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Abstract

Objective: To describe the distribution of disease stages, receipt of major surgery, 1-year net survival (NS) and 1-year
conditional NS in relation to age and frailty in adults aged >50 diagnosed with colon cancer in England.

Methods: We obtained data on adults aged 50-99 diagnosed with colon cancer between 2014 and 2019, followed up
through December 2021, from the national population-based COloRECTal cancer Repository. Frailty was assessed using
the Secondary Care Administrative Records Frailty (SCARF) index categorised into fit, mild, moderate and severe frailty.
Data on major resection were obtained through linkage with Hospital Episode Statistics dataset. Major resection rates were
calculated in adults with stage I-IIT cancer. Descriptive statistics were used as appropriate. One-year NS from cancer diagnosis
and 1-year conditional NS were estimated using the Pohar-Perme estimator.

Results: Out of 130 360 individuals (48% females—50% over 75), 48.9% were fit, ranging from 69% in the 50-64 age group
to 31% in the 85-99 age group. Over 80% of adults with stage I-III cancer underwent a major resection. This percentage
was 58% amongst fit adults aged over 85. One-year NS decreased as age increased across all frailty levels. Differences in NS
between the 50—-64 age group and the 85-99 age group were reduced in adults who survived beyond 1 year from diagnosis
except for severely frail adults.

Conclusion: This population-based study shows that a non-negligible proportion of older adults diagnosed with colon cancer
and deemed ‘fit’ through the SCARF did not receive surgery that may impact their survival.
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Key Points

* Most population-based studies uses chronological age when describing the epidemiology of cancer in older populations.
* Frailty can be assessed in electronic health data using recently developed indices such as Secondary Care Administrative
Records Frailty (SCARF) index.
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* Under half of adults aged 50-99 diagnosed with colon cancer in England over 2014-2019 were considered fit.
* Whilst otherwise fit, 58% of those aged 85-99 with stage I-III colon cancer did not undergo major surgery.
* We confirmed poorer cancer survival in older adults, after correcting for background mortality, mainly within the first year.

Introduction

Colon cancer is common with over 24 000 new diagnoses
every year in England, and survival is relatively good with
76% surviving the first year of diagnosis [1]. However, a
study conducted in high-income countries, including Eng-
land, showed adults aged 75 years or older had poorer colon
cancer survival than younger adults, even after removing
age-related differences in background mortality [2]. Previous
analyses highlighted an excess mortality in the first months
of diagnosis in older adults that was greater in England
when compared to Norway, Finland and Sweden [3, 4].
Together with studies in other settings [4—6], these findings
suggest the period around diagnosis and first-line treatment
is crucial in understanding age-related differences in colon
cancer survival.

Surgery is the main treatment in adults with non-
metastatic colon cancer regardless of their age [7]. However,
the likelihood of receipt of surgery decreases as age at
diagnosis increases, paralleling the poorer colon cancer
survival, especially in adults aged 75 years or older [8].
Reasons for not performing surgery include patients’
preferences [9, 10], clinical condition (e.g. the patient is
too frail, or at high risk of postoperative complications) or
age bias [11, 12].

Older adults are more likely to be diagnosed at an
advanced stage or through emergency settings than younger
adults, and both are associated with a lower chance of
curative treatment and an excess mortality risk [13, 14].

All these population-based studies used chronological age
only; yet, the same cohort of older adults can include people
with health status ranging from very poor to very good [15].
If we are to further understand the reasons for age-related
differences in survival outcomes at population level, there is
a need to have an indicator of biological/physiological age
that reflects this range in health status.

From electronic health data, the level of frailty may be
assessed using recently developed indices, including the Sec-
ondary Care Administrative Records Frailty (SCARF) index
[16] that is based on the cumulative deficit model of frailty
[17].

Investigating age-related differences in cancer treatment
and outcomes by frailty level may help quantify the extent
to which the differences are due to inequity of management.

Using the national population-based COloRECTal can-
cer Repository (CORECT-R), this study describes differ-
ences in: distribution of disease stage at diagnosis, receipt
of major surgery, 1-year net survival and 1-year net survival
conditional on surviving the first year of diagnosis, in relation
to age and frailty status in adults aged 50 years or older
diagnosed with colon cancer in England.

Methods

This retrospective observational population-based study
included 130 377 adults diagnosed in England with a first
occurrence of colon cancer (International Classification of
Disease-version 10 (ICD10) codes: C18.0-C18.9) between
2014 and 2019 aged between 50 and 99 years old [18].
These data were sourced from CORECT-R, a national
population-based resource that provides information about
all people diagnosed with colorectal cancer in England by
linking cancer registry data to a variety of datasets including
hospitalisation data from Hospital Episode Statistics (HES)
[18]. Analysis was restricted to individuals aged >50
because early onset colon cancer has different features and
management [19, 20].

We excluded adults with no information on vital status
(n=2) or the last known alive date (n=115).

Patient characteristics [age at diagnosis, sex, socio-
economic deprivation level measured using quintiles of the
income domain of the 2015 Index of Multiple Deprivation
(IMD)] [21], stage at diagnosis (categorised into I, II,
III, IV and unknown), vital status (updated in July
2022) and date of death were retrieved from the National
Cancer Registration and Analysis Service (NCRAS) dataset
component of CORECT-R.

The SCARF index was calculated from the linked HES
data from 32 deficits covering elements of the comprehen-
sive geriatric assessment (excluding polypharmacy) and 20
comorbidities (see list of items in Supplemental Material)
[16]. It was validated in women aged >50 years old diag-
nosed with breast cancer in 2014-17 in England. The index
was built for each patient using the number of deficits (out
of 32) identified within 2 years prior to cancer diagnosis. A
recent study showed that SCARF performs as well as other
frailty indices using HES data in English colorectal cancer
patients [22].

Statistical analysis

Based on the original study, the SCARF index was strat-
ified into four levels of frailty as follows: fit=0-1 deficit,
mild frailty = 2-3 deficits, moderate frailty = 4-5 deficits and
severe frailty = 6 or more deficits [16]. We categorised age at
diagnosis into the four following categories: 50—-64; 65—74;
75-84; 85-99.

All analyses were stratified by age group and SCARF cat-
egory. Percentages were used to describe categorical variables
and median and interquartile range for continuous variables.
We calculated major resection rates in adults with stage I-I1I
colon cancer only as surgery can be complicated in advanced
metastatic cancer [23]. One-year net survival, that is survival
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in the hypothetical world where cancer is the only cause of
death, and 1-year conditional survival was estimated using
the Pohar-Perme estimator from date of diagnosis and date
of diagnosis +365 days, respectively [24, 25]. The Pohar
Perme estimator is based on the calculation of the excess
mortality hazard attributable to cancer and requires two
key pieces of information: the mortality hazard for cancer
patients, sourced from the CORECT-R resource, and the
background mortality rates in the general population. The
background mortality, i.e. the probability that a person of a
certain sex, and age at the beginning of year y survived until
the end of that year, was obtained from population lifetables.
Sub-national smoothed lifetables stratified by age, sex, socio-
economic deprivation level and region for the period 2002—
2021 were retrieved from hteps://www.cancerdata.nhs.uk/su
rvival/lifetables. The national probabilities were estimated by
calculating the weighted average of regional probabilities by
deprivation level, sex, age and year. The weights were the
relative region’s population size obtained from Office for
National Statistics by year (up to 2020), age (up to 90+),
sex and deprivation level. We assumed the weight for ages
91-100 was the weight for the age category 90+, and the
weights for the year 2021 were similar to those of the year
2020. We censored survival time at 1 year after the start of
follow-up (i.e. diagnosis date or diagnosis date +1 year for
the estimation of net survival and conditional net survival,
respectively). The end of follow-up was set on 31 December
2021 due to availability of life tables required for the analysis.

We performed data management and statistical analyses
using R statistical software (version 2022.07.2, Build 576;
R Development Core Team, 2022). The relsurv package was
used for estimating the Pohar-Perme estimator [25].

Ethics

The project is covered by the Establishing a UK Col-
orectal Cancer Intelligence Hub Research Ethics approval
(18/SW/1034) granted by the Southwest—Central Bristol
Research Ethics Committee on the 1 June 2018.

Results

The study population included 130 260 adults aged >50
diagnosed with colon cancer in 2014-2019 in England
(48.0% female—50.2% over 75).

Opverall, 13.5% were diagnosed with stage I, 26.2% with
stage II, 24.5% with stage III, 23.9% with stage IV and
12.0% had an unknown stage. The percentage of cancers
with unknown stage increased as age increased from 5.9%
in the 50—64 age group to 28.6% in the 85-99 age group.
In contrast, the percentages of adults diagnosed with stage
I cancer decreased as age increased from 15.3% to 7.9%
between the youngest and the oldest age group (Table 1).
The percentages of the other stages were similar across age
groups.

Based on the SCAREF index, 48.9% of adults were cate-
gorised as fit, 21.4% as mildly frail, 13.9% as moderately frail

and 15.8% were severely frail. The percentage of fit adults
decreased as age increased from 69% in the 50—64 age group
to 31% in the 85-99 age group (Table 1 and Figure 1A),
whilst the percentage of severely frail adults increased from
4% in the 50-64 age group to 32% in the oldest group.

Overall, 81.5% of adults with stage I-III colon cancer
underwent a major resection. This percentage was the small-
est in adults aged 85-99 with 56.3% who underwent major
resection against >80% in younger age groups (Table 1).

One-year net survival from colon cancer decreased as age
increased from 84.4% (83.9%-84.8%) in the 50-64 age
group to 53.5% (52.7%-54.3%) in the oldest age group
(Table 1).

Across all age groups, the percentage of people diagnosed
with colon cancer of unknown stage was greatest in those
with severe frailty whilst they were similar in all other frailty
levels (Figure 1B). The percentage of adults with unknown
stage was particularly high in those aged 85-99, ranging
from 26% in fit adults to 37% in severely frail adults.

Major resection rates were lowest in adults aged >85
in all frailty levels (Figure 1C). Age-related differences in
major resection rates between the 50-64-year-old group and
the 85-99-year-old group varied between 23.5 percentage-
points in mildly frail adults and 38.3 percentage-points in
those with severe frailty. Differences in other frailty levels
were 29.8 and 29.0 percentage-points in fit and moderately
frail adults, respectively.

With respect to survival, the 1-year net survival decreased
as age increased across all frailty levels (Figure 1C, Supple-
mental Table 1). Except for adults with severe frailty, age-
related differences in 1-year net survival were greatly reduced
across all frailty levels when conditional on surviving the first
year of diagnosis (Supplemental Table 1 and Figure 1). In
those who survived the first year, oldest adults still had poorer
colon cancer survival than younger age groups.

Discussion

Using national population-based cancer registry data in Eng-
land, we showed that just under half of adults aged 50—
99 diagnosed with colon cancer over the study period were
considered fit according to the SCARF classification. How-
ever, whilst otherwise fit, 58% of those aged 85-99 with
stage I-III colon cancer did not undergo major surgery. We
also confirmed poorer cancer survival in older adults than
younger adults, after mortality background differences were
removed, mainly within the first year of diagnosis. Our
findings call for a better understanding of the reasons for age-
related differences in major surgical intervention rates in fit
older adults with colon cancer in England.

Half of adults aged >50 diagnosed with colon cancer live
with some degrees of frailty, that is much higher than the
prevalence observed in the ELSA wave eight study (non-
cancer) population of the same age (9.9% pre-frailty and
8.1% frailty—different frailty measure) [26] or in women
aged >50 diagnosed with breast cancer (20.8%—SCARF
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Table |. Characteristics of adults aged >50 diagnosed with colon cancer in 2014-18, England.

Age groups 50-64
n 26 686
# deaths within 1st year (%) 4454 (16.7)
Median age (Interquantile Range) 59 (55-62)

Females (%)

Deprivation quintile (%)

11 995 (44.9)

I—most deprived 5654 (21.2)
2 5852 (21.9)
3 5307 (19.9)
4 4978 (18.7)
5—Ileast deprived 4895 (18.3)
Stage at diagnosis (%)
1 4088 (15.3)
11 6529 (24.5)
111 7385 (27.7)
v 7102 (26.6)
Unknown 1582 (5.9)
Frailty level (%)
Fit 18 406 (69.0)
Mildly frail 5112 (19.2)
Moderately frail 2087 (7.8)
Severely frail 1081 (4.1)

15 823 (87.9)

Major resection® (%)
1-year net survival (%-95% confidence interval)

84.4 (83.9-84.8)

65-74 75-84 85-99

38 122 42797 22 655

8310 (21.8) 14 541 (34.0) 12 846 (56.7)
70 (68-72) 80 (77-82) 88 (86-90)

16 722 (43.9) 20 843 (48.7) 12 966 (57.2)

8566 (22.5) 9820 (22.9) 5171 (22.8)
9005 (23.6) 10 064 (23.5) 5297 (23.4)
7819 (20.5) 9014 (21.1) 5008 (22.1)
6861 (18.0) 7598 (17.8) 4145 (18.3)
5871 (15.4) 6301 (14.7) 3034 (13.4)
6365 (16.7) 5312 (12.4) 1786 (7.9)

10 431 (27.4) 12 219 (28.6) 4904 (21.6)
9857 (25.9) 10 351 (24.2) 43064 (19.3)
8909 (23.4) 9936 (23.2) 5132 (22.7)
2560 (6.7) 4979 (11.6) 6469 (28.6)
21 621 (56.7) 16770 (39.2) 6964 (30.7)
8386 (22.0) 10011 (23.4) 4355 (19.2)
4451 (11.7) 7401 (17.3) 4118 (18.2)
3664 (9.6) 8615 (20.1) 7218 (31.9)
23385 (87.8) 22 690 (81.4) 6220 (56.3)

81.0 (80.5-81.4) 71.8 (71.4-72.3) 53.5 (52.7-54.3)

*Restricted to adults diagnosed with stage I-IIT colon cancer.
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Figure 1. Distribution of (A) SCARF categories by age group, (B) stage at diagnosis, (C) receipt of major surgery in adults with
stage I-IIT cancer and (D) 1-year net survival by SCARF category and age group in adults aged >50 diagnosed with colon cancer

in 2014-19, England.

index) [16]. Although comparison between different popu-
lations is difficult, the higher prevalence of frailty in adults
with colon cancer was unexpected. One hypothesis may be
that both conditions share similar risk factors, specifically
lifestyle risk factors (i.e. high body mass index) [27]. Another
hypothesis is that the development of colon cancer over time
increases the vulnerability of the body to face with stressors.
Further work is needed to investigate reasons for higher
prevalence of frailty in older adults with colon cancer.

As in previous studies [28], we confirmed that the per-
centages of unknown stage at diagnosis increased as age

4

increased in adults diagnosed with colon cancer in England.
However, we showed, for the first time, that unknown stage
was more frequent in frailer adults regardless of age at diagno-
sis. We also showed that fit older adults diagnosed with colon
cancer of unknown stage were less likely to receive surgery
than their younger counterparts. However, we are unable
to know reasons for unstaged cancer, specifically in older
ones, with data available. They could be because adults were
seemed unfit to undergo surgery at the time of diagnosis, or
surgery was not proposed because of potential age bias, or
the patient refused it.
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Whilst it is well documented that older age is associated
with lower receipt of surgery [8], our population-based study
showed that even fit older adults (measured through the
SCAREF index) were less likely to receive surgery compared
to fit younger adults. Not receiving surgery may be a patient
choice or physicians’ decision based on patients’ health status
or because of a perceived lack of evidence base and specific
recommendations for older adults. Surgery may offer a sur-
vival benefit for fit older adults with colon cancer, therefore
there is an urgent need to explore why this group do not
receive surgery.

More advanced disease and lower major surgery receipt in
older adults logically resulted in poorer 1 year colon cancer
survival in these adults compared to younger adults. Age-
related differences in colon cancer survival have already been
documented in high-income countries [3, 29, 30]; however,
our findings showed that these differences exist even in
seemingly fic adults.

Our study has limitations. There may be some misclas-
sifications into frailty levels using SCARF index. Indeed,
because SCARF index is built using hospital discharge data,
it is possible that adults with some degrees of frailty who
did not present to hospital in the previous 2 years were
incorrectly categorised into fit adults. In addition, some
deficits may not have been recorded. On the contrary,
SCAREF items are considered regardless of their duration
(e.g. transitory or chronic). Triangulation with other
electronic data sources such as general practitioner data or
pharmaceutical prescription data is warranted. An in-depth
understanding of factors influencing age-related differences
in the treatment-decision making process using qualitative
approach could also be valuable, but this type of research is
still scarce.

Another limitation relies upon the use of the same weight
for every SCARF index item that may not have the same
impact on colon cancer management or survival.

A further limitation is that the lifetable used to esti-
mate net survival was not stratified by frailty status that
is associated to both colon cancer specific- and all-cause
mortality. Net survival estimates may then be under—or
over-estimated.

Beyond survival, we have not examined other outcomes
such as postoperative morbidity and quality of life. Future
studies are needed to explore these outcomes in relation to
frailty status.

The SCARF index, like other frailty indices developed
using administrative datasets, is not intended for use in clini-
cal practice. Consequently, its performance in comparison to
clinically used tools, such as the WHO performance status
or the Clinical Frailty Scale, remains unclear. Future studies
should focus on comparing tools developed from electronic
healthcare data with those used in practice to determine if
they are assessing the same aspects of frailty.

As strengths, our study is nationally inclusive, reduc-
ing the risk for selection bias. The incorporation of
a frailty measure also provides more clinically relevant
analysis.

Conclusion

In this nationally inclusive population-based study, we
showed that a non-negligible proportion of fit older adults
diagnosed with colon cancer did not get their cancer staged,
and did not receive major resection, both factors associated
with poorer colon cancer survival. A comprehensive
understanding of drivers of age-related differences in staging
and treatment in fit adults is urgently needed.
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