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Abstract: The COVID-19 pandemic has hugely disrupted healthcare provision, including oncology
services. To evaluate the effects of the pandemic on referral routes leading to diagnosis, treatments,
and prognosis in patients with pancreatic ductal adenocarcinoma, we performed a retrospective
cohort study at a single tertiary centre in the UK. The patients were identified from the weekly
hepatopancreatobiliary multidisciplinary team meetings between February 2018 and March 2021.
The demographic, referral, and treatment data for each patient and date of death, where applicable,
were extracted from the electronic patient record. The patients (n = 203) were divided into “pre-
pandemic” and “pandemic” cohorts based on a referral date cut-off of 23rd March 2020. The median
survival was 7.4 months [4.9–9.3] in the “pre-pandemic” cohort (n = 125), halving to 3.3 months
[2.2–6.0], (p = 0.015) in the “pandemic” cohort (n = 78). There was no significant difference in patient
characteristics between the two cohorts. There was a trend toward increased emergency presentations
at diagnosis and reduced use of surgical resection in the “pandemic” cohort. This small-scale study
suggested that the COVID-19 pandemic is associated with a halving of median survival in pancreatic
ductal adenocarcinoma. Urgent further studies are required to confirm these findings and examine
corresponding effects in other cancer types.

Keywords: pancreatic cancer; COVID-19; outcomes; treatment; survival

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) has the worst prognosis of any of the
common cancers, with a 1-year survival rate of 25.9% and a 5-year survival rate of 7.3% in
the UK [1]. In common with other cancers, survival is improved with an earlier diagnosis
of localised disease [2,3].

The emergence and rapid worldwide dissemination of COVID-19 from late 2019
onwards has caused major disruption to healthcare systems globally [4], with a significant
impact on health services for noncommunicable diseases [5]. In April 2020, two-week-wait
(2WW) referrals from primary care for upper-gastrointestinal malignancy fell nationally in
England by 65% compared to April 2019 [6], and modelling studies predicted a significant
effect of reduced referrals on cancer survival [7].

There are various routes through the healthcare system that patients follow to arrive
at a diagnosis of PDAC, broadly categorised as nonemergency or emergency presenta-
tions. Nonemergency pathways include direct referral from primary or secondary care
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due to symptomatology or clinician concern or referral for an incidental finding during
investigation of an unrelated complaint. Emergency pathways include self-presentation to
emergency departments, primary care services, or secondary care services (for example
same-day emergency care units).

Data from the UK National Cancer Intelligence Network (NCIN) Routes to Diag-
nosis project show that PDAC is diagnosed following emergency presentation twice as
often as other cancers (47%) [8]. Referrals leading to a diagnosis of PDAC for the period
2006–2015 [8] were 36% from nonemergency primary care (two-week-wait (2WW) or other
referrals) and 47% from emergencies, with the remainder coming from other outpatient,
inpatient elective, postmortem diagnosis, or unknown routes [8]. Early, nonemergency
PDAC diagnosis via the 2WW pathway is associated with three times the one-year survival
compared to emergency presentation [8,9].

PDAC presents a particularly interesting target for research into the changes in routes
to diagnosis and how the unprecedented circumstances of the COVID-19 pandemic affect
prognosis. Due to the indolence of its presentation, it is a malignancy at high risk of being
overlooked among the healthcare challenges of a pandemic. Given its poor prognosis, it
would be expected that any effect on mortality would become apparent relatively quickly.
We therefore undertook an observational study to assess the impact of the pandemic upon
PDAC outcomes. We hypothesised that, during the COVID-19 pandemic, there would be
an increased proportion of emergency presentations leading to a diagnosis of PDAC, that
treatment availability would be restricted, and that survival from referral would, therefore,
be reduced.

2. Materials and Methods

This study was reported in accordance with the “Strengthening Reporting of Observa-
tional Studies in Epidemiology” (STROBE) guidelines (completed checklist in Supplemen-
tary Table S1) [10].

3. Study Design and Setting

The study utilised a retrospective cohort design. The setting was the Oxford University
Hospitals NHS Foundation Trust (OUHFT), a tertiary oncology centre in the southeast of
England. OUHFT coordinates the hepatopancreatobiliary (HPB) multidisciplinary team
(MDT) for a regional network of other Trusts. Referrals for investigation and management
of PDAC come from within the Trust secondary care catchment area, as well as the wider
region. As a retrospective audit, this study was exempt from requiring NHS research ethics
approval or informed consent of participants.

4. Participants

The inclusion criteria for the study were a diagnosis of PDAC and a home post-
code in the secondary care catchment area of OUHFT. Patients not fulfilling these criteria
were excluded.

Potential study participants were drawn from a list of patients discussed in the Ox-
ford (local) section of a weekly meeting of the OUHFT HPB MDT between 1st February
2018 and 31st March 2021, inclusive. The medical specialists attending these meetings
include oncologists, gastroenterologists, hepatopancreatobiliary surgeons, radiologists, and
histopathologists, alongside clinical nurse specialists. The diagnosis of PDAC was either
confirmed with histology or on the expert opinion of an oncologist specialising in PDAC
(S.S.). In order to minimise ascertainment bias due to loss of follow-up, patients with a
home postcode outside the secondary care catchment area of OUHFT were excluded.

5. Data Collection

Patient identifiers were programmatically extracted from the MDT meeting discussion
lists and then used to retrieve the coded diagnosis, demographics, and referral source of
each patient from the hospital electronic patient record system. Duplicates and those not
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meeting the inclusion criteria were excluded. The clinical records for each included patient
were manually examined by a member of the study team (O.M. or A.B.) to confirm the
PDAC diagnosis.

Follow-up was via notes review on the Trust electronic patient record system. Follow-
up was until death or 28 December 2021 (whichever was earlier). The hospital chemother-
apy prescribing system was manually examined by the research team (A.B. and S.S.) to
determine each patient’s stage and performance status at diagnosis.

To calculate the stage of the disease, imaging reports, MDT reports, and clinic letters
were reviewed. The patients were classified as Stage 1–4 based on the AJCC eighth edition
staging of pancreatic cancer [11].

The performance status at diagnosis was preferentially extracted from the MDT notes.
Where the MDT notes did not refer to performance status, the primary care referral to the
MDT was used as the data source; if the referral information did not include the patient’s
performance status, then it was taken from the earliest clinic letter following diagnosis.
Where performance status was not specifically stated in any of the preceding sources, it
was calculated from any available documentation in the electronic record system, including
inpatient notes, clinic letters, and MDT notes.

All the included patients were reviewed with regards to whether they were offered
chemotherapy as part of their management. Data on whether patients were offered
chemotherapy, which regimens they were offered, and if they received chemotherapy
were recorded. Where chemotherapy was both offered and given, the regimens given and
start dates were collected from the hospital’s chemotherapy prescribing system.

The clinical data collected included age at referral, sex, date of referral, home postcode,
diagnosis, ethnicity, stage at diagnosis, performance status at diagnosis, date of death,
referral source, whether a surgical resection was offered, whether surgical resection was
performed, whether an oncology appointment was offered, whether chemotherapy was
offered, and the type of chemotherapy received.

To exclude COVID-19-related mortality as a reason for poorer outcomes in the “pan-
demic” cohort, we assessed COVID-19 status at death. Where the death certificate was
issued by the hospital, this was examined for mention of COVID-19 as a primary or sec-
ondary cause of death. If the death certificate was not available, a SARS-CoV-2 PCR swab
result from within 7 days of death was used to estimate the COVID-19 status at death [12].
Where neither were available, the presence of a clinical review on the electronic patient
record recorded within 7 days prior to death was used as an indicator of likely COVID-19
status at death. Seven days was chosen to be the cut-off for a SARS-CoV-2 PCR swab
or clinical review, as COVID-19 contracted after that time is unlikely to be the cause of
death [13]. If none of the preceding were available, the COVID-19 status at death was
recorded as indeterminate.

As an exploratory and retrospective study, all eligible cases during the analysis period
were included, and no prespecified sample size calculation was performed.

6. Analysis

The study patients were divided into two cohorts by referral date. The nominal
start of the COVID-19 pandemic in England was taken as the announcement of the first
England-wide lockdown on the 23rd of March 2020. Patients referred prior to this date
were classified as “pre-pandemic”, and patients referred on or after this date were classified
as “pandemic”.

Demographic indicators, tumour stage, patient performance status at diagnosis, refer-
ral source, whether surgery was offered or received, whether the patient was seen in the
oncology clinic, whether chemotherapy was offered, and the type of chemotherapy received
between the two groups were analysed for statistically significant differences. Sex, ethnicity,
disease stage, performance status, referral source, surgery, and chemotherapy type (cate-
gorical data) were compared between the “pre-pandemic” and “pandemic” cohorts using
chi-squared testing; age at referral was similarly compared using a two-tailed Student’s
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t-test. The categorical data were reported as numbers (percentage), whilst continuous data
were reported as medians (interquartile range).

The mortality data were analysed using standard methods of Kaplan–Meier survival
analysis to calculate the median survival and the restricted mean survival time (RMST) to
estimate the change in survival time over one year [14]. For the RMST analysis, tau was
set to one year, as this encompassed the follow-up for the majority of patients, thereby
minimising censoring in the analysis.

To explore further the associations between the patient variables and survival, the
data were used to construct a Cox proportional hazards regression model. The explanatory
variables were age at referral (in years), sex, disease stage at diagnosis, performance status,
referral source, whether surgery was received, whether chemotherapy was offered, and
whether the referral was prior to or during the pandemic. Univariate analyses were per-
formed for each variable. A multivariate analysis was performed with all the explanatory
variables included in the model.

7. Results
7.1. Demographics and Disease Status at Diagnosis

There were 1873 patient identifiers extracted from the HPB MDT lists during the
study period. Of these, 1164 were not cases of PDAC, and 417 were duplicates, leaving
292 patients whose electronic patient records were examined. Of these, a further 61 cases
were found not to be PDAC, and 39 had an address outside the catchment area (11 were
excluded on both criteria). This left 203 eligible patients to be included in the analysis (see
also the flowchart in Supplementary Figure S1). A total of 125 (62%) were referred prior to
the nominal start of the COVID-19 pandemic and fell within the “pre-pandemic” cohort,
while 78 (38%) fell within the “pandemic” cohort.

The demographic and referral information is shown in Table 1. The major demographic
characteristics that might impact disease survival did not differ between the two cohorts.
Similarly, there were no significant differences between the disease stage or performance
status at diagnosis.

Table 1. Characteristics of patients diagnosed with PDAC.

Pre-Pandemic
(n = 125)

Pandemic
(n = 78)

Gender

Female 64 (51%) 39 (50%)
p = 0.98

Male 61 (49%) 39 (50%)

Age

Median 72 years 76 years
p = 0.28

IQR 17 years 16 years

Ethnic background

Any White 89 (71%) 56 (72%)

p = 0.25

Any Asian 2 1

Any Black 2 0

Any mixed or other 0 2

Unknown or not stated 32 (26%) 19 (24%)

Stage

Stage 1 12 (10%) 5 (6%)

p = 0.68
Stage 2 12 (10%) 6 (8%)

Stage 3 39 (31%) 22 (28%)

Stage 4 62 (50%) 45 (58%)
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Table 1. Cont.

Pre-Pandemic
(n = 125)

Pandemic
(n = 78)

Performance status

PS 0 42 (34%) 21 (27%)

p = 0.44

PS 1 40 (32%) 31 (39%)

PS 2 30 (24%) 16 (21%)

PS 3 11 (9%) 10 (13%)

PS 4 2 (2%) 0

Referral source

Primary care 56 (45%) 26 (33%)
p = 0.14

Secondary care 69 (55%) 52 (67%)
Age significance value by two-sample t-test. All other significance values by chi-squared test.

7.2. Origin of Diagnostic Referral

There was a nonsignificant reduction in the proportion of referrals originating from
primary care during the “pandemic” compared to the “pre-pandemic” period (p = 0.14)
(Figure 1). In the pre-pandemic period, there were 4.9 ± 2.5 referrals per month. This
increased slightly to 6.3 ± 2.2 per month during the pandemic.

Figure 1. Referrals to the MDT meeting leading to a diagnosis of pancreatic ductal adenocarcinoma
(PDAC) stratified by disease stage at diagnosis.



J. Clin. Med. 2022, 11, 2574 6 of 12

7.3. Patient Survival from Diagnosis

A total of 177 patients (87%) died during follow-up: 111 patients (89%) from the
“pre-pandemic” cohort and 66 (85%) from the “pandemic” cohort. The median follow-up
time for the whole cohort was 5.5 months [1.7–12.9] (to death or censoring). Strikingly,
there was a halving of the median survival in the “pandemic” cohort compared to the
“pre-pandemic” cohort (7.4 months [4.9–9.3] vs. 3.3 months [2.2–5.9], p = 0.015) (Figure 2A).
The restricted mean survival time analysis suggested a 1.8-month [0.5–3.0] reduction in
survival at one year for the pandemic cohort (p = 0.006).

Figure 2. Survival analysis (all causes of mortality) from referral. (A) Kaplan–Meier plot of survival
from referral (all disease stages at diagnosis). (B) Box plot of survival from referral in “pandemic”
and “pre-pandemic” cohorts by disease stage at diagnosis. Individual cases plotted and IQR shown
where the 75th percentile is calculable.

The disease stage at diagnosis is highly predictive of subsequent survival in PDAC [2].
When we compared the median survival for each disease stage at diagnosis for the two co-
horts, we found a reduction in the median survival in disease stages 2, 3, and 4 in the
“pandemic” cohort, with the largest reductions in stages 2 and 3 (Figure 2B). Stage 1 disease
showed a 3-month increase in the median survival period in the “pandemic” cohort. Re-
ductions in the median survival by 9.8 months, 3.8 months, and 1 month in the “pandemic”
cohort were seen in stages 2, 3, and 4, respectively.

COVID-19 was not a major contributor to mortality based on death certification
(n = 31), SARS-CoV-2 PCR (n = 6), or COVID-19 reference by palliative care review (n = 23)
within seven days of death (Table 2). Overall, three patients in the “pandemic” cohort were
known to have COVID-19 at the time of death (4.9% of deaths where information was
available). Excluding these patients and rerunning the survival analysis did not alter the
median survival or RMST conclusions.

Table 2. Information sources used to infer COVID-19 status at death for the “pandemic” cohort.

COVID-19 +ve COVID-19 −ve

Death certificate 2 29

SARS-CoV-2 PCR 1 0 6

Palliative care review 1 1 23

Total 2 3 (4.9%) 58 (95.1%)
1 Within 7 days of death. 2 No information was available for 5 patients.
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7.4. Treatment Offered

Surgical resection was offered only in a minority of cases in both cohorts. A total of
27 patients (22%) of the “pre-pandemic” cohort were offered surgery compared to 8 (10%)
of the “pandemic” cohort (p = 0.059). This is broken down by disease stage at diagnosis in
Figure 3A. Of the patients with stage 1 or 2 disease, 79% of the “pre-pandemic” cohort was
offered surgery compared to 45% of the “pandemic” cohort (p = 0.046).

Figure 3. Treatments offered and received by stage at diagnosis. (A) Percentage (number) of patients
offered surgery. (B) Percentage (number) of patients who received surgery. (C) Percentage (number)
of patients seen in the oncology clinic. (D) Percentage (number) of patients offered chemotherapy.

A total of 15 (12%) patients in the “pre-pandemic” cohort went on to receive surgery
compared to 4 (5%) patients in the “pandemic” cohort (p = 0.165) (Figure 3B shows this by
stage). In patients with stage 1 or 2 disease, 46% of the “pre-pandemic” cohort went on to
receive surgery compared to 27% of the “pandemic” cohort (p = 0.504).

Oncology clinic appointments were arranged for 93 (74%) of the “pre-pandemic”
cohort compared to 48 (62%) of the “pandemic” cohort (p = 0.075) (Figure 3C shows this
by stage). Where an oncology appointment was not arranged, this was due either to a
recommendation for palliative care from the MDT or patient choice. Chemotherapy was
offered to 72 (58%) of the “pre-pandemic” cohort and 37 (47%) of the “pandemic” cohort
(p = 0.205) (Figure 3D shows this by stage). A total of 42 (34%) of the “pre-pandemic”



J. Clin. Med. 2022, 11, 2574 8 of 12

cohort received FOLFIRINOX or modified FOLFIRINOX compared to 28 (36%) patients
in the “pandemic” cohort (p = 0.855). A total of 23 (18%) of the “pre-pandemic” cohort
received gemcitabine (single agent or in combination) compared to 13 (17%) patients in the
“pandemic” cohort (p = 0.900).

7.5. Cox Regression Model

The hazard ratios and p values from the univariate and multivariate models are shown
in Table 3. The univariate model confirmed an association between a referral being made
during the pandemic and an increased hazard ratio of 1.47 [1.07–2.01] (p = 0.016). However,
when including all the other explanatory variables in the multivariate model, referral
during the pandemic was no longer a significant independent predictor of survival, with a
hazard ratio of 1.29 [0.94–1.77] (p = 0.110).

Table 3. Cox proportional hazards model for survival in patients diagnosed with PDAC.

Univariate Model Multivariate Model

Hazard Ratio p Value Hazard Ratio p Value

Age at referral 1.02 (1.01–1.04) 0.002 1.01 (1.00–1.03) 0.149

Male sex 1.00 (0.74–1.34) 0.995 1.14 (0.83–1.56) 0.411

Stage 1.72 (1.42–2.07) <0.001 1.64 (1.33–2.02) <0.001

Performance status 1.62 (1.39–1.89) <0.001 1.28 (1.07–1.53) 0.008

Primary care referral 0.75 (0.56–1.02) 0.067 0.76 (0.55–1.04) 0.086

Surgery received 0.15 (0.07–0.31) <0.001 0.31 (0.14–0.68) 0.003

Chemotherapy offered 0.33 (0.25–0.45) <0.001 0.50 (0.34–0.74) 0.001

Referral during pandemic 1.47 (1.07–2.01) 0.016 1.29 (0.94–1.77) 0.110

8. Discussion

The COVID-19 pandemic has put extraordinary strain on healthcare systems, lead-
ing to changes in public health messaging, patient behaviour, and healthcare resources
and availability. We demonstrated here that PDAC survival from diagnosis worsened
significantly during the pandemic compared to the pre-pandemic period, with a halving of
median survival. All areas of healthcare have been affected by the pandemic and, therefore,
the possibility of altered outcomes should be considered across the spectrum of malignant
and nonmalignant conditions.

We did not demonstrate any single factor that could adequately explain the survival
difference in isolation; rather, we postulated that the causes were multifactorial, including
increased likelihood of emergency presentation, reduced use of surgical resection, changes
in treatment regimes, and other possible factors that we were not able to explore in this
study. This hypothesis was supported by a Cox regression model that demonstrated a
reduced significance in referral during the pandemic itself as an independent predictor
of survival once the other explanatory variables analysed in the study were included in a
multivariate model.

Notably, the disease stage and performance status at diagnosis did not differ between
the two cohorts in this study. It is possible that poorer survival was fully explained by
the efforts to reduce risk to patients from COVID-19. In previous data from our centre,
one-third of preferred hepatopancreatobiliary MDT recommendations for surgery were
altered due to concerns about the risk to the patient in proceeding with treatment in the
context of the pandemic or due to the presumed balance of risk and benefit in patients
with borderline performance status [15]. Surgical resection offers the only possibility of a
cure in PDAC [16], and any restriction of surgical treatment is, therefore, likely to lead to a
reduction in overall survival. We demonstrated a trend towards reduced use of surgery
in the “pandemic” cohort, although the proportions receiving surgery in both cohorts
were small.
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An alternative explanation for our findings is that they reflected a delayed presentation
of patients with undiagnosed PDAC during the pandemic, leading to lead-time bias,
where the granularity of the staging system was unable to capture the subtleties of patient
disease and suitability for treatment. This is especially pertinent to PDAC, where rapid
disease progression during any delay in presentation can affect a patient’s suitability for
treatment [17]. The potential for delay in PDAC diagnosis through the pandemic has been
multi-faceted, including late self-presentation of patients experiencing vague, nonspecific
symptoms typical of PDAC whose overriding concern was not overwhelming a fragile
healthcare system [18]; availability of appointments in primary care [19]; and lack of
capacity in secondary care [20].

One further possible explanation for reduced survival in the “pandemic” cohort could
be significant mortality directly due to COVID-19 infection, as the survival analysis was
based on all-cause mortality. We were able to infer the COVID-19 status at death for 92% of
the “pandemic” cohort, and despite inherent limitations with inference, we did not identify
a significant proportion of deaths from COVID-19 in the “pandemic” cohort with survival
unaffected by the exclusion of the confirmed cases. The UK government strongly promoted
a policy of “shielding” for clinically vulnerable patients from March 2020 until April 2021,
including those with cancer, whereby they were advised to minimize contact with others
to reduce the risk of contracting COVID-19. There was very strong adherence to this
advice [21] and, therefore, in the context of the data we were able to collect on COVID-19
status at death, the likelihood of significant numbers of patients in the “pandemic” cohort
having died with COVID-19 was low.

A consensus position paper based on the professional opinions of UK clinicians
treating PDAC was published in July 2020 [22]. This recommended prioritising treatments
that limited hospital visits and promoted the use of hypofractionated precision radiotherapy
and altered chemotherapy regimes, in some cases as a bridge to surgery of potentially
resectable disease. Although this approach was taken in a pragmatic effort to balance the
overall risk to patients, it has the potential to affect survival by substituting the best-known
treatment for one with inferior outcomes.

To date, there have been limited publications directly investigating associations be-
tween the COVID-19 pandemic and survival in patients with malignancy. Our findings
are in keeping with a modelling study published near the beginning of the pandemic that
looked at breast, colorectal, oesophageal, and lung cancers and predicted an increase in
deaths at 5 years [23]. Lai et al. estimated excess mortality across a range of malignancies
under various scenarios [24]. They modelled the excess indirect mortality of patients with
malignancy due to service disruption as a hazard ratio and applied this to a proportion of
the population assumed to be affected. Whilst their modelling assumed a 10% COVID-19
infection rate, the model allowed patients to be assigned low risk from COVID-19 mortality
(modelled as having no comorbidities in addition to malignancy), which removed the effect
of this unrealistic assumption. Using their online modelling tool to look specifically at
PDAC [25], a hazard ratio of 1.2 and 80% affected population would produce the 1-year
mortality of 75% seen in this study; a hazard ratio of 1.4 would produce the same mortality
estimate under the assumption of 40% affected population.

A Portuguese study retrospectively examined the effect of the pandemic on the short-
term survival of patients with multiple types of cancer treated at the Portuguese Oncology
Institute of Porto in the early pandemic (March 2020 to July 2020) with a follow-up to
4 months [26]. This demonstrated an increased risk of death in patients with stage 3 disease
during the pandemic compared to pre-pandemic, as well as those undergoing surgery or
receiving radiotherapy.

With the exception of the Portuguese study, we are not aware of any other published
studies that examine the association between the pandemic and mortality in cancer using
real-world data.

The strengths of this study include complete follow-up for the whole cohort. There
were no significant differences in sex, age, or ethnic background between the two study
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cohorts, suggesting the underlying populations were similar, though confounders cannot
be completed excluded. This was not unexpected given the relatively short period of the
study, the consecutive time periods of the two groups, and the localisation to a confined
geographical area.

Whilst this study provided novel and important data regarding the impact of COVID-19
upon patient outcomes in PDAC, there were some limitations. This was a single-centre
study carried out in a well-defined geographical area with access to healthcare facilities
that may or may not be replicated elsewhere. The sample size of the study was limited.
Notably, the catchment area of OUHFT demonstrated overrepresentation of Caucasian
ethnic groups and a relatively low rate of socio-economic deprivation [27]. Whilst ethnicity
is not known to affect outcomes in PDAC, socio-economic deprivation is associated with
poorer prognosis [28]. A potential bias could arise from missed cases of PDAC in the study
population. The use of MDT data to identify cases provided a consistent point of entry to
diagnosis of PDAC. However, the subsequent analysis relied on coding data, and errors
here could lead to a loss of cases. This would not be expected to introduce systemic bias
as it is likely to be random, but it may have been more pronounced during the pandemic
period when staff pressures were increased.

The follow-up time for the “pandemic” cohort was short (March 2020 to December
2021 in the worst case), though this led to only two censored events at one-year survival.
We would not, therefore, expect to see a significant effect on the median survival or the
RMST analysis with a longer follow-up.

In conclusion, our findings suggested the COVID-19 pandemic is associated with a
halving of the median survival from diagnosis in PDAC compared to the pre-pandemic
period. Whilst it is not unreasonable to assume that other cancers may show a similar
effect, it is likely to be particularly notable in PDAC (and, therefore, detectable at an earlier
stage following the start of the pandemic) due to the overall poor survival and the marked
impact of early intervention upon outcomes. The reasons for the findings were unclear, in
particular the relative weights of the proposed explanatory factors on the survival difference
between the study cohorts. Larger multicentre studies are urgently needed to validate and
expand our results to include investigation of other forms of cancer in wider geographical
settings and to understand more clearly the underlying contributory factors. It is vitally
important to learn lessons from the unprecedented event of the COVID-19 pandemic in
order to adequately plan for and respond to future events with the potential to cause
interruption to healthcare services.
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case selection.

Author Contributions: M.J.B., S.S. and J.B. conceptualised the study and designed it with O.M. O.M.
and A.B. acquired the data. O.M., M.J.B., S.S. and G.N. undertook analysis and interpretation of
the data. O.M. drafted the original manuscript. All authors critically appraised and approved the
final manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to it being a retrospective service evaluation. This is in accordance with the NHS Health Research
Authority guidance.

Informed Consent Statement: Patient consent was waived due to the study being a retrospective
service evaluation.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to institutional privacy.

https://www.mdpi.com/article/10.3390/jcm11092574/s1
https://www.mdpi.com/article/10.3390/jcm11092574/s1


J. Clin. Med. 2022, 11, 2574 11 of 12

Acknowledgments: The authors would like to thank Martin Pirkl, hepatopancreatobiliary MDT
coordinator, for his assistance in collating patient details. This work is based on a previous poster
presented at the 40th Congress of the European Society of Surgical Oncology, Lisbon, Portugal,
November 2021.

Conflicts of Interest: The authors have no competing interest to declare related to this work.

References
1. Office of National Statistics. Cancer Survival in England for Patients Diagnosed between 2014 and 2018, and Followed up to 2019.

Office of National Statistics. 2020. Available online: https://www.gov.uk/government/statistics/cancer-survival-in-england-for-
patients-diagnosed-between-2014-and-2018-and-followed-up-until-2019/cancer-survival-in-england-for-patients-diagnosed-
between-2014-and-2018-and-followed-up-to-2019 (accessed on 17 January 2022).

2. National Cancer Institute. Cancer Stat Facts: Pancreatic Cancer. Available online: https://seer.cancer.gov/statfacts/html/
pancreas.html (accessed on 17 January 2022).

3. Lukács, G.; Kovács, Á.; Csanádi, M.; Moizs, M.; Repa, I.; Kaló, Z.; Vokó, Z.; Pitter, J.G. Benefits of Timely Care In Pancreatic Cancer:
A Systematic Review To Navigate Through The Contradictory Evidence. Cancer Manag. Res. 2019, 11, 9849–9861. [CrossRef]
[PubMed]

4. Chokroverty, S.; Becker, P.M. COVID-19: A 21st century cataclysmic pandemic. Sleep Med. 2021, 91, 151–153. Available online:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8402997/ (accessed on 7 February 2022). [CrossRef] [PubMed]

5. World Health Organisation. COVID-19 Significantly Impacts Health Services for Noncommunicable Diseases. Available
online: https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-
diseases (accessed on 17 January 2022).

6. Statistics »Cancer Waiting Times Annual Reports. Available online: https://www.england.nhs.uk/statistics/statistical-work-
areas/cancer-waiting-times/cwt-annual-reports/ (accessed on 17 January 2022).

7. Sud, A.; Torr, B.; Jones, M.E.; Broggio, J.; Scott, S.; Loveday, C.; Garrett, A.; Gronthoud, F.; Nicol, D.L.; Jhanji, S.; et al. Effect of
delays in the 2-week-wait cancer referral pathway during the COVID-19 pandemic on cancer survival in the UK: A modelling
study. Lancet Oncol. 2020, 21, 1035–1044. [CrossRef]

8. Routes to Diagnosis. Available online: http://www.ncin.org.uk/publications/routes_to_diagnosis (accessed on 17 January 2022).
9. Round, T.; Gildea, C.; Ashworth, M.; Møller, H. Association between use of urgent suspected cancer referral and mortality and

stage at diagnosis: A 5-year national cohort study. Br. J. Gen. Pract. 2020, 70, e389–e398. [CrossRef] [PubMed]
10. Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet 2007, 370,
1453–1457. [CrossRef]

11. Chun, Y.S.; Pawlik, T.M.; Vauthey, J.-N. 8th Edition of the AJCC Cancer Staging Manual: Pancreas and Hepatobiliary Cancers.
Ann. Surg. Oncol. 2018, 25, 845–847. [CrossRef] [PubMed]

12. Ji, T.; Liu, Z.; Wang, G.; Guo, X.; Akbar Khan, S.; Lai, C.; Chen, H.; Huang, S.; Xia, S.; Chen, B.; et al. Detection of COVID-19:
A review of the current literature and future perspectives. Biosens. Bioelectron. 2020, 166, 112455. [CrossRef] [PubMed]

13. Coronavirus (COVID-19) Infection Survey Technical Article—Office for National Statistics. Available online: https://
www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid1
9infectionsurveytechnicalarticle/wavesandlagsofcovid19inenglandjune2021 (accessed on 21 April 2022).

14. Royston, P.; Parmar, M.K.B. Restricted mean survival time: An alternative to the hazard ratio for the design and analysis of
randomized trials with a time-to-event outcome. BMC Med. Res. Methodol. 2013, 13, 152. [CrossRef] [PubMed]

15. Rompianesi, G.; Shankar, S.; Reddy, S.; Silva, M.; Soonawalla, Z.; Friend, P.J. Caught in the crossfire: Hepato-bilio-pancreatic
cancer surgery in the midst of COVID-19. Br. J. Surg. 2020, 107, e309–e310. [CrossRef] [PubMed]

16. Hackert, T.; Klaiber, U.; Pausch, T.; Mihaljevic, A.L.; Büchler, M.W. Fifty Years of Surgery for Pancreatic Cancer. Pancreas 2020, 49,
1005–1013. [CrossRef] [PubMed]

17. Yamao, K.; Tsurusaki, M.; Takashima, K.; Tanaka, H.; Yoshida, A.; Okamoto, A.; Yamazaki, T.; Omoto, S.; Kamata, K.;
Minaga, K.; et al. Analysis of Progression Time in Pancreatic Cancer including Carcinoma In Situ Based on Magnetic Reso-
nance Cholangiopancreatography Findings. Diagnostics 2021, 11, 1858. [CrossRef] [PubMed]

18. Jones, D.; Neal, R.D.; Duffy, S.R.G.; Scott, S.E.; Whitaker, K.L.; Brain, K. Impact of the COVID-19 pandemic on the symptomatic
diagnosis of cancer: The view from primary care. Lancet Oncol. 2020, 21, 748–750. [CrossRef]

19. Fisher, R.; Miqdad, A. How Might COVID-19 affect the Number of GPs Available to See Patients in England?—The Health
Foundation. Available online: https://www.health.org.uk/publications/long-reads/how-might-covid-19-affect-the-number-
of-gps-available-to-see-patients-in-england (accessed on 17 January 2022).

20. Mayor, S. COVID-19: Impact on cancer workforce and delivery of care. Lancet Oncol. 2020, 21, 633. [CrossRef]
21. Coronavirus and Shielding of Clinically Extremely Vulnerable People in England—Office for National Statistics. Available

online: https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/
coronavirusandshieldingofclinicallyextremelyvulnerablepeopleinengland/28mayto3june2020 (accessed on 21 April 2022).

https://www.gov.uk/government/statistics/cancer-survival-in-england-for-patients-diagnosed-between-2014-and-2018-and-followed-up-until-2019/cancer-survival-in-england-for-patients-diagnosed-between-2014-and-2018-and-followed-up-to-2019
https://www.gov.uk/government/statistics/cancer-survival-in-england-for-patients-diagnosed-between-2014-and-2018-and-followed-up-until-2019/cancer-survival-in-england-for-patients-diagnosed-between-2014-and-2018-and-followed-up-to-2019
https://www.gov.uk/government/statistics/cancer-survival-in-england-for-patients-diagnosed-between-2014-and-2018-and-followed-up-until-2019/cancer-survival-in-england-for-patients-diagnosed-between-2014-and-2018-and-followed-up-to-2019
https://seer.cancer.gov/statfacts/html/pancreas.html
https://seer.cancer.gov/statfacts/html/pancreas.html
http://doi.org/10.2147/CMAR.S221427
http://www.ncbi.nlm.nih.gov/pubmed/31819622
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8402997/
http://doi.org/10.1016/j.sleep.2021.08.019
http://www.ncbi.nlm.nih.gov/pubmed/34736840
https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases
https://www.who.int/news/item/01-06-2020-covid-19-significantly-impacts-health-services-for-noncommunicable-diseases
https://www.england.nhs.uk/statistics/statistical-work-areas/cancer-waiting-times/cwt-annual-reports/
https://www.england.nhs.uk/statistics/statistical-work-areas/cancer-waiting-times/cwt-annual-reports/
http://doi.org/10.1016/S1470-2045(20)30392-2
http://www.ncin.org.uk/publications/routes_to_diagnosis
http://doi.org/10.3399/bjgp20X709433
http://www.ncbi.nlm.nih.gov/pubmed/32312762
http://doi.org/10.1016/S0140-6736(07)61602-X
http://doi.org/10.1245/s10434-017-6025-x
http://www.ncbi.nlm.nih.gov/pubmed/28752469
http://doi.org/10.1016/j.bios.2020.112455
http://www.ncbi.nlm.nih.gov/pubmed/32739797
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytechnicalarticle/wavesandlagsofcovid19inenglandjune2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytechnicalarticle/wavesandlagsofcovid19inenglandjune2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/articles/coronaviruscovid19infectionsurveytechnicalarticle/wavesandlagsofcovid19inenglandjune2021
http://doi.org/10.1186/1471-2288-13-152
http://www.ncbi.nlm.nih.gov/pubmed/24314264
http://doi.org/10.1002/bjs.11764
http://www.ncbi.nlm.nih.gov/pubmed/32567691
http://doi.org/10.1097/MPA.0000000000001634
http://www.ncbi.nlm.nih.gov/pubmed/32833940
http://doi.org/10.3390/diagnostics11101858
http://www.ncbi.nlm.nih.gov/pubmed/34679556
http://doi.org/10.1016/S1470-2045(20)30242-4
https://www.health.org.uk/publications/long-reads/how-might-covid-19-affect-the-number-of-gps-available-to-see-patients-in-england
https://www.health.org.uk/publications/long-reads/how-might-covid-19-affect-the-number-of-gps-available-to-see-patients-in-england
http://doi.org/10.1016/S1470-2045(20)30240-0
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronavirusandshieldingofclinicallyextremelyvulnerablepeopleinengland/28mayto3june2020
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronavirusandshieldingofclinicallyextremelyvulnerablepeopleinengland/28mayto3june2020


J. Clin. Med. 2022, 11, 2574 12 of 12

22. Jones, C.M.; Radhakrishna, G.; Aitken, K.; Bridgewater, J.; Corrie, P.; Eatock, M.; Goody, R.; Ghaneh, P.; Good, J.; Grose, D.; et al.
Considerations for the treatment of pancreatic cancer during the COVID-19 pandemic: The UK consensus position. Br. J. Cancer
2020, 123, 709–713. [CrossRef] [PubMed]

23. Maringe, C.; Spicer, J.; Morris, M.; Purushotham, A.; Nolte, E.; Sullivan, R.; Rachet, B.; Aggarwal, A. The impact of the
COVID-19 pandemic on cancer deaths due to delays in diagnosis in England, UK: A national, population-based, modelling study.
Lancet Oncol. 2020, 21, 1023–1034. [CrossRef]

24. Estimated Impact of the COVID-19 Pandemic on Cancer Services and Excess 1-Year Mortality in People with Cancer and
Multimorbidity: Near Real-Time Data on Cancer Care, Cancer Deaths and a Population-Based Cohort Study—PubMed. Available
online: https://pubmed.ncbi.nlm.nih.gov/33203640/ (accessed on 2 February 2022).

25. CancerRisk.CoV (Prototype). Available online: https://pasea.shinyapps.io/cancer_covid_app/ (accessed on 20 February 2022).
26. Morais, S.; Antunes, L.; Rodrigues, J.; Fontes, F.; Bento, M.J.; Lunet, N. The impact of the COVID-19 pandemic on the short-term

survival of patients with cancer in Northern Portugal. Int. J. Cancer 2021, 149, 287–296. [CrossRef] [PubMed]
27. English Indices of Deprivation 2019. GOV.UK. Available online: https://www.gov.uk/government/statistics/english-indices-of-

deprivation-2019 (accessed on 2 February 2022).
28. Rachet, B.; Ellis, L.; Maringe, C.; Chu, T.; Nur, U.; Quaresma, M.; Shah, A.; Walters, S.; Woods, L.M.; Forman, D.; et al.

Socioeconomic inequalities in cancer survival in England after the NHS cancer plan. Br. J. Cancer 2010, 103, 446–453. [CrossRef]
[PubMed]

http://doi.org/10.1038/s41416-020-0980-x
http://www.ncbi.nlm.nih.gov/pubmed/32641867
http://doi.org/10.1016/S1470-2045(20)30388-0
https://pubmed.ncbi.nlm.nih.gov/33203640/
https://pasea.shinyapps.io/cancer_covid_app/
http://doi.org/10.1002/ijc.33532
http://www.ncbi.nlm.nih.gov/pubmed/33634852
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
http://doi.org/10.1038/sj.bjc.6605752
http://www.ncbi.nlm.nih.gov/pubmed/20588275

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Participants 
	Data Collection 
	Analysis 
	Results 
	Demographics and Disease Status at Diagnosis 
	Origin of Diagnostic Referral 
	Patient Survival from Diagnosis 
	Treatment Offered 
	Cox Regression Model 

	Discussion 
	References

