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Abstract

Our aim was to analyse, on a population level, the year-long decline in cancer

diagnoses in the region of Lombardy (Italy), and to characterise the tumours with the

greatest reduction in diagnosis by patient age, sex and tumour stage at diagnosis. We

used the health care utilisation databases of the Lombardy region to identify cancer

patients' characteristics (eg, sex, age) and cancer-related information (eg, cancer site,

stage at diagnosis). The frequency of new cancer diagnoses in 2019 and 2020 were

compared in terms of percentage differences in undiagnosed cases. We observed

two peaks in the decline in cancer diagnoses: March to May 2020 (�37%) and

October to December 2020 (�19%). The decline persisted over the course of 2020 and

was higher in males and patients aged 74+. Diagnoses of all four common cancers ana-

lysed (female breast, lung, colorectal and prostate) remained below pre-pandemic levels.

For breast and colorectal cancers, the decline in diagnoses was high in the age groups

targeted by population-based screening programmes. We observed a reduction in loca-

lised stage cancer diagnoses for all four cancers. Our data confirm that timely monitoring

of cancer diagnoses and interventions to prevent disruption of routine diagnostic

services are needed tomitigate the impact of emergencies on cancer patients.
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What's new?

The impact of COVID-19 restrictions on cancer diagnosis and treatment has become a wide-

spread source of concern. This population-based study reports a persisting decline in new can-

cer diagnoses during 2020 compared to pre-pandemic levels and a reduction in localised-stage

cancer diagnoses for female breast, lung, prostate and colorectal cancer. Moreover, our study

reveals inequalities across cancer patient groups, with males and patients over 74 being more

Abbreviations: ATC, Anatomical Therapeutic Chemical classification system; COVID-19, coronavirus diseases 2019; ICD-9CM, International Classification of Diseases, Ninth Revision, Clinical
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negatively impacted by the COVID-19 pandemic. Timely monitoring of cancer diagnoses and

interventions to prevent disruption of routine diagnostic services are needed to mitigate the

impact of public health emergencies on cancer patients.

1 | INTRODUCTION

Following its outbreak in China in December 2019, the COVID-19

pandemic spread rapidly, with Italy being the first Western country to

experience a massive outbreak of the virus. The Italian government

imposed strict measures to counteract the spread of SARS-CoV-2.1,2

The Healthcare System reorganised or reduced many activities in order

to adapt to the emergency, and routine diagnostic procedures, including

cancer screening, were either halted or postponed.3-5 Italian oncological

societies recommended limiting follow-up appointments and second

opinions and established a priority scale designed to optimise available

resources while continuing to offer the best possible care to cancer

patients.6 However, the impact of these measures on cancer diagnoses

and treatment has become a widespread source of concern.

Disruption of activities also affected surveillance systems, such as

population-based cancer registration.7 As a result, population-based data

on the decline in cancer diagnoses are limited.8-12 Dutch, Danish and

USA studies reported a notable decrease in cancer diagnoses during the

early months of the COVID-19 pandemic (February to April 2020). The

decline was observed in males and females, and at nearly all cancer

sites.9-11 In Northern Ireland, a 23% reduction was observed in diag-

nosed cancer cases during the 6-month peak of the first wave of the pan-

demic.12 In Belgium, Peacock8 and colleagues observed the whole of

2020 and reported a steep decline in cancer diagnoses in the first wave

of the pandemic (�44% in April 2020 compared to April 2019) and a

small 2%dip in diagnoses during the secondwave, in November 2020.

Data on the impact of the COVID-19 pandemic on cancer detec-

tion in Italy come mainly from mono- or multicentre studies.13-15 Our

goal is to analyse, at a population level, the year-long decline in cancer

diagnoses in Lombardy, that is, the epicentre of the Italian COVID-19

pandemic.16 Specifically, we aim to characterise the tumours with the

greatest overall reduction in diagnoses, according to patients' age and

sex, and tumour stage at diagnosis. The latter is particularly important

since early diagnosis is known to improve cancer patient prognosis,

but currently available population-based evidence does not report any

data disaggregated by stage. To our knowledge, this is the first time

such a study has been conducted in Italy at a population level.

2 | METHODS

2.1 | Data sources

2.1.1 | Health care utilisation databases

The data used for the present study were retrieved from the health care

utilisation databases of Lombardy, the second Italian region by resident

population, with around 10 million inhabitants.17 All Italian citizens have

equal access to health care services as part of the NHS. The NHS guaran-

tees partly or entirely free of charge access to a number of health care ser-

vices to all Italian citizens. In Lombardy, this has been associated since late

1990s with an automated system of health care utilisation databases

including: hospital discharge (inpatient and day-hospital) database contain-

ing information about primary diagnosis, coexisting conditions, provided

procedures (coded according to the ICD-9CM)18 and clinical condensed

stage (1: tumour confined to organ of origin; 2: tumour beyond organ of

origin; 3: metastases to regional lymph node; 4: tumour beyond organ of

origin+metastases to regional lymph nodes; 5: distant metastases; 6: dis-

tant lymph nodes; 7: not confined to organ of origin but unknown if 2, 3,

4, 5 or 6; 8: no distant organs invasions but unknown if 1, 2, 3 or 4; 9:

unknown); drug prescription database providing information on all the

drugs reimbursed by the NHS (coded according to the ATC classification

system); outpatient database, including visits in specialist ambulatories

and diagnostic laboratories accredited from the NHS (coded according to

the regional outpatients services coding); and copayment exception data-

base, including exception for chronic disease (coded according to the

national exceptions coding). Pathological reports are not included in the

healthcare utilisation databases. These various types of data are intercon-

nected, since a single individual identification code is used by all databases

for each citizen enrolled. Further details of the databases of health care

use in Lombardy have been described in previous studies.19

2.1.2 | Case definition

To identify cancer patients, we used the hospital discharge records

database. The hospital discharge records are fed from the medical

records for all patients discharged from public and private healthcare

institutions, as defined in art. 1 of the decree of the Minister of Health

October 27, 2000, n. 380. In details, we selected cases with at least one

hospital stay for a diagnosis of a solid cancer (ICD-9-CM codes

140.*-199.*) between January 31, 2019 and December 31, 2020 from

among all residents in Lombardy aged over 18 years. We defined the

first admission for a cancer diagnosis as the ‘index hospitalisation’. To
select only incident cases, we excluded patients admitted for the same

cancer diagnosis as the index hospitalisation in the 10 years prior to the

index admission. Patients reporting more than one cancer at the index

date were excluded because hospital discharge database provide stag-

ing information for one cancer only. Haematological neoplasms (ICD-

9-CM codes: 200.*-208.*), melanoma of skin and other malignant skin

cancers (ICD-9-CM codes: 172.* and 173.*) were not included because

these cancers are mainly treated with radiotherapy and chemotherapy

administered on an outpatient basis. By working only with hospital dis-

charge database wewill have greatly underestimated their incidence.
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Entire 
period

February March April May June July August September October November December

Overall –20% –6% –40% –42% –31% –14% –14% –9% –8% –18% –24% –15%

<50 years –15% –10% –20% –37% –26% –8% –16% –3% –12% –14% –11% –9%

50-74 years –20% –3% –38% –41% –32% –17% –17% –10% –8% –20% –20% –15%

>74 years –21% –10% –47% –44% –30% –11% –8% –10% –8% –16% –32% –16%

Entire
period

February March April May June July August September October November December

Overall –20% –6% –40% –42% –31% –14% –14% –9% –8% –18% –24% –15%

Men –22% –7% –48% –47% –31% –13% –10% –11% –9% –20% –26% –18%

Women –18% –5% –30% –36% –30% –15% –18% –8% –8% –15% –21% –11%
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F IGURE 1 Percentage difference between all cancer cases diagnosed in 2020 and in 2019 by age group (A) or sex (B) by calendar-
month
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2.2 | Statistical analyses

We compared the frequency of new diagnoses between 2019 and

2020 in terms of percentage differences in undiagnosed cases. We

estimated this as the difference between the number of cancer cases

diagnosed between February and December in 2020 and those diag-

nosed between February and December in 2019, divided by the num-

ber of cancer cases diagnosed in 2019. We present percentage

differences together with 95% confidence intervals for proportions

calculated assuming a normal distribution. We report percentage dif-

ferences for all malignant solid tumours combined and stratified by

three main age groups (<50-young; 50-74; >74 years old/elderly),

based on the age groups screened in Lombardy. In Lombardy the

recommended screening programmes include those for breast, colo-

rectal and cervical cancer and are aimed, respectively, at women

between 50 and 74 years, women and men between 50 and 74 years

and women between 25 and 64 years old.

We stratified percentage differences by age, sex and stage for

the four most common cancers in Italy: female breast (ICD-9-CM

code = 174.*), colorectal (ICD-9-CM codes = 153.*-154.*), lung

(ICD-9-CM codes = 162.1* � 162.9*) and prostate (ICD-9-CM

codes = 185.*). The clinical condensed stage reported in the clinical

discharge was classified as localised (tumour confined to organ of ori-

gin), locally advanced (tumour beyond organ of origin; metastases to

regional lymph node; tumour beyond organ of origin + metastases to

regional lymph nodes), metastatic (distant metastases; distant lymph

nodes) or unknown (not confined to organ of origin but unknown if

locally advanced or metastatic; no distant organs invasions but

unknown if localised or locally advanced; unknown). When staging

information was missing at the index date, we searched for it in

patients' hospital discharge records for up to 6 months after cancer

diagnosis.

All analyses were performed using SAS Studio software.

3 | RESULTS

3.1 | Overall changes over 2020

We observed a significant reduction of approximately �20% in

the number of new cancers diagnosed between February 1 and

December 31, 2020 compared to those diagnosed in the same
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Entire
period

February March April May June July August September October November December

Colorectal –21% –6% –38% –45% –24% –13% –13% –9% –10% –26% –23% –27%

Female breast –21% –1% –19% –36% –40% –31% –29% –15% –6% –17% –20% –8%

Lung –18% –6% –44% –34% –22% –4% –13% –15% –5% –15% –23% –19%

Prostate –29% –7% –62% –74% –48% –13% –8% 1% –4% –20% –33% –29%

F IGURE 2 Percentage difference between cancer cases diagnosed in 2020 and in 2019, by main cancer site and calendar month
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period in 2019 (39 036 vs 49 012 new cancer cases; Figure 1A,B).

The percentage difference varied widely over the course of the year

(Figure 1A,B). The largest difference between 2020 and 2019 was

observed in March and April with percentage reductions of �40%

(2786 vs 4622 cancer cases) and �42% (2629 vs 4514 cancer cases),

respectively. From June to September, the differences gradually nar-

rowed, reaching �8% (4128 vs 4511 cancer cases) in September.

The differences increased again in October and November (3952 vs

4811 cancer cases, �18% and 3321 vs 4352 cancer cases, �24%,

respectively), but were stably lower than those of the first wave of

the pandemic. We observed two peaks of decrease, the first in the

first wave (March-May 2020; 8778 vs 13 988 cancer cases, �37%)

and the second in the second wave (October-December 2020;

10 797 vs 13 288 cancer cases, �19%).
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F IGURE 3 Overall and period-specific percentage differences (together with 95% confidence intervals) between cancer cases diagnosed in
2020 and in 2019, by main cancer site and age group

TABLE 1 Percentage difference
(together with 95% confidence intervals)
between cancer cases diagnosed in 2020
and in 2019, by main cancer site, sex and
age group

Cancer site Age group Females Males

Colorectal

<50 years 8% [3%; 13%] �16% [�23%; �10%]

50-74 years �24% [�26%; �22%] �25% [�27%; �23%]

>74 years �16% [�18%; �14%] �24% [�26%; �22%]

Lung

<50 years �30% [�40%; �19%] �12% [�19%; �4%]

50-74 years �16% [�19%; �14%] �20% [�22%; �18%]

>74 years �21% [�23%; �18%] �17% [�19%; �15%]
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3.2 | Changes over 2020 by age groups

The percentage difference also varied by age group. Older people

(>74 years old) showed the biggest difference between 2019 and

2020, with a fall of approximately �46% in new cancers diagnosed

in March and April and of �32% in November (Figure 1A). Young

people (<50 years old), on the other hand, had the smallest reduction

in newly diagnosed cancers. However, a reduction of �37% was

observed for them too in April 2020. The summer months showed

the lowest reduction in newly diagnosed cancers. Notably, the great-

est decline in these months was observed for younger patients (both

<50 and 50-74 age groups).

3.3 | Changes over 2020 by sex

We observed a sex-based difference in the reduction in new cancer

diagnoses: �22% in men and �18% in women (Figure 1B). The sex
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F IGURE 4 Overall and period-specific percentage differences (together with 95% confidence intervals) between cancer cases diagnosed in
2020 and in 2019, by main cancer site and stage at diagnosis (unknown stage not reported)
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gap was wider during the first wave (March-May 2020; �42% and

�32% for men and women, respectively), while percentage differ-

ences were similar for the rest of the year.

3.4 | Changes over 2020 by major cancer site

Figure 2 shows the percentage differences in cancer diagnoses over

the year for colorectal, breast, lung and prostate cancers. The biggest

differences between the new cancer diagnoses in 2020 and 2019 were

seen for prostate cancer (3462 vs 5138 new cancer cases, �29%), fol-

lowed by female breast (6896 vs 8686 cancer cases, �21%) and colo-

rectal cancer (4525 vs 5762 cancer cases, �21%). The smallest decline

was observed for lung cancer (4450 vs 5457 cancer cases,�18%).

3.5 | Changes over 2020 by cancer site and age
groups

During the first wave of the pandemic (March-May 2020), the per-

centage difference in cancer diagnoses was greater in elderly (aged

>74 years) than in younger (aged <50 years) patients for both colorec-

tal and female breast cancer: �37% vs �6% in colorectal and �42%

vs �15% in female breast cancer (Figure 3). After the first wave, the

largest reduction in new cancer diagnoses for colorectal and female

breast cancer was found in the screening-target age group (�21%;

50-74 years).

For lung and prostate cancer, the overall decrease was similar

across the age groups. However, after the first wave, the reduction

was higher at older ages for lung cancer (�14% and �13% at age

50-74 and >74 years, respectively, vs �5% at <50 years) and highest

in young patients for prostate cancer (�20% in those aged <50 years;

Figure 3).

3.6 | Changes over 2020 by cancer site and sex

In colorectal cancer, we observed a lower decline in new cancer diag-

noses in women compared to men, in both the younger (<50 years

old) and older age groups (>74 years old). In terms of lost new cancer

diagnoses, there were no major differences between women and men

either overall or in the screening-target age group (50-74 years old)

(Table 1).

For lung cancer, we observed a higher decline in new cancer diag-

nosis in young women (<50 years old) compared to young men

(Table 1). No substantial differences were observed between males

and females for the other age groups.

3.7 | Changes over 2020 by cancer site and stage

In all four cancers considered, localised stage diagnoses presented the

largest reduction: �22%, �27%, �27% and �31% in female breast,

colorectal, lung and prostate cancers, respectively (Figure 4). The larg-

est reduction in localised stage diagnoses was observed during the

first wave of the pandemic: �34%, �41%, �46% and �64% in female

breast, colorectal, lung and prostate cancers, respectively. The smal-

lest reduction for the whole period was observed for metastatic

breast cancer patients.

Stage distribution did not change substantially between 2019 and

2020 for all cancers considered (Table S1).

4 | DISCUSSION

Two key findings of our study were the reduction in cancer diagnoses,

which persisted over the course of 2020—although some recovery did

occur—and the emergence of inequalities across patient groups. Male

and middle-aged/older adults, particularly 74+ years old, lagged

behind in terms of a return to expected numbers of cancer diagnoses,

based on 2019 data.

Another major study finding was that diagnoses of all four ana-

lysed common solid cancers (female breast, lung, colorectal and pros-

tate) remained below pre-pandemic levels. The decline in breast and

colorectal cancer diagnoses was high in the age groups targeted by

population-based screening programmes. For all four cancers we also

report a large decline in diagnoses of localised stage cancer.

The explanation for the fall in cancer diagnoses is multifactorial

and involves patients and primary and secondary care organisations.

Fear of contracting COVID-19 restricted patients' access to the

healthcare system and their likelihood of reporting symptoms.20 Rec-

ommendations to limit primary and secondary care access to urgent

conditions may have resulted in missed detection of important symp-

toms or signs, or delays in appropriate diagnostic work-ups (eg, radiol-

ogy or endoscopy).6,14,21-23 Furthermore, capacity for diagnostic

investigations was likewise subject to disruption or re-allocation of

resources to the COVID-19 emergency.

During 2020 as a whole, we observed a decrease of approxi-

mately 20% in diagnoses. However, the reduction stood at 37% and

19% in the first and second waves of the COVID-19 pandemic,

respectively (Figure 1). The impact of the first wave was similar to the

situation reported in Belgium, Denmark, the Netherlands and the

United States.8-11 The impact of the second wave was instead

reported in Belgium only and was lower than in Lombardy. This differ-

ence may be due to the data sources used. We used cancer admis-

sions, which were largely influenced by the number of COVID-19

hospitalisations, whereas pathology laboratories were used to detect

cancer in Belgium. From September to December 2020, the maximum

number of COVID-19 hospitalisations in Belgium was 7500 compared

to 38 000 in Italy, of which roughly 9000 were in Lombardy.24,25

However, estimates of ‘missing cancer diagnoses’ due to the second

wave could be underestimated in both Italy and Belgium because

observation ended on December 31, 2020 whereas the second wave

of the pandemic lasted until the early months of 2021. Despite the

similar age distribution of the population residing in Lombardy

between 2019 and 2021,17 we observed the highest reduction in
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cancer diagnosis in the elderly (�46% in March and April and �32% in

November), particularly men, (�48% reduction in cancers diagnosis in

March and April and �26% in November). Severe forms of COVID-19

were more common among the elderly and patients with comorbidities

(eg, diabetesmellitus, hypertension and cardiovascular disease).26 Elderly

men were also at higher risk of complications and death from COVID-

19,27 so it is conceivable that older men are the least likely to see a doc-

tor. Additionally, as deaths were higher among the elderly,27 it is also

likely that some cancer diagnoses in this age groupweremissed by dying

from COVID-19 before being diagnosed with cancer. Although elderly

were particularly impacted by the COVID-19, there was still a 15% drop

in cancer diagnoses in young patients (<50 years old).

Our results confirmed a high reduction in diagnoses of breast,

colorectal and prostate cancers, and a lower, but relevant decline in

diagnoses for lung cancer.8,9,12 Belgian data previously showed that

poor prognosis cancers were less impacted. In the case of lung cancer,

symptoms mimicking those of COVID-19 may have contributed to

keeping the diagnosis rate higher compared to other cancers.8 A slight

reduction in newly diagnosed lung cancer cases was observed in 2020

compared to 2019 in several other studies.28-31 However, some stud-

ies have observed relevant decrease in lung cancer diagnoses32,33

likely due to the disruption of lung cancer screening34-36 or to the dif-

ferent setting of the study (hospital vs population-based). Lung cancer

screening is not available in Italy.

We observed a major decline in cancer diagnoses for colon and

breast cancers in the age groups targeted by population-based screen-

ing programmes. Italian national data showed a significant decline in

the number of screening tests performed in 2020 compared to 2019.

For breast cancer, there was a �54% reduction in the number of

screening tests performed between January and May 2020 and a

�24% fall between September and December 2020. In Lombardy, the

reduction was �62% and �25% in the first and last months of 2020,

respectively.4 For colorectal cancer, the decrease in the number of

screening tests performed was �58% between January and May

2020 and �24% between September and December 2020. In Lom-

bardy, the reduction was �69% and �55% in the first and last months

of 2020, respectively. This can again be explained by patients' fear of

being infected during hospital access and the recommendation to limit

primary and secondary care access to more fragile patients, including

the elderly. Our study demonstrates the substantial effect that the

COVID-19 pandemic had on the number of men diagnosed with pros-

tate cancer: nearly 70% of the expected diagnoses were not made in

the first lockdown period in Lombardy most likely because prostate

biopsies were restricted to patients who were suspected to have

high-risk disease. Prostate cancer is the most common urological

malignancy in men in Italy. Thus, the significant reduction in prostate

cancer diagnosis observed during the first wave of the pandemic may

help explain the greater impact of COVID-19 on cancer diagnosis in

men compared to women. Finally, the 20% reduction in prostate can-

cer diagnoses in people under the age of 50 after the first wave of the

pandemic can be explained by the decrease in the number of total

PSA tests performed22,37 which are not recommended for people over

the age of 70.

We also report a large decline in localised stage cancer diagnoses

across the four analysed cancers. In Italy, several steps of the inte-

grated patient pathway for lung cancer were impacted by COVID-19,

including a decrease in endoscopic diagnostic procedures and major

resections for early-stage lung cancers. Personnel shortages and dif-

ferent tumour sample processing methods slightly lengthened the

time for diagnostic pathway completion. Personnel protection strate-

gies led to the remodelling of multidisciplinary team discussions on a

web basis and the need to reduce the number of cases discussed.23

For colorectal cancers, the screening programme was discontinued,

endoscopic procedures were reduced and high-risk patients were

more likely to undergo colonoscopy during the lockdown period.14 In

the case of prostate cancer, the number of clinical visits, prostate

biopsies and men enrolled in active surveillance were significantly

lower during the pandemic. Conversely, the number of cases with

advanced and metastatic prostate cancer increased.38 Furthermore,

lockdown resulted in a dramatic decrease in the total number of PSA

tests performed, even though local restrictions did not include a ban

on access to routine diagnostic testing.22 While the increased volume

of testing recorded post lockdown may have filled the gap observed

during confinement in terms of total number of annual tests, it cannot

instead void delays that may have occurred in diagnosing some pros-

tate cancers.22 The breast cancer screening programme was disrupted,

leading to a significant decrease in in situ breast cancer diagnoses and

an increase in node-positive and stage III tumours.39 Furthermore,

waiting times on list and times between biopsy/cytological examina-

tion and surgery were significantly longer during lockdown and were

associated with an increase in pathological node involvement.40 In

any event, despite observing a differential relative decrease in loca-

lised stage cancer diagnoses, stage distribution did not change sub-

stantially between 2019 and 2020 for any of the cancers considered

(Table S1). This could be due to the limited follow-up (December

2020), which did not allow us to observe the long-term impact of the

two COVID-19 waves, and to the cancer stage grouping, which pre-

vented us from observing detailed changes such as tumour size. The

large reduction in prostate cancer diagnoses with missing stage infor-

mation may be explained by the decline in PSA testing during the first

wave of the pandemic.

Our study has several limitations which need to be acknowl-

edged. We used hospital discharge database, which are claims data

collected for administrative, not epidemiological purposes, so they are

not completely precise, especially in terms of diagnostic codes, and

only include procedures performed in hospital. This could also explain

some observed differences between our data and those reported by

CRs which are based on different sources of information, including

pathological reports. To address these issues, we focused on solid

tumours that can be adequately retrieved via the ICD-9CM codes

used in the hospital discharge database, limiting more in-depth ana-

lyses to the four tumours with a clear hospital pathway, which can be

identified without losing cases via the hospital discharge database.

However, we were unable to report on haematological cancers and

skin melanomas, which were heavily impacted by the emergency.

Another limitation is that our follow-up ended in December 2020,
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preventing us from assessing the full impact of the second wave of

the pandemic and full retrieval of cancer diagnoses. However, we did

have access to the latest updated data as of December 31, 2020.

Although the number of diagnoses increased in several countries12,41

in 2021, the pandemic and COVID-19 restrictions differed substan-

tially across EU countries, hence their impact on cancer detection

across countries could likewise differ.42

Despite the weaknesses mentioned above, our study has the

merit of supporting the use of health care utilisation database to study

the impact of emergency situations on cancer detection (and beyond)

when population cancer registries cannot promptly contribute. This is

the first population-based study performed in Lombardy, the Italian

region most hit by the COVID-19 pandemic.

To conclude, our data confirm a strong, not yet fully recovered

reduction in cancer diagnoses in Lombardy, Italy. Although the dis-

tribution of stages did not change substantially between 2019 and

2020, the large decline observed in localised stage diagnoses could

have an impact on stage at diagnosis in the coming years. Substan-

tial increases in the number of avoidable cancer deaths are

expected as a result of COVID-19-related diagnostic delays.43

Hence, our data confirm that timely monitoring of cancer diagno-

ses and interventions to prevent the disruption of routine diagnos-

tic services are needed to mitigate the impact of emergencies on

cancer patients.
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