
Advances in surgical techniques and perioperative care have 
improved cancer-related outcomes. However, there are still 
concerns regarding the safety of octogenarian and nonage-
narian patients during surgery. Clinicians may be reluctant 
to perform a radical resection for colorectal cancer and ad-
minister adjuvant or palliative cytotoxic chemotherapy to 
octogenarian and nonagenarian patients. In the elderly, set-
ting a primary goal based on multidisciplinary team discus-
sions prior to treatment is important. The overall treatment 
scheme, risks, and potential benefits should be discussed with 
elderly patients and their families. In this review, we will dis-
cuss multidimensional aspects of colorectal cancer surgery 
for octogenarian and nonagenarian patients with respect to 

age-related physiological declines, preoperative assessments, 
appropriate surgical procedures, and short-term and onco-
logic outcomes. In this era of an aging society, clinicians 
should provide objective evidence to octogenarian and nona-
genarian patients regarding estimated short-term and onco-
logic outcomes. However, there is a limited number of studies 
concerning outcomes following colorectal cancer surgery in 
octogenarians and nonagenarians. In the future, a prospec-
tive study with a larger cohort would be helpful to collect 
objective data on octogenarian and nonagenarian patients.
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Introduction

Over the past few decades, life expectancy 
has increased and aging populations are grow-
ing remarkably. In the United States, life table 
cohort data from 2011 showed that in 1900, only 
13.5% of the cohort survived to age 80. However, 
in 2011, 57.5% survived to 80 years of age [1]. In 
addition, the life expectancies of individuals at 80 
years of age were 8.2 years for men and 9.6 years 
for women [1]. Colorectal cancer is the third and 
second most commonly diagnosed malignancy 
in men and women, respectively, worldwide. Its 
incidence increases steadily with advancing age 
[2.3]. The incidence of colorectal cancer was ap-

proximately 40 to 50 per 100,000 persons in a 
general population over 75 years. In contrast, the 
incidence was approximately 15 to 20 per 100,000 
persons in a population aged 60 to 65 years [4].

Surgery is the established treatment mo-
dality for either localized or metastatic colorec-
tal cancer. Advances in surgical techniques and 
perioperative care have improved cancer-related 
outcomes in the past few decades [5]. However, 
there are still concerns regarding surgical safety 
for octogenarian and nonagenarian patients. Until 
recently, elderly patients, especially octogenari-
ans and nonagenarians, have been excluded from 
many clinical trials. Surgical outcomes in octoge-
narian and nonagenarian patients with colorectal 
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cancer are available only in a limited number of 
studies [6-9]. In this era of an aging society, col-
orectal surgeons are increasingly likely to operate 
on both age groups patients. In clinical practice, 
surgeons should provide evidence-based informa-
tion regarding the risks and benefits of surgery to 
elderly patients and their care providers. 

In this review, we will discuss the multidi-
mensional aspects of colorectal cancer surgery 
for octogenarian and nonagenarian patients in 
terms of age-related physiological declines, pre-
operative assessments, appropriate surgical pro-
cedures, and short-term and oncologic outcomes.

Age-related physiological decline

At the time of admission, a patient’s chrono-
logical age can be calculated based on his/her 
birth date. The age at which a patient should be 
classified as elderly is a matter of debate. Sever-
al investigators have defined elderly patients as 
patients older than 65 [10], 70 [11], 75 [12], and 
80 [13] years of age. Currently, a significant pro-
portion of the population survives more than 80 
years. The life expectancy at birth for the US pop-
ulation was 78.7 years in 2011 [1]. Thus, it is im-
portant to investigate outcomes in patients older 
than 80 years who have not received particular 
attention in previous medical studies. 

Chronological aging induces a progressive re-
duction in the homeostatic reserve, i.e., homeoste-
nosis of whole-organ systems. The aging process 
influences each individual differently. The degree 
of aging-related change is closely associated with 
genetic, dietary, environmental, and lifestyle fac-
tors. Aging-related physiological decline increas-
es susceptibility to chronic illnesses. Accordingly, 
elderly patients have a high probability of suffer-
ing single or multiple comorbidities, which lead 
to unfavorable postoperative outcomes [3]. 

Aging-related changes in the cardiovascular 
system include phenotypic changes, such as  de-
creased number of myocytes, fibrosis of the si-
noatrial conduction pathway, decreased ventricu-
lar compliance, and increased diastolic dysfunc-
tion [14]. These changes result in an increased risk 
of heart failure or arrhythmia. Aging increases 
the risk for developing hypertension, coronary ar-
tery disease, and silent myocardial ischemia [15]. 
Therefore, age- and disease-related cardiovascu-
lar changes impair compensatory function of the 
heart during the perioperative period in elderly 
patients. 

Aging-related changes in the pulmonary sys-

tem include weakened respiratory muscles,  de-
creased lung compliance and decreased ability to 
preserve airway protection through swallowing 
and the cough reflex [16]. Advancing age increas-
es the risk for chronic obstructive pulmonary dis-
ease, and the aforementioned changes contribute 
to atelectasis, (aspiration) pneumonia, and the use 
of ventilator care during the postoperative peri-
od [17]. Aging-related effects of the renal system 
include decrease of the renal cortical mass, scle-
rosis of nephrons, decreased renal blood flow, and 
a decreased glomerular filtration rate [18]. Renal 
tubular function declines with age, and the ability 
to control electrolyte and acid-base balances be-
comes impaired [19]. Even if serum creatinine is 
normal, clinicians should be aware of underlying 
decreased renal function in octogenarian and no-
nagenarian patients. 

There are several aging effects on the hepato-
biliary system. Morphologically, the liver volume 
and hepatocyte number decrease. Hepatic blood 
flow also decreases. However, hepatic function is 
rather well preserved due to the large compensa-
tory ability of the liver [20]. 

The stem cell pool in bone marrow decreases 
with aging, and the production of naïve T cells 
in the thymus and B cells in the bone marrow is 
diminished [21]. The life cycle of red blood cells 
and blood volume are rather well maintained with 
age. 

In elderly patients, impaired immune func-
tion contributes to the occurrence of infection 
during the postoperative period. However, an in-
creased susceptibility to postoperative infections 
can be attributed to multiple factors, such as sur-
gical stress and other comorbidities, rather than 
to immune function alone. 

Aging-related changes in the central nervous 
system include decreased brain volume, both in 
the white and gray matter [22]. Cerebral blood 
flow decreases with aging. Therefore, aging in-
creases the risk for cognitive impairment [23]. 
Postoperative delirium is common in the elderly, 
and cognitive function influences postoperative 
recovery and rehabilitation. 

Preoperative assessment

An appropriate preoperative evaluation of 
octogenarian and nonagenarian patients includes 
assessments of medical, surgical, and medication 
histories, as well as of functional, nutritional, and 
cognitive status and frailty. It is important to iden-
tify the presence of co-existing medical conditions 
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and the extent of the compensatory capacity of 
organ systems. Advancing age is associated with 
an increased risk for comorbid diseases. Operative 
risk is influenced by both chronological age and 
comorbidities. Detailed medical and surgical his-
tories should be taken prior to surgery. Clinicians 
should be aware of a patient’s medication history, 
such as prescription and over-the-counter medica-
tions [24], and weigh the benefits and risks of dis-
continuing aspirin and other antiplatelet agents 
for underlying cardiovascular disease [25]. 

There are several methods for preoperatively 
evaluating functional status, such as the American 
Society of Anesthesiologists (ASA) score, Karnof-
sky score, Eastern Cooperative Oncology Group 
(ECOG) score, activities of daily living (ADL), and 
metabolic equivalent of task (MET). The ASA clas-
sification is a six-category physical status classifi-
cation system for the assessment of preoperative 
functional status by surgeons and anesthesiolo-
gists. Patients with an ASA score of 1 (healthy) 
to 3 (severe systemic disease) are candidates for 
elective surgery in clinical practice. In the med-
ical oncology field, the Karnofsky score or ECOG 
score are frequently used to determine a patient’s 
performance status when planning chemotherapy 
[3]. ADLs refer to an elderly patient’s daily liv-
ing activities, such as bathing, feeding, toileting, 
dressing, and grooming. ADLs can be subclassi-
fied as a basic ADL, intermediate ADL (e.g., driv-
ing and shopping), and advanced ADL (e.g., leisure 
and occupational activities) [26]. The MET refers 
to the ratio of the metabolic rate associated with a 
certain physical activity to the resting metabolic 
rate. Higher METs indicate better exercise toler-
ance [27]. 

A preoperative evaluation of nutritional sta-
tus is also important in octogenarian and nonage-
narian patients [28,29]. Poor nutrition in elderly 
patients with colorectal cancer can be explained 
by the anorexia of aging and cancer cachexia [30]. 
The anorexia of aging refers to an age-related 
physiological decline in appetite and dietary in-
take [31]. Cancer cachexia, which is more common 
in patients with advanced cancer, refers to a com-
plex metabolic syndrome characterized by loss of 
appetite and body weight. The resulting catabol-
ic state is associated with the age-related loss of 
muscle mass and body fat [32-34]. Popular clinical 
screening tools are a subjective global assessment, 
the universal malnutrition screening tool, a mini 
nutritional assessment, and the malnutrition risk 
scale. The biochemical data reflecting nutritional 
status have not been clearly elucidated. However, 

a low serum albumin level has been shown to cor-
relate with increased complications and mortality 
rates in the elderly [35].

Advancing age is also associated with cogni-
tive impairment. Cognitive deficit is associated 
with the occurrence of postoperative delirium and 
delayed recovery, such as ambulation and dietary 
intake. It is important to perform standardized as-
sessments to identify the presence of dementia, 
delirium, and depression in the elderly. Common-
ly used tests include the mini-mental state exam-
ination, abbreviated mental test score, and gener-
al practitioner assessment of cognition [36].

Frailty in the elderly refers to clinical geriat-
ric syndrome characterized by involuntary weight 
loss, self-reported exhaustion, weakness (grip 
strength), slow walking speed, and low physi-
cal activity [37]. The presence of frailty has been 
shown to correlate with unfavorable surgical out-
comes, such as increased complication rates and 
delayed hospital discharge [38]. A comprehensive 
geriatric assessment is a multidimensional as-
sessment for elderly cancer patients that aims to 
identify disabilities and geriatric conditions asso-
ciated with frailty. In a recent study, the frailty 
score based on a comprehensive geriatric assess-
ment was a predictor of postoperative outcomes 
in elderly patients undergoing gastrointestinal 
surgery [39]. 

Treatment strategy

In the elderly, setting a primary goal based on 
multidisciplinary team discussions is important. 
Clinicians may be reluctant to perform a radical 
resection for colorectal cancer and administer ad-
juvant or palliative cytotoxic chemotherapy in oc-
togenarian and nonagenarian patients. The over-
all treatment scheme, risks, and potential benefits 
should be discussed with elderly patients and their 
families. If anticipated, unfavorable functional 
consequences, such as a permanent stoma or fecal 
incontinence, should be explained, and a patient’s 
preference should be simultaneously considered. 
Before we can consider a surgical approach, it is 
essential to distinguish between the chronologi-
cal and physiological age of patients. Currently, 
we are unable to accurately calculate physiolog-
ical age; however, multidimensional assessments 
with regard to comorbidity, functional, nutrition-
al, and cognitive status and frailty may guide the 
selection of more appropriate treatments.

There is no consensus regarding the appro-
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priate extent of surgery in elderly patients with 
colorectal cancer. In selected cases, suboptimal 
treatment is performed based on a patient’s will-
ingness or poor functional status. Total mesorec-
tal excision is an established surgical treatment 
for rectal cancer [40]. However, preoperative 
chemoradiation therapy followed by  local tran-
sanal excision can be an option for patients who 
want to avoid poor bowel function after a radi-
cal proctectomy [41]. Omission of a long course 
of preoperative chemoradiation therapy and a 
radical resection-only approach is another treat-
ment option for locally advanced rectal cancer. 
For colon cancer, a complete mesocolic excision 
in conjunction with a central vascular ligation 
or D3 lymphadenectomy in Asian countries has 
been shown to be more effective in terms of onco-
logic outcomes. However, there are still concerns 
regarding prolonged operative times and higher 
complication rates after complete mesocolic ex-
cision or D3 lymphadenectomy [42]. Generally, a 

D3 dissection is indicated for clinical stage II/III 
colon cancer [43,44]. However, surgeons should 
consider the tolerability of a D3 dissection in oc-
togenarian and nonagenarian patients [45]. When 
considering the higher morbidity and mortality 
associated with a more extensive surgery, a com-
plete mesocolic excision or D3 lymphadenectomy 
may be more suitable for younger patients and 
physiologically fit elderly patients. Combined re-
sections, such as hepatectomy for liver metasta-
sis or pneumonectomy for lung metastasis, carry 
high risks for perioperative morbidity. However, 
favorable oncologic outcomes can be expected in 
patients undergoing R0 resection for metastasis 
[5]. Selection of the appropriate chemotherapy 
regimen in an adjuvant or palliative setting is also 
important. The time to commencement of chemo-
therapy after surgery is usually delayed compared 
with that in younger patients. The rate of adjuvant 
chemotherapy is lower in elderly patients due to 
various reasons, such as poor performance status, 

Table 1. Literature review of colorectal operations in patients aged 80 or more years

First au-
thor

Patients, 
n

Surgical 
disease

Benign/ 
emer-
gency

ASA≥3
(%)

OT 
(min)

Conv
(%)

Diet
(day)

LOS
(day)

Cx
(%)

AL (%) Mortality 
(%)

Com-
ments

Wise 
[51]

O:56 CR +/+ 71 − − − 19 52 5 7 ICU 
(2.84 
days)

Stewart 
[50]

O:35
L:42

CR +/− O:49
L:48

− 12 − O:17
L:9*

O:57
L:17*

O:3
L:0

O:11
L:7

ICU
O:14 
L:7*

Ses-
hadri 
[49]

L:62 CR +/− − − 11 − 10 31 − 5 intra-
opera-
tive Cx 

6% 

Abbas 
[52]

O:180 Major 
abdomi-

nal 

+/+ 63 − − − 12 33.3 − 19.4 Sur-
vival 
data

Hamel 
[53]

26648 Noncar-
diac

+/+ 85.7 − − − − 26.1 − 11.9(189/ 
1595) 

 colectomy

Turren-
tine [55]

7696 General, 
thoracic, 
vascular

+/+ − − − − − 49 in 
octoge-
narians
61 in 

nonage-
narians

− 6.0 in octo-
genarians

11.4 in 
nonagenar-

ians

Lian 
[48]

O:97
L:97

CR +/− O:82.4
L:82.5

O:111
L:131*

14.4 O:5
L:4b,*

O:7
L:6*

O:43.3
L:37.1

O:3.1
L:4.1

O:5.2
L:5.2

Dis-
charge 
status

White 
[56]

O:54
L:60

R +/− 2.5a − 13 − O:13
L:17

O:33
L:46

− O:0
L:0

Rec-
tum 
only

Modini 
[54]

93:122a CR +/+ 98.9:88.5 − − − − 14:19.8 3.1:5.5 30.1:5.7* Emer-
gency 
only

ASA: American Society of Anesthesiologists score, OT: operative time, Conv: conversion to open surgery, Diet: time to resumption of a normal 
diet, LOS: length of stay, Cx: postoperative complication, AL: anastomotic leakage, L: laparoscopy, O: open surgery, C: colon, R: rectum, CRC: col-
orectal cancer, CC: colon cancer, *<0.05, a ≥80 vs >65
 



Surgery in octogenarians and nonagenarians582

JBUON 2017; 22(3): 582

presence of underlying disease, advanced TNM 
stage, and occurrence of surgical complications 
[46].  Oxaliplatin- or irinotecan-based regimens 
are rather intolerable to the elderly. Therefore, ei-
ther intravenous or oral fluoropyrimidine is com-
monly used for elderly patients [47].

Outcomes

In this era of an aging society, clinicians 
should provide objective evidence to octogenari-
an and nonagenarian patients regarding estimat-
ed short-term and oncologic outcomes. However, 
there is a limited number of studies concerning 
outcomes following colorectal cancer surgery in 
octogenarians and nonagenarians (Tables 1 and 
2). Several studies include a variety of benign col-
orectal diseases in addition to colorectal cancer 
[48-56]. Cancer surgery is different from surgery 
for benign colorectal diseases [40,42,57]. Unlike 
elective surgery, emergency surgery carries a 
higher risk for perioperative morbidity and mor-
tality [58]. Increased chronological age is a predic-
tor of poor outcomes in colorectal cancer. Higher 
rates of postoperative complications and reduced 
survival in octogenarian and nonagenarian pa-
tients with colorectal cancer can be attributed 
to tumor biology, impaired physiological func-
tion, and treatment disparities associated with 
delayed diagnosis, limited extent of surgery, and 
decreased use of adjuvant chemotherapy or preop-
erative chemoradiation therapy [59].

The published literature shows heterogeneous 
study characteristics in patients over 80 years of 
age, and all studies were retrospective [6-9,48-56]. 
With respect to disease characteristics, benign 
colorectal diseases with/without colorectal cancer 
[48-51,54,56], colorectal cancer only [6,7,9] or right 
colon cancer [8] were the main subjects of these 

studies. One study focused on patients undergo-
ing an emergency operation [54]. Single-center 
studies were more common [8,9,48-52,54,56] than 
multicenter studies [6,7,53,55]. With respect to 
study design, single-arm studies [49,51-53], com-
parisons of surgical approaches (e.g., laparoscopy 
versus open surgery) [9,48,50,56] and compari-
sons of outcomes based on age groups [6-8,54,55] 
have been performed. Most studies have reported 
short-term outcomes in terms of postoperative 
complications and in-hospital mortality. A few 
studies have reported survival outcomes [6,52]. In 
Table 2, studies on colorectal cancer operations in 
patients aged 80 or more years are summarized. 
Vignali et al. [9] performed a case-matched anal-
ysis in octogenarian patients undergoing open 
and laparoscopic surgery for colorectal cancer. 
Gurevitch et al. [8] compared outcomes between 
patients aged 80 years or more and less than 80 
years who underwent a right colectomy for colon 
cancer. Kunitake et al. [6] analyzed the California 
Cancer Registry data of octogenarian patients un-
dergoing a colorectal cancer operation. Chaudhary 
et al. [7] performed a multicenter study. Short-
term outcomes were evaluated in patients over 80 
years who underwent a laparoscopic resection for 
colorectal cancer. 

Chronological age and patient functional 
status are important factors in the occurrence 
of postoperative complications in octogenarian 
and nonagenarian patients. Turrentine et al. [55] 
examined 7,696 patients undergoing major gen-
eral, general thoracic, and vascular surgical pro-
cedures using the American College of Surgeons 
National Surgical Quality Improvement Program 
database and observed that the morbidity rate was 
49% in octogenarians and 61% in nonagenarians. 
In addition to chronological age, performance sta-
tus is an important predictor of outcomes. A poor 

Table 2. Literature review of colorectal cancer operations in patients aged 80 or more years
First author Patients, 

n
Sur-
gical 

disease

Benign/ 
emer-
gency

ASA≥3
(%)

OT 
(min)

Conv
(%)

Bowel 
func-
tion
(day)

LOS
(day)

Cx
(%)

AL 
(%)

Mortali-
ty (%)

Comments

Vignali [9] O:61
L:61

CRC −/− O:2.6a

L:2.5a
O:171
L:220*

6.1 O:5.9
L:4.8*

O:12.9
L:9.8*

O:31.1
L:21.5

O:5
L:7

O:3.3
L:1.6

Indepen-
dence 
status*

Gurevitch 
[8]

40:84b Rt CC −/+ 23:7* − − − 7.5:7.6 27.5:17.9 − 10:3.5* ≥80 vs <80 

Kunitake [6] 26108 CRC −/+ − − − − 10.6-12.4  (C) 
11.4-12.6 

(R)

− − 5.8 (C)

5.9 (R)

One-year 
mortality

Chaudhary 
[7]

L:173 CRC −/− 42 − 7.5 − 5 12 1.2 1.7 Multi-
center

Rt CC: right colon cancer. For other abbreviations see footnote of Table 1
*<0.05, a Mean, b ≥80 vs <80 
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performance status in terms of an ASA score of 
3 or greater, ECOG score of 2 or greater, and a 
Karnofsky score less than 60 is associated with 
poor short-term and oncologic outcomes [60]. The 
proportions of patients with an ASA score of 3 or 
higher were 23% [8] and 42% [7] in octogenari-
ans and nonagenarians, respectively, who were 
undergoing colorectal cancer surgery. A higher 
ASA score has been reported to be a risk factor for 
postoperative morbidity and mortality [53]. The 
mean operative time was 171 min in an open sur-
gery group and 220 min in a laparoscopy group 
(p=0.01) [9]. Conversion to open surgery occurred 
in 6.1% of octogenarians [9] and 7.5% of nonage-
narians [7]. The mean time to bowel function re-
turn was 5.9 days in the open surgery group and 
4.8 days in the laparoscopy group [9]. The mean 
hospital stay was 5 to 12.9 days [6-9]. The postop-
erative complication rate was 12 to 31.1% [7-9]. 
The anastomotic leakage rate was 1.2 to 7% in the 
laparoscopy group [7,9] and 7% in the open sur-
gery group [9]. The perioperative mortality rate 
was 1.6 to 5.9% [6-9]. High-risk cancer resections 
are also related to increased operative mortali-
ty in the elderly. A study in patients undergoing 
major cancer operations for lung, esophageal, and 
pancreatic malignancies showed that octogenari-
ans had increased mortality rates compared with 
younger patients [61]. The impact of a combined 
surgery, such as metastasectomy, on postoper-
ative morbidities and mortalities has not been 
studied in octogenarians [6-13,48-51]. A low se-
rum albumin level indicates poor nutritional sta-
tus and has been shown to correlate with the oc-
currence of morbidity. Thus, elderly patients with 
a low albumin level should be regarded as high-
risk patients preoperatively [35]. 

Oncologic outcomes have rarely been report-
ed in octogenarian and nonagenarian patients 
[6,52]. Abbas et al. [52] studied long-term survival 
rates following major abdominal surgery in pa-
tients 80 years and older. The median survival 
was 32 months in patients 80 to 84 years and 12 
months in patients 85 years or older (p=0.011). 
The median survival was 11 months in patients 
with malignant disease and 25 months in patients 
with benign disease (p=0.37). Kunitake et al. [6] 
observed that patients 80 years or older had an 
in-hospital mortality rate of 6% and a one-year 
mortality rate of 29%. Medical complications, 
comorbidities and advanced cancer stage were 
risk factors for increased in-hospital and one-year 
mortality. The presence of postoperative compli-
cations delays patient recovery and worsens onco-

logic outcomes [62]. The mechanism underlying 
the association between postoperative complica-
tions and unfavorable survival is poorly under-
stood. However, a lack of adjuvant treatment and 
decreased physical status, such as heart failure 
due to complications, have been suggested as 
possible reasons [63]. Thus, clinicians should be 
aware that avoiding postoperative complications 
may improve oncologic outcomes. 

Conclusions

The occurrence of postoperative complica-
tions is associated with a variety of factors, such 
as chronological age, comorbidities, physiological 
functional status, nutritional status, invasiveness 
of surgery, and cancer stage. Thus, age should not 
be used as the absolute criterion to preclude the 
administration of appropriate treatment. To de-
crease one-year mortality, avoidance of postoper-
ative complications and careful patient selection 
are also important. Understanding age-related 
physiological decline, performing an appropri-
ate preoperative assessment, carefully selecting 
treatment modalities, and providing meticulous 
postoperative care can improve outcomes follow-
ing colorectal cancer surgery in octogenarians 
and nonagenarians. 

In elderly patients, the higher likelihood of 
postoperative morbidity may discourage the se-
lection of surgery for colorectal cancer. Currently, 
evidence of the outcomes of medically managed 
patients who have resectable colorectal cancer is 
not readily available. The impact of the treatment 
decision – either surgery or medical treatment – 
on the quality of life and oncologic outcome re-
mains to be investigated.

Unfortunately, standard management guide-
lines for colorectal cancer in octogenarians and 
nonagenarians are not currently available. Multi-
disciplinary team discussion should be performed 
based on objective geriatric assessment, and to 
improve the quality of cancer care, consensus 
guidelines should be developed as soon as possi-
ble. With these efforts, tailored cancer treatment 
can be performed in clinical practice, and clini-
cians and patients can expect increased oncologic 
benefits. In the future, a prospective study with a 
larger cohort would be helpful to collect objective 
data in octogenarian and nonagenarian patients.

Conflict of interests 

The authors declare no confict of interests.



Surgery in octogenarians and nonagenarians584

JBUON 2017; 22(3): 584

1. Arias E. United States Life Tables, 2011. Natl Vital 
Stat Rep 2015;64:1-63.

2. Ferlay J, Soerjomataram I, Dikshit R et al. Cancer in-
cidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer 
2015;136:E359-386.

3. Kim YW, Kim IY. The Role of Surgery for Asymptom-
atic Primary Tumors in Unresectable Stage IV Col-
orectal Cancer. Ann Coloproctol 2013;29:44-54.

4. Wilson JA. Colon cancer screening in the elderly: 
when do we stop? Trans Am Clin Climatol Assoc 
2010;121:94-103.

5. Kopetz S, Chang GJ, Overman MJ et al. Improved 
survival in metastatic colorectal cancer is associated 
with adoption of hepatic resection and improved che-
motherapy. J Clin Oncol 2009;27:3677-3683.

6. Kunitake H, Zingmond DS, Ryoo J, Ko CY. Caring for 
octogenarian and nonagenarian patients with colorec-
tal cancer: what should our standards and expecta-
tions be? Dis Colon Rectum 2010;53:735-743.

7. Chaudhary BN, Shabbir J, Griffith JP, Parvaiz A, 
Greenslade GL, Dixon AR. Short-term outcome fol-
lowing elective laparoscopic colorectal cancer resec-
tion in octogenarians and nonagenarians. Colorectal 
Dis 2012;14:727-730.

8. Gurevitch AJ, Davidovitch B, Kashtan H. Outcome of 
right colectomy for cancer in octogenarians. J Gastro-
intest Surg 2009;13:100-104.

9. Vignali A, Di Palo S, Tamburini A, Radaelli G, Orseni-
go E, Staudacher C. Laparoscopic vs. open colectomies 
in octogenarians: a case-matched control study. Dis 
Colon Rectum 2005;48:2070-2075.

10. Kennedy GD, Rajamanickam V, O’Connor ES et al. 
Optimizing surgical care of colon cancer in the older 
adult population. Ann Surg 2011;253:508-514.

11. Frasson M, Braga M, Vignali A, Zuliani W, Di Carlo V. 
Benefits of laparoscopic colorectal resection are more 
pronounced in elderly patients. Dis Colon Rectum 
2008;51:296-300.

12. Scheidbach H, Schneider C, Hugel O, Yildirim C, Lip-
pert H, Kockerling F. Laparoscopic surgery in the old 
patient: do indications and outcomes differ? Langen-
becks Arch Surg 2005;390:328-332.

13. Roviello F, Marrelli D, De Stefano A, Messano A, Pin-
to E, Carli A. Complications after surgery for gastric 
cancer in patients aged 80 years and over. Jpn J Clin 
Oncol 1998;28:116-122.

14. In: Sabiston DC, Townsend CM (Eds): Sabiston Text-
book of Surgery. Philadelphia PA: Elsevier-Saunders 
2012.

15. Fleg JL, O’Connor F, Gerstenblith G et al. Impact of 
age on the cardiovascular response to dynamic up-
right exercise in healthy men and women. J Appl 
Physiol 1995;78:890-900.

16. Sharma G, Goodwin J. Effect of aging on respiratory 
system physiology and immunology. Clin Interv Ag-
ing 2006;1:253-260.

17. Hollenberg M, Yang J, Haight TJ, Tager IB. Longi-

tudinal changes in aerobic capacity: implications 
for concepts of aging. J Gerontol A Biol Sci Med Sci 
2006;61:851-858.

18. Nyengaard JR, Bendtsen TF. Glomerular number and 
size in relation to age, kidney weight, and body sur-
face in normal man. Anat Rec 1992;232:194-201.

19. Martin JE, Sheaff MT. Renal ageing. J Pathol 
2007;211:198-205.

20. Schmucker DL. Age-related changes in liver structure 
and function: Implications for disease ? Exp Gerontol 
2005;40:650-659.

21. Kirkland JL, Tchkonia T, Pirtskhalava T, Han J, Karagi-
annides I. Adipogenesis and aging: does aging make 
fat go MAD? Exp Gerontol 2002;37:757-767.

22. Salat DH, Kaye JA, Janowsky JS. Prefrontal gray and 
white matter volumes in healthy aging and Alzhei-
mer disease. Arch Neurol 1999;56:338-344.

23. Draganski B, Lutti A, Kherif F. Impact of brain aging 
and neurodegeneration on cognition: evidence from 
MRI. Curr Opin Neurol 2013;26:640-645.

24. Qato DM, Alexander GC, Conti RM, Johnson M, 
Schumm P, Lindau ST. Use of prescription and over-
the-counter medications and dietary supplements 
among older adults in the United States. JAMA 
2008;300:2867-2878.

25. Devereaux PJ, Mrkobrada M, Sessler DI et al. Aspirin 
in patients undergoing noncardiac surgery. N Engl J 
Med 2014;370:1494-1503.

26. Min L, Yoon W, Mariano J et al. The vulnerable el-
ders-13 survey predicts 5-year functional decline and 
mortality outcomes in older ambulatory care patients. 
J Am Geriatr Soc 2009;57:2070-2076.

27. Jette M, Sidney K, Blumchen G. Metabolic equiva-
lents (METS) in exercise testing, exercise prescrip-
tion, and evaluation of functional capacity. Clin Car-
diol 1990;13:555-565.

28. Huisman MG, Veronese G, Audisio RA et al. Poor 
nutritional status is associated with other geriatric 
domain impairments and adverse postoperative out-
comes in onco-geriatric surgical patients - A multi-
centre cohort study. Eur J Surg Oncol 2016;42:1009-
1017.

29. Margadant CC, Bruns ER, Sloothaak DA et al. Lower 
muscle density is associated with major postoperative 
complications in older patients after surgery for col-
orectal cancer. Eur J Surg Oncol 2016;42:1654-1659.

30. Evans WJ, Morley JE, Argiles J et al. Cachexia: a new 
definition. Clin Nutr 2008;27:793-799.

31. Morley JE. Anorexia of aging: physiologic and patho-
logic. Am J Clin Nutr 1997;66:760-773.

32. Argiles JM, Busquets S, Stemmler B, Lopez-Soriano 
FJ. Cancer cachexia: understanding the molecular ba-
sis. Nat Rev Cancer 2014;14:754-762.

33. Adachi T, Hinoi T, Kinugawa Y et al. Lower body mass 
index predicts worse cancer-specific prognosis in oc-
togenarians with colorectal cancer. J Gastroenterol 
2016;51:779-787.

34. Audisio RA. Tailoring surgery to elderly patients with 

References



Surgery in octogenarians and nonagenarians 585

JBUON 2017; 22(3): 585

cancer. Br J Surg 2016;103:e10-11.

35. Park SY, Chung JS, Kim SH, Kim YW, Ryu H, Kim DH. 
The safety and prognostic factors for mortality in ex-
tremely elderly patients undergoing an emergency 
operation. Surg Today 2016;46:241-247.

36. Ahmed T, Haboubi N. Assessment and management 
of nutrition in older people and its importance to 
health. Clin Interv Aging 2010;5:207-216.

37. Fried LP, Tangen CM, Walston J et al. Frailty in older 
adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci 2001;56:M146-156.

38. Makary MA, Segev DL, Pronovost PJ et al. Frailty as a 
predictor of surgical outcomes in older patients. J Am 
Coll Surg 2010;210:901-908.

39. Kim SW, Han HS, Jung HW et al. Multidimensional 
frailty score for the prediction of postoperative mor-
tality risk. JAMA Surg 2014;149:633-640.

40. Heald RJ, Husband EM, Ryall RD. The mesorectum in 
rectal cancer surgery--the clue to pelvic recurrence? 
Br J Surg 1982;69:613-616.

41. Chang GJ, Skibber JM, Feig BW, Rodriguez-Bigas M. 
Are we undertreating rectal cancer in the elderly? An 
epidemiologic study. Ann Surg 2007;246:215-221.

42. Hohenberger W, Weber K, Matzel K, Papadopoulos 
T, Merkel S. Standardized surgery for colonic can-
cer: complete mesocolic excision and central liga-
tion--technical notes and outcome. Colorectal Dis 
2009;11:354-364; discussion 364-355.

43. Watanabe T, Itabashi M, Shimada Y et al. Japanese 
Society for Cancer of the Colon and Rectum (JSCCR) 
guidelines 2010 for the treatment of colorectal can-
cer. Int J Clin Oncol 2012;17:1-29.

44. Korean Academy of Medical Science. Korean clinical 
practice guideline for colon and rectal cancer v.1.0. 
Seoul: Korean Academy of Medical Science, 2012.

45. Duraes LC, Stocchi L, Dietz D et al. The Disproportion-
ate Effect of Perioperative Complications on Mortali-
ty within 1 Year After Colorectal Cancer Resection in 
Octogenarians. Ann Surg Oncol 2016;23:4293-4301.

46. Biagi JJ, Raphael MJ, Mackillop WJ, Kong W, King 
WD, Booth CM. Association between time to initia-
tion of adjuvant chemotherapy and survival in col-
orectal cancer: a systematic review and meta-analysis. 
JAMA 2011;305:2335-2342.

47. Kim IY, Kim BR, Kim YW. Factors Affecting Use and 
Delay (>/=8 Weeks) of Adjuvant Chemotherapy after 
Colorectal Cancer Surgery and the Impact of Chemo-
therapy-Use and Delay on Oncologic Outcomes. PLoS 
One 2015;10:e0138720.

48. Lian L, Kalady M, Geisler D, Kiran RP. Laparoscopic 
colectomy is safe and leads to a significantly short-
er hospital stay for octogenarians. Surg Endosc 
2010;24:2039-2043.

49. Seshadri PA, Mamazza J, Schlachta CM, Cadeddu MO, 

Poulin EC. Laparoscopic colorectal resection in octo-
genarians. Surg Endosc 2001;15:802-805.

50. Stewart BT, Stitz RW, Lumley JW. Laparoscopically 
assisted colorectal surgery in the elderly. Br J Surg 
1999;86:938-941.

51. Wise WE, Jr., Padmanabhan A, Meesig DM, Arnold 
MW, Aguilar PS, Stewart WR. Abdominal colon and 
rectal operations in the elderly. Dis Colon Rectum 
1991;34:959-963.

52. Abbas S, Booth M. Major abdominal surgery in octo-
genarians. N Z Med J 2003;116:U402.

53. Hamel MB, Henderson WG, Khuri SF, Daley J. Surgi-
cal outcomes for patients aged 80 and older: morbidi-
ty and mortality from major noncardiac surgery. J Am 
Geriatr Soc 2005;53:424-429.

54. Modini C, Romagnoli F, De Milito R et al. Octoge-
narians: an increasing challenge for acute care and 
colorectal surgeons. An outcomes analysis of emer-
gency colorectal surgery in the elderly. Colorectal Dis 
2012;14:e312-318.

55. Turrentine FE, Wang H, Simpson VB, Jones RS. Sur-
gical risk factors, morbidity, and mortality in elderly 
patients. J Am Coll Surg 2006;203:865-877.

56. White SI, Wright D, Taylor CJ. A comparison of lapa-
roscopic versus open rectal surgery in 114 consecu-
tive octogenarians. Colorectal Dis 2012;14:e395-399.

57. Kim IY, Kim BR, Choi EH, Kim YW. Short-term and on-
cologic outcomes of laparoscopic and open complete 
mesocolic excision and central ligation. Int J Surg 
2016;27:151-157.

58. Kim IY, Kim BR, Kim YW. Outcomes of laparoscopic 
and open surgery for colorectal cancer in the emer-
gency setting. In Vivo 2015;29:295-300.

59. Rougier P, Van Cutsem E, Bajetta E et al. Randomised 
trial of irinotecan versus fluorouracil by continuous 
infusion after fluorouracil failure in patients with 
metastatic colorectal cancer. Lancet 1998;352:1407-
1412.

60. Crosara Teixeira M, Marques DF, Ferrari AC et al. The 
effects of palliative chemotherapy in metastatic col-
orectal cancer patients with an ECOG performance sta-
tus of 3 and 4. Clin Colorectal Cancer 2015;14:52-57.

61. Finlayson E, Fan Z, Birkmeyer JD. Outcomes in oc-
togenarians undergoing high-risk cancer operation: a 
national study. J Am Coll Surg 2007;205:729-734.

62. Khuri SF, Daley J, Henderson W et al. Risk adjustment 
of the postoperative mortality rate for the compara-
tive assessment of the quality of surgical care: results 
of the National Veterans Affairs Surgical Risk Study. J 
Am Coll Surg 1997;185:315-327.

63. Law WL, Choi HK, Lee YM, Ho JW. The impact of post-
operative complications on long-term outcomes fol-
lowing curative resection for colorectal cancer. Ann 
Surg Oncol 2007;14:2559-2566.


