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Abstract: Background: There is still limited evidence on the results of prehabilitation in very old frail
patients. The aim of this study is to analyze the outcomes and course of octogenarian and nonage-
narian patients undergoing prehabilitation before surgery for colorectal cancer (CRC). Methods: a
prospective study was conducted in a tertiary hospital from 2018 to 2022. All patients diagnosed
with CRC over 80 years old and proposed for surgery were included. A comprehensive geriatric
assessment (CGA) for frailty detection was performed, and the therapeutic decision was taken by
the multidisciplinary tumor committee. Prehabilitation led by the geriatric team was performed.
The rate of medical and surgical complications, hospital stay, in-hospital mortality, and first-year
mortality were recorded. Results: CRC surgery was proposed in 184 patients >80 years. After a
multidisciplinary decision, surgery was performed on 126 (68.5%) patients, of whom 12 (0.5%) were
nonagenarians. Fifty percent of octogenarians and 86% of nonagenarians were frail. Prehabilita-
tion consisted of the following: adapted physical exercise (100%); oral nutritional supplementation
(73.8%); anemia treatment (59.5%); delirium prevention (5.6%); antidepressant treatment (15.9%);
vitamin D supplementation (21.4%); and pharmacological deprescription (38.1%). The post-surgical
complication rate was low (4.3% surgical and 29.4% medical complications), and in-hospital mor-
tality was very low (3.2%). Nonagenarian patients had a higher rate of complications compared to
octogenarians (OR 4.0 (95% CI 1.13–14.12))—mainly heart failure (OR 4.68 (95% CI 1.21–18.09))—but
there were no differences in hospital stay or first-year mortality. Conclusions: prehabilitation in very
old patients with CRC surgery is possible and provides good results.

Keywords: prehabilitation; frailty; nonagenarian; octogenarian

1. Introduction

Colorectal cancer (CRC) is one of the most frequent tumors, being the second most
common in terms of incidence (10.2%) and the third most common in terms of mortality
(9.2%) [1]. Globally, a 70% increase in CRC diagnoses is expected by 2045, and the popula-
tion group in which the incidence of CRC will increase the most is the over-75s, with an
increase of 164% [2]. Specifically, Spain has the third highest incidence of CRC in the older
population worldwide [3]. Despite the high incidence of CRC in older adults, they are often
under-represented in clinical trials [4] and the probability of receiving any specific cancer
treatment for CRC decreases significantly [5]. Twenty-one per cent of patients over 85 years
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of age diagnosed with CRC are not operated on, while rates of non-surgical intervention
in younger patients are lower [6]. This undertreatment of CRC impacts on mortality: the
3-year survival rate in >70 year old with untreated colon cancer is 9% compared to 91% in
those who undergo surgery [7]. Studies show that the long-term prognosis for older CRC
patients who survive the first year of surgery is similar to that of younger adults [8].

The Healthcare Cost and Utilization Project Nationwide Inpatient Sample, which
analyzed more than one million patients who had undergone bowel resection for CRC,
found that most of them (64%) were over 65 years old, and 23% were octogenarians and
nonagenarians [9]. This increase in the number of older patients undergoing complex
surgery is a challenge because these patients have a higher rate of post-surgical compli-
cations [10] and a higher postoperative mortality (6.2 times higher 30-day mortality in
patients over 85 years of age compared to younger patients) [6].

Because of the increase in the number of older patients undergoing surgery for CRC,
several guidelines published in recent years recommend that chronological age should not
be the sole factor in decision-making; frailty screening should be performed. Addition-
ally, frail patients benefit from a multidisciplinary approach to perioperative care, with
a team including a healthcare professional with geriatric expertise [11,12]. This makes
the comprehensive geriatric assessment (CGA) a cornerstone in the pre-surgical care of
these patients, in which the geriatric team has two main functions: to assess the patient’s
physiological reserve in helping decide on the best treatment as part of a multidisciplinary
tumor committee and to collaborate in the prehabilitation of these patients. Optimization
of the patient during the preoperative period with the aim of improving the postoperative
outcome has been included in the concept of prehabilitation. In prehabilitation programs,
actions such as improving nutritional status or physical performance can improve patients’
prognosis [13].

In recent years, numerous studies have analyzed the role of prehabilitation in older
patients undergoing surgery for CRC [14–24]. However, some of these studies mix re-
sults of prehabilitation in CRC with other pathologies [15,16,22,25,26] or include pa-
tients undergoing emergency surgery [18,24]. In most studies, prehabilitation is exclu-
sively physical (unimodal) [16,22] or trimodal (nutrition, exercise, and psychological
intervention) [14,15,17,19,20,24], and in only four studies is prehabilitation multimodal
and comprehensive, led by teams of geriatricians [25–28]. Moreover, although there are
studies focusing on older people, only two include very old patients, with a mean age
> 80 years [18,23]. There are studies in the literature that analyze the clinical course of nona-
genarian patients undergoing surgery for CRC [29,30] but none analyze prehabilitation in
nonagenarian patients.

Therefore, although there is already evidence that prehabilitation is effective in older
patients with CRC, there are no studies that have examined prehabilitation in nonagenarian
patients. The aim of this study is to analyze the effect of CGA and prehabilitation in
nonagenarian patients undergoing surgery for CRC and to compare their course with
octogenarian patients undergoing surgery for the same pathology.

2. Materials and Methods

The study included all patients aged 80 years or older with a new diagnosis of colon
cancer or rectal cancer proposed for surgery at the Hospital Universitario La Paz (a 1000-bed
teaching hospital). The patient inclusion period was from 1 October 2018 to 1 November
2022. The variables included in the study and the program carried out in these patients are
already described in detail in a previous publication of this working group [31].

2.1. Preoperative Phase
2.1.1. Evaluation at the Cross-Specialty Geriatrics Consultation

After being considered for surgery by the General Surgery Department, patients were
evaluated in a geriatric consultation by a geriatrician and a geriatric nurse who performed
the CGA. The data recorded were age, sex, comorbidity (Cumulative Illness Rating Scale-
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Geriatric (CIRS-G)) [32], usual pharmacological treatment, anesthetic risk (American Society
of Anesthesiologists (ASA) scale) [33], functional status (Functional Ambulation Categories
(FAC) [34], the Barthel Index [35] and the Lawton and Brody Scale) [36], cognitive status
(Reisberg Global Deterioration Scale [37], and the Pfeiffer Short Portable Mental Status
Questionnaire) [38]. Regarding nutritional assessment, body mass index (BMI), the Mini
Nutritional Assessment Short Form (MNA-SF) [39], and serum proteins and serum albumin
were recorded. Frailty status was assessed with gait speed (meters/s), manual handgrip
strength (using the Jamar© hydraulic dynamometer), the Short Physical Performance
Battery (SPPB) [40], the Clinical Frailty Scale [41,42], the Frail Scale [43], and the Frail-VIG
Index [44]. In addition, hemoglobin, iron profile, and vitamin D were collected.

Comorbidity was considered severe in patients who had three or more points in two
or more systems on the CIRS-G scale. High anesthetic risk was considered to be ASA ≥ III.
The cut-off points for frailty detection following the various scales were as follows: gait
speed ≤ 0.8 m/s, handgrip strength ≤ 12 kg in women and ≤22 kg in men [45], SPPB ≤ 9,
Clinical Frailty Scale ≥ 5, Frail Scale ≥ 3, and Frail-VIG Index ≥ 0.2.

2.1.2. Prehabilitation and Preoperative Geriatric Intervention

All patients in the study received an individualized geriatric intervention based on the
deficits detected in the comprehensive assessment. After a pharmacological review, poten-
tially inappropriate drugs were deprescribed. Oral protein supplementation was prescribed
to patients with evidence of malnutrition (BMI < 22 kg/m2, weight loss >5% in the last
month, MNA-SF ≤ 11 points, hypoproteinaemia (protein ≤ 6 g/dL) or hypoalbuminemia
(serum albumin ≤ 3 g/dL)). Multicomponent physical exercise adapted to their situation
was prescribed on an individual basis, using the ViviFrail program [46]. Patients with
iron deficiency (ferritin < 100 ng/mL or transferrin saturation index <20%) were treated
with intravenous iron. In case of deficiency (<30 ng/mL), vitamin D supplementation was
prescribed. In case of social frailty, an assessment by the social work team was requested.

2.1.3. Multidisciplinary Clinical Decision

The cancer treatment decision was decided in a multidisciplinary manner in the col-
orectal Tumor Committee after evaluation of the patient in the Geriatrics Department and
also taking into account the patient’s wishes and preferences. This multidisciplinary com-
mittee was made up of general surgeons, radiation and medical oncologists, pathologists,
radiologists, gastroenterology, nuclear physicians, and geriatricians.

2.2. In-Hospital Phase: Follow-Up during Admission

Cases of emergency surgery were excluded. Patients who underwent scheduled CRC
surgery received daily clinical follow-up by the geriatrician in addition to the usual care
provided by the General Surgery Service. During the days of admission, the presence
of medical or surgical complications (such as pneumonia, urinary tract infection, atrial
fibrillation, acute heart failure, pulmonary thromboembolism, bacteraemia, delirium, surgi-
cal wound dehiscence or infection, surgical reintervention, readmission to the anesthesia
resuscitation unit, and stay in the anesthesia resuscitation unit > 48 h) were recorded. In
addition, degree of severity of complications (Clavien-Dindo [47] ≥ Grade III), in-hospital
stay, and mortality were recorded. The diagnosis of delirium was made according to the
criteria defined by the Diagnostic and Statistical Manual of Mental Disorders, fifth edition.

2.3. Post-Discharge Follow-Up Phase

Follow-up was carried out for 12 months after hospital discharge, recording mortality
at 30 days, 6 months, and 12 months and at readmissions or visits to the emergency
department in the first month.

The statistical analysis was performed using the SPSS Version 17 statistical software
package. A descriptive analysis of the variables was carried out (mean and standard
deviation for quantitative data and absolute and relative frequencies for qualitative data).
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The percentages for each variable out of the total valid data for each variable are presented.
Statistical comparisons of the parameters evaluated were performed using parametric
tests (Student’s t-test and analysis of variance), except when selection or stratification
required nonparametric tests (Kruskal–Wallis and Mann–Whitney U test). The Kaplan–
Meier method was used to estimate survival. It was considered statistically significant if
p < 0.05.

This study was approved by the Clinical Research Ethics Committee of the Hospital
Universitario La Paz (PI-3729), and all participants gave informed consent.

3. Results

During the 49 months of the study, 184 patients with a diagnosis of CRC who were
candidates for surgery were included. Of these, 160 (87%) were octogenarians and 24 (13%)
were nonagenarians. The clinical characteristics of the patients and the differences by age
(octogenarians or nonagenarians) are shown in Table 1. Nonagenarian patients were more
often female, had higher rates of polypharmacy, anemia, and frailty, as measured by SPPB,
gait speed, and the Clinical Frailty Scale.

Table 1. Baseline characteristics of patients with colorectal cancer in octogenarian and nonagenarian
groups. Data are presented in n (%), except Functional Ambulation Categories and Barthel Index,
which are expressed as the mean (SD).

Clinical Characteristics
Octogenarian

Group
N = 160

Nonagenarian
Group
N = 24

p

Men, n (%) 97 (60.6) 9 (37.5) 0.033

Severe comorbidity (CIRS-G ≥ 3 in
≥2 systems), n (%) 39 (24.4) 7 (29.2) 0.613

High anesthetic risk (ASA ≥3), n (%) 110 (82.7) 13 (92.9) 0.328

Polypharmacy (≥5 drugs), n (%) 108 (68.4) 22 (91.7) 0.018

Functional Ambulation Categories,
mean (SD) 4.6 (0.9) 4.6 (0.6) 0.906

Barthel Index, mean (SD) 90.7 (17.5) 90.4 (8.3) 0.934

Global Deterioration Scale ≥ 3, n (%) 29 (18.2) 4 (16.7) 0.852

Nutritional status
Body mass index ≤ 22 kg/m2, n (%)
Mini Nutritional Assessment Short Form
≤ 11, n (%)

26 (16.6)
116 (72.5)

3 (12.5)
18 (75)

0.614
0.797

Frailty status
Short Physical Performance Battery ≤ 9,
n (%)
Walking speed ≤ 0.8 m/s, n (%)
Low handgrip strength, n (%)
Clinical Frailty Scale ≥ 5, n (%)
Frail Scale ≥ 3, n (%)
Frail-VIG index ≥ 0.2, n (%)

80 (50)
79 (49.4)
61 (38.1)
36 (22.5)
29 (18.2)
64 (40.5)

19 (86.4)
18 (81.8)
13 (56.5)
12 (52.2)
6 (22.1)

10 (43.4)

0.001
0.004
0.093
0.002
0.371
0.786

Analytical parameters
Anemia, n (%)
Ferropenia, n (%)
Vitamin D deficiency, n (%)

89 (56.3)
107 (89.2)

49 (86)

20 (87.0)
17 (81)
8 (72.7)

0.019
0.286
0.275

Geriatric intervention was performed on all the patients. A multimodal prehabilitation
led by the geriatrics team was carried out, in which the most frequent interventions were
as follows: adapted physical exercise (100%); oral nutritional supplementation (73.8%);
anemia treatment (59.5%); delirium prevention (5.6%); antidepressant treatment (15.9%);
vitamin D supplementation (21.4%); and pharmacological deprescription (38.1%). There
were no differences in the prehabilitation interventions between the two groups of patients
(p > 0.05)

Decision-making was shared in the multidisciplinary committee for colorectal tumors,
taking into account the patient’s values and preferences. Compared to younger patients,
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nonagenarian patients had a lower rate of surgical intervention (83.4% vs. 59.1%) and a
higher rate of refusal of treatment (7.9% vs. 27.3%) p = 0.03 (Figure 1).
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Figure 1. Therapeutic decision-making in colorectal cancer as a function of age for octogenarians
and nonagenarians.

Of the 134 patients scheduled for surgery, eight patients (seven octogenarians and one
nonagenarian) required urgent surgery during the surgical waiting period, resulting in
126 patients (114 octogenarians and 12 nonagenarians) undergoing scheduled surgery.

Nonagenarian patients who underwent surgery had a higher frequency of complications
(OR 4.0 (95% CI 1.13–14.12))—mainly heart failure (OR 4.68 (95% CI 1.21–18.09))—compared
to octogenarian patients. But there were no differences in hospital stay, surgical complications,
or in-hospital mortality. There was also no difference in 30-day hospital readmissions or
mortality during the first year compared to octogenarian patients (Table 2 and Figure 2).

Table 2. Clinical outcomes of patients undergoing planned surgery for colorectal cancer: octogenari-
ans and nonagenarians.

Clinical Outcomes
Octogenarian

Group
N = 114

Nonagenarian
Group
N = 12

p

Length of stay in days, mean (SD) 9.5 (6.9) 9.2 (4.6) 0.896

Surgical complications, n (%)
Wound dehiscence
Wound infection
Surgical re-intervention
ICU readmission
ICU stay > 48 h

15 (13.2)
4 (3.5)
3 (2.6)
6 (5.3)
6 (5.3)
7 (6.1)

3 (25)
1 (8.3)
0 (0)

1 (8.3)
0 (0)

1 (8.3)

0.265
0.415
0.570
0.659
0.413
0.767

Medical complications, n (%)
Heart failure
Atrial fibrillation
Respiratory infection
Urinary tract infection
Delirium
Pulmonary thromboembolism
Bacteremia

31 (27.2)
11 (9.6)
4 (3.5)
7 (6.1)
6 (5.3)

17 (14.9)
0 (0)

3 (2.6)

6 (50.0)
4 (33.3)

0 (0)
0 (0)
0 (0)

4 (33.4)
0 (0)
0 (0)

0.099
0.016
0.510
0.377
0.415
0.103

-
0.570

Any medical or surgical complication, n (%) 38 (33.3) 8 (66.7) 0.023

Clavien-Dindo ≥ 3, n (%) 4 (6.2) 4 (10) 0.713

In-hospital mortality, n (%) 4 (3.5) 0 (0) 0.510

30-day hospital readmissions, n (%) 9 (7.5) 0 (0) 0.557

6 month mortality, n (%) 12 (10.5) 1 (8.3) 0.812

12 month mortality, n (%) 15 (13.2) 2 (16.7) 0.735
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The statistically significant pre- and post-surgical differences between octogenarian
and nonagenarian patients are shown in Figure 3.
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SPPB: Short Physical Performance Battery, WS: Walking Speed, CFS: Clinical Frailty Scale.

4. Discussion

This study shows that nonagenarian patients selected through a comprehensive geri-
atric assessment and subjected to a prehabilitation program prior to scheduled surgery for
CRC have a similar outcome and mortality to octogenarian patients undergoing surgery
for the same pathology.

Nonagenarian patients with a diagnosis of CRC, despite presenting good functional
and cognitive status, had a higher rate of polypharmacy, anemia, and frailty compared to
octogenarian patients. This is why this subgroup of patients benefits even more from the
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care of the geriatric team, as greater complexity is involved in clinical decision-making and
there are more areas that can be optimized with prehabilitation.

In addition, it is important to note that the patients were actively involved in the
therapeutic decision. After being informed by the surgeon of the diagnosis, prognosis
of their tumor, and therapeutic alternatives, and by the geriatrician of their fragility and
prognosis for survival, they decided whether they wanted to undergo surgery. After
receiving this information, 27.3% of nonagenarian patients refused treatment, while only
7.9% of octogenarian patients refused treatment. There are few studies analyzing the rate
of treatment refusal after CRC diagnosis, although this decision is more frequent in older
patients than younger ones and, according to a study published by Kaltenmeier et al.,
patients over 80 years of age account for more than 90% of treatment refusals, with an
average treatment refusal rate of 2.5% [48]. In a recently published systematic review,
the rates of refusal of surgery were similar, between 0.25 and 3.26% [49]. These figures
contrast with those of our study, where the refusal rate was higher than that reported
in the literature. This high refusal rate can be explained by the fact that the patients
played an active part in the decision-making process, with the team avoiding paternalistic
attitudes and discussing the individual situation in detail with them, taking into account
the results of the comprehensive geriatric assessment, analyzing their physiological reserve
and assessing the possible risks of surgery.

Although studies have analyzed the clinical course of nonagenarian patients under-
going surgery for CRC [29,30], there are no studies focusing on prehabilitation in these
patients. Prehabilitation has been shown to lower the rate of post-surgical complications
and the average hospital stay [50]. According to a recent meta-analysis, prehabilitation
in frail patients undergoing surgery for CRC significantly reduces the incidence of post-
surgical complications (OR 0.51, 95% CI 0.34–0.78) and mean hospital stay (OR −0.34, 95%
CI −0.46–0.26) compared to frail patients managed without prehabilitation [51]. Although
prehabilitation has been shown to be safe and efficient in older patients [52], there are still
no studies that analyze its impact on the outcome of nonagenarian patients undergoing
surgery for CRC.

In such patients, post-surgical complications are reported in 70% of cases, with an
in-hospital mortality rate of 4.5–7.6% [29,30]. In our study, 66.7% of the nonagenarian
patients had postoperative complications, with a risk of complications twice as high as in
octogenarian patients, but only 10% had severe complications. Despite this, they did not
have longer hospital stays, the mean stay being 9.2 (SD 4.6) days, similar to that of younger
patients. Furthermore, in our study, in-hospital mortality was lower than in previous
studies (4.5–7.6%) [29,30] and there were no in-hospital deaths among the nonagenarian
patients who underwent surgery. Mortality during the first year after CRC surgery was
also low, with a one-year survival rate of 83.3% and a survival curve overlapping that of
younger patients.

All these data suggest that selected nonagenarian patients undergoing prehabilitation
have a similar short- and medium-term clinical course to younger patients.

This study has several limitations that should be mentioned. Firstly, the sample size
was relatively small and there were few fatal events, which may result in a lack of statistical
confidence. Secondly, the rate of adherence to prescribed prehabilitation was not recorded.
Thirdly, it should be noted that the care of these older patients was carried out in a tertiary
hospital with considerable experience in the care of highly complex surgical patients and
by a multidisciplinary team, so the results may not be generalizable to other hospitals.
Fourthly, there is a limitation due to the design of the study as there is no control group.

Worth highlighting among its strengths are its representative population, including all
patients over 80 years of age presented to the colorectal tumor committee during the study
period in the reference hospital covering a health area of 520,000 inhabitants, and the low
number of losses, thereby contributing to its population and epidemiological representa-
tiveness. Another strength is that a comprehensive geriatric assessment was performed
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with different frailty scales and geriatric-surgical co-management was performed during
hospital admission.

Although clinical guidelines recommend that age alone should not be taken into
account when making decisions, therapeutic abstention is still common at extreme ages of
life, such as in nonagenarian patients. This study may provide an opportunity for future
research by including nonagenarian patients in prehabilitation programs and involving
geriatricians in multidisciplinary tumor committees.

5. Conclusions

In conclusion, elective colorectal cancer surgery in previously selected and prehabil-
itated nonagenarian patients was performed safely and with good short- and long-term
results, with outcomes similar to octogenarian patients.

It is expected that in the coming years, due to an ageing population, the number of
nonagenarian patients undergoing surgery for CRC will increase. This means that more
scientific evidence in this subgroup of patients is required.

Author Contributions: Conceptualization, R.R.-M. and J.I.G.-M.; methodology, R.R.-M.; formal
analysis, R.R.-M.; investigation, R.R.-M., C.M.L., J.A.G.M., V.D.-G., I.M.M., L.C.-S. and M.V.-G.;
writing—original draft preparation, R.R.-M.; writing—review and editing, R.R.-M., C.M.L., R.M.-C.,
I.P.M. and J.I.G.-M.; supervision, I.P.M. and J.I.G.-M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Hospital Clinical Research Ethics Committee (PI-3729) and all
participants gave their informed consent to participate and to include their medical data in this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef]
2. International Agency for Research on Cancer. Available online: https://gco.iarc.fr/tomorrow/en/dataviz/bubbles?multiple_

populations=1&cancers=41&types=0&populations=900_981_982&single_unit=100000&age_start=15 (accessed on 1 September
2024).

3. Lu, X.Q.; Li, Y.; Wang, W.; Feng, W.T.; Shi, O.M. International incidence trends in early- and late-onset colorectal cancer: A
population-based study. Int. J. Color. Dis. 2020, 35, 1077–1086. [CrossRef]

4. Denson Aaron, C.M.A. Participation of the elderly population in clinical trials: Barriers and solutions. Cancer Control 2014, 21,
209–214. [CrossRef]

5. Serra-Rexach, J.A.; Jimenez, A.B.; García-Alhambra, M.A.; Pla, R.; Vidán, M.; Rodríguez, P.; Ortiz, J.; García-Alfonso, P.; Martín,
M. Differences in the Therapeutic Approach to Colorectal Cancer in Young and Elderly Patients. Oncologist 2012, 17, 1277–1285.
[CrossRef]

6. Simmonds, P.D.; Best, L.; George, S.; Baughan, C.; Buchanan, R.; Davis, C.; Fentiman, I.; Gosney, M.; Northover, J.; Williams, C.
Surgery for colorectal cancer in elderly patients: A systematic review. Lancet 2000, 356, 968–974. [CrossRef]

7. van der Vlies, E.; Vernooij, L.M.; van Erning, F.N.; Vink, G.R.; Bos, W.J.W.; Portielje, J.E.; Noordzij, P.G.; Los, M. Survival of
surgical and non-surgical older patients with non- metastatic colorectal cancer: A population-based study in the Netherlands.
Eur. J. Surg. Oncol. 2024, 47, 3144–3150. [CrossRef]

8. Van Erning, F.N.; Van Steenbergen, L.N.; Lemmens, V.E.P.P.; Rutten, H.J.T.; Martijn, H.; van Spronsen, D.J.; Janssen-Heijnen,
M.L.G. Conditional survival for long-term colorectal cancer survivors in the Netherlands: Who do best? Eur. J. Cancer 2014, 50,
1731–1739. [CrossRef]

9. Jafari, M.D.; Jafari, F.; Halabi, W.J.; Nguyen, V.Q.; Pigazzi, A.; Carmichael, J.C.; Mills, S.D.; Stamos, M.J. Colorectal Cancer
Resections in the Aging US Population. JAMA Surg. 2014, 149, 557. [CrossRef]

https://doi.org/10.3322/caac.21492
https://gco.iarc.fr/tomorrow/en/dataviz/bubbles?multiple_populations=1&cancers=41&types=0&populations=900_981_982&single_unit=100000&age_start=15
https://gco.iarc.fr/tomorrow/en/dataviz/bubbles?multiple_populations=1&cancers=41&types=0&populations=900_981_982&single_unit=100000&age_start=15
https://doi.org/10.1007/s00384-020-03558-2
https://doi.org/10.1177/107327481402100305
https://doi.org/10.1634/theoncologist.2012-0060
https://doi.org/10.1016/S0140-6736(00)02713-6
https://doi.org/10.1016/j.ejso.2021.07.018
https://doi.org/10.1016/j.ejca.2014.04.009
https://doi.org/10.1001/jamasurg.2013.4930


J. Clin. Med. 2024, 13, 6114 9 of 10

10. Grosso, G.; Biondi, A.; Marventano, S.; Mistretta, A.; Calabrese, G.; Basile, F. Major postoperative complications and survival for
colon cancer elderly patients. BMC Surg. 2012, 12 (Suppl. S1), S20. [CrossRef]

11. Montroni, I.; Ugolini, G.; Saur, N.M.; Spinelli, A.; Rostoft, S.; Millan, M.; Wolthuis, A.; Daniels, I.R.; Hompes, R.; Penna, M.; et al.
Personalized management of elderly patients with rectal cancer: Expert recommendations of the European Society of Surgical
Oncology, European Society of Coloproctology, International Society of Geriatric Oncology, and American College of Surgeons
Commissi. Eur. J. Surg. Oncol. 2018, 44, 1685–1702. [CrossRef] [PubMed]

12. Saur, N.M.; Davis, B.R.; Montroni, I.; Shahrokni, A.; Rostoft, S.; Russell, M.M.; Mohile, S.G.; Suwanabol, P.A.; Lightner, A.L.;
Poylin, V.; et al. The American Society of Colon and Rectal Surgeons Clinical Practice Guidelines for the Perioperative Evaluation
and Management of Frailty among Older Adults Undergoing Colorectal Surgery. Dis. Colon. Rectum 2022, 65, 473–488. [CrossRef]
[PubMed]

13. Ethun, C.G.; Bilen, M.A.; Jani, A.B.; Maithel, S.K.; Ogan, K.; Master, V.A. Frailty and cancer: Implications for oncology surgery,
medical oncology, and radiation oncology. CA Cancer J. Clin. 2017, 67, 362–377. [CrossRef] [PubMed]

14. Li, C.; Carli, F.; Lee, L.; Charlebois, P.; Stein, B.; Liberman, A.S.; Kaneva, P.; Augustin, B.; Wongyingsinn, M.; Gamsa, A.; et al.
Impact of a trimodal prehabilitation program on functional recovery after colorectal cancer surgery: A pilot study. Surg. Endosc.
2013, 27, 1072–1082. [CrossRef] [PubMed]

15. Janssen, T.L.; Steyerberg, E.W.; van Hoof-de Lepper, C.C.; Seerden, T.C.; de Lange, D.C.; Wijsman, J.H.; Ho, G.H.; Gobardhan, P.D.;
van der Laan, L. Long-term outcomes of major abdominal surgery and postoperative delirium after multimodal prehabilitation
of older patients. Surg. Today 2020, 50, 1461–1470. [CrossRef] [PubMed]

16. Northgraves, M.J.; Arunachalam, L.; Madden, L.A.; Marshall, P.; Hartley, J.E.; MacFie, J.; Vince, R.V. Feasibility of a novel exercise
prehabilitation programme in patients scheduled for elective colorectal surgery: A feasibility randomised controlled trial. Support.
Care Cancer 2020, 28, 3197–3206. [CrossRef] [PubMed]

17. Minnella, E.M.; Carli, F. Prehabilitation and functional recovery for colorectal cancer patients. Eur. J. Surg. Oncol. 2018, 44,
919–926. [CrossRef]

18. Goh, N.; Tan, K.Y. Effect of multidisciplinary prehabilitation-rehabilitation on outcomes after colorectal surgery in elderly patients.
Asian J. Gerontol. Geriatr. 2019, 14, 5–9. [CrossRef]

19. Gillis, C.; Fenton, T.R.; Sajobi, T.T.; Minnella, E.M.; Awasthi, R.; Loiselle, S.È.; Liberman, A.S.; Stein, B.; Charlebois, P.; Carli, F.
Trimodal prehabilitation for colorectal surgery attenuates post-surgical losses in lean body mass: A pooled analysis of randomized
controlled trials. Clin. Nutr. 2019, 38, 1053–1060. [CrossRef]

20. Fulop, A.; Lakatos, L.; Susztak, N.; Szijarto, A.; Banky, B. The effect of trimodal prehabilitation on the physical and psychological
health of patients undergoing colorectal surgery: A randomised clinical trial. Anaesthesia 2021, 76, 82–90. [CrossRef]

21. Berkel, A.E.; Bongers, B.C.; Kotte, H.; Weltevreden, P.; De Jongh, F.H.; Eijsvogel, M.M.; Wymenga, M.; Bigirwamungu-Bargeman,
M.; Van Der Palen, J.; van Det, M.J.; et al. Effects of Community-based Exercise Prehabilitation for Patients Scheduled for
Colorectal Surgery With High Risk for Postoperative Complications. Ann. Surg. 2021, 275, e299–e306. [CrossRef]

22. Barberan-Garcia, A.; Ubré, M.; Roca, J.; Lacy, A.M.; Burgos, F.; Risco, R.; Momblan, D.; Balust, J.; Blanco, I.; Martínez-Pallí, G.
Personalised Prehabilitation in High-risk Patients Undergoing Elective Major Abdominal Surgery. Ann. Surg. 2018, 267, 50–56.
[CrossRef] [PubMed]

23. Chia, C.L.K.; Mantoo, S.K.; Tan, K.Y. ‘Start to finish trans-institutional transdisciplinary care’: A novel approach improves
colorectal surgical results in frail elderly patients. Color. Dis. 2016, 18, O43–O50. [CrossRef] [PubMed]

24. Carli, F.; Bousquet-Dion, G.; Awasthi, R.; Elsherbini, N.; Liberman, S.; Boutros, M.; Stein, B.; Charlebois, P.; Ghitulescu, G.; Morin,
N.; et al. Effect of Multimodal Prehabilitation vs Postoperative Rehabilitation on 30-Day Postoperative Complications for Frail
Patients Undergoing Resection of Colorectal Cancer. JAMA Surg. 2020, 155, 233. [CrossRef] [PubMed]

25. McDonald, S.R.; Heflin, M.T.; Whitson, H.E.; Dalton, T.O.; Lidsky, M.E.; Liu, P.; Poer, C.M.; Sloane, R.; Thacker, J.K.; White, H.K.;
et al. Association of Integrated Care Coordination with Postsurgical Outcomes in High-Risk Older Adults. JAMA Surg. 2018,
153, 454. [CrossRef] [PubMed]

26. Hempenius, L.; Slaets, J.P.J.; van Asselt, D.; de Bock, G.H.; Wiggers, T.; van Leeuwen, B.L. Outcomes of a Geriatric Liaison
Intervention to Prevent the Development of Postoperative Delirium in Frail Elderly Cancer Patients: Report on a Multicentre,
Randomized, Controlled Trial. Bayer A, editor. PLoS ONE 2013, 8, e64834. [CrossRef]

27. Indrakusuma, R.; Dunker, M.S.; Peetoom, J.J.; Schreurs, W.H. Evaluation of preoperative geriatric assessment of elderly patients
with colorectal carcinoma. A retrospective study. Eur. J. Surg. Oncol. (EJSO) 2015, 41, 21–27. [CrossRef]

28. Ommundsen, N.; Wyller, T.B.; Nesbakken, A.; Bakka, A.O.; Jordhøy, M.S.; Skovlund, E.; Rostoft, S. Preoperative geriatric
assessment and tailored interventions in frail older patients with colorectal cancer: A randomized controlled trial. Color. Dis.
2018, 20, 16–25. [CrossRef]

29. Zeng, W.G.; Liu, M.J.; Zhou, Z.X.; Hu, J.J.; Wang, Z.J. Outcomes of colorectal cancer surgery in nonagenarian patients: A
multicenter retrospective study. J. Gastrointest. Oncol. 2021, 12, 1568–1576. [CrossRef] [PubMed]

30. Roque-Castellano, C.; Fariña-Castro, R.; Nogués-Ramia, E.M.; Artiles-Armas, M.; Marchena-Gómez, J. Colorectal cancer surgery
in selected nonagenarians is relatively safe and it is associated with a good long-term survival: An observational study. World J.
Surg. Oncol. 2020, 18, 120. [CrossRef]

https://doi.org/10.1186/1471-2482-12-S1-S20
https://doi.org/10.1016/j.ejso.2018.08.003
https://www.ncbi.nlm.nih.gov/pubmed/30150158
https://doi.org/10.1097/DCR.0000000000002410
https://www.ncbi.nlm.nih.gov/pubmed/35001046
https://doi.org/10.3322/caac.21406
https://www.ncbi.nlm.nih.gov/pubmed/28731537
https://doi.org/10.1007/s00464-012-2560-5
https://www.ncbi.nlm.nih.gov/pubmed/23052535
https://doi.org/10.1007/s00595-020-02044-0
https://www.ncbi.nlm.nih.gov/pubmed/32542413
https://doi.org/10.1007/s00520-019-05098-0
https://www.ncbi.nlm.nih.gov/pubmed/31712950
https://doi.org/10.1016/j.ejso.2018.04.016
https://doi.org/10.12809/ajgg-2018-304-oa
https://doi.org/10.1016/j.clnu.2018.06.982
https://doi.org/10.1111/anae.15215
https://doi.org/10.1097/SLA.0000000000004702
https://doi.org/10.1097/SLA.0000000000002293
https://www.ncbi.nlm.nih.gov/pubmed/28489682
https://doi.org/10.1111/codi.13166
https://www.ncbi.nlm.nih.gov/pubmed/26500155
https://doi.org/10.1001/jamasurg.2019.5474
https://www.ncbi.nlm.nih.gov/pubmed/31968063
https://doi.org/10.1001/jamasurg.2017.5513
https://www.ncbi.nlm.nih.gov/pubmed/29299599
https://doi.org/10.1371/journal.pone.0064834
https://doi.org/10.1016/j.ejso.2014.09.005
https://doi.org/10.1111/codi.13785
https://doi.org/10.21037/jgo-21-324
https://www.ncbi.nlm.nih.gov/pubmed/34532111
https://doi.org/10.1186/s12957-020-01895-8


J. Clin. Med. 2024, 13, 6114 10 of 10

31. Ramírez-Martín, R.; Pérez-Rodríguez, P.; Menéndez-Colino, R.; Maestre, I.M.; Martínez, J.A.G.; Martín, J.L.M.; Alarcón, T.A.;
Sebastián, J.D.; González-Montalvo, J.I. Prehabilitation and perioperative geriatric care in patients aged over 80 years with
colorectal cancer: Results of a cross-speciality geriatrics program. J. Geriatr. Oncol. 2022, 13, 813–820. [CrossRef]

32. Miller, M.D.; Rifai, A.H.; Parrdis, C.F.; Wouck, P.R.; Stack, J.A. Rating chronic medical illness burden in geropsychiatric practice
and research: Application of the Cumulative Illness Rating Scale. Psychiatry Res. 1992, 41, 237–248. [CrossRef]

33. Wolters, U.; Wolf, T.; Stützer, H.S.T. ASA classification and perioperative variables as predictors of postoperative outcome. Ritish
J. Anaesth. 1996, 77, 217–222. [CrossRef]

34. Holden, M.K.; Gill, K.M.; Magliozzi, M.R.; LPBaker, J.N. Clinical gait assessment in the neurologically impaired. Reliability and
meaningfulness. Phys. Ther. 1984, 64, 35–40. [CrossRef]

35. Mahoney, F.I.; Barthel, D.W. Functional evaluation: Barthel index. Md. State Med. J. 1965, 14, 61–65.
36. Lawton, M.P.B.E. Assessment of older people: Self-maintaining and instrumental activities of daily living. Gerontologist 1969, 9,

179–183. [CrossRef]
37. Reisberg, B.; Ferris, S.H.; de Leon, M.T.C. The Global Deterioration Scale for assessment of primary degenerative dementia. Am. J.

Psychiatry 1982, 139, 1136–1139.
38. Martínez de la Iglesia, J.; Dueñas Herrero, R.; Onís Vilches, M.C.; Aguado Taberné, C.; Albert Colomer, C.L.L.R. Adaptación

y validación al castellano del cuestionario de Pfeiffer (SPMSQ) para detectar la existencia de deterioro cognitivo en personas
mayores e 65 años. Med. Clin. 2001, 117, 129–134. [CrossRef]

39. Vellas, B.; Guigoz, Y.G.P. The Mini Nutritional Assessment (MNA) and its use in grading the nutritional state of elderly patients.
Nutrition 1999, 15, 116–122. [CrossRef]

40. Abizanda Soler, P.; López-Torres Hidalgo, J.; Romero Rizos, L.; Sánchez Jurado, P.; García Nogueras, I.E.R.J. Valores normativos
de instrumentos de valoración. Documento de consenso sobre prevención de fragilidad y caídas en la persona mayor 81 en
ancianos españoles: Estudio FRADEA. Aten. Primaria 2012, 44, 162–171. [CrossRef]

41. Rockwood, K.; Song, X.; MacKnight, C.; Bergman, H.; Hogan, D.B.; McDowell, I.M.A. A global clinical measure of fitness and
frailty in elderly people. Can. Med. Assoc. J. 2005, 173, 489–495. [CrossRef]

42. Arias-Rivera, S.; Sánchez-Sánchez, M.M.; de-San-Pío, E.R.; Santana-Padilla, Y.G.; Juncos-Gozalo, M.; Via-Clavero, G.; Moro-
Tejedor, M.N.; Raurell-Torredà, M.; Andreu-Vázquez, C.; Fragil-Es-UCI, G. Validez predictiva de la escala de fragilidad Clinical
Frailty Scale-España sobre el incremento de la dependencia tras el alta hospitalaria. Enfermería Intensiv. 2023, 35, 79–88. [CrossRef]

43. Morley, J.E.; Malmstrom, T.K.M.D. A simple frailty questionnaire (FRAIL) predicts outcomes in middle aged African Americans.
J. Nutr. Health Aging 2012, 16, 601–608. [CrossRef] [PubMed]

44. Amblàs-novellas, J.; Carles, J.; Molist, N.; Oller, R. Revista Española de Geriatría y Gerontología y evaluación de un índice de
fragilidad Índice frágil-VIG: Dise no basado en la Valoración Integral Geriátrica. Rev. Española Geriatr. Y Gerontol. 2017, 52,
119–127. [CrossRef] [PubMed]

45. Castell, M.V.; Sánchez, M.; Julián, R.; Queipo, R.; Martín, S.; Otero, Á. Frailty prevalence and slow walking speed in persons age
65 and older: Implications for primary care. BMC Fam. Pract. 2013, 14, 86. [CrossRef] [PubMed]

46. Casas-Herrero, Á.; Saez de Asteasu, M.L.; Antón-Rodrigo, I.; Sánchez-Sánchez, J.L.; Montero-Odasso, M.; Marín-Epelde, I.;
Ramón-Espinoza, F.; Zambom-Ferraresi, F.; Petidier-Torregrosa, R.; Elexpuru-Estomba, J.; et al. Effects of Vivifrail multicomponent
intervention on functional capacity: A multicentre, randomized controlled trial. J. Cachexia Sarcopenia Muscle 2022, 13, 884–893.
[CrossRef] [PubMed]

47. Clavien, P.A.; Barkun, J.; de Oliveira, M.L.; Vauthey, J.N.; Dindo, D.; Schulick, R.D.; de Santibañes, E.; Pekolj, J.; Slankamenac, K.;
Bassi, C.; et al. The Clavien-Dindo Classification of Surgical Complications. Ann. Surg. 2009, 250, 187–196. [CrossRef]

48. Kaltenmeier, C.; Malik, J.; Yazdani, H.; Geller, D.A.; Medich, D.; Zureikat, A.; Tohme, S. Refusal of cancer-directed treatment by
colon cancer patients: Risk factors and survival outcomes. Am. J. Surg. 2020, 220, 1605–1612. [CrossRef]

49. Moodley, Y.; Govender, K.; van Wyk, J.; Reddy, S.; Ning, Y.; Wexner, S.; Stopforth, L.; Bhadree, S.; Naidoo, V.; Kader, S.; et al.
Predictors of treatment refusal in patients with colorectal cancer: A systematic review. Semin. Oncol. 2022, 49, 456–464. [CrossRef]

50. Daniels, S.L.; Lee, M.J.; George, J.; Kerr, K.; Moug, S.; Wilson, T.R.; Brown, S.R.; Wyld, L. Prehabilitation in elective abdominal
cancer surgery in older patients: Systematic review and meta-analysis. BJS Open 2020, 4, 1022–1041. [CrossRef]

51. Chang, M.C.; Choo, Y.J.; Kim, S. Effect of prehabilitation on patients with frailty undergoing colorectal cancer surgery: A
systematic review and meta-analysis. Ann. Surg. Treat. Res. 2023, 104, 313. [CrossRef]

52. Santacruz, C.C.; Resina, M.M.; Báez, F.D.G.; Collado, L.M.; Rubio, M.B.S.; Valderrama, Ó.C.; Rul, J.L.M.; Vigatá, E.S.; Barrabés,
G.F.; Rufino, J.E.; et al. “Optimal recovery” after colon cancer surgery in the elderly, a comparative cohort study: Conventional
care vs. enhanced recovery vs. prehabilitation. Cir. Esp. 2023, 101, 426–434.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jgo.2022.03.002
https://doi.org/10.1016/0165-1781(92)90005-N
https://doi.org/10.1093/bja/77.2.217
https://doi.org/10.1093/ptj/64.1.35
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1016/S0025-7753(01)72040-4
https://doi.org/10.1016/S0899-9007(98)00171-3
https://doi.org/10.1016/j.aprim.2011.02.007
https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1016/j.enfi.2023.07.003
https://doi.org/10.1007/s12603-012-0084-2
https://www.ncbi.nlm.nih.gov/pubmed/22836700
https://doi.org/10.1016/j.regg.2016.09.003
https://www.ncbi.nlm.nih.gov/pubmed/28029467
https://doi.org/10.1186/1471-2296-14-86
https://www.ncbi.nlm.nih.gov/pubmed/23782891
https://doi.org/10.1002/jcsm.12925
https://www.ncbi.nlm.nih.gov/pubmed/35150086
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1016/j.amjsurg.2020.04.022
https://doi.org/10.1053/j.seminoncol.2023.01.002
https://doi.org/10.1002/bjs5.50347
https://doi.org/10.4174/astr.2023.104.6.313

	Introduction 
	Materials and Methods 
	Preoperative Phase 
	Evaluation at the Cross-Specialty Geriatrics Consultation 
	Prehabilitation and Preoperative Geriatric Intervention 
	Multidisciplinary Clinical Decision 

	In-Hospital Phase: Follow-Up during Admission 
	Post-Discharge Follow-Up Phase 

	Results 
	Discussion 
	Conclusions 
	References

