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Background: Colorectal cancer (CRC) is the 3rd most common cancer in men

and 2nd most common malignancy in females across the globe leading to high

mortality rates. Frailty is an age-related syndrome that has been associated with

high morbidity and mortality. This systematic review aimed to examine if frailty

can predict long-term (>1 year) outcomes of patients with CRC.

Methods: This PROSPERO registered review examined the databases of PubMed,

Embase, and Web of Science till 4th September 2023 for cohort studies assessing

the association between frailty and long-term outcomes of CRC.

Results: 15 studies with 45288 patients were included. 6573 patients (14.5%) were

frail. Meta-analysis demonstrated that frailty was associated with statistically

significant poor overall survival (OS) (HR: 2.11 95% CI: 1.44, 3.08 I2 = 94%) (14

studies), cancer-specific survival (CSS) (HR: 4.59 95% CI: 2.75, 7.67 I2 = 38%)

(2 studies), and disease-free survival (DFS) (HR: 1.46 95% CI: 1.28, 1.66 I2 = 0%) (5

studies) after CRC. Subgroup analysis for OS based on study type, location,

sample size, stage of cancer, percentage with frailty, treatment, adjustment for

CRC stage and comorbidities, and follow-up did not change the results. These

results were not altered in significance on sensitivity analysis.

Conclusion: Our results show that frail CRC patients have poor OS and DFS as

compared to non-frail patients. Variations in frailty measurement tools and high

inter-study heterogeneity are major limitations of the review.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,

PROSPERO, CRD42023450586
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Introduction

Colorectal cancer (CRC) is one of the most prevalent

malignancies diagnosed worldwide. In men, it stands as the 3rd

most common cancer while in females it is the 2nd most common

malignancy across the globe (1). Some geographical variations have

been noted in its incidence with a predominance in Asian

populations but in recent times a large number of cases have also

been noted in Western populations (2). Additionally, CRC has a

predilection for the elderly with more than 60% of cases being

detected in those aged ≥65 years and the median age of diagnosis is

67 years (3).

Elderly patients constitute a special cohort due to age-related

reduction in host immunity and organ functions. The diminished

physiologic reserve seen with increased age which causes a

reduction in resiliency and adaptive capacity and increased

vulnerability to stressors has been termed as frailty (4). It is

characterized by muscle wasting, weight loss, and a decline in the

functional capacity of the individual. Frailty, which can be classified

as an age-related syndrome, has been associated with high

morbidity and mortality (5). Additionally, such patients have a

higher risk of surgical complications (4) and chemotherapy-related

toxicities (6). Multiple studies have shown that frailty is seen in

about 5-71% of elderly patients (7, 8). Frailty has also been

associated with malnutrition and chronic inflammation. Together

with the increased risk of treatment-related complications, frailty

may also be associated with poor long-term survival and increased

risk of recurrence after cancer (7, 8). Indeed, frailty can be a good

prognostic indicator performing better than other indices like the

American Society of Anesthesiology score or the Charlson

Comorbidity Index (9, 10).

The association between frailty and outcomes of CRC has been

examined by many studies but most have focused on short-term

outcomes (4). There is a paucity of data on the impact of frailty on

long-term outcomes of CRC. Therefore, we performed the current

systematic review and meta-analysis to compile data from

published studies and provide the best possible evidence on the

prognostic role of frailty in cases of CRC.
Methods

Search strategy and inclusion criteria

As per guidelines, the reviewers drafted a review protocol and

uploaded it on the international register PROSPERO (Available on

https://www.crd.york.ac.uk/prospero/ with registration number

CRD42023450586). The study was performed based on the

criteria of the Preferred Reporting Items for Statistic Reviews and

Meta-Analyses statement (11). Databases of PubMed, Embase, and

Web of Science were searched online for English-language articles.

The search was completed on 4th September 2023. Conference

proceedings and unpublished or non-peer-reviewed data were not

considered during the search.

All eligible studies had to meet the following criteria: 1. Cohort

studies conducted on adult CRC patients. 2. Reporting association
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between frailty and overall survival (OS) or disease-free survival

(DFS). 3. The examined association was reported as an effect size

with 95% confidence intervals (CI) or sufficient data was provided

to calculate the same. 4. Follow-up was at least one year. All criteria

for evaluation of frailty were acceptable.

Studies not reporting separate data for CRC, reporting only

short-term outcomes, and duplicate studies were excluded.

The search strategy was formulated using the keywords: “frail”,

“frailty”, “geriatric assessment”, “colorectal cancer”, “colon cancer”,

“rectal cancer”, “colorectal carcinoma”, “colon carcinoma”, and

“rectal carcinoma”. Different combinations were used using AND

and OR.

Two reviewers were involved in the search process which first

began with title and abstract screening. Studies were excluded if the

title or the abstract did not conform with the aims of this review.

Full text was then obtained for all identified acceptable studies, or

when the relevance of an article could not be determined.

Disagreements were settled by consensus. The same process was

performed for the full-text review. The bibliography of included

studies was cross-referenced to discover further eligible studies.
Data extraction

Two reviewers performed the data extraction and assimilated

information related to the year of the study, the author’s first name,

country, study type, sample size, mean/median age of the

population, gender details, CRC stage, frailty scale, number of

frail patients, treatment protocols used, factors adjusted in the

outcome analysis, and follow-up.

According to the guidelines of the Newcastle-Ottawa Scale

(NOS) (12), the included studies were judged for bias by two

independent reviewers in the domains of selection of cohort,

comparability, and outcome assessment. The three components

were given points for questions included in the NOS. The total

points available are; selection: 4; comparability: 2; and outcome

assessment: 3.
Statistical analysis

Outcomes assessed by quantitative analysis included OS, DFS,

and cancer-specific survival (CSS). The effect size for the association

between frailty and survival was combined to generate a hazard

ratio (HR) with 95% CI. If the effect size was not reported in

numerical values in any article, the same was calculated from

Kaplan-Meier survival plots (13). Meta-analysis was conducted in

a random-effects model using the software “Review Manager”

(RevMan, version 5.3). Outliners were assessed using a sensitivity

analysis involving the removal of one study at a time. The chi-

square-based Q statistics and I2 statistics were used for inter-study

heterogeneity. A p-value of <0.10 for Q statistic and I2 >50% meant

substantial heterogeneity. A funnel plot was drawn to examine

publication bias. Subgroup analyses were conducted for OS based

on study type, location, sample size, stage of cancer, frailty scale,

percentage with frailty, treatment, adjustment for CRC stage and
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comorbidities, and follow-up. Additional subgroup analyses could

not be conducted for CSS and DFS due to the paucity of data.
Results

The two reviewers found 5579 articles from the databases. After

electronic deduplication, 2328 were screened and 46 articles were

identified by the reviewers for further analysis. The inter-reviewer

rating for the selection of studies was high (kappa= 0.9). Finally,

based on the inclusion criteria, 15 studies were included in the

review (14–28) (Figure 1).

Characteristics of the included studies are presented in Table 1.

Seven were retrospective cohort studies while the rest were prospective.

All of themwere published in the past decade (2013–2023). The studies

originated from the USA, Scandinavia, the Netherlands, Italy, Spain,

Germany, Japan, and Australia. The combined sample size of the 15

studies was 45,288 of which 6573 patients (14.5%) were classified as

frail. Individually the percentage of frail patients in the studies ranged

from 8.3 to 52.2%. The frailty assessment scale varied amongst the

included studies. Two studies did not report the treatment protocols

used. In five studies, it was surgery and chemotherapy while in the

remaining studies, it was surgery only. Except for one study, all studies
Frontiers in Oncology 03
reported an adjusted association between frailty and OS/DFS after

CRC. However, the confounders adjusted in the analysis were variable.

Follow-up ranged from 1-5 years. Seven studies received an NOS score

of 8, seven studies got a score of 7, and one study had a score of 6.

Meta-analysis of 14 studies demonstrated that frailty was

associated with statistically significant poor OS in CRC (HR: 2.11

95% CI: 1.44, 3.08 I2 = 94%) (Figure 2). There was no major

asymmetry on the funnel plot (Supplementary Figure 1). The

reviewers also examined changes in the pooled effect size by

sequentially withdrawing individual studies from the meta-

analysis only to find no change in the significance of the outcome.

Data from the subgroup analyses conducted for OS are shown

in Table 2. The results were statistically significant for poor OS on

subgroup analysis based on study type (retrospective and

prospective), study location (USA, Europe, and others), sample

size (>1000 and <1000), stage (including or excluding stage IV),

percentage of frailty in the population (>35% and <35%), treatment

(surgery and surgery + chemotherapy), adjusted for cancer stage

(yes and no), adjusted for comorbidities (yes and no), and follow-up

(>3 years and <3 years). The results turned non-significant only on

subgroup analysis based on frailty scales.

Just two studies reported CSS and meta-analysis showed

significantly poor CSS in CRC in the presence of frailty (HR: 4.59
FIGURE 1

Flowchart of the study depicting search results at every stage.
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TABLE 1 Extracted data from included studies.

ent Adjusted factors Follow-
up
(years)

NOS
score

Age, sex, race, health factors, mobility,
comorbidities, and receipt of surgery

1 8

rapy
Age, sex, number of comorbidities,
hemoglobin, creatinine and
lactate dehydrogenase

1.3 8

Age, sex, and tumor stage 4.8 8

rapy
Age, hospital admission factors, and
number of comorbidities

1 7

None 4.6 6

Age, sex, cancer stage 1.5 7

Age, race/ethnicity, body mass index,
smoking, educational attainment, CCI,
any family history of cancer, and
cancer stage

5.8 8

rapy
Age, physical status, carcinoembryonic
antigen, carbohydrate antigen 199,
tumor stage, and
adjuvant chemotherapy

3.5 7

Age, sex, and physical status 2.1 8

Age, CCI, and stage 5 7

Age, sex, modified Glasgow Prognostic
Score, tumor size, carcinoembryonic
antigen, carbohydrate antigen 199

3.9 8

Age, sex, cancer stage and
cancer location

5 8

NR 4 7
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Study Year Location Type Sample
size

Mean/
Median
Age
(years)

Male
(%)

Cancer
stage

Frailty scale %
with
frailty

Treatm

Neuman
et al (14)

2013 USA R 31574 85.2 36.6 I-III The Johns Hopkins
University Risk
Adjustment Model and
ICD-codes

8.3 Surgery

Aaldriks
et al (15)

2013 The
Netherlands

P 143 75 59 II-IV Groningen Frailty Index 23.7 Surgery,
Chemothe

Ommundsen
et al (21)

2014 Norway P 178 80 43 I-IV CGA based criteria 42.7 Surgery

Jorgensen
et al (23)

2015 Australia R 1483 NR 49.1 I-IV ICD codes 46.4 Surgery,
Chemothe

Ugolini
et al (22)

2015 Italy P 46 80.5 52.2 I-III Groningen Frailty Index 52.2 Surgery

Bensken
et al (16)

2020 USA R 5462 NR 48.7 I-IV Claims Frailty index 19.4 NR

Feliciano
et al (26)

2020 USA P 691 NR 0 I-IV Fried Frailty scale 15.9 NR

Mima
et al (25)

2020 Japan R 729 NR 53 I-III Clinical Frailty scale 34.7 Surgery,
Chemothe

Viles
et al (24)

2020 The
Netherlands

P 466 75 59.1 I-IV Geriatric
8 questionnaire

41.8 Surgery

Artiles
et al (28)

2021 Spain P 149 75 64.4 I-IV Clinical Frailty scale 39.6 Surgery

Tokuda
et al (27)

2021 Japan R 87 68 63.2 IV Clinical Frailty scale 33.3 Surgery

Chen
et al (17)

2022 Germany P 3410 70 60.6 I-IV Mitnitski and
Rockwood method

35.6 Surgery

Abdelfatah
et al (19)

2023 USA R 411 75.1 49.4 I-IV revised Risk
Analysis Index

29.9 Surgery
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95% CI: 2.75, 7.67 I2 = 38%) (Figure 3). Five studies reported data

on DFS. Pooled analysis showed frailty was associated with

statistically significant poor DFS in CRC (HR: 1.46 95% CI: 1.28,

1.66 I2 = 0%) (Figure 4). These results were not altered in

significance on sensitivity analysis.
Discussion

In recent times, there have been increased efforts to build and

validate accurate prediction models for the prognosis of CRC (29).

The Tumour Node Metastasis (TNM) staging classification system

has been the primary prognostic tool in the hands of clinicians,

however, many variations have been noted in OS and DFS even

within stage groupings (30). The recent 7th edition of the UICC/

AJCC anatomic stage proposed anatomically-based subgroupings

in stage II and III CRC to consider the differences in prognosis

within these sub-groups (31). Nevertheless, there are still limitations

and the prognosis of CRC can be further improved by including

clinical, disease, and patient characteristics (32). In the current era

of personalized medicine, patients’ functional status and frailty

could be important predictors of outcomes and several studies

have already shown that frailty is a predictor of short-term

outcomes in CRC. Cai et al (4) in a systematic review of 18

studies have demonstrated that frailty measured by different

scales did increase the risk of early mortality, serious

complications, postoperative blood transfusions, and delirium in

CRC irrespective of the treatment provided. While the role of frailty

in predicting short-term outcomes has been thoroughly

investigated, its impact on long-term outcomes has received

limited attention.

Previously, Chen et al (33) have pooled data literature to

demonstrate that frailty was associated with worse OS [relative

risk (RR) 2.21 95% CI: 1.43, 3.41] and DFS (RR: 1.72, 95% CI 1.30-

2.28) in CRC. However, their review could include only 10 studies

and only two studies were available for the analysis of DFS. We

conducted an updated literature search to include five more studies

to provide the most recent evidence on this topic. The current study

combined data from 15 studies which included mostly elderly

patients with all stages of CRC and were treated with a mix of

surgery and chemotherapy. Using different frailty scales, the studies

noted that that about 14.5% patients were frail. Individually, the

forest plot showed that frailty was associated with poor OS and DFS

in all studies. On combined analysis, the meta-analysis confirms

with fact that frailty is associated with statistically significant worse

OS in patients with CRC. The HR demonstrated that frail patients

had a two-fold increased risk of long-term mortality and the results

did not change during sensitivity analysis thereby increasing the

credibility of the outcomes. Pooled analysis of five studies also

showed a statistically significant worse DFS in frail vs. non-frail

patients with CRC indicating the fact that frail patients are at

increased risk of both mortality and recurrence. Similar results have

been reported for other cancers as well. Komici et al. (8) have shown

that frailty leads to three times higher risk of mortality in lung

cancer patients. A recent study by Tsai et al (34) has shown that

frailty increases mortality by 1.5 and 2.9 times in metastatic and
T
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non-metastatic breast cancer. Another large study from Australia

and New Zealand shows that frailty increases the risk of death by

52% in patients with metastatic cancers (35).

The high inter-study heterogeneity noted in the meta-analysis is a

major cause of concern. However, this was partially expected as the

inclusion criteria of the review were broad and there was no

restriction placed on the cancer stage, treatment, and measurement

of frailty. Also, there was variation in the quality of included studies

with the NOS varying from 6 to 8. Some studies had longer follow-up

periods and adjusted for more confounders which impacted the NOS

score. The included studies had much variation in all these factors

which was further investigated by a detailed subgroup analysis. It was
Frontiers in Oncology 06
noted that frailty consistently predicted poor OS irrespective of the

study type, location, sample size, stage of cancer, number of patients

with frailty, the treatment provided, and the follow-up duration.

Secondly, the analysis on OS included mostly adjusted data from the

included studies and only one study failed to adjust for confounders.

The exclusion of this study on sensitivity analysis did not change the

results. Amongst the several factors that can predict OS, patient

comorbidities and cancer stage have a high degree of precedence.

Boakye et al (36) have shown that CRC patients with a greater

number of comorbidities have significantly higher overall and cancer-

specific mortality. Furthermore, advanced CRC i.e. stage IV cancer is

already a well-known risk factor for poor OS (31). A subgroup
FIGURE 2

Meta-analysis comparing OS after CRC between frail and non-frail patients.
TABLE 2 Subgroup analysis for the outcome OS using different variables.

Variable Groups Studies HR [95% CI] I2

Study type Prospective
Retrospective

8
6

1.81 [1.37, 2.40]
2.50 [1.48, 4.23]

67
92

Location USA
Europe
Others

4
7
3

2.67 [1.44, 4.95]
1.80 [1.28, 2.53]
1.89 [1.45, 2.45]

93
70
6

Sample size >1000
<1000

4
10

2.41 [1.07, 5.42]
1.97 [1.58, 2.45]

98
40

Stage Including stage IV
Without stage IV

10
4

1.83 [1.45, 2.32]
2.98 [1.66, 5.34]

67
86

Frailty scale Groningen Frailty Index
Clinical Frailty scale
ICD codes
Geriatric 8 questionnaire

2
2
2
2

1.79 [1.09, 2.94]
1.53 [0.81, 2.92]
2.80 [0.97, 8.10]
1.75 [1.14, 2.70]

0
69
97
8

% with frailty >35
<35

6
8

1.84 [1.26, 2.68]
2.30 [1.47, 3.59]

75
92

Treatment Surgery
Surgery
plus chemotherapy

7
5

2.18 [1.17, 4.06]
1.78 [1.45, 2.18]

97
0

Adjusted for cancer stage Yes
No

6
8

2.00 [1.41, 2.85]
1.97 [1.14, 3.39]

81
93

Adjusted for comorbidities Yes
No

6
8

2.27 [1.33, 3.86]
1.96 [1.39, 2.76]

94
75

Follow-up >3 years
<3 years

8
6

1.89 [1.42, 2.52]
2.37 [1.35, 4.16]

70
92
CI, confidence intervals; ICD, International Classification of Diseases, I2, inter-study heterogeneity; HR, hazard ratio.
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analysis was performed based on adjustment of comorbidities and

cancer stage by the included studies, however, the results still

consistently demonstrated poor OS with frailty.

A major drawback in the pooled analysis was the differences in the

frailty assessment scales used by the studies which could have led to

variations in the number of patients identified as frail. Nevertheless,

such inconsistencies have been noted in previous reviews on CRC (4,

36) and even for other malignancies (7, 8). Several measurements of

frailty have been reported in literature which include and not limited to

Identification of Seniors at Risk, the Groningen Frailty Indicator (GFI),

Vulnerable Elders Survey-13, Triage Risk Screening Tool, the Clinical

Frailty Scale (CFS), Fried criteria or the Rockwood index, the Geriatric

8 questionnaire, and modified frailty scale (37). Each of these tools uses

different constructs to assess frailty. Like for example the CFS which is a

pictorial-driven screening tool provides a global assessment of frailty

and is easily used by physicians during routine examinations. The GFI

is a 15-point self-assessment questionnaire that screens for limitations

and classifies patients as frail and non-frail (37). The five-point

modified frailty index combines four comorbidities (pulmonary

disease, congestive heart failure, diabetes mellitus, and hypertension)

and one functional status and is a reasonable frailty indicator (18).

Research shows that the differences in the assessment tools alter the

strength of the association between frailty and outcomes in different

scenarios with some measurements demonstrating better predictive

ability than others (5). In the current review, the included studies used

10 different measurement tools to assess frailty but despite the

variations most of the individual studies noted a significant

association between frailty and poor OS/DFS. Future research should

be directed at identifying the best measurement tool for CRC patients.

Also, there is a need for a unified frailty assessment scale for future

research on CRC to improve comparability of outcomes across

different populations and improve the evidence on the association

between frailty and survival after cancer.

There could be several reasons why frailty could lead to poor

long-term outcomes in CRC. Frailty has been identified as a major

risk factor for postoperative surgical complications (4) and also for
Frontiers in Oncology 07
higher chemotherapy-related toxicity (6). Early short-term

mortality and treatment-related toxicity could be important

variables affecting long-term prognosis. Also, owing to the higher

risk of early surgical complications, frail CRC patients may not

receive complete surgical resection which may cause poor OS (38).

Frail patients have increased levels of C-reactive protein and

interleukin-6, indicating the role of chronic inflammation in its

pathogenesis (39). Local immune response and baseline systemic

inflammation have a major role in cancer progression and

recurrence (40). Furthermore, malnutrition is an important

contributor to frailty and poor nutritional status has been an

important prognostic indicator in CRC (41, 42).

Despite frailty being an inevitable age-related condition with

reduced function of multiple physiological systems, there have been

attempts to improve frailty and subsequently the prognosis of CRC.

Prehabilitation programs have been developed which consist of

customized exercises under the supervision of experts or home-

based aerobic and resistance training programs. Also, nutritional

support is provided to frail patients to ascertain adequate protein

and energy intake. Some programs also include correction of

anemia, tobacco and alcohol cessation, and pharmacotherapy

(43). Overall, research shows that prehabilitation in patients

undergoing CRC surgery can reduce the risk of short-term

complications and reduce the length of hospital stay (44).

However, given the results of this review which demonstrate

significant long-term implications of frailty on CRC outcomes; it

is essential that further studies are undertaken to examine the effects

of prehabilitation programs on long-term outcomes. Frail patients

should be prioritized during cancer management and appropriately

counselled regarding the risk of poor prognosis.
Limitations

There are several limitations to this review. Importantly, as

discussed earlier, the variation in frailty assessment tools is a major
FIGURE 3

Meta-analysis comparing CSS after CRC between frail and non-frail patients.
FIGURE 4

Meta-analysis comparing DFS after CRC between frail and non-frail patients.
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drawback that could have skewed the review results. It is still

unclear which measurement tool best predicts the prognosis of

CRC. Secondly, patients with several different cancer stages and

undergoing different treatments were included. A subgroup analysis

was possible only for studies including and excluding stage IV

disease. The current review could not separately assess the

prognostic value of frailty for stage I, II, and III disease. Thirdly,

the observational nature of the data which was mainly derived from

medical records also has an inherent bias that could not be negated.

Fourthly, only five studies reported data on DFS and a subgroup

analysis could not be conducted due to limited data. Fifthly, despite

most studies using adjusted data, there were many variations in the

confounders analyzed. Other unknown and known confounders

that were not adjusted may have influenced the prognosis of CRC.

Lastly, it was noted that all studies showed a positive association

between frailty and poor outcomes after CRC. While the funnel plot

showed no publication bias, the possibility of selective reporting of

positive results and publication of only significant outcomes cannot

be negated. The current review did not search gray literature and

unpublished results were not included. It is plausible that non-

significant results were not published and therefore not included in

this review.
Conclusions

Our results show that frail CRC patients have poor OS and DFS

as compared to non-frail patients. Variations in frailty

measurement tools and high inter-study heterogeneity are major

limitations of the review. There is a need for a unified frailty

assessment approach in future colorectal cancer research to

reduce variability of studies. Also, future trials should focus on

development and testing of modular prehabilitation programs to

improve long-terms outcomes of CRC.
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