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undergoing surgery for
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Background: As the world population is progressively ageing, more and more
elderly patients will require cancer surgery. Although curative surgery is the
treatment of choice for resectable colorectal cancer (CRC), it is still debated
whether elderly frail patients should undergo major cancer surgery due to the
increased risk of postoperative and long-term mortality. The aim of this
retrospective study was to evaluate the impact of age and comorbidities on
postoperative mortality/morbidity and long-term outcomes, looking for
potential age-related survival differences.

Methods: A total of 1,482 patients operated for CRC at our institution between
January 2005 and October 2020 were analysed. The independent effect of age
and comorbidities on postoperative complications was assessed by a logistic
model, while the effect on overall survival (OS) and cancer-related survival
(CRS) was estimated by a Cox regression model.

Results: The median age in the cohort was 67.8 years. Postoperative mortality
was very low in the whole cohort (0.8%) and contained even in older age
groups (3.2% in patients aged 80-84 years, 4% in the 85-90-year age group).
The cumulative incidence of postoperative complications was doubled in
patients with comorbidities (32.8% vs. 15.1%, p = 0.002). With regard to OS,
as expected, it exponentially decreased with advancing age. Conversely,
differences in CRS were less pronounced between age groups and absent in
patients with stage 0—I CRC. Analysis of all causes and cancer-related mortality
revealed a peak within 2 years from surgery, suggesting a prolonged impact of
surgery. In patients aged 75 years and above, all-cause mortality showed a
steep increase 1 year after surgery, while cancer-related mortality plateaued at
about 4 years after surgery. On multivariable analysis, OS, but not CRS, was
significantly influenced by age.
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Conclusions: Although acceptable results of surgery in elderly patients, OS is
strongly dependent on age: older people die more from competing causes
than cancer-related treatments compared to younger age classes. The
preoperative identification of risk factors for low OS may help the selection
of those elderly patients who would benefit from curative CRC surgery.
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Introduction

Colorectal cancer (CRC) is one of the most common
tumours worldwide, and its incidence increases with age, with
a median age at diagnosis of 67 years (1). As the world
population is progressively ageing, more and more elderly
patients with CRC will require surgical treatment. Curative
surgery is the treatment of choice for resectable CRC, and
some current literature suggests that elderly patients have the
same oncological benefit as younger patients (2, 3). However, it
is still debated whether an invasive treatment should be
performed in elderly patients (4, 5), due to the increased risk
of postoperative complications, mortality, and difficulty to
regain independence (6, 7). Furthermore, the definition of
elderly is controversial. Even though the conventional
definition of elderly refers to a person aged 65 years or more,
frequently chronological age does not correspond to the
biological one (8, 9). In fact, older age does not always
correspond to frailty and more comorbidities. Therefore, to
assess surgical risk in elderly patients, postoperative outcomes
according to age classes were extensively investigated. Previous
studies evaluated age-related morbidity and mortality in a short-
term period, focusing on postoperative outcomes (10, 11).
Despite the demonstration of acceptable short-term results
after colorectal cancer surgery in older patients, the elderly
population represents a heterogeneous cohort and may suffer
from late complications as difficulty to thrive beyond 30 days
after surgery (12, 13). Furthermore, 30-day mortality may
underestimate surgical risk even in younger patients, as a not
negligible proportion of them die beyond this time frame (14,
15). Interestingly, Dekker et al. showed a significant excess
mortality in the first year after colorectal surgery in elderly
patients, while those who survived thereafter showed the same
cancer-related survival as younger patients (16). This excess
mortality involved especially patients with comorbidities, higher
stages of disease, emergency surgery, and postoperative
complications, reaching 15%-30% in high-risk patients (17).
Currently, the treatment of elderly patients with CRC represents
a modern challenge of personalised medicine, balancing
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undertreatment based on the sole chronological age and
overtreatment of frail patients (18-20).

The aim of this retrospective study was to evaluate the
impact of age and comorbidities on postoperative mortality/
morbidity and long-term outcomes on a large cohort of
surgically treated CRC patients, and to evaluate the
opportunity to submit elderly and frail patients to surgery.

Material and methods
Study population

The initial cohort of patients included 1,645 patients who
had surgery for CRC at the Division of General and
Hepatobiliary Surgery, University of Verona Hospital Trust,
between January 2005 and October 2020. All elective and
urgent surgeries and stage 0-IV, potentially curative (R0-1),
and palliative (R2) procedures were included. Patients below the
age of 30 and above the age of 90 were excluded, as the numbers
in those age categories were very exiguous. Patients with missing
follow-up data were also excluded. After application of inclusion
criteria, 1,482 patients were analysed (Figure 1). Patients were
classified in age classes as younger patients (<65 years) and
elderly patients (65-69, 70-74, 75-79, 80-84, 85-89 years).
Demographic, clinical, pathological, and pre- and
postoperative data were retrieved from a retrospective
database. All patients were staged with preoperative
colonoscopy, chest-abdomen-pelvis computed tomography
(CT), and carcinoembryonic antigen (CEA) measurement. The
main goal of surgery was the complete excision of the cancer to
obtain an RO resection. The extent of the resection was planned
according to cancer location, disease stage, and patient’s general
conditions. Anatomical resections with ligation of vessels at their
origin were the procedures of choice in order to achieve an
adequate lymphadenectomy. The surgical approach included
open and laparoscopic resections according to the surgeons’
preference, with laparoscopy becoming the preferred approach
after 2014. Comorbidity status was assessed using the Charlson
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Participants in study
n= 1510

Missing or inaccurate follow-up data
(n=135)

Cohort under study
n=1482

FIGURE 1
Flowchart depicting the selection process of patients under study.

Age Comorbidity Index (CACI) (21). Tumours were staged
according to the 8th Edition of the AJCC Cancer Staging
Manual (22). Patients with locally advanced rectal cancer
underwent long-course chemoradiotherapy or exclusive
radiotherapy according to performance status and
comorbidities. Preoperative chemotherapy was administered to
patients with stage IV CRC depending on multidisciplinary
assessment. Adjuvant chemotherapy was considered for
patients with stage III/IV disease or stage II with risk factors
after multidisciplinary discussion. Survival and follow-up data
were obtained by revising outpatient clinical records for patients
undergoing regular clinical follow-up or receiving oncological
treatment at our centre. In the case of patients attending follow-
up visits at other institutions, a member of our staff conducted a
telephone follow-up at least once a year by directly contacting
the patient or the relatives. Overall survival (OS) was defined as
the length of time between primary surgery and time of death
from any cause, whereas cancer-related survival (CRS)
considered death from cancer or cancer-related treatment (i.e.,
postoperative mortality or toxicity/adverse events after
chemotherapy) as the end point.

Statistical analyses

The primary outcome variables were postoperative mortality
and long-term OS and CRS. The main predictors considered in
the present study were age, coded as <65, 65-69, 70-74, 75-79,
80-84, and 85-89 years, stage (stage 0-I, stage II, stage III, stage
IV), gender (male, female), comorbidities (yes, no), tumour
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location (right colon, left colon, rectum), type of surgery
(urgent, elective), neoadjuvant therapy (yes versus no),
adjuvant therapy (yes versus no), radicality of surgery (R0O-1
versus R2), postoperative complications (yes, no), and number
of analysed lymph nodes (<12, 212). Significance of the
association between age class and postoperative mortality was
evaluated by Fisher’s exact test, and results are presented as n
(%). Survival curves were estimated using the Kaplan-Meier
method, and the log-rank test was used to evaluate the
significance of differences among curves. To plot the estimated
hazard function, a kernel smoother was used with a bandwidth
of 0.2 years. The independent effect of age class on overall or
cancer-related survival was evaluated by a Cox regression model,
adjusting for gender, stage, comorbidity, and neoadjuvant and
adjuvant chemotherapy. To test whether the prognostic
significance of the main risk factors changed over time, the
proportional hazards assumption of the Cox model was tested
on the basis of Schoenfeld residuals. Life expectancy was
compared between the CRC cohort and the general population
from Verona. The comparison was restricted to patients
undergoing RO-R1 surgery and to the age class 80-84 years,
where median and mean survival could be computed for the
CRC cohort. Life expectancy of the CRC cohort was
extrapolated, as some patients were still alive at the end of
follow-up, while life expectancy in the Verona general
population was yielded by the Italian National Institute of
Statistics (https://demo.istat.it/tvm2016). p-values below 0.05
were considered statistically significant. The statistical analysis
was performed using STATA software, release 17.0 (StataCorp,
College Station, TX, USA).
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Results

Cohort under study

Table 1 reports the main demographic and clinical
characteristics of the included patients. The median age in the
cohort was 67.8 years (IQR 58.8-76.9 years). The proportion of
female patients increased significantly with increasing age (p <
0.001), as well as the median CACI (p < 0.001) and the presence
of comorbidities (46.7% in patients aged below 65 years versus
77.6% in patients 85-89 years, p > 0.001). The percentage of
patients undergoing surgery for rectal cancer decreased with
increasing age (32.3% in patients aged <65 versus 10.5% in
patients aged 85-89, p < 0.001), while the predominant site in
the elderly was the right colon. Neoadjuvant treatment was more
frequently used in younger patients (23.8% in patients aged <65

TABLE 1 Characteristics of the cohort under study by age classes.

10.3389/fonc.2022.959650

versus 7.9% in patients ages 80-84, p < 0.001). Interestingly,
neoadjuvant treatment in patients aged <75 included both
preoperative chemotherapy for metastatic CRC and
neoadjuvant chemoradiotherapy for rectal cancer. On the
contrary, most of patients aged >75 received neoadjuvant
chemoradiotherapy for rectal cancer (p = 0.009).

Most patients underwent elective surgery, but the proportion
of urgent surgeries increased with increasing age (p < 0.001).
Thirty-day postoperative mortality in the whole cohort was low
and within acceptable ranges in all age groups (0.8%). Patients
aged 80 years and above presented the highest postoperative
mortality (3.2% in patients aged 80-84 years and 4% in patients
aged 85-89 years, p < 0.001). Only patients with at least one
comorbidity died in the postoperative period (12/928 = 1.3%).
Finally, postoperative complications occurred more often in
elderly patients (22.6% in patients aged below 65 versus 31.6%

Age classes P
value

<65 years 65-69 years  70-74 years  75-79 years  80-84 years  85-89 years

(n = 615) (n =242) (n =200) (n =193) (n = 156) (n =76)
Gender, female 279 (45.4%) 87 (36.0%) 69 (34.5%) 87 (45.1%) 75 (48.1%) 47 (61.8%) < 0.001
Comorbidities, yes 287 (46.7%) 158 (65.3%) 140 (7.0%) 146 (75.6%) 138 (88.5%) 59 (77.6%) <0.001
CACI, median (IQR) 4 (3-5) 5 (4-6) 6 (5-7) 6 (5-7) 7 (6-8) 7 (6-8) <0.001
CACI 25 160 (25.8%) 109 (45%) 172 (86%) 166 (86.1%) 152 (96.8%) 65 (85.5%) < 0.001
BMI, median (IQR) 24.8 (22.5-27.9) 25.5 (23.4-27.5) 25.6 (23.8-27.9) 24.9 (22.5-28.0) 26.1 (23.3-28.3) 24.2 (21.6-27.5) 0.23
Elective surgery 593 (96.4%) 231 (95.5%) 194 (97.0%) 179 (92.8%) 143 (91.7%) 65 (85.5%) < 0.001
Laparoscopic surgery 206 (33.5%) 83 (34.3%) 51 (25.5%) 47 (24.4%) 34 (21.8%) 22 (29.0%) 0.008
Postoperative mortality 0 (0.0%) 2 (0.8%) 0 (0.0%) 2 (1.0%) 5(3.2%) 3 (4.0%) < 0.001
Postoperative 139 (22.6%) 61 (25.2%) 53 (26.5%) 60 (31.1%) 54 (34.6%) 24 (31.6%) 0.008
complications
Neoadjuvant therapy, yes* 129 (23.8%) 34 (16.0%) 18 (10.0%) 19 (11.2%) 11 (7.9%) 0 (0.0%) < 0.001
Neoadjuvant type
CHT 53 (41.1%) 15 (44.1%) 9 (50.0%) 5 (26.3%) 1 (9.1%) - 0.009
CRT 73 (56.6%) 17 (50.0%) 9 (50.0%) 13 (68.4%) 6 (54.5%) -
RT 3 (2.3%) 2 (5.9%) 0 (0.0%) 1 (5.3%) 4 (36.4%) -
Tumour location
Left colon 256 (41.6%) 95 (39.2%) 91 (45.5%) 68 (35.2%) 54 (34.6%) 27 (35.5%) <0.001
Right colon 165 (26.8%) 84 (34.7%) 66 (33.0%) 74 (38.3%) 64 (41.0%) 41 (53.9%)
Rectum 199 (32.3%) 63 (26.0%) 43 (21.5%) 51 (26.4%) 39 (25.0%) 8 (10.5%)
Stage
0-1 197 (31.8%) 84(34.7%) 50 (25%) 50 (26%) 34 (21.8%) 11 (14.5%) < 0.001
1I 127 (20.5%) 62 (25.6%) 64 (32%) 67 (35%) 55 (35.2%) 29 (38.2%)
111 151 (24.4%) 50 (20.7%) 55 (27.5%) 43 (22.4%) 42 (27%) 21 (27.6%)
v 144 (23.3%) 46 (19%) 31 (15.5%) 32 (16.6%) 25 (16%) 13 (17.1%)
Potentially curative (R0-1) 539 (87.6%) 219 (90.5%) 176 (88%) 170 (88.1%) 140 (89.7%) 63 (82.9%) 0.540
Adjuvant therapy, yes® 93 (20.2%) 27 (14.5%) 21 (13.5%) 9 (6.0%) 6 (5.1%) 2 (3.8%) < 0.001
Number of retrieved 526 (87.1%) 204 (85.7%) 158 (81.0%) 148 (79.1%) 125 (81.2%) 54 (77.1%) 0.027

lymph-nodes >12

Data are expressed as number of patients (%) or median (IQR).
CACI (Charlson-Age Comorbidity Index); BMI (body max index).
*Information available for 1,317/1,482 patients.

°Information available for 1,121/1,482 patients.

p values - 0.05 were highlighted in bold.
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in patients aged 85-89 years, p = 0.008), and its occurrence was
strictly associated with the presence of comorbidities (32.8% in
patients with comorbidities versus 15.1% in patients without
comorbidities, p = 0.002). Similarly to neoadjuvant treatment,
adjuvant therapy was most frequently adopted in younger
patients (20.2% in patients aged <65 versus 3.8% in patients
aged 85-89, p < 0.001).

There was a non-linear relationship between stage and age.
Stage 0-I and IV were more frequent in the youngest age group,
where older patients presented a higher proportion of stage II
and III CRC (p < 0.001). The radicality of surgery did not differ
significantly between age groups as demonstrated by the similar
proportions of potentially curative resections (RO-1).

Long-term outcomes

As expected, OS markedly differed among the six age classes
(Supplementary Figure 1, p <0.001) and decreased progressively
with increasing age. The difference was blunted when
considering only deaths related to cancer or cancer treatment
(Supplementary Figure 2, p < 0.001). Supplementary Tables 1-3
report OS and CRS stratified by age classes and gender, stages,
and comorbidity status. OS was significantly poorer in older
patients regardless of gender, stage, and comorbidities. With
regard to CRS, male patients showed similar survival rates in all
age classes (p = 0.198). When stratifying for stage, CRS did not
differ significantly between the six age groups in patients with
stage 0-I CRC (p = 0.072), but it was affected by age in the
elderly groups. Finally, the presence of comorbidities influenced
both OS (p < 0.001) and CRS (p = 0.012).

Age classes were then grouped into three categories to obtain
adequate precision in estimating the hazard of mortality during
follow-up: <65 years, 65-75, and 76-89 years. The smoothed hazard
of mortality from CRC and from all causes is presented in the upper
panel of Figure 2, while the lower panel shows survival curves
estimated with the Kaplan-Meier method. Interestingly, the
smoothed hazard of mortality from all causes was significantly
higher in the 76-89 age class, while the other two age groups
presented a similar hazard. The trend however was similar in all
groups, with a peak of the hazard of all-cause mortality
approximately 2 years after surgery and cancer-related mortality
within the first 18 months. Cumulative cancer-related mortality and
all-cause mortality were plotted separately for the three age groups
using the Kaplan-Meier method (Figure 3). In younger patients,
curves of cumulative all-cause mortality and cancer-related
mortality over time were rather close throughout the follow-up
time. On the contrary, the curves tended to separate already 1 year
after surgery in CRC patients aged over 75 years, due to a larger
mortality from causes other than cancer.
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Multivariable analysis

Multivariable analysis was conducted to assess the impact of
age and comorbidities on OS and CRS (Table 2). OS was
significantly influenced by age, comorbidities, stage, radicality
of surgery, occurrence of postoperative complications, number
of retrieved lymph nodes <12, and neoadjuvant treatment. On
the contrary, age and comorbidities did not prove to be
independent prognostic factors for CRS, which was only
dependant on stage and neoadjuvant therapy.

Comparison between the CRC cohort
and the general population

Life expectancy was compared between the CRC cohort,
undergoing RO-R1 surgery, and the general population from
Verona. The comparison was restricted to the age class 80-84
years, where the median and mean survival could be computed
for the CRC cohort. Patients in stage 0-I had the same life
expectancy of the Verona general population: life expectancy
was 8.74 and 9.67 years, respectively, in male and female CRC
patients, compared to 8.27 and 10.58 years in men and women
from the Verona general population. Life expectancy was
markedly reduced in stage III patients (5.3 years in men and
3.7 years in women) and furthermore in stage IV patients (2.3
and 2.2 years, respectively). Life expectancy in stage II patients
was affected by gender, as it was similar to that of the general
population in men (7.4 years) and substantially reduced in
women (5.7 years).

Discussion

The primary aim of the present study was to determine the
long-term outcomes of elderly patients undergoing CRC surgery
and to evaluate whether all age groups benefit from surgery. The
treatment of CRC in elderly patients represents a contemporary
dilemma as the world population is progressively ageing (23),
and CRC exhibits a peak incidence around seventy years in both
sexes (24).

Despite poorer OS in elderly patients, postoperative
mortality was very low in the whole cohort (0.8%), and within
acceptable ranges even in octogenarian patients (3%-4%). These
data are in line with the current literature (25-27) and suggest
that cancer surgery can be feasible with contained postoperative
mortality even in older patients. It should be noted that
postoperative mortality occurred only in patients aged 65 and
above and with concurrent comorbidities, while younger and fit
patients did not suffer any postoperative death. Prehabilitation
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as part of the Enhanced Recovery After Surgery (ERAS) protocol
could play a role in the optimization of elderly CRC patients, and
it may contribute to better surgical results (28). As previously
published by our group, ERAS protocol can be safely applied to
elderly patients undergoing laparoscopic colorectal resection
with improvements in short-term postoperative outcomes (12).

In line with previous reports, we observed a higher
proportion of advanced and early stages of CRC in younger
patients (29). Conversely, elderly patients presented more often
with stage II and stage III disease (p < 0.001). This finding may
be due to a surgical selection bias, since more complex and
aggressive treatments may have been offered to younger and
healthier patients, while older patients with metastatic disease
were directed towards palliative care. Similarly, less elderly
patients underwent surgery for rectal cancer compared to the
younger groups, whereas more elderly patients presented with
right colon cancer (p < 0.001). This is in line with previous
literature, which reports decreasing incidence of rectal cancer in
patients aged >65 years (30).

In our cohort, OS differed significantly between age classes,
as expected. On multivariable analysis, age remained a
statistically relevant risk factor for OS, together with stage,
presence of comorbidities, occurrence of postoperative
complications, non-curative resection, inadequate

Frontiers in Oncology

lymphadenectomy, and neoadjuvant treatment. On the other
hand, whereas CRS was lower in older patients (Supplementary
Figure 2), age did not prove to be an independent prognostic
factor on multivariable analysis. Interestingly, neoadjuvant
treatment emerged as an independent negative prognostic
factor for OS and CRS on multivariable analysis. This result
may be explained by the association between neoadjuvant
treatment and a more advanced disease at diagnosis (locally
advanced rectal cancer or stage IV CRC). When analysing the
trend in overall and cancer-related mortality, we observed a peak
within 2 years from surgery in all age groups and more
pronounced in elderly patients (Figure 2). These results are
only partly in line with previous literature that identified an
excess mortality at the first year after surgery (17). On the
contrary, our results suggest a prolonged impact of surgery
beyond the first year and the peak in mortality within 18 and
24 months after cancer surgery. As shown in Figure 3 with
Kaplan-Meier estimates of all-cause and cancer-related deaths,
younger patients with CRC die almost always due to cancer
progression or treatment-related complications. Conversely, the
curves for elderly patients diverge quite steeply right after the
first year, suggesting more deaths from competing causes.
Interestingly, life expectancy at 80-84 years of age was
similar between stage 0-I CRC patients and the general

frontiersin.org


https://doi.org/10.3389/fonc.2022.959650
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Turri et al. 10.3389/fonc.2022.959650
<65 Years
80.0
g 700
3
% 60.0
&
2 500
$ 40.0
o
% 30.0
= All Cause Doaﬂrs’___,_—f—d_‘_’_
: 200
’ ﬁcr Related Deaths
10.0
0.0
0 1 2 3 4 5 6 7 ]
Years Since Colorectal Resection
000 65-75 Years
£ 700
g
s 600
c
2 s00
2 400
T,
é 300
2 All Cause Deathsl_//_:”__'_,—o—
E 200
3 //”//Eancer Related Deaths
10.0
0.0
0 1 2 3 4 5 6 7 8
Years Since Colorectal Resection
76-89 Years
80.0
£ 700
2
e 600 -
g ,’_’,—f—
[}
5 s All Cause Deaths //
2 wo /_
é 30.0 AT
E /V//Eancor Related Deaths
6 /‘,.;_/
10.0
0.0
0 1 2 3 4 5 6 7 8
Years Since Colorectal Resection
FIGURE 3

Cumulative incidence of all-cause and cancer-related mortality, estimated by the Kaplan—Meier method.

population of Verona (8.74 vs. 8.27 years, respectively, for men,
9.67 vs. 10.58 years for women), suggesting a low impact of
surgical treatment. However, life expectancy of stage III and
stage IV CRC was markedly reduced in both sexes. These data
suggest that curative surgery can be safely performed also in
elderly patients with CRC, with important benefits on OS if they
do not die of competing causes and they present with resectable
and early-stage disease. Palliative surgery or extensive resections
for stage IV CRC, however, do not provide survival benefits.
From the results of our study and from current literature, we
could conclude that elderly CRC patients should not be
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undertreated just because of their chronological age. A careful
preoperative evaluation should select elderly fit patients for low-
risk surgery. Frail and comorbid patients should otherwise be
directed towards medical optimization and prehabilitation
before surgery (31-33). The definition of frail patient is not
unique: frailty may be defined as “a state of decreased
physiologic reserve caused by the accumulation of ageing
processes across multiple organ systems, which affects the
patient’s resistance to stressors” (34). Different tools for the
assessment of frailty have been proposed, but they are often too
time consuming to be routinely used in clinical practice (35, 36).
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TABLE 2 Multivariate analysis for overall and cancer-related survival.

Overall survival

Hazard ratio (95% CI)

Age
<65 1 (reference)
65-69 0.95 (0.54-1.67)
70-74 1.75 (1.06- 2.89)
75-79 2.00 (1.21-3.33)
80-84 4.39 (2.70-7.16)
85-89

Gender (male)
Tumour location
Left colon
Right colon
Rectum
Comorbidity (yes)
Type of surgery (urgent)
Postoperative complications (yes)
Stage
Stage 0-1
Stage 2
Stage 3
Stage 4
Potentially curative (RO-1)

Number of retrieved lymph-nodes <12

(
4.36 (2.28-8.33)
1.03 (0.75-1.41)

1 (reference)
0.95 (0.65-1.37)
0.89 (0.52-1.51)
1.72 (1.12-2.66)
1.00 (0.46-2.03)
1.49 (1.09-2.03)

1 (reference)
2.25 (1.39-3.64)
5.09 (3.08-8.42)
8.06 (3.99-16.28)
0.29 (0.16-0.54)
1.73 (1.34-2.64)

(
Neo-adjuvant therapy (yes) 2.09 (1.18-3.69)
(

Adjuvant therapy (yes) 0.69 (0.43-1.10)

p values — 0.05 were highlighted in bold.

Montroni et al. have recently proposed other more immediate
tools to identify frail patients undergoing general surgery with a
particular emphasis to assess the quality of life and the functional
recovery after cancer surgery too (37, 38). However, all these
scores focus on the identification of patients at risk for
postoperative complications and short-term mortality, while
they do not consider correlation with long-term mortality.
Further studies are required to better define who could benefit
from surgery and who should be spared because they are too frail
and at risk of early mortality.

Despite including a large number of patients with a long
follow-up time, our study presents some limitations. Due to its
retrospective nature, it was not possible to retrieve complete data
on some variables, including the administration of neoadjuvant/
adjuvant therapy and the complications related to perioperative
oncological treatment. Also, retrieval of the cause of the death
was sometimes limited by the possibility to directly contact the
patients or their relatives.

In conclusion, CRC surgery may be offered even to elderly
patients with acceptable postoperative mortality. However, it
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Cancer-related survival

P value Hazard ratio (95% CI) P value
1 (reference)
0.87 0.86 (0.45-1.66) 0.66

0.03 1.54 (0.84-2.82) 0.16

0.007 1.59 (0.83-3.01) 0.16
< 0.001 1.99 (0.97-4.08) 0.06
< 0.001 1.66 (0.56-4.98) 0.36

0.83 0.96 (0.64-1.44) 0.84
1 (reference)

0.76 1.04 (0.62-1.74) 0.87

0.66 0.92 (0.47-1.79) 0.81

0.01 1.33 (0.81-2.18) 0.25

0.95 0.69 (0.21-2.32) 0.55

0.01 1.44 (0.96-2.15) 0.07
1 (reference)

0.001 2.98 (1.43-6.23) 0.004
< 0.001 9.26 (4.48-19.13) < 0.001
< 0.001 13.14 (5.28-32.69) < 0.001
< 0.001 0.25 (0.13-0.49) < 0.001

0.01 1.71 (1.00-2.92) 0.001

0.01 2.82 (1.43-5.56) 0.003

0.12 0.67 (0.39-1.15) 0.15

should be considered that there is a more pronounced increase
in 2-year all-cause mortality in elderly patients, suggesting a
prolonged impact of surgery.
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