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Abstract

Aim: Decreased cancer incidence and reported changes to clinical management indi-
cate that the COVID-19 pandemic has delayed cancer diagnosis and treatment. This
study aimed to develop and apply a flexible model to estimate the impact of delayed
diagnosis and treatment on survival outcomes and healthcare costs based on a shift in
the disease stage at treatment initiation.

Methods: A model was developed and made publicly available to estimate population-
level health economic outcomes by extrapolating and weighing stage-specific out-
comes by the distribution of stages at treatment initiation. It was applied to estimate
the impact of 3- and 6-month delays based on Australian data for stage | breast can-
cer, colorectal cancer, and lung cancer patients, and for T1 melanoma. Two approaches
were explored to estimate stage shifts following a delay: (a) based on the relation
between time to treatment initiation and overall survival (breast, colorectal, and lung
cancer), and (b) based on the tumor growth rate (melanoma).

Results: Using a conservative once-off 3-month delay and considering only shifts from
stage |/T1tostage 11/T2, 88 excess deaths and $12 million excess healthcare costs were
predicted in Australia over 5 years for all patients diagnosed in 2020. For a 6-month
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1 | INTRODUCTION

Several countries have reported declining cancer diagnosis regis-
trations following the COVID-19 outbreak and flagged this as an
imminent policy concern, because it implies substantially delayed
cancer diagnoses. For example, the Netherlands Cancer Registry has
presented weekly cancer incidence estimates since the outbreak of
COVID-19. At the peak of the outbreak, cancer incidence for all can-
cers combined was 40% lower on average compared to historical data,
with the incidence rate for skin cancer decreasing 60%.% In addition,
there was an up to 66% reduction in chemotherapy administered
across eight hospitals in the United Kingdom (UK).2 Delayed cancer
diagnoses and treatment will result in stage shifts, where a proportion
of cancers will have moved to the next phase of disease where it is
more likely to be fatal. Several professional societies have flagged
these observations as requiring urgent action and encouraged inter-
ventions to restore the normal diagnosis and treatment throughput as
much as possible.?

The second wave, or indirect pandemic consequences, on the health
service, which is not to be confused with a second wave of outbreaks
of COVID-19, is referred to as the impact of delayed access to care
on health outcomes. These delays, as illustrated in Figure 1 for can-
cer, may occur at different points throughout the care pathway.* In this

terminology, there is an expected impact for patients due to diagnostic

delay, excess mortality and healthcare costs were 349 deaths and $46 million over 5

Conclusions: The health and economic impacts of delays in treatment initiation cause
an imminent policy concern. More accurate individual patient data on shifts in stage of

disease during and after the COVID-19 pandemic are critical for further analyses.

COVID-19, diagnostic delays, economic outcomes, health outcomes, modeling, oncology, stage
shift, time to treatment initiation, treatment delays

delays, caused by delayed investigation of symptoms due to delays in
general practitioner (GP) visits and delayed access to diagnostic path-
ways. Diagnoses can also be delayed by a suspension of, or reduced
participation in, screening programs. Additionally, there may be an
impact of COVID-19 on care interruptions for patients already diag-
nosed and being treated for cancer. For instance, care may be delayed
or changed forimmunocompromised patients at high risk of infectionin
the hospital setting. Such changes include delaying surgery, a shift from
intravenously to orally administered systemic therapies, and modified
radiotherapy delivery to reduce time in hospital.”

Several studies have explored the relationship between health out-
comes and the time to treatment initiation (TTI), which includes both
delays in diagnosis as well as treatment delays after diagnosis (Fig-
ure 1). A systematic review concluded there is a relation between
diagnostic delays and poorer outcomes for some cancers, including
breast, head and neck, testicular, and melanoma.® Other studies also
concluded a link between TTI and overall survival, with lung cancer
and pancreatic cancer being more heavily impacted by longer TTls
compared with breast cancer, for example.” Other recent studies con-
cluded evidence of a relation between diagnostic delay and outcomes
in head and neck cancers.8? For other cancers, like colorectal cancer,
there is some evidence that delays to surgery of up to 30 days may
not directly impact health outcomes.”1° Despite varying levels of evi-

dence of arelation between TTIl and outcomes, studies conclude health
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FIGURE 1 Graphicalillustration of different types of delays within the care pathway that may be induced by service disruptions due to the
COVID-19 pandemic [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Graphicalillustration of how the combined overall survival for a patient population is obtained by weighting stage-specific survival
estimates by the stage distribution at treatment initiation [Colour figure can be viewed at wileyonlinelibrary.com]

systems should focus on the effectiveness of pathways to shorten
TTI.11 Considering the reported decreases in cancer diagnoses and
changes to clinical management during the COVID-19 pandemic, it is
anticipated that the resulting delays in TTI may result in cancer pro-
gressing to a more advanced stage by the time of treatment initiation.
We aimed to estimate the cancer-specific excess mortality due to
diagnostic and treatment delays caused by COVID-19 restrictions by
quantifying the impact of delays in TTI on cancer stage progression.
Rather than assuming that TTI delays have a direct impact on health
outcomes, this approach assumed that delays only impact outcomes
if they result in disease-stage progression, i.e. treatment being initial-
ized at a more advanced disease stage.’? The analysis was performed
based on a flexible stage-shift model that estimates long-term out-
comes based on the distribution of disease stage at treatment initia-
tion. The model was illustrated by estimating the impact of COVID-19
induced TTI delays on shifts from stage | to stage Il for breast cancer,
colorectal cancer, and lung cancer, and from tumor stage 1 (T1) to T2

for melanoma.

2 | METHODS

The model developed to estimate the impact of delays in TTI due to
the COVID-19 pandemic was based on extrapolation of the impact
of changes in the distribution of disease stage at treatment initiation.
It was made publicly available online using the shiny package!® in
R (version 3.6.1)1 together with the scripts used to perform the
analyses included in this manuscript: http://stage-shift.personex.nl/.
Although data for any cancer type or country can be entered in the

online model, Australian data for four of the country’s most common

cancers are considered here (breast cancer, colorectal cancer, lung
cancer, and melanoma). The subsequent sections describe how the
model estimates expected deaths, life years lost and healthcare costs
based on the distribution of disease stage at treatment initiation, and
introduce two approaches for calculating the stage shift resulting from
delays in TTI. We refer to the baseline scenario as our best estimate of
the distribution of disease stage at treatment initiation in a scenario
without delays, and the stage shift scenario as the distribution following
delays.

2.1 | Health impact in terms of expected life years
The expected survival in life years for a particular distribution of can-
cer stages at treatment initiation was calculated based on the area
under the combined survival curve. This combined survival curve was
obtained by weighting stage-specific survival probabilities by the dis-
tribution of disease stage at treatment initiation (Figure 2). To allow
for appropriate interpolation between data points and extrapolation
beyond the time horizon of the data, parametric distributions were fit-
ted to the combined survival data using nonlinear least-squares regres-
sion of their parameters on logarithmic scale: exponential, Gamma,
Gompertz, log-Normal, log-logistic, and Weibull. In absence of individ-
ual patient data, the best-fitting distribution was selected based on
visual inspection. The impact of a stage shift on the expected survival
was calculated as the difference between the survival outcomes for the
baseline scenario compared to those of the stage shift scenario.

To illustrate the framework, disease stage-specific (TNM stage)
relative survival probabilities were taken from the 2019 “Cancer data

in Australia” report by the Australian Institute of Health and Welfare


http://stage-shift.personex.nl/
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(AIHW)1> for breast cancer, colorectal cancer, and lung cancer
(Table 1). For melanoma, tumor (T) stage-specific overall survival
probabilities were estimated from the Melanoma Research Victoria
(MRV) registry using data on 2,521 patients with a median follow-up
of 3.4 years (Table 1). For this analysis, expected survival was esti-
mated for time horizons of 5 and 10 years by extrapolating combined
year-specific survival probabilities using Gompertz (breast cancer
and melanoma) and Gamma (colorectal and lung cancer) distributions.
Patient-level estimates of the expected life years were translated into
population-level estimates based on the predicted 2020 incidence for
Australia.®

2.2 | Economic impact in terms of healthcare costs
The expected healthcare costs were calculated as the stage-specific
costs weighted according to the distribution of disease stage at
treatment initiation. In the illustration, the impact of stage shifts
on healthcare costs in Australia was estimated up to 5 years after
diagnosis from a public healthcare payer perspective. Goldsbury et al
used data of 7624 participants with a cancer diagnosis registered
in the New South Wales Cancer Registry between 2006 and 2010,
matched to 22 661 cancer-free controls, to determine excess health-
care costs of the 10 most common cancers in Australia.’¢ Healthcare
costs considered included those associated with inpatient hospital
episodes, emergency department presentations, medicines captured
in the Pharmaceutical Benefits Scheme (PBS), and medical services
captured in the Medicare Benefits Schedule (MBS). Goldsbury et al.
did not publish disease stage-specific costs that were needed to
estimate the impact of stage shifts. Therefore, stage-specific costs
were approximated based on these data for each cancer separately in
three steps (see Supplementary Material for details). All costs were
indexed to 2020 Australian dollars ($) using the Australian Health

Index.t”

2.3 | Distribution of disease stage at treatment
initiation

For this analysis, data on the distribution of disease stage published by
the AIHW1° were used to define the baseline scenario for breast, col-
orectal, and lung cancer, and data published by Cancer Council Victoria
for the distribution of T stage for melanoma.® In the absence of empir-
ical evidence on the distribution of disease stage at treatment initiation
during the COVID-19 pandemic, 2 approaches were explored and com-
pared to approximate this distribution through estimating time to stage
progression. Two realistic delay periods were considered: 3 months
and 6 months. These periods were selected because they were con-
sidered plausible from a clinical perspective and have been used in a
previous modeling study.? In absence of real-world data on delays for
patients with advanced disease stages and based on the belief that
those patients are more likely to seek care regardless of restrictions

(e.g., through emergency presentations), the analyses were selected to

be conservative in that they only consider shifts from stage | to stage
Il for breast, colorectal and lung cancer, and from stage T1 to T2 for
melanoma. The model and online tool, however, can also be used to
estimate the health economic impact of shifts to more advanced and
metastatic disease, but such scenarios were not presented because of
the before mentioned reasons.

The treatment delay approach was based on the relation between TTI
and survival, estimating how long a delay in TTI needed to be such
that the mortality rate for stage | patients matches the rate for stage
Il patients. This approach was applied for breast cancer, colorectal can-
cer, and lung cancer based on hazard ratios estimated in a large popu-
lation study.” This study used data from the National Cancer Database
(NCDB) (breast cancer: n = 1 368 024; colorectal cancer: n = 662 094;
lung cancer: n = 363 863) to estimate hazard ratios for delays beyond
6 weeks. The time to stage progression estimates were used to calcu-
late the proportion of patients who would experience a stage progres-
sion in each month in which services were disrupted, assuming inci-
dent cases are diagnosed evenly throughout the year. These propor-
tions were then applied to the baseline scenario to define the stage shift
scenario for the 3- and 6-month delays separately. Details are provided
in the Supplementary Material.

The tumor growth approach estimated the proportion of patients who
would progress to a more advanced stage based on the tumor growth
rate. This approach was applied for melanoma, where the T stage is
directly linked to the thickness of the tumor (Breslow thickness) and
evidence on the monthly increase of tumor thickness is available.l?
Based on the growth rate and the distribution of tumor thickness with-
out delays estimated from the MRV registry, it was simulated how
many patients would have progressed to a T2 tumor following a 3 or
6-month delay. The estimated proportions were applied to the baseline
scenario to define the stage shift scenarios. Details are provided in the
Supplementary Material.

3 | RESULTS

Table 2 presents an overview of the results of the analyses performed
using the stage-shift framework for a 3- and 6-month delay in TTI
for the 2020 Australian incident breast cancer, colorectal cancer, lung
cancer, and melanoma patient populations. Note that in Table 2, the
probability of progression represents the probability that any stage
1/T1patient would progress to stage 11/T2 following a 3- or 6-month
delay. The percentage of patients progressing represents the propor-
tion of patients diagnosed in 2020 who will consequently experience
a stage shift, which is calculated based on the probability of progres-
sion and the duration of service disruptions. Hence, the percentage of
patients progressing is one-quarter of the probability of progression for a
3-month delay (ie, a quarter of a year) and half the probability of progres-
sion for a 6-month delay (ie, half a year).

For a complete delay in TTIl of 3 months for all stage | breast can-
cer patients across Australia, the treatment delay approach estimated a
5.6% probability that these patients would have progressed to stage Il
during this period of disruption. For a 6-month delay, this probability
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TABLE 1 Overview of the cancer type and stage-specific data used for estimating the impact in terms of survival and 5-year healthcare costs,
with TNM classification and relative survival probabilities for breast, colorectal, and lung cancer, and T-stage classification and overall survival

probabilities for melanoma

Predicted incidence for 2020 (#)

Stage at Treatment Initiation (%)

stagel/T1
stage Il /T2
stagelll /T3
stage IV/T4
stage unknown
1-year survival (%)
stagel/T1
stage Il /T2
stagelll /T3
stageIV/T4
stage unknown
2-year survival (%)
stagel/T1
stage Il /T2
stagelll /T3
stageIV/T4
stage unknown
3-year survival (%)
stagel/T1
stage Il /T2
stagelll /T3
stageIV/T4
stage unknown
4-year survival (%)
stagel/T1
stage Il /T2
stagelll /T3
stageIV/T4
stage unknown
5-year survival (%)
stagel/T1
stage Il /T2
stagelll /T3
stage IV/ T4

stage unknown

Healthcare costs over 5 years

stage|/T1
stage Il /T2
stagelll /T3
stage IV/T4

stage unknown

Breast Cancer

19998

43.0
34.7
121
4.6
55

100.0
99.9
98.1
69.2
89.5

100.0
98.8
934
57.6
83.1

100.0
97.5
88.3
47.1
76.4

100.0
95.7
84.2
38.7
69.9

100.0
94.6
80.6
32.0
65.0

$50,699
$67,069
$98,632
$105,934
$100,860

Colorectal Cancer

16 634

221
243
23.6
17.7
12.3

99.3
96.4
93.5
49.3
75.9

99.1
94.2
85.5
32.0
65.8

98.8
92.9
79.1
22.8
61.4

99.0
90.8
74.3
16.8
58.7

98.6
88.6
71.3
134
56.9

$51,531
$66,504
$121,558
$120,015
$121,077

Lung Cancer

13092

11.7

6.5
11.2
42.2
28.5

90.8
69.8
57.8
19.2
43.6

82.7
524
32.9

8.3
271

76.1
420
252

53
20.4

71.4
35.6
20.1

3.9
16.1

67.7
32.3
171

3.2
14.4

$28,532
$28,532
$67,065
$79,045
$70,678

Melanoma

15691

61.8
13.6
10.2
6.6
7.8

99.2
98.0
97.2
94.8
89.9

97.9
94.5
89.5
65.0
80.7

96.9
89.6
83.9
75.5
76.3

94.4
85.8
78.8
67.5
74.6

91.7
83.0
73.2
61.6
737

$13,981
$25,715
$30,644
$38,216
$32,960
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TABLE 2 Results of the exploratory analyses for the 2020 Australian incident populations, only considering shifts from stage | to stage Il
(breast cancer, colorectal cancer and lung cancer) and stage T1 to stage T2 (melanoma)

Breast Cancer Colorectal Cancer Lung Cancer Melanoma
3 Month 6 Month 3 Month 6 Month 3 Month 6 Month 3 Month 6 Month
Delay Delay Delay Delay Delay Delay Delay Delay
Stage Progression
Probability of 5.6% 10.9% 3.0% 5.9% 8.3% 16.0% 32.0% 64.0%
progression from |
tollorT1toT2
% of patients who 1.4% 5.5% 0.7% 2.9% 2.1% 8.0% 8.0% 32.0%
progressed
Health Outcomes
Excess deaths after5 7 25 3 11 43 67 270
years
Life yearslostovera 20 64 7 44 170 195 791
5-year time
horizon
Lifeyearslostovera 77 239 24 98 373 626 2584
10-year time
horizon
Economic Outcomes
Incremental $1,981 $7,699 $411 $1,619 - - $9,109 $36,436

healthcare costs
(in thousands)*

*No differences between treatment costs for stage | compared to stage Il were assumed for lung cancer.

was estimated to be 10.9%. Because not all stage | patients in the 2020
population would have been diagnosed in the months where COVID-
19 restrictions were imposed, the proportions of stage | patients diag-
nosed in 2020 experiencing progression were 1.4% and 5.5%, for a 3-
and 6-month delay, respectively. The stage-shift model then estimated
this would result in 7 or 25 excess deaths after 5 years for the 2020
breast cancer population, respectively. Over a 5- and 10-year time hori-
zon, the estimated expected loss in life years for the 2020 population
was 20 and 77 life years if a 3-month delay was observed, and 64 and
239 life years for a 6-month delay. Following the stage-shift due to a
3-month delay, healthcare costs for the incident 2020 breast can-
cer population were estimated to increase by $2.0 million, whereas a
$7.7 million increase was estimated for a 6-month delay.

Because the time to stage progression estimated using the treat-
ment delay approach for colorectal cancer exceeded that of breast can-
cer (see Supplementary Material), the probability of stage progression
was lower compared to breast cancer at 3.0% for a 3-month delay and
5.9% for a 6-month delay. This translated to proportions of the 2020
incident stage | population of 0.7% and 2.9%, respectively. The number
of excess deaths after 5 years was estimated to be 3and 11, for a 3 and
6-month delay, respectively. Over a 5 and 10-year time horizon, the loss
in expected survival was 7 and 24 life years for a 3-month delay, and 29
and 96 life years for a 6-month delay. The increment in healthcare costs
for a 3-month delay in the 2020 diagnosed population was estimated
at $411 000, with an estimated increase of $1.6 million for a 6-month
delay.

For lung cancer, the probability of progression during a 3-month
delay was estimated to be 8.3% according to the treatment delay
approach, and 16.0% for a 6-month delay. Consequently, the proportion
of stage | lung cancer patients from the 2020 population that would
progress during the delay was 2.1% and 8.0%, for a 3 and 6-month
delay, respectively. Given the more substantial difference in overall sur-
vival between stage | and stage Il for lung cancer compared to breast
and colorectal cancer, this translated into estimated excess deaths of
11 and 43 after 5 years, respectively. In terms of expected survival in
life years, a 3-month delay was estimated to result in a loss of 44 and
98 life years, and a 6-month delay to result in a loss of 170 and 373
life years, over a 5 and 10-year time horizon, respectively. No differ-
ences in healthcare costs for treating the incident 2020 lung cancer
population following a stage shift from stage | to stage Il were found,
because treatment costs for these two stages were estimated to be
equal (Table 1).

Melanoma was the only tumor stream for which stage progression
following a delay in TTl was estimated using the tumor growth approach,
which contributed to the highest impact across all considered cancer
types. The probabilities of progressing due to a 3 or 6-month delay
were 32.0% and 64.0%, respectively, which was estimated to result
in 8.0% or 32.0% of the 2020 T1 melanoma patients progressing to
T2 disease. At 67 following a 3-month delay and 270 following a 6-
month delay, the number of excess deaths after 5 years was the high-
est for melanoma. This translated into 195 or 626 life years lost for a

3-month delay,and 791 or 2584 life years lost for a 6-month delay, over
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a 5 and 10-year time horizon, respectively. Based on the stage shift,
healthcare costs for treating the 2020 diagnosed T1 melanoma popula-
tion were estimated to increase with $9.1 million following a 3-month
delay or $36.4 million following a 6-month delay.

4 | DISCUSSION

Here we present an early modeling study to estimate excess mortality
due to delays in TTI as a result of the COVID-19 outbreak. For the 4
cancers included, we estimated the excess mortality projected across
Australia due to the expected fraction of cancers transitioning from
stage I/T1 to stage 11/T2 disease. Excess mortality of 88 deaths after
5 years was estimated for a delay of 3 months, and 349 deaths for
a delay of 6-months. In addition, excess healthcare costs can be up
to $12 million over 5 years for a 3-month delay, increasing to $46
million for a 6-month delay. This estimated excess mortality causes an
imminent policy concern. If new cancer diagnoses continue to remain
low compared to baseline and further delays occur if the hospital and
surgical capacity are affected, the long-term effect of COVID-19 on
cancer health outcomes should not be neglected.

This study is not the first to flag concerns of increasing diagnostic
and treatment delays. A rapid decline in cancer incidence in the Nether-
lands has led to immediate awareness campaigns that encouraged peo-
ple to see their GP if they experienced suspicious symptoms.! Earlier
studies have also flagged the collateral damage occurring from declin-
ing cancer incidence and reductions in delivery of multi-disciplinary
cancer services in the UK.23 Lai et al. used hospital admission data to
estimate excess deaths of about 6270 in the UK and 33 890 in the
United States in addition to COVID-19 related mortality.? Sud et al.
used hazard ratios for the impact of delayed surgery on overall sur-
vival, estimating attributable deaths of 10 555 in the UK resulting from
a 6-month delay.® Most recently, Maringe et al. utilized linked English
National Health Service (NHS) cancer registration and hospital admin-
istrative datasets in a modeling study to estimate excess mortality
between 281 and 344 deaths for breast cancer, 1445-1563 for colorec-
tal cancer, 1235-1372 for lung cancer, and 330-342 for oesophageal
cancer.20 Differences between findings from these studies and our con-
servative estimates can be explained by three factors. First, health care
systems and population sizes and demographics are different between
the UK, the United States, and Australia. Second, our stage-shift frame-
work assumed delays only have an impact on health outcomes if they
result in progression to a more advanced disease stage, whereas the
other studies assumed an impact for every delayed patient. Third, we
only considered shifts from stage | to stage Il or from T1 to T2 in our
illustration, whereas the other studies considered all disease stages to
be subject to delays. As a consequence, our estimates on the excess
number of cancer deaths will likely underestimate the actual number
of excess cancer deaths. However, it isimportant to note that additional
analyses, including those of shifts in more advanced disease stages and
for different countries, can be performed using the online version of the

model.
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While the stage-shift model is flexible and easy to implement, one
criticism of the approachis that stage at treatment initiation is assumed
to be an ordinal variable for which survival and costs were extrapo-
lated. However, there is significant heterogeneity within each stage
between patients with poorer and better prognoses (eg, tumor size of
4 mm compared to 17 mm in breast cancer). Nevertheless, compared to
previous modeling approaches, a strength of the current model is that
it does not assume that the delays will affect all patients, but only those
whose disease progresses to a subsequent, more advanced stage. This
is an essential feature, as current observational studies and system-
atic reviews are not conclusive about the relation between diagnostic
delays and survival and significant heterogeneity is expected between
cancers and between individual patients.®

Because patient-level data about the disease stage at treatment ini-
tiation during the COVID-19 pandemic is not yet available, we esti-
mated this distribution based on the delay in TTI. For this estimate,
we extensively searched the literature for observational studies inves-
tigating the relationship between treatment delay, stage progression,
and survival,”21-23 as well as mathematical models predicting stage
progression from tumor growth.242> The likelihood of stage shifts
according to the treatment delay approach strongly depends on the
assumed hazard ratios for the impact of delays in TTI on survival. In the
illustration for stage | breast cancer, colorectal cancer, and lung can-
cer, these hazard ratios were extracted from a recent study that used
a large patient sample from the NCDB to obtain estimates for multiple
cancer types according to a consistent analysis framework. Although
these estimates from a single study improve comparability between
cancer types, other studies have also estimated the impact of delays
in TTI on survival. For breast cancer, Bleicher et al. (2016) used data
from the NCDB (n = 115 790) and Surveillance, Epidemiology and End
Results (SEER) database (n = 945 441) to estimate hazard ratios of 1.16
(NCDB) and 1.13 (SEER) for every 30-day increase in time between
diagnosis and surgery for stage 1.22 These estimates are higher com-
pared to the hazard ratio of 1.018 for a 7-day delay used here, which
translates to a 30-day hazard ratio of 1.08. For colorectal cancer, Lee
et al.(2019) used data on 39 900 patients from the Taiwan Cancer Reg-
istry Database to estimate a hazard ratio of 1.41 for TTI between 31
and 150 days compared to TTI < 31 days for stage |, and a hazard ratio
of 2.66 for TTI beyond 151 days,2% which are substantially higher than
the hazard ratio used in the illustration. Regarding lung cancer, Samson
et al. used data on 39 995 stage | non-small cell lung cancer patients
from the NCDB to estimate a hazard ratio of 1.004 for every week
between diagnosis and surgery beyond 8 weeks,2¢ which is lower than
the hazard ratio of 1.032 used here.

While different assumptions had to be made, we aimed to provide
conservative but realistic estimates based on the Australian data and
by analyzing a realistic 3-month and a possible 6-month delay. First,
although the impact of stage progressions from stage Il to stage Il and
from stage Il to stage IV are likely to be associated with significant
excess mortality and cost, we only considered shifts from stage | to
stage |l disease for breast, colorectal, and lung cancer, and shifts from
T1 to T2 for melanoma. These shifts have a relatively limited impact

on expected survival and healthcare expenditure. Second, because the
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illustration focusses on stage | and T1 cancers, only a proportion of the
complete patient populations was considered to experience delays and
be at risk of disease progression: 62% for melanoma, 43% for breast
cancer, 22% for colorectal cancer, and 12% for lung cancer (Table 1).
Since diagnostic and treatment delays are likely to occur throughout all
stages of disease, the estimates in our illustration are relatively conser-
vative, because those patients would also be at risk of disease progres-
sion. Diversity in the proportion of stage | or T1 patients between the 4
cancers relative to their absolute incidence also explains differences in
excess mortality, with the impact of breast cancer and melanoma being
more severe. If we had modeled additional stage shifts from stage Il to
stage IV, for example, the excess mortality in lung and colorectal can-
cer would have been substantially higher. Third, we only model inci-
dent cases, i.e. patients diagnosed in 2020. But delays in treatment for
prevalent patients, such as surgery, have also been reported. Further-
more, it is likely that prevalent cancer patients at high-risk for COVID-
19 will experience additional service disruptions, such as adjusted ther-
apy intensity. Obviously, when considering the impact of treatment
delays and modifications for prevalent patients, real-world excess mor-
tality is expected to be substantially higher. Fourth and finally, the eco-
nomic impact of stage shifts was modeled based on an average cost
per diagnosis conditional on the stage at diagnosis. Consequently, the
cost of increased cancer-related deaths, for example in terms of pallia-
tive care, was not reflected. If the death-related cost would have been
reflected separately, the impact of the delays on economic outcomes
would have been even more profound. Therefore, the estimate of the
economic impact can be considered conservative in that regard.

In conclusion, we have developed a flexible stage-shift model allow-
ing estimation of the long-term health outcomes and economic impact
of delays in access to care due to the COVID-19 pandemic. Initial anal-
yses have estimated excess mortality of nearly 90 deaths and excess
costs of more than $12 million based on a realistic 3-month delay. How-
ever, the analyses also demonstrate that hundreds of life years may be
lost over the following years due to delays in TTI if delays increase to
6 months. Although the results are preliminary, they are indicative of
the potential impact of service disruptions due to COVID-19 on cancer
outcomes in the years to come and can create awareness and provide
an incentive for restoring health service throughput levels to normal as

soon as possible.
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