focusing on adverse clinical outcomes, CV2+ve males showed 
a statistically significant higher risk of hospitalization, admission 
to the ICU, and death. Irrespective of sex, older CV2+ve individu-
als were also at an up to 25-fold greater risk of death due to the 
viral disease. The poor outcome of CV2+ve patients with cancer 
is consistent with that reported by Zhang in 28 patients with can-
cer14, as well as with the higher death rate by age group seen in the  
Chinese population8.

The time elapsing between being diagnosed with cancer and 
found infected with SARS-CoV-2 affected the risk of death, which 
was all the higher (from 1.6 to 2.7 times higher) the shorter the 
time. While the differences among pORs for death did not differ 
significantly, the steadily increasing risk of death associated with 
the shortening interval between cancer diagnosis and viral infection 
suggests the need to further explore this clinically relevant point.

Admission to the ICU due to SARS-CoV-2-related disease was 
not associated with a history of cancer. Among the variables poten-
tially involved in such a situation, some may be related to a patient’s 
underlying health issues and others to differences in the clinical 
management of patients.

As for any adverse outcomes of SARS-CoV-2-related disease by 
type or site of primary malignancy, breast cancer and hematologi-
cal cancers were associated with a higher risk of both hospitaliza-
tion (pOR = 2.23 and 2.0, respectively) and death (pOR = 3.30 and 
2.39, respectively). Lung cancer was associated with a fourfold risk 
of death due to SARS-CoV-2 infection. The clinical importance of 
such results warrants further investigation, expanding the popula-
tion considered.

While some clear trends emerged in our findings, some limi-
tations of the study should be mentioned. One lies in that the 
clinico-epidemiological profile of the population tested changed 
over the study period, as the viral outbreak developed. During the 
first fortnight, testing for SARS-CoV-2 was mainly restricted to peo-
ple presenting with acute (not necessarily complicated) respiratory 
symptoms and/or reporting having recently traveled in the parts of 

China hit by the epidemic. From early March onward, molecular test-
ing was also done on people with contacts potentially at risk. Then, 
as of mid-March, testing was extended to healthcare professionals 
and workers in critical areas (police officers, supermarket cashiers 
and so on). While a selection bias in the population tested cannot 
theoretically be ruled out, no conditions relating to the clinical  
history of cancer were assumed in advance and all participants  
consecutively tested were considered.

In conclusion, this study on 84,246 residents in the Veneto 
region (northeast Italy)—including 4,789 patients with cancer—
who underwent molecular testing for SARS-CoV-2 infection 
revealed no statistically significant association between a history 
of malignancy and CV2+ve status. On the other hand, the risk of 
adverse outcomes of SARS-CoV-2-related disease was significantly 
higher among patients with cancer, particularly males, older people 
and those whose cancer had developed no more than 2 years before 
becoming CV2+ve. Malignancies involving the breast, urinary 
tract, blood and lung were associated with a higher risk of adverse 
clinical outcomes of SARS-CoV-2-related disease and/or death.

Methods
All the 84,246 residents in the Veneto region (Italy) who were consecutively tested 
for SARS-CoV-2 infection between 22 February and 1 April 2020 (closing date 
for this study) were considered. No statistical method was used to predetermine 
sample size. No data were excluded from the analyses. In all cases, the viral 
infection was sought and confirmed using real-time PCR with reverse transcription 
and next-generation sequencing. Information on the SARS-CoV-2 status of the 
population tested was obtained from the archives of the regional health care 
system up to 15 April 2020. Based on their molecular test results, individuals were 
classified as SARS-CoV-2-positive (CV2+ve) or SARS-CoV-2-negative (CV2−ve).

The median follow-up for CV2+ve patients was 26 d (interquartile range 
21–30 d). The clinical information available in the digital archives of the regional 
health care system was used to distinguish the clinical outcome of CV2+ve 
individuals in four main categories by ‘level of severity’: (1) never hospitalized (that 
is, in isolation at home); (2) hospitalized at least once (whatever the clinical setting, 
other than the ICU); (3) admitted to an ICU and requiring invasive ventilation 
or (4) died. Information on comorbidities was only available for a subgroup of 
individuals and was therefore not considered.

Based on the data collected by the regional cancer registry, all individuals 
tested for SARS-CoV-2 infection were distinguished according to their oncological 
history (people with versus without a history of malignant disease). In detail, those 
diagnosed with a cancer before 31 December, 2017 were identified from the cancer 
registry’s database, while those diagnosed with a cancer in 2018 and 2019  
were identified from the regional databases of hospital discharge records and 
pathology reports.

For individuals with a history of malignant disease (patients with cancer), the 
primary cancer site was retrieved from the registry’s database together with the 
interval between the cancer’s diagnosis and the date of testing for SARS-CoV-2 
infection. For those with multiple cancers the date of diagnosis of the most recent 
was considered. Patients with cancer were then classified by the time elapsing 
between their most recent diagnosis of cancer and their testing for SARS-CoV-2 
infection (<2, 2–5 or >5 years).

Table 2 | pOR of cancer by clinical outcome (hospitalization or admission to the ICU versus no hospitalization) or death (dead versus 
alive)

Malignancy CV2+ve 
(number)

Hospitalization Admission to ICU Death

N pORa 95%CI N pORa 95%CI N pORa 95%CI

None 8,552 2,941 1.00 531 1.00 385 1.00

Breastb 128 66 2.23 1.53 3.25 7 1.84 0.83 4.08 21 3.30 1.96 5.57

Prostatec 110 73 1.44 0.94 2.21 12 0.80 0.43 1.49 15 1.25 0.70 2.25

Colon or rectum 95 52 1.19 0.77 1.85 12 1.89 0.99 3.61 17 1.71 0.97 3.01

Hematology 81 48 2.00 1.22 3.28 3 0.40 0.12 1.31 13 2.39 1.24 4.58

Urology 78 54 1.93 1.15 3.24 8 0.99 0.46 2.13 14 1.66 0.89 3.10

Lung 21 13 2.04 0.77 5.42 1 0.48 0.06 3.71 5 3.90 1.27 11.95

Others 210 103 1.47 1.09 2.00 11 0.71 0.38 1.34 21 1.48 0.90 2.42
apOR is derived from multivariable logistic regression model that includes sex and age in three categories. bWomen only. cMen only.
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Statistical analysis. Pearson’s chi-square test was used to identify differences in 
the proportions of individuals between two categories. The Cochran–Armitage 
test was used to look for any trends for an ordinal variable with more than 
two categories, and a binary response variable. Univariable and multivariable 
analyses were conducted by fitting a logistic regression model to the data, and the 
multivariable models that were fitted included sex and age group (<70, 70–79, 
>80 years of age). In the multivariable analysis the Wald chi-square statistic 
was applied to assess the significance of a trend for the interval between cancer 
diagnosis and infection, and the risk of death. Investigators were not blinded to 
cancer status of the patients being studied during analysis phase.

The SAS EG v.6.1 (SAS Institute Inc.) statistical package was used for all 
analyses. All statistical tests were two-tailed. A P value <0.05 was considered 
statistically significant.

Ethics. The study was formally approved by the Bioethics Committee of the Veneto 
Region, Italy (protocol no. 245343/2020). All personal data concerning individuals 
involved in this study were managed in a manner consistent with current Italian 
privacy legislation concerning cancer registries as collectors of personal data 
for surveillance purposes without any need for explicit individual consent. The 
descriptive analysis of individual data did not involve any direct or indirect 
intervention on the population considered15.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
The dataset used for the analysis is available at https://doi.org/10.6084/
m9.figshare.12666698.
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