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Purpose: The COVID-19 pandemic profoundly affected healthcare systems and patients. There is a need to comprehend the collateral
effects of the pandemic on non-communicable diseases. We examined the impact of the pandemic on short-term survival for common
solid tumours, including breast, colorectal, head and neck, liver, lung, oesophageal, pancreatic, prostate, and stomach cancer in the UK.
Methods: This was a population-based cohort study of electronic health records from the UK primary care Clinical Practice Research
Datalink GOLD database. In sum, 12,259,744 eligible patients aged >18 years with >1 year’s history identified from January 2000 to
December 2022 were included. We estimated age-standardised incidence and short-term (one- and two-year) survival for several
common cancers from 2000 to 2019 (in five-year strata) and compared these to 2020-2022 using the Kaplan—-Meier method.
Results: Incidence decreased for most cancers in 2020 and recovered to different extents in 2021-2022. Short-term survival improved
for most cancers between 2000 and 2019, but then declined, albeit minimally, for those diagnosed in 2020-2022. This was most
pronounced for colorectal cancer, with one-year survival falling from 78.8% (95% CI 78%—79.6%) in 2015-2019 to 77% (95% CI
75.6-78.3%) for those diagnosed in 2020-2022.

Conclusion: Short-term survival for many cancers was impacted, albeit minimally, by the pandemic in the UK, with reductions in
survivorship from colorectal cancer equivalent to returning to the mortality seen in the first decade of the 2000s. While data on longer-
term survival are needed to fully comprehend the impact of COVID-19 on cancer care, our findings illustrate the need for an urgent
and substantial commitment from the UK National Health Service to address the existing backlog in cancer screening and diagnostic
procedures to improve cancer care and mortality.

Keywords: cancer, COVID-19, colorectal cancer, incidence, pandemic, survival

Introduction

The COVID-19 pandemic left a permanent mark on global public health, with profound implications for healthcare
systems and patients. Whilst healthcare systems grappled with the overwhelming demands of treating COVID-19
patients, there emerged a pressing need to comprehend the collateral effects of the pandemic on non-communicable
diseases, including cancer. Social restrictions and the prioritisation of urgent over elective healthcare provision imposed
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by the pandemic impacted screening and diagnostic pathways for many cancers worldwide.'> Reduced screening and
diagnostic tests inevitably cause delays, leading to more advanced stage at diagnosis and worsened prognosis.

Survival from cancer has generally improved over the last two decades, with combined mortality rates across all
cancers and sexes decreasing by around 10%.* One study estimated that in the UK, the probability of dying from cancer
before 80 years of age declined from 0.16 to 0.13 for women and 0.22 to 0.17 for men across 2002-2019.° The
improvement in cancer survival can be attributed to several interconnected factors that have contributed to advancements
in cancer prevention: screening, early diagnosis, and treatment.® These factors have collectively led to better outcomes
and increased survival rates for cancer patients. However, the pandemic’s disruptive impact on healthcare systems and
cancer care delivery has raised concerns about delayed diagnosis, altered treatment regimens, delays in surgery, and
reduced access to essential services, all of which may have adverse consequences for cancer patients’ survival.

The UK’s National Health Service (NHS) was already under pressure prior to the pandemic, suffering from years of
reduced funding and substantial challenges, including staff shortages and reduced hospital beds per capita.” Staffing
issues were further compounded because many doctors and nurses were on sick leave or isolating due to COVID-19
exposure. Surgical staff were redeployed to care for COVID-19 patients, and operating theatres and outpatient clinics
were closed to free up resources for patients with COVID-19.® This led to the halting of routine and elective care in the
months following the outbreak.” Despite these efforts, the rapid spread of COVID-19 in the UK impacted health and
social care nationally, and the government implemented three national lockdowns.

Literature on the impact of the pandemic on survival from cancers is currently limited, with only a handful of studies
addressing this in the UK.'"'" Given the prioritisation of urgent care for COVID-19 during the pandemic on top of
a stretched NHS, we hypothesised that delays in the diagnosis and/or lack of cancer screening would lead to increased
short-term mortality due to more advanced stages at diagnosis. We speculated that the expected delay in diagnosis and
hence potentially reduced short-term survival would be more noticeable for cancers that benefit from early detection and
for which we have successful screening programmes (such as breast and colorectal cancer).

The overall aim of this study was to investigate the impact of the COVID-19 pandemic and its management on short-term
(one and two years after diagnosis) survival for common solid tumours, including breast, colorectal, head and neck, liver, lung,
oesophageal, pancreatic, prostate, and stomach cancer in the UK. Using pseudonymised NHS records, we examined: 1)
secular trends in the incidence of several common cancers from 2000-2019 compared to 2020-2022; and 2) short-term
survival following diagnosis of the same cancers in 2000-2019 and compared to those diagnosed in 2020-2022.

Methods

Study Design

A population-based cohort study was conducted to examine the incidence and survival for nine cancers using routinely
collected primary care data from the Clinical Practice Research Datalink (CPRD) GOLD database December 2022
(version 2022.12.001) in the UK between January 2000 and December 2022.

Study Participants

All patients were required to be aged 18 years or older and have at least one year of history within the database (to
characterise patients on key comorbidities) and information on age and sex, excluding individuals diagnosed with the
same cancer at any time in the database history. Hence, data from 1999 to 2022 were used. For incidence, the study
cohort consisted of individuals present in the database from 1 January 2000 or their first day of eligibility (whichever
occurred first). These individuals were followed up to whichever came first: the cancer outcome of interest, date of death,
exit from the database, or 31 December 2022 (the end of the study period). For survival analysis, individuals with
a newly diagnosed cancer were included. These individuals were followed up from the date of their diagnosis to either
date of death, exit from the database, or end of the study period. All outcomes included both sexes, except for breast
cancer (females only) and prostate cancer (males only).
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Procedures

People with a diagnosis of a cancer of interest and a denominator cohort were identified from CPRD GOLD to estimate
cancer incidence and overall survival. CPRD GOLD contains pseudonymised patient-level information on demographics,
lifestyle data, clinical diagnoses, prescriptions, and preventive care contributed by general practitioners (GP) from the
UK. It is an established primary care database broadly representative of the UK population.'? This database was mapped
to the Observational Medical Outcomes Partnership common data model (CDM)."?

Outcomes

We used SNOMED CT diagnostic codes to identify incident cancer events for the nine cancers. Diagnostic codes indicative of
either non-malignant cancer or metastasis were excluded, as well as diagnosis code indicative of melanoma and lymphoma
occurring in the organs/sites of interest. Metastases were excluded because we intended to examine the impact of the pandemic
on patients with incident cancer diagnoses that had not yet entered a clinical care pathway. Hence, the outcomes of interest
were local or locally advanced cancers only. The cancer outcome definitions were reviewed with the aid of the
CohortDiagnostics R package.'® This package was used to identify additional codes of interest and to remove those
highlighted as irrelevant based on feedback from clinicians with oncology expertise through an iterative process. The clinical
code lists used to define all cancer outcomes can be found in Supplementary 1. Additionally, a detailed description of all cancer
outcomes is provided at https://dpa-pde-oxford.shinyapps.io/EHDENCancerIncPrevCohortDiagShiny. For survival analysis,
mortality was defined as all-cause mortality based on date of death records. Mortality data in CPRD GOLD has been
previously validated and shown to be over 98% accurate.'”

Statistical Analysis

The population characteristics of patients with a diagnosis of each cancer were summarised overall and separately for
each calendar year stratum, with median and interquartile range (IQR) used for continuous variables and counts and
percentages used for categorical variables. Differences in the counts of comorbidities across time were evaluated by y°.
Characteristics included 16 common chronic diseases, identified by clinical code lists (and reviewed by clinicians).

Annual crude incidence rates (IRs) were calculated for all cancer outcomes from 2000 to 2022. For incidence, the
number of events, the observed time at risk, and the IR per 100,000 person years were summarised with 95% Cls. Annual
IRs were calculated as the number of incident cancer cases as the numerator and the exact recorded number of person-
years in the general population of CPRD GOLD within that year as the denominator.

Using the crude IRs, age-standardised IRs were calculated using the 2013 European Standard Population ESP2013."'°
The ESP2013 serves as a standard population with a predefined age distribution where results are adjusted to match this
distribution and account for differences in age structures between different populations to ensure fair comparisons. The
ESP2013 provides predefined age distribution in five-year age bands; therefore, we collapsed these to obtain distributions
for the 10-year age bands used in this study. We used an age distribution of 20-29 years from ESP2013 for age
standardisation, as age distributions were not available for the 18- to 29-year age band used in this study.

For survival analysis, we stratified by calendar time of cancer diagnosis (2000-2004, 2005-2009, 2010-2014,
2015-2019, and 2020-2022). To estimate short-term survival at one and two years, we used the Kaplan—-Meier (KM)
method. Patients whose death and cancer diagnosis occurred on the same date were removed from the survival analysis
(0.48%-3.64% of patients depending on cancer). To avoid re-identification, we do not report results with fewer than
five cases. All results are presented in an interactive online dashboard at https://dpa-pde-oxford.shinyapps.io/

CancerlncSurvCovid.

Code Availability

All codes used for these analyses are publicly available online (https://dpa-pde-oxford.shinyapps.io/CancerlncSurvCovid).

Analyses were carried out using R (version 4.2.3).
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Patient and Public Involvement

No patients or members of the public were involved in the design, analysis, or interpretation of this study or the reported
data, because the study aimed to examine population-level trends and patterns, rather than individual experiences or
perspectives.

Ethics Approval

The protocol for this research was approved by the Independent Scientific Advisory Committee for Medicine and
Healthcare Products Regulatory Agency database research (protocol 22 001843) and adhered to and complied with local
relevant data protection and privacy regulations and the principles of the Declaration of Helsinki.

Results

There were 12,557,753 eligible patients aged 18 years and older with at least one year of history identified from
January 2000 to December 2022 from CPRD GOLD, but 5,634,984—11,593,927 finally eligible after applying inclusion/
exclusion criteria. The attrition was largely due to not being observed in the database during the time period of interest
after applying the age, sex, and history requirements. The attrition table for this study for each cancer can be found in
Supplementary 2. A summary of patient characteristics of those with a diagnosis of different cancers is shown in Table 1.

As detailed in Table 1, breast cancer was the most common cancer, followed by prostate, colorectal, and lung. Males
were more likely to have a cancer diagnosis apart from breast cancer and for pancreatic cancer where there were no sex
differences in numbers diagnosed. Cancer diagnoses were more common with increasing age, peaking in those aged 70—
79 years for all cancers, apart from those diagnosed with breast or head and neck cancer, where more diagnoses were in
those aged 60—69 years. For breast, prostate, and head and neck cancers, these patients had the lowest percentages of
comorbidities, whereas those with a diagnosis of liver, stomach, and lung cancers had the highest percentages of
comorbidities.

Comparison of patient characteristics of those diagnosed in 2020-2022 with the other calendar-year groups (2000—
2004, 2005-2009, 2010-2014, and 2015-2019) showed similar socio-demographics with very similar age and sex
distributions, regardless of the year of diagnosis. Regarding comorbidities, whilst there were significant differences
across all time points for various conditions across cancers, the most notable differences between 2020 to 2022 compared
to previous years were greater frequencies of: 1) atrial fibrillation in colorectal, liver, lung, oesophageal, prostate, and
stomach cancers; 2) cerebrovascular disease in colorectal, lung, and liver cancers; 3) venous thrombosis in colorectal,
lung, oesophageal, and prostate cancers; 4) COPD in colorectal, head and neck, and liver cancers; 5) type 2 diabetes in
colorectal, head and neck, liver, lung, pancreatic, prostate, and stomach cancers; 6) hypertensive disorder in head and
neck and liver cancers; 7) chronic liver disease in liver and prostate cancers; 8) osteoarthritis in liver, lung, pancreatic,
and prostate cancers; 9) depressive disorder in liver and prostate cancers; 10) pulmonary embolism in lung and
oesophageal cancers; and 11) gastrointestinal haemorrhage in oesophageal cancers. Detailed patient characteristics

stratified by calendar year of diagnosis in five-year strata can be found in Supplementarys 3.1-3.9.

Regarding secular trends in the incidence of cancer, annual age-standardised IRs increased from 2000 to 2019 for all
cancers except breast, colorectal, oesophageal, and stomach cancer (Figure 1). Apart from pancreatic cancer, IRs
decreased for all cancers in 2020 and recovered to different extents in 2021-2022. For breast, colorectal, oesophageal,
and pancreatic cancers, IRs in 2021 were higher than 2019, whereas for head and neck, liver, lung, prostate, and stomach
cancers, IRs were still lower in 2021 than before the pandemic in 2019. Results showing the crude annualised IRs can be
found in Supplementary 4.

Positive trends in the survival for most cancers were observed in the years 2000-2019. Improvements in one- and
two-year survival were more obvious for liver, lung, and prostate cancer (one-year survival increased from 35% to 46.5%
for liver cancer, 33.1% to 45.4% for lung cancer, and 90.8% to 94.9% for prostate cancer from 2000 to 2019) and
minimal or non-significant for head and neck and pancreatic cancers (one-year survival increased from 80.7% to 81.2%
for head and neck cancer and from 22.3% to 28.4% for pancreatic cancer from 2000-2019) (Table 2).
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Table | Baseline characteristics of patients

at the time of cancer diagnosis for this study from 2000-2022

Breast Colorectal Liver Stomach Prostate Pancreatic Head and Neck Lung Oesophageal
n 88,196 55,317 4198 7444 66,903 10,391 12,831 46,922 15,621
Sex (male), n (%) 0 30,640 (55%) 3005 (72%) 4668 (63%) 66,903 (100.0%) 5169 (50%) 8859 (69%) 25,231 (54%) 10,669 (68%)
Age (years), median 63 (52-73) 72 (63-80) 71 (63-78) 75 (67-82) 72 (65-78) 73 (64-80) 64 (56-73) 72 (65-79) 72 (63-79)
(IQR)
Age group, n (%)
18-29 285 12 14 20 6 6 96 (1%) 24 12
30-39 2950 (3%) 545 (1.0%) 28 (1%) 70 (1%) I 35 265 (2%) 129 65
4049 11,540 (13%) 2080 (4%) 143 (3%) 233 (3%) 458 (1%) 317 (3%) 1093 (9%) 1041 (2%) 480 (3%)
50-59 22,421 (25%) 6580 (12%) 585 (14%) 614 (8%) 6023 (9%) 1170 (11%) 3075 (24%) 4781 (10%) 2017 (13%)
60-69 23,043 (26%) 13,830 (25%) 1122 (27%) 1387 (19%) 20,773 (31%) 2615 (25%) 3844 (30%) 12,602 (27%) 4144 (27%)
70-79 15,599 (18%) 17,737 (32%) 1410 (34%) 2626 (35%) 25,843 (39%) 3412 (33%) 2897 (23%) 17,294 (37%) 5013 (32%)
80-89 9872 (11%) 12,446 (22%) 825 (20%) 2123 (29%) 12,222 (18%) 2402 (23%) 1337 (10%) 9894 (21%) 3287 (21%)
90+ 2486 (2.9%) 1971 (4%) 71 (2%) 368 (5%) 1567 (2%) 434 (4%) 224 (2%) 1227 (3%) 603 (4%)

History, median

3190 (1609-5037)

3540 (1915-5335)

4046 (2166-5766)

3366 (1824-5109)

3682 (1964-5457)

3809 (2127-5572)

3399 (1828-5180)

3706 (2035-5453)

3602 (1957-5408)

(IQR) days

Number of GP visits, 21.89 (16.86) 28.95 (18.58) 39.27 (21.82) 32.79 (19.08) 28.68 (16.97) 35.57 (19.55) 27.07 (18.72) 35.17 (20.30) 3048 (19.12)
mean (SD)

Atrial fibrillation 2803 (3%) 3804 (7%) 321 (8%) 568 (8%) 4498 (7%) 660 (6%) 569 (4%) 3319 (7%) 1049 (7%)
Heart failure 1457 (2%) 1958 (4%) 191 (5%) 356 (5%) 2142 (3%) 351 (3%) 290 (2%) 2250 (5%) 610 (4%)
Ischaemic heart disease 3920 (4%) 5544 (10%) 547 (13%) 1010 (14%) 7845 (12%) 1139 (11%) 1042 (8%) 6424 (14%) 1737 (11%)
Cerebrovascular disease 2698 (3%) 3305 (6%) 278 (7%) 571 (8%) 3914 (6%) 667 (6%) 724 (6%) 3964 (8%) 1009 (6%)
Hyperlipidaemia 5924 (7%) 5123 (9%) 323 (8%) 647 (9%) 6830 (10%) 1038 (10%) 1012 (8%) 4726 (10%) 1429 (9%)

Hypertensive disorder

18,077 (20%)

15,228 (28%)

1270 (30%)

2053 (28%)

19,612 (29%)

2957 (28%)

3017 (24%)

12,865 (27%)

4354 (28%)

Pulmonary embolism 575 (1%) 708 (1%) 58 (1%) 108 (1%) 644 (1%) 181 (2%) 79 (1%) 823 (2%) 226 (1%)
Venous thrombosis 3130 (4%) 2680 (5%) 197 (5%) 388 (5%) 2602 (4%) 690 (7%) 392 (3%) 2551 (5%) 792 (5%)
Type 2 diabetes 5206 (6%) 6061 (11%) 1156 (28%) 891 (12%) 6364 (10%) 2149 21%) 1017 (8%) 5089 (11%) 1708 (11%)

(Continued)
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Table 1 (Continued).

91707 ASojolwapidg fedwund

Breast Colorectal Liver Stomach Prostate Pancreatic Head and Neck Lung Oesophageal
Chronic liver disease 223 202 900 (21%) 24 138 44 179 (1%) 257 (1%) 96 (1%)
Renal impairment 6606 (7%) 6906 (12%) 682 (16%) 1063 (14%) 7757 (12%) 1439 (14%) 1034 (8%) 6374 (14%) 1997 (13%)
COPD 2773 (3%) 3394 (6%) 385 (9%) 670 (9%) 4114 (6%) 769 (7%) 1213 (9%) 11,547 (25%) 1373 (9%)
Gastrointestinal 4386 (5%) 10,359 (19%) 474 (11%) 735 (10%) 4792 (7%) 795 (8%) 783 (6%) 3208 (7%) 1194 (8%)
haemorrhage
Osteoarthritis 15,004 (17%) 10,753 (19%) 955 (23%) 1662 (22%) 13,393 (20%) 2416 (23%) 1946 (15%) 10,151 (22%) 3109 (20%)
Depressive disorder 13,100 (15%) 5478 (10%) 555 (13%) 785 (11%) 5029 (8%) 1267 (12%) 1671 (13%) 6613 (14%) 1611 (10%)
Dementia 1067 (1%) 752 (1%) 63 (2%) 136 (2%) 632 (1%) 167 (2%) 163 (1%) 783 (2%) 220 (1%)
COVID-19 (2020-2022) 1202 (18.73%) 832 (17.25%) 82 (14.72%) 59 (13.79%) 872 (14.77%) 154 (15.16%) 202 (17.67%) 774 (17.25%) 226 (16.36%)

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range.
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Figure | Age-standardised annual incidence (per 100,000 person years) for nine cancers from 2000 to 2022 (red line indicating start of COVID pandemic in 2020). Grey
bands indicate 95% Cls.

In contrast, the first three years of the pandemic (2020-2022) saw a numerical reduction in short-term (one-year)
survival for most cancers (Table 2). More specifically, one-year survival significantly dropped after a colorectal cancer
diagnosis, from 78.8% (95% CI 78%-79.6.1%) in 2015-2019 to 77% (95% CI 75.6%-78.3%) in 2020-2022.
A numerical decrease in one-year survival was also observed for three other cancers: from 81.2% (95% CI 79.7%-—
82.7%) to 77.6% (95% CI 74.9%—80.4%) for head and neck cancer; from 45.3% (95% CI 43.5%—47.1%) to 42.4% (95%
CI 39.4%45.6%) for oesophageal cancer; from 28.4% (95% CI 26.5%—30.5%) to 25.9% (95% CI 22.9-29.2%) for
pancreatic cancer; and from 46.9% (95% CI 43.9%—50.1%) to 45.1% (95% CI 40%—-50.9%) for stomach cancer. Liver,
lung, breast, and prostate cancers were an exception, with no observable decline in one-year survival in 2020-2022.

Survival after two years since diagnosis also indicated that those diagnosed during 2020-2022 had lower survival for
some cancers (Table 2), but samples were small. We observed slight numerical decreases in two-year survival for those
diagnosed in 2015-2019 compared to those diagnosed in 2020-2022 for three cancers: from 92.1% (95% CI 91.7%—
92.6%) to 91.9% (95% CI 91%—-92.8%) for breast cancer; from 71.7% (95% CI 70%—73.5%) to 68.7% (95% CI 65.2%—
72.4%) for head and neck cancer; and from 26.3% (95% CI 24.6%-28%) to 24.8% (95% CI 21.7%-28.5%) for

oesophageal cancer, though it should be noted that CIs between these calendar-year survival trends were overlapping.
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Table 2 Survival probabilities (and 95% Cls) for all cancer outcomes at one and two years after
diagnosis stratified by calendar year group

Cancer Calendar years | One year survival, % (95% Cl) | Two-year survival, % (95% CI)
Breast 2000-2004 93.7 (93.3-94.1) 88.3 (87.8-88.8)
2005-2009 95.2 (94.0-95.5) 91.0 (90.7-91.4)
2010-2014 95.6 (95.3-95.9) 91.3 (90.9-91.6)
2015-2019 95.9 (95.5-96.2) 92.1 (91.7-92.6)
2020-2022 95.7 (95.1-96.2) 91.9 (91.0-92.8)
Colorectal 2000-2004 77.1 (76.2-78.0) 65.9 (64.9-66.9)
2005-2009 77.8 (77.2-78.5) 66.5 (65.8-67.3)
20102014 79.5 (78.9-80.1) 69.1 (68.3-69.8)
2015-2019 78.8 (78.0-79.6) 68.5 (67.6-69.5)
2020-2022 77.0 (75.6-78.3) 68.2 (66.4-70.0)
Head and neck 2000-2004 80.7 (78.8-82.6) 70.8 (68.7-73.0)
2005-2009 79.8 (78.4-81.2) 69.3 (67.7-70.8)
20102014 82.4 (81.2-83.7) 72.0 (70.5-73.5)
2015-2019 81.2 (79.7-82.7) 71.7 (70.0-73.5)
2020-2022 77.6 (74.9-80.4) 68.7 (65.2-72.4)
Liver 2000-2004 35.0 (30.0-40.9) 21.0 (16.8-26.3)
2005-2009 35.8 (32.8-39.1) 21.2 (18.6-24.1)
20102014 43.1 (40.4-46.0) 28.5 (26.0-31.3)
2015-2019 46.5 (43.5-49.7) 30.7 (27.9-33.8)
20202022 46.6 (42.0-51.6) 30.8 (25.9-36.7)
Lung 2000-2004 33.1 (31.9-34.3) 18.4 (17.4-19.4)
2005-2009 35.4 (34.5-36.2) 20.1 (19.3-20.8)
2010-2014 39.9 (39.0-40.7) 24.7 (23.9-25.5)
2015-2019 45.4 (44.4-46.4) 30.6 (29.6-31.6)
2020-2022 45.2 (43.5-46.9) 31.4 (29.7-33.3)
Oesophagus 2000-2004 40.7 (38.8-42.8) 23.0 (21.3-24.8)
2005-2009 42.3 (40.8-43.8) 24.0 22.7-25.3)
20102014 46.3 (44.8-47.8) 28.1 (26.7-29.6)
2015-2019 45.3 (43.5-47.1) 26.3 (24.6-28.0)
2020-2022 42.4 (39.4-45.6) 24.8 (21.7-28.5)
(Continued)
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Table 2 (Continued).

Cancer Calendar years | One year survival, % (95% Cl) | Two-year survival, % (95% CI)
Pancreas 2000-2004 22.3 (20.0-24.8) 11.4 (9.7-13.4)
2005-2009 23.3 (21.7-25.0) 12.1 (10.9-13.5)
2010-2014 26.1 (24.5-27.7) 12.6 (11.4-14.0)
2015-2019 28.4 (26.5-30.5) 14.9 (13.3-16.6)
2020-2022 25.9 (22.9-29.2) 139 (11.2-17.2)
Prostate 2000-2004 90.8 (90.2-91.4) 82.4 (81.7-83.2)
2005-2009 92.6 (92.2-93.0) 85.6 (85.1-86.1)
2010-2014 94.4 (94.1-94.8) 88.6 (88.1-89.0)
2015-2019 94.9 (94.5-95.2) 89.1 (88.5-89.6)
2020-2022 94.5 (93.8-95.2) 88.9 (87.8-90.1)
Stomach 2000-2004 41.7 (38.9-44.6) 27.0 (24.5-29.6)
2005-2009 40.8 (38.9-42.9) 24.9 (23.2-26.8)
20102014 44.0 (41.946.3) 28.1 (26.1-30.1)
2015-2019 46.9 (43.9-50.1) 32.1 (29.3-35.2)
2020-2022 45.1 (40.0-50.9) 33.1 (27.6-39.7)

Two-year survival for colorectal, lung, liver, pancreatic, prostate, and stomach cancers remained unchanged when
comparing those diagnosed in 2015-2019 and those diagnosed in 2020-2022.

The KM survival curves for all nine cancers from the date of diagnosis to two-year follow-up are shown in Figure 2.
Individual plots for each cancer can be found in Supplementarys 5.1-5.9. The numbers at risk, events, and censoring at

each of the time points in the KM plots for each cancer shown in Figure 2 are included in Supplementary 6. Cancer
survival curves depicted in Figure 2 are consistent with the one- and two-year survival probabilities shown in Table 2.
Survival trends tended to improve in the years 2000-2019, but then declined for breast, head and neck, oesophageal, and
pancreatic cancers after their diagnosis in 2020-2022.

Discussion

Statement of Principal Findings
The incidence of cancer diagnoses in the UK decreased in the first year of the pandemic (2020), recovering to different extents
in 2021 for most cancers. This was more obvious for breast, colorectal, lung, and oesophageal cancer, with rates of new
diagnosis in 2021 and 2022 higher than those recorded immediately before the pandemic in 2019. One- and two-year survival
after a diagnosis of cancer increased in the years 2000-2019 for most cancers and more clearly for cancers that benefit from
novel treatments including antivirals (eg, liver cancer) and immunotherapies (eg, lung cancer). Cancers included in national
screening programmes (eg, breast, colorectal) also improved prognosis in these same years, likely due to earlier diagnosis.
In contrast with observable improvements over the previous 20 years, the first two years of the pandemic led to a decline,
albeit minimal, in short-term survival for some cancers (breast, head and neck, colorectal, oesophageal, and pancreatic cancer)
in the UK. This decline was most pronounced for colorectal cancers, with reductions in survivorship equivalent to the return to
mortality rates seen in the first decade of the 2000s. Although only a difference of 1.4%, this represents a substantial number of
patients for whom survival could have been improved through early detection and treatment, which were halted during the
pandemic.>'” We found no evidence that this decrease in survivorship could be due to differences in socio-demographics:
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Figure 2 Kaplan—Meier survival curves for all nine cancers stratified by calendar time of cancer diagnosis. Shaded bands indicate 95% Cls.

patients diagnosed with cancer in 2020-2022 were of similar age and sex and had similar comorbidities compared to those
diagnosed in previous years. However, it should be noted that there was a greater frequency of some comorbid conditions in
patients diagnosed during the pandemic compared to previous years, and this may account for decreases in survival. In line
with this, there may be competing causes of death other than cancer, particularly due to COVID-19 infection during this time.
Whilst it is pertinent to account for the impact of COVID-19 infection on mortality in the cancer population, cause of death is
not captured by the CPRD dataset. As such, it was not possible to quantify this potential competing cause of death from
COVID-19. Future research should account for this so that it is possible to delineate the impact of the pandemic on cancer
survival whilst ruling out COVID-19 infection itself as a contributing cause.

Strengths of the Study

The large sample and over 20 years of follow-up provided by CPRD GOLD make this a unique dataset for longitudinal
analyses. Cancer incidence before the pandemic reported here is in line with national data from Cancer Research UK
statistics for all cancers, providing confidence in the validity of our estimates.'® The high validity and completeness of
mortality data, with over 98% accuracy when compared to national mortality records,'” allowed us to demonstrate the
impact of the COVID-19 pandemic on short-term survival, one of the key outcomes in cancer care.
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Weaknesses of the Study

Our study also had limitations. First, we used primary care data without linkage to cancer registry, potentially leading to
misclassification and delayed recording. However, previous validation studies have shown high accuracy and complete-
ness of cancer diagnoses in primary care records.'” Second, our use of primary care records precluded us from studying
tumour histology, staging, or cancer therapies, which can all impact survival. Third, the composition of the CPRD GOLD
database has changed over time. With the advent of the CPRD AURUM database, some English practices were
transferred out of GOLD into AURUM from 2021. Therefore, the data from 2021 onwards are more representative of
Scotland and Wales and less representative of England and Northern Ireland than earlier datacuts.

Research in Context

In line with our results, UK cancer statistics demonstrate the increasing trend in cancer incidence over recent decades.'®2°
Reasons for these increases are multifaceted and vary per cancer type, but generally include diagnostic testing (eg, PSA for
prostate cancer), public awareness of symptomology (eg, for breast cancer), and an ageing population.”* A notable trend
observed is a significant increase in breast cancer incidence during 2004—2005. One potential explanation for this could be the
implementation of the Quality and Outcomes Framework in 2004. This evaluates the performance of general practices across
various disease areas, including cancer, and offers financial incentives for meeting specific quality targets. Consequently, there
may have been increased focus on screening, diagnostics, and reporting of cancer cases during this period. Moreover, from
2001 to 2004, many screening units in the UK expanded their screening programs to include women aged 65-70 years.?! This
expansion could have contributed to the observed surge in cancer diagnoses during this time frame.

Unsurprisingly, the COVID-19 pandemic halted screening programmes and diagnostic appointments, and may have
altered patients’ health-seeking behaviour in an attempt to contain the virus.> These alterations led to reduced cancer
diagnoses, as evidenced by our results (with the exception of pancreatic cancer), as well as other European data.'’**??
However, there may be other reasons for the reduction in cancer diagnoses during the pandemic. For example, reduced
exposure to certain cancer risk factors due to relatively healthier lifestyles during lockdown (such as decreased smoking,

decreased alcohol consumption, and healthier dietary and sleep patterns®*

) may have halted tumour development. An
alternative explanation is that undiagnosed cancer patients may have died from COVID-19 infection. Finally, delays or
inaccuracies in cancer data collection and reporting may affect the apparent incidence. Regardless of the explanation, our
results contrast with data from the United States showing an increase in diagnoses of lung, colorectal, pancreatic, breast, and
prostate cancers in 2020 compared to 2019,%° and illustrate the selective channelling of healthcare resources in the UK during
the first 2 years of the pandemic. Not surprisingly, 20212022 saw a relative increase in incidence of these cancers compared
to 2020, which suggests attempts to compensate for those diagnoses missed during the pandemic. Our data for the first time
show that cancer incidence have largely recovered since 2020, yet rates of diagnosis need to continue to exceed expected rates
in the forthcoming years to account for the backlog in diagnoses accumulated in 2020.

Possible reasons that the incidence of pancreatic cancer did not decrease during the pandemic compared to other
cancers include the fact that pancreatic cancer is usually diagnosed at an advanced stage, as there are not good predictors
for screening and early diagnosis. Cancer arising at the pancreatic head is usually diagnosed when jaundice appears due
to compression of the bile duct. Patients with such symptoms as jaundice attended hospital during the pandemic, and the
diagnosis was generally determined without a relevant delay. Cancers arising at the body or tail of the pancreas present
non-specific symptoms and are usually diagnosed at a very advanced stage, when the patient has very severe symptoms
of weight loss and debility. In such conditions, CT scans for diagnosis during the pandemic were probably prioritised and
diagnoses not remarkably delayed. In fact, it is possible that they were even scheduled sooner than usual, because CT
scans for other non-urgent indications were delayed and there was greater availability of the scanner.

One major implication of reductions in cancer incidence is that diagnoses and treatments have been delayed, affecting patient
survival. This may be particularly prominent for cancers included in screening programmes, such as colorectal cancers. Whilst
the literature on survival estimates post-pandemic is sparse, some global estimates align with our UK-based estimates
demonstrating the impact of diagnostic delays and reduction in care/availability of treatments on cancer survival, with an
increase in total deaths from most cancers during 2019-2021.% That said, during 2020-2022 the one-year survival rate of liver,
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lung, breast, and prostate cancers, as well as the two-year survival rate of colorectal, lung, liver, pancreatic, prostate, and stomach
cancers, did not decrease. There are many possible explanations as to why this may be. For example, this may be because these
particular cancers benefited from increased remote monitoring or adaptation of treatment protocols during and immediately
following the pandemic. Alternatively, patients may have been more motivated during the COVID-19 pandemic to adhere more
strictly to treatment plans, adopt healthier lifestyles, and prioritize self-care measures to optimize their health and recovery.

Conclusion

Taken together with previous research, our results show evidence that short-term survival from cancer was impacted by
the management of the COVID-19 pandemic in the UK. The combination of a decline in diagnoses followed by an
increase in short-term mortality for many cancers and more clearly for colorectal malignancies provide evidence of
delays in diagnosis during the first two years of the pandemic. However, other factors, such as reduced care/unavailability
of certain cancer treatments, and COVID-19 infection, may have contributed to reduced survival of those diagnosed with
cancer during the pandemic. Our findings illustrate the need for an immediate and intense investment from the NHS to
resolve the current backlog in cancer screening and diagnostic procedures to improve cancer survival. Datasets with
longer follow-up are now needed to fully comprehend the impact of COVID-19 on long-term cancer care and survival.
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