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A R T I C L E  I N F O A B S T R A C T

Background

Although the ongoing pandemic of coronavirus dis-
ease 2019 (COVID-19) is directly contributing to neg-
atively affect global health and fitness, the restrictive 
measures applied for containing the outbreaks are 
also impacting detection and management of many 
diseases, including cancers. This study aimed to es-
tablish if and how the COVID-19 outbreak may have 
impacted the practice of routine prostate cancer 
screening in Verona, Italy.

Methods

We searched the laboratory information system of 
the Service of Laboratory Medicine of the University 
Hospitals of Verona to identify all test requests for to-
tal prostate-specific antigen (PSA) and vitamin D (Vit D; 
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i.e., the locally most requested immunochemi-
cal test) for outpatients during the last five years 
(December 10, 2016, to December 10, 2020). 
The weekly requests for these tests placed be-
tween February 25 and December 9, 2020, were 
compared to those placed during the same pe-
riod of previous four years (i.e., 2016-2019).

Results

The volume of test requests for both Vit D and 
PSA did not differ in 2020 compared to previ-
ous four years. However, a dramatic decline was 
observed during the local lockdown period (be-
tween March 10 and May 17, 2020), with median 
decrease of 76% for Vit D and 62% for total PSA, 
respectively. This reduction was compensated by 
13% increase for Vit D and 43% increase for total 
PSA in post-lockdown period. 

Conclusion

These results show that the lockdown period es-
tablished during the first peak of the COVID-19 
outbreak in Italy’s Verona province was associ-
ated with a dramatic decrease in routine pros-
tate cancer screenings.



INTRODUCTION

Evidence now clearly attests that the ongoing 
coronavirus disease 2019 (COVID-19) pandem-
ics is not only directly causing unprecedented 
morbidity and mortality around the world, but 
its continuous and virtually unstoppable spread 
is also influencing detection and management of 
many other acute and chronic diseases [1,2]. The 
potential consequences to global health is mul-
tifaceted, as severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) infection exacer-
bates pre-existing diseases such as cancer, dia-
betes, cardiovascular disease, etc., leading to in-
creased morbidity and mortality in such infected 
patients. Moreover, the continuous restrictions  

are consistently limiting access to primary and 
secondary care, thus potentially causing diag-
nostic delays, underdiagnosis and undertreat-
ment of non-COVID-19-related illnesses [3]. 
Many warning signals have been raised on ob-
served decreases in care for routine pathologies 
during the pandemic, for example, hospitaliza-
tions for acute myocardial infarction were con-
siderably decreased during the first wave of the 
outbreak [4-7].

Similar evidence has been provided with respect 
for general [8], emergency [9] and trauma sur-
gery utilization [10], the diagnosis and therapeu-
tic management of diabetes [11] and cancer [12], 
along with many other severe or life-threatening 
conditions [13], with pediatric care being no ex-
ception [14]. The widespread public avoidance 
of hospitals and delay in seeking routine medi-
cal care during the pandemic is likely translat-
ing into a large burden of underdiagnosis, with 
missed opportunities to provide timely and ap-
propriate treatments, consequently leading to 
increased out-of-hospital chronic disability and 
mortality.

Prostate cancer is the third most frequently diag-
nosed malignant disease worldwide, the second 
in the male sex, and is responsible for 350,000 
deaths every year [15]. Although debate contin-
ues as to the benefit of prostate cancer screen-
ing on all-cause mortality [16], prostate-specif-
ic antigen (PSA) testing has now been endorsed 
by the vast majority of international guidelines 
as an inexpensive, low-invasive, and relatively 
accurate means of detection for purpose of 
prostate cancer screening [17]. Moreover, it 
has been recently found that routine PSA test-
ing would improve the detection of any type of 
prostate cancer, especially the localized forms. 
As such, it has been emphasized that a decrease 
in PSA screening would cause a substantial re-
duction in prostate cancer detection, with non-
negligible increase in prostate cancer-specific 
mortality [18]. 
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Therefore, the aim of this study was to analyze 
the volume of PSA test requests placed to a lo-
cal service of laboratory medicine, compared to 
those of vitamin D (Vit D; i.e., the most request-
ed immunochemical test in local laboratories), 
to establish if and how the ongoing COVID-19 
outbreak may have impacted the local practice 
of routine prostate cancer screening in the prov-
ince of Verona, Italy.

MATERIALS AND METHODS

The Service of Laboratory Medicine of the 
University Hospitals of Verona encompasses 
two separate medical laboratories, one in the 
Policlinic (~600-bed facility) and the other in 
the General Hospital (~1200-bed facility), locat-
ed at the opposite sides of the town of Verona 
(Southbound and Northbound, respectively). 
These two hospitals serve an area of 3096 km², 
with a population of nearly 922,000 inhabitants, 
and provide both routine and urgent testing, av-
eraging a total of ~6 million tests in 2019 (60.8% 
of which in the Policlinic, 46.0% for outpatients). 
Routine and urgent laboratory testing for inpa-
tients and outpatients was preserved through-
out the COVID-19-related lockdown period 
within the Verona province (i.e., between March 
10 and May 17, 2020), as access to routine labo-
ratory testing was exempted from national, re-
gional, and provincial restrictions. 

An electronic search was carried out in the local 
laboratory information system (LIS; Concerto, 
Dedalus Italia, Firenze, Italy) database to iden-
tify all test requests placed in both laboratories 
for total PSA and Vit D in outpatients during the 
last five years (i.e., from December 10, 2016, to 
December 10, 2020). The number of new daily 
diagnoses of SARS-CoV-2 infection in Italy and 
Verona’s province was retrieved from the of-
ficial website of the Italian National Institute 
of Health (Istituto Superiore di Sanità; ISS). 
Both PSA (assayed with Roche Elecsys, Roche 

Diagnostics, Rotkreuz, Switzerland) and Vit D 
(measured with Liaison XL, DiaSorin, Saluggia, 
Italy) tests were freely available for request, and 
the local guidelines regulating their prescrip-
tion remained unchanged throughout the study 
period, as well as the analytical platforms. The 
weekly volume of total PSA and Vit D outpatient 
tests during the different periods was reported 
as median with interquartile range (IQR). The 
significance of differences and correlations were 
assessed with Mann-Whitney U and Spearman’s 
tests, respectively. The variation in the number 
of weekly test requests placed to the local labo-
ratories for both Vit D and total PSA in 2020 
compared to the same weeks of the previous 
four years was expressed as a ratio (i.e., [week-
ly test requests in 2020] / [mean weekly test re-
quests between 2016-2019]). Statistical analy-
sis was performed using Analyse-it (Analyse-it  
Software Ltd, Leeds, UK) and MedCalc (MedCalc 
Software Ltd, Ostend, Belgium). The study was 
conducted in accordance with the Declaration 
of Helsinki, under the terms of relevant lo-
cal legislation. The entire work was based on 
anonymized searches in the local LIS as part 
of a systematic laboratory workflow analysis. 
Therefore, no informed consent or ethics com-
mittee approval was necessary. 

RESULTS

The cumulative number of weekly diagnoses 
of SARS-CoV-2 infections in Italy and the Verona 
province since the beginning of the local outbreak 
(i.e., February 25, 2020) is shown in Figure 1. Two 
distinct “waves” can be seen, interspersed by the 
summer months of the year. A significant correla-
tion was found between the number of weekly 
COVID-19 diagnoses in Italy and those specifical-
ly recorded in the Verona province (r=0.95; 95% 
CI, 0.93-0.96; p<0.001). 

The cumulative number of weekly test requests 
for Vit D and total PSA, as recorded between 
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February 25 and December 10, 2020, is sum-
marized in Table 1. Although the volume of test 
requests placed for both Vit D and total PSA 
throughout this period did not differ in 2020 
compared to the mean number recorded during 
the same period of the previous four years, a dra-
matic decline could be observed during the lock-
down period in the province of Verona, with me-
dian decrease of 76% (IQR, -84% to -40%) for Vit 
D and 62% (IQR, -79% to -41%) for total PSA re-
spectively. An opposite trend could be observed 

when test requests for both Vit D and total PSA 
were analyzed during periods of 2020 without 
lockdown restrictions as compared to the mean 
number recorded during the same weeks of the 
previous four years. More specifically, the test 
requests exhibited a median increase of 13% 
(IQR, 5% to 29%) for Vit D and 43% (IQR, 24% 
to 54%) for total PSA. These same trends can 
also be seen in the variation ratio between test 
requests placed in 2020 and the previous four 
years (Figure 2). 

Figure 1 Cumulative number of  weekly diagnoses of  severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infections in Italy 
and Verona’s province since the beginning of  the local outbreak 
(i.e., since February 25, 2020)
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A significant correlation was found between the 
variation in test requests placed from February 
25, 2020, to December 10, 2020, compared to 
the same period of the previous four years, for  
Vit D versus total PSA, (r= 0.94; 95% CI, 0.90-
0.97; p<0.001).

DISCUSSION

The results of our analysis of Vit D and total 
PSA test requests placed for outpatients in a 
Northern Italian town since the beginning of the 
COVID-19 outbreak shows that the lockdown re-
sulted in a dramatic decrease in the number of 
total PSA and Vit D tests performed, despite the 
fact that local restrictions did not include a ban 
on access to routine diagnostic testing.

The reduction in test requests for both assays, 
as high as 76% for Vit D and 62% for total PSA, 
were likely due to identical causes (i.e., fear of 
being infected by leaving home, derangement 
of public transportation, lacking or inefficient 
communication that routine laboratory testing 
was still allowed and available), as a virtually 
perfect correlation could be found between the 
number of missing Vit D and total PSA analyses. 
These findings are congruent with those report-
ed by De Vincentiis et al. [19], who reported that 
the number of histological prostate cancer diag-
noses was decreased by 75% in 2020 compared 
to the average number recorded in the previous 
two years at a secondary care hospital network 
in central Italy. It can thus be proffered that 
the establishment of a generalized lockdown, 

Table 1  Weekly number of  Vitamin D (Vit D) and total prostate-specific antigen 
(PSA) requests placed to the local laboratories between February 25 
and December 9, 2020, compared to the mean number of  requests 
placed during the same week of  the previous four years (i.e., 2016-2019) 

Results are shown as median with interquartile range (IQR).
* Lockdown period was between March 10 and May 17, 2020.

Analyte
Test requests 

in 2020
Mean test requests 

in 2016-2019
p

Vit D

Total period 278 (196-319) 268 (232-285) 0.192

Lockdown period* 66 (48-126) 283 (271-288) <0.001

No lockdown period 295 (267-322) 256 (228-280) <0.001

Total PSA

Total period 171 (126-196) 138 (117-151) 0.052

Lockdown period* 52 (29-76) 146 (129-147) <0.001

No lockdown period 181 (165-201) 135 (116-151) <0.001
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without restrictions on access to routine care, 
may still have dramatic consequences on can-
cer screening policies, with PSA representing a 
paradigmatic example. While the increased vol-
ume of testing recorded in the post-lockdown 
period may have filled the gap observed during 
the lockdown period in terms of total number of 

annual tests (Figure 2 and Table 1), this will not 
void the delay that may have occurred in diag-
nosing some prostate cancers, whose prognosis 
is negatively influenced by inaccurate or delayed 
detection [20].

Although the putative benefits may vary largely 
among the different types of malignant diseases,  

Figure 2 Variation in the number of  weekly test requests for Vitamin D (Vit D) 
and total prostate-specific antigen (PSA) between February 25 and 
December 9 in 2020 compared to the mean number of  weekly requests 
placed in the previous four years (i.e., 2016-2019). 
The values are expressed as a ratio, calculated as: [weekly test requests 
in 2020] / [mean weekly test requests between 2016-2019]
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there is now clear, unquestionable evidence that 
a timely diagnosis may improve cancer survival 
and enhance patient quality of life. In a systemat-
ic review, Neal et al. concluded that a delayed di-
agnosis might negatively impact the outcomes of 
colorectal, breast, testicular, head and neck, pan-
creatic, bladder, and prostate cancers [21]. With 
respect specifically to prostate cancer, O’Brien 
reported that surgical delay may be associated 
with poorer prostatectomy outcomes, including 
a significantly adverse progression of disease, 
even in patients with low-risk prostate cancer 
criteria [22]. In a more recent study, Banerji et al. 
revealed that a reduction in the number of PSA 
tests was associated with increased likelihood of 
diagnosing higher clinical stage disease, poten-
tially leading to many avoidable cancer deaths 
[23]. Almost identical findings were reported by 
Qu et al., who showed that diagnostic delay of 1 
month or longer was associated with higher clin-
ical stage and biopsy grade [24]. In keeping with 
these findings, Tørring and colleagues elucidat-
ed the existence of a significant association be-
tween a longer diagnostic interval and enhanced 
prostate cancer mortality [25]. On the contrary, a 
recent study failed to show negative survival out-
comes when radical prostatectomy was delayed  
up to 6 months in patients with clinically local-
ized, high-risk prostate adenocarcinoma [26]. 
However, Sun and colleagues highlighted that a 
treatment delay of around three months be-
tween diagnosis and prostatectomy may require 
more extensive periprostatic tissue ablation, 
thus impairing erectile function and postopera-
tive continence [27]. Last but not least, missing 
or delaying active surveillance, with PSA test-
ing considered a central part of prostate cancer 
follow-up, may also have dramatic consequences 
on disease progression or relapse, as supported 
by a recent meta-analysis by Enikeev et al. [28].

In conclusion, the lockdown period imposed 
during the first wave of the COVID-19 outbreak 
in the Verona province of Italy was associated 

with a dramatic decrease in total PSA test re-
quests (and Vit D) requisition from the local 
laboratories. Since evidence exists that shorter 
time to diagnosis is associated with more favor-
able outcome for prostate cancer, as well as for 
many other malignancies, the restrictive mea-
sures applied for containing SARS-CoV-2 spread 
in the community should be accompanied by 
improved communication and clear warnings 
by both public health authorities and medical 
care givers that essential cancer screenings 
should not be abandoned or delayed. Notably, 
extensive resource re-allocation is constantly 
demanded during this ongoing COVID-19 pan-
demic outbreak. Rationalization in healthcare 
utilization is of paramount importance, and may 
become a definite reason for unavoidable collat-
eral consequences. COVID-19 may is also having 
dramatic implications on routine laboratory test-
ing, and our observed decrease in Vit D test re-
quests may not only reflect underutilization, but 
perhaps also a more rationalized use of routine 
laboratory services.
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