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Introduction: New evidence has emerged on the impact of frailty on prognosis in colon cancer, but the findings are
not always consistent and conclusive. The aim of this systematic review was to assess the effect of frailty on
postoperative complications and mortality in patients with non-metastatic colon cancer (CC) aged 65 years and
older.

Materials and Methods: We systematically searched for original studies published in the PubMed and Web of
Science databases up to June 2021. Two independent reviewers selected the studies and extracted predefined
data. A meta-analysis was performed using the random effects model to assess the effect of frailty on 30-day, 3- to
6-month and 1-year mortality, survival, and postoperative complications.

Results: The search yielded 313 articles, of which 14 were included in this systematic review. The meta-analysis
showed an effect for frailty on 30-day, 3- to 6-month, and 1-year mortality with respective pooled odds ratios
(ORs) of 3.67 (95% confidence interval [CI] 1.53-8.79, p = 0.004), 8.73 (95% CI 4.03-18.94, p < 0.0001), and
3.99 (95% CI 2.12-7.52, p < 0.0001). Frailty also had an effect on survival, with a pooled hazard ratio of 2.99
(95% CI 1.70-5.25. p < 0.0001), and on overall and severe postoperative complications with pooled ORs of 2.34
(95% CI 1.75-3.15; p < 0.0001) and 2.43 (95% CI 1.72-3.43; p < 0.0001), respectively.

Discussion: Frailty in older patients with CC is a risk factor for postoperative complications and mortality in the
short term (30 days), medium term (3-6 months), and long term (1 year).

1. Introduction staging is the best indicator of recurrence risk. The main prognostic
factors are the degree of local tumor infiltration and metastatic infil-
tration of regional lymph nodes. Other predictors of poor prognosis are

the number of affected lymph nodes in relation to total number of nodes

Cancer is a disease associated with aging. Colorectal cancer (CRC) is
the most common cancer in adults, the second most common cancer

among females, and the third most common cancer in males [1]. Most
new cases (58%) occur in people aged 65 years or older. As life expec-
tancy increases, so does the number of older patients with CRC [2].
Surgery is the primary curative-intent treatment, and pathological

removed (lymph node ratio), lymph node micrometastases, tumor nests
in the mesentery, angiolymphatic or perineural invasion, positive mar-
gins, elevated preoperative carcinoembryonic antigen, poorly differen-
tiated histology, bowel obstruction or perforation, and resection of
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PubMed with the following Medical Search Headings (MesH):

(CCCCCCC(((Frail Scale) OR "clinical frailty scale") OR "clinical frailty index") OR "clinical
frailty score") OR frail y[MeSH Terms]) AND "geriatric intervention") AND "geriatric
assessment") OR frail elderly[MeSH Terms]) OR geriatric assessment[MeSH Terms]))))
AND  (((CCCCCCCCC(C(((colorectal Neoplasms[MeSH Terms]) OR Colorectal Neoplasm) OR
Neoplasm, Colorectal) OR Colorectal Tumors) OR Colorectal Tumor) OR Tumor,
Colorectal) OR Colorectal Carcinomas) OR Colorectal Cancer) OR Cancers, Colorectal))
NOT (((metastases) OR metastasis) OR METASTAS*)))))))).

WOS: TS=(assessment OR evaluation OR screening) AND
TS=(elderly OR old* OR geriatri* OR ageing OR aging) AND

TS=(prognos* OR pronostic) AND

TS=(colorectal adenocarcinoma OR colon cancer OR colon-
cancer OR colorectal carcinoma OR colorectal cancer OR colorectal-
cancer OR colorectal-adenocarcinoma OR colorectal-carcinoma) NOT TS=(metasta*)

Fig. 1. Literature search strategy.

fewer than 12 lymph nodes [3]. There is evidence that adjuvant
chemotherapy reduces the risk of recurrence and improves overall sur-
vival in patients who have undergone surgery for stage II or III colon
cancer (CC) [4].

Aging is associated with a decline in the function of different organs
and systems, which is accompanied by an increased risk of surgical
complications and chemotherapy toxicity. Curative surgery and adju-
vant chemotherapy are less likely to be performed in older patients, and
decisions regarding the treatment of CRC in older members of the
population are often influenced by chronological age, with little account
taken of intrinsic capacity, frailty status, or biological age [5]. There is,
however, increasing evidence that patients aged 65 years or older can
benefit from adjuvant chemotherapy similarly to younger patients, and
whether or not chemotherapy results in greater toxicity in this popula-
tion remains to be established [6]. For all these reasons, there is growing
consensus that chronological age alone should not determine whether a
given treatment should be pursued or rejected and that decisions should
be accompanied by a comprehensive, individualized assessment that
considers, among other factors, frailty status as an indicator of biological
age. Frailty has been proposed as a potential marker of worse health
outcomes after surgery, including intra- and postoperative complica-
tions, length of hospital stay, and mortality [7]. Given that frailty is
defined as a state of vulnerability due to a decrease in the functional
capacity of different organs and systems, including the inflammatory-
immune system, it is reasonable to speculate that it has a vital role in
the prognosis of CRC and the risk of complications from aggressive
treatments such as surgery and chemotherapy. In such cases, a decreased
repair response and/or ability to recover homeostasis would lead to a
higher risk of complications in the short, medium, and long term, greater
toxicity and less tolerance of chemotherapy, and increased read-
missions, hospital stays, and mortality. Frailty may also contribute to a
late diagnosis of CRC by masking warning signs such as fatigue, weak-
ness, and weight loss. It can also favor rapid disease progression and
decrease the likelihood of patients receiving standard treatments or
doses [6,8,9]. For all these reasons, scientific oncology societies
recommend screening for frailty in older patients with cancer. Although
several tools have been developed to identify frailty in patients with
cancer, such as the Balducci criteria, the Vulnerable Elders Survey-13
(VES-13), and the Geriatric 8 (G8) [10-12], systematic evaluation of
older patients in oncological clinical practice is largely lacking.

Studies evaluating the impact of frailty on CRC prognosis have not
consistently shown conclusive or concordant results. We are aware of
just three systematic reviews investigating the prognostic value of frailty
in CRC: two focused on surgical outcomes in patients of all ages and

stages [2,13], while the third included just two original papers evalu-
ating frailty [6]. Determining the effects of frailty in older patients with
non-metastatic CC is important, since the presence of metastasis in-
fluences treatment decisions, disease course, and prognosis and can also
act as a confounding factor when evaluating outcomes. Understanding
and quantifying how frailty impacts prognosis in older patients with CC
is useful for patient management and clinical decision-making. It can
help plan, adjust, or individualize treatments according to the risk of
toxicity or complications, inform preventive and/or recovery in-
terventions, and, ultimately, improve quality of life and prognosis
[6,8,9]. The aim of this study was to assess the effect of frailty on
mortality and postoperative complications in patients with non-
metastatic CC aged 65 years and older.

2. Methods

We conducted a systematic review guided by the recommendations
set forth in the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA statement) (www.prisma-statement.org).

2.1. Search Strategy

A literature search was performed in the PubMed and Web of Science
(WOS) databases using the following keywords: “frailty,” “colorectal
neoplasm,” “aged,” “mortality,” “toxicity,” and “postsurgical complica-
tions.” The search strategy is presented in Fig. 1. It covered articles
published up to June 2021 and placed no language or other restrictions.
A manual search of the references of selected articles was also
conducted.

»

2.2. Selection Criteria

Studies that met all the inclusion criteria and none of the exclusion
criteria were included. The inclusion criteria were original observational
and prospective studies that evaluated the prognostic effect of frailty in
patients aged 65 years or older with CC. The exclusion criteria were
studies of patients with metastatic CC only, studies of patients younger
than 65 years, and duplicate studies. In the case of studies with multiple
publications, the article containing the most up-to-date data was
selected. Two reviewers (MRM and MSP) independently selected the
initial studies. Disagreements were resolved by discussion.


http://www.prisma-statement.org
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Fig. 2. PRISMA Flowchart of search results and study selection.

2.3. Data Extraction and Quality Assessment

The same researchers (MRM and MSP) independently extracted data
from the selected studies using a predesigned form including items on
study identification (author, journal, year); methodological and sample
characteristics (sample size, mean age, TNM stage, frailty criteria, pri-
mary outcome measures, and follow-up time); methodological quality;
and main results (30-day, 3- to 6-month-, and 1-year mortality, survival,
and postoperative complications according to the Clavien-Dindo
criteria). To assess methodological quality, an ordinal 3-point scale (0,
minimum quality; 0.5, intermediate quality; and 1, highest quality) was
used to rate the following aspects: (a) representativeness of the study
sample; (b) definition of the assessment criteria for the main study factor
(frailty); (c) definition and specification of primary outcome measures;
(d) loss to follow-up and consideration of this in the statistical analysis;
and (e) consideration of confounding variables and/or adjustment for
age, sex, and cancer stage in multivariate models. An overall score for

methodological quality was obtained from the sum of scores for the five
domains (total possible score, 0-5). The higher the score, the higher the
methodological quality. Initial disagreements about aspects of the data
extraction and methodological quality assessment processes were
resolved by further review and discussion among the reviewers.

2.4. Data Synthesis

The results of the studies are presented in the form of evidence tables.
Quantitative synthesis of outcome measures for which sufficient and/or
necessary data were available was performed using meta-analysis
techniques. The degree of heterogeneity among the studies was evalu-
ated using the Tau? test. Regardless of the result of this test, the random
effects model was used in all cases due to the heterogeneous study de-
signs. Results are presented as odds ratios (ORs) with 95% confidence
intervals (CIs), except for survival results, which are presented as hazard
ratios (HRs) with 95% CIs. Six meta-analyses were performed, one for
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Table 1
Characteristics of included studies.

Study N Mean CC Frailty Follow-up Main outcome measures Quality
No. (%) of frail age (y) stage criteria score
older adults

Okabe H 269 71.7 I-II: Clinical Frailty Scale >4 During e Mortality 3.5

(Am J Surg 78 (29.0%) 70.6% hospitalization e Postoperative
2019) 1I-1V: complicacions (Clavien-
29.4% Dindo)
Giannotti Ch 99 80.2 I: 10%, Rockwood Frailty Index 1 year e Mortality (30 day and 1 4
(J Geriatr 40 (40.4%) 1I: 49% year)
Oncol 2019) III: 31% e Postoperative
IV: 9% complicacions (Clavien-
Dindo)
Ommundsen N 114 79 0-1II: 91% VES-13 > 3 30 days e Postoperative 3.5
(Eur J Surg 114 (100%) IV: 9% complicacions (Clavien-
Oncol 2018) Dindo)
Vermillion S 41,455 72.4 Modified frailty index >0.27 30 days e Mortality (30 days) 4.5
(J Surg Oncol 4203 (10.1%) Not e Postoperative
2017) specified complicacions (Clavien-
Dindo)
Souwer E 550 76.5 I: 30% VMS > 3 Median 870 days e Survival 4.5
(Ann Surg 27 (4.9%) II: 39% o Postoperative
Oncol 2019) 1IL: 31% complications (Clavien-
Dindo)
Ramsdale E 38 72 1L 21% VES > 13 Not specified e Survival 3
(JAGS 2013) - 1V: 79%
Ronning B 180 80 1. 47 Barthel Index, NEADL, comorbidities, Median 22 months e Quality of life EORTC 3.5
(J Geriatr 73 (40.5%) (26%) MNA, CIRS, GDS, MMSE, and (range 16-28)
2016) 1I: 57 polypharmacy
(32%)
III: 38
(21%)
Iv: 17
(9%)
Aaldriks Ab 143 75 II-III: 38% GFI > 4 Median 15 months e Tolerance of adjuvant and 4.5
(J Geriatr 34 (24%) 1V: 62% palliative chemotherapy
Oncol 2013) e Mortality
Kristjansson S 178 79.6 0: 8 (5%) CGA 30 days e Readmissions 4.5
(Crit Rev. Onc 76 (42.7%) 1: 43 3 months (telephone) e Mortality (30 days)
2010) (24%) e Postoperative
1I: 57 complications (Clavien-
(32%) Dindo)
III: 37
(25%)
Iv: 21
(12%)
Yang Tan K 83 81.2 Not Fried frailty phenotype criteria 30 days e Mortality (30 days) 4
(Am J Surg 23(27.7%) specified e Postoperative
2012) complicacions (Clavien-
Dindo)
Souwer E 139 77.7 I: 33 ISAR-HP 30 days e Readmissions 3.5
(J Geriatr 32(23%) (24%) 6 months e Mortality (30 days and 6
Oncol 2018) 1. 57 months)
(41%) e Postoperative
I1I: 49 complications (Clavien-
(35%) Dindo)
Reisinger K 153 69 Not Groningen Frailty Indicator (GFR) >5 30 days e Mortality (30 days) 4
(Ann Surg 39 (24.6%) specified e Postoperative
2015) complicacions (Clavien-
Dindo)
Pata G 104 81 Not Multidimensional Prognostic Index 30 days e Mortality (30 and 90 days) 5
(J Surg Oncol 34 (33%) specified >0.33 90 days e Postoperative
2020) complicacions (Clavien-
Dindo)
Ommundsen N 178 80 0: 8 (5%) Modified version of Balducci criteria 5 years or until death e Mortality (1 and 5 years) 5
(The Oncologist 76 (43%) 1. 143 e Survival
2014) (24%)
1I. 57
(32%)
III: 45
(25%)
Iv: 21
(12%)

CC, colon cancer; VES-13, Vulnerable Elders Survey; VMS, Dutch National Patient Safety Program; NEADL, Nottingham Extended Activities of Daily Living Scale;
MNA, Mini Nutritional Assessment; CIRS, Cumulative Illness Rating Scale; GDS, Geriatric Depression Scale; MMSE, Mini Mental State Examination;
GFI, Groningen Frailty Indicator; CGA, Comprehensive Geriatric Assessment; ISAR-HP, Identification of Seniors At Risk-Hospitalized Patients.
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Table 2
Survival and 30-day, 3- to 6-month, and 1-year-mortality.
Study 30-day mortality 3-6 month mortality 1-year mortality Survival
Frail older Non-frail older Frail older Non-frail older Frail older Non-frail older HR
patients patients patients patients patients patients
n (%) n (%) n (%) n (%) n (%) n (%)
Giannotti Ch 8 (8.3%) in total - 17 2 -
(J Geriatr Oncol (both groups) (30.3%) (4.6%)
2019)
Ommundsen N 5 - - - - -
(Eu J Surg Oncol (4.4%)
2018)
Vermillion S 235 915 - - - -
(J Surg Oncol (5.6%) (2.5%)
2017)
Souwer E 5 9 7 18 7 24 HR: 1.9 for intermediate risk
(Ann Surg Oncol (18.5%) (1.7%) (25.6%) (3.4%) (25.6%) (4.6%) (p =0.03)
2019) HR: 8.7 for high risk (p <
0.001)
Ramsdale E Adjusted HR: 15.6 (p = 0.02)
(JAGS 2013)
Aaldriks Ab - - - - EII-II: 1 E II-IIL: 5 (11.6%) HR: 1.7 (ns)
(J Geriatr Oncol (9.1%) E IV: 28 (42.4%)
2013) EIV: 16
(69.5%)
Yang Tan K 0 0 - - - -
(Am J Surg 2012) (0%) (0%)
Souwer E 3 3 4 3 - - -
(J Geriatr Oncol (9.4%) (2.8%) (12.5%) (2.8%)
2018)
Reisinger K 3 8 - - - - -
(Ann Surg 2015) (7.7%) (7.0%)
Pata G 3 0 6 1 - -
(J Surg Oncol (8.8%) (0%) (17.6%) (1.4%)
2020)
Ommundsen N - - - - - Adjusted HR: 3.6 (p < 0.001)
(The Oncologist 80% 92%

2014)

HR, hazard ratio; ns, non-significant.
HR*: adjusted HR, ns: non-significant.

each of the outcome measures considered: 30-day mortality, 3- to 6-
month mortality, 1-year mortality, survival (HR), postoperative com-
plications, and severe postoperative complications (Clavien-Dindo
grade > III). Subgroup analyses were not performed due to the small
number of studies. A sensitivity analysis to test the robustness of results
was performed by removing the selected studies one by one. Statistical
significance was established at a p value <0.05. Analyses were per-
formed using the Cochrane ReviewManager (RevMan) software.

3. Results
3.1. Study Selection

The literature search identified 313 articles: 258 in PubMed and 55
in the Web of Science. After excluding duplicate articles, multiple pub-
lications, and studies that did not meet the selection criteria during title
and abstract screening, 17 eligible articles remained [14-30]. Three
[28-30] were excluded during the full-text review for not meeting the
selection criteria (they dealt with different types of cancers and one was
from a study with multiple publications). This left 14 articles [14-27],
one of which was a letter to the editor [19]. The flow chart summarizing
the search results and selection process is depicted in Fig. 2.

3.2. Study Design and Sample Characteristics

Of the 14 selected studies, two had been conducted in the United
States [17,19], one in Japan [14], one in Singapore [23], four in the
Netherlands [18,21,24,25], four in Norway [16,20,22,27], and two in
Italy [15,26]. The main characteristics of the study population and

methodology are presented in Table 1. The Vermillion et al. [17] study
stood out with a sample of 41,455 patients. The sample sizes of the other
studies ranged from 83 to 550 patients. The mean participant age ranged
from 69 to 81 years. The criteria used to assess frailty constituted a
significant source of heterogeneity between the studies. Overall, meth-
odological quality was satisfactory, with a mean score of 4.1 out of 5.

3.3. Effect of Frailty on Mortality and Survival

The mortality and survival results reported by each of the selected
studies are summarized in Table 2. The results of the meta-analysis for
the effect of frailty on 30-day-, 3- to 6-month, and 1-year mortality (ORs)
and survival (HR) are depicted in Fig. 3. Eight studies reported 30-day
mortality, but just six of these were included in the meta-analysis
because one did not specify mortality according to frailty [18] and in
another, all the patients were frail [16], precluding analysis of the as-
sociation between mortality and frailty. The OR could not be calculated
for one of the studies included in the meta-analysis because no events
(deaths) were observed. The effect of frailty on 30-day mortality was not
statistically significant in three of the five remaining studies, but the
meta-analysis showed an OR of 3.67 (95% CI 1.53-8.79, p = 0.004).
Three studies reported 3- to 6-month mortality, and the meta-analysis
showed a significant effect for frailty with an OR of 8.73 (95% CI
4.03-18.94, p < 0.0001). Finally, 1-year mortality was reported in four
studies. In this case, the OR was 3.99 (95% CI 2.12-7.52, p < 0.0001).
The effects remained statistically significant each time a study was
removed in the sensitivity analysis, with ORs ranging from 2.35 to 5.11,
7.19 to 10.53, and 3.10 to 5.13 for mortality at 30 days, 3 to 6 months,
and one year, respectively. Survival was reported in four studies
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30-day mortality
frail non-frail 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Pata 2020 3 34 0 70 69% 1567(0.79,31242) g
Reisinger 2015 3 39 8 114 191% 1.10(0.28, 4.39) e
Souwer 2018 3 32 3 117 159% 3.93(0.75, 20.50) s
Souwer 2019 5 27 9 523 220% 12.98(4.01, 41.97) e i—
Tan 2012 0 23 0 60 Not estimable
Vermilion 2017 235 4203 915 37252 36.1% 235(203,272) L
Total (95% CI) 4358 38136 100.0% 3.67 [1.53,8.79) ~CE—
Total events 249 935
Heterogeneity. Tau*= 0.55; Chi*=11.09, df= 4 (P = 0.03); "= 64% 0 01 0#1 ‘#0 1004
Testfor overall effect Z= 2.91 (P = 0.004) 30d mortality [frail) 30d mortality {nonfrail)
3-6 month mortality
frail non-frail 0Odds Ratio 0dds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Souwer 2019 7 27 18 523 623% 9.82(3.68, 26.18) —i—
Souwer 2018 4 32 3 107 248% 4.95(1.05,23.43) —
Pata 2020 6 34 1 70 128% 14.79(1.70,128.48) >
Total (95% CI) 93 700 100.0% 8.73[4.03, 18.94) o
Total events 17 22
Heterogeneity: Tau?= 0.00; Chi*= 0.79, df= 2 (P = 0.67), P= 0% ‘0 o1 051 ‘90 1001
Testfor overall effect Z= 5.48 (P < 0.00001) 6m mortality [frall]  6m mortality [nonfraif)
12-month mortality
frail non-frail 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% CI
Aaldriks 2013 17 34 33 109 325% 2.30(1.05, 5.06) —
Giannotti 2019 17 56 2 43 136% 8.94 [1.94,41.24) < TR
Ommundsen 2014 15 76 8 102 276% 2.89(1.16,7.23) e S
Souwer 2019 77 24 523 26.3% 7.28(2.81,18.88) —_—
Total (95% CI) 193 777 100.0% 3.99(2.12,7.52) -S>
Total events 56 67
Heterogeneity. Tau*= 0.16; Chi*= 4.90, df= 3 (P = 0.18), P= 39% ¢0 o1 0¢1 1=0 r 00=
Testfor overall effect Z= 4.28 (P < 0.0001) 1y mortality {frall) 1y mortality [non-fraii)
Overall survival
Hazard Ratio Hazard Ratio
Study or Subgroup log{Hazard Ratio) SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Souwer 2019 high risk 21633 06574 126%  8.70(2.40,31.56)
Souwer 2019 Iintermediate risk 06419 02958 26.3% 1.90(1.06, 3.39) (B
Aaldriks 2013 05068 02902 26.5% 1.66[0.94,293] 2013 —-—
Ramsdale 2013 27479 11812  51% 1561 [1.54,158.07) 2013
Ommundsen 2014 1.2809 02286 29.5% 360(2.30,5.63) 2014 e
Total (95% CI) 100.0%  2.99(1.70,5.25) <>
Heterogeneity. Tau?= 0.23; Ch*= 11.18,df= 4 (P = 0.02), "= 64% :001 05‘ 1:0 100:

Testfor overall effect Z= 3.79 (P = 0.0001)

Favours (experimental] Favours [control]

Fig. 3. 30-day, 3-6-month- and 1-year mortality meta-analysis results.

[16,18,19,21]. Because the 2019 study by Souwer et al. [18] distin-
guished between patients with an intermediate and a high risk of frailty,
these results were treated as two separate studies in the meta-analysis.
The meta-analysis of survival data showed an HR of 2.99 (95% CI
1.70-5.25, p < 0.0001). The results remained robust in the sensitivity
analysis, with a statistically significant HR ranging between 2.16 and
3.18 in all cases. Five-year survival rates in the only study to report these
data [16] were 24% for frail patients and 66% for non-frail patients (p <
0.001).

3.4. Effect of Frailty on Postoperative Complications and Chemotherapy
Tolerance

The results reported by each of the selected studies for postoperative

complications are shown in Table 3. Ten studies reported complications,
but just eight were included in the meta-analysis [14,17,18,22-26]. The
association between frailty and postoperative complications could not
be analyzed in the other two because one did not report the results ac-
cording to frailty [15]. In the other, all the patients were frail [16]. In
two of the eight studies, frailty had a non-significant effect on post-
operative complications [18,25], but in the rest it was a significant risk
factor. The meta-analysis showed frailty to be a risk factor for post-
operative complications in CC with an OR of 2.34 (95% CI 1.75-3.15, p
< 0.0001) (Fig. 4). Five articles reported results for severe postoperative
complications (Clavien-Dindo grade > III). Four showed that frailty was
a risk factor, and the meta-analysis identified an effect with an OR of
2.43 (95% CI 1.72-3.43, p < 0.0001). The effect remained significant in
the sensitivity analysis, with ORs ranging between 2.20 and 2.80 for all
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Table 3
Overall and severe postoperative complications.

Study Postoperative Severe postoperative
complications complications
Frail older = Non-frail Frail older Non-frail older
patients older patients patients
n (%) patients n (%) n (%)
n (%)

Okabe H Clavien- Clavien- Hemorrhage: 1 Hemorrhage:
(Am J Surg Dindo III/ Dindo III/ (1.3%) 0 (0%)
2019) V18 V16 Infection: 20 Infection: 28

(23%) (8%) (25.6%) (14.6%)
Suture failure: Suture failure:
8 (10.2%) 2 (1.0%)

Giannotti Ch OR = 1.52 (95% CI - -

(J Geriatr 1.05-2-22, p = 0.027
Oncol 2019) Non-disaggregated data
available

Ommundsen N 93 - - -

(Eu J Surg (81.6%)
Oncol 2018)

Vermillion S 1548 9296 1223 (29.1%) 6668 (17.9%)

(J Surg Oncol (36.8%) (24.9%)
2017)

Souwer E 14 177 - -

(Ann Surg (51.8%) (33.8%)
Oncol 2019)

Kristjansson S 58 49 47 (61.8%) (35.3%)
(Crit Rev. (76.3%) (48.0%) Readmissions Readmissions
Oncol 13 (17.1%) 7 (6.8%)
Hematology
2010)

Yang Tan K 11 11 - -

(Am J Surg (47.8%) (18.3%)
2012)

Souwer E 17 34 9 (28.1%) 16 (14.9%)
(J Geriatr (53.0%) (13.0%) Readmissions 6 Readmissions
Oncol 2018) (18.7%) 7 (6.5%)

Reisinger K 5 (16.7%) 12 - -

(Ann Surg (13.0%)
2015)

Pata G 29 45 18 (52.9%) 11 (15.7%)
(J Surg Oncol (85.3%) (64.3%)

2020)

postoperative complications and 1.90 and 2.86 for severe ones. The most
common postoperative complications were hemorrhage, infection, and
suture failure. Just one article analyzed the effect of frailty on chemo-
therapy tolerance [21] and concluded that both malnutrition and frailty
were associated with a lower tolerance for palliative chemotherapy.

4. Discussion

In this systematic review of 14 studies involving 43,683 patients with
non-metastatic CC aged 65 years and older, frailty was clearly associated
with a higher rate of overall and severe postoperative complications, a
higher risk of postoperative mortality at 30 days, 3 to 6 months, and 1
year, as well as worse survival.

Postoperative complications were reported in 10 of the 14 articles.
Seven used the Clavien-Dindo grading system [14-17,22,23,26]; the
other three used different systems but reported similar results. Although
the results are somewhat heterogeneous between studies, with ORs
ranging from 1.3 to 4, most showed a statistically significant association
between frailty and postoperative complications. The present meta-
analysis confirmed this association, which has also been reported in
previous systematic reviews [2,6,13]. We therefore believe that the ef-
fect of frailty on postoperative complications is well established and has
potential consequences for clinical practice. One is the likely need for
systematic screening for frailty using standard, validated instruments
and subsequent confirmation with a comprehensive geriatric assessment
in the case of a positive result. Determination of frailty status should
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contribute to decision-making on clinical management and treatment
and improve the planning of care. Prehabilitation programs for patients
who undergo surgery could minimize complications. Although most
studies classify patients as frail or non-frail, the specification of the level
of frailty (robust, pre-frail, frail, or very frail) makes a difference, as it
allows for more targeted interventions [31-33]. Interventions should
aim to prevent, delay, or reverse the various states of frailty, as well as
prevent or reduce complications in patients with advanced frailty that is
no longer reversible [34]. An ongoing randomized clinical trial is eval-
uating the efficacy of a multimodal prehabilitation program based on
physical exercise, nutritional and psychological status assessment, and
smoking cessation in the four weeks before CC surgery [35]. Multimodal
prehabilitation is expected to improve functional capacity and reduce
postoperative complications in older patients with CC. There is, in fact,
evidence suggesting that the best time to intervene is during the pre-
operative phase [36]. Additional benefits of multimodal prehabilitation
are empowerment of patients, enabling them to play a more active role
in their disease, and earlier initiation of adjuvant chemotherapy, which
could improve survival and quality of life [37,38].

This systematic review also shows that frailty is a clear risk factor for
worse survival and increased 30-day, 3- to 6-month, and 1-year mor-
tality. Mortality was 3 to 8 times higher in frail patients, confirming
previous systematic review findings showing that older patients with CC
who are frail (or have multiple comorbidities) have higher mortality [2]
and worse survival [6] than their non-frail counterparts. The systematic
review by Boakye et al. [6] included 37 studies, but just two of these
specifically assessed frailty. In the present review, all 14 studies assessed
frailty in CC. Another systematic review of five studies, of which just two
reported 30-day mortality data, did not show significant differences
between frail and non-frail patients [13]. It is important to highlight that
the study by Vermillion et al. [17] had considerable weight in the meta-
analysis (even using a random effects model) because of its much larger
sample size. Nonetheless, the effect it detected for frailty on mortality is
similar to that detected by the meta-analysis for the rest of the studies.
Thus, the meta-analysis results do not seem very sensitive to the study by
Vermillion et al. We found just one study that evaluated five-year sur-
vival in older patients with CC [30], and it reported respective rates of
24% and 66% for frail and non-frail patients (p < 0.001). Taken
together, the evidence presented clearly and conclusively shows that
frailty is a risk factor for increased mortality in the short, medium, and
long term in older patients with CC, once again reinforcing the need for
frailty screening accompanied by multimodal interventions based on
pain control, underlying disease control, appropriate use of medication,
diet, physical exercise, and psychological and social support [39]. In-
terventions of this nature have been shown to improve or reverse frailty
[40] and should increase the chances of treatment success with fewer
adverse effects in CC.

The main strengths of this systematic review lie in the design of the
selected studies (all prospective and observational), their high meth-
odological quality, the range of settings in which they were performed
(improved external validity), and the reporting of data amenable to
meta-analysis, which affords a more objective interpretation of results.
This review, however, also has some limitations. First, there is a risk,
albeit slight in our opinion, of selection bias due to publication bias or an
incomplete literature search. Second, we were unable to perform sub-
group analyses due to the relatively small number of studies (n = 14)
and, in some cases, the reporting of outcome measure data in a form
incompatible with meta-analysis. Thirdly, the studies used heteroge-
neous follow-up times and frailty measurements (the primary study
outcome). The comprehensive geriatric assessment is the most appro-
priate way to assess frailty, but only 1 out of 14 studies used it. All other
instruments are screening tools with limited diagnostic accuracy and
poor concordance among them. They do not measure precisely the same
concept (some are limited to physical frailty, others to a more compre-
hensive frailty concept, etc.). Still, they all aim to identify those who
suffer from some degree of vulnerability that makes them more prone to
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Effect of frailty on postsurgical complications
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frail non-frail Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kristiansson 2010 58 76 49 102 131% 3.49(1.81,6.72) b —
Okabe 2019 18 78 16 191 11.3% 3.28[1.57,6.84) ——
Pata 2020 29 34 45 70  6.3% 3.22[1.11,9.37) T
Reisinger 2015 5 30 12 92 57% 1.33[0.43,4.15) —
Souwer 2018 17 32 34 107 9.9% 2.43[1.08,5.44) —
Souwer 2019 14 27 177 523 10.4% 2.11[0.97, 4.58) I —
Tan 2012 1" 23 11 60 6.5% 4.08[1.43,11.64)
Vermilion 2017 1548 4203 9296 37252 36.8% 1.75[1.64,1.87) o
Total (95% ClI) 4503 38397 100.0% 2.34 [1.75, 3.15] <>
Total events 1700 9640
Heterogeneity: Tau®= 0.06; Chi*=11.48, df=7 (P= 0.12); F= 39% ?0 0 051 t 100’
Test for overall effect: Z= 5.67 (P < 0.00001) Complications [frail] Complications [nonfrail)
Effect of frailty on severe postsurgical complications
frail non-frail Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kristjansson 2010 47 76 36 102 18.1% 2.97 [1.61,5.50) ==
Okabe 2019 29 78 40 181 19.5% 2.23[1.26,3.98) ——
Pata 2020 18 34 1 70 10.4% 6.03[2.38,15.32) T
Souwer 2018 9 32 16 107 10.3% 2.23(0.87,5.67) S
Vermilion 2017 1223 4203 6668 37252 41.6% 1.88[1.75,2.02) o
Total (95% ClI) 4423 37722 100.0% 2.43[1.72,3.43] <
Total events 1326 6771
Heterogeneity: Tau= 0.07; Chi*= 8.38, df= 4 (P = 0.08); F=52% =0.01 0?1 150 100‘

Test for overall effect: Z=5.02 (P < 0.00001)

severe comp [frail] severe comp [nonfrail)

Fig. 4. Post-surgical complications meta-analysis results.

disease and adverse health outcomes, so it is worth to obtain a measure
of the join effect of all them. Although frailty is a well-accepted concept
and clinical condition among most geriatricians, its diagnosis is still a
matter of debate and research. Finally, the study by Vermillion et al.
[17] had a greater weight in the meta-analysis due to its much larger
sample size. Nonetheless, it had a somewhat higher methodological
quality than the mean, and the sensitivity analyses showed very robust,
similar results when this study was excluded from the meta-analysis.

In conclusion, frailty in older patients with non-metastatic CC is a
risk factor for postoperative complications, severe postoperative com-
plications, mortality in the short (30 days), medium (3-6 months), and
long-term (1 year), and poor survival. Implementing frailty screening
programs and more exhaustive monitoring and prehabilitation pro-
grams could minimize complications in this setting. However, ran-
domized clinical trials would be needed to assess the safety and efficacy
of these interventions.
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