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A B S T R A C T

Background: The frailty of the very elderly patients who undergo surgery for colorectal cancer negatively in-
fluences postoperative mortality. This study aimed to identify risk factors for postoperative mortality in octo-
genarian and nonagenarian patients who underwent surgical treatment for colorectal cancer.
Methods: This is a single institution retrospective study. The primary outcomes were risk factors for postoperative
mortality. The variables of the octogenarians and nonagenarians were compared by using t-test, chi-square test,
and Fisher exact test. A multivariate logistic regression analysis was carried out on the combined cohorts.
Results: we identified 319 octogenarians and 43 nonagenarians (N ¼ 362) who underwent surgery for colorectal
cancer at the Sant’Orsola-Malpighi university hospital in Bologna between 2011 and 2015. The 30-day post-
operative mortality was 6% (N ¼ 18) among octogenarians and 21% (N ¼ 9) for the nonagenarians.
The groups significantly differed in the type of surgery (elective vs. urgent surgery, p < 0.0001), ASA score (p ¼
0.0003) and rates of 30-day postoperative mortality (6% vs. 21%, p ¼ 0.0003).
In the multivariate analysis ASA > III (OR 2.37, 95% CI [1.43–3.93], p < 0,001), and urgent surgery (OR 2.17,
95% CI [1.17–4.04], p ¼ 0.014) were associated to post-operative mortality. On the contrary, pre-operative
albumin�3.4 g/dL (OR 0.14, 95% CI [0.05–0.52], p ¼ 0.001) was associated with a protective effect on post-
operative mortality.
Conclusions: In the very elderly affected by colorectal cancer, preoperative nutritional status and pre-existing
comorbidities, rather than age itself, should be considered as selection criteria for surgery. Preoperative
improvement of nutritional status and ASA risk assessment may be beneficial for stratification of patients and
ultimately for optimizing outcomes.
1. Introduction

Colorectal cancer is the third most common cancer in men and the
second in women, with 1,360,000 new cases diagnosed per year world-
wide [1]. Surgery is the main curative option in stage I-III and may often
prevent cancer-related complications in stage IV. Colorectal cancer most
frequently occurs in the elderly: at the time of diagnosis 60% of patients
are over the age of 70, and 43% are over 75 [2].

This last point was reinforced by Chouhan et al. who suggested that
screening for colorectal cancer in patients over 75 would be justified
okes.nhs.uk, salomone.disaverio@

orm 18 January 2019; Accepted
is an open access article under t
where life expectancy warrants it [3].
Foreseeing by the Global Health and Aging report, issued by the WHO,

predicts that between 2010 and 2050, the world's population of over-85
years old, alias “the oldest old,” will increase by 351% [4]. In this
context, it is possible to hypothesize that the amount of oldest old pa-
tients needing colorectal cancer surgery in the next future will be
remarkably larger than today.

This study aimed to identify risk factors for postoperative mortality in
octogenarian and nonagenarian patients who underwent surgical treat-
ment for colorectal cancer. For the oldest old patients undergoing
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Table 1
Demographics and clinical data.

Variable Octogenarians (N ¼
319)

Nonagenarians (N ¼
43)

p-value

Age (years) 83.6 � 2.7 91.9 � 2.2 0.653
Sex
F 169 (53%) 27 (63%) 0.212
M 150 (47%) 16 (37%)

ASA Score
II 19 (6%) 0 (0%) 0.0003
III 253 (79%) 25 (58%)
IV 47 (15%) 18 (42%)

Surgical presentation
Urgent 44 (14%) 23 (53%) <0.0001
Elective 275 (86%) 20 (47%)

Intensive Care
admission

186 (58%) 26 (62%) 0.753

Data is reported as number (Percentage) or Mean � Standard Deviation.
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colorectal cancer surgery, identification of these factors might lead to
more precise risk stratification and optimization of surgical outcomes.

2. Methods

This study was approved in 2016 by the Institutional Review Board
(IRB) of St OrsolaMalpighi University Hospital and University of Bologna
Medical School.

Informed consent was obtained from all patients for accessing their
personal dataand medical charts for research purposes.

2.1. Inclusion and exclusion criteria

Patients aged 80 years or older with a colorectal cancer diagnosis
(ICD-9 CM: 153–154) who consecutively underwent cancer surgery be-
tween 2011 and 2015 at the Policlinico Sant'Orsola-Malpighi, in Bologna
(362 cases). The sample included elective and urgent surgery (both re-
sections and palliative surgery). We did not apply any particular exclu-
sion criteria since we included all the patients that underwent surgery as
reported above.

2.2. Definition and classification of variables

We divided our patients into two categories according to the age:
from 80 to 89 years (octogenarians) or �90 years (nonagenarians).

Length of hospitalization was defined as the number of days from the
date of surgical intervention to discharge. The site of the primary tumor
was categorized as “right colon,” “transverse colon,” “left colon,”
“rectum” or “multiple” (synchronous colorectal tumors). The staging of
the tumor was assigned according to the TNM (Tumor Node Metastases)
classification of the American Joint Committee on Cancer/Union for Inter-
national Cancer Control [5]and was categorized as � III or IV [6].
Pre-operative albumin and hemoglobin were measured by serum levels at
the time of admission; all the collected data were categorized with
reference to evidence in the literature [7, 8]. We reported the ASA score
referring to the classification of the American Society of Anesthesiologists
[9] while the type of surgical presentation was categorized as “elective”
or “urgent.” The surgical operation was classified as “segmental resection
of colon,” “right hemicolectomy,” “left hemicolectomy,” “subtotal
colectomy,” “sigmoidectomy,” “anterior resection of rectum,” “abdomi-
noperineal resection of rectum” or “other” (palliative surgery). The sur-
gical approach was categorized as “laparotomy,” “laparoscopy,”
“laparoscopy converted to laparotomy” or “transanal.” Combined sur-
gery was defined as any surgical procedure which also involved other
organs than the colon-rectum (i.e., resection of adjacent organs invaded
by cancer, resection of metastases or surgical treatment of any other
pathology). Operative time was defined as the time from incision to skin
suturing. Complications were defined as events that occurred during
hospitalization up to 30 days following the operation. Postoperative
mortality was evaluated at 30 and 90 days after the surgery date.

We retrieved the Physiology and Operative Severity Score for
enUmeration of Mortality and morbidity (POSSUM) [10], and its latest
version Portsmouth POSSUM (P-POSSUM) [11], since these are widely
applied in the surgery literature; given the focus of our study we also
calculated the colorectal-POSSUM (CR-POSSUM) [12]. We compared the
predictive value of POSSUM, P-POSSUM, and CR-POSSUM to assess
which of these scores was more accurate in our population. These scores
were obtained using the online calculator of the Association of Colo-
proctology of Great Britain & Ireland [13].

2.3. Statistical analysis

The sample was divided into two cohorts: patients from 80 to 89
(octogenarians) and �90 (nonagenarians). Variables of the two cohorts
were compared using a t-test, chi-square test, and Fisher exact test. A
stepwise logistic regression was then carried out on the combined cohorts
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(octogenarians and nonagenarians together). Variables with a p-val-
ue<0.10 (age, intensive care admission, pre-operative albumin, surgical
program, combined surgery, and ASA score) were selected for multi-
variable analysis, where a p-value<0.05 was considered as the threshold
of statistical significance. All statistical analyses were performed with
STATA, version n� 13 (StataCorp 2013. Stata Statistical Software Release
13. College Station, TX: StataCorp LP).

3. Results

3.1. Characteristics of the patients

Among the octogenarians (N ¼ 319) and nonagenarians (N ¼ 43),
ASA score (p ¼ 0.0003), type of surgical presentation (p ¼ 0.0001), 30-
day post-operative mortality (p ¼ 0.0003), 90-day post-operative mor-
tality (p ¼ 0.003) were proved to be significantly different.

The 30-day postoperative mortality was 6% (N ¼ 18) among octo-
genarians and 21% (N¼ 9) for the nonagenarians, while at 90 days it was
respectively 12% (N ¼ 37) and 30% (N ¼ 13).

The octogenarians underwent N ¼ 232 (72.7%) elective procedures:
the postoperative mortality was 3.5% (N ¼ 8) at 30 days and 7.6% (N ¼
18) at 90 days. The nonagenarians underwent N ¼ 18 (41.9%) elective
procedures: the postoperative mortality was 11.1% (N ¼ 2) at 30 days
and 16.7% (N ¼ 3) at 90 days.

The cohort of nonagenarians had a worse ASA score, a higher per-
centage of urgent surgical interventions (53%) and a higher rate of
mortality at 30 (21%) and 90 days postoperatively (30%). The octoge-
narian group had a larger number of elective surgeries (86%). Among
octogenarians and nonagenarians, there were no significant differences
regarding sex, length of hospitalization (LOS) and intensive care admis-
sion rates. No significant differences were found regarding the site of the
primary tumor, tumor stage, pre-operative albumin, hemoglobin levels,
type of operation, surgical approach, operative time and rates of post-
operative complications. The following tables show a comparison of the
variables in detail (Tables 1, 2, 3, and 4).
3.2. Factors associated to 30-day postoperative mortality

In the combined cohort, urgent surgery (OR 2.17, 95% CI
[1.17–4.04], p ¼ 0.014) and ASA score > III (OR 2.37, 95% CI
[1.43–3.93], p < 0.001) were significantly associated to postoperative
mortality. On the contrary, pre-operative albumin�3.4 g/dL (OR 0.14,
95% CI [0.05–0.52], p ¼ 0.001) was associated with a protective effect
on postoperative mortality.

Age�90 (OR 1.21, 95% CI [0.31–4.68], p ¼ 0.77), Intensive Care
admission (OR 1.18, 95% CI [0.65–2.13], p ¼ 0.58) and combined sur-
gery (OR 1.03, 95% CI [0.19–5.01], p ¼ 0.87) did not represent signifi-
cant risk factors for postoperative mortality (Table 5).



Table 2
Pathology and laboratory data.

Variable Octogenarians (N ¼
319)

Nonagenarians (N ¼
43)

p-
value

Site of primary tumor
Right colon 137 (43%) 22 (52%) 0.192
Transverse colon 31 (10%) 5 (11%)
Left colon 76 (24%) 14 (32%)
Rectum 65 (20%) 2 (5%)
Multiple 10 (3%) 0 (0%)

Stage
0 12 (4%) 0 (0%) 0.091
I 49 (15%) 3 (6%)
II 139 (44%) 26 (60%)
III 103 (32%) 13 (31%)
IV 16 (5%) 1 (3%)

Pre-operative albumin
(g/dL)

3.9 � 1.5 3.6 � 1.3 0.544

Pre-operative
haemoglobin (g/dL)

11.4 � 2.1 11.7 � 2.4 0.886

Data is reported as number (Percentage) or Mean � Standard Deviation.

Table 4
Outcomes.

Variable Octogenarians (N
¼ 319)

Nonagenarians (N
¼ 43)

p-
value

Length of stay (days) 14.2 � 12.5 11.4 � 7.4 0.287
Post-operative complications
- Surgical 0.974

Major
Gastrointestinal

haemorrhage
5 (2%) 1 (1%)

Dehiscence of
anastomosis

6 (2%) 0 (0%)

Intestinal occlusion 3 (1%) 0 (0%)
Minor
Hematoma of the

wound
8 (3%) 1 (1%)

Infection of the
wound

12 (4%) 3 (1%)

Dehiscence of the
wound

4 (1%) 0 (0%)

- Clinical
Myocardial infarction 4 (1%) 1 (1%)
Pneumonia 9 (3%) 1 (1%)
Cerebral or vascular

event
4 (1%) 1 (1%)

Multi-organ failure 5 (2%) 1 (1%)
Urinary tract infections 5 (2%) 1 (1%)
2 or more clinical

complications
15 (5%) 0 (0%)

30-day post-operative
mortality

18 (6%) 9 (21%) 0.0003

90-day post-operative
mortality

37 (12%) 13 (30%) 0.003

Data is reported as number (Percentage) or Mean � Standard Deviation.
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3.3. Expected, observed mortality and morbidity overall and by type of
surgery and by age

Overall expected mortality by type of surgery followed the order P-
POSSUM < CR-POSSUM (p < 0.0001) (Table 6). This statistical signifi-
cance held when comparing elective and emergent procedures in the
same order. In fact, all scores were higher in the emergent surgery group
(p < 0.0001). The expected morbidity (POSSUM score) was significantly
different when comparing elective and emergent cases (p < 0.0001). For
observed morbidity, a higher number of complications was found in the
elective surgery group (28.21%) compared to the emergent surgery
group (17.11%) but was not statistically significant (p ¼ 0.025).

Overall expected mortality by age followed the order P-POSSUM <

CR-POSSUM (p ¼ 0.013 and 0.001 respectively) (Table 7). For observed
mortality, the comparison between the octogenarians and nonagenarians
group was statistically significant (6% versus 21%, p ¼ 0.0003).

The comparison of the expected morbidity (POSSUM) between the
age groups was statistically significant (<0.0001). With respect to the
observed morbidity in octogenarians and nonagenarians population, the
comparison did not reach statistical significance.

4. Discussion

The possibility of operating on the oldest old for colorectal cancer has
Table 3
Operative features.

Variable Octogenarians (N
¼ 319)

Nonagenarians (N
¼ 43)

p-
value

Surgical procedure
Subtotal colectomy 16 (5%) 2 (5%) 0.783
Right hemicolectomy 149 (47%) 24 (57%)
Left hemicolectomy 45 (14%) 2 (5%)
Abdominal-perineal
resection of rectum

10 (3%) 1 (2%)

Anterior resection of
rectum

45 (14%) 3 (6%)

Segmental resection 15 (5%) 3 (6%)
Sigmoidectomy 21 (7%) 6 (14%)
Other 18 (6%) 2 (5%)

Surgical approach
Laparotomy 271 (85%) 35 (81%) 0.681
Laparoscopy 35 (11%) 6 (15%)
Laparoscopy converted to
laparotomy

9 (3%) 1 (2%)

Transanal 4 (1%) 1 (2%)
Combined surgery 70 (22%) 4 (9%) 0.061
Operative time (min) 252 � 33 223 � 51 0.209

Data is reported as number (Percentage) or Mean � Standard Deviation.
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been discussed in the past. Many studies showed the feasibility of per-
forming colorectal surgery in the oldest old, in particular demonstrating
the benefits of laparoscopy which sometimes is not offered as a surgical
approach given multiple cardiopulmonary comorbidities and the related
difficulities with tolerating the pneumoperitoneum [14, 15].

In the present study, 86% of the octogenarians underwent elective
surgery. It appears likely that in most cases the clinical presentation of
the disease allowed planning an elective procedure.

On the other hand, 53% of the nonagenarians were operated
following an urgent surgical presentation. In the study by Arenal and
colleagues, the patients over-90 years with colorectal cancer who un-
derwent urgent surgery accounted for 49% of the sample [16]. These
data are similar to other reports [17, 18, 19, 20]. The possible explana-
tion for this recurrent urgent presentation in nonagenarian patients is
that the diagnosis was frequently triggered by a complication manifes-
tation. With respect to this fact, it is worth mentioning that among the
nonagenarians of our report, 40% of the cases had an ASA score > III.
ASA scores differed significantly between octogenarians and nonage-
narians patients. Most likely, the nonagenarians, as opposed to the oc-
togenarians, arrived at the pre-operative visit with a worse functional
deficit and more serious comorbidities.

In the cohort of octogenarians, 30-day postoperative mortality
occurred in 6% of cases. Our observation is comparable with the post-
operative (within 30 days) mortality data of elderly patients undergoing
colorectal cancer surgery. In fact, Verweji and colleagues reported that
the rate of postoperative mortality of over-85 patients who underwent
surgical treatment for colorectal cancer was 10% [21]. In addition,
Damhuis and colleagues found that postoperative mortality after colo-
rectal cancer surgery was 8% in the age group 80–84 and 13% in the age
group 85-8922.

On the contrary, if we take into consideration our cohort of nonage-
narian patients, 30-day postoperative mortality was 21%. This observa-
tion also seems to be in line with the current literature on the topic. In the
study by Arenal, postoperative mortality of over-90 patients undergoing
colorectal cancer surgery was 25% [16] while in the study by Damhuis it



Table 5
Multivariate analysis of the factors associated to 30-day post-operative mortality.

Variable Odd Ratios 95% Confidence interval p-value

Age
Octogenarians - - 0.775
Nonagenarians 1.21 0.31–4.68

Intensive Care admission
Yes 1.18 0.65–2.13 0.583
No - -

Pre-operative albumin (g/dL)
>3,4 0.14 0.05–0.52 0.001
�3,4 - -

Type of surgical presentation
Elective - - 0.014
Urgency 2.17 1.17–4.04

ASA Score
� III - - <0.001
> III 2.37 1.43–3.93

Combined surgery
Yes 1.03 0.19–5.01 0.87
No - -
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was 20% [22]. In our report, the rate of both 30-day and 90-day post-
operative mortality in nonagenarians was significantly higher than in
octogenarians (Table 4). The multivariate analysis of the combined
cohort indicated, however, that age�90 did not correlate with mortality;
on the contrary, urgent surgical presentation and an ASA score> III were
associated with postoperative mortality.

Therefore, we hypothesize that the significant difference in post-
operative mortality between octogenarians and nonagenarians could be
due, not so much to the average group age, but to the fact that nonage-
narians presented more frequently in urgency and with a higher ASA
with respect to the octogenarians. Our hypothesis is supported in liter-
ature by Biondi et al. who demonstrated that age itself should not be
considered as a risk factor for the development of complications in pa-
tients undergoing surgery for colorectal cancer [23].

Several studies have been investigating POSSUM, P-POSSUM, and
CR-POSSUM prediction of mortality and morbidity in elderly patients
[24, 25, 26, 27, 28]. The heterogeneity of these data should prompt to
assess these scores in different populations, settings, and geographic lo-
cations, since other variables may influence morbidity and mortality,
especially in the elderly. The fact that P-POSSUM involves cardiorespi-
ratory variables that are not measurable objectively may contribute to
this variability.
4.1. Factors associated with postoperative mortality in the combined cohort

In the combined cohort, ASA > III, pre-operative albumin<3.4 g/dL,
and urgent surgery were associated with postoperative mortality. In
literature, there is wide consensus on the causal relation “ASA – post-
Table 6
Expected, observed mortality and morbidity overall and by elective or emergent
surgery.

Score Overall Elective (N ¼
251)

Emergent (N ¼
111)

p value

Expected mortality, %
CR-POSSUM 33.60 �

11.36
30.47 � 7.04 42.64 � 15.81 <0.0001

P-POSSUM 8.31 � 8.25 6.39 � 4.67 12.45 � 11.97 <0.0001
Observed
mortality No.(%)

27 (7.45%) 8 (3.18%) 19 (17.11%) <0.0001

Expected morbidity, %
POSSUM 65.44 �

9.98
61.49 � 8.74 73.93 � 6.61 <0.0001

Observed
morbidity
No.(%)

90
(24.86%)

71 (28.21%) 19 (17.11%) 0.025
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operative mortality” for elderly patients who have undergone colo-
rectal cancer surgery [29, 30, 31]. In a study of patients over 80 years old
undergoing colorectal cancer surgery, the risk of postoperative mortality,
in the presence of ASA > III, was six times higher than the control group
(65–80 years old) [32]. More recently, a study by Soler et al. showed that
ASA in patients over 75 years old was a direct predictor of anastomotic
leaks as well as strictly medical postoperative complications [5, 33].
According to our experience, in the oldest old, the higher ASA score may
correlate to lower functional reserves andmore significant comorbidities,
enough to influence short-term outcomes.

For the oldest old patients with colorectal cancer, pre-operative al-
bumin levels have already been correlated to surgical outcomes in
literature [29, 34]. The serum albumin concentration may be considered
an indicator of the patient's nutritional status [29].

The correlation between urgent surgical presentation and operative
mortality, for the oldest old undergoing colorectal cancer surgery, is
confirmed in the studies previously referenced [2, 30, 32]. In fact, an
urgent surgical presentation in an old patient may frequently point at a
diagnosis of bowel obstruction or perforation. These two diagnoses carry
a poor prognosis independently from the surgical operation; it is possible
that the physical and mental stress related to the surgery along with the
general anesthesia's effects further worsen short-term outcomes in such
frail conditions.
4.2. Perspectives

According to several observations, important predictors of post-
operative mortality in the oldest old patients who have undergone sur-
gery for colorectal cancer are ASA score and urgent surgical presentation
[17, 35, 36]. Age did not represent a factor associated with postoperative
mortality in previous reports [37, 38]. Our analysis points to serum al-
bumin concentration <3.4 g/dL (i.e., malnutrition) as a further param-
eter positively correlated to postoperative mortality. Considering these
results, it appears appropriate planning prospective studies in order to
achieve even stronger evidence regarding the safety of the oldest old
undergoing colorectal cancer surgery. Age did not represent an inde-
pendent risk factor for postoperative mortality; patients should be
assessed according to their general physical condition, whatever the age.

In several studies similar to our own, ASA score and albumin serum
concentration are reported as indirect indicators of the patient's func-
tional conditions [20, 27, 39]. In recent research, multidimensional
geriatric assessment has shown to be useful in giving a 360� picture of a
patient's status, in terms of physical and functional condition [40, 41].
Thus, the combination of geriatric assessment and consolidated prog-
nostic indicators, such as the TNM staging, could lead to more effective
algorithms for preoperative risk stratification. We believe further studies
should focus on confirming the clinical usefulness of functional variables
(e.g. ASA score and albumin concentration) as postoperative mortality
Table 7
Expected, observed mortality and morbidity overall and by age.

Score Overall Octogenarians (N
¼ 319)

Nonagenarians
(N ¼ 43)

p value

Expected mortality, %
CR-POSSUM 33.60 �

11.36
32.28 � 9.18 42.71 � 18.66 0.001

P-POSSUM 8.31 �
8.25

7.79 � 7.75 12.07 � 10.51 0.013

Observed
mortality
No.(%)

27
(7.45%)

18 (6%) 9 (21%) 0.0003

Expected morbidity, %
POSSUM 65.44 �

9.98
64.46 � 9.34 72.39 � 11.60 <0.0001

Observed
morbidity
No.(%)

90
(24.86%)

80 (25%) 10 (23.25%) 0.71
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predictors. Keeping in mind what mentioned above, a clinical interven-
tion, aiming to modify the individual's nutritional and functional aspects,
might improve short-term outcomes. However, since most of the sur-
geries on nonagenarians are performed in an emergent status, significant
results for nutritional interventions might be difficult to achieve before
surgery.
4.3. Limitations

This study has the limitations of retrospective investigations
involving chart review. In addition, given the rarity of an operation on a
nonagenarian, the sample's size might limit the statistical power and the
generalization of the conclusions. It is hard to generalize the conclusions
also considering that this is a single study institution. A further limitation
of our report was the lack of a standardized institutional protocol for
postoperative care. Moreover, using albumin as a marker of nutrition is
suboptimal andmay be inaccurate under certain conditions. Preoperative
pre-albumin should be ideally collected in further studies to have a more
accurate description of the patients' nutrition status.

5. Conclusions

From the current analysis of a large database of 362 octogenarians
and nonagenarians patients who have undergone colorectal cancer sur-
gery, serum albumin<3.4 g/dL, urgent surgical presentation, and ASA
score > III, but not age�90, were correlated to postoperative mortality.

These results should prompt an improvement in multidimensional
geriatric assessment, to better define the risk stratification in the oldest
old patients undergoing colorectal surgery. Additionally, the develop-
ment of effective corrective interventions of the above preoperative
functional variables might lead to an improvement of surgical outcomes
in the increasingly large geriatric population.

Declarations

Author contribution statement

Matteo Novello, Francesco Vito Mandarino: Conceived and designed
the experiments; Performed the experiments; Analyzed and interpreted
the data; Contributed reagents, materials, analysis tools or data; Wrote
the paper.

Salomone Di Saverio: Conceived and designed the experiments;
Analyzed and interpreted the data; Wrote the paper.

Davide Gori: Conceived and designed the experiments; Analyzed and
interpreted the data; Contributed reagents, materials, analysis tools or
data.

Marialuisa Lugaresi, Giuseppe Cavallari: Contributed reagents, ma-
terials, analysis tools or data.

Alessandro Duchi, Francesca Argento: Performed the experiment;
Contributed reagents, materials, analysis tools or data.

James Wheeler: Analyzed and interpreted the data; Wrote the paper.
Bruno Nardo: Conceived and designed the experiments; Performed

the experiments; Contributed reagents, materials, analysis tools or data;
Wrote the paper.
Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.
Competing interest statement

The authors declare no conflict of interest.
5

Additional information

No additional information is available for this paper.

References

[1] J. Ferlay, I. Soerjomataram, R. Dikshit, et al., Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN 2012, Int. J. Cancer
136 (5) (2015). Epub 2014 Oct 9.

[2] J.J. Arenal, C. Tinoco, F. Labarga, R. Martínez, M. Gonzalo, Colorectal cancer in
nonagenarians, Colorectal Dis. 14 (1) (2012) 44–47.

[3] V. Chouhan, E. Mansoor, S. Parasa, et al., Rates of prevalent colorectal cancer
occurrence in persons 75 Years of age and older: a population-based national study,
Dig. Dis. Sci. 63 (2018) 1929–1936.

[4] WHO, Global Health and Aging, World Health Organization, 2011.
[5] AJCC (American Joint Committee on Cancer), in: S.B. Edge, D.R. Byrd,

C.C. Compton, et al. (Eds.), Cancer Staging Manual, seventh ed., Springer, New
York, 2010, p. 143.

[6] J. Fleshman, American Society of Colon and Rectal Surgeons, The ASCRS Textbook
of Colon and Rectal Surgery, Springer, New York, NY, 2007.

[7] D. Gupta, C.G. Lis, Pretreatment serum albumin as a predictor of cancer survival: a
systematic review of the epidemiological literature, Nutr. J. 9 (2010) 69.

[8] C.C. Chang, J.T. Sun, J.Y. Chen, Y.T. Chen, P.Y. Li, T.C. Lee, M.J. Su, J.M. Wu,
T.H. Yen, F.Y. Chu, Impact of peri-operative anemia and blood transfusions in
patients with gastric cancer receiving gastrectomy, Asian Pac. J. Cancer Prev.
APJCP 17 (3) (2016) 1427–1431.

[9] Asa Physical Status Classification System; American Society of Anesthesiologists.
Last approved by the ASA House of Delegates on October 15, 2014.

[10] G.P. Copeland, D. Jones, M. Walters, POSSUM: a scoring system for surgical audit,
Br. J. Surg. 78 (3) (1991) 355–360.

[11] M.S. Whiteley, D.R. Prytherch, B. Higgins, P.C. Weaver, W.G. Prout, An evaluation
of the POSSUM surgical scoring system, Br. J. Surg. 83 (6) (1996) 812–815.

[12] P.P. Tekkis, D.R. Prytherch, H.M. Kocher, A. Senapati, J.D. Poloniecki,
J.D. Stamatakis, A.C. Windsor, Development of a dedicated risk adjustment scoring
system for colorectal surgery (colorectal POSSUM), Br. J. Surg. 91 (9) (2004)
1174–1182.

[13] Association of Coloproctology of Great Britain & Ireland, Risk Prediction in Surgery,
2014. Accessed 2013, http://www.riskprediction.org.uk/index.php.

[14] Y.J. Kim, Colorectal cancer surgery in elderly patients, Ann. Coloproctol. 33 (2017)
121–122.

[15] L. Devoto, V. Celentano, R. Cohen, et al., Colorectal cancer surgery in the very
elderly patient: a systematic review of laparoscopic versus open colorectal
resection, Int. J. Colorectal Dis. 32 (2017) 1237–1242.

[16] Juan J. Arenal, Michael Bengoechea-Beeby, Mortality associated with emergency
abdominal surgery in the elderly, Can. J. Surg. 46 (2) (2003) 111.

[17] H.S.J. Ramesh, D. Pope, R. Gennari, R.A. Audisio, Optimising surgical management
of elderly cancer patients, World J. Surg. Oncol. 3 (2005) 17–30.

[18] P. Imbaud, J.J. Duron, R. Sadoudi, et al., Is visceral surgery justified in patients over
90 years of age? Ann. Chir. 44 (1990) 725–729.

[19] N. Burns-Cox, W.B. Campbell, B.A.J. Van Nimmen, et al., Surgical care and outcome
for patients in their nineties, Br. J. Surg. 84 (1977) 496–498.

[20] B.C. Morse, W.S.I.V. Cobb, J.D. Valentine, A.L. Cass, R.H. Roettger, Emergent and
elective colon surgery in the extreme elderly: do the results warrant the operation?
Am. Surg. 74 (2008) 614–618.

[21] N.M.1 Verweij, A.H.2 Schiphorst, H.A.3 Maas, D.D.4 Zimmerman, F.5 van den Bos,
A.2 Pronk, I.H.6 Borel Rinkes, M.E.7 Hamaker, Colorectal cancer resections in the
oldest old between 2011 and 2012 in The Netherlands, Ann. Surg. Oncol. 23 (6)
(2016 Jun) 1875–1882.

[22] R.A. Damhuis, C.J. Meurs, W.S. Meijer, Postoperative mortality after cancer surgery
in octogenarians and nonagenarians: results from a series of 5,390 patients, World
J. Surg. Oncol. 3 (2005 Nov 9) 71.

[23] A. Biondi, M. Vacante, I. Ambrosino, et al., Role of surgery for colorectal cancer in
the elderly, World J. Gastrointest. Surg. 8 (2016) 606–613.

[24] N. Fukuda, J. Wada, NikiM, Y. Sugiyama, H. Mushiake, Factors predicting mortality
in emergency abdominal surgery in the elderly, World J. Emerg. Surg. 7 (1) (2012)
12.

[25] K.Y. Tan, Y. Kawamura, K. Mizokami, J. Sasaki, S. Tsujinaka, T. Maeda, F. Konishi,
Colorectal surgery in octogenarian patients—outcomes and predictors of morbidity,
Int. J. Colorectal Dis. 24 (2) (2009) 185–189.

[26] J. Racz, L. Dubois, A. Katchky, W. Wall, Elective and emergency abdominal
surgery in patients 90 years of age or older, Can. J. Surg. 55 (5) (2012)
322–328.

[27] H. Wakabayashi, T. Sano, S. Yachida, K. Okano, K. Izuishi, Y. Suzuki, Validation of
risk assessment scoring systems for an audit of elective surgery for gastrointestinal
cancer in elderly patients: an audit, Int. J. Surg. 5 (5) (2007) 323–327.

[28] A. Gomes, R. Rocha, R. Marinho, M. Sousa, N. Pignatelli, C. Carneiro, V. Nunes,
Colorectal surgical mortality and morbidity in elderly patients:comparison of
POSSUM, P-POSSUM, CR-POSSUM,and CR-BHOM, Int. J. Colorectal Dis. 30 (2015)
173–179.

[29] Young Wan Kim, Ik Yong Kim, Factors associated with postoperative complications
and 1-year mortality after surgery for colorectal cancer in octogenarians and
nonagenarians, Clin. Interv. Aging 11 (2016) 689–697.

http://refhub.elsevier.com/S2405-8440(19)36023-2/sref1
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref1
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref1
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref2
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref2
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref2
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref3
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref3
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref3
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref3
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref4
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref5
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref5
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref5
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref6
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref6
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref7
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref7
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref8
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref8
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref8
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref8
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref8
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref10
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref10
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref10
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref11
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref11
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref11
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref12
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref12
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref12
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref12
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref12
http://www.riskprediction.org.uk/index.php
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref14
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref14
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref14
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref15
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref15
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref15
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref15
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref16
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref16
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref17
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref17
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref17
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref18
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref18
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref18
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref19
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref19
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref19
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref20
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref20
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref20
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref20
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref21
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref21
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref21
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref21
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref21
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref22
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref22
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref22
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref23
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref23
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref23
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref24
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref24
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref24
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref25
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref25
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref25
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref25
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref25
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref26
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref26
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref26
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref26
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref27
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref27
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref27
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref27
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref28
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref28
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref28
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref28
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref28
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref29
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref29
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref29
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref29


M. Novello et al. Heliyon 5 (2019) e02363
[30] E.E. van Eeghen, F.C. den Boer, R.J. Loffeld, Thirty days post-operative mortality
after surgery for colorectal cancer: a descriptive study, J. Gastrointest. Oncol. 6 (6)
(2015 Dec) 613–617.

[31] K. Fecho, A.T. Lunney, P.G. Boysen, P. Rock, E.A. Norfleet, Postoperative mortality
after inpatient surgery: incidence and risk factors, Ther. Clin. Risk Manag. 4 (4)
(2008 Aug) 681–688.

[32] A.G. Heriot, P.P. Tekkis, J.J. Smith, C.R. Cohen, A. Montgomery, R.A. Audisio,
M.R. Thompson, J.D. Stamatakis, Prediction of postoperative mortality in elderly
patients with colorectal cancer, Dis. Colon Rectum 49 (6) (2006 Jun) 816–824.

[33] G. Soler, M. Martinez-Vilalta, J. Vallet, et al., Colorectal surgery in the elderly: does
the extreme age determine the odds ratio of complications? J. Clin. Oncol. 36
(2018) e22046–e22046.

[34] M.F.1 van Stijn, I. Korkic-Halilovic, M.S. Bakker, T. van der Ploeg, P.A. van
Leeuwen, A.P. Houdijk, Preoperative nutrition status and postoperative outcome in
elderly general surgery patients: a systematic review, JPEN - J. Parenter. Enter.
Nutr. 37 (1) (2013 Jan) 37–43.

[35] P.P. Tekkis, J.D. Poloniecki, M.R. Thompson, J.D. Stamatakis, Operative mortality
in colorectal cancer: prospective national study, BMJ 327 (2003) 1196–1201.
6

[36] J.J. Arenal, C. Benito, M.P. Concejo, E. Ortega, Colorectal resection and primary
anastomosis in patients aged 70 and older: prospective study, Eur. J. Surg. 165
(1999) 593–597.

[37] R.P. Waldron, I.A. Donovan, J. Drumm, et al., Emergency presentation and
mortality from colorectal cancer in the elderly, Br. J. Surg. 73 (1986) 214–216.

[38] J. Samet, W.C. Hunt, C. Key, et al., Choice of cancer therapy varies with age of
patient, J. Am. Med. Assoc. 255 (1986) 3385–3390.

[39] R. Yap, K. Oliva, S. Wilkins, P.J. McMurrick, Colorectal cancer surgery in the very
elderly: nonagenarians, Dis. Colon Rectum 59 (6) (2016 Jun) 501–507.

[40] M. Extermann, M. Aapro, R. Bernabei, et al., Use of comprehensive geriatric
assessment in older cancer patients: recommendations from the task force on CGA
of the International Society of Geriatric Oncology (SIOG), Crit. Rev. Oncol.
Hematol. 55 (3) (2005) 241–252.

[41] H. Wildiers, P. Heeren, M. Puts, et al., International Society of Geriatric Oncology
consensus on geriatric assessment in older patients with cancer, J. Clin. Oncol. 32
(24) (2014) 2595–2603.

http://refhub.elsevier.com/S2405-8440(19)36023-2/sref30
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref30
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref30
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref30
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref31
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref31
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref31
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref31
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref32
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref32
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref32
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref32
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref33
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref33
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref33
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref33
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref34
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref34
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref34
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref34
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref34
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref35
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref35
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref35
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref36
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref36
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref36
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref36
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref37
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref37
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref37
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref38
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref38
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref38
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref39
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref39
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref39
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref40
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref40
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref40
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref40
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref40
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref41
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref41
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref41
http://refhub.elsevier.com/S2405-8440(19)36023-2/sref41

	Post-operative outcomes and predictors of mortality after colorectal cancer surgery in the very elderly patients
	1. Introduction
	2. Methods
	2.1. Inclusion and exclusion criteria
	2.2. Definition and classification of variables
	2.3. Statistical analysis

	3. Results
	3.1. Characteristics of the patients
	3.2. Factors associated to 30-day postoperative mortality
	3.3. Expected, observed mortality and morbidity overall and by type of surgery and by age

	4. Discussion
	4.1. Factors associated with postoperative mortality in the combined cohort
	4.2. Perspectives
	4.3. Limitations

	5. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


