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Abstract: Background: During the COVID-19 lockdown, referrals via the 2 Week Wait (2WW)
urgent pathway for suspected cancer in England are reported to have dropped by up to
84%. We aimed to examine the impact on cancer survival of different scenarios of
lockdown-accumulated-backlog. We also aimed to examine by tumour-referral-group
and age, survival benefit per referred patient considering survival decrement from
delayed referral versus risk of death from nosocomial SARS-CoV-2 infection.
Methods: To construct the underlying models, we used age- and stage-stratified 10
year-cancer survival estimates for England 2007-2017 for 20 common tumour-types.
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We applied per-day hazard ratios for cancer progression generated from observational
studies of delay-to-treatment. We quantified the annual numbers of cancers diagnosed
via the 2WW-pathway using the 2WW age- and stage-specific breakdowns. From
these, for per-patient delays of 1-6 months, we estimated aggregate number of lives
lost and life-years lost in England. Using referral-to-diagnosis conversion rates and
COVID-19 case fatality rates, we also estimated the survival increment per patient
referred.

Findings: Per month across England in 2013-2016, on average 6,281 patients with
Stage 1-3 cancer were diagnosed via the 2WW pathway of whom 1,691 would be
predicted to die within 10 years from their disease. We estimated 2WW-pathway
presentational-delay from three months of lockdown will result in total in 181/361/542
attributable additional deaths (if % reduction in referrals was 25/50/75% respectively).
Limited diagnostic capacity to address the backlog may result in additional delays:
401/811/1,231 attributable additional deaths are estimated if additional diagnostic
capacity is delayed until months 3-8 post-lockdown. 2-month delay in 2WW
investigatory referral results in average loss of life-years per-referred-patient of
between 0 and 0.7, depending on age and tumour-type.

Interpretation: Prompt provision of additional capacity for ‘catch-up’ in diagnostics will
minimise deaths consequent from ‘diagnostic-delay’ accumulated on top of the
‘presentational-delay’. Prioritisation of patient groups for whom delay would result in
most life-years lost warrants consideration as an option for mitigating the aggregate
burden of mortality.

Funding: None
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ABSTRACT

Background: During the COVID-19 lockdown, referrals via the 2 Week Wait (2WW) urgent
pathway for suspected cancer in England are reported to have dropped by up to 84%. We
aimed to examine the impact on cancer survival of different scenarios of lockdown-
accumulated-backlog. We also aimed to examine by tumour-referral-group and age, survival
benefit per referred patient considering survival decrement from delayed referral versus risk
of death from nosocomial SARS-CoV-2 infection.

Methods: To construct the underlying models, we used age- and stage-stratified 10 year-
cancer survival estimates for England 2007-2017 for 20 common tumour-types. We applied
per-day hazard ratios for cancer progression generated from observational studies of delay-
to-treatment. We quantified the annual numbers of cancers diagnosed via the 2WW-pathway
using the 2WW age- and stage-specific breakdowns. From these, for per-patient delays of 1-
6 months, we estimated aggregate number of lives lost and life-years lost in England. Using
referral-to-diagnosis conversion rates and COVID-19 case fatality rates, we also estimated

the survival increment per patient referred.

Findings: Per month across England in 2013-2016, on average 6,281 patients with Stage 1-
3 cancer were diagnosed via the 2WW pathway of whom 1,691 would be predicted to die
within 10 years from their disease. We estimated 2WW-pathway presentational-delay from
three months of lockdown will result in total in 181/361/542 attributable additional deaths (if %
reduction in referrals was 25/50/75% respectively). Limited diagnostic capacity to address the
backlog may result in additional delays: 401/811/1,231 attributable additional deaths are
estimated if additional diagnostic capacity is delayed until months 3-8 post-lockdown. 2-month
delay in 2WW investigatory referral results in average loss of life-years per-referred-patient of
between 0 and 0.7, depending on age and tumour-type.

Interpretation: Prompt provision of additional capacity for ‘catch-up’ in diagnostics will
minimise deaths consequent from ‘diagnostic-delay’ accumulated on top of the
‘presentational-delay’. Prioritisation of patient groups for whom delay would result in most life-

years lost warrants consideration as an option for mitigating the aggregate burden of mortality.
Funding: None

(323 words)
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INTRODUCTION

Following announcement by the United Kingdom (UK) government on 23rd March 2020 of
nationwide lockdown to combat the COVID-19 pandemic, hospital referrals for non-COVID-
related healthcare problems have plummeted (1). As the lockdown is lifted, it is anticipated
there will be a surge in presentations for non-COVID-19 medical issues.

Any delay in cancer treatment carries the real risk of patients’ tumours progressing from being
curable (with near-normal life expectancy) to becoming non-curable (with limited life
expectancy). Specific pathways have been established in the UK for referral from primary care
for urgent specialist evaluation and investigation of individuals with ‘red-flag’ symptoms
suggestive of a specific cancer type, termed “the 2 Week Wait (2WW) pathway”. Reductions
of up to 84% have been reported in 2WW referrals in March-May 2020 (2-4) (personal
communication M.Lawler). It is predicted that sizeable backlogs accrued as a consequence of
the lockdown will likely first place pressure on diagnostic services in secondary care (5).

We addressed two key questions relating to this potential surge in presentations of
symptomatic patients. Firstly, we explored the impact of a range of scenarios of provision of
additional diagnostic capacity to address patient backlogs, assuming no prioritisation of patient
groups. For each, we evaluated the degree of ‘diagnostic-delay’ incurred on top of the
‘presentation delay’ accrued during lockdown. Secondly, accounting for the risk of death
associated with nosocomial COVID-19 infection, we examined by tumour-referral-group and
age the gain in survival and life-years per-referred-patient from 2WW investigatory referral. To
perform these analyses, we have developed a model using 10-year age- and stage-stratified
cancer survival (2007-2017) combined with a per-day hazard ratio for delay (delay-HR) and
applied it to 2WW-pathway age- and stage-specific case and referral volumes (6). For this
model, assumptions and parameter estimates were required; whilst we made use of well-
evidenced published data where available, as with any modelled analysis, the accuracy of the
predictions will be directly dependent on the validity of assumptions and parameter estimates.

Sud et al: 2WW cancer pathway delays
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METHODS

Data sources

We obtained patient numbers, age-stage-stratified 5-year (2013-2017) and age-stratified 10-
year (2008-2017) cancer survival for all diagnoses and those associated with surgical
resection for non-haematological malignancies from Public Health England’s National Cancer
Registration Service (NCRAS) (7) (Appendix p 1). We obtained data on route to diagnosis by
age and stage from NHS England Clinical Commissioning Groups collections (8). Conversion
rates from referrals for suspected cancer to cancer diagnoses (‘diagnostic-conversion-rate’)
were based on Cancer Waits/Faster Diagnosis Standard data for West London 2019/20 (9).
We concentrated our analysis on the 20 most common cancers with 2WW-pathways (Table
1), for which we analysed NCRAS survival data from 2,314,822 cancer cases (2008-2017)
and 2WW diagnoses for 385,156 cancer cases (2013-2016) (Table 1, Appendix p 4). Life
expectancy was based on UK Office of National Statistics (ONS) life tables for 2016-2018
(10). Estimates for nosocomial infection rates and median duration of hospital stay for each
cancer type were based on information from three large UK surgical oncology centres
(personal communication F. Gronthoud). For case-fatality rate (CFR) associated with
unselected COVID-19 infection, we used published data from China (as UK COVID-19 CFR
estimates are only currently available for hospitalised cases) (11, 12).

Model development

10-year net survival

We used net survival estimates, in which crude survival has been adjusted for background
age-specific death rates to reflect cancer-specific mortality. Since cure rates for most cancers
are only known 5-10 years post-diagnosis, we employed 10-year stage-specific survival data
in our calculations. Because these data are not available for recently diagnosed patients, using
established methods, this was estimated by applying the ratio of stage-specific/all-stage 5-
year survival data to 10-year all-stage data (7, 13). We used the midpoint per 10-year age-
group for life expectancy to estimate life-years gained, averaged per patient (10).

COVID-19-related mortality for cancer patients

We considered two elements of COVID-associated mortality. Firstly, peri-surgical mortality
from nosocomial infection was estimated as the product of operation-specific duration of
surgical admission, age-specific case fatality rates and per-day rate of nosocomial infection
(1%, 2%, 5% or 10%). Secondly, we estimated COVID-related mortality in the community
ascribing the patient a year of ‘active cancer management’ status; this was the product of the
likelihood of community-acquired COVID-19 during the year (1%, 10%, 20%, 50%), age-

Sud et al: 2WW cancer pathway delays
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specific case fatality rates and increase in COVID CFR as a consequence of cancer as a co-
morbidity (2-times, 5-times) (11, 12).

Per day hazard ratio for delay in management

We employed published data on the impact on overall survival from delay in cancer surgery
for Stage 1-3 disease to estimate per-day hazard ratios (HRs) associated with delay to
definitive treatment (delay-HR) (14-22). Since there was only sufficient data to generate
summary delay-HRs for breast, colorectal and bladder cancers, we assigned delay-HRs to
other tumours based on comparability of 5-year survival, categorising tumours as being of low,
moderate or high progressiveness (5-year survival for Stage 2 disease being >90%, 50-90%,
<50% respectively) (7). Due to lack of published observational data on tumours of high
progressiveness (e.g. oesophageal, gastric), we conservatively considered this group as
having a comparable delay-HR to moderately progressive tumours (Appendix p 5). Finally,
we assumed that delay to treatment for Stage 4 cancer would not impact on 10-year survival.

Proportion of diagnosed patients having treatment with curative intent

Because patients <60 years-old with Stage 1-3 cancers typically have treatment with curative
intent, we generated from this group, stage-specific ratios for definitive treatment [major
resection: ‘other definitive treatment’]. We applied these ratios to age- and stage-specific strata
>60 years-old undergoing major resection to estimate the proportion of diagnosed patients

having ‘other’ types of definitive treatment.

Estimation of adjusted 10-year survival

To estimate 10-year survival for those diagnosed currently with cancer stage 1-3 who
experience no delay in treatment, we used NCRAS 10-year survival and adjusted for COVID-
related peri-surgical and COVID-related community mortality. To estimate 10-year survival
associated with delay, we applied to the NCRAS 10-year survival the delay-HR relating to the
specified number of days of delay, along with the COVID-related peri-surgical and COVID-
related community mortality (see Appendix p 1 for formulae). We conservatively assumed
that there would be no additional downstream delays following diagnostic-delay.

Outcome Measures

We quantified the annual numbers of cancers diagnosed via the 2WW-pathway using the
2WW age- and stage-specific breakdowns. From these, for per-patient delays of 1-6 months,
we estimated aggregate number of lives lost and life-years lost in England.

Provision of ‘supra-normal’ diagnostic capacity to manage lockdown backlog
We evaluated the scenario of a 3-month period of lockdown during which a proportion of

symptomatic patients delayed their presentation until post-lock-down (‘backlog patients’,

6
Sud et al: 2WW cancer pathway delays



175
176
177
178
179
180
181
182
183

184
185
186
187
188
189
190

191
192
193
194
195
196
197

198

199
200
201
202
203
204
205
206
207
208

25%,50%,75% of normal monthly volumes). We assumed normal volumes of incident
symptomatic patients presenting after lockdown. We considered different scenarios of extra
capacity for ‘catch-up’ applied across months 1-8 post-lockdown. The ‘backlog patients’ are
assigned an averaged ‘presentational-delay’ of 2 months. Backlog and incident patients then
accrue ‘diagnostic-delay’ in rounded whole months. We estimated the attributable lives and
life-years lost, comparing to the default position (in which there would be a full catch up of all
backlog patients in month 1 post-lockdown). We modelled all backlog patients presenting in
month 1 post-lockdown (Supplementary Table 5a) or with variable presentation across
months 1-3 (Supplementary Table 5b).

Per-patient risk-benefit analysis for ZWW investigatory referral

A 2WW investigatory referral was assigned as being a half-day of exposure to nosocomial
infection. We combined per-day rates of nosocomial infection with the age-specific COVID-19
case fatality rates, to quantify the COVID-related fatality associated with investigatory referral.
We combined this with a “technical” fatality risk for invasive investigations (e.g. 1 in 10,000
risk of death from perforation from colonoscopy) (23) to produce a combined per-referral
mortality.

Using the diagnostic-conversion-rates, we estimated for each age-stratum the survival benefit
per-patient from an investigatory referral. We considered potential to delay referral by 2, 4,
and 6 months against varying rates of nosocomial infection per investigatory referral (5% -
very high, 2-5% - high), 1% - moderate and 0-5% - low). To assess by age-group and tumour-
type the risk-benefit of investigatory referral, we compared the benefit in cancer survival
against the combined fatality risk (COVID-19 and technical), estimating benefit in % survival
and life-years gained.

Statistical Analyses

Analyses were performed using STATA (version 15). We combined individual log(HR)s, by
stage and days of delay, using weighted linear regression to calculate the summary per-day
delay-log(HR) and SD of this estimate (i.e. standard error), expressing this as a percentage of
the estimate. We performed multivariate sensitivity analyses across ranges of parameter
estimates, including +/- 2SD of delay-HR. Unless otherwise specified, we applied as default
values for community infection rate (20%) and per-day rate of nosocomial infection (2%),
selected to be conservatively high. For cancer-related elevation in mortality from community-
acquired COVID-19 infection, we used a default value of 2-times, which is at the low-
intermediate end of the published estimates (reflecting a non-metastatic cancer population).
Assumptions and parameter estimates are justified in detail in Appendix p 1.

Sud et al: 2WW cancer pathway delays
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RESULTS

For many cancers, including those of the colorectum, oesophagus, lung, liver, bladder,
pancreas, stomach, larynx and oropharynx, a 3-month delay to diagnosis is predicted to result
in over 10% reduction in long-term (10-year) survival (Figure 1, Appendix p 6). Influence of
constituent underlying disease stage and subtype is well illustrated by comparison between
Stage 1 ER+ disease and Stage 3 ER- breast cancer (e.g. 0-8% vs 10-3% estimated survival
reduction from 3-month delay for those aged 40-49, Appendix p 7).

The representation of a tumour-type in the aggregated impact of universal delays in the 2WW-
pathway varies widely, driven by (i) the age-specific incidence, (ii) % cancers diagnosed by
2WW-pathway, (iii) % cancers diagnosed as Stage 1-3 in the 2WW-pathway and (iv) tumour
aggressiveness (Figure 2). Breast and colorectal cancers make the most sizeable contribution
to lives and life-years lost. Aggregate impact from delays in prostate cancer pathways is
predicted as low, predominantly on account of the high proportion of indolent cases.
Pancreatic, gastric and liver cancers likewise only contribute modestly to the estimated totality
of lives and life years lost as (i) fewer cases present via the 2WW route and (ii) the majority
have Stage 4 disease at presentation.

Across these 20 cancer types, on average ~243,098 cancers are diagnosed annually; of these
~96,289 are diagnosed via the 2WW pathway of which 75,369 are diagnosed at stage 1-3.
20,293/75,369 would be predicted to suffer cancer-related mortality within 10 years of
diagnosis, representing loss of 304,129 life years. A uniform per-patient delay of 1 month/6
months would be predicted to result in attributable additional lives lost of 1,412/ 9,280 and life-
years lost of 25,812/ 173,540 over the following ten years for an annual cohort of cancer cases
diagnosed via 2WW at stage 1-3.

On the basis of preliminary estimates of 2WW referral drop, we considered 25%, 50% and
75% reduction in presentations over the 3-month lockdown period (Supplementary Table
5a,5b) (2-4).

Each month on average in England, for these 20 cancer types, ~149,000 2WW referrals are
made, resulting in 8,024 diagnoses of cancer of which 6,281 are diagnosed at Stage 1-3. Of
these 1,691/6,281 will typically die from their cancer within 10 years (8). The toll nationally of
‘presentational-delay’ accrued over a 3-month lockdown period was estimated to be 181/3316,
361/6632 or 542/9948 attributable additional lives/life-years assuming backlog rates of
25%/50%/75% with an average presentational delay of 2 months per patient. Assuming the
patients all present in month 1 post-lockdown and that the requisite 175%/250%/325% of
normal diagnostic capacity is unlikely to be immediately “on tap”, we estimated the additional

9
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lives/life-years that might be lost due to subsequent ‘diagnostic-delay’. Rapid provision of
additional capacity over months 1-3 results in 90/1662, 183/3362 276/5075 additional
lives/life-years lost due to ‘diagnostic-delay’ (for 25%/50%/75% backlog rates). Conversely,
delayed additional capacity provided across months 3-8 post-lockdown, would result in
401/7332, 811/14,873, 1,231/22,635 additional lives/life-years lost due to ‘diagnostic-delay’
(for 25%/50%/75% backlog rates).

We assessed the risk-benefit balance per individual for investigatory referral, considering
different rates of nosocomial infection. Firstly, we considered absolute survival benefit,
comparing prompt referral/diagnosis/management to no referral/diagnosis/management
(Appendix p 9). There was per-patient survival benefit from referral for nearly all tumour-
type/age-groups at nosocomial risk £1%. If the risk of infection is high (>2-5%/referral), for
patients over >70 years the risk associated with investigatory referral may exceed the absolute
survival benefit for tumour-referral-groups of poorer outcome such as upper Gl (pancreas,

oesophagus, liver, stomach) and brain tumours.

Secondly, we sought to address a common dilemma for primary care physicians, namely for
which groups of patients might referral be delayed a few months, either to await reduction in
nosocomial infection rates or to reduce pressure on diagnostics? We compared per-patient-
referred, risk of death from investigatory referral versus delay-associated increase in risk of
cancer death (Figure 3, Appendix p 10). This balance is strongly predicated on (i) patients
age (due to high COVID CFR for patients >70), (ii) tumour ‘progressiveness’ (iii) diagnostic-
conversion-rate (iv) proportion of cases diagnosed with Stage 1-3 disease. For those age <60,
provided daily nosocomial infection rates are <2-5%, even for short delays (2 months) the
delay-related-cancer-fatality largely exceeds investigation-related fatality. However, for
patients aged >70 when nosocomial infection rate is higher than 1%, for several tumour groups
investigation-related fatality may be greater than cancer-fatality related to delays as long as 6
months. Bladder and kidney cancers exemplify tumour-types for which prompt referral is most
impactful, since these groups have a high diagnostic-conversion-rate, the tumours are
moderately progressive but are predominantly Stage 1-3 at diagnosis. In the event of stable,
low nosocomial infection rate (<0-5% per procedure), we determined life-years lost for delayed
referrals (Appendix p 12). For those with symptoms of bladder cancer, for a 2-month delay
the average decrement in life years per referred patient is 0.69 for those aged 30-39 year-old
and 0.1 for those aged 70-79; for those referred with symptoms of brain tumour the average
decrement are 0.03 and 0.00 respectively.

In multivariate sensitivity analysis, outcomes from the model were mostly sensitive to changes
in the estimated per-day delay-HR. Varying the delay-HR by +2SD (+16%), the total lives lost

10
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annually for the 2WW population attributable to 2-months delay ranged from 2,412 to 3,378,
and attributable life-years lost ranged from 44,192 to 62,055 (Appendix p 13). Using a
proportionately higher per-day delay-HR for tumours of high progressiveness (delay-
HR=0.0105), increased the impact of 2-month delay to 3,772 lives lost and 72,053 life-years
lost. Varying individually the rate of nosocomial infection, the community infection rate or the

‘cancer mortality multiplier had a modest effect on the impact of delay on survival.
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DISCUSSION

The impact of COVID-related disruption on cancer care is likely to be an ongoing issue until a
vaccine or effective treatment is identified. Unlike acute pathologies such as stroke and
myocardial infarction, the excess mortality consequent from COVID-related disruption to
cancer pathways may not be fully evident for 10 years (or longer).

For most solid cancers, 10-year survival is generally considered to equate to cure, reflecting
the proportion of Stage1-3 tumours for which their surgery (or radical radiotherapy) has
enabled the restoration to (near) normal life expectancy. Our estimates suggest that for many
cancers, delays to treatment of 2-6 months will lead in a sizeable proportion of patients with
early-stage tumours, to progression from having curable to non-curable disease. However,
this varies widely between tumour-types reflecting variation (i) proportion diagnosed through
the 2WW-pathway, (ii) proportion diagnosed with Stage 1-3, (iii) age profile of cancers
diagnosed and (iv) the diagnostic-conversion-rate, which inevitably means that the overall
impact of 2WW-pathway-delay is far from uniform between cancers.

During the lockdown, there have been significant temporal and geographic variation in rates
of patient deferment in accessing urgent referral for cancer symptoms, with estimates ranging
up to 84% (2, 3) (personal communication M.Lawler). There is potential for significant
additional mortality from ‘diagnostic-delay’ on top of the ‘presentational-delay’ accrued during
patient deferment, especially if additional diagnostic capacity for ‘catch-up’ is delayed. The
additional capacity must include not only expanded technical provision for endoscopy,
imaging, interventional radiology and nuclear medicine but also increased manpower for
specialist assessment and pathology. Delivery will be further challenged by new requirements
for personal protective equipment (PPE), social distancing and infection control. Innovative
solutions will be required to deliver this extra capacity in a timely fashion, which may include
procurement of private sector provision, expanded roles for healthcare professionals such as
endoscopy nurses, and pathway adaptation, for example, use of faecal immunochemical
testing (FIT) for triage of colorectal cancer referrals.

Investment in expansion of capacity for NHS diagnostics and treatment is first and foremost if
cancer services are to become more resilient to future extrinsic disruption, which could include
additional ‘waves’ of COVID-19 infection. Secondly, more responsive informatic connections
between primary care, diagnostic and treatment services would enable greater nimbleness in
adaption of pathways and prioritisation of referrals. Thirdly, pre-emptive public education is
required to discourage deferment of patients with cancer symptoms along with modification of

pathways to and through primary care.
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‘Diagnostic-delay’ will impact patient groups differently. For younger patients (<70), all delays
should be avoided, as our data show that mortality decrement for even modest delays is
substantial for most tumours. Conversely, for older groups, per-referral risk of death from
nosocomial infection is much higher and may exceed the average decrement of a moderate
delay, in particular for more indolent cancer types (e.g. prostate cancer) or cancers of poor
overall prognosis (e.g. upper gastrointestinal tract cancers). Even in the absence of concerns
about nosocomial infection, if there are pressures on diagnostic capacity,
prioritisation/deprioritisation of patients according to tumour-referral-group and age warrants
consideration as a strategy to mitigate the population-level cost from ‘diagnostic-delay’ in lives

and life-years lost.

Many have speculated as to final net balance of mortality from the COVID pandemic and
lockdown period, and whether direct deaths from the virus, compromise in collateral
healthcare delivery and negative behaviour changes such as increased alcohol consumption
will be outweighed by the positive impact on mortality of reduced air pollution, fewer road-
traffic accidents and hand-washing. Although our analyses examine cancer-specific survival
only, the estimations of ‘life years gained’ would be altered by any sizeable shifts in life

expectancy.

While we have used data for England, cancer survival is comparable across most
economically-developed countries, so the per tumour-type estimations of the impact of delay
are broadly applicable. Overall, where cancer incidence, population structure, background
rates of population mortality are broadly similar to those of England, our model would provide
insights relevant to other health systems, although, there will be international variation in
pathways to diagnosis for different cancers, eligibility criteria and proportions of different
cancers ascertained therein. Issues of capacity and delays in diagnosis are of global interest
as part of moving towards benchmarked metrics (e.g. International Cancer Benchmarking
Partnership (ICBP)) (3, 24).

Our analysis focuses only on invasive disease in common adult tumour-types: additional
analyses might extend across rarer cancers, tumours of childhood and non-invasive lesions
such as dysplastic colonic adenomas. We only considered the impact of delay on patients with
Stage 1-3 disease having treatment with curative intent. Additional analyses will be required

to evaluate the impact of delays for those having non-curative treatments.

As with all modelling, the accuracy of our predictions is contingent on the validity of
assumptions and parameter estimates (Appendix p 1, p 13). Whilst we identified suitable
observational data for delay-to-treatment for Stages 1-3 for three tumour-types, uniform

application of these delay-HRs across tumour-types and over time invariably will oversimplify
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the complex, dynamic, tumour-type-specific, age-specific, stage-specific nature of cancer
progression. To enable systematic insights across tumour-types, routine capture of pathway-
delays should be incorporated into all national cancer data collections.

Our analyses at the level of referral are subject to the limitations of data collection for
diagnostic-conversion-rates, which were only available at the level of tumour-referral-group,
precluding analyses specific to age-stratum or tumour-type-specific symptomatology.
Furthermore, our analysis does not capture the survival impact of delay when a 2WW referral
resulted in diagnosis of a different cancer outside of the index tumour-referral-group
(Appendix p 4).

The current model presents a ‘what-if’ prediction in which we have included what we believe
to be plausible estimates of delay applied in a simplistic non-naturalistic fashion. Delay
patterns will likely be complex and vary between individuals, by tumour-type, over time and by
geography. The severity of local COVID-19 patterns, modality-specific diagnostic-capacity and
organisation of cancer services will all have an impact, as will local variation in pathway
innovations in both diagnostics (FIT triage, colonography) and treatment (a priori use of
radiotherapy and hormonal treatments). Initiatives such as DATACAN, the UK Health Data
Research Hub for Cancer, are assembling accurate real-world data quantifying in detail the
true delays and patient volumes/distributions thereof; this can be applied retrospectively to
these models to refine our predictions. Over the coming months, we shall also be able to
quantify whether the post-lockdown ‘bulge’ directly mirrors the deficit during lockdown in

standard 2WW presentations, or whether a proportion of these genuinely ‘self-resolve’ (25).

The availability of models such as those we have employed will also enable more nimble
prospective resource-planning in the face of future instances of systematic disruption of
cancer services, which could include future major waves of COVID-19 infection, other

pandemics or economic contractions.

Although the linear elements differ for the different routes to diagnosis (urgent, routine,
emergency, screening), there is convergence at each step in the resources utilised for
diagnostics and treatment. For diagnostics, there will be ‘cross-competition’ between tumour-
referral-groups for resources within routine radiology, interventional radiology and endoscopy.
For each tumour-type, a hierarchy of investigation exists. Referrals for suspected lung cancer
typically receive CT, but only a subset of patients undergo Endobronchial Ultrasound or
bronchoscopy; nevertheless, it is anticipated that subsequent Positron Emission Tomography
- Computed Tomography for staging may be the narrowest of bottlenecks in the lung pathway
(personal communication N.Navani). To optimise recovery, integrated time-course health

systems analyses across the different routes to diagnosis will be required, accounting for all
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the linear steps up to and including surgical and adjuvant treatment and considering local
variation in capacity bottlenecks (6).
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RESEARCH IN CONTEXT

Evidence before this study

Observational studies of cancer pathway delays were identified on bibliographic database
searching for English Language articles using terms [[cancer OR neoplasm], [delay OR
interval OR wait], [diagnosis OR treatment]]. Studies typically report data extracted from
institutional, regional or national databases. Patient experiencing pathway delay may be
biased in regard of socio-economic status. Studies of shorter delay periods in particular are
recognised to suffer confounding by indication (i.e. those with shortest delays often have the
worst outcomes as rapidity of management can be a reflection of a sicker patient). Overall
studies are highly heterogeneous in design and findings, including the durations of delay
studied, the duration of survival follow-up, the metric by which impact is captured
(percentages, odds ratios, hazard ratios) and how/when staging is performed. Each study
typically focuses on a single tumour type +/- stage thereof. There had been no studies
modelling in a standardised fashion across tumour-types the impact in lives and life-years-lost
of systematic pathways delays until the current authors recently reported a healthcare
resource analysis focused on systemic delays at point of surgery.

Added value of this study

Across multiple tumour-types, we present application of a standardised approach (i) using
per-day fatality hazard ratios enabling quantitation of the impact of different durations of delay
on survival (i) examining both the referred patient and the diagnosed patient (iii) examining
individual tumour-type and in aggregate across major tumour-types. This study focuses
specifically on cancers diagnosed via the 2-week-wait (2WW) pathway as this pathway is most
amenable to interventions. Whilst highly pertinent to current forecasting of COVID-related
impact of delays, these models are applicable to any systemic delays to cancer pathways.

Implications of all the available evidence

Incorporating previous observational studies of delay and examining crudely estimated, non-
naturalistic per-patient delays, our models predict that COVID19-related delays in
presentation, diagnosis and/or treatment will result in loss of life and life years that vary widely
according to patient age and tumour type. Summed at national level, the impact in attributable
deaths of COVID-19-related delays in presentation and diagnosis of cancer patients
ascertained through the 2WW-pathway would currently be estimated from these models to be
in the hundreds to low thousands. Data are currently immature regarding the true duration and
extent of service disruption and per-patient cancer pathway delay across the UK. Direct
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predictions regarding attributable cancer deaths will be possible once more accurate patient-
level data become available.

LEGENDS FOR FIGUES/TABLES

Table 1: Cancer diagnoses made through the ‘2-Week Wait’ pathway.

Proportion of all diagnoses made through 2WW, breakdown of 2WW cancers diagnosed by
age and stage, diagnostic-conversion-rates (any cancer; cancer within TRG (tumour referral
group), average annual cancer diagnoses total and via 2WW-pathway. Diagnostic-conversion-
rates reflect all diagnoses of invasive cancers (exception: breast includes CIS, skin excludes
basal cell carcinomas, urology excludes pTa bladder tumours)

Figure 1: Reduction in 10-year net survival incurred from a 3-month delay.

20 common tumour-types included. Red indicates the highest tertile of survival decrement;

green indicates the lowest tertile of survival decrement.

Figure 2: Annual attributable lives and life-years lost from delay, aggregated for all
patients diagnosed via 2WW-pathway.

Based on 10-year net survival data for England 2008-2017. Greatest decrements in lives and
life-years lost are represented in darker shades of orange.

Figure 3: Per-patient risk-benefit from urgent investigatory referral compared to 2
month delay with varying rates of nosocomial COVID-19

Comparing impact on net survival of urgent investigatory referral compared to 2-month delay;
red indicates benefit and green indicates disbenefit.
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ABSTRACT

Background: During the COVID-19 lockdown, referrals via the 2 Week Wait (2WW) urgent
pathway for suspected cancer in England are reported to have dropped by up to 84%. We
aimed to examine the impact on cancer survival of different_scenarios of seenarios—of

lockdown-accumulated-backlog-and-additional-diagnestic-capacity-for—cateh-up—measuring
attributable-lives-and-ife-years-tost. We also aimed to examine by tumour-referral-group and
age, survival benefit per referred patient considering survival decrement from delayed referral
versus risk of death from nosocomial SARS-CoV-2 COVID-19-nresecormial-infection.

Methods: To construct the underlying models, we used age- and stage-stratified 10 year-
cancer survival estimates for England 2007-2017 for 20 common tumour-types. We applied
per-day hazard ratios for cancer progression generated from observational studies of delay-
to-treatment. We quantified the annual numbers of cancers diagnosed via the 2WW-pathway
using the 2WW age- and stage-specific breakdownsWe-integrated-these-with-age—and-stage-
speeitic-distributions-ef-cancers-detected-via-the 2W\W-pathway. From these, for per-patient

delays of 1-6 months, we estimated aggregate number of lives lost and life-years lost in

England. Using referral-to-diagnosis conversion rates and COVID-19 case fatality rates, we

also estimated the survival increment per patient referred.

Findings: Per month across England; in 2013-2016, on average 6,281 patients with Stage 1-

3 cancer weare diagnosed via the 2WW pathway of whom 1,691 would be predicted to die

within 10 years from their disease. We estimated 2WW-pathway presentational-delay during
from three months of lockdown will result in total in 181/361/542 attributable additional deaths
(if % reduction in referrals was 25/50/75% respectively). We-estimated-that-diagnestic-delay
from-delivery-of-additional-Limited diagnostic capacity_to address the backlog may result in
additional delays-: :

estimate-this-willHineur-401/811/1,231 attributable additional deaths_are estimated if additional

diagnostic capacity is delayed until months 3-8 post-lockdown. Gentribution-te-this-burden-of
incidence—2-month

delay in 2WW investigatory referral results in average loss of life-years per-referred-patient of
between 0 and 0.7, depending on age and tumour-type.

Interpretation: Prompt provision of additional capacity for ‘catch-up’ in diagnostics will
minimise deaths consequent from ‘diagnostic-delay’ accumulated on top of the
‘presentational-delay’. Prioritisation of patient groups for whom delay would result in most life-
years lost warrants consideration as an option for mitigating the aggregate burden of mortality.
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INTRODUCTION

Following announcement by the United Kingdom (UK) government on 23rd March 2020 of
nationwide lockdown to combat the COVID-19 pandemic, hospital referrals for non-COVID-
related healthcare problems have plummeted (1). As the lockdown is lifted, it is anticipated

there will be a surge in presentations for non-COVID-19 medical issues.

Any delay in cancer treatment carries the real risk of patients’ tumours progressing from being
curable (with near-normal life expectancy) to becoming non-curable (with limited life
expectancy). Specific pathways have been established in the UK for referral from primary care
for urgent specialist evaluation and investigation of individuals with ‘red-flag’ symptoms
suggestive of a specific cancer type, termed “the 2 Week Wait (2WW) pathway”. Reductions
of up to 84% have been reported in 2WW referrals in March-May 2020 (2-4) (personal
communication M.Lawler). It is predicted that sizeable backlogs accrued as a consequence of
the lockdown will likely first place pressure on diagnostic services in secondary care (5).

We addressed two key questions relating to this potential surge in presentations of
symptomatic patients. Firstly, we explored the impact of a range of scenarios of provision of
additional diagnostic capacity to address patient backlogs, assuming no prioritisation of patient
groups. For each, we evaluated the degree of ‘diagnostic-delay’ incurred on top of the
‘presentation delay’ accrued during lockdown. Secondly, accounting for the risk of death
associated with nosocomial COVID-19 infection, we examined by tumour-referral-group and
age the gain in survival and life-years per-referred-patient from 2WW investigatory referral. To
perform these analyses, we have developed a model using 10-year age- and stage-stratified
cancer survival (2007-2017) combined with a per-day hazard ratio for delay (delay-HR) and
applied it to 2WW-pathway age- and stage-specific case and referral volumes (6). For this
model, assumptions and parameter estimates were required; whilst we made use of well-
evidenced published data where available, as with any modelled analysis, the accuracy of the
predictions will be directly dependent on the validity of assumptions and parameter estimates.

Sud et al: 2WW cancer pathway delays



METHODS

Data sources

We obtained patient numbers, age-stage-stratified 5-year (2013-2017) and age-stratified 10-
year (2008-2017) cancer survival for all diagnoses and those associated with surgical
resection for non-haematological malignancies from Public Health England’s National Cancer
Registration Service (NCRAS) (7) (Appendix p 1/~Supplementary-Fable1). We obtained
data on route to diagnosis by age and stage from NHS England Clinical Commissioning
Groups collections (8). Conversion rates from referrals for suspected cancer to cancer
diagnoses (‘diagnostic-conversion-rate’) were based on Cancer Waits/Faster Diagnosis
Standard data for West London 2019/20 (9). We concentrated our analysis on the 20 most
common cancers with 2WW-pathways (Table 1), for which we analysed NCRAS survival data
from 2,314,822 cancer cases (2008-2017) and 2WW diagnoses for 385,156 cancer cases
(2013-2016) (Table 1, Appendix p 45/Supplementary Table2). Life expectancy was based
on UK Office of National Statistics (ONS) life tables for 2016-2018 (10). Estimates for
nosocomial infection rates and median duration of hospital stay for each cancer type were
based on information from three large UK surgical oncology centres (personal communication
F. Gronthoud). For case-fatality rate (CFR) associated with unselected COVID-19 infection,
we used published data from China (as UK COVID-19 CFR estimates are only currently
available for hospitalised cases) (11, 12).

Model development

10-year net survival

We used net survival estimates, in which crude survival has been adjusted for background
age-specific death rates to reflect cancer-specific mortality. Since cure rates for most cancers
are only known 5-10 years post-diagnosis, we employed 10-year stage-specific survival data
in our calculations. Because these data are not available for recently diagnosed patients, using
established methods, this was estimated by applying the ratio of stage-specific/all-stage 5-
year survival data to 10-year all-stage data (7, 13). We used the midpoint per 10-year age-

group for life expectancy to estimate life-years gained, averaged per patient (10).

COVID-19-related mortality for cancer patients

We considered two elements of COVID-associated mortality. Firstly, peri-surgical mortality
from nosocomial infection was estimated as the product of operation-specific duration of
surgical admission, age-specific case fatality rates and per-day rate of nosocomial infection
(1%, 2%, 5% or 10%). Secondly, we estimated COVID-related mortality in the community

ascribing the patient a year of ‘active cancer management’ status; this was the product of the

Sud et al: 2WW cancer pathway delays



likelihood of community-acquired COVID-19 during the year (1%, 10%, 20%, 50%), age-
specific case fatality rates and increase in COVID CFR as a consequence of cancer as a co-
morbidity (2-times, 5-times) (11, 12).

Per day hazard ratio for delay in management

We employed published data on the impact on overall survival from delay in cancer surgery
for Stage 1-3 disease to estimate per-day hazard ratios (HRs) associated with delay to
definitive treatment (delay-HR) (14-22). ; Hadivi

Since there was only sufficient data to generate summary delay-HRs for breast, colorectal and

bladder cancers, we assigned delay-HRs to other tumours based on comparability of 5-year
survival, categorising tumours as being of low, moderate or high progressiveness (5-year
survival for Stage 2 disease being >90%, 50-90%, <50% respectively) (7). Due to lack of
published observational data on tumours of high progressiveness (e.g. oesophageal, gastric),
we conservatively considered this group as having a comparable delay-HR to moderately

progressive tumours (Appendix p 5/-Supplementary-Table-2). Finally, we assumed that
delay to treatment for Stage 4 cancer would not impact on 10-year survival.

Proportion of diagnosed patients having treatment with curative intent

Because patients <60 years-old with Stage 1-3 cancers typically have treatment with curative
intent, we generated from this group, stage-specific ratios for definitive treatment [major
resection: ‘other definitive treatment’]. We applied these ratios to age- and stage-specific strata
>60 years-old undergoing major resection to estimate the proportion of diagnosed patients

having ‘other’ types of definitive treatment.

Estimation of adjusted 10-year survival

To estimate 10-year survival for those diagnosed currently with cancer stage 1-3 who
experience no delay in treatment, we used NCRAS 10-year survival and adjusted for COVID-
related peri-surgical and COVID-related community mortality. To estimate 10-year survival
associated with delay, we applied to the NCRAS 10-year survival the delay-HR relating to the
specified number of days of delay, along with the COVID-related peri-surgical and COVID-
related community mortality (see Appendix p 1/-Supplementary-Fable-1 for formulae). We
conservatively assumed that there would be no additional downstream delays following

diagnostic-delay.
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Outcome Measures

We quantified the annual numbers of cancers diagnosed via the 2WW-pathway using the
2WW age- and stage-specific breakdowns. From these, for per-patient delays of 1-6 months,
we estimated aggregate number of lives lost and life-years lost in England.

Provision of ‘supra-normal’ diagnostic capacity to manage lockdown backlog

We evaluated the scenario of a 3-month period of lockdown during which a proportion of
symptomatic patients delayed their presentation until post-lock-down (‘backlog patients’,
25%,50%,75% of normal monthly volumes). We assumed normal volumes of incident
symptomatic patients presenting after lockdown. We considered different scenarios of extra
capacity for ‘catch-up’ applied across months 1-8 post-lockdown. The ‘backlog patients’ are
assigned an averaged ‘presentational-delay’ of 2 months. Backlog and incident patients then
accrue ‘diagnostic-delay’ in rounded whole months. We estimated the attributable lives and
life-years lost, comparing to the default position (in which there would be a full catch up of all
backlog patients in month 1 post-lockdown). We modelled all backlog patients presenting in
month 1 post-lockdown (Appendix—p—10/Supplementary Table 5a) or with variable
presentation across months 1-3 (Appendix-p-14/Supplementary Table 5b).

Per-patient risk-benefit analysis for 2WW investigatory referral

A 2WW investigatory referral was assigned as being a half-day of exposure to nosocomial
infection. We combined per-day rates of nosocomial infection with the age-specific COVID-19
case fatality rates, to quantify the COVID-related fatality associated with investigatory referral.
We combined this with a “technical” fatality risk for invasive investigations (e.g. 1 in 10,000
risk of death from perforation from colonoscopy) (23) to produce a combined per-referral
mortality.

Using the diagnostic-conversion-rates, we estimated for each age-stratum the survival benefit
per-patient from an investigatory referral. We considered potential to delay referral by 2, 4,
and 6 months against varying rates of nosocomial infection per investigatory referral (5% -
very high, 2:5% - high), 1% - moderate and 0-5% - low). To assess by age-group and tumour-
type the risk-benefit of investigatory referral, we compared the benefit in cancer survival
against the combined fatality risk (COVID-19 and technical), estimating benefit in % survival
and life-years gained.

Statistical Analyses

Analyses were performed using STATA (version 15). We combined individual log(HR)s, by

stage and days of delay, using weighted linear regression to calculate the summary per-day
delay-log(HR) and SD of this estimate (i.e. standard error), expressing this as a percentage of
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the estimate. We performed multivariate sensitivity analyses across ranges of parameter

estimates, including +/- 2SD of delay-HR. Unless otherwise specified, we applied as default

values for community infection rate (20%) and per-day rate of nosocomial infection (2%),
selected to be conservatively high. For cancer-related elevation in mortality from community-
acquired COVID-19 infection, we used a default value of 2-times, which is at the low-
intermediate end of the published estimates (reflecting a non-metastatic cancer population).
Assumptions and parameter estimates are justified in detail in Appendix p 1/Supplementary
Table-1.

Role of the Funding Source

There was no funding source for this study Fhe-funding-seurces—had-ne—partin-the-study

the-repert-orthe-decision-to-submit the-manuseript. The corresponding author had full access

to all the data in the study and had the final decision to submit the manuscript.
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RESULTS

For many cancers, including those of the colorectum, oesophagus, lung, liver, bladder,
pancreas, stomach, larynx and oropharynx, a 3-month delay to diagnosis is predicted to result
in over 10% reduction in long-term (10-year) survival (Figure 1, Appendix p
67/ Supplementary TFable-3). Influence of constituent underlying disease stage and subtype
is well illustrated by comparison between Stage 1 ER+ disease and Stage 3 ER- breast cancer
(e.g. 0-8% vs 10-3% estimated survival reduction from 3-month delay for those aged 40-49,

Appendix p 78/Supplementary Table 4).

The representation of a tumour-type in the aggregated impact of universal delays in the 2WW-
pathway varies widely, driven by (i) the age-specific incidence, (ii) % cancers diagnosed by
2WW:-pathway, (iii) % cancers diagnosed as Stage 1-3 in the 2WW-pathway and (iv) tumour
aggressiveness (Figure 2). Breast and colorectal cancers make the most sizeable contribution
to lives and life-years lost. Aggregate impact from delays in prostate cancer pathways is
predicted as low, predominantly on account of the high proportion of indolent cases.
Pancreatic, gastric and liver cancers likewise only contribute modestly to the estimated totality
of lives and life years lost as (i) fewer cases present via the 2WW route and (ii) the majority
have Stage 4 disease at presentation.

Across these 20 cancer types, on average ~243,098 cancers are diagnosed annually; of these
~96,289 are diagnosed via the 2WW pathway of which 75,369 are diagnosed at stage 1-3.
20,293/75,369 would be predicted to suffer cancer-related mortality within 10 years of
diagnosis, representing loss of 304,129 life years. A uniform per-patient delay of 1 month/6
months would be predicted to result in attributable additional lives lost of 1,412/ 9,280 and life-
years lost of 25,812/ 173,540 over the following ten years for an annual cohort of cancer cases
diagnosed via 2WW at stage 1-3.

On the basis of preliminary estimates of 2WW referral drop, we considered 25%, 50% and
75% reduction in presentations over the 3-month lockdown period (Appendix—p—10,—p-—14/
Supplementary Table 5a,5b) (2-4).

Each month on average in England, for these 20 cancer types, ~149,000 2WW referrals are
made, resulting in 8,024 diagnoses of cancer of which 6,281 are diagnosed at Stage 1-3. Of
these 1,691/6,281 will typically die from their cancer within 10 years (8). The toll nationally of
‘presentational-delay’ accrued over a 3-month lockdown period was estimated to be 181/3316,
361/6632 or 542/9948 attributable additional lives/life-years assuming backlog rates of
25%/50%/75% with an average presentational delay of 2 months per patient. Assuming the
patients all present in month 1 post-lockdown and that the requisite 175%/250%/325% of
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normal diagnostic capacity is unlikely to be immediately “on tap”, we estimated the additional
lives/life-years that might be lost due to subsequent ‘diagnostic-delay’. Rapid provision of
additional capacity over months 1-3 results in 90/1662, 183/3362 276/5075 additional
lives/life-years lost due to ‘diagnostic-delay’ (for 25%/50%/75% backlog rates). Conversely,
delayed additional capacity provided across months 3-8 post-lockdown, would result in
401/7332, 811/14,873, 1,231/22,635 additional lives/life-years lost due to ‘diagnostic-delay’
(for 25%/50%/75% backlog rates).

We assessed the risk-benefit balance per individual for investigatory referral, considering
different rates of nosocomial infection. Firstly, we considered absolute survival benefit,
comparing prompt referral/diagnosis/management to no referral/diagnosis/management
(Appendix p 915/Supplementary-Table-6). There was per-patient survival benefit from
referral for nearly all tumour-type/age-groups at nosocomial risk £1%. If the risk of infection is
high (>2-5%/referral), for patients over >70 years the risk associated with investigatory referral
may exceed the absolute survival benefit for tumour-referral-groups of poorer outcome such

as upper Gl (pancreas, oesophagus, liver, stomach) and brain tumours.

Secondly, we sought to address a common dilemma for primary care physicians, namely for
which groups of patients might referral be delayed a few months, either to await reduction in
nosocomial infection rates or to reduce pressure on diagnostics? We compared per-patient-
referred, risk of death from investigatory referral versus delay-associated increase in risk of
cancer death (Figure 3, Appendix p 106/-Supplementary-Fable-7). This balance is strongly
predicated on (i) patients age (due to high COVID CFR for patients >70), (ii) tumour
‘progressiveness’ (iii) diagnostic-conversion-rate (iv) proportion of cases diagnosed with Stage
1-3 disease. For those age <60, provided daily nosocomial infection rates are <2-5%, even for
short delays (2 months) the delay-related-cancer-fatality largely exceeds investigation-related
fatality. However, for patients aged >70 when nosocomial infection rate is higher than 1%, for
several tumour groups investigation-related fatality may be greater than cancer-fatality related
to delays as long as 6 months. Bladder and kidney cancers exemplify tumour-types for which
prompt referral is most impactful, since these groups have a high diagnostic-conversion-rate,
the tumours are moderately progressive but are predominantly Stage 1-3 at diagnosis. In the
event of stable, low nosocomial infection rate (£0-5% per procedure), we determined life-years
lost for delayed referrals (Appendix p 128/ Supplementary—Table-8). For those with
symptoms of bladder cancer, for a 2-month delay the average decrement in life years per
referred patient is 0.69 for those aged 30-39 year-old and 0.1 for those aged 70-79; for those
referred with symptoms of brain tumour the average decrement are 0.03 and 0.00 respectively.
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In multivariate sensitivity analysis, outcomes from the model were mostly sensitive to changes
in the estimated per-day delay-HR. Varying the delay-HR by +2SD (+16%), the total lives lost
annually for the 2WW population attributable to 2-months delay ranged from 2,412 to 3,378,
and attributable life-years lost ranged from 44,192 to 62,055 (Appendix p 139). Using a
proportionately higher per-day delay-HR for tumours of high progressiveness (delay-
HR=0.0105), increased the impact of 2-month delay to 3,772 lives lost and 72,053 life-years
lost. Varying individually the rate of nosocomial infection, the community infection rate or the

‘cancer mortality multiplier’ had a modest effect on the impact of delay on survival.
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DISCUSSION

The impact of COVID-related disruption on cancer care is likely to be an ongoing issue until a
vaccine or effective treatment is—_identified. Unlike acute pathologies such as stroke and
myocardial infarction, the excess mortality consequent from COVID-related disruption to

cancer pathways may not be fully evident for 10 years (or longer).

For most solid cancers, 10-year survival is generally considered to equate to cure, reflecting
the proportion of Stage1-3 tumours for which their surgery (or radical radiotherapy) has
enabled the restoration to (near) normal life expectancy. Our estimates suggest that for many
cancers, delays to treatment of 2-6 months will lead in a sizeable proportion of patients with
early-stage tumours, to progression from having curable to non-curable disease. However,
this varies widely between tumour-types reflecting variation (i) proportion diagnosed through
the 2WW-pathway, (ii) proportion diagnosed with Stage 1-3, (iii) age profile of cancers
diagnosed and (iv) the diagnostic-conversion-rate, which inevitably means that the overall
impact of 2WW-pathway-delay is far from uniform between cancers.

During the lockdown, there have been significant temporal and geographic variation in rates
of patient deferment in accessing urgent referral for cancer symptoms, with estimates ranging
up to 84% (2, 3) (personal communication M.Lawler). There is potential for significant
additional mortality from ‘diagnostic-delay’ on top of the ‘presentational-delay’ accrued during
patient deferment, especially if additional diagnostic capacity for ‘catch-up’ is delayed. The
additional capacity must include not only expanded technical provision for endoscopy,
imaging, interventional radiology and nuclear medicine but also increased manpower for
specialist assessment and pathology. Delivery will be further challenged by new requirements
for personal protective equipment (PPE), social distancing and infection control. Innovative
solutions will be required to deliver this extra capacity in a timely fashion, which may include
procurement of private sector provision, expanded roles for healthcare professionals such as
endoscopy nurses, and pathway adaptation, for example, use of faecal immunochemical

testing (FIT) for triage of colorectal cancer referrals.

Investment in expansion of capacity for NHS diagnostics and treatment is first and foremost if
cancer services are to become more resilient to future extrinsic disruption, which could include
additional ‘waves’ of COVID-19 infection. Secondly, more responsive informatic connections
between primary care, diagnostic and treatment services would enable greater nimbleness in
adaption of pathways and prioritisation of referrals. Thirdly, pre-emptive public education is
required to discourage deferment of patients with cancer symptoms along with modification of
pathways to and through primary care.

13
Sud et al: 2WW cancer pathway delays



‘Diagnostic-delay’ will impact patient groups differently. For younger patients (<70), all delays
should be avoided, as our data show that mortality decrement for even modest delays is
substantial for most tumours. Conversely, for older groups, per-referral risk of death from
nosocomial infection is much higher and may exceed the average decrement of a moderate
delay, in particular for more indolent cancer types (e.g. prostate cancer) or cancers of poor
overall prognosis (e.g. upper gastrointestinal tract cancers). Even in the absence of concerns
about nosocomial infection, if there are pressures on diagnostic capacity,
prioritisation/deprioritisation of patients according to tumour-referral-group and age warrants
consideration as a strategy to mitigate the population-level cost from ‘diagnostic-delay’ in lives
and life-years lost.

Many have speculated as to final net balance of mortality from the COVID pandemic and
lockdown period, and whether direct deaths from the virus, compromise in collateral
healthcare delivery and negative behaviour changes such as increased alcohol consumption
will be outweighed by the positive impact on mortality of reduced air pollution, fewer road-
traffic accidents and hand-washing. Although our analyses examine cancer-specific survival
only, the estimations of ‘life years gained’ would be altered by any sizeable shifts in life

expectancy.

While we have used data for England, cancer survival is comparable across most
economically-developed countries, so the per tumour-type estimations of the impact of delay
are broadly applicable. Overall, where cancer incidence, population structure, background
rates of population mortality are broadly similar to those of England, our model would provide
insights relevant to other health systems, although, there will be international variation in
pathways to diagnosis for different cancers, eligibility criteria and proportions of different
cancers ascertained therein. Issues of capacity and delays in diagnosis are of global interest
as part of moving towards benchmarked metrics (e.g. International Cancer Benchmarking
Partnership (ICBP)) (3, 24).

Our analysis focuses only on invasive disease in common adult tumour-types: additional
analyses might extend across rarer cancers, tumours of childhood and non-invasive lesions
such as dysplastic colonic adenomas. We only considered the impact of delay on patients with
Stage 1-3 disease having treatment with curative intent. Additional analyses will be required

to evaluate the impact of delays for those having non-curative treatments.

As with all modelling, the accuracy of our predictions is contingent on the validity of

assumptions and parameter estimates (Appendix p 1, p 139/ Supplementary-Fables1;-9).
Whilst we identified suitable observational data for delay-to-treatment for Stages 1-3 for three

tumour-types, uniform application of these delay-HRs across tumour-types and over time
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invariably will oversimplify the complex, dynamic, tumour-type-specific, age-specific, stage-
specific nature of cancer progression. To enable systematic insights across tumour-types,
routine capture of pathway-delays should be incorporated into all national cancer data
collections.

Our analyses at the level of referral are subject to the limitations of data collection for
diagnostic-conversion-rates, which were only available at the level of tumour-referral-group,
precluding analyses specific to age-stratum or tumour-type-specific symptomatology.
Furthermore, our analysis does not capture the survival impact of delay when a 2WW referral
resulted in diagnosis of a different cancer outside of the index tumour-referral-group

(Appendix p 45/Supplementary Table 2).

The current model presents a ‘what-if’ prediction in which we have included what we believe
to be plausible estimates of delay applied in a simplistic non-naturalistic fashion. Delay
patterns will likely be complex and vary between individuals, by tumour-type, over time and by
geography. The severity of local COVID-19 patterns, modality-specific diagnostic-capacity and
organisation of cancer services will all have an impact, as will local variation in pathway
innovations in both diagnostics (FIT triage, colonography) and treatment (a priori use of
radiotherapy and hormonal treatments). Initiatives such as DATACAN, the UK Health Data
Research Hub for Cancer, are assembling accurate real-world data quantifying in detail the
true delays and patient volumes/distributions thereof; this can be applied retrospectively to
these models to refine our predictions. Over the coming months, we shall also be able to
quantify whether the post-lockdown ‘bulge’ directly mirrors the deficit during lockdown in

standard 2WW presentations, or whether a proportion of these genuinely ‘self-resolve’ (25).

The availability of models such as those we have employed will also enable more nimble
prospective resource-planning in the face of future instances of systematic disruption of
cancer services, which could include future major waves of COVID-19 infection, other

pandemics or economic contractions.

Although the linear elements differ for the different routes to diagnosis (urgent, routine,
emergency, screening), there is convergence at each step in the resources utilised for
diagnostics and treatment. For diagnostics, there will be ‘cross-competition’ between tumour-
referral-groups for resources within routine radiology, interventional radiology and endoscopy.
For each tumour-type, a hierarchy of investigation exists. Referrals for suspected lung cancer
typically receive CT, but only a subset of patients undergo Endobronchial Ultrasound or
bronchoscopy; nevertheless, it is anticipated that subsequent Positron Emission Tomography
- Computed Tomography for staging may be the narrowest of bottlenecks in the lung pathway
(personal communication N.Navani). To optimise recovery, integrated time-course health
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systems analyses across the different routes to diagnosis will be required, accounting for all
the linear steps up to and including surgical and adjuvant treatment and considering local
variation in capacity bottlenecks (6).
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RESEARCH IN CONTEXT

Evidence before this study

Observational studies of cancer pathway delays were identified on bibliographic database
searching for English Language articles using_terms [[cancer OR neoplasm], [delay OR

interval OR wait], [diagnosis OR treatment]]. Studies typically report data extracted from
institutional, regional or national databases. Patient experiencing pathway delay may be
biased in regard of socio-economic status. Studies of shorter delay periods in particular are
recognised to suffer confounding by indication (i.e. those with shortest delays often have the
worst outcomes as rapidity of management can be a reflection of a sicker patient). Overall
studies are highly heterogeneous in design and findings, including the durations of delay
studied, the duration of survival follow-up, the metric by which impact is captured
(percentages, odds ratios, hazard ratios) and how/when staging is performed. Each study
typically focuses on a single tumour type +/- stage thereof. There had been no studies
modelling in a standardised fashion across tumour-types the impact in lives and life-years-lost
of systematic pathways delays until the current authors recently reported a healthcare
resource analysis focused on systemic delays at point of surgery.

Added value of this study

Across multiple tumour-types, we present application of a standardised approach (i) using
per-day fatality hazard ratios enabling quantitation of the impact of different durations of delay
on survival (ii) examining both the referred patient and the diagnosed patient (iii) examining
individual tumour-type and in aggregate across major tumour-types. This study focuses
specifically on cancers diagnosed via the 2-week-wait (2WW) pathway as this pathway is most
amenable to interventions. Whilst highly pertinent to current forecasting of COVID-related

impact of delays, these models are applicable to any systemic delays to cancer pathways.

Implications of all the available evidence

Incorporating previous observational studies of delay and examining crudely estimated, non-
naturalistic per-patient delays, our models predict that COVID19-related delays in
presentation, diagnosis and/or treatment will result in loss of life and life years that vary widely
according to patient age and tumour type. Summed at national level, the impact in attributable
deaths of COVID-19-related delays in presentation and diagnosis of cancer patients
ascertained through the 2WW-pathway would currently be estimated from these models to be
in the hundreds to low thousands. Data are currently immature regarding the true duration and
extent of service disruption and per-patient cancer pathway delay across the UK. Direct
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predictions regarding attributable cancer deaths will be possible once more accurate patient-
level data become available.

LEGENDS FOR FIGUES/TABLES

Table 1: Cancer diagnoses made through the ‘2-Week Wait’ pathway.

Proportion of all diagnoses made through 2WW, breakdown of 2WW cancers diagnosed by

age and stage, diagnostic-conversion-rates (any cancer; cancer within TRG (tumour referral

group), average annual cancer diagnoses total and via 2WW-pathway. Diagnostic-conversion-

rates reflect all diagnoses of invasive cancers (exception: breast includes CIS, skin excludes

basal cell carcinomas, urology excludes pTa bladder tumours)

Figure 1: Reduction in 10-year net survival incurred from a 3-month delay.

20 common tumour-types included. Red indicates the highest tertile of survival decrement;
green indicates the lowest tertile of survival decrement.

Figure 2: Annual attributable lives and life-years lost from delay, aggregated for all
patients diagnosed via 2WW-pathway.

Based on 10-year net survival data for England 2008-2017. Greatest decrements in lives and

life-years lost are represented in darker shades of orange.

Figure 3: Per-patient risk-benefit from urgent investigatory referral compared to 2
month delay with varying rates of nosocomial COVID-19

Comparing impact on net survival of urgent investigatory referral compared to 2-month delay;
red indicates benefit and green indicates disbenefit.
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Table 1

Proportion Conversion to cancer Cancer diagnoses
2WW Proportion by age group (2WW Proportion by stage (2WW) (year)
% of All
% any cancers in Referrals
30-39 40-49 50-59 60-69 70-79 80+ 1 2 3 4 st1-3 cancer TRG 2WW (2WW) (year)
Bladder 42.9% 0.3% 2.1% 7.4% 23.4% 36.2% 30.6% 51.9% 29.1% 6.7% 12.3% 87.7% 16.9% 98.2% 8,524 3,654 21,624
Brain 1.7% 8.7% 8.4% 16.4% 31.2% 25.2% 10.1% N/A N/A N/A N/A N/A 1.0% 100.0% 8,102 140 13,982
Breast 54.2% 6.1% 19.1% 16.2% 16.3% 20.5% 21.8% 31.2% 50.9% 13.0% 4.9% 95.1% 4.9% 99.3% 41,845 22,678 462,822
Cervix 22.1% 16.6% 15.8% 18.1% 19.7% 17.3% 12.4% 29.3% 40.1% 15.0% 15.6% 84.4% 3.1% 97.4% 2,128 471 15,183
Colorectal 32.2% 0.8% 3.1% 13.0% 21.5% 33.0% 28.5% 15.4% 28.2% 32.5% 23.9% 76.1% 2.8% 78.4% 32,979 10,620 379,272
Kidney 28.1% 2.3% 8.1% 17.7% 27.8% 27.5% 16.7% 45.3% 11.4% 21.8% 21.6% 78.4% 16.9% 98.2% 8,764 2,459 14,551
Larynx 48.0% 0.5% 5.2% 19.4% 33.3% 28.2% 13.4% 36.6% 19.3% 17.8% 26.3% 73.7% 2.9% 74.0% 1,850 887 30,599
Liver 14.5% 0.7% 1.9% 10.1% 25.2% 34.3% 27.7% 7.6% 10.6% 15.6% 66.1% 33.9% 5.7% 85.9% 4,712 683 11,989
Lung 28.2% 0.3% 2.2% 10.2% 30.2% 35.8% 21.3% 15.4% 9.9% 27.9% 46.8% 53.2% 10.9% 93.7% 36,668 10,343 94,893
Melanoma of
skin 63.1% 10.4% 14.2% 17.8% 23.0% 20.3% 14.3% 71.5% 20.4% 6.5% 1.6% 98.4% 4.4% 98.1% 12,110 7,642 173,673
Oesophagus 45.0% 0.4% 3.0% 12.9% 29.0% 31.0% 23.8% 7.4% 16.1% 41.2% 35.3% 64.7% 5.7% 85.9% 7,427 3,339 58,571
Oral cavity 441% 2.9% 9.7% 22.4% 29.4% 20.9% 14.8% 27.3% 15.8% 10.4% 46.5% 53.5% 2.9% 74.0% 2,629 1,161 40,022
Oropharynx 58.9% 1.4% 12.1% 34.7% 33.8% 14.2% 3.8% 2.8% 6.1% 13.4% 77.6% 22.4% 2.9% 74.0% 2,905 1,710 58,960
Ovary 33.5% 4.2% 8.4% 21.0% 28.9% 25.4% 12.0% 31.9% 7.8% 41.7% 18.6% 81.4% 3.1% 97.4% 6,398 2,142 69,112
Pancreas 19.3% 0.2% 2.1% 9.4% 26.0% 36.1% 26.1% 5.8% 14.7% 13.7% 65.8% 34.2% 5.7% 85.9% 8,260 1,594 27,962
Prostate 47.2% 0.0% 0.9% 9.6% 32.9% 38.2% 18.2% 27.9% 21.6% 26.0% 24.5% 75.5% 16.9% 98.2% 40,834 19,272 114,037
Stomach 31.0% 0.4% 3.0% 12.9% 29.0% 31.0% 23.8% 8.3% 18.5% 27.2% 46.1% 53.9% 5.7% 85.9% 5,332 1,654 29,024
Testis 61.2% 61.7% 22.4% 10.9% 3.4% 1.2% 0.4% 86.6% 7.8% 3.1% 2.5% 97.5% 9.0% 75.0% 1,355 829 9,213
Thyroid 23.2% 28.3% 19.0% 18.1% 15.1% 12.2% 7.3% 44.4% 10.0% 19.0% 26.7% 73.3% 2.9% 74.0% 2,673 620 21,388
Uterus 57.7% 0.2% 2.3% 19.1% 35.8% 29.2% 13.4% 75.7% 7.5% 11.0% 5.9% 94.1% 3.1% 97.4% 7,604 4,390 141,614
20 cancer
types 243,098 | 96,289 1,788,491
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Figure1,2,3

Bladder
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Colorectal 10.22% 11.38% . 10.59%| 183.10%
Kidney 5.01% 6.50% . 10.53%| 13.10%
Larynx 11.07%| 14.29% .
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Melanoma of skin

Oesophagus

Oral cavity
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Cases Attibutable Lives Lost Attibutable Life Years Lost
All 2WW 1 month |2 months |3 months |4 months |5 months |6 months [1 month |2 months |3 months [4 months |5 months |6 months

Bladder 8,524 3,654 81 168 260 355 450 544 1,430 2,979 4,633 6,365 8,139 9,910
Brain 8,102 140 8 16 23 31 37 43 159 324 490 654 813 962
Breast 41,845 22,678 228 472 734 1,014 1,312 1,629 4,733 9,839 15,339 21,255 27,608

Cervix 2,128 471 10 22 34 47 61 75 264 559 887 1,246 1,636] 2,054
Colorectal 32,979 10,620 296 624 981 1,366 1,773 4,308 9,126 14,460 20,296 26,591

Kidney 8,764 2,459 50 106 168 236 309 388 923 1,968 3,143 4,452 5,897 7,471
Larynx 1,850 887 29 60 93 128 165 201 514 1,079 1,692 2,344 3,027 3,725
Liver 4,712 683 8 15 21 25 29 31 143 270 379 467 532 578
Lung 36,668 10,343 189 356 497 610 695 753 3,605 6,873 9,704 12,030 13,829 15,128
Melanoma of skin 12,110 7,642 138 296 476 682 913 1,171 2,501 5,403 8,756 12,614 17,028 22,051
Oesophagus 7,427 3,339 72 137 192 236 268 291 1,498 2,850 4,011 4,952 5,665 6,163
Oral cavity 2,629 1,161 33 67| 100 133 163 190 695 1,415 2,145 2,864 3,551 4,183
Oropharynx 2,905 1,710 18 37| 57| 76 95 112 437 900 1,379 1,866 2,347 2,810
Ovary 6,398 2,142 81 163 244 323 397 464 1,688 3,445 5,239 7,027 8,765 10,406
Pancreas 8,260 1,594 12 21 27| 32 34 36 224 402 533 623 678 709
Prostate 40,834 19,272 3 6 9 12 16 20 56 116 183 255 334 420
Stomach 5,332 1,654 38 74 107 135 159 177 719 1,411 2,051 2,619 3,096 3,475
Testis 1,355 829 1 3 4 6 8 10 55 116 182 254 333 419
Thyroid 2,673 620 1 2 3 5 6 8 24 50 79 110 144 181
Uterus 7,604 4,390 117 249 397 562 743 939 1,837 3,932 6,305 8,970 11,936 15,201
Total 243,098 96,289 1,412 2,892 4,429 6,013 7,633 9,280 25,812 53,057 81,589 111,263] 141,950 173,540




Nosocomial COVID-19 infection
rate (per investigatory referral)

0.5%

1%

2.5%

5%

Age (years) 30-39 140-49 |50-59 |60-69 [70-79 [80+ 30-39 140-49 |50-59 [60-69 [70-79 |80+ 30-39 |40-49 [50-59 [60-69 [70-79 30-39 [40-49 [50-59 [60-69 [70-79 |80+
Bladder 0.09%) 0.02% 0.65%

Brain 0.11%| 0.10%) 0.04% 0.10%| 0.09% -0.03% 0.08%| 0.03%| -0.09% -0.06%,
Breast 0.07%]| 0.05%) 0.06%) 0.06%]| 0.03%) -0.01% 0.04%] -0.03%]| -0.09% 0.01%] -0.12%)
Cervix 0.19%]| 0.17%) -0.02%) 0.18%]| 0.15%) -0.09% 0.16%]| 0.10%]| -0.07%) 0.13%| 0.01%)
Colorectal 0.10%]| 0.08%) 0.06%) 0.09%]| 0.06%) -0.02% 0.07%]| 0.01%]| -0.07% 0.04%]| -0.08%)
Kidney 0.68%| 0.78%) 0.45%) 0.68%| 0.76%) 0.38% 0.66%| 0.71%| 0.64% 0.62%| 0.61%)
Larynx 0.13%]| 0.12%) 0.09%) 0.12%| 0.10%) 0.01% 0.10%]| 0.05%)]| -0.05% 0.07%| -0.04%)
Liver 0.18%| 0.12% -0.02% 0.18%| 0.10%) -0.10% 0.16%]| 0.05%]| -0.11%, 0.12%)] -0.04%)
Lung 0.63%| 0.46%) -0.01%) 0.62%]| 0.44%) -0.08% 0.60%| 0.38%| 0.10% 0.56%| 0.29%)
Melanoma of skin 0.12%| 0.13% 0.26% 0.11%| 0.11%) 0.19% 0.10%]| 0.06%] -0.01%, 0.06%] -0.03%)
Oesophagus 0.35%| 0.29%) -0.06%) 0.35%]| 0.27%) -0.14% 0.33%]| 0.21%] -0.04% 0.29%| 0.12%)
Oral cavity 0.13%]| 0.11%) 0.02%) 0.13%]| 0.09%) -0.05% 0.11%]| 0.04%]| -0.08% 0.07%]| -0.05%)
Oropharynx 0.05%]| 0.03%) -0.05%) 0.04%]| 0.01%) -0.12% 0.02%] -0.04%]| -0.16%) -0.01%]| -0.13%)
Ovary 0.27%| 0.25%) 0.06%) 0.26%]| 0.23%) -0.01% 0.24%| 0.18%| 0.01%, 0.21%]| 0.09%)
Pancreas 0.14%| 0.07% -0.05%) 0.14%| 0.05% -0.13%) 0.12%]| -0.01%| -0.15% 0.08%]| -0.10%
Prostate 0.02%)] -0.02%) -0.06%) 0.01%] -0.04%) -0.14% -0.01%)] -0.09%] -0.20%) -0.04%]| -0.18%)
Stomach 0.32%| 0.26%) -0.02%) 0.31%]| 0.24%) -0.09% 0.29%| 0.19%]| 0.03% 0.26%| 0.10%)
Testis 0.03%]| 0.00%) -0.01%) 0.02%)] -0.02%) -0.09% 0.00%] -0.08%] -0.17% -0.03%]| -0.17%)
Thyroid 0.01%)] -0.02%) -0.07%) 0.00%] -0.03%) -0.15% -0.02%]| -0.09%] -0.17%) -0.05%] -0.18%)
Uterus 0.10%| 0.14% 0.17%) 0.09%| 0.12%) 0.09% 0.07%]| 0.06%| 0.01% 0.04%]| -0.03%)
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