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Cancer diagnosis in primary care after second pandemic
year in Catalonia: a time-series analysis of primary care
electronic health records covering about 5 million people
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Background: During the COVID-19 pandemic, the incidence of chronic disease had drastically been reduced due to health care interruptions.
The aim of this study is to analyse cancer diagnosis during the last 2 years of the COVID-19 pandemic.

Methods: Time-series study of cancer diagnoses recorded in primary care settings, using data from the primary care electronic health records
from January 2014 to December 2021. We obtained the expected monthly rate per 100,000 inhabitants using a time regression adjusted by trend
and seasonality. We additionally compared rates of cancer diagnoses in 2019 with those of 2020 and 2021 using the t-test. We performed the
analysis globally, by sex and by type of cancer.

Results: In 2020, the rate of cancer diagnoses had reduced by —21% compared to 2019 (P < 0.05). Greater reductions were observed during
the lockdown in early 2020 (>40%) and with some types of cancers, especially prostate and skin cancers (-29.6% and —-26.9%, respectively,
P < 0.05). Lung cancers presented statistically non-significant reductions in both years. Cancer diagnosis returned to expected around March
2021, and the rate in 2021 was similar to that of 2019 (overall difference of 0.21%, P = 0.967). However, an 11% reduction was still found when
comparing the pandemic months of 2020-2021 with pre-pandemic months.

Conclusions: Although primary care cancer diagnoses in 2021 have returned to pre-pandemic levels, missing diagnoses during the last 2 years
have not been fully recovered.
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Background

The coronavirus disease 2019 (COVID-19) pandemic has
put healthcare systems around the world under unprece-
dented pressure, leading to a disruption in health care which
included suspension of screening programmes, reduction of
chronic disease control, and reduction of non-COVID diag-
nosis, among others."?

Cancer diagnoses decreased in 2020 in several countries.3-
In a previous study in Catalonia (Spain), we observed a 34%
reduction in cancer diagnosis from March to September 2020,
but this reduction was even higher during the lockdown
(>40%).” These disruptions were likely to lead to significant
delays in cancer diagnosis and treatment, which would trans-
late into more cancers diagnosed in later stages and decreased
long-term survival. 810

Although this situation is well described in several articles,
these studies are focused on cancer trends in 2020, and little
is known about cancer diagnosis evolution during the sec-

and screening programmes were recovered, thus contributing
to a change in cancer diagnostic trends. For instance, in a study
in Canada, researchers observed that after a huge drop in can-
cer screening during the first months of COVID-19 pandemic,
within a few months, programmes and cancer management had
been adapted to the new situation and 1 year later, the number
of procedures had reached pre-pandemic levels, suggesting that
the level of cancer diagnosis level had returned to normal.!!

The aim of our study is to analyse cancer diagnosis through
the analysis of primary care electronic health records (EHR)
data in Catalonia almost 2 years after the beginning of the
COVID-19 pandemic, by updating the previous figures” and
with the hypothesis that after a reduction in cancer diag-
nosis in 2020, cancer diagnoses in 2021 have reached pre-
pandemic levels.

Methods

ond year of the COVID-19 pandemic. After the first wave of
COVID-19, some restrictions were lifted in several countries

We performed a time-series study of cancer case reported diag-
noses in primary care settings. Data were extracted from the
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Key messages

Reductions were greater during the lockdown (>40%).
Lung and breast cancers presented fewer reductions.
Prostate and skin cancers had greater drops.

Cancer diagnoses have dramatically dropped worldwide in 2020.
We observe a 21% decline in 2020, but a return to pre-pandemic rates in 2021.
An 11% drop was still found comparing pre-pandemic to pandemic months.

primary care EHR of the Institut Catala de la Salut (Catalan
Institute of Health; or ICS, its Catalan initials). ICS is the
main primary care provider in Catalonia. It manages around
75% of all primary care practices (PCPs) in the Catalan public
health system and covers about 5.8 million people. We in-
cluded all patients aged over 14 years with a clinical diagno-
sis of cancer according to the International Classification of
Diseases, 10th Revision, Clinical Modification (ICD-10 CM)
(Supplementary material S1). The study period was from
January 2014 to December 2021. We divided this period into
two sets for the time-series analysis: training (2014-2019)
and analysis (2020-2021). Validation and details of the model
used in this research were described elsewhere.”

Monthly cancer rates per 100,000 inhabitants were calcu-
lated. Time-series were performed globally, and by sex and
type of cancer. To contextualize, some related cancer diagnos-
tic procedures, such as mammograms and colonoscopies were
also analysed.

Statistical analysis

We obtained the point forecast and 95% confidence interval
(95% CI) of expected monthly cancer diagnoses rate for the
analysis period by projecting the time-series regression model
from the rate per 100,000 inhabitants fitted in the training
period. The adjustment variables were the trend and season-
ality of the time series. We also calculated the percentage of
reduction as follows: (observed rate — expected rate)/expected
rate. More details are provided in a previous publication.”
The same analysis was performed for some diagnostic pro-
cedures with data available, such as mammograms and col-
onoscopies.

Additionally, we compared the monthly average rate of
cancer diagnoses registered in primary care settings in 2019
with those of 2020 and 2021 using the independent-samples
t-test, and we calculated the percentage of reduction com-
pared to 2019.

Finally, we calculated the Pearson’s correlation coefficient
(R) between monthly colorectal cancer (CRC) and colonos-
copies and between mammograms and breast cancer during
the pandemic months of 2020 and 2021.

All analyses were conducted using R v.3.5.1.

Results

From January 2014 to December 2021, 327,452 new malig-
nant neoplasms were registered in the Catalan primary care
EHR. This represents a monthly average rate per 100,000 in-
habitants of 72.5 during the 2014-2018 period, 73.0 in 2019,
only 57.4 in 2020, and 73.2 in 2021.

Figure 1 shows the observed and estimated monthly rates
of cancer diagnoses (with 95% CI) since January 2020. We

observed great reductions in 2020, especially during March
(=35%), April (-59%), and May (-45%), coinciding with the
first wave of COVID-19 and the lockdown in Spain. After
that period, cancer diagnoses were below the expected but
with lesser reductions (i.e. statistically significant reductions
between 10% and 20%) until March 2021 where rates re-
mained closer to the estimated; and slightly above the ex-
pected for women (Supplementary material S2).

During the pre-pandemic year 2019, 42,799 new malig-
nant neoplasms were registered in the Catalan primary care
EHR. This number decreased to 34,024 in 2020 and slightly
increased in 2021 (43,719 new cancers registered). By com-
paring the monthly average of new cancer diagnoses rates in
2019, 2020, and 2021, we observed a 21.4% reduction in
2020 (P < 0.05) and a statistically non-significant increase
of 0.21% in 2021 (P = 0.967). However, if we compared the
pandemic months of 2020 and 2021 (from March 2020 to
December 2021) to the pre-pandemic period (from January
2019 to February 2020) an overall 11.8% decline was still
found (P < 0.05). We estimated that the overall reduction
during the nearly 2 years of the COVID-19 pandemic ac-
counted for 10,262 (95% CI: 4,737 to 15,787) fewer cancer
diagnoses.

All types of cancer presented reductions in 2020, although
they differ depending on the type of cancer and were similar
for both sexes (Fig. 2). Reductions in 2020 compared to 2019
accounted for -29.6%, -26.9%, -25.7%, - 23.9%, -19.8%,
and -17.6% in prostate cancer, non-melanoma skin cancer,
melanoma, CRC, breast cancer and other cancers, respect-
ively (P < 0.05). Contrarily, lung cancer had a non-significant
reduction of -6.6% (P = 0.266). In 2021, all cancers reached
similar rates to those of 2019, although prostate and melan-
oma had 11.2% (P = 0.12) and 6.7% (P = 0.34) drops, re-
spectively; while breast cancer had a 7% increase (P = 0.19).

Finally, we observed that since mid-2021, the rates of diag-
nostic procedures were similar to the expected (Supplementary
material S3). In addition, we observed a high correlation
during the pandemic months between CRC and colonos-
copies with R = 0.78, and between mammograms and breast
cancer with R = 0.73. The number of diagnostic procedures
by year is provided in Supplementary material S4.

Discussion

We hereby describe a reduction in cancer diagnoses in 2020
and a return to the expected in 2021. The reduction was
greater during the early stages of the pandemic, coinciding
with the lockdown in Spain. However, after the first months,
cancer diagnosis rates were also consistently under the ex-
pected until March 2021, just after the third COVID-19 wave
in Spain, where diagnosis returned to baseline levels (i.e.
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Fig. 1. Monthly observed and expected (with 95% Cl) rate of cancer diagnoses per 100,000 inhabitants registered in Catalan primary care settings since

January 2020, total and by sex.

comparable to 2019) and remained relatively stable there-
after. Other studies worldwide described similar reductions
in 2020 as in our research,>%!? highlighting the impact of
the pandemic on non-COVID diseases. Several reasons have
been described to explain this decrease, such as disruption of
health care due to the pandemic, drop of face-to-face visits,
halt of screening and diagnostic procedures and non-essential
services, some COVID-19 control measures, and changes in
patients’ healthcare-seeking behaviour, among others.”!314
Nevertheless, primary care adapted quickly to the
COVID-19 pandemic within a few months, and cancer diag-
nosis rates in 2021 returned to similar values to those of 2019
in Catalonia. Despite this, the return to pre-pandemic diagno-
sis level in 2021 did not compensate for the drops in 2020,
and more than 10,000 diagnoses were still missed. Although a
part of this reduction could be related to the harvesting effect
due to the high impact of the first COVID-19 wave in Spain
in terms of mortality, a study performed in Catalonia in 2020
estimated that only 4% of diagnoses may have been lost to
COVID-19 deaths.? This means that there has yet to be a com-
plete recovery with a reduction of diagnosis still outstanding.

This could still have consequences described elsewhere such
as diagnoses in more advanced stages and delays in treat-
ments that could affect patients’ survival.”'*!'” This return to
the 2019 diagnosis level is not yet described in many articles,
although some studies observed that screening programmes
and cancer diagnosis returned to close to pre-pandemic levels
in late 2020.1%12

Regarding the type of cancer, we found a similar trend in
all of them, with a reduction in 2020 and a return to pre-
pandemic level in 2021 (although with different percentages),
except for lung cancer. This different pattern for lung cancer
was observed in other articles>” and could be related to an
increase of chest radiographs due to COVID-19 pulmonary
infections that led to more incidental findings, as suggested in
previous research.”

Limitations of this analysis include the ecological analysis,
alterations in patients’ healthcare-seeking behaviour during
the COVID-19 pandemic, and the use of primary care EHR
data and thus a potential lack of hospital diagnoses, although
Catalan primary care EHR have been previously validated for
cancer research.'
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Fig. 2. Mean monthly rate of cancer diagnoses registered in Catalan primary care settings by type of cancer and year (2019-2021). Reference value is
the monthly average rate of cancer diagnoses in 2019 by type of cancer. Bars represent the total monthly average rate and the sex symbols represent
the stratified values. Bars coloured in grey represent statistically significant differences compared to 2019 for the overall population. Larger sex symbols

represent statistically significant differences by sex compared to 2019.

In conclusion, although the level of primary care can-
cer diagnosis in 2021 has returned to pre-pandemic levels,
lost diagnoses during the last 2 years have not been fully re-
covered. Additional strategies may be needed, such as public

awareness campaigns, promoting participation in screening
programmes, and improving coordination between primary
care and hospitals, to address remaining backlogs and poten-
tial consequences in terms of long-term cancer survival.
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