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ABSTRACT 

Colon cancer is the fourth most diagnosed cancer of all age groups and the third 

most common in individuals aged 80 or over in Finland. Curative surgery is the 

primary treatment choice for colon cancer. However, physical and mental 

functioning of older people varies considerably from very fit to frail individuals with 

short life expectancy. Increasing numbers of recommendations and guidelines have 

recently been published regarding preoperative care planning and prognosis 

assessment in older patients. However, studies on the impact of surgery on 

postoperative outcomes and functional recovery are lacking. 

This thesis aimed to analyse operative and functional outcomes of elective and 

curatively aimed colon cancer among patients aged 80 years and over. A further aim 

was to examine preoperative factors influencing postoperative outcomes in the 

short- and long-term. 

The material in Studies I and II consisted of patients operated on in four Finnish 

secondary and tertiary hospitals between 2005 and 2016. The data, which included 

387 patients, were collected from the colorectal databases of the hospitals concerned. 

Study I evaluated preoperative risk factors affecting postoperative outcomes and 

survival in the short- and long-term. Severe complications were more common in 

patients living in assisted living accommodations and in patients with a history of 

hospitalisation six months before surgery. The 30-day and one-year mortality rates 

were significantly higher in patients with serious postoperative complications than 

in patients overall (30 % vs. 6.0% and 45% vs. 15%).  

Study II focused on long-term overall survival after surgery comparing patients 

who survived over three months to patients who died within three months after 

surgery. Cardiovascular (13/29, 45 %) and surgical reasons (7/29, 24 %) were the 

most common causes of death within three months after surgery. However, 

advanced age, living in assisted living accommodation, multiple underlying diseases, 

and tumour stage according to TNM-classification were independently associated 

with shorter survival in patients who survived at least three months after surgery. 

The study showed that patients who were in good health before surgery, even with 

severe postoperative complications, had long-term outcomes and survival rates 

comparable to those of their unselected younger counterparts. 
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Prospective observational Studies III and IV were conducted in nine Finnish 

hospitals between April 2019 and August 2020. Study III, which included 161 

patients, examined surgical outcomes within 30 postoperative days. Study IV, which 

included 167 patients, analysed changes in support for activities of daily living and 

mobility one-year after surgery. 

Study III demonstrated that surgical outcomes among the fittest patients were 

comparable to those of younger patients. Surgeons should therefore not hesitate to 

perform invasive surgery based on age or comorbidities alone. The Clinical Frailty 

Scale (CFS), used as a frailty screening tool, predicted early postoperative 

complications well. Patients who were vulnerable or frail with CFS ≥3 had 

significantly more complications than patients in good health with CFS 1-2 (48 % vs 

16%). The study concluded that CFS may be a user-friendly and quick screening 

implement for surgeons when assessing and identifying preoperative risks for 

postoperative complications.  

Study IV showed that functionally independent and fit patients retained their 

independence in daily activities and mobility well during the first postoperative year. 

Preoperative optimisation of haemoglobin and preoperatively planned early 

rehabilitation and discharge are recommended for all patients. Patients needing more 

support with activities of daily living, having restricted mobility, or a history of 

cognitive impairment may require careful preoperative risk assessment, treatment 

planning and specific prehabilitation and postoperative rehabilitation planned jointly 

with a geriatrist before invasive cancer treatment. 

In conclusion, this thesis showed that aged patients 80 years or over who are 

preoperatively appropriately selected and optimised, coped equally successfully with 

invasive cancer surgery with convergent short-and long-term outcome results as did 

their younger unselected counterparts. Careful assessment of the risks of surgical 

treatment, optimisation of patients´s physical performance and comprehensive 

treatment planning with the patient and relatives to avoid under-or overtreatment 

may be beneficial for aged colon cancer patients. 
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TIIVISTELMÄ  

Paksusuolisyöpä on Suomen neljänneksi yleisin ja yli 80-vuotiailla kolmanneksi 

yleisin syöpäsairaus. Sairastumisen riski lisääntyy iän myötä. Kasvavan 

vanhusväestömäärän ja pidentyneen elinaikaodotteen seurauksena myös 

syöpäpotilasmäärät lisääntyvät. Kuratiivinen leikkaus on paksusuolisyövän 

ensisijainen hoitomuoto. Ikääntyneiden ihmisten fyysinen ja psyykkinen 

toimintakyky vaihtelee erittäin hyväkuntoisista hyvin hauraisiin yksilöihin. Viime 

aikoina on julkaistu kansainvälisiä hoitosuosituksia ikääntyneiden ihmisten leikkausta 

edeltävästä hoidon suunnittelusta ja ennusteen arvioimisesta. Sen sijaan on hyvin 

vähän tutkimustuloksia leikkauksen aiheuttamista lyhyt- ja pitkäaikaisvaikutuksista yli 

80-vuotiaan paksusuolisyöpäpotilaan fyysiseen ja psyykkiseen toimintakykyyn sekä 

mahdolliseen avuntarpeeseen. 

Tämän väitöskirjan tavoitteena oli selvittää 80-vuotiaiden ja sitä vanhempien 

paksusuolisyöpäpotilaiden leikkaushoidon komplikaatioita, kuolleisuutta ja siihen 

liittyviä riskitekijöitä. Lisäksi pyrittiin löytämään tekijöitä, joilla kyetään mittaamaan 

potilaan fyysistä ja kognitiivista toimintakykyä ennen mahdollisia syöpähoitoja. 

Näiden tekijöiden vaikutusta arvioitiin potilaan leikkauksen jälkeiseen 

toimintakykyyn ja avuntarpeeseen. 

Kaksi ensimmäistä osatyötä koostuivat 387:sta levinneisyysasteen I-III 

paksusuolisyöpäpotilaasta, jotka leikattiin suunnitellusti neljässä suomalaisessa 

sairaalassa vuosina 2005–2016. Tiedot kerättiin takautuvasti sairaaloiden sähköisistä 

suolistosyöpärekistereistä. 

Osatyö I kartoitti leikkauskomplikaatioiden riskitekijöitä ja vaikutuksia potilaiden 

leikkauksen jälkeiseen ennusteeseen. Vakavia komplikaatioita esiintyi erityisesti 

potilailla, jotka asuivat ympärivuorokautisessa palveluasumisessa ja potilailla, joilla oli 

leikkausta edeltäviä sairaalahoitojaksoja. Ensimmäisen kuukauden ja vuoden 

kuolleisuus oli merkitsevästi suurempi vakavia leikkauskomplikaatioita saaneilla 

potilailla (6% vs. 30% ja 15% vs. 45%). 

Osatyö II tarkasteli paksusuolisyöpäleikkauksen pitkäaikaisennustetta ja vertasi 

potilaita, jotka selvisivät yli ja alle kolme kuukautta leikkauksesta. Sydän- ja 

verisuonisairaudet (13/29, 45%) ja kirurgiset syyt (7/29, 24%) olivat yleisimmät 

kuolinsyyt potilailla, jotka eivät selvinneet yli kolme kuukautta leikkauksesta. Korkea 
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ikä, ympärivuorokautinen palveluasuminen, useat perussairaudet ja kasvaimen 

leviämisaste heikensivät yli kolme kuukautta leikkauksesta selvinneiden potilaiden 

kokonaisennustetta. Tutkimus osoitti, että potilaat, jotka olivat ennen leikkausta 

fyysisesti hyväkuntoisia, toipuivat leikkauksesta erinomaisesti jopa vaikeiden 

komplikaatioiden jälkeen. Heidän pitkäaikaistuloksensa olivat vertailukelpoisia 

nuorempien paksusuolisyöpäleikkauspotilaiden kanssa. 

Osatyöt III ja IV toteutettiin yhdeksässä suomalaisessa sairaalassa huhtikuun 

2019 ja elokuun 2020 välisenä aikana. Osatyö III, johon rekrytoitiin 161 potilasta, 

selvitti prospektiivisesti leikkauskomplikaatioita ja niitä ennustavia riskitekijöitä 30 

vuorokauden kuluessa toimenpiteestä. Osatyöhön IV rekrytoitiin 167 potilasta. 

Heidän avuntarpeensa ja liikkumisensa muutoksia analysoitiin vuoden kuluttua 

leikkauksesta. 

  Osatyö III osoitti, että toimintakyvyltään hyväkuntoiset ikäihmiset toipuvat 

erinomaisesti syöpäleikkauksesta, joten korkeasta iästä tai perussairauksista 

huolimatta heille voi suositella invasiivista kirurgista hoitoa. Tutkimuksessa 

gerastenian seulontatyökaluna käytetty kliininen gerastenia-asteikko (CFS) ennusti 

leikkauksen varhaiskomplikaatioita hyvin. Potilailla, joilla oli gerastenia tai sen esiaste 

(CFS ≥3) esiintyi merkitsevästi enemmän komplikaatioita kuin hyväkuntoisilla 

potilailla (48% vs. 16%). Tutkimuksen perusteella kliinistä gerastenia-asteikkoa (CFS) 

voidaan suositella kirurgeille helppokäyttöiseksi ja nopeaksi seulontatyökaluksi 

iäkkään potilaan leikkauskomplikaatioriskien arvioinnissa. 

Osatyö IV osoitti, että toimintakyvyltään hyväkuntoiset yli 80-vuotiaat 

syöpäpotilaat säilyttivät leikkauksen jälkeisen vuoden seurannassa toimintakykynsä 

ilman merkitsevästi lisääntynyttä ulkopuolista avuntarvetta. Kaikki potilaat 

hyötyisivät leikkausta edeltävästä anemian korjaamisesta ja etukäteen suunnitellusta 

leikkauksen jälkeisestä varhaiskuntoutuksesta ja kotiutussuunnitelmasta. Potilaat, 

jotka ennen leikkausta tarvitsevat ulkopuolista apua jokapäiväisessä elämässä, joiden 

liikuntakyky on huonontunut tai joilla on muistivaikeuksia, mahdollisesti hyötyisivät 

huolellisesta kokonaisvaltaisesta hoidon suunnittelusta yhdessä geriatrin kanssa. 

Tämän väitöskirjan johtopäätöksenä todetaan, että huolellisesti ja asianmukaisesti 

leikkaushoitoon valitut yli 80-vuotiaat paksusuolisyöpäpotilaat saavuttavat 

vertailukelpoiset lyhyt- ja pitkäaikaistulokset nuorempiin potilaisiin verrattuna. 

Huolellinen leikkaushoidon riskien arviointi, potilaan fyysisen kunnon optimointi ja 

kokonaisvaltainen, moniammatillisesti yhdessä potilaan ja hänen läheistensä kanssa 

suunniteltu hoito voi oleellisesti hyödyttää iäkästä paksusuolisyöpäpotilasta. 
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1 INTRODUCTION 

The number of older people is rapidly growing due to increased life expectancy. 

As most malignancies are increasingly related to older ages, the number of 

patients contracting colon cancer is expected to increase and thus become a 

significant treatment challenge to colorectal surgical units (Arnold et al. 2017; 

Perera et al. 2021). Among aged Finnish individuals 80 years or over, colon 

cancer was the third most commonly diagnosed malignancy in 2020. In all age 

groups, the overall reported number of new cases was 2216 and 30% of patients 

were 80 years or older. (Finnish Cancer Registry 2022). 

The primary purpose of colon cancer treatment is to cure the disease while 

simultaneously minimising the surgical complications and maintaining the 

individual’s functional status (Argiles et al. 2020). Older individuals constitute a 

heterogeneous group of patients ranging from very fit persons to frail ones with 

short life expectancy (Papamichael et al. 2015). Decision-making regarding 

surgery may thus be challenging. The high burden of comorbidities, impaired 

nutritional status, frailty, functional limitations, and history of cognitive disorder 

are risk factors for complications of cancer treatment and thus for reduced short- 

and long-term survival (Weerink et al. 2018; Ghignone et al. 2020). 

Consequently, chronological age as such is a poor predictor of treatment 

outcomes and life expectancy (Souwer et al. 2020). Concerns related to age 

should therefore not result in undertreatment of fit patients or overtreatment of 

frail patients. 

Comprehensive progress in surgical and anaesthesiological procedures has 

improved perioperative care and thereby making colon cancer surgery more 

feasible even for very old patients. On the other hand, older individuals may 

prefer to retain their functional independence by choosing less effective non-

invasive treatment options (Fried et al 2002; Rostoft et al. 2020). There has been 

an increase in the numbers of clinical guidelines and recommendations on the 

preoperative assessment and treatment of older colorectal cancer patients with 

multiple comorbidities, frailty or impaired functional or cognitive status. 
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However, reported data on real-life surgical and functional outcomes of colon 

cancer patients aged 80 years or older are lacking. 

The purpose of this thesis was to analyse the postoperative surgical outcomes, 

functional recovery and overall survival in elective colon cancer surgery among 

patients 80 years and older. Further aim was to determine preoperative 

functional, nutritional and medical factors likely to affect postoperative 

outcomes. 
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2 REVIEW OF THE LITERATURE 

2.1 Epidemiology and pathogenesis of colon cancer 

2.1.1 Incidence of colon cancer 
 

Colon cancer is globally the fifth most diagnosed malignant disease and the fifth 

leading cause of cancer deaths. In 2020, there were an estimated 1.1 million new 

colon cancer cases and 577,000 deaths worldwide (Sung et al. 2021). Many high-

income countries with the historically highest colon cancer burden have 

stabilised or declining age-standardised incidence rates. This improvement is 

likely attributable to healthier lifestyle options, adoption of early diagnostic 

efforts such as faecal blood testing with intensive colonoscopy screening and 

removal of precursor lesions (Arnold et al. 2015; Sung et al. 2021). Nevertheless, 

globally the rates are gradually rising due to the proliferation of western lifestyle 

with ongoing harmful societal and economic developments, population growth 

and increased life expectancy (Arnold et al. 2017). In Finland, the age-

standardised incidence rate for colon cancer was 37.7 per 100,000 person-years 

in 2020. Altogether 2,216 new colon cancer cases were diagnosed, which 

accounts for 6.7% of all cancer cases that year. (Finnish Cancer Registry, 2022). 

In 2020 life expectancy for female and male Finnish individuals over 80 years 

was 10.1 and 8.4 years respectively. Statistics Finland estimates, that the number 

of individuals aged 80 years or older in Finland is expected to double from 

330,000 in 2020 to 645,000 by 2050 (Statistics Finland 2022).  

The number of diagnosed colon cancers has more than doubled over a period 

of 30 years and an 80-year-old individual has over a fivefold greater probability 

of being diagnosed with colon cancer than an individual of 60 years. Colon 

cancer is the fourth most diagnosed cancer overall and the third most diagnosed 

among patients over the age of 80 years. Recently, 30% of newly diagnosed colon 

cancer patients were aged 80 years or older (Finnish Cancer Registry, 2022).  

Men have a slightly higher incidence of colon cancer than women (Sung et al. 

2021). However, among individuals of aged 80 or older, the proportion of 
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cancers in females is higher, mainly due to the longer life expectancy of women 

(Finnish Cancer Registry 2022). Approximately 40% of colon cancers occur in 

the proximal or transverse colon (Siegel et al. 2020). Right-side colon cancer is a 

more age- and sex-related disease, as increased numbers of proximal colon 

cancer cases are diagnosed among older patients and females (Lee et al. 2015; 

Reif de Paula et al. 2021).  

Concurrently, mortality rates from colon cancer have steadily decreased in 

most high-income countries in North America and Western Europe, which is 

possibly due to easier access to initial diagnostic services, improved awareness 

and cancer screening as well as enhanced comprehensive treatment and patient 

care (Welch et al. 2016; Sung et al 2021). In 2019, 885 colon cancer deaths were 

diagnosed, which accounts for 6.8% of all deaths from cancer in Finland that 

year (Finnish Cancer Registry, 2022). In addition, colon cancer is predicted to 

have a mortality rate increase of 8.0% by 2035 due to the growing number of 

aged patients and increase in life expectancy (Araghi et al. 2019). 

 

2.1.2 Risk factors of colon cancer 

More than two-thirds of colon cancer cases and roughly 60% of deaths occur in 

Western countries with highly developed social structures (Arnold et al. 2017; 

Sung et al. 2021). This higher probability of contracting colon cancer is due to 

age, lifestyle, and history of chronic diseases. The western lifestyle, including 

dietary components with increased alcohol consumption, red and processed 

meat, and low dietary fibre, smoking and obesity, have been stated to be risk 

factors for colon cancer (van de Velde et al. 2014).  

Sporadic cancers comprise 65-70% of all colon cancers. An estimated 30-35% 

of colon cancers may be attributable to heritable factors, mainly with a family 

history of a first-degree or second-degree relative with colorectal cancer (Marmol 

et al. 2017). Transparent genetic backgrounds, such as Lynch syndrome (LS), 

familial adenomatous polyposis (FAP) and other polyposis syndromes comprise 

only 3–5% of all colon cancer cases (Lynch et al. 2003; Balmana 2013). Over 40 

genetic locations associated with weak effects on sporadic colorectal cancer have 

been discovered by recent genome-wide association studies. A profound 

understanding of the genetic map can lead to more focused and individualised 

surveillance and treatment alternatives (Peters et al. 2015). 
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Patients with inflammatory bowel diseases (Crohn's disease and ulcerative 

colitis) have an increased risk of colorectal cancer. Patients whose disease is 

diagnosed at a young age, have longer disease duration or extensive disease or 

more severe inflammation, have a 1.4- to 7.2-fold increased risk of colorectal 

cancer (Ola Olen et al .2020). 

2.1.3 Pathogenesis of colon cancer 

A widely agreed hypothesis regarding colorectal cancer development is the 

adenoma-carcinoma sequence (Jass 2007). The development pathway from 

adenoma to colorectal cancer is a subsequent accumulation of genetic mutation 

series targeting oncogenes, tumour suppressor genes and genes related to DNA 

repair mechanisms. Colorectal carcinomas can be classified as sporadic (65-

70%), familial (25-30%) and inherited (3-5%) according to their original 

mutation (Marmol et al. 2017).  

Three molecular pathways cause the formation of colorectal cancer. The most 

common is chromosomal instability (CIN), due to changes in the structures of 

chromosomes and mutations in specific tumour suppressor genes. Epigenetic 

instability is responsible for the CpG island methylator phenotype (CIMP) 

pathway, commonly associated with older age, female gender and proximal 

tumour location Microsatellite instability (MSI) is represented in 11-17% of 

cancer cases because of loss of DNA repair mechanisms (Galon et al. 2014; 

Marmol et al. 2017). Figure 1 illustrates the main pathogenesis routes of 

colorectal cancer. 

The spectrum of colorectal cancer progress sequence expresses either 

conventional adenoma progress to carcinoma, sessile-serrated adenoma-

carcinoma, or an MSI pathway. The traditional way appears to account for 70-

75% of all cases. The serrated pathway, often initiated by a genetic mutation of 

BRAF or KRAS genes and progressing by the CIMP pathway, accounts for 20-

30% of colorectal cancers. Tumours arising from the serrated pathway appear 

more on the right-side colon of aged patients predominantly in females. They 

express mucinous, MSI positive and BRAF-mutated histopathology (Galon et al. 

2014; Lee et al. 2015). Lynch syndrome is the most common genetic propensity 

for hereditary colorectal cancer accounting for 1-3% of colorectal cancers. 

(Mecklin et al. 2007). Other known cancer-related gene mutated polyposis 
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syndromes are familial adenomatous polyposis (FAP), juvenile polyposis and 

Peutz-Jeghers polyposis (Lynch et al. 2003; Balmana et al. 2013).  

 

 

Figure 1.  Main pathogenesis routes of colorectal cancer (Modifield from Galon et al 2014; Marmol et al 
2017) 

 

Microsatellite instable (MSI-H) cancers are located in the proximal colon, 

manifesting in patients younger than 50 years with hereditary Lynch syndrome 

or in aged patients, especially in females with sporadic conformation. They 

moreover have large local growth with mucinous appearance but are rarely 

accompanied by adjacent organ metastases. Microsatellite instability (MSI) 

appears to be a positive prognostic factor for a better survival rate with no need 

for postoperative adjuvant treatment (Seppälä et al. 2015; Argiles et al. 2020). 

KRAS mutation status plays a specific role in metastatic colorectal cancers and 

is associated with decreased overall survival. Patients whose tumours carry 

BRAF mutation have been shown to have a poorer prognosis in microsatellite 

stable colon carcinomas (Seppälä et al. 2015; Phipps et al. 2020). 
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2.2 Clinical presentation and diagnosis of colon cancer 

2.2.1 Clinical examination and colonoscopy 

Colon cancer arises from the bowel mucosa, growing into both the bowel lumen 

and wall and possibly spreading to adjacent organs. Symptoms are associated 

with relatively large tumours or advanced disease stages. Changes in bowel 

habits, iron deficiency and anaemia, especially with older patients, blood appears 

in the stool, general or localised abdominal pain, the presence of palpable 

abdominal mass and unexpected weight loss are the most common symptoms 

depending on the location and stage of the primary tumour (Argiles et al. 2020).  

A total colonoscopy is the primary recommendation for diagnostic 

confirmation. The benefits comprise determining and marking the accurate 

tumour location with tattoo dye, a biopsy of the tumour and deleting 

synchronous lesions. When a complete colon examination is not successful 

before surgery due to tumour obstruction or other reasons, a total colonoscopy 

should be accomplished within 3–6 months postoperatively (Van de Velde et al. 

2014; Argiles et al. 2020). 

About 10-15% of colonoscopies are reported to be incomplete. Computed 

tomographic colonography (CTC) is considered the best radiological diagnostic 

examination option for large polyps with accuracy close to that of optical 

colonoscopy and high sensitivity for detecting proximally situated synchronous 

tumours. In colorectal tumours ≥10 mm, detection rates of over 90% have been 

reported but there is no option for biopsies or polypectomies (Tudyka et al. 2014; 

Spada et al. 2020). 

2.2.2 Histopathology 

Pathological examination of biopsies or postoperative specimens confirms the 

cancer diagnosis. Most tumours are adenocarcinomas (90%), other common 

histological types being mucinous, signet ring cell and medullary type (Galon et 

al. 2014). Structured pathological reporting is recommended for all cancer 

specimens (Sluijter et al. 2016, UICC 2017). The Union for International Cancer 

Control (UICC) Tumour‐Node‐Metastasis (TNM) system is used as a tool for 

planning surgical and oncological treatments, and it has been approved as the 
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most valuable prognostic tool for predicting five‐year survival in colon cancer. 

(Sluijter et al. 2016). Tables 1 and 2 illustrate the eighth edition of TNM 

classification and staging (UICC 2017). 

Table 1.  TNM classification of colon cancer (UICC 8th edition, 2017) 

  

 

T 

 

PRIMARY TUMOUR 

 

Tx 

 

Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis Carcinoma in situ: invasion of lamina propria 

T1 Tumour invades submucosa 

T2 Tumour invades muscularis propria 

T3 Tumour invades subserosa or perirectal tissues 

T4 Tumour directly invades other organs or structures and/or perforates visceral peritoneum 

 T4a Tumour perforates visceral peritoneum 

 T4b Tumour directly invades other organs or structure 

 

N 

 

REGIONAL LYMPH NODES 

 

Nx 

 

Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in 1 to 3 regional lymph nodes 

 N1a Metastasis in 1 regional lymph node 

 N1b Metastasis in 2 to 3 regional lymph nodes 

 N1c Tumour deposit(s), i.e., satellites, in the subserosa or perirectal soft tissue, without regional 
node metastasis 

N2 Metastasis in 4 or more regional lymph nodes 

 N2a Metastasis in 4-6 regional lymph nodes 

 N2b Metastasis in 7 or more regional lymph nodes 

 

M 

 

DISTANT METASTASIS 

M0 No distant metastasis 

M1 Distant metastasis 

 M1a Metastasis confined to one organ without peritoneal metastases 

 M1b Metastasis in more than one organ 

 M1c Metastasis to the peritoneum with or without other organ involvement 



 

27 

 

 

 

 

Table 2.  TNM staging of colon cancer (UICC 8th edition, 2017) 

   

 

STAGE 

 

T 

 

N 

 

M 

0 Tis N0 M0 

I T1, T2 N0 M0 

II T3, T4 N0 M0 

IIA T3 N0 M0 

IIB T4a N0 M0 

IIC T4b N0 M0 

III Any T N1, N2 M0 

IIIA T1, T2 N1 M0 

 T1 N2a M0 

IIIB T1, T2 N2b M0 

 T2, T3 N2a M0 

 T3, T4a N1 M0 

IIIC T3, T4a N2b M0 

 T4a N2a M0 

 T4b N1, N2 M0 

IV Any T Any N M1 

IVA Any T Any N M1a 

IVB Any T Any N M1b 

IVC Any T Any N M1c 

 

Pathological staging of nodes expresses a strong association between the number 

of positive nodes and long-term survival but requires at least 12 harvested lymph 

nodes for prognostic feasibility (Scott et al. 1989). Other prognostic factors 

attached to pathological reporting as predictive morphological criteria are MSI 

status, tumour budding, lymph vascular and perineural invasion (Loughrey et al. 

2018; Argilles et al. 2020).  
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2.2.3 Radiological imaging and laboratory tests 

Synchronous metastases are diagnosed in 20% of newly diagnosed colon cancers. 

Liver is the most common organ (17%), accompanied by peritoneum (5%), lung 

(5%) and distant lymph nodes (3%) (Van der Geest et al. 2015; Argiles et al. 

2020). Computed tomographic colonography (CT) of the thoracic and 

abdominal cavities is the primary radiological method for evaluating the presence 

of locoregional tumour extension and distant metastases. (Tudyka et al. 2014). 

Magnetic resonance imaging (MRI) is an option in patients with iodine-contrast 

allergies or chronic renal insufficiency (Hunter et al. 2016). The radiological 

reporting should be structured, including all mentioned evaluations (National 

Guidelines for Colorectal Cancer Treatment. 2022).  

The serum level of carcinoembryonic antigen (CEA) is recommended to be 

measured before surgery for newly diagnosed cancers and monitored during 

postoperative surveillance to support the early detection of metastatic disease. 

However, CEA is insufficient for colon cancer diagnosis without a confirmatory 

tumour biopsy (Duffy et al. 2014; Konishi et al. 2018; Argiles et al. 2020). 

Another tumour marker, carbohydrate antigen (CA 19-9), is more seldom used. 

When preoperatively elevated, CA 19-9 has been shown to predict poorer 

survival (Carpelan-Holmström et al. 2004; Takakura et al. 2015). Although CA 

19-9 shows some promise in postoperative surveillance, it is not currently 

recommended for clinical use (Argiles et al. 2020). 

The implementation of screening programmes has been shown to cause 

short‐term increases in colorectal cancer incidence because of increased 

detection of existing cases, thus impacting any long‐term reduction in incidence 

and mortality from colorectal cancer (Lauby-Secretan et al. 2018). Recently in 

Finland, screening for colorectal cancer in people aged 56-74 years was adopted 

nationwide from the beginning of this year, 2022 (Finnish Ministry of Social 

Affairs and Health, 2022). However, with diminished life expectancy and burden 

of comorbidities, routine cancer screening is not recommended for patients aged 

85 years and older. (DeSantis et al. 2019). 
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2.3 Treatment of colon cancer 

Pre- and postoperative multidisciplinary team (MDT) assessment of colon 

cancer is recommended. The team should include a colon surgeon, an oncologist, 

a radiologist, a pathologist, and, if possible, a geriatrician. The MDT evaluates 

the patients’ comorbidities, surgical approaches, treatment choices and aims for 

future treatment and care with consensus (National Guidelines for Colorectal 

Cancer Treatment 2022). The MDT may lead to significant changes in how 

cancer patients with colon cancer are assessed and managed. However, there is 

insufficient evidence of improvements in clinical outcomes resulting from MDT 

meetings (Pillay et al. 2016).  

2.3.1 Surgical treatment 

For early cancer stages (TisN0M0 or T1N0M0), endoscopic submucosal en-bloc 

resection could be performed if the morphological structure allows the 

management (NICE guidelines 2020; Argiles et al. 2020; National Guidelines for 

Colorectal Cancer Treatment 2022). Endoscopic resection is performed on aged 

patients with complete resection rates of 81-96% but is associated with risk of 

perforation (1.8-6.1%) and bleeding (3-3.7%) (Itatani et al. 2018). 

Radical surgery is primarily recommended for invasive colon cancer, aiming 

at extensive resection of the bowel segment involved and its lymphatic drainage 

(Van de Velde et al. 2014; Argiles et al. 2020; NICE guidelines 2020; National 

Guidelines for Colorectal Cancer Treatment 2022). Jamieson described the 

principles of proper colon cancer surgery already more than 100 years ago 

(Jamieson et al. 1909). Depending on the location of the tumour, the surgical 

options are right hemicolectomy, extended right or left hemicolectomy, left 

hemicolectomy or sigmoid resection. The width extent of the colon resection is 

determined by the blood supply and distribution of regional lymph nodes. The 

recommendation is to remove a colon segment of at least 5-10 cm on both sides 

of the tumour. Still, more extensive margins frequently consist of the necessary 

ligation of the arterial blood supply. Adequate lymphadenectomy for clear 

pathological margins is mandatory to avoid locoregional recurrences and tumour 

cell spreading (Hohenberger et al. 2009; Bertelsen et al. 2016; Argiles et al. 2020).  

The permanent stoma formation is exceedingly rare in elective colon cancer 

surgery, as most operations are performed with resection and bowel-to-bowel 
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anastomosis. Stomas, on the contrary, can be specially performed in surgery with 

high-risk patients as temporary protection of the anastomosis with a delayed 

closure two to three months after primary cancer operation (Guenaga et al. 2007; 

Argiles et al. 2020). 

Total Mesorectal Excision (TME), introduced by Heald (Heald et al. 1982), 

is the current gold standard for rectal cancer. It has significantly reduced local 

recurrence rates and improved oncological outcomes. A similar surgical principle 

called Complete Mesocolic Excision (CME) is increasingly used in colon cancer 

surgery. The technique includes sharp dissection of the embryological mesocolic 

plane combined with central vascular ligation (CVL) simultaneously with 

maximal removal of lymphatic vessels and nodes (Hohenberger et al. 2003; 

Hohenberger et al. 2009; West et al. 2010). Studies of CME at highly specialised 

centres have shown improvements in the quality of surgery with decreased local 

recurrence rates and improved disease-free (DFS) and long-term overall survival 

(OS) numbers compared to conventional colon cancer operations (Bertelsen et 

al. 2015; Merkel et al. 2016).  

The technically challenging nature of the procedure, early results of 

marginally higher intra-operative complications and postoperative morbidity has 

limited the widespread use of CME technique (Kontovounisios et al. 2015; Kong 

et al. 2021). However, recent systematic reviews and meta-analyses, especially 

with right-sided tumours, have shown parallel short-term results, improved long-

term survival rates and reduced risks of recurrences compared to conventional 

colon cancer surgery (Croner et al. 2018; Bertelsen et al. 2019; Mazzarella et al. 

2021; Ow et al. 2021). Furthermore, despite the incomplete consensus on 

preferred operative technique, centralisation to larger units and standardisation 

of the surgical treatment of colon cancer with clearly structured dissection 

sequences with radical lymphadenectomy and high vascular ligation has 

improved the overall surgical and oncological outcomes (Bertelsen et al. 2011; 

Bernhoff et al. 2015; Merkel et al. 2016; National Guidelines for Colorectal 

Cancer Treatment 2022). 

Historically, open surgery has been the cornerstone of cancer surgery. 

However, since the introduction of laparoscopic surgery for colon cancer in 1991 

(Jacobs et al. 1991), the minimally invasive approach has increased worldwide. 

Laparoscopic resection of colon carcinoma is associated with similar short- and 

long-term outcomes regarding overall and cancer-related survival as well as 

recurrence rates compared with open colon resection (Theophilus et al. 2014; 

Stormark et al. 2016; Deijen et al. 2017). Laparoscopic surgery, in general, is 
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associated with less perioperative blood loss, surgical stress response and faster 

postoperative functional recovery with shorter hospital stay (Veldkamp et al. 

2005; Lorenzon et al. 2014). Besides, laparoscopy shows comparable long-term 

health-related quality of life outcomes with open surgery (Thong et al. 2020). 

Laparoscopic CME technique results in good long-term oncologic outcomes and 

offers comparable quality of the resected specimen to the open approach but 

more studies are needed for it to be considered a standard technique (Ehrlich et 

al. 2016; Negoi et al. 2017). Altogether, laparoscopic colon resection for cancer 

can be considered as a primary surgical technique compared to open surgery 

(Argiles et al. 2020; National Guidelines for Colorectal Cancer Treatment 2022). 

Robotic-assisted surgery may benefit perioperative and short-term outcomes, 

but the operations have a longer duration and higher surgery costs. Thus, further 

robust evidence of a robotic approach for colon cancer surgery is required (Cuk 

et al. 2021). 

  Advanced age was initially considered a relative contraindication for 

laparoscopic surgery. Declining pulmonary compliance, increased systemic 

vascular resistance, acid-base disturbances and reduced splanchnic and renal 

perfusion caused by pneumoperitoneum may harm an aged patient with limited 

cardiopulmonary reserve (Bates et al. 2015). Despite these undesirable effects, 

laparoscopy, in general, has not resulted in increased perioperative complications 

in aged patients, with similar advantages compared to those in their younger 

counterparts (Kolarsick et al. 2020). Laparoscopic colorectal surgery leads to less 

immune response by reducing surgical stress, thereby improving postoperative 

recovery (Seishima et al. 2015; Chung et al. 2021). Thus, the laparoscopic 

approach may be considered the first choice for aged patients’ cancer treatment 

unless specifically contraindicated (Kolarsick et al. 2020). 

  The enhanced recovery after surgery (ERAS) programme covers the entire 

perioperative period formulating it into a standardised protocol. It includes 

preoperative patient counselling, a multimodal approach to anaesthetic 

analgesics, minimally invasive surgical techniques and intraoperative balanced 

fluid therapy. Postoperatively, early enteral nutrition, avoidance of nasogastric 

tube and urinary catheter with early mobilisation and rehabilitation are 

encouraged (Fearon et al. 2005; Gustafsson et al. 2019). The ERAS strategy 

significantly accelerates functional recovery by reducing perioperative surgical 

stress response, sustaining postoperative physiological function, and expediting 

mobilisation after surgery. The ERAS program with a multidisciplinary approach 

has been repeatedly demonstrated to significantly reduce postoperative 
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morbidity and mortality, shorten the length of hospital stay, decrease 

readmission rates and improve recovery from surgery thus optimising the 

utilisation of health care resources (Kehlet et al. 2008; Ehrlich et al. 2014; Greco 

et al. 2014; Ljunqvist et al. 2017).   

The ERAS programme mainly focuses on peri- and postoperative factors to 

improve a patient recovery. Preoperative counselling predominantly targets on 

postoperative recovery time and does not include preoperative exercise or 

prehabilitation interventions (Orange et al. 2018). However, the preoperative 

period may offer more opportunities to optimise patients for invasive surgical 

treatment. Thus, an ERAS programme with additional prehabilitation 

interventions, which includes preoperative functional and exercise therapy with 

nutritional supplementation and treatment of iron-deficient anaemia, may have 

a better comprehensive impact on functional outcomes (Luther et al. 2018). 

   Recent studies show that ERAS protocols with aged colorectal cancer 

patients provide advantages with fewer disadvantages and shorter hospital stay 

with a reduction in postoperative mortality. Thus, ERAS programmes can be 

utilised safely with older cancer patients showing similar advantages as with 

younger counterparts. (Bagnall et al. 2014; Millan et al. 2020).  

2.3.2 Adjuvant therapy  

The pathological examination of the resected specimen should assess the risk of 

recurrence after colon cancer surgery, also including MMR/MSI status and at 

least 12 lymph nodes examined in the pathological sample. Patients with stage 

III disease have a 1.7- 4-fold higher risk of recurrence after surgery (Roth et al. 

2012). Thus, after curative resection for all patients with stage III cancer, 

adjuvant chemotherapy is recommended. In addition, high-risk stage II patients 

with stage T4 tumours and a number of lymph nodes under 12 may benefit from 

adjuvant chemotherapy (van de Velde et al. 2014; Argiles et al. 2020).  

The current guidelines for adjuvant treatment in stage III colon cancer 

recommend a combination of capecitabine and oxaliplatin (CAPOX) or 

leucovorin, fluorouracil and oxaliplatin (FOLFOX) (ESMO guidelines 2019; 

Argiles et al. 2020). The risks of recurrence and mortality have been shown to 

decreased by 40-41% and 20-30% respectively with stage III patients receiving 

adjuvant therapy compared to patients undergoing surgery alone (Laurie et al. 

1989). The recommendation for low-risk stage III cancer is single CAPOX 

https://www-sciencedirect-com.libproxy.tuni.fi/topics/medicine-and-dentistry/adjuvant-chemotherapy
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adjuvant therapy for three months or FOLFOX therapy for three to six months. 

Correspondingly, the recommendation for high-risk stage III cancer is three to-

six-month adjuvant treatments with CAPOX or six-month adjuvant treatment 

with FOLFOX. With high-risk stage II cancer, corresponding treatment for that 

for stage III cancer is advisable. (ESMO guidelines 2019; Argiles et al. 2020; 

National Guidelines for Colorectal Cancer Treatment 2022).  

Comparison of the treatment benefits and a possible risk of recurrences must 

consider patient´s biological age, comorbidities, functional status and life 

expectancy. Chemotherapy is considered toxic with cardiovascular, renal and 

liver complications. In addition, it causes neurotoxicity consisting mainly of 

peripheral neuropathy. Older patients with excess comorbidities, malnutrition 

and vulnerable physiological functional status are more susceptible to toxic 

influences (Itatani et al. 2018). The European Colon Cancer Group Study 

(EURECCA) showed substantial variation with adjuvant treatment for patients 

aged 80 years or older (Vermeer et al. 2018). However, the benefit of single 

capecitabine and toxicity as adjuvant chemotherapy appears similar in older and 

younger patients, therefore it can be recommended for older individuals without 

other contraindications (Abraham et al. 2013; Mayer et al. 2015; Itatani et al. 

2018). 

2.3.3 Non-surgical treatment 
 

The majority of aged colon cancer patients referred for surgery will benefit from 

curative surgery (Argiles et al. 2020). Nevertless, some patients with 

multimorbidity, frailty, and decreased functional capacity are at elevated risk of 

postoperative morbidity and mortality outweighing surgical and oncological 

benefits. Consequently, a proportion of aged patients are treated conservatively, 

but the data on non-surgically treated patients´ clinical outcomes and survival are 

limited. A study from England showed that non-surgically treated patients with 

local colorectal cancer with poor fitness or comorbidity status had a two-year 

mortality rate of 76% with a median survival of 11 months (Abdem-Halim et al. 

2019). Altogether, there are no data available comparing the outcomes of radical 

surgery vs palliative treatment for very old and vulnerable patients. 
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2.4 Postoperative complications of colon cancer surgery 

Major abdominal surgery, even without complications, causes reduction in 

physiological and functional capacity (Lawrence et al. 2004). This reduced 

reservoir, called postoperative fatigue (POF), increases the level of physical and 

psychological tiredness for months after hospital discharge with a prolonged 

inability to regain preoperative baseline functional capacity (Zargar-Shoshtari et 

al. 2009). Surgery causes inflammation and tissue damage by releasing stress 

hormones and cell signal proteins called cytokines. This systemic inflammatory 

response syndrome causes changes in various metabolic functions, which lead to 

protein, glycogen and fat catabolism, insulin resistance, immunosuppression, 

impaired pulmonary function and hypoxia. In addition to the changes mentioned 

above, cancer patients may suffer from chronic low-grade inflammation, which 

inhibits adequate immune response (Weimann et al. 2017). The pathogenesis of 

postoperative complications is believed to involve the above-mentioned 

physiological changes (Wilmore 2002; Kehlet et al. 2008). The use of ERAS 

protocol may alleviate postoperative complications by 30% to 50% by reducing 

surgical stress and tissue trauma (Ljungqvist et al. 2017). 

In general, 15-25% of patients undergoing elective colon surgery are reported 

to develop postoperative complications depending on the definition of these 

adverse events. (Kannan et al. 2015 ; Papageorge et al. 2016 ; Arnarson et al. 

2019 ; GlobalSurg 2021). Postoperative complications after colon cancer surgery 

increase length of hospital stay, readmission rates and short-term mortality. 

Surgical complications partly increase the rate of reoperations, with reported 

rates of 1-11%, mainly more common in left-side colon operations (Li et al. 2020; 

Quintana et al. 2020). Moreover, these adverse events are associated with an 

excess one-year mortality rate of 15-30%, loss of independence, and poorer long-

term survival (Gooiker et al. 2012; Artinyan et al. 2015; Arnarson et al. 2019; 

Gearhart et al. 2020). Apart from the prolonged dependency on health care 

services and personal suffering, complications after colon cancer surgery are 

associated with substantial healthcare costs (Govaert et al. 2015). Table 3 

summarises studies on colon cancer surgery and complications for patients aged 

80 years or older. 
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Table 3.  Studies on elective colon cancer surgery and complications for patients aged 80 years or older.  
(Retro: retrospective study. Prosp: prospective study. Lap: laparoscopic. Pat: patients. Elect: 
elective. Compl: overall complications. Spec compl: specified complications. Mort: 30-day 
mortality. In-hosp: In hospital mortality). 

 
Author Country Setting Age 

range 

Assigned 
groups 

Lap vs. open 

Age, Gender 

Pat  

n 

Elect % Compl  

% 

Spec compl % Mort 

% 

Leeuwen et 
al. 2008 

Sweden Retro 

  

>80 <65, 65-80, 
>80  

Female vs 
male 

2851 68 25–35 Cardiovascular 
12–20 

7–11 

Issa et al.  

2011 

Israel Retro 80–87 Lap 46 100 30 Surgical 11 

Pulmonary and 
urinary 13 

2.1 

(in-
hosp) 

   80–86 Open 47 100 35 Surgical 20 

Pulmonary and 
urinary 20 

6.5 

(in-
hosp) 

Vallribera 
Valls et al. 
2014 

Spain Retro ≥ 85 Lap 

<75, 75-84, ≥ 
85 

45 100 36 Surgical 18 

Non-surgical 16 

 

6.7 

   ≥ 85 Open 

<75, 75-84, ≥ 
85 

45 100 36 Surgical 29 

Non-surgical 18 

 

11 

Hinoi et al. 

2015 

Japan Retro  

 

81–85 Lap 402 99 26 Surgical 15 

Non-surgical 6.8 

0 

(in-
hosp) 

   81–86 Open 402 99 36 Surgical 18 

Non-surgical 15 

0.7 

(in-
hosp) 

Duraes et al. 
2016 

USA Retro ≥80 65, 65-79, 
≥80 

326 100 40 Surgical 14 

Non-surgical 26 

10 

Roscio et al.  

2016 

Italy Prosp 

 

81–86 60-69, > 80 

 

96 100 48 Surgical 24 

Non-surgical 23 

Severe 5.0 

1.0 

(in-
hosp) 

Denet et al.  

2017 

France Retro 

 

≥ 85 <64, 65-74, 
75-84, ≥85 

37 100 35 Surgical 24 

Non-surgical 13 

Severe 5.4 

0.0 

(in-
hosp) 

Arnarson et 
al. 2019 

Sweden Retro 

 

> 80 <65, 65-80, 
>80 

1647 85 27 Non-severe 17 

Severe 9.5 

- 

Bare et al. 
2020 

Spain Prosp 

 

≥80 <50, 50-59, 
60-69, 70-79, 
80-85, >85 

350 93 31–32 Surgical 16 

Non-surgical 22–
27 

11–14 

(in-
hosp) 

Barina et al.  

2020 

Italy Retro ≥ 85 65-74, 75-84, 
≥85 

2671 79 34 Surgical 29 

Non-surgical 28 

2.8 

(in-
hosp) 

Hirano et al. 

2020 

Japan Retro 

 

≥ 80 Lap 

<80, ≥80 

87 100 18 Surgical 5.7 

Non-surgical 13 

1.0 

(in-
hosp) 

Chung KC et 
al. 2021 

Taiwan Retro 

 

≥80 Lap 

80-84, 85-89, 
≥ 90 

9932 56 34 Surgical 24 

Non-surgical 24  

2.1 

(in-
hosp) 

   ≥80 Open 

80-84, 85-89, 
≥ 90 

30519 54 44 Surgical 32 

Non-surgical 30  

6.1 

(in-
hosp) 
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Clavien–Dindo classification (CD), as illustrated in Table 4 is one of the most 

widely used methods of classifying complications and their severity. The 

classification grades the severity of complications according to the medical or 

surgical intervention required to manage the complication. CD classification 

defines the severity in a single patient according to the most serious 

complication, but the grade alone does not accurately reflect multiple 

complications. The CD classification has five grades; minor adverse events are 

classified from one to two, whereas major complications are graded from three 

to four. Five is graded as patient´s death (Dindo et al. 2004). 

  

Table 4.  Clavien-Dindo Classification of Surgical Complications (according to Dindo et al. 2004) 

 

   

Grade 

 

  Definition 

Grade I   Any deviation from the normal postoperative course without the need for 
pharmacological treatment or surgical, endoscopic and radiological 
interventions 

Allowed therapeutic regimens are drugs as antiemetics, analgesics, diuretics, 
electrolytes, and physiotherapy. This grade also includes wound infections 
opened at the bedside 

Examples: wound infection, postoperative ileus, urinary retention 

 

Grade II 

   

Requiring pharmacological treatment with drugs other than those allowed for 
grade I complications 

Blood transfusions and total parenteral nutrition are also included 

Example: Pneumonia with iv antibiotics 

 

Grade III 

   

Requiring surgical, endoscopic or radiological intervention 

IIIa   Intervention not under general anaesthesia 

Example: intra-abdominal abscess needed radiological drainage 

IIIb   Intervention under general anaesthesia 

Example: anastomotic leakage 

 

Grace IV 

   

Life-threatening complication (including CNS complications, delirium) * 
requiring IC / ICU management 

Example: respiratory failure 

IVa   Single organ dysfunction (including dialysis) 

IVb   Multiorgan dysfunction 

 

Grade V 

   

Death of patient 

    

*Brain haemorrhage, ischaemic stroke, subarachnoid bleeding but excluding transient ischaemic 
attacks. CNS: central nervous system, IC: intermediate care, ICU: intensive care unit 
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2.4.1 Risk factors for postoperative complications 

Male gender and older age are risk factors for postoperative complications 

(Leeuwen et al. 2008; Allardyce et al. 2010; Aquina et al. 2017; Arnarson et al. 

2019; Chung et al. 2021). However, the risk of postoperative complications 

cannot exclusively evaluate by chronological age due to differences in the 

physical and cognitive status of aged individuals (Papamichael et al. 2015; Watt 

et al. 2018). Mounting evidence has been presented that patients´ overall health, 

decline in functional status, excess comorbidities and frailty are strongly 

associated with postoperative complications in aged patients (Kirchhoff et al. 

2010; Fagard et al. 2016; Watt et al. 2018).  

Overweight (BMI 25-29.9 kg/m2) and obese (BMI ≥ 30 kg/m2) patients 

undergoing gastrointestinal cancer surgery are at increased risk of major 

postoperative complications compared to patients of normal weight (STARSurg 

Collaborative 2016). In a recent review article, overweight and obese patients had 

20% and 50% greater risk than normal weight patients of surgical site infections 

with increased risk of reoperations, severe adverse events, hospital stay and 

additional costs of treatment (Gurunathan et al. 2017). In addition, active 

smokers have a higher risk for complications with a significantly increased risk 

for infectious surgical complications, including wound complications and 

anastomotic leakages, as well as non-surgical complications such as pulmonary 

and neurological complications. (Grönkjär et al. 2014).  

Malnutrition, specified as a condition of nutritional deficiency or imbalance 

of energy, protein and other nutrients, causes measurable adverse consequences 

to an individual's body composition and functional ability (Cederholm et al. 

2015; Cereda et al. 2016). Anorexia with poor food intake and body weight loss 

occurs in cancer-related malnutrition. Cachexia results from systemic 

inflammation and may also be present in cancer patients with malnutrition 

(Cederholm et al. 2017). The frequency of malnutrition among gastrointestinal 

cancer patients ranges from 20 to 80%. Malnutrition is strongly associated with 

cancer patients’ adverse events such as postoperative complications, physical 

disability and mortality (Sorensen et al. 2008; Weimann et al. 2017) 

Sarcopenia is a progressive and generalised skeletal muscle disorder, which 

causes accelerated loss of muscle mass and function. It is caused by ageing, 

malnutrition and immobilisation with reported rates of 15-71% among colorectal 

cancer patients (Malietzis et al. 2015). Sarcopenic obesity, defined as muscle loss 

with excess fat and extracellular water, is common in older patients (Cederholm 

https://www-sciencedirect-com.libproxy.tuni.fi/topics/medicine-and-dentistry/nutrition-physiology
https://www.sciencedirect.com/topics/medicine-and-dentistry/skeletal-muscle
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et al. 2017). Sarcopenia and the presence of sarcopenic obesity are predictors of 

postoperative complications, physical disability, and mortality with poorer 

overall long-term survival (Cruz-Jentoft et al. 2019; Su et al. 2019; Aro et al. 

2020).  

Comorbidities, including renal failure, diabetes mellitus and chronic 

obstructive pulmonary disease (COPD), prolonged use of certain medications 

like corticosteroids and immunosuppressive drugs, are associated with increased 

postoperative adverse outcomes with excess major complications (Kirchhoff et 

al. 2010; Sogaard et al. 2013; Aquina et al. 2017; De Hert et al. 2018). Medical 

complications are common in colon cancer surgery due to an increased 

proportion of aged patients having multiple comorbidities and impaired 

functional status (Lemmens et al. 2007; Henneman et al. 2014; van der Sijp et al. 

2016).  

Mechanical bowel preparation (MBP) by mechanical irrigation and flushing 

of the colon has not been shown to reduce surgical site infections (Guenaga et 

al. 2011). Moreover, especially in aged patients, MBP is associated with 

electrolyte disturbances, dehydration, and cardiac complications (Guenaga et al. 

2011). On the other hand, MBP may decrese the risk of cancer recurrence and 

mortality (Collin et al. 2014). Koller et al. and Koskenvuo et al. showed that 

combined mechanical and oral antibiotic bowel preparation (MOABP) has no 

notable advantage as regards surgical site infections. (Koller et al. 2018; 

Koskenvuo et al. 2019). However, another recent meta-analysis reported 

significantly lower rates of SSI using a combination of oral antibiotics and MBP 

(McSorley et al. 2018), also recommended by the American Perioperative Quality 

Group (Holubar et al. 2017). 

2.4.2 Surgical complications 

The most frequent postoperative surgical complications after colorectal 

resections are surgical site infections (SSI), including superficial wound 

infections intra-abdominal abscess or anastomotic leakage. The concept includes 

infections, which develop within 30 days of the primary operation. The incidence 

of surgical site infection in colorectal surgery varies from 3-20% and is more 

associated with male sex, obesity, smoking, diabetes mellitus, higher ASA score, 

immunosuppression, prolonged operating time, intraoperative complications 

and blood transfusion (Kirchhoff et al. 2010; Xu et al. 2020). In addition, SSI 
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results in prolonged hospital stay, delayed rehabilitation with long-term disability, 

delayed oncological treatments and increased health care costs (Xu et al. 2020). 

After bowel obstruction, SSI is the second most common surgical cause of 

hospital readmission, accounting for 16% of readmitted patients (Li et al. 2013).  

Anastomotic leakage (AL) is the most serious complication specific to 

intestinal surgery. It is associated with increased short-term morbidity, hospital 

stay and mortality with impaired long-term oncological outcomes and thus with 

an excess cost to health care (Govaert et al. 2015; Stormark et al. 2020). Its 

prevalence in colon cancer surgery varies 1-12% depending on patient-related 

factors, location of the tumour and anastomotic blood supply, the timing of 

surgery, perioperative anaesthetic and surgical technical factors. Thus, the 

aetiology of anastomotic leakage is multifactorial. Ileocolic and colorectal 

anastomosis cause lower incidences of leakages than the more distal colorectal 

anastomosis with reported rates of 1-5% (McDermott et al. 2015). Most 

frequently reported preoperative risk factors include male gender, age, obesity, 

smoking, preoperative malnutrition and hypoalbuminemia, comorbidities 

(diabetes mellitus, vascular and renal diseases), higher ASA class and 

immunosuppressive and corticosteroid medications (Bakker et al. 2014; 

McDermott et al. 2015; Sciuto et al. 2018; Chiarello et al. 2022). 

Anastomotic leakages substantially increase 30-day mortality with reported 

rates from 2.6-4.3% to 16-29% with excess mortality rates of up to one year after 

surgery. In addition, secondary complications cause excessive morbidity and 

prolonged hospital stay (Kube et al. 2010; Gessler et al. 2017, Chiarello et al. 

2022). Anastomotic leakage has been shown to be associated with impaired 

overall survival, with a 51-60% overall five-year survival rate among patients with 

anastomotic leakages compared to 73-75% with patients not experiencing this 

adverse event. Further, disease-free survival and cancer-specific survival 

improved 10-20% in patients without anastomotic leakage (Kube et al. 2010; 

Arnarson 2019; Bashir Mohamed et al. 2020).  

High ligation of the inferior mesenteric artery (IMA) is mandatory with left 

colon cancer surgery. Consequently, the blood supply of the colonic segment 

proximal to the anastomosis may be significantly inhibited after high ligation of 

the IMA, resulting in bowel ischaemia potentially leading to anastomotic leakage 

(Salusjärvi et al. 2018; Chiarello et al. 2022). Increased risk for developing 

potentially lethal proximal colon ischemia is significantly associated with older 

patients having hypertension, cerebrovascular or atherosclerotic disease. Lower 

ligation of the inferior mesenteric artery preserving the left colic artery could 
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prevent the occurrence of this specific type of ischaemia (Tsujinaka et al. 2012). 

The use of intraoperative angiography with indocyanine-green (ICG) fluorescent 

dye can assess the vascularisation of the colonic stump and anastomosis and thus 

reduce the incidence of anastomotic leakage (Blanco-Colino et al. 2018) 

  Complications related to abdominal wall closure are common in colorectal 

surgery and emerge as superficial infections, haematomas and seromas with 

reported incidence rates of 3-26%. Most of these complications manifest as mild 

discomfort requiring local wound care and antibiotics (Kirchhoff et al. 2010; 

Sutton et al. 2017). However, not infrequently, they necessitate reoperations and 

lead to increased postoperative mortality. In addition, the excess risk for wound 

complications increases in obese patients, male gender, and patients with 

diabetes mellitus, higher ASA score, smoking history, open surgery and 

perioperative blood transfusion (Sutton et al. 2017; Xu et al. 2020). 

Wound dehiscence is a less frequent complication with high morbidity and 

severe additional complications. It is specified as the separation of the sutured 

edges of the abdominal fascia after surgery. It is mainly subclinical and later 

results in an incisional hernia. The excess risk for dehiscence rises among older 

and obese patients, in male gender and patients with smoking history and history 

of chronic pulmonary disease (Söderbäck et al. 2019). Clinically evident wound 

dehiscence manifests mainly as secretion from the wound but seldom with 

abdominal content protrusion through the fascia. The incidence of wound 

dehiscence in elective laparotomy is 0.4-1.2%, leading to increased postoperative 

morbidity and prolonged hospital stay with associated mortality rates between 

15-35%. The increased incidence is mainly attributed to the fact that operations 

are performed on aged patients with more comorbidities, who are malnourished 

and have hypoalbuminemia and thus decreased ability to recover from 

reoperations (Söderbäck et al. 2019). A laparoscopic approach may dimmish the 

incidence of wound dehiscence (Colon Cancer Study Group. 2009). 

Excess postoperative bleeding is a rare complication, depending on the type 

of surgery and operative approach, a patient's underlying diseases requiring 

anticoagulant medication and an individual patient’s inadequate clotting system 

(Kirchhoff et al. 2010; Matar et al. 2019).  Blood loss during laparoscopic surgery 

is significantly less than that during open surgery (Colon Cancer Study Group. 

2009). 

Postoperative ileus signifies a temporary interruption of gastrointestinal 

motility in the presence of abdominal distension, inability to tolerate oral diet, 

vomiting and delayed passage of flatus and stool. It is frequently diagnosed in 
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gastrointestinal surgery, affecting approximately 7-18 % of patients (Wolthuis et 

al. 2016). The pathophysiology of postoperative ileus involves multiple factors, 

including the over-activation of adrenergic and non-adrenergic pathways by 

exaggerating inhibitory reflexes, the inflammatory phase, and surgical trauma 

(Chapman et al. 2018). Risk factors for prolonged postoperative ileus include 

male gender, older age, cardiac comorbidities, previous abdominal surgery and 

open surgical approach, longer duration of surgery and abundant postoperative 

use of opioids (Quiroga-Centeno et al. 2020). It delays hospital discharge, 

increases morbidity with potential hospital-obtained cross-infections and 

thromboembolism and increases hospital costs. Minimally invasive surgery, early 

oral feeding and the structural use of ERAS protocols with early recognition of 

postoperative complications may prevent postoperative ileus (Bragg et al. 2015; 

Chapman et al. 2018). 

2.4.3 Non-surgical complications 

Postoperative pulmonary complications after colorectal surgery are frequent, 

with reported rates ranging 2-11% (Schiphorst et al. 2015; Miskovic et al. 2017). 

Higher risk of pulmonary complications is associated with male gender, older 

age, smoking and poor preoperative functional status. Patients with excess 

comorbidities, recently diagnosed congestive heart failure and higher ASA class 

have more pulmonary complications. History of severe chronic obstructive 

pulmonary disease is associated with higher rates of in-hospital complications, 

intensive care unit admissions, readmission, and mortality after colorectal cancer 

surgery (Abd El Aziz et al. 2020).  

Pulmonary complications include atelectasis (collapse of the pulmonary 

alveoli), pneumonia, pleural effusion, acute respiratory failure and respiratory 

distress syndrome (ARDS) with multifactorial aetiology ranging from mild to 

severe. Most of the events are considered mild with little impact on recovery or 

overall survival (Schiphorst et al. 2015). However, severe pulmonary events lead 

to higher morbidity and mortality rates. Of patients with pulmonary 

complications, 14-30% will die within 30 days, compared to 0.2–3% who do not 

develop complications (Miskovic et al. 2017).  

Cardiac complications are frequent after major surgical operations, overall 

incidence ranging 2-20%, with increased incidence rates in aged patients. They 

are the leading causes of morbidity and mortality in the first 30 days after non-
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cardiac surgery and account for over 33% of perioperative deaths. Preoperative 

acute cardiac conditions such as aneurysm rupture, replacement of coronary 

artery stent, high-risk coronary artery disease and recent stroke increase the risk 

of cardiac complications (Devereaux et al. 2015). The most common cardiac 

causes of postoperative mortality are myocardial infarction, cardiac arrest and 

congestive heart failure (Schiphorst et al. 2015; Devereaux et al. 2015; Liu et al. 

2020). 

Cardiac complications during and after non-cardiac surgery are 

overrepresented in patients with pre-existing cardio- and renovascular 

comorbidities and diabetes mellitus (Devereaux et al. 2015). The invasive 

treatment elicits a surgical stress response leading to haemodynamic 

derangements and so to myocardial ischaemia and heart failure. Postoperative 

cardiac failure still has a 30‐day mortality rate of 8% regardless of its aetiology. 

Thus, outcomes can be improved for high-risk patients by identifying relevant 

risk factors and optimising their physical condition (Devereaux et al. 2015; Sellers 

et al. 2018).  

Urinary tract related complications, including infection and retention, are 

common amongst cancer surgery patients, and the former is one of the most 

frequently diagnosed hospital-acquired infections. Urinary tract infections (UTI) 

develop in 2-6% of colorectal surgery patients. The risk of these events occurring 

is more common with females, aged patients, and patients with poor functional 

status, high ASA class, open surgery and prolonged catheterisation duration. 

Urinary tract infections lengthen hospital stay (Kang et al. 2012). Additionally, 

patients with urinary tract infections have a greater risk of developing sepsis than 

those without UTI, thereby causing extended postoperative mortality (Sheka et 

al. 2016). 

Urinary retention is common after anaesthesia, and surgery with an incidence 

of 4-22%, mostly commonly in lower abdominal operations. It may be due to 

dissection of structures adjacent to pelvic parasympathetic nerves leading to 

neuropraxia and temporary urinary dysfunction. Guidelines recommend urinary 

catheter removal within 24 hours postoperatively in colon surgery. Early removal 

may increase the risk of urinary retention, while late removal may increase the 

risk of urinary infection. Thus, the optimal removal of the urinary catheter must 

be balanced with patients’ preoperative urinary function, intraoperative fluid 

administration and postoperative urinary retention risk (Kang et al. 2012; Lee et 

al. 2019; Hollis et al. 2020) 
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Postoperative acute renal failure occurs in 3-7% of patients and is associated 

with extended hospital stay, risk of developing chronic kidney disease and higher 

mortality. Male gender, older age, preoperative kidney insufficiency, diabetes and 

congestive heart failure increases the risk of postoperative kidney failure 

(Romagnoli et al. 2018; Hollis et al. 2020). In addition, the risk may increase with 

ERAS protocol, as it uses more standardised intravenous fluid delivery. Thus, 

careful intra- and postoperative intravenous fluid rate and medication optimising 

are essential in older patients and those with diabetes mellitus and cardiac risk 

(Hollis et al. 2020). 

Venous thromboembolism (VTE), consisting of deep venous thrombosis 

and pulmonary embolism, is associated with significantly higher inpatient 

mortality and greater disability among hospitalised colon cancer patients. 

Incidence rates reported at the time of cancer diagnosis vary 3-9%. 

Postoperatively the corresponding reported numbers range 1-3%, with high risk 

persisting one month after surgery (Aquina et al. 2017; Lewis-Lloyd et al. 2021). 

Older age, obesity, malnutrition, excess comorbidities, anaemia and preoperative 

steroid use constitute a greater risk of VTE. Additionally, open and emergency 

surgery, reoperation and postoperative complications are associated with VTE 

(Emoto et al. 2019).  

Postoperative delirium (POD), which frequently emerges 24 to 96 hours after 

surgery, is defined as an acute and fluctuating disturbance of consciousness 

characterised by acute impairment of attention and awareness (Aldecoa et al. 

2017; Jin et al. 2020). POD is particulary common among aged patients and those 

with existing neurocognitive disorders (Jin et al. 2020). The incidence of POD in 

colorectal surgery ranges from 8% to 54%, with an associated 30-day mortality 

rate of 7-10% (Scholz et al. 2016; Aldecoa et al. 2017; Jin et al. 2020; Lee et al. 

2020). Colorectal cancer patients over 80 years old have an over five-fold greater 

POD risk than patients under 70 years (van der Sluis et al. 2017).  Furthermore, 

with age, excess comorbidity burden, polypharmacy, poor nutrition, preoperative 

functional and cognitive impairment, frailty, excessive alcohol intake, emergency 

surgery and perioperative metabolic disturbances are strongly associated with 

postoperative delirium (Needham et al. 2017; Jin, et al. 2020; Lee et al. 2020). 

POD is associated with major postoperative complications, longer 

postoperative hospital stay, higher rate of admission to long-term care with 

permanent institutionalisation and increased health-care costs, long-term 

functional and cognitive decline with limitations in activities of daily living, and 

increased mortality (Aldecoa et al. 2017; De Hert et al. 2018; Jin et al. 2020). In 
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addition, postoperative delirium is associated with prolonged postoperative 

cognitive decline for up to one year and considerably increased risk of dementia 

(Aldecoa et al. 2017). 

Postoperative cognitive dysfunctions (POCD) are characterised as problems 

in thinking and perception between seven days and one year after surgery 

(Needham et al. 2017). Approximately 12% of patients with no previous 

cognitive impairment undergoing anaesthesia will develop symptoms of 

cognitive dysfunction after their procedure.  POCD is more prevalent with 

increasing age, pre-existing cognitive impairment, history of cerebrovascular 

disease, poor functional status and postoperative respiratory and infectious 

complications (Needham et al. 2017; Jin et al. 2020). Of POCD patients, 10% 

show long-term declining cognitive trajectory converting to dementia one year 

after surgery (Needham et al. 2017). 

Along with old age, preoperative cognitive impairment is the most important 

risk factor for postoperative delirium and other perioperative outcomes, higher 

hospital mortality and long-term cognitive dysfunction (Needham et al. 2017; 

Watt et al. 2018; Kapoor et al. 2021). Patients with preoperative cognitive 

impairment may experience 22-60% decline in cognitive impairment during the 

first six months after surgery (Needham et al. 2017). 

2.4.4 Mortality  

The most common causes of short-term postoperative mortality are 

cardiovascular, such as cardiac infarction and arrhythmias, respiratory, such as 

pulmonary embolism and respiratory failure and infection most commonly 

caused by postoperative complications (De Hert et al. 2018). Excess 

cardiovascular and respiratory comorbidities, increasing age and postoperative 

complications are risk factors for 30-day mortality. Besides, both increasing age 

and complications are also significantly associated with higher 90-day and one-

year overall mortality. Reported mortality rates for patients with stage I-III colon 

cancer and aged over 75 years are as follows: 30-days 3-14%, 90-days 4-18% and 

one-year 8-27% (Bos et al. 2019; Claassen et al. 2019; Taylor et al. 2021). A 

primary mortality risk factor is age: the risk for 30-day and one-year mortality is 

six-fold higher in patients aged over 80 years compared to patients under 60 years 

(Bos et al. 2019; Taylor et al 2021). Postoperative one-year mortality is as high as 

52% in institutional care residents aged over 80 years (Finlayson et al. 2012). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cognitive-defect
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Recent quality and safety trajectories in colon cancer treatment including 

developments in anaesthesia and increased use of minimally invasive methods 

have shown better short- and long-term outcomes for all colon cancer patients. 

The difference between older and younger patients’ mortality rates in elective 

colon cancer surgery has decreased in recent years. Reported 30-day mortality 

has declined from 10-14% to 4-6 % in aged patients over 75 years compared to 

younger patients rate, which has declined from 2% to 1%. However, 30-day 

mortality after surgery is not a definite surgical risk measure for aged individuals. 

A notable proportion of patients die after this period with excess mortality 

persisting for up to one year after surgery. Reported mortality rates one year after 

surgery among aged patients over 75 years are 12-21% compared to those in 

younger patients at 4-10% (Breugom et al 2018; Brouwer et al. 2019). 

2.5 Prognosis in colon cancer 

Prognosis in colon cancer has improved steadily in recent decades. Among 

curatively treated colon cancer patients (stage I-III), reports on five-year overall 

survival rates range 65-80% and cancer-specific survival 81-95% (Buunen et al. 

2009; Bokey et al. 2016; Ehrlich et al. 2016; Merkel et al. 2016). Among the oldest 

patients the overall survival rates continue to be poorer than among younger 

patients with reported 5-year survival rates of 36-56% in patients aged 75 years 

or over (Holleczek et al. 2015; Mäkelä et al. 2017; Oh et al. 2018; Weerink et al. 

2018). Increased mortality rate in older patients has been found throughout the 

first year following surgery. However, patients who survive the first year after 

surgery, then achieve cancer-related survival rates similar to those among 

younger patients (Dekker et al. 2011; Sheridan et al. 2014; Mothes et al. 2017; 

Oh et al. 2018). Table 5 lists selected studies on five-year survival rates for 

patients aged over 80 years or older undergoing colon cancer surgery.  
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Table 5.  Colon cancer surgery in patients aged 80 years or older: Five-year overall (OS) and 
cancer-specific survival (CSS) rates 

Study Country Cancer Patients (n) Five-year OS Five-year CSS 

Leeuwen et al 2008 Sweden colon    

stage I   309  79 

stage II   1137  66 

stage III   749  38 

Tan et al. 2012 Singapore colorectal    

stage I    75  

stage II    65  

stage III    40  

Kotake et al. 2014 Japan colorectal    

stage I   586 85 94 

stage II   1524 66 86 

stage III   1060 50 65 

Goldvaser et al. 2017 Israel colorectal 136 39 63 

Mothes et al. 2017 Germany colorectal 161 30 78 

Mäkelä et al. 2017 Finland colorectal    

stage I   17 40  

stage II   97 34  

stage III   54 26  

Rinaldi et al. 2017 France colorectal 123 61  

Oh et al. 2018 South Korea colorectal 134 70 80 

Rossi et al. 2020 UK colorectal 292 48  

Ueda et al. 2020 Japan colorectal 110 52–64 72–82 

Sueda et al. 2021 Japan colorectal 114 71 81 

Utsumi et al. 2021 Japan colorectal 113  79 
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In Finnish colon cancer patients registered in 2019, corresponding five-year 

cancer-related survival numbers were 62% for aged patients over 75 years old 

compared to 68-76% for patients under 75 years. The timeline change has 

improved remarkably, the overall five-year survival in all ages has increased from 

47% to 66% in the past three decades (Finnish Cancer Registry 2021). 

In overall survival, TNM stage is a recognised standard estimate of patient 

prognosis and a guide to management after resection for non-metastatic colon 

cancer (NICE guidelines, 2020). CME specialised centres have reported cancer-

related survival rates of 95% in stages I-II and 81% in stage III, respectively 

(Hohenberger et al. 2003; Hohenberger et al. 2009, Bertelsen et al. 2011; Ehrlich 

et al. 2016; Merkel et al. 2016). A population-based study from Finland reported 

that MSI-H tumours were associated with better five-year disease-free survival 

and disease-specific survival than MSS tumours, 86% vs 75% and 83% vs 71% 

respectively. These findings reflect different biochemical tumour subtypes with 

molecular classification and colon cancer heterogeneity (Seppälä et al. 2015). 

Postoperative complications result in a significant increase in mortality, which 

understandably tends to exceed the first postoperative month (Gooiker et al. 

2012, Duraes et al. 2016). Severe complications, reportedly occurring in up to 

25% of electively operated aged patients, significantly decrease short- and long-

term survival (McSorley et al. 2016; Weerink et al. 2018). Complications after 

colon cancer resection are associated with weakened three‐year disease‐free and 

five‐year overall survival in all aged patients. Decreased long-term survival 

associated with severe postoperative complications is mainly due to mechanisms 

other than cancer recurrence (McSorley et al. 2016; Arnarson et al. 2019).  

2.6 Aged patients and colon cancer surgery 

2.6.1 The older surgical patient 

Ageing is a progressive deprivation of physiological reserves resulting in 

susceptibility to adverse events, functional decline and eventually death (Lopez-

Otin et al., 2013). Normal physiological age-related alterations appear in the 

major organs such as cardiovascular, pulmonary and renal systems. The 

cardiovascular system is connected to the changes in the autonomic nervous 

system, which result in diminished cardiac responsiveness to stress. Lung 
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function decreases due to oxygen diffusion capacity and lung and chest wall 

compliance loss. Renal function may decline related to the nephrotoxic effects 

of comorbidities and drugs ingested. Thus, together with stress response caused 

by acute disease, anaesthesia or the surgical procedure, these alterations 

frequently lead to adverse events (Griffiths et al. 2014; De Hert et al. 2018).  

However, chronological age alone does not explain the physiological 

heterogeneity identified in the aged population. Consequently, patient-related 

factors such as comorbidities, differences in physiological and cognitive 

functional status and frailty are strongly and independently associated with 

adverse postoperative outcomes (Partridge et al. 2012; Papamichael et al. 2015; 

Fagard et al. 2016; De Hert et al. 2018). 

Chronic diseases appear in more than 50% of patients over 70 years (Beard 

et al. 2016). Comorbidities are frequent in older colon cancer patients with 

estimated prevalence rates of 30-60%, with at least one chronic condition besides 

cancer (Lemmens et al. 2007; Fowler et al. 2020). Comorbidity potentially affects 

the timing of cancer diagnosis either by earlier detection or, on the contrary, by 

delayed diagnosis because of treatment geared to the specific comorbidity. 

Curative surgical treatment and adjuvant chemotherapy are less likely to be 

offered and administered to cancer patients with comorbidities (Sarfati et al. 

2016).  

  The most common comorbidities among older colon cancer patients are 

hypertension, congestive heart failure, chronic obstructive pulmonary disease 

(COPD), diabetes mellitus and renal dysfunction. (Neuman et al. 2013; Jafari et 

al. 2014; Aquina et al. 2017). Venous thromboembolism is a well-known 

manifestation in colon cancer patients with a risk two-fold greater than in 

patients without cancer (Stein et al. 2006).  

Polypharmacy, defined as five or more medications concurrently for treating 

one or more coexisting diseases, is related to comorbidities and is thus common 

in aged cancer patients. Polypharmacy increases the risk of drug-drug 

interactions and harmful effects of medications, which can be deleterious to 

cancer patients when combined with adjuvant therapy (Sharma et al. 2016; De 

Hert et al. 2018). The prevalence rate of polypharmacy in aged cancer patients 

ranges from 13% to 92%, with a growing risk of adverse events such as drug 

reactions associated with chemotoxicity, geriatric syndromes such as functional 

decline and cognitive impairment, and thus increased healthcare utilisation 

(Sharma et al. 2016; Aldecoa et al. 2017). Altogether, polypharmacy in geriatric 
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oncology needs geriatric assessment before adjuvant therapy to evaluate the 

benefits and drawbacks of drug-drug interactions (Sharma et al. 2016). 

Physiological and cognitive functional capacity, defined as physical and 

cognitive ability to perform activities of daily living, declines with advancing age 

(Gill et al. 2010; Griffiths et al. 2014). According to the Finnish Institute for 

Health and Welfare, 27% of individuals aged 75 years or older needed some form 

of assistance in daily living in 2020 (Finnish Institute for Health and Welfare 

2021). Functional status influences the degree of old patients’ autonomy with 

different changes in active motion, cognition and sensory functions. Functional 

impairment leads to disability, which is defined as an impairment in a patient’s 

ability to perform daily activities. Physical disability frequently occurs in older 

individuals and is associated with predictably increased hospitalisation, need for 

long-term care and mortality and thus decreased life expectancy (Fried et al.; 

2004; Keeler et al. 2010; De Hert et al. 2018).  

Physiological functional reserve capacity is critically depleted in frailty. When 

exposed to stressors, this clinical state is defined as an individual´s increased 

predisposition to develop vulnerability to increment dependency and mortality 

(Morley et al. 2013). Frailty phenotype classification includes three or more of 

the following five physical components: unexpected self-reported weight loss 

≥5% in the last year, muscle weakness seen in low grip strength, self-reported 

exhaustion, slowness while walking with slow gait, and low physical activity 

(Fried et al. 2001). Individuals with frailty are more prone to disability, 

unexpected care needs, falls and fractures, hospitalisations, impaired quality of 

life and early mortality (Clegg et al. 2013; Handforth et al. 2015). 

Frailty is not an inevitable consequence of ageing; most aged patients are not 

frail. Among patients aged 65 years or older, the prevalence of frailty is 10-20%, 

which doubles in individuals aged 80 years or older (Hoogendijk et al. 2019). The 

frequency of pre-frailty is considerably higher, with a reported rate of 44% in 

aged individuals (Partridge et al. 2012; Clegg et al. 2013). Frailty is two-fold higher 

amongst women than men. When diagnosed with colorectal cancer, 28-45% of 

aged patients over 70 years are considered to be pre-frail or frail (Handforth et 

al. 2015). Patients aged 65 or over undergoing elective surgery demonstrate 

prevalence rates of 31-46% for pre-frailty and 10-37% for frailty with a two-fold 

rate with increasing age (Partridge et al. 2012; Clegg et al. 2013; Hewitt et al. 

2018; Richards et al. 2018). 

Cognitive impairment ranges from minimal decrements in cognition to mild 

cognitive impairment with no impact on functioning in daily living, 

https://www-sciencedirect-com.libproxy.tuni.fi/topics/medicine-and-dentistry/mild-cognitive-impairment
https://www-sciencedirect-com.libproxy.tuni.fi/topics/medicine-and-dentistry/mild-cognitive-impairment
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and dementia which results in impairment in daily functioning (Wasef et al. 

2021). Prevalence rates of 7-8% for diagnosed dementia have been reported in 

colon cancer patients aged over 67 years (Gupta et al. 2004; Neuman et al. 2013). 

By contrast, in preoperative testing with surgical patients aged 70 years or over, 

signs of possible cognitive diseases as high as 21% have been documented, 

suggesting a more frequent prevalence of cognitive impairment among aged 

surgical patients (Montroni et al. 2020). In a recently published review article, the 

prevalence of undiagnosed cognitive impairment in non-cardiac surgery patients 

over 75 years was 37% (Kapoor et al. 2021). In addition, the prevalence of 

diagnosed dementia among American nursing-home residents undergoing colon 

cancer surgery was 50% (Finlayson et al. 2012).  

Ageing is associated with an increased risk of malnutrition (Cederholm et al. 

2015; Cereda et al. 2016). Preoperative malnutrition is common in older 

colorectal cancer patients, with 22-46% exhibiting severe or moderate signs of 

low nutritional status (Looijaard et al. 2018). The nutritional risk is increased in 

cancer patients with geriatric syndromes, advanced disease, and impaired 

performance status (Paillaud et al. 2014; Huisman et al. 2016). With reported 

preoperative rates of 16-71%, sarcopenia is commonly diagnosed in aged colon 

cancer patients. (Looijaard et al. 2018; Aro et al. 2020). In-hospital 

immobilisation rapidly causes significant metabolic changes causing a decline in 

anabolic resistance to protein nutrition and muscle strength, reduced insulin 

sensitivity and physical performance (Lobo et al. 2020) and may thus expose to 

postoperative adverse events. These changes are commonly observed in older 

patients with sarcopenia and frailty with increased risks of falls, declining physical 

and cognitive status, postoperative morbidity and mortality (Aaldriks et al. 2013). 

Figure 2 summarises the overlapping of the main geriatric characteristics of the 

older patient. 

https://www-sciencedirect-com.libproxy.tuni.fi/topics/medicine-and-dentistry/dementia
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Figure 2.  Overlapping of three main elements of geriatric patient and their influence on adverse 
events (Jämsen E, permission granted). 

2.6.2 Effect of physical and cognitive status on postoperative outcomes 

Surgery activates a systemic inflammatory response leading to a reduction in 

postoperative physiological and functional reserves (Lawrence et al. 2004). The 

risk of postoperative adverse events is increased with concomitant age‐related 

physiological and cognitive decline, multimorbidity, frailty, and poor nutritional 

status (Lawrence et al. 2004; Partridge et al. 2012; De Hert et al. 2018). Thus, 

compared to their younger counterparts, aged surgical patients generally have 

higher rates of postoperative adverse events, including complications, prolonged 

hospital stay, higher readmission rates and unplanned discharge to other medical 

facilities. (Hamel et al. 2005; Griffiths et al. 2014). 

Aged patients with comorbidities exhibit two-fold higher incidence of 

medical complications characteristic of patients with cardiovascular and 

pulmonary comorbidities (Lemmens et al. 2007; Griffiths et al. 2014; Biondi et 

al. 2016; De Hert et al. 2018). These comprise organ-specific aberrations like 

acute kidney failure, pulmonary complications such as hospital‐acquired 

pneumonia and respiratory failure, cardiovascular events such as coronary 

ischaemia or arrhythmias, delirium and minor complications such as urinary tract 

infection and electrolyte imbalance (Biondi et al. 2016; Aquina et al. 2017). Colon 

cancer patients with comorbidities, especially with cardiovascular diseases, 
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COPD, diabetes and history of venous thromboembolism have a two to a three-

fold higher risk of 30-day postoperative morbidity and decreased overall survival 

compared to patients without comorbidities (Lemmens et al. 2007; Sogaard et al. 

2013; Sarfati et al. 2016; Boakye et al. 2018; Watt et al. 2018).  

Frailty is strongly associated with postoperative adverse events. Aged frail 

cancer patients have a significant four- to five-fold higher risk of developing 

major complications and three- to-four-fold increased risk of separate surgical 

and medical complications. In addition, frailty is associated with prolonged 

disability and functional recovery with a three- to-six-fold higher risk of short- 

and long-term mortality (Partridge et al. 2012; Handforth et al. 2015; Fagaard et 

al. 2016; Lin et al. 2016; Sandini et al. 2017; Boakye et al. 2018). Likewise, 

sarcopenia is associated with increased total and severe postoperative 

complication rates, prolonged hospital stays and discharge to assisted living 

accomodation with decreased functional recovery and overall survival (Trejo-

Avila et al. 2021). 

Preoperative cognitive impairment is an important risk factor for 

postoperative delirium and other perioperative outcomes, higher hospital 

mortality and long-term cognitive dysfunction (Needham et al. 2017; Watt et al. 

2018; Kapoor et al. 2022).  The incidence of preoperative cognitive impairment 

in aged patients varies 18-37% depending on the accuracy of diagnostic 

recognition and on the patient population selected for surgery (Kapoor et al. 

2022). With aged patients, higher ASA status, history of dementia and delirium, 

frailty, functional and cognitive impairment are strongly associated with 

postoperative delirium (Jin et al. 2020; Lee et al. 2020). 

2.6.3 Preoperative assessment and optimisation 

Aged patients’ preoperative assessment includes evaluating comorbidities, 

polypharmacy, nutritional and functional status, frailty, cognitive and sensorial 

impairments, level of independence and socio-economic status. (De Hert et al. 

2018; Montroni et al. 2018). The preoperative evaluation aims to identify an 

individual’s risks in anaesthesia, surgery and for postoperative complications. 

(Griffiths et al. 2014; De Hert 2018). Consequently, identifying and minimising 

the risk factors for adverse events improves the likelihood of successful surgical 

treatment (Griffiths et al. 2014).  
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The assessment includes an estimate of the benefits and the risks related to 

cancer surgery or non-surgical treatment, of which patients and their relatives or 

carers should be informed and which should be discussed (Griffiths et al. 2014; 

Papamichael et al. 2015; Rostoft et al. 2020). Thus, knowing patients´ preferences 

regarding treatment and postoperative outcomes is essential. In addition, an 

evaluation of life expectancy without cancer including comorbidities, frailty, 

functional status and patient’s decision-making capacity is recommended 

(Rostoft et al. 2020). Consequently, the goal is to avoid under- and overtreatment 

by identifying fit, vulnerable and frail patients. (Korc-Grodzicki et al. 2014 ; 

Mohanty et al. 2016 ; De Hert et al 2018 ; Montroni et al. 2020). Figure 3 

illustrates basic principles for the preoperative assessment of aged patients. 

 

Figure 3.  Principles of preoperative evaluation for geriatric colon cancer patients (according to 
Papamichael et al 2014) 

Preoperative risk evaluation and screening is primarily performed by the 

surgeon in close consultation with an anaesthesiologist and is based on 

consultation and information on the patient’s health status from his or her 

general practitioner. The assessment includes evaluating patients’ comorbidities, 

basic functional, nutritional and cognitive status and identifying frailty utilising 

appropriate screening tools (Korc-Grodzicki et al. 2014; Decoster et al. 2015: 

Partridge et al. 2017; Ketelaers et al. 2020; Montroni et al. 2020; Souwer et al. 

2020). In addition, information on the perioperative pathway, evaluation of the 
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risks of complications, preferably enhanced recovery programmes, and a mini-

invasive surgical approach is included (Griffith et al. 2014; De Hert et al. 2018). 

In addition, the aim of the assessment is to identify patients for whom 

preoperative optimisation and further evaluation by means of geriatric 

assessment might be beneficial (Mohanty et al. 2016). 

Comprehensive functional performance and frailty status assessment need 

geriatric expertise. Comprehensive geriatric assessment (CGA) involves a 

systematic assessment and evaluation of the older patient’s physical and mental 

comorbidities, prevention of POD, medications, geriatric syndromes, frailty 

status, functional impairments and social factors, including patients previously 

undiagnosed for the impairments mentioned above (Welsh et al. 2014; Partridge 

et al. 2017; Rostoft et al. 2020). Thus, the preoperative CGA assessment informs 

the clinicians´ shared decision-making regarding the potential benefits and risks 

of surgery, consultation on the patient’s optimisation before surgery and possible 

alternative treatments (Montroni et al. 2020; Rostoft et al. 2020). CGA may have 

a positive impact on postoperative outcomes by reducing rates of medical 

complications, length of hospital stay and discharge to an increased level of care 

for rehabilitation (Partridge et al. 2017; Eamer et al. 2018). 

Preoperative optimisation of patient’s health status entails striking a balance 

between the risks of delaying surgery and successful surgical treatment (Griffith 

et al. 2014). It should reduce the risks of anaesthesia, surgery and postoperative 

complications (Griffith et al. 2014; Partridge et al. 2017; De Hert et al. 2018). A 

recently published review showed that in over 72% of cancer patients geriatric 

assessment was recommended for preoperative health status optimisation 

(Hamaker et al. 2018). The focus should primarily target the management of 

important comorbidities such as cardiopulmonary problems, renal problems, 

diabetes, anaemia and reduce the likelihood of cardiac complications, cerebral 

ischaemia and postoperative delirium (Griffith et al. 2014; De Hert et al. 2018). 

Polypharmacy and the patients at risk of POD may require consultation either 

with an internist or geriatrician to optimise or initiate preventive medication 

(Griffith et al. 2014; Aldecoa et al. 2017). According to the ESPEN guidelines, 

preoperatively malnourished patients or those at nutritional risk may benefit 

from short-term nutritional conditioning to avoid possible major adverse events 

(Weimann et al. 2017). In addition, preoperative consideration with the patient 

and relatives regarding potential discharge alternatives is essential to avoid 

prolonged length of hospital or rehabilitation stay (Partridge et al. 2017; Rostoft 

et al. 2020).  
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2.6.4 Preoperative screening tools 

Risk evaluation screening tools for functional status and frailty are recommended 

to be used preoperatively and conveniently in daily clinical practice. These should 

have high predictive ability in screening frailty and identify patients likely to 

benefit from a comprehensive geriatric assessment. (Korc-Grodzicki et al. 2014, 

Ketelaers et al. 2020 ; Montroni et al. 2020).  

General risk assessment tools for predicting risk in anaesthesia and 

perioperative mortality include the American Society of 

Anaesthesiologists classification of physical status (ASA) and the Charlson 

Comorbidity Index (CCI) (Owens et al. 1978; Charlson et al. 1987). ASA score 

reflects the preoperative general physical condition and the anaesthesiologic risk 

for perioperative mortality. The scoring ranges from one to five (American 

Society of Anaesthesiologists 2021). The Charlson Comorbidity Index (CCI), 

which includes 22 comorbidity conditions, evaluates the cumulative burden of 

comorbidities with an ability to identify patients at greater risk of postoperative 

mortality (Charlson et al. 1987). The age-adjusted-CCI (AA-CCI) score, which 

gives four points to all patients 80 years or older, helps to identify aged patients 

at greater risk of 90-day mortality after cancer surgery and to assess comorbidities 

and multiple morbidities (Chang et al. 2016; De Hert et al. 2018).  

A higher ASA score (≥3) is significantly associated with increased 

postoperative morbidity, with reported mortality rates of 5-50% (Sheridan et al. 

2014; Quintana et al. 2018). ASA and CCI scores have a moderate mutual 

correlation (Sankar et al. 2014). Higher ASA and CCI scores are strongly 

associated with increased postoperative complications and short-term mortality 

with mutual correlation in clinical practice (Dekker et al. 2012; Sankar et al. 2014; 

Souwer et al. 2020; Aitken et al. 2021). However, it is essential to evaluate the 

impact and relationship of specific comorbidity to the risk of anaesthesia and 

postoperative recovery (Griffith et al. 2014; De Hert et al. 2018). 

Numerous nutritional status-screening tools are used in clinical practice. 

Tools used for aged patients should consider weight history, food intake, 

nutrition impact symptoms and physical performance. For older individuals, the 

European Society of Clinical Nutrition and Metabolism (ESPEN) recommends 

the use of the Mini Nutritional Assessment (MNA) or its short form (MNA-SF) 

(Cederholm et al. 2017). The Mini Nutritional Assessment-Short Form includes 

six parameters, namely mobility, appetite, weight loss, physical stress, 

neuropsychological problems and BMI prior to surgery. Patients with normal 
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nutrition are scored over 11, patients at risk of malnutrition are scored between 

8 and 11, and those who are malnourished are scored between 0 and 7 

(Rubenstein et al. 2001). Poor nutritional status is associated with impaired 

physical and cognitive performance status and predicts postoperative adverse 

events (Huisman et al. 2016; De Hert et al. 2018).  

Functional status and level of independence can be measured in numerous 

ways. The most frequently used tools are the Katz Index of Activities of Daily 

Living (ADL) and Lawton's Instrumental Activities of Daily Living (IADL). 

Reported functional impairments in onco-geriatric patients aged 60 years or 

older range from 7.5-38% with ADL and 12-77% with IADL (Huisman et al. 

2017). In addition, functional status can be assessed with performance-based 

tests measuring muscle strength and mobility. The most common tests are the 

handgrip test and the timed Up-and-Go test (Huisman et al. 2017; Ghignone et 

al. 2020).  

Basic cognitive assessments, such as the Mini-Cog or MMSE, are 

recommended for screening for preoperative cognitive decline, as 30-40% of 

cases of postoperative delirium are preventable. The degree of difficulty with 

diagnosed cognitive impairment must be assessed by a geriatrician (Mohanty et 

al. 2016; Aldecoa et al 2017; Needham et al. 2017; De Hert et al 2018; Montroni 

et al. 2020). 

  The G8 screening tool is specially devised for oncology, and it identifies 

vulnerable aged cancer patients for whom CGA would be beneficial. It strongly 

identifies old cancer patients at risk for adverse event and mortality in 

oncological treatments (Soubeyran et al. 2014). G8 is a modification of eight 

items including age, number of medications, MNA-SF and self-rated health 

status. The score ranges from 0 to 17. Geriatric evaluation is recommended for 

patients whose score is ≤ 14 (Bellera et al. 2012). 

A wide range of frailty instruments is used in clinical settings before surgery. 

Most frailty assessment tools such as the Fried Phenotype, Edmonton Frail 

Scale, Frailty Index and Clinical Frailty Scale have a predictive accuracy of frailty 

with reported association with increased adverse events (De Hert et al. 2018; 

Aucoin et al. 2020). However, preoperatively used risk evaluation screening tools 

for frailty should be easy to use in daily clinical practice with the ability to screen 

for frailty and distinguish patients likely to benefit from CGA (Korc-Grodzicki 

et al. 2014; Ketelaers et al. 2020; Montroni et al. 2020). 

The Clinical Frailty Scale (CFS) is a validated assessment tool for 

distinguishing between frail patients and fit patients. It is based on clinical 
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judgement. The scoring ranges from one (very fit) to nine (terminally ill). Each 

point corresponds to a written description of frailty. A patient scoring five or 

higher is considered frail (Rockwood et al. 2005). It is associated with a high 

prediction rate of adverse outcomes such as complications, institutional 

discharge and mortality in hospitalised aged patients undergoing invasive 

operative treatments. It is easily adapted and has been shown to have reliable 

scores in identifying frailty when used by relatively inexperienced users (Aucoin 

et al. 2020).  

2.6.5 Postoperative functional recovery and survival 

Cancer-specific survival among older colon cancer patients without 

postoperative complications is comparable to that in younger patients, which 

speaks in favour of intended curative cancer surgery for aged patients (Sheridan 

et al. 2014; Holleczek et al. 2015; Mothes et al. 2017; Oh et al. 2018; Weerink et 

al. 2018; Bos et al. 2019). However, the traditional survival statistics for older 

patients with excess comorbidities, impaired postoperative cognitive impairment 

and functional independence, may not accurately relect complete postoperative 

recovery outcomes (Ronning et al. 2014).  

One-year excess mortality is reported to be 9-27% among aged patients even 

without complications (Gooiker et al. 2012; Duraes et al. 2016; Bos et al. 2019; 

Claassen et al. 2019). Overall, older patients have five-year and ten-year overall 

survival rates of 36-60% and 24-40% while the corresponding figures for 

younger patients are 85% and 75-80% (Sheridan et al. 2014; Holleczek et al. 2015; 

Mothes et al. 2017; Mäkelä et al. 2017; Oh et al. 2018).  

Functional recovery (FR) is a multidimensional, prolonged postoperative 

recovery process that includes functional independence and health-related 

quality of life (Lee et al. 2014). Prolonged decline in functional performances is 

reported in 5-62% of colorectal cancer patients three months after surgery. The 

corresponding numbers for six months after surgery are 6-49% and 5-33% for 

one year, with higher numbers among aged patients with complications 

(Lawrence et al. 2004; Hamaker et al. 2015, Giannotti et al. 2019, de Roo et al. 

2020). Van Zutphen et al showed that 54% of colorectal cancer patients had not 

regained preoperative physical functional status six months after surgery (van 

Zutphen et al. 2017). In addition, even one year after surgery, half of survivors 
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among American nursing home residents aged 80 years or older were unable to 

perform activities of daily living (Finlayson et al. 2012).  

Postoperative loss of independence (LOI) is described as decline in ability to 

perform activities of daily living, impaired mobility and possibly requiring a new 

walking aid, increased need for support, such as the need for new home-care 

services or discharge to other medical facilities (Zhang et al. 2020). Among older 

patients undergoing colorectal cancer surgery, up to 20% experience LOI upon 

discharge from hospital. Patients with preoperative decline in functional status, 

severe postoperative complications and delirium experience 24-43% 

postoperative loss of independence (Gearhart et al. 2020; Zhang et al 2020). The 

risk of LOI after discharge increases significantly with age, with a reported share 

of 50% among patients under 75 years compared to 84% of patients over 84 

years (Berian et al. 2016). Loss of independence is associated with a 70% 

increased risk of readmission into hospital. After discharge from a surgical unit, 

patients with LOI have a 6.7-fold increased mortality risk compared to patients 

without LOI (Berian et al. 2016; Zhang et al. 2020). 

Significant prolonged functional impairment is observed for up to 16-28 

months after colorectal surgery (Ronning et al. 2014). However, recovery rates 

of 65-100% of basic functional parameters such as ADL and IADL are feasible 

within six months after abdominal surgery even for patients considered frail 

preoperatively (Hamaker et al. 2015; van Zutphen et al. 2017; Sikder et al. 2019).  

Prolonged cognitive impairment three months after a surgery has been reported 

in up to 10% of aged patients preoperatively considered cognitively intact 

(Needham et al. 2017). 

According to several studies, aged patients frequently value preserved 

physical and cognitive functions over overall survival and desire reliable 

information on the various treatment options and the impact on functional 

performance (Fried et al. 2002; Berian et al. 2016; Ghignone et al. 2020). 

Therefore, it is also important to consider palliative care options instead surgery. 

Moreover, a tailor-made approach should compare the oncological benefits of 

surgery with the risks of invasive treatment, including loss of functional 

dependence, poor functional recovery, risk of postoperative institutionalization, 

and thus impaired quality of life and life expectancy (Ghinone et al. 2020; 

Ketelaers et al. 2020; Santhirapala et al. 2020). 

https://www-sciencedirect-com.libproxy.tuni.fi/topics/medicine-and-dentistry/cognitive-defect
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3 AIMS OF THE STUDY 

The aims of this study were to analyse the postoperative outcomes, functional 

recovery and overall survival of elective colon cancer surgery in patients 80 years 

and older. 

The specific aims were as follows: 

1. To identify preoperative baseline measures and risk factors affecting 
postoperative outcomes and their impact on 30-day and one-year 
survival (I). 

2. To analyse long-term overall survival and causes of death after surgery 
with focus on patients surviving for more than three months after 
surgery (II). 

3. To identify pre- and perioperative factors and screening tools which may 
have an impact on postoperative outcomes (III). 

4. To identify factors predicting need for increased support in activities of 
daily living and impaired mobility during the first postoperative year 
(IV). 
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4 PATIENTS AND METHODS 

4.1 Study populations 

The study populations comprised surgically treated stage I-III colon cancer 

patients aged 80 years or older at the time of the surgery (Studies I and II) or 

recruitment (Studies III and IV). Patients with metastatic disease, perioperatively 

diagnosed benign disease, palliative or emergency surgery and non-surgically 

treated were excluded. The studies, considered as population-based, were 

conducted in several Finnish public hospitals, which are mainly responsible for 

the treatment of malignant diseases.  

Registry-based Studies I-II consisted of all patients referred to surgical units 

with non-metastatic cancer who had undergone elective curatively aimed cancer 

surgery. The operations were conducted between 2005 and 2016 in four hospitals 

(Central Hospital of Central Finland, Päijät-Häme Central Hospital, Hatanpää 

City Hospital and Valkeakoski Hospital), which were mainly responsible for 

elective colon cancer surgery in their catchment areas (total 750,000 inhabitants, 

range 4.0-5.2% aged 80 years or over).  

For Study III, the patient population was recruited between April 2019 and 

July 2020. For Study IV, recruitment continued until August 2020. A multicentre 

observational cohort study was conducted in nine Finnish hospitals (total 

catchment area population of 3.88 million people amounting to 70% of the 

population of Finland, 5.7% aged 80 years or over). All patients with stage I-III 

colon cancer were invited to participate in the study if they fulfilled the inclusion 

criteria. Detailed information regarding the study was given by the recruiting 

surgeons and written consent was provided by the patients. In case of severe 

cognitive impairment, the consent form was signed by a legally authorised 

representative. Table 6 presents the study arrangements for Studies I-IV. The 

study protocol for Studies III and IV is described in detail in Appendix 1. 
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Table 6.  Study arrangements for patients undergoing colon cancer surgery (Studies I-IV) 

 

 Study I 

 

Study II 

 

Study III 

 

Study IV 

 

Study design Retrospective  

Registry-based 

Retrospective  

Registry-based 

Prospective 

Multicentre 
Observational 

Prospective 

Multicentre 
Observational 

 

Hospital types 

 

Tertiary referral 
centre hospital (2) 

Secondary care 
hospital (2) 

 

Tertiary referral 
centre hospital (2)  

Secondary care 
hospital (2) 

 

University hospitals 
(3) 

Tertiary referral 
hospital (6) 

 

University hospitals 
(3) 

Tertiary referral 
hospital (6) 

 

Catchment area / 
inhabitants  

 

750,000  

 

750,000  

 

3,880,000  

 

3,880,000  

 

Number of patients 

 

 

386 

 

386 / 357 

 

161 

 

167 

 

Follow-up time,  

med (range) months 

 

75.6 (0.04–144)  

 

75.6 (0.04–144) 

 

1.0 

 

18 (0.6–27.6)  

 

Primary outcomes 

 

Postoperative 
complication and 
mortality 30 days 
and 1 year after 
surgery 

 

Overall survival for 
all patients and for 
those who survived 
over 3 months after 
surgery 

 

Postoperative 
complications and 
mortality 30 days 
after surgery 

 

Changes in support 
for activities in daily 
life and mobility one 
year after surgery 

4.2 Methods 

4.2.1 Preoperative evaluation and surgery 

All patients considered candidates for radical colon cancer treatment were 

referred for consultation to the surgical units (Studies I-IV). Patients had 

histologically confirmed primary adenocarcinoma of the colon diagnosed 

preoperatively by colonoscopy. Computed tomography was used to detect the 

presence of distant metastases and locoregional tumour spreading. In Studies III 

and IV, preoperative evaluation in multidisciplinary team (MDT) meetings was 

conducted in most participating hospitals. 
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Patients underwent radical colon cancer surgery for the primary tumour. The 

tumour location determined the type of procedure, and the individual surgeon 

responsible for the operation decided on the surgical approach. Detailed 

technical aspects were not described, but recommended nationwide, 

standardised protocols included sufficient resected bowel segment length and 

lymph node harvest. Recorded operative procedure data included type of colon 

resection and surgical approach, duration of operation, perioperative blood loss, 

length of hospital stay, discharge destination and readmission rate (Studies I-IV).  

Tumour staging was conducted according to the UICC system. TNM 

classification and staging and number of lymph nodes were registered (Studies I-

IV). The number of positive lymph nodes (LNs) and the total number of LNs 

were recorded in Studies III and IV.   

4.2.2 Preoperatively collected data 

In every study the clinical data collected from patients included baseline 

characteristics such as age, gender, body mass index (BMI), living arrangements, 

hospitalisations six months before surgery, comorbidities, American Society of 

Anaesthesiologists (ASA) physical status classification, modified age-adjusted 

Charlson Comorbidity Index (AA-CCI) score, other malignancies and symptoms 

of cancer. For Studies III and IV, several medications, haemoglobin, creatine 

and albumin values, onco-geriatric screening tool (G8), the Mini Nutritional 

Assessment-Short Form (MNA-SF) and the Clinical Frailty Scale (CFS), were 

included.  

Age (Studies II-IV) and BMI (Studies (I-IV) were divided into three 

categories. For Studies III and IV consumption of alcohol and history of 

smoking was elicited. Alcohol consumption response options were none, once a 

month, once a week or several times a week modifield from Audit-C (Bradley et 

al. 2007). In addition, CFS was assessed at the preoperative outpatient clinic by 

the surgeon responsible for the surgical treatment. Patients were also asked if 

they had a living will. Table 7 shows the tools used for preoperative risk 

assessment. 
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Table 7.   Risk-assessment tools for predicting postoperative complications and functional outcomes 

 

Test Abbreviation Range of 
possible 
scores 

Classification for statistical analyses 

 

Purpose 

Age   80-84, 85-89, ≥90 Age 

American Society of 
Anaesthesiology score 

ASA 1–5 2,3,4 Preoperative 
evaluation of general 
physical condition and 
anaesthesiologic risk  

Age-adjusted Charlson 
Comorbidity Index  

AA-CCI 4–37 

 

4,5,6,7-15 (Study I) 

≤6, >6 (Studies II-IV) 

Evaluation of 
cumulative burden of 
comorbidities 

Medication   <5, ≥5 (Studies III-IV) Polypharmacy 

Body Mass Index (kg / m2) BMI  <25, 25-29.9, ≥30 (Studies I-II) 

<24, 24-29, >29 (Studies III-IV)  

Cut-off based on 
histogram (I-II) 

Finnish nutritional 
guidelines for aged 
patients (III-IV) * 

Haemoglobin (g/l) Hb  ≤120 (anaemia) 

>120 (normal Hb) 

Haemoglobin level, 
estimation of anaemia  

Cut-off for clinical utility  

Albumin (g/l) Alb  ≤30 (hypoalbuminemia) 

31–34 (mild hypoalbuminemia) 

>34 (normal) 

Albumin level, 
estimation of 
malnutrition  

Cut-off for clinical 
relevance 

Glomerular Filtration Rate 
(ml/min) 

GFR  <45 (moderately to severely 
decreased renal function) 

45-60 (mildly to moderately decreased 
renal function) 

>60 (normal to mildly decreased renal 
function) 

 

Estimated glomerular 
filtration rate  

Calculated using CKD-
EPI equation** 

 

Clinical Frailty Scale CFS 1–9 1-2 (very fit or fit) 

3-4 (independent, but not regularly 
active in daily-life or vulnerable) 

5-9 (frail, with severe limitations in 
daily-life activities) 

Evaluation of frailty 
status and 
distinquishing frail 
patients from fit 
patients 

Onco-geriatric screening tool 
(G8) 

G8 0–17 <12  

12–14  

>14 (normal) 

 

Detection of onco-
geriatric patients who 
may benefit from 
comprehensive 
geriatric assessment 
(CGA) 

Mini Nutritional Assessment-
Short Form 

MNA-SF 0–14 0-7 (malnourished) 

8-11 (risk of malnutrition) 

≥12 (nutritional status as normal 

Evaluation of 
nutritional status taking 
into account appetite, 
weight loss, mobility, 
neuropsychological 
problems, physical 
stress, BMI 

*Finnish nutritional guidelines for aged patients (Suominen et al. 2014) 

** Kidney Disease: Improving Global Outcomes (KDIGO) Work Group, 2013 
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4.2.3 Patient questionnaires 

The pre-and postoperative questionnaires were specially developed for Studies 

III and IV. All forms used were identical and printed in large font size (Calibri 

16) so as to facilitate responding. They were written in Finnish or Swedish 

according to patient preference. The patient questionnaires elicited living 

arrangements, mobility, use of mobile aid, support for activities in daily life 

outdoors and indoors, nutritional and cognitive status. These variables were used 

to formulate validated G8 and MNA-SF values (Niemeläinen et al. 2021, 

Appendix 2). These values were collected personally before surgery at the 

outpatient clinic and by mail or personally after surgery (one, three, six and 

twelve months).  

In Studies III and IV, pre-and postoperative patient questionnaires contained 

similar questions one, three, six and twelve months after surgery to elicit 

alterations in patients physical and cognitive status. They also included pre-and 

postoperatively reported self-related health status compared with individuals of 

the same age and self-reported perceptions of how their condition had changed 

since surgery. Missing data from patients questionnaires were excluded from the 

final analysis. (Patient questionnaires in Finnish, Appendix 2 and 3). 

4.2.4 Postoperative outcomes 

In all four studies, postoperative morbidity was documented during the hospital 

stay and at 30 days after surgical treatment. Postoperative morbidity (surgical and 

non-surgical) was defined according to the CD classification. Multiple 

complications in the same patients were assessed independently with the highest 

CD value used in the final analyses. Postoperative mortality was recorded at 30 

days (Study III) and at three, six and twelve months (Studies I, II and IV). Causes 

and dates of death were acquired from the Death Certificate Register of Statistics 

Finland (Studies I and II) and the hospital medical records (Studies III-IV). 

Postoperative morbidity and mortality 30 days (Studies I and III) and one 

year after surgery (Studies I and IV) were the primary outcome measures. In 

Study II, the primary outcomes were overall survival in all patients and in those 

who survived three months postoperatively. In Study IV, the primary outcomes 

were changes in need for support in activities of daily living and mobility one 

year after surgery. 



 

65 

4.2.5 Data collection 

Prospectively maintained colorectal databases in the study hospitals were used 

to collect the study population for Studies I and II. Medical records was reviewed 

by the surgeon in charge of data collection. ICD codes C18-19 (colon and recto 

sigmoid cancer) were used to identify patients from the database. Data content 

was combined, processed and analysed by the main investigator at Tampere 

University Hospital and Tampere University. 

For the Studies III and IV, the data was gathered online to a secure web plat 

form electronic database (Research Electronic Data Capture, REDCAP). The 

version was specially designed for these studies by the main investigators. 

Surgeons in the participating hospitals received a personal username and 

password for the electronic database in order to enter the data confidentially. 

The main investigators at Tampere University Hospital and Tampere University 

had exclusively access to the database. 

A study number was assigned to each patient. The identification key was kept 

separate from the database with a secure username and password at each study 

hospital. The data from patient questionnaires was transferred manually to an 

electronic database Relevant protocol deviations such as metastatic disease, 

reported benign tissue pathology or withdrawal from the study were 

documented. 

The patient questionnaires were completed at the time of inclusion and one, 

three, six and twelve months after surgery. If the patient was unable to complete 

the questionnaire, a family member, legally authorised representative or the nurse 

responsible for the patient completed the form. The principal investigators or 

research nurses in the participating hospitals ensured that the patient 

questionnaires were completed. 

Patients were able to withdraw from the study at any time during the study 

period. In those cases, data collected before withdrawal was allowed to be used 

in the analyses.  

4.2.6 Statistical methods 

In all studies, percentages were used to describe demographic data and the 

proportion of observed complications. Median and range were calculated for age, 

preoperative laboratory values, body mass index (BMI), duration of surgery and 

perioperative blood loss. The chi-square test or Fisher´s exact test was used to 
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test associations between categorical variables, when appropriate, and 

continuous variables with Student's t-test.  
In Study II, the Kaplan-Meier method was used to calculate survival and 

recurrence rates from primary surgery and was compared using the log-rank test. 

In all studies, when appropriate, associations between the categorical variables 

were tested with the chi-square test or Fisher's exact test for univariate analysis. 

Binary logistic regression was used for uni- and multivariable analysis of the 

factors influencing morbidity, 30-day and one-year mortality, need for support 

in activities of daily living and mobility at one-year as well as overall survival. All 

variables clinically or statistically significant in the univariate model (p<0.05) 

were included in the multivariable model. SPSS version 27 (IBM, Armonk, NY, 

USA) was used to perform the statistical analyses.  

4.3 Ethical aspects 

All four studies adhered to the principles of the Declaration of Helsinki on 

medical research protocols and ethics. For Studies I and II, the Ethics 

Committee of Pirkanmaa Hospital District (R18188) approved the research 

protocol of the prospectively gathered, registry-based study. The other two 

participating hospitals provided statements granting permission to use patients 

data for the study. For Studies III and IV, the study protocol was approved by 

the Expert Responsibility Area of Tampere University Hospital (reference 

approval number R19028) and subsequently approved by the institutional review 

boards of each participating hospital.  
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5 RESULTS 

5.1 Baseline characteristics and surgical treatment  

For Studies I and II, 386 patients, undergoing elective colon cancer surgery were 

identified. For Study II, data on patients surviving for at least three months after 

surgery were likewise analysed, for which a total of 356 patients were identified. 

The baseline and clinical, demographic characteristics of those patients were not 

significantly different from those of the study population as a whole.  

For Study III, 180 out of 241 patients (75%) consented to participate. Non-

surgical treatment was offered to 11 patients because of diminished functional 

performance status, excess comorbidities or personal refusal. Eight patients were 

excluded because of perioperatively diagnosed metastatic or benign disease. 

Consequently, 161 patients were treated surgically for their cancer and included 

in the study. Preoperatively, almost all patients scored G8 ≤14 (92%) and 77% 

were considered vulnerable or frail (CFS ≥ 3). Most of the patients (91%) were 

at risk of malnutrition (MNA-SF= 8-11) or were malnourished (MNA-SF = 0-

7). Study IV analysed 167 eligible patients with similar G8, CFS and MNA-SF 

distribution. In addition, most patients performed preoperatively daily activities 

independently (54%), were mobile without a mobility aid (60%) and mobile 

inside and outside the home (73%).  

The surgery was performed mostly by right-sided hemicolectomy (65-68%) 

and laparoscopy (65-66%) in all studies. In Studies I, III and IV discharge to 

other hospital wards or medical facilities instead of their original place of 

residence was implemented for 50%, 56% and 54% of patients respectively. In 

Study I, readmission occurred in 25 patients (6.5%) and in study III in 13 patients 

(6.5%) within 30 days of discharge. Table 8 summarises the demographic data of 

Studies I-IV.  
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Table 8.  Demographic data on patients undergoing colon cancer surgery (Studies I-IV) 

 

 

 Study I 

n=386 

Study II 

n=357 

Study III 

n=161 

Study IV 

n=167 

 n (%) n (%) n (%) n / med 

Gender      

  Female 217 (56.2) 205 (57.4) 97 (60.2) 99 (59.3) 

  Male 169 (43.8) 152 (42.6) 64 (39.8) 68 (40.7) 

Age     

  80–84 247 (64.0) 233 (65.3) 91 (56.5) 93 (55.7) 

  85–89 109 (28.2) 96 (26.9) 48 (29.8) 51 (30.5) 

  ≥90 30 (7.8) 28 (7.8) 22 (13.7) 23 (13.8) 

BMI (kg/m2)     

  <24 134 (41.9) 123 (41.4) 55 (34.2) 59 (35.3) 

  24–29 129 (40.3) 118 (39.7) 68 (42.2) 70 (41.9) 

  ≥29 57 (17.8) 56 (18.9) 38 (23.6) 38 (22.8) 

Living arrangements     

  Own home  336 (90.1) 313 (91.0) 158 (98.1) 164 (98.2) 

  Assisted living accommodation 37 (9.9) 31 (9.0) 3 (1.9) 3 (1.8) 

Hospital admissions <6 months     

  None 279 (73.4) 266 (75.8) 81 (50.9) 85 (51.5) 

  One or more 101 (26.6) 85 (24.2) 78 (49.1) 80 (48.5) 

ASA*     

  2 36 (9.5) 34 (9.5) 40 (25.5) 43 (26.1) 

  3 263 (69.0) 248 (69.5) 105 (66.9) 110 (66.7) 

  4 82 (21.5) 70 (19.6) 12 (7.6) 12 (7.8) 

AA-CCI**     

  4–6 322 (83.4) 302 (84.6) 99 (61.5) 99 (59.3) 

  7–12 64 (16.6) 55 (15.4) 62 (38.5) 68 (40.7) 

Type of surgery     

  Open  169 (43.8) 153 (42.8) 54 (33.5) 55 (32.9) 

  Laparoscopy 217 (56.2) 204 (57.1) 107 (66.5) 112 (67.1) 

  Conversion 35 (13.9) 33 (13.9) 15 (12.3) 15 (11.8) 

Postoperative complications     

  None 232 (60.1) 229 (64.1) 95 (59.0) 97 (58.1) 

  CD I-II 85 (22.0) 83 (23.2) 42 (26.1) 49 (29.3) 

  CD III-V 69 (17.9) 45 (12.6) 24 (14.9) 21 (12.6) 

Surgical complications     

  No 294 (76.2) 276 (77.3) 122 (75.8) 129 (77.2) 

  Yes 92 (23.8) 81 (22.7) 39 (24.2) 38 (22.8) 

Non-surgical complications     

  No 317 (82.1) 303 (84.9) 125 (77.6) 129 (77.2) 

  Yes 69 (17.9) 54 (15.1) 36 (22.4) 38 (22.8) 

Length of hospital stay 7 (1–58) 7 (2–58) 5 (2–36) 5 (2–56) 

Discharge destination     

  Own home 172 (45.6) 170 (48.9) 90 (55.9) 91 (54.5) 

  Other hospital for rehabilitation 187 (49.6) 178 (51.1) 70 (43.5) 75 (44.9) 

Died during hospital stay 18 (4.8) - 1 (0.6) 1 (0.6) 

Reoperations 39 (10.1) 32 (9.0) 16 (9.9) 16 (9.6) 

Readmission 25 (6.5) 23 (6.4) 13 (8.1) 14 (8.4) 

TNM stage     

  1 41 (12.7) 46 (12.8) 29 (18.1) 30 (18.3) 

  2 191 (49.5) 176 (49.2) 86 (53.4) 88 (53.7) 

  3 146 (37.8) 135 (38.0) 45 (28.0) 46 (28.0) 

Mortality     

  30-days 23 (6.0) - 3 (1.9) 3 (1.8) 

  90-days  29 (7.5) - -  

  One-year 59 (15.3) 30 (8.4) - 11 (6.6) 

* American Society of Anesthesiologists physical status classification system 

** Age-adjusted Charlson Comorbidity Index 
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Postoperative adjuvant chemotherapy was administered to 80 patients (21%). 

According to TNM-stage, 67 (46%) stage III patients received postoperative 

adjuvant therapy (Studies I and II). The corresponding numbers in Studies III 

and IV were 31% (14/45) and 28% (13/47). 

5.2 Postoperative complications 

In Studies I and II, 154 patients (40%) had postoperative complications. Severe 

complications, graded III-V according to the Clavien-Dindo classification, were 

recorded in 69 patients (18%). Surgical complications were reported in 92 (24%) 

patients. Ileus (7.0%), anastomotic or intra-abdominal bleeding (6.2%) and 

anastomotic leakage (5.7%) were the most common causes of complications. 

Cardiovascular (6.0%) and pulmonary (4.7%) reasons were the most commonly 

diagnosed non-surgical complications. Reoperation was performed in 39 patients 

(10%) due to surgical complications such as anastomotic leakages and wound 

ruptures. 

Study III showed a total postoperative morbidity of 41% with 24% of patients 

having surgical complications. The most frequent surgical complications were 

ileus (12%), anastomotic leakage (5%), superficial surgical site infection (3.6%) 

and wound dehiscence (2.5%). In four patients an iatrogenic bowel perforation 

was diagnosed, and one patient developed a postoperative colon necrosis. 

Sixteen patients (10%) were reoperated on due to surgical complication. Non-

surgical complications were mainly cardiovascular (6%) and pulmonary (8%). 

Venous thromboembolism was diagnosed in two patients (1.2%). One patient 

had a massive cerebral stroke, which caused permanent disability. Nine patients 

had both surgical and non-surgical complications mainly associated with 

postoperative ileus (78%). According to the CD classification, 15% of patients 

had severe complications (CD III-V). Most of those were surgical complications 

as only three patients suffered purely non-surgical complications (1.8%) 

requiring admission to the intensive care unit.  



 

70 

5.3 Predictors for postoperative complications 

Study I showed that postoperative complications were significantly more 

common with patient-related factors such as male gender (46% vs. 35%, 

p=0.027), coronary artery disease (52% vs. 36%, p=0.003), diabetes mellitus 

(51% vs. 37%, p=0.023) and rheumatic disease (67% vs. 39%, p=0.032). Patients 

living preoperatively in assisted living accomodation (30% vs. 17%, p= 0.05), 

had hospital admissions during the six months prior to surgery (31% vs. 15%, 

p=0.018) or experienced excess intraoperative blood loss (100 ml vs median 50 

ml, p=0.006), suffered more severe complications according to CD 

classification.  

In Study III, postoperative complications were decidedly more frequent in 

patients with a history of cerebral stroke (64% vs. 37%, p = 0.02), albumin level 

31–34 g/l (57% vs. 32% with albumin >34 g/l, p = 0.007) and ASA >3 (77% vs. 

28%, p = 0.006). In addition, overall complication rate in patients with CFS 3–9 

was higher (48% vs. 16% in CFS 1–2, p<0.001) Patients with CFS 3–9 suffered 

more non-surgical complications (27% vs. 8%, p=0.018) and surgical 

complications (28% vs. 11%, p=0.030) than patients with CFS 1–2.  

In Study III, major complications (CD III–V) were significantly more 

common in patients with renal failure (25% vs. 12%, p = 0.021), chronic 

obstructive pulmonary disease (43% vs. 13%, p = 0.047), CCI score >6 (23% vs. 

10%, p = 0.034) and albumin level 31–34 g/l (26% vs. 8% in patients with 

albumin >34 g/l, p = 0.014).  

Table 9 summarises the statistically significant predictors for increased risks 

of postoperative complications in Studies I and III. 
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Table 9.  Statistcally significant predictors of 30-day postoperative complications (p<0.05) 

 Univariate analysis  Multivariable analysis  

 OR 95 % CI p-value OR 95 % CI p-value 

Study 1       

Gender (male) 1.59 1.05–2.40 0.027 1.42 0.88–2.30 0.154 

Higher BMI  1.06 1.00–1.11 0.037 1.06 1.00–1.12 0.053 

Diabetes Mellitus 1.75 1.08–2.85 0.023 1.76 1.00–3.10 0.049 

Coronary disease 1.94 1.25–3.02 0.003 1.69 1.01–2.83 0.046 

Rheumatic diseases 3.14 1.05–9.36 0.032 4.28 1.27–14.4 0.019 

Severe complications       

Patients living in 
assisted living 
accommodation 

2.12 0.99–4.53 0.050    

Hospital admissions < 6 
months 

1.96 1.12–3.40 0.018    

Study III       

History of cerebral 
stroke 

3.05 1.20–7.76 0.020 2.53 0.85–7.52 0.096 

CFS 3-4 4.92 1.85–13.1 0.001 6.06 1.88–19.5 0.003 

CFS 5-9 4.49 1.56–13.0 0.005 3.54 0.95–13.2 0.060 

ASA score 4 7.91 1.80–34.7 0.006 3.08 0.57–16.8 0.193 

Albumin 31–34 g/l 2.88 1.34–6.16 0.007 3.88 1.61–9.38 0.003 

Severe complications       

COPD 4.91 1.02–23.6 0.047 0.60 0.04–8.21 0.701 

Renal insufficiency 3.01 1.18–7.98 0.021 1.47 0.40–5.48 0.563 

CFS 3-4 3.40 0.73–15.9 0.121 8.16 0.89–75.0 0.064 

CFS 5-9 4.63 0.93–23.0 0.061 7.69 0.70–85.1 0.096 

CCI ≥6 2.60 1.07–6.28 0.034 1.96 0.48–7.95 0.346 

Albumin 31–34 g/l 3.77 1.30–10.9 0.014 4.39 1.31–14.7 0.017 

5.4 Short-term survival 

In Studies I and II, the respective overall 30-day and 90-day mortality rates were 

6% and 7.5%. The causes of death within three months after surgical treatment 

were mainly of cardiopulmonary origin (16/29, 55%) or surgical complications 
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(7/29, 24%).  The corresponding numbers for three months after surgery were 

46% and 1% (Study II).  

In Study III, total 30-day mortality rate was 1.9%, but rosed to 8.3% in those 

with CD grade III–IV complications. Out of three deaths, one patient with 

wound dehiscence died on the twenty-third postoperative day after protracted 

ileus and two reoperations. One patient died on the twenty-fifth postoperative 

day after relaparotomy for anastomotic leakage. The third patient died on the 

eighteenth postoperative day of complications due to ischaemic heart disease. 

  In Studies I and II, the overall one-year mortality rate was 15%. A mortality 

rate of 23% was noted in patients aged 90 years or over in comparison to 13% 

in patients aged 80-84 years. The mortality rates for patients operated on with an 

open versus laparoscopy technique were higher, 21% and 12% respectively. Less 

than half (45%) of the patients suffering major surgery-related complications 

survived more than one year after surgery. Patients without postoperative 

complications had a survival rate of 91%, which is comparable to that among 

patients with Clavien Dindo I-II complications.  

  In Study IV, the overall one-year mortality rate was 6.6%. The main causes 

for death at one year were cardiopulmonary (36%), colon cancer (27%) and 

surgery-related (18%) reasons. The one-year mortality rate for preoperatively 

independent patients, partly dependent patients, or those dependent on 

supportive care were 5.6%, 4.3% and 9.7% respectively. The one-year mortality 

rates for preoperatively independently mobile patients without walking aids, 

independently mobile patients with walking aids and dependent patients were 

4.3%, 8.9% and 33% respectively.  

5.5 Long-term survival 

In Study II, with a median follow-up duration of 6.3 years (ranging from 10 days 

to 13.9 years or until death), 232 patients died during this follow-up period. The 

one-year, three- and five-year survival rates were 85%, 66% and 55% and the 

corresponding numbers for patients surviving for three months after surgery 

were 92%, 71% and 59% respectively. The main causes of death were 

cardiovascular (32%), colon cancer (30%) and pulmonary diseases (15%). Figure 

4 presents the causes of death within and after three months of surgery (Studies 

II and IV).  
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Figure 4.  Causes of death (%) within three months and after three months of surgery (n=29 and n= 193 
(Study II), n=5 and n=11 (Study IV)). 

Patients who preoperatively lived in assisted living accomodations had a median 

survival time of 2.9 years (95% CI 1.80-4.00) the corresponding time for those 

living in their own homes being of 5.5 years (4.77-6.20). The median survival 

time for all patients with no complications was 5.9 years (5.30–6.50) and for 

those with major complications 1.8 years (0.18–3.34). However, the 

corresponding number for patients who survived more than three months after 

surgery was 5.9 years (5.28–6.59) and for patients with major complications 

6.1 years (2.30-9.91). 

Most of the cancer recurrences appeared within three years after surgery 

(84%). The overall recurrence rate for all patients was 18%. For tumour stages, 

I, II and III the respective median overall survival times were 5.9, 6.5, and 3.5 

years. Stage III disease patients with postoperative adjuvant chemotherapy had 

a median survival time of 5.4 years, compared to 2.3 years and 3.3 years for those 

who did not receive postoperative chemotherapy and survived over three 

months after surgery. Figure 5 shows the Kaplan-Meier analysis of overall 

survival with and without complications (CD 0-V) and tumour stages (I-III).  
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Figure 5.  Kaplan-Meier analysis of overall survival (n=386) with and without complications graded with 
Clavien-Dindo classification (above, p<0.001, log-rank) and according to tumour stages I-III 
(below, p<0.001, log-rank). 

 

5.6 Predictors of short- and long-term survival 

Study I showed that increased 30-day mortality was associated with living in 

assisted living accomodation (16% vs 5%, p=0.012), hospital admissions six 

months before surgery (13% vs 4%, p=0.002) and CCI score ≥ 6 (10% vs 3%, 

p=0.012). In addition, longer duration of surgery (p=0.038), greater 

intraoperative blood loss (p=0.005) and severe postoperative complications 
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(30% vs 0.6%, p<0.001) increased the risk of 30-day mortality. Hospital 

admissions six months before surgery (OR 3.05, 95% CI 1.25-7.43, p=0.014) and 

severe postoperative complications (85.61, 10.68-686.1, p<0.001) were the only 

variables in multivariate analysis significantly affecting 30-day mortality.  

In Study I, greater one-year mortality after surgery was associated with age 

over 89 years (23% vs 13% with years 80-84, p=0.004), hospital admissions six 

months before surgery (22% vs 13%, p=0.035), open compared to laparoscopic 

technique (21% vs 12%, p=0.027), longer duration of surgery, greater 

intraoperative blood loss, severe postoperative complications (45% vs 9% with 

no complications, p<0.001). Severe postoperative complications were the only 

significant patient-related variable affecting one-year mortality. 

In Study IV, increased one-year mortality was associated with BMI< 24kg/m2 

(14% vs 3%, p=0.039), non-surgical complications (16% vs 4%, p=0,017) and 

severe complications (19% vs 5%, p=0.023). In the multivariate logistic 

regression analysis non-surgical and severe postoperative complications were the 

only significant patient-related variables affecting one-year mortality. Table 10 

summarises the statistically significant predictors for increased mortality rate. 

 

Table 10.  Predictors of 30-day and one-year mortality in elective colon cancer surgery in the aged 
(univariate analysis) 

 30-day mortality 1-year mortality 

 OR 95 % CI P-value OR 95 % CI P-value 

Study I       

Age 1.11 0.99–1.24 0.079 1.12 1.04–1.21 0.004 

Living in assisted living 
accommodation 

3.63 1.34–9.88 0.012 1.93 0.86–4.34 0.112 

Hospital admissions < 6 
months 

3.97 1.68–9.38 0.002 1.88 1.04–3.38 0.035 

CCI score ≥7 7.64 1.57–37.2 0.012 2.08 0.93–4.65 0.075 

Open surgery 1.79 0.67–4.17 0.178 1.88 1.08–3.30 0.027 

Surgical complication 25.05 3.13–200.7 0.002 2.76 1.40–5.46 0.004 

Non-surgical complication 61.29 7.83–479.5 <0.001 5.05 2.50–10.2 <0.001 

Severe complications (CD 
III-V) 

101.06 13.3–769.5 <0.001 8.65 4.47–16.7 <0.001 

Study IV       

BMI < 24 kg/m2    5.33 1.09 -26.2 0.039 

Non-surgical complication - - - 4.56 1.31–16.0 0.017 

Severe complications (CD 
III-V) 

- - - 4.67 1.24–17.6 0.023 
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In Study II, decreased overall survival in the whole study population was 

independently associated with higher age (HR 1.08, 95% CI 1.04–1.13, p< 

0.001), living in assisted living accommodation (1.54, 1.03–2.30, p= 0.034), age-

adjusted CCI score ≥ 6 (1.47, 1.07–2.01, p= 0.018) and ASA score ≥ 4 (2.62, 

1.32–5.21, p= 0.006). In addition, open surgery compared to laparoscopic 

approach (1.41, 1.05–1.88, p= 0.020), postoperative major complications (2.11, 

1.49–2.99, p < 0.001) and stage III tumour (1.88, 1.40–2.52, p< 0.001) were 

shown to substantially diminish overall survival. 

5.7 Functional outcomes 

Of all eligible population in Study IV, information on support for activities of 

daily living within one year was available on 165 patients (99%). Increased 

postoperative need for support one-year after surgery was observed in 22% 

(n=35/159) at three months, 25% (n=35/153) at six months, and 30% 

(n=50/165) at one year. Patients requiring more support for activities of daily 

living had a history of preoperative cognitive impairment (44% vs 24%, p=0.010) 

and were dependent on support when outside the home (65% vs 31%, p<0.001).  

In multivariate logistic regression analysis, preoparative need for support for 

activities of daily living outside the home (OR 3.23, 95% CI 1.06-9.80, p=0.039) 

was independently associated with increased need for supportive care. 

Of all eligible population in Study IV, information on mobility was available 

on 157 patients (94%). Decreased postoperative mobility was reported in 17% 

(n=27/159) at three months, in 15% (n=25/163) at six months, and in 22% 

(n=35/157) of patients at one year. Patients with impaired mobility were 

preoperatively independently mobile compared with patients with walking aids 

(26% vs 14%, p=0.030) and had haemoglobin level <120 g/l (29% vs 11%, 

P=0.013). These patients were also more often treated with open surgery (31% 

vs 18%, p=0.010), were diagnosed with surgical or non-surgical complications 

(34% vs 19%, p=0.046 and 42% vs 17%, p=0.002) and were postoperatively 

more frequently discharged to other hospitals for rehabilitation (34% vs 12%, 

p<0.001).  

In multivariate logistic regression analysis, history of cognitive impairment 

(OR 3.15, 95% CI 1.06-9.34, p=0.038), preoperative haemoglobin level <120 g/l 

(7.48, 1.97-28.4, p=0.003) and discharge postoperatively to other medical 

facilities (4.72, 1.39-16.0, p=0.013) were independently associated with impaired 
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mobility. Conversely, patients who were independently mobile with walking aids 

(0.17, 0.05-0.64, p=0.009) significantly maintained or improved their mobility. 

Figures 6 and 7 show changes in support for daily life and mobility one year after 

surgery. 

 

Figure 6.  Changes in support for activities of daily living one year after surgery. 

 

 

Figure 7.  Changes in mobility one year after surgery  
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6 DISCUSSION 

The number of aged people is rising, which is mainly due to increased life 

expectancy. As colon cancer has the highest incidence rates around the age of 80 

years, the number of those individuals experiencing colon cancer is expected to 

increase and thus become a significant treatment challenge to health care 

systems, especially for colorectal surgical units. (Finnish Cancer Registry, 2022). 

The primary treatment goal of colon cancer is radical surgery intended to 

minimise adverse events and maintain individuals functional status. Aged 

individuals constitute a heterogeneous group of patients, ranging from fit to frail 

with short life expectancy. Consequently, chronological age alone should not 

mean refusal of curative treatment before a comprehensive preoperative risk 

assessment (Millan et al. 2015; Montroni et al. 2018). Consensus guidelines 

regarding preoperative assessment, optimisation and geriatric evaluation for 

those over 70 years of age possibly with multiple comorbidities, frailty or 

impaired functional status have recently been published (Papamichael et al. 2015; 

Montroni et al. 2018; Rostoft et al. 2020; Sauer et al. 2020). However, data on 

functional recovery and outcomes as reported by colon cancer patients aged 80 

years or older are lacking. It is thus essential to have real-life data on those age 

groups´ functional outcomes for comprehensive preoperative shared decision- 

making involving surgeons and patients. 

6.1 Complications and short-term mortality 

Study I retrospectively analysed colorectal databases without fully assessing the 

severity of comorbidities, disability and functional status. In Study III, patients 

were prospectively recruited with specific knowledge of their medical and 

functional status. Nevertheless, both studies reported high rates for total and 

severe complications being respectively 40-41% and 15-18%. These figures are 

comparable to those of previously published studies. Furthermore, they 

emphasised that even with the development and wider use of modern 

comprehensive surgical and anaesthesiological options, complication rates 

https://cancerregistry.fi/
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remained high and consequently require diagnostic tools to detect those who are 

on greater risk for adverse postoperative events.  

The surgical complication rate of 24% in both studies appeared similar to 

those of other studies focused on complications of colon cancer surgery among 

older patients (Roscio et al. 2016; Denet et al. 2017; Barina et al. 2020). Study III 

reported a notably higher proportion of postoperative ileus than Study I (12% 

vs 7%) but probably a more realistic incidence rate. Anastomotic leakage rates 

of 5-5.7% were in line with acceptable morbidity numbers. In Study III, 

iatrogenic bowel perforations and colon necrosis were associated with 

laparoscopic procedures with a reported rate of 3%. With the increasing use of 

the laparoscopic approach in the study hospitals (56%) as a primary 

recommended surgical approach, careful technical performance and analysis of 

bowel circulation status may help to prevent these adverse events (Chiarello et 

al. 2022). In the present study, surgical complications were the most important 

causes of short-term mortality. Systematic standardised surgical techniques and 

ERAS protocol may also be beneficial to reduce the rate of surgical 

complications. 

Non-surgical complication rates were 18% and 22%, respectively. These 

figures concur with a recently published review article reporting non-surgical 

complication rates of 2-44% after colorectal surgery for all ages (Schiphorst et 

al. 2015). The most common non-surgical complications were cardiological and 

pulmonary in nature (11-12%); these are generally common comorbidities in 

aged individuals. These findings emphasise the importance of optimising a 

patient’s cardiopulmonary status. Remarkably, the proportion of postoperative 

delirium in both studies was extremely low (1.3-1.8%) as other studies focusing 

on postoperative delirium have reported incidence rates of 13-50%. These 

figures may reflect possibly underrated and thus underdiagnosed symptoms of 

delirium favouring particular preoperative caution regarding cognitive status and 

postoperative awareness of delirium symptoms.  

Studies I and II presented 30-day and one-year mortality rates of 6% and 

15%, respectively. Those figures were in line with earlier published data of 6–

16% in 30-day and 14–37% one-year mortality (Gooiker et al. 2012; Weerink et 

al. 2018). Patients with severe complications had comparable mortality rates of 

30% and 45% respectively. On the contrary, improved survival comparable to 

that of younger patients was reported in Studies III and IV with 30-day and one-

year mortality rates of 1.9% and 6.6% and with severe complications in 8.3% and 

18% respectively. This progression is also shown in a recently published registry-
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based study from the Netherlands, reporting a marked decrease in mortality 

between 2005 and 2016 in patients aged over 75 years. The 30-day and one-year 

mortality rates declined from 10% to 4.0% and 15.2% to 5.4% respectively 

(Brouwer et al. 2019).  

  Altogether, from 2005 to 2016 in Study I and later confirmed in Study III, 

short-term mortality rates progressively decreased. This favourable development 

trend is mostly explained by comprehensive preoperative risk assessment, 

awareness of frailty, improved perioperative anaesthesia care and surgical 

advances (laparoscopy, technical standardisation) and standardised multimodal 

approach using ERAS protocol. Thus, the increasing utilisation of systematic, 

multimodal and possibly multiprofessional treatment pathways appears to be 

beneficial for aged colon cancer patients.  

6.2 Predictors of complications and short-term mortality 

In Study I, male gender, diabetes mellitus and coronary and rheumatic diseases 

were significantly associated with postoperative complications, in line with 

published data. However, in Study III, no specific comorbidities despite a history 

of cerebral stroke were associated with an increased number of complications. 

These findings possibly emphasise improved knowledge in precise preoperative 

assessment and optimising patients’ comorbidity status and improved 

perioperative care (Ketelaers et al. 2020). Conversely, patients with COPD and 

renal failure suffered significantly from severe complications necessitating special 

caution regarding preoperative pulmonary and renal status.  

Preoperatively diagnosed mildly reduced albumin level was associated with 

increased complication rate. In recently published studies, hypoalbuminemia has 

been associated with postoperative complications (Haskins 2017, Hu 2019). This 

result may reflect the lack of a fully standardised nutritional protocol in the study 

hospitals, as only patients with significant malnutrition are likely to be treated 

preoperatively. The risk of preoperative malnutrition is elevated in aged 

individuals, and although a low albumin level is insufficient to determine 

nutritional status, it could be used as a screening tool (Hu et al. 2019). These 

results suggest that serum albumin measurement could be used more frequently 

before surgery as a valuable tool enabling surgeons to select patients for more 

detailed nutritional evaluation. In addition, the use of MNA-SF or a similar 
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nutrition screening tool may be advisable for all aged patients before cancer 

surgery.  

Both studies showed that preoperative functional status and frailty were 

significantly associated with increased adverse events. In Study III, according to 

CFS, almost 50% of patients, even those with mildly impaired functional status 

(CFS ≥3), suffered complications. All severe complications were three- to four-

fold more common than among functionally fit patients (CFS 1-2). In Study I, 

no precise functional or frailty status was concluded because of the retrospective 

nature of the study. Patients living in assisted living accommodation or with a 

relatively large number of hospital admissions before surgery suffered 

significantly more severe complications. These patients presumably were 

particularly vulnerable due to their impaired functional status. Assisted living is 

usually an option for older individuals who can no longer cope at home even 

with multiple daily visits by home carers. In addition, most of them probably had 

some degree of cognitive impairment. Altogether, the results confirm the 

published consensus recommendations and thus underline the importance and 

specific need for attention to aged patients´ preoperative functional and frailty 

status assessment in order to prevent any adverse events. According to our study, 

CFS has been shown to be a valuable screening tool for frailty and thus for more 

precise geriatric evaluation. 

Severe postoperative complications were strongly associated with 30-day 

mortality. Patients who lived in assisted living accommodation, had multiple 

hospital admissions during the six months preceding surgery and a high 

comorbidity burden (CCI score > 6) had a higher mortality rate as they suffered 

more severe adverse events. Corresponding patient-related factors and open 

surgical approach were associated with increased one-year mortality after 

surgery. The studies summarised here concluded that severe postoperative 

complications were the most important patient-related factor affecting mortality 

within the first postoperative year. These findings demonstrate the need for 

intensive pre- and perioperative strategies for identifying risk factors for 

complications and timely treatment of these adverse events.  

Compared to open surgical technique, laparoscopy served to reduce 30-day 

complications (Study III) and one-year mortality rates (Study I). Although those 

patients undergoing open surgery may have presented with more challenging 

surgical circumstances, laparoscopy could be a preferable primary surgical 

approach for aged patients. 
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6.3 Long-term survival 

  Study II analysed postoperative mortality three months before and after 

surgery. Cardiopulmonary (55%) and surgery-related factors (24%) accounted 

for 79% of all mortalities occuring within three months of surgery. In addition, 

severe complications significantly reduced median and overall survival compared 

to the rates among patients without complications (3.7 months vs 2.9 years and 

1.8 years vs 5.9 years, respectively). However, the data for patients who survived 

for three months after surgery, even after suffering severe complications were 

comparable to those among other patients.  

The present study reported comparable survival rates with those of aged 

individuals in general. The respective survival rates for patients alive three 

months postoperatively at one, three and five years were 92%, 71% and 59%. 

Aged patients generally have chronic conditions and multiple comorbidities, 

which increase mortality. Consequently, the burden of comorbidities, higher age 

and locally metastatic disease (stage III) were associated with reduced overall 

survival. In addition, laparoscopic surgery was found to be safe and achieved 

better long-term survival than the open approach (5.8 years vs. 4.4 years). 

Patients receiving postoperative adjuvant chemotherapy had a median survival 

of 5.4 years, compared to 3.3 years for patients not given postoperative 

treatment.  

  Altogether, these results confirm that preoperatively physically and 

functionally fit patients can achieve acceptable long-term survival rates. Hence, 

curatively aimed laparoscopic approach, and if possible additional adjuvant 

chemotherapy are primarily recommended for this patient group. 

6.4 Functional outcomes 

In Study IV, patients with preoperative support in activities outside the home 

created increased demand for additional aid. However, the baseline functional 

status of those patients might have already been declined, and consequently, 

invasive surgery resulted in further depletion of their physiological and 

functional capacity. A comprehensive evaluation of possible preoperative 

geriatric syndromes, malnutrition and cognitive impairment might thus be 

beneficial. In addition, those patients might benefit from a structured geriatric 

assessment. Otherwise, patients preoperatively independent in activities of daily 
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living retained their independence with minor decline over the first postoperative 

year. This finding supports the use of radical surgery in the treatment of cancer 

in these patients despite chronological age. 

Long-term mobility level at one year declined by 24% among independently 

mobile patients and by 14% in patients with walking aids compared to 60% of 

patients who were dependent on personal assistance. Our study showed a slight 

decline in mobility among functionally independent patients during the first three 

postoperative months but thereafter a steady notable recovery within the first 

postoperative year. Additionally, patients who postoperatively were not 

discharged home experienced significant long-term impaired mobility. This may 

be a long-term consequence of patients´ preoperative mobility status with 

incomplete early mobilisation and rehabilitation at the operating hospital. 

Furthermore, patients´ impaired performance status with complications and 

open surgery may delay the start of postoperative rehabilitation. Immobilisation 

increases the risk of sarcopenia, thus causing a further delay in rehabilitation. 

Consequently, maintaining mobility during and after surgical treatment and even 

introducing a new walking aid may be essential for patient-related satisfactory 

long-term recovery from major surgery. Altogether, these findings emphasise the 

essential significance of pre- and postoperative mobility with active and 

personally designed early rehabilitation for a successful postoperative functional 

result. Therefore, systematic programmes that maintain and improve pre- and 

postoperative functional performance could be incorporated throughout the 

surgical pathway in colon cancer.  

6.5 Strengths and limitations of the studies 

The patient materials in Studies I and II were retrospective data from a 

prospectively collected hospital database. They represented a large population of 

aged patients 80 years or older with an understanding of their real-life colon 

cancer surgery and its outcomes. The strengths of Studies III and IV included 

large and nationally representative cohorts derived from real-life circumstances. 

The data populations were homogenous and comprehensive as the study 

hospitals followed nationally uniform and standardised protocols for colon 

cancer surgery. The proportion of patients consenting to participate in the 

studies was high (75%). Consequently, the studies corresponded to standard 
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everyday surgical practice and covered virtually all colon cancer patients referred 

to surgical units from large catchment areas. 

The results in Study IV are of considerable significance for an individual aged 

patient regarding functional recovery. Study IV, with one-year follow-up, 

provided a comprehensive patient-related view of the impact of surgery on aged 

patients. Follow-up was adequate as data of 2 (1.2%) with support in daily living 

and 10 (6.0%) with mobility was missing.  

In all studies, the initial patient material included those, referred to surgical 

units and thus the study population did not totally represent the colon cancer 

population aged 80 years or over. The data for Studies I and II were 

retrospectively collected. Therefore, detailed information on daily physical and 

cognitive functional status and the severity of the comorbidities were not 

included. However, invasive surgical treatment was likely offered to most 

patients but possibly witheld from those with decidedly poor health status. Due 

to the variety of diagnostic symptoms, intensity and fluctuation, accurate 

delirium diagnoses were not feasible in this study. As this is known to be one of 

the major complications among very old surgical patients with high incidence 

and prevalence, this is a clear limitation. Invasive postoperative investigations of 

possible cancer recurrences may not have been accomplished for patients who 

were physically and cognitively unfit as routine long-term postoperative follow-

ups were lacking. Consequently, precise long-term data on cancer recurrences 

and thus causes of death were not complete.  

6.6 Future prospects and implications 

In the future, more cautious and comprehensive multidisciplinary treatment 

planning together with surgeons, anaesthesiologists and geriatricians is 

recommended to be established as a routine in the hospitals involved in this 

study. Preoperative nutritional and frailty evaluation with systematic 

implementation in every-day practice is advisable. The influence of early 

rehabilitation, prevention of sarcopenia and postoperative delirium on long-term 

cognitive performance should be analysed. After two or more years 

postoperatively, functional outcomes and recovery from prospectively collected 

data are to be analysed. In addition, the outcome and survival data from patients 

not undergoing surgery and who were recruited for the prospective study are to 

be analysed. 
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7 CONCLUSION 

The main conclusions of the present thesis are: 

1. Curatively aimed, elective colon cancer surgery for patients aged 80 years 

or older showed high postoperative complication rate. Increased 30 day 

and one-year postoperative mortality rates were significantly more 

common in patients with severe complications, thus favouring 

preoperative identification of patients at risk. 

2. Patients who were physically and cognitively fit to survive three months 

after colon cancer surgery, even though suffering severe complications, 

had long-term survival rates comparable to those of younger patients.  

3. The Clinical Frailty Scale (CFS) predicted early postoperative 

complications well. Preoperative CFS may be a useful screening 

implement to identify patients at risk of excess postoperative 

complications and thus to select patients for possible geriatric 

assessment. 

4. Preoperatively increased need for support, cognitive impairment, 

anaemia, poor nutritional status and discharge to other medical facilities 

predict an increased need for support or impaired mobility one year after 

surgery. Preoperative assessment and optimisation should focus 

especially on mobility and nutritional status. 
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Abstract

Background: The number of colorectal cancer patients increases with age. The decision to go through major
surgery can be challenging for the aged patient and the surgeon because of the heterogeneity within the older
population. Differences in preoperative physical and cognitive status can affect postoperative outcomes and
functional recovery, and impact on patients’ quality of life.

Methods / design: A prospective, observational, multicentre study including nine hospitals to analyse the impact
of colon cancer surgery on functional ability, short-term outcomes (complications and mortality), and their
predictors in patients aged ≥80 years. The catchment area of the study hospitals is 3.88 million people, representing
70% of the population of Finland. The data will be gathered from patient baseline characteristics, surgical
interventional data, and pre- and postoperative patient-questionnaires, to an electronic database (REDCap)
especially dedicated to the study.

Discussion: This multicentre study provides information about colon cancer surgery’s operative and functional
outcomes on older patients. A further aim is to find prognostic factors which could help to predict adverse
outcomes of surgery.

Trial registration: ClinicalTrials.gov (NCT03904121). Registered on 1 April 2019.
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Introduction
Background and rationale
The proportion of older people is increasing rapidly in
western countries. In Finland, the estimated portion of
the population aged over 70 will increase from the
current 15.8 to 20% in 2030 and 25% in 2070 [1]. As the
incidence of colon cancer increases with age [1, 2], the
number of colon cancer patients can also be expected to
increase, although the incidence has not dramatically
changed over the decades [2].
The primary recommended treatment for colon cancer

is surgery [3], but the decision to go through a major op-
eration can be challenging for both the aged patient and
the surgeon. Therefore, age-related concerns may lead
to undertreatment of older patients, who compose a het-
erogeneous group with vastly different physiological and
cognitive performance status [4]. Many older patients
may have significant comorbidities, poor nutritional, and
functional status [5, 6], which have been associated with
severe postoperative complications associated with
reduced 30-day and 1-year survival after colon cancer
surgery [7]. Careful assessment is therefore required to
make individual treatment decisions [8].
Modern medical and operative developments, includ-

ing perioperative anaesthesia care, surgical performance
(laparoscopy, technical standardisation), enhanced recov-
ery program (ERAS) and oncological treatments, have
improved outcomes for aged colorectal cancer patients
[9, 10]. The difference in short-term postoperative mor-
tality between older and younger colorectal patients has
reduced during the last decade [11]. Conversely, frailty, a
state of diminished physiological reserve capacity [12],
has been identified as a significant predictor of postoper-
ative complications leading to a prolonged hospital stay,
discharge to nursing homes or long-term care facilities,
and higher mortality rates than for fit patients [13, 14].
Preoperative screening tests for evaluating malnutrition,
functional performance status, anaesthesiologist risks,
and the cumulative burden of comorbidities can help
identify factors that increase the risks of postoperative
adverse events. However, comprehensive geriatric evalu-
ations are often time-consuming and demand resources,
highlighting the need for easily implemented screening
tools, which produce crucial and objective results [15].
Older patients commonly prioritise functional out-

comes before survival after cancer surgery [16]. Recent
studies from the Netherlands and Norway reported
positive impacts on quality of life after surgery for aged
patients with colorectal cancer [17, 18]. There is growing
evidence that physical and mental prehabilitation
strategies, together with innovative surgical and postoper-
ative treatments, can enhance long-term outcomes, func-
tional recovery, and quality of life after surgery [19, 20]. A
recently published international multicentre prospective

study, Geriatric Oncology Surgical Assessment and Func-
tional rEcovery after Surgery (GOSAFE), showed that
68.4% of patients over 70 years experiencing cancer sur-
gery are frail. Thus, frailty evaluation has an essential role
in predicting postoperative morbidity and mortality cor-
relating with quality of life and physical and cognitive
functional recovery [21].
There is little prospectively collected published data

about the influence of colorectal surgery on postopera-
tive outcomes and functional recovery for very old
patients. The consensus recommendations and studies
are mainly made for patients over 70 years [4, 8, 21]. Pa-
tients over 80 years are seldom included in prospective
clinical trials, so the optimal treatment of these patients
remains unclear [22]. In Finland, the incidence of colon
cancer patients over 80 years has increased from 183 to
216 per 100,000 in the past 20 years, and 28% of patients
were aged 80 years or more in 2018 [23]. Thus, it is sig-
nificant to have adequate and trustworthy information
about colon cancer surgery and its effect on postopera-
tive morbidity, functional recovery, and survival. Recog-
nition of frailty is essential to reduce adverse outcomes.
Preoperative real-life clinical data can provide objective
and helpful measures to the surgeons planning interven-
tions for aged patients [24]. These instruments should
accurately predict surgery’s adverse outcomes and be
easy to implement, and thus able to guide comprehen-
sive decision-making [25].

Objectives
This multicentre study aims to analyse the impact of
colon cancer surgery on patients over 80 years, their
functional ability, the occurrence of complications, and
mortality during the first postoperative year and high-
light predictors of these adverse outcomes. We also aim
to investigate non-operatively treated patients’ progress
and subsequent functional ability and survival [26].

Methods
Study design and setting
The study is an observational, prospective, cohort, multi-
centre study of patients aged 80 years or older diagnosed
with stage I-III colon cancer. The patients are treated
either non-operatively or with curative resection or a
palliative procedure. The participating hospitals are
Helsinki University Hospital, Tampere University Hos-
pital, Turku University Hospital, Central Finland Central
Hospital, North Karelia Central Hospital, Päijät-Häme
Central Hospital, Satakunta Central Hospital, South
Ostrobothnia Central Hospital and Vaasa Central Hospital.
The catchment area of the study hospitals is 3.88 million
people (of whom 219,900 are aged 80 years or over), repre-
senting 70.4% of Finland’s population [1].
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The public health care system almost exclusively per-
forms the treatment of malignant diseases in Finland.
All citizens have equal access to health care independent
of social or insurance status. These study hospitals
represent majority of Finnish hospitals operating colon
cancer patients. Hence, the study provides a nationwide
spectrum of operative management of colon cancer on
the aged population. The study is independent of any in-
dustrial sponsorships.

Participants
Patients aged 80 years or over with recently diagnosed
stage I-III colon cancer will be assessed for suitability for
inclusion. General practitioners or endoscopic units
make most consultations of colon cancer patients, so the
data includes only the patients referred to surgical units
for operative treatment.

Eligibility criteria (Fig. 1)
Inclusion criteria

– Stage I-III colon cancer
– Age 80 years or older at the time of recruitment
– The study’s information is approved and signed

by the patient, or a legally authorised
representative or family member if the patient’s
cognitive status has declined.

Exclusion criteria

– Metastatic cancer of any type at the time of
diagnosis with no possibility of curative surgery

– Patient undergoing emergency operation for colon
cancer

– The patient has an expected life expectancy of less
than 6 months due to colon cancer or other reasons.

Primary intervention
All the patients have a preoperative colonoscopy, computed
tomography, and presentation at a multidisciplinary team
(MDT) meeting. They will undergo either radical surgery
or a palliative procedure for the primary tumour, or nonop-
erative treatment according to hospital-standardised proto-
cols for treatment and follow-up based on national EBM
guidelines [27, 28]. The decision for definitive treatment
choice is made collectively with the patient or, when
needed, with a family member or legally authorised
representative.

Outcomes
The study’s primary outcomes are morbidity (surgical
and non-surgical complications) and mortality, and their
effect on functional recovery within 1 year after the pri-
mary surgical procedure, or after the date the decision
for non-operative treatment is made. Postoperative

Fig. 1 Eligibility criteria
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morbidity will be recorded during the hospital stay, and
at 30 days and 90 days after surgery, recorded at the out-
patient clinic. Postoperative morbidity (surgical and
non-surgical) will be assessed according to the Clavien-
Dindo (CD) classification [29]. Mild complications are
graded as CD I-II and severe complications as CD III-V.
It will be recorded if patients with non-operative treat-
ment require readmission to the study hospital. Mortal-
ity will be recorded at 30 days, 90 days and 1 year after
surgery, or after the date that the decision for non-
operative treatment is made.
Secondary outcomes are reoperations, length of hos-

pital stay, discharge destination, readmission rate, and
recruited patient (nursing home admission, mobility, and
self-related health status [30]).
Long-term outcomes concerning functional recovery

and mortality will be collected analogously 3 and 5 years
after the cancer treatment decision.

Tools for preoperative risk assessment
G-8: Onco-geriatric screening tool includes eight items
modified from MNA-SF, age, number of medications
and self-rated health status [31]. The G-8 score ranges
from 0 to 17. Geriatric evaluation is recommended for
patients whose score is ≤14 [32].
MNA-SF: Mini Nutritional Assessment-Short Form

describes nutritional status as the normal, risk of malnu-
trition or malnourished. The score ranges from 0 to 14
and with cancer patients from 0 to 12. The risk of mal-
nutrition is scored between 8 and 11 and malnourished
patients between 0 and 7 [33].
CFS: Canadian Study on Health and Aging Clinical

Frailty Scale, as assessed by the surgeon. The scale
ranges from 1 to 9. Patients are described as frail with
score ≥ 4 [34].
ASA: American Society of Anaesthesiologists physical

status classification, which evaluates preoperative anaes-
thesiologist risk. The score ranges from 1 to 5. Categor-
ies are divided as 1 (a normal healthy patient), 2 (a
patient with mild systemic disease, age > 65 years), 3 (a
patient with severe systemic disease that is not incapaci-
tating), 4 (a patient with an incapacitating systemic dis-
ease that is a constant threat to life), 5 (a dying patient
who is not expected to survive for 24 h with or without
operation) [35].
AA-CCI: Age-adjusted Charlson comorbidity index,

which identifies cancer patients with increased risk of
perioperative mortality. The scale ranges from 4 to 15;
solid tumour excluded with two points, all patients 80
years or older contribute four points [36].

Other information
Table 1 shows the information that is collected in
addition to the risk assessment tools. The study surgeons

record each patient’s baseline and data related to the
surgery, perioperative hospitalisation, postoperative
complications, and mortality. Patient-related question-
naires (Additional file 1) are collected before surgery,
one, three, six and twelve months after surgery or the
date non-operative treatment decision was made. The
questionnaires will be collected either during the out-
patient clinic visit, by telephone interview or by mail. All
the information from the data mentioned above is re-
corded to the electronic database (REDCap) by the study
surgeons. The dates and causes of death are obtained
from the Death Certificate Register of Statistics Finland,
which registers all deaths in Finland [37].

Recruitment
All patients aged 80 years or older who have been diag-
nosed with stage I-III colon carcinoma and are referred
to participating hospitals to consider surgery are eligible
for the study. Surgeons responsible for the treatment will
inform the patients about the possible advantages and
disadvantages of the intervention and the study protocol
of patient-questionnaires during their visit to the out-
patient clinic before the definitive treatment. The infor-
mation and consent forms are specially designed for the
study and include the surgeons responsible for recruit-
ment at each study site. After properly informed consent
is obtained, the patient is recruited to the study.
Non-operative treatment is chosen if the patient is

deemed unfit to survive the operation due to anaesthe-
siologic, physiological or cognitive status. If necessary,
an anaesthesiologist, cardiologist, the pulmonary or geri-
atric specialist is consulted in decision-making. Patients
may also refuse surgery after receiving information about
possible advantages and disadvantages of the procedure.
The ultimate decision will be made collectively with the
patient and, if possible, with relations.
Both non-operatively and operatively treated patients

are included, and they are not randomised in any way.

Allocation
The study is an observational, prospective study without
randomisation. All patients who voluntarily sign the
consent form are included in the study. According to
standardised protocols for treatment and follow-up, they
will be treated at the study hospitals based on national
EBM guidelines [27, 28]. The excluded patients are not
followed up.

Questionnaires used in the study
The pre-and postoperative questionnaires are specially
designed for the study and are all convergent. The ques-
tions survey living status, use of implements, outside
personal aid, functional and cognitive ability, and nutri-
tion utilising G-8, MNA-SF and CFS [31, 33, 34]. They
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are collected before surgery and one, three, six and
twelve months after surgery. The use of large font
size (Calibri 16) aims to help these older people to

answer the questions. The questionnaires are writing
in Finnish or Swedish thus patients can use their
native language.

Table 1 Collected information

Preoperative Surgery Hospital stay 1month 3months 6months 12months

PRE-AND POST-INTERVENTION DATA

Age x

Sex x

Height and weight, BMI x

Medication x x x x x

ASA classification x

Clinical Frailty Scale-index (CFS) x

Comorbidities (include diseases subsumed in modifield
Charlson Comorbidity Index)

x

Haemoglobin, creatine, estimated GFR, albumin x

History of smoking and alcohol-consumption x x x x x

Other reported cancers excluding colon cancer x

Diagnostic procedures (colonoscopy, CT scan) x

Onco-geriatric screening tool (G-8) x x x x x

Mini Nutritional Assessment- Short Form (MNA-SF) x x x x x

Status of living x x x x x

Mobility x x x x x

Neuropsychological status x x x x x

Weight loss and food intake x x x x x

Self-related health status x x x x x

Patient information and approval x

INTERVENTION DATA

Date of operation x

Used surgical technique (laparoscopy, open, conversion) x

Curative or palliative operation x

Demand for stoma x

Operative time and blood lose x

POSTOPERATIVE DATA

Surgical complications (anastomotic leakage, bleeding,
ileus, wound dehiscence or infection, other)
Clavien-Dindo classification

x x x x

Non-surgical complications (cardiovascular, pulmonary,
urinary, delirium, other) Clavien-Dindo classification

x x x x

Reoperations x x x

Length of stay x x

Place of discharge x x

Readmissions x x x

Pathological report (TNM-status) x

Postoperative adjuvant treatment x x x

Recurrences (local and distant) x x x x

Date of death

Niemeläinen et al. BMC Cancer          (2021) 21:698 Page 5 of 9



The questionnaires (Additional file 1) are composed of
following questions:

– status of living (home, nursing home, health centre
wards)

– mobility (with or without implements, outside help)
– neuropsychological problems
– nutrition (food intake, weight-loss)
– self-rated health status in comparison with other

people of the same age
– number of medications
– number of hospital admissions 6 months before the

index surgery
– smoking habits and alcohol consumption
– living will (yes or no)

Participant timeline
Recruitment started in April 2019 at Tampere University
Hospital. The data collected from the participants and
follow-up timeline is presented in Table 1. Short-term
outcomes, including discharge history and complica-
tions, will be monitored at discharge, 1 and 3 months
after primary operation by the surgeon responsible for
recruitment.

Sample size
The primary endpoints are the surgical and non-surgical
postoperative complications and mortality. Previously
published Finnish registry-based cohort studies on
patients over 80 years with colorectal cancer reported
complications rates 30–40% and severe complications
18–21%, respectively [7, 38]. In a large population-based
cohort study with very old colorectal cancer patients,
one-year mortality rates after surgery were 15–24% [39].
Frail patients had 2–3 times higher risk than non-frail
patients of developing moderate to severe complications
[14], leading to a disproportionately high risk of short-
term mortality. A recently published study showed five
times higher one-year mortality rate for patients with se-
vere complications (8.6 vs 45%) [7].
Based on expected incidences of complications of 30%

(fit patients) and 55% (frail patients), a sample size of
140 is needed to give 80% power to detect a significant
difference between CFS 1–3 vs ≥ 4 groups, with two-
sided type 1 error of 5%. Each group would comprise 70
patients. Additionally, with an estimated rate of one-year
mortality of 10% (fit patients) and 25% (frail patients),
we will need to study 113 frail subjects and 113 fit con-
trol subjects to be able to reject the null hypothesis that
the failure rates for frail and fit subjects are equal with
probability (power) 0.8. The type I error probability as-
sociated with this test of this null hypothesis is 0.05. We
will use a continuity-corrected chi-squared statistic or
Fisher’s exact test to evaluate this null hypothesis.

The first patient was included in the study 17th of
April 2019 and operated on 29th April 2019. The pre-
liminary estimate is that the final data will be collected
by the end of April 2021.

Data collection methods
Data management
An electronic database REDCap (https://www.project-
redcap.org/) is used to gather the study data. REDCap is
a secure web platform for building and managing online
databases and surveys with online and offline data sup-
port. The main investigators have designed a dedicated
version for this prospectively collected study data. All
the surgeons responsible for the study at their hospital
site receive a personal username and password for the
electronic database to handle the data with confidential-
ity. Access to the whole database is limited to the main
investigators in Tampere University Hospital and
Tampere University.
All patients receive a study number, and the identi-

fication key is kept separately from the database on a
username and password secured server at each study
site. Data will be entered manually from paper case
report forms (CRFs) into an electronic database
(REDCap) protected by an automatic backup of server
data and firewalls against external violation. All elec-
tronic case report forms (eCRFs) are handled with a
particular study ID.
The occurrence of relevant protocol deviations such as

metastatic disease, report of benign pathological tissue,
or refusal to continue in the study will be determined
and documented. Data verification and validation will be
performed, and the results are analysed with code num-
bers not to identify the patient. When patient data and
questionnaires have been coded, validated, and locked, a
clean file will be declared.

Data collection
The principal investigator at each study site is re-
sponsible for the data collection and is reviewed by
the main investigator. Each patient is asked to fill out
patient-questionnaires at the time of inclusion, and at
one, three, six and twelve months after surgery. If the
patient cannot complete the questionnaire, a family
member, legally authorised representative, or nurse in
charge of the patient will complete the form. The
principal investigators or research nurses of each
study site are charged with ensuring that the patient
questionnaires are completed.
Patients can resign from the study at any time during

the study period, in this event data collected before res-
ignation can be used in the analyses, following the last
observation carried forward to practice.
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Data monitoring
Instructions for data collection and storage have been
provided to the surgeons responsible for recruitment at
the study sites. The main investigator in Tampere
University Hospital, who has full access to the full study
register, will continuously monitor data. The other sur-
geons only have access to the patient register at their
study site hospital. Technical and statistical monitoring,
and advanced conduct with full access to the register, is
given to the statistics expert from Tampere University.

Statistical methods
Percentages will be used to describe demographic data
and the proportion of observed complications. The
mean and standard deviation will be reported for age
and the median and range for preoperative laboratory
values and body mass index (BMI). Associations between
the categorical variables are tested with the Chi-Square-
test or the Fisher exact test, when appropriate. A uni-
and multivariable analysis of the factors influencing
morbidity and mortality will be carried out using binary
logistic regression. All variables that were statistically
significant in the univariate model are included in the
multivariable model. Statistical analyses are performed
using SPSS version 27.

Ethics and dissemination
Research ethic approval
The study adheres to the Declaration of Helsinki on
medical research protocols and ethics. Each participating
hospital applies for study permission from the institu-
tional review boards at their unit. The Regional Ethics
Committee has approved the study protocol of the
Expert Responsibility area of Tampere University Hospital
(reference approval number R19028).

Protocol amendments
Significant protocol modifications are communicated
with the Regional Ethics Committee of the Expert
Responsibility area of Tampere University Hospital by
amendments. All changes are also registered at Clinical-
Trials.gov (NCT03904121).

Confidentiality
Patient confidentiality will be strictly maintained.
Patients will be assigned a study ID, and all data will be
handled without a name or personal social security
number. Access to patient records is limited to the study
group and the investigator-delegated study coordinator.

Dissemination policy
According to an agreement with the internationally ac-
cepted guidelines for authorship (International Committee
of Medical Journal Editors), the study group members

who are actively planning, recruiting, analysing, or writing
will be part of the writing committee. Results will be pub-
lished in peer-reviewed scientific journals. Results will also
be communicated through professional meetings and the
media.

Discussion
With the increased life expectancy with the world popu-
lation, the risk of developing colon cancer grows [2].
The decision to progress with invasive treatment can be
challenging, as it should consider differences in pre-
operative physical and cognitive status that affect post-
operative outcomes and functional recovery among the
older population [19, 40]. Because of these differences,
decision-making should not be based only on age.
Instead, surgeons should evaluate the severity of comor-
bidities, functional and cognitive performance status to
optimise a patient’s preoperative condition. Pre-
operative risk assessments of postoperative outcomes,
recognition of frailty, and identification of patients at
greater risk of unfavourable treatment consequences,
should be easy to implement.
This prospective, multicentre study will analyse colon

cancer surgery’s impact on patients over 80 years, a pa-
tient group that will increase markedly in the coming
years [1, 23]. The main objectives are short-term out-
comes during the first postoperative year and their influ-
ences on functional ability and survival. These short-
term outcomes are relevant as older colon cancer pa-
tients’ prognosis seems to be quite good (60% surviving
at 5 years) if they avoid postoperative complications and
survive the first postoperative year [41, 42].
Recent data from the GOSAFE study showed that

68.4% of patients were considered frail according to the
G-8 score (≤14), and 36% had a cumulative burden of
comorbidities (AA-CCI ≥7). In that study, 36.8% of pa-
tients were aged ≥80 years [21]. The present study will
focus only on patients 80 years or older with potentially
curable colon cancer. The very old express significant
heterogeneity in physical and cognitive status, so we can
expect frail patients with functional and cognitive im-
pairment. In Finland, the life expectancy of an 80-year-
old person is 8.3 years (male) and 10.2 years (female) [1],
so it is essential to identify and evaluate prognostic fac-
tors, both favourable and adverse, which may predict
how these patients recover from radical operative treat-
ment. The collected data include readily available
patient-related information about preoperative func-
tional performance, preoperative examinations, the sur-
gery, and the early postoperative course. Thereby, it
allows analysis of patient- and surgery-related factors as
predictors of early postoperative complications. Another
advantage is that, unlike most previous studies, the study
will also include non-operatively treated patients from
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the same hospitals, allowing evaluation of patient-
selection and possible side-effects of non-operative
treatment.
Although an observational study cannot answer

whether the surgery is beneficial or not, performing a
randomised trial in this patient group is not realistic.
Instead, it is clinically more relevant to study outcomes
in an observational setting with less selection bias and
more relevance to real-life. This study’s strengths in-
clude examining a representative cohort, independent of
social or insurance status, treated at several secondary
and tertiary care hospitals instead of single-centre ana-
lysis. The multicentre nature of this study also allows for
the timely collection of the data. It is acknowledged that
the tests used (e.g. G-8, Clinical Frailty Scale, MNA-SF,
CCI) represent screening tests, and more thorough geri-
atric evaluation would be needed for precise diagnoses.
However, geriatric services are not widely available in
surgical units at present. Evaluation of comprehensive
geriatric assessment and preoperative optimisation pro-
tocols [43] in older colon cancer patients remains a
question for later studies. The present results could,
however, provide the basis for patient-selection in such
later intervention studies.
This is the first prospective, observational, multicentre

study of aged Finnish patients with non-metastatic colon
cancer focusing on their treatment and its effects on
postoperative outcomes and functional recovery. Finland
follows uniform and standardised protocols for colon
cancer treatment so that this study will provide realistic
and novel information on aged patients postoperative
functional recovery.

Trial status
The trial recruitment started on 17 April 2019, and it is
estimated to be complete by the end April 2021.
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APPENDIX 2. 

IÄKKÄÄN PAKSUSUOLISYÖPÄPOTILAAN LEIKKAUSHOITO- TUTKIMUS 

ESITIETOLOMAKE   päivämäärä 
 

Nimi: 

Syntymäaika: 

Sukupuoli: 
□ Nainen 
□ Mies 

Pituus (cm): 
Paino (kg): 

Missä asutte?  
□ Kotona    
□ Palvelutalossa  
□ Tehostetun palveluasumisen yksikössä 

Kenen kanssa asutte?  
□ Yksin  
□ Puolison tai läheisen kanssa  
□ Jonkun muun kanssa          

Tarvitsetteko toisen ihmisen apua?  
□ En  
□ Kyllä, kodin ulkopuolella  
□ Kyllä, kotitöissä  
□ Kyllä, itsestäni huolehtimisessa  

Miten liikutte?  
□ Täysin itsenäisesti 
□ Apuvälinettä käyttäen itsenäisesti 
□ Vain avustettuna 

Miten liikutte kodin ulkopuolella?  
□ Yksin  
□ Kyllä, saattajan kanssa  
□ En liiku ulkona 

Liikkumisenne apuvälineet: 
□ Pyörätuoli 
□ Rollaattori 
□ Keppi tai kyynärsauvat 
□ En käytä apuvälineitä 
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Millainen on terveytenne verrattuna muihin samanikäisiin?  
□ Parempi  
□ Yhtä hyvä  
□ Huonompi  
□ En osaa sanoa 
Onko teillä muistivaikeutta tai masennusta? 
□ Ei  
□ Kyllä, muistini on heikentynyt ja/ tai minulla on lievä masennus  
□ Kyllä, minulla on todettu muistisairaus /dementia ja /tai masennus 

Onko ravinnonsaantinne huonontunut viimeisen kolmen kuukauden aikana?  
□ Kyllä, huomattavasti  
□ Kyllä, hieman 
□ Ei  
□ En osaa sanoa 
Onko painonne laskenut viimeisen kolmen kuukauden aikana?  
□ Kyllä, laskenut yli 3 kg  
□ Kyllä, laskenut 1–3 kg  
□ Ei, painoni on ennallaan tai noussut  
□ En osaa sanoa 

Oletteko ollut sairaalahoidossa (terveyskeskus tai sairaala) viimeisen kuuden 
kuukauden aikana?  
□ En  
□ Kyllä, yhden kerran  
□ Kyllä, useita kertoja  
Kuinka monta lääkettä teillä on säännöllisessä käytössä?  
 
Lukumäärä?                
 
Käytättekö alkoholia? 
□ En 
□ Kyllä, kerran kuukaudessa tai harvemmin 
□ Kyllä, kerran viikossa 
□ Kyllä, useita kertoja viikossa 
Tupakoitteko? 
□ En 
□ Kyllä 
On teillä hoitotahto?  
□ Ei  
□ Kyllä 

Kuka täytti lomakkeen?  
□ Potilas  
□ Omainen  
□ Hoitaja  
□ Joku muu 
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APPENDIX 3. 

IÄKKÄÄN PAKSUSUOLISYÖPÄPOTILAAN LEIKKAUSHOITOTUTKIMUS 

SEURANTALOMAKE   päivämäärä 
 

Nimi: 

Syntymäaika: 

Sukupuoli: 
□ Nainen 
□ Mies 

Paino (kg) 
Missä asutte?  
□ Kotona    
□ Palvelutalossa  
□ Tehostetun palveluasumisen yksikössä 
Kenen kanssa asutte?  
□ Yksin  
□ Puolison tai läheisen kanssa  
□ Jonkun muun kanssa          

Tarvitsetteko toisen ihmisen apua?  
□ En  
□ Kyllä, kodin ulkopuolella  
□ Kyllä, kotitöissä  
□ Kyllä, itsestäni huolehtimisessa  

Miten liikutte?  
□ Täysin itsenäisesti 
□ Apuvälinettä käyttäen itsenäisesti 
□ Vain avustettuna 

Miten liikutte kodin ulkopuolella?  
□ Yksin  
□ Kyllä, saattajan kanssa  
□ En liiku ulkona 

Liikkumisenne apuvälineet: 
□ Pyörätuoli 
□ Rollaattori 
□ Keppi tai kyynärsauvat 
□ En käytä apuvälineitä 
Millainen on terveytenne verrattuna muihin samanikäisiin?  
□ Parempi  
□ Yhtä hyvä  
□ Huonompi  
□ En osaa sanoa 
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Onko teillä muistivaikeutta tai masennusta? 
□ Ei  
□ Kyllä, muistini on heikentynyt ja/ tai minulla on lievä masennus  
□ Kyllä, minulla on todettu muistisairaus /dementia ja /tai masennus 

Onko ravinnonsaantinne huonontunut viimeisen kolmen kuukauden aikana?  
□ Kyllä, huomattavasti  
□ Kyllä, hieman 
□ Ei  
□ En osaa sanoa 

Onko painonne laskenut viimeisen kolmen kuukauden aikana?  
□ Kyllä, laskenut yli 3 kg  
□ Kyllä, laskenut 1–3 kg  
□ Ei, painoni on ennallaan tai noussut  
□ En osaa sanoa 

Kuinka monta lääkettä teillä on säännöllisessä käytössä?  
Lukumäärä? 
 
Miten leikkaus on vaikuttanut terveydentilaanne? 
□ Parantanut 
□ Pysynyt ennallaan 
□ Huonontanut 
□ En osaa sanoa 
Kuka täytti lomakkeen?  
□ Potilas  
□ Omainen  
□ Hoitaja  
□ Joku muu 

 
 
  



 

126 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

127 
 

 

ORIGINAL PUBLICATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

128 
 

 

 



 

 

 

 

 

 

 

 

PUBLICATION  
I 
 

 

 

 

 

Risk factors of short-term survival in the aged in elective colon cancer surgery: a population-

based study. 

 

Susanna Niemeläinen, Heini Huhtala, Anu Ehrlich, Jyrki Kössi, Esa Jämsen, Marja Hyöty 

 

 

 Int J Colorectal Dis. 2020 Feb; 35(2):305-15. doi: 10.1007/s00384-019-03488-8. 

 

 Publication reprinted with the permission of the copyright holders. 

 
 





ORIGINAL ARTICLE
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Abstract
Purpose Patients aged > 80 years represent an increasing proportion of colon cancer diagnoses. Selecting patients for elective surgery
is challenging because of possibly compromised health status and functional decline. The aim of this retrospective, population-based
study was to identify risk factors and health measures that predict short-term mortality after elective colon cancer surgery in the aged.
Methods All patients > 80 years operated electively for stages I–III colon cancer from 2005 to 2016 in four Finnish hospitals
were included. The prospectively collected data included comorbidities, functional status, postoperative surgical and medical
outcomes as well as mortality data.
Results A total of 386 patients (mean 84.0 years, range 80–96, 56% female) were included. Male gender (46% vs 35%, p = 0.03),
higher BMI (51% vs 37%, p = 0.02), diabetes mellitus (51% vs 37%, p = 0.02), coronary artery disease (52% vs 36%, p = 0.003)
and rheumatic diseases (67% vs 39%, p = 0.03) were related to higher risk of complications. The severe complications were more
common in patients with increased preoperative hospitalizations (31% vs 15%, p = 0.05) and who lived in nursing homes (30%
vs 17%, p = 0.05). The 30-day and 1-year mortality rates were 6.0% and 15% for all the patients compared with 30% and 45% in
patients with severe postoperative complications (p < 0.001). Severe postoperative complications were the only significant
patient-related variable affecting 1-year mortality (OR 9.60, 95% CI 2.33–39.55, p = 0.002).
Conclusions The ability to identify preoperatively patients at high risk of decreased survival and thus prevent severe postoper-
ative complications could improve overall outcome of aged colon cancer patients.

Keywords Colon cancer . Surgery . Aged patients . Risk factors . Short-termmortality

Introduction

The incidence of colorectal cancer has tripled during the past
five decades, and the risk of having colorectal cancer increases
with age [1]. According to the Finnish Cancer Registry data
from 2016, 27% of all colorectal patients were aged 80 years
or more [1]. The number of aged people diagnosed with co-
lorectal cancer will increase as the population ages [2].

If possible, colon cancer is managed by radical surgical
resection [3, 4]. Previous studies show comparable disease-
specific survival rates for all age groups, which advocates
tumour resection with curative purpose [5, 6]. In the
EUROCARE-5 study, 5-year overall survival rate was 49%
for colon cancer patients of 75 years or older while overall
survival rate for all ages was 57% in Europe [7].
Corresponding numbers from 2016 in Finland were 60% for
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patients of 75 years and 66% for all ages [1]. In the oldest
patients, however, the survival benefit of operative treatment
(compared with other treatments) is only apparent after the
first two postoperative years due to the risks of surgery [8–10].

Increased age, physical and cognitive disabilities, and pre-
vious hospitalizations may predispose to postoperative mor-
bidity and mortality [11]. Colorectal cancer surgery is consid-
ered high risk, with reported postoperative major complication
and 30-day mortality rates of 16–24% and 1–6%, respectively
[12, 13]. Operative treatment of colorectal cancer in the aged
is associated with higher morbidity (35–45%) and mortality
rates both in the immediate postoperative period and during
the first year after surgery (6–16% in 30 days, 14–37% at
1 year) [12–17]. Compared with younger people, the 30-day
mortality in the group of aged patients underestimates 1-year
mortality due to prolonged impact of the perioperative period
[8, 18]. However, a recent Dutch study shows better postop-
erative outcome with almost equal 1-year survival rates for
older and younger colorectal patients, supporting tailor-made
decisions on surgical treatments for older patients [19].

It is important to have relevant and reliable data concerning
older aged colorectal cancer patient’s surgery and postopera-
tive morbidity and survival numbers. Surgeons and oncolo-
gists treating patients with colon cancer should become aware
of that 43% of their patients are > 75 years and that many of
these older patients are frail with comorbidities which demand
careful patient assessment [20]. Proper patient selection and
careful consideration of appropriate surgical candidates in-
cluding preoperative optimization of medical comorbidities,
nutritional status and physical performance enables colorectal
cancer surgery to be performed with reduced morbidity and
mortality rates with improved survival [21, 22].

The aim of this study was to identify preoperative risk
factors and measures of overall health status affecting postop-
erative morbidity and mortality and their impact on 30-day
and 1-year survival in colon cancer patients aged 80 years
and older. In addition, the aim was to investigate time-trends
in postoperative short-term mortality and possible factors af-
fecting the outcome.

Material and methods

All patients aged 80 years and over who underwent an elective
resection for colon cancer during the period of 2005 and 2016
in four Finnish hospitals were retrospectively analyzed. The
catchment area of these hospitals ranged from 100,000 to
250,000 inhabitants (in total, approximately 750,000 inhabi-
tants). Exclusion criteria were metastatic or recurrent disease
and palliative or emergency surgery. Treatment of malignant
diseases is almost exclusively performed by public health care
system in Finland. We consider this study population-based

because patients are referred to certain hospital based on their
place of residence.

All the patients had histologically confirmed primary ade-
nocarcinoma of the colon, and preoperatively had colonosco-
py and computed tomography. They underwent radical sur-
gery for the primary tumour. Patients were evaluated for their
fitness for elective surgery with general anaesthesia but were
not preselected any other way. Decision to proceed with sur-
gery was based on patient’s general condition and comorbid-
ities. Prior geriatric evaluation was not routinely used.

For this study, cancer- and surgery-related data was collect-
ed from prospectively maintained, institutionally approved
and password-protected electronic colorectal databases in the
study hospitals and was supplemented by review of medical
records. Patients with colorectal cancer were identified using
ICD codes C18-C19 [23]. The collected clinical data included
patients´ characteristics, living status, hospitalizations in the
6 months before surgery, comorbidities, modified age-
adjusted Charlson Comorbidity Index [24] score (4–15; solid
tumour excluded with two points, all patients > 80 years
which contributes four points for all patients), other malignan-
cies, symptoms, operative procedures and postoperative re-
covery. Postoperative complications were defined and deter-
mined using the Clavien-Dindo classification [25], and severe
complications were graded into classes III–V. Tumours were
staged according to the Union for International Cancer
Control (UICC) TNM classification [26] and graded accord-
ing to the World Health Organization histological classifica-
tion system [27]. The number of lymph nodes was recorded in
every case. Patients with macroscopic or residual tumour were
excluded.

Postoperative surveillance was performed in out-patient
clinics according to the follow-up programs of the four hos-
pitals. Local recurrences and distant metastasis were identified
radiologically (ultrasound, computed tomography) or histo-
logically. The information was collected from the hospital
medical records and Statistics Finland for all patients with or
without arranged follow-up program.

The primary outcome measures were postoperative mor-
bidity (surgical and non-surgical complications) and mortality
30 days and 1 year after primary treatment. Mortality data
including causes of death were obtained from the
population-based statistics of Statistics Finland. Mortality
was assessed at 30 days and 1 year following surgery. The
follow-up duration data was calculated from the date of sur-
gery to the date of death or date of active follow-up in the
clinics (1 year after surgery).

The associations between categorical variables were tested
with the chi-square test or the Fisher exact test, when appro-
priate, and continuous variables with the Student’s t test.
Survival rates were calculated from the time of primary sur-
gery using the Kaplan-Meier method and were compared by
the log-rank test. A uni- and multivariable analysis of the
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factors which influenced 30-day and 1-year mortality was
carried out using binary logistic regression. All variables
(Table 4) that were statistically significant in the univariate
model were included in the multivariable model. Statistical
analyses were performed using SPSS version 23.

The study was approved by the ethics committee of
Pirkanmaa Hospital District, Tampere, Finland (R18188).

Results

A total of 386 patients were identified from the prospec-
tive records of the four hospitals. The mean age of the
study population was 84.1 years (range 80–96 years).
Most of the patients were female (56%), had an ASA III
classification (69%) and CCI score 4–5 (62%). Most of the
patients lived at home (90%), were not dependent on
others for daily help (56%) and had no hospital admission
in the previous 6 months (73%). Of the patients, 106
(28%) were operated in 2005–2008, 143 (37%) in 2009–
2012 and 137 (35%) in 2013–2016. Table 1 shows the
patients` baseline characteristics.

Most of the operative procedures were performed for
right-sided colon cancer (68%). An intended laparoscopic
resection was performed in 252 patients (65%) and in 35
cases (14%), the operation was converted to an open sur-
gery due to anatomical or technical reasons. One hundred
eighty-seven patients (50%) were discharged to other hos-
pitals or wards of healthcare centres. Readmission within
30 days of discharge occurred for 6.5% of the patients.
Postoperative adjuvant chemotherapy was given to 46%
(67/146) of stage III patients. Table 2 shows surgical char-
acteristics and outcomes.

Morbidity

Overall postoperative morbidity was 40% (154/386), with
24% (92/386) of patients having surgical complications.
The most common surgical complications were ileus
(7.0%), intra-abdominal or anastomotic bleeding (6.2%)
and anastomotic leakage (5.7%). The most common
non-surgical complications were cardiovascular (6.0%)
and pulmonary (4.7%). Both surgical and non-surgical
complications were recorded only for 1.8% (7/386) of
the patients. According to the Clavien-Dindo classifica-
tion, 18% (69/386) of patients had severe complications
(grades III–V), accounting for 45% (69/154) of all com-
plications. (Table 3).

Male gender (46% vs 35%, p = 0.03), diabetes mellitus
(51% vs 37%, p = 0.02), coronary artery disease (52% vs
36%, p = 0.003) and rheumatic diseases (67% vs 39%,
p = 0.03) were related to higher number of complications.
Patients with complications had higher BMI (26 vs 25,

p = 0.04). Operative approach (open or laparoscopic)
and operating time were not associated with increased rate
of complications.

More severe postoperative complications (Clavien-Dindo
III–V) were experienced by patients living in a nursing home
compared with those living in their own home (30% vs 17%,
p = 0.05), and by those who had hospital admissions during
the 6 months prior surgery compared with those who had none
(31% vs 15%, p = 0.05). Patients with severe complications
also had more intraoperative blood loss (median 50 ml vs
100 ml, p = 0.006).

Table 1 Patients’
baseline characteristics
(n = 386)

n / med % / (range)

Gender

Female 217 56.2

Male 169 43.8

Age, years 83.0 (80–96)

BMI, kg/m2 24.9 (15.4–40.6)

< 25 163 50.9

25–29.9 111 34.7

30- 46 14.4

Not available 66

Type of living

Home 336 90.1

Nursing home 37 9.9

Not known 13

Aid at home

No 152 55.9

Relatives 62 22.8

Other 58 21.3

Not known 114

Hospital admissions < 6 months

No 279 73.4

One 88 23.3

Two or more 13 3.3

ASA score

2 36 9.5

3 263 69.0

4 82 21.5

Not known 5

CCI score (4–15)

4 109 28.2

5 131 33.9

6 82 21.3

7–15 64 16.6

Operation year

2005–2008 106 27.5

2009–2012 143 37.0

2013–2016 137 35.5
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Mortality

The overall 30-day mortality was 6.0% (23/386). Six patients
died due to anastomotic leakage and three due to other surgical
complications (ileus, intraoperative haemorrhage and small
intestine perforation). Seven patients died due to cardiac com-
plications, three due to pulmonary problems and three due to
cerebral haemorrhage. One patient died of a ruptured abdom-
inal aneurysm 6 days after surgery.

The overall 1-year mortality was 15% (59/386). The most
important causes of death were cardiopulmonary (43%) and
surgery-related postoperative complications (17%). Cancer-
related mortality was 4.4%, accounting for 29% (17/59) of
deaths within 1 year. Over half (55%, 17/31) of the patients
who had severe, surgery-related complications (anastomotic
leakage, intra-abdominal haemorrhage, ileus) diedwithin 1 year
after surgery whereas 1-year mortality was 8.6% (20/232) for
the patients without postoperative complications. In patients
with mild complications (Clavien-Dindo I–II), mortality was
9.4%. Patients with severe postoperative complications
(Clavien-Dindo III–V) had mortality 45% (31/69). (Fig. 1).

Patients with stage III disease (n = 146) and treated with
postoperative chemotherapy had lower 1-year mortality rate

compared with patients not receiving adjuvant treatment
(10.4% vs 27.8%, p = 0.007).

Univariate logistic regression analysis showed that living
in a nursing home, hospital admissions 6 months before sur-
gery, CCI score > 6, longer operation time, greater intraoper-
ative blood loss and severe postoperative complications were
significant patient-related variables affecting 30-daymortality.
Higher age, hospital admissions 6 months before surgery,
open compared with laparoscopic operation, longer operative
time, greater intraoperative blood loss and severe postopera-
tive complications were associated with greater 1-year mortal-
ity after surgery (Table 4). In multivariate logistic regression
analysis, hospital admissions 6 months before surgery and

Table 3 Postoperative
complications and
mortality

N %

Surgical complications

No 294 76.2

Yes 92 23.8

Ileus 27 7.0

Bleeding 24 6.2

Anastomotic leakage 22 5.7

Wound dehiscence 7 1.8

Wound infection 2 0.5

Others 10 2.6

Non-surgical complications

No 317 82.1

Yes 69 17.9

Cardiovascular 23 6.0

Respiratory 18 4.7

Urinary 11 2.8

Delirium 5 1.3

Other 12 3.1

30-day mortality 23 6.0

90-day mortality 29 7.5

1-year mortality 59 15.3

Table 2 Surgical characteristics and outcomes

n / med % / (range)

Procedure

Right hemicolectomy 261 67.6

Transversum resection 6 1.6

Left hemicolectomy 22 5.7

Sigmoid resection 83 21.5

Other colonic resection 14 3.6

Type of surgery

Open 134 34.7

Laparoscopy 252 65.3

Conversion 35 13.9

Operation time (min) 130 33–445

Bleeding (ml) 50 5–1000

Postoperative length of hospital stay (days) 7 1–58

Discharge destination

Home 172 45.6

Other hospital or health centre 187 49.6

Death during hospital stay 18 4.8

Reoperation 39 10.1

Readmission 25 6.5

TNM stage

1 41 12.7

2 191 49.5

3 146 37.8

Number of lymph nodes 14.8 3–71

Fig. 1 Kaplan-Meier analysis of 1-year overall survival in electively
operated colon cancer patients > 80 years of age with and without
complications according to Clavien-Dindo classification (p < 0.001,
log-rank)
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severe postoperative complications were the only significant
patient-related variables affecting 30-day mortality (OR 3.05,

95% CI 1.25–7.43, p = 0.014 and OR 85.61, 95% CI 10.68–
686.1, p < 0.001). Severe postoperative complications were

Table 4 Predictors of 30-day and 1-year mortality in elective colon cancer surgery in the aged (univariate analysis)

30-day mortality 1-year mortality

OR 95% CI p value OR 95% CI p value

Age 1.11 0.99–1.24 0.079 1.12 1.04–1.21 0.004

Gender

Female 1 1

Male 2.09 0.88–4.95 0.095 1.10 0.63–1.92 0.739

BMI (kg/m2) 0.94 0.96

< 25 1 1

25–29.9 1.19 0.45–3.11 0.725 0.95 0.49–1.85 0.887

>=30 0.34 0.04–2.73 0.310 0.64 0.23–1.78 0.395

Type of living

Home 1 1

Nursing home 3.63 1.34–9.88 0.012 1.93 0.86–4.34 0.112

Hospital admissions < 6 months

No 1 1

One or more 3.97 1.68–9.38 0.002 1.88 1.04–3.38 0.035

ASA

2 1 1

3 0.88 0.19–4.09 0.875 1.86 0.54–6.36 0.324

4 1.86 0.38–9.23 0.447 3.14 0.86–11.5 0.083

CCI score (4–15)

4 1 1

5 2.57 0.51–13.0 0.254 1.15 0.55–2.42 0.710

6 5.0 1.01–24.7 0.049 1.05 0,45–2.45 0.910

7–15 7.64 1.57–37.2 0.012 2.08 0.93–4.65 0.075

Stage

1–2 1 1

3 0.87 0.36–2.11 0.757 1.74 0.99–3.03 0.053

Type of surgery

Laparoscopy/conversion 1 1

Open 1.79 0.67–4.17 0.178 1.88 1.08–3.30 0.027

Operation time (min) 1.01 1.00–1.01 0.038 1.01 1.00–1.01 0.010

Blood loss (10 ml) n = 197 1.03 1.01–1.05 0.005 1.03 1.01–1.05 0.001

Clavien-Dindo classification

No 1 1

I–II 2.75 0.17–44.46 0.480 1.10 0.47–2.60 0.830

III–V 101.06 13.3–769.5 < 0.001 8.65 4.47–16.73 < 0.001

Complications

No 1 1

Surgical 25.05 3.13–200.7 0.002 2.76 1.40–5.46 0.004

Non-surgical 61.29 7.83–479.5 < 0.001 5.05 2.50–10.20 < 0.001

Operation year

2005–2008 1 1

2009–2012 0.73 0.26–2.00 0.536 0.62 0.32–1.21 0.161

2013–2016 0.66 0.23–1.88 0.436 0.54 0.27–1.08 0.082

Italic entries were statistically significant
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the only significant patient-related variable affecting 1-year
mortality (OR 9.60, 95% CI 2.33–39.55, p = 0.002).

Mortality rates in 30 days seemed to decrease between
operation years 2005–2008 (7.5%), 2009–2012 (5.6%) and
2013–2016 (5.1%). The corresponding numbers in 1 year
were 21% (2005–2008), 14% (2009–2012) and 12% (2013–
2016). For severe complications (CD III–V), the 30-day mor-
tality rates were 2005–2008 (30.8%), 2009–2012 (35%) and
2013–2016 (26.1%). The corresponding numbers in 1 year
were 50% (2005–2008), 45% (2009–2012) and 39% (2013–
2016). There was no statistically significant difference be-
tween time-trends and mortality.

Table 4 shows predictors for 30-day and 1-year mortality in
univariate analysis (binary logistic regression).

Discussion

For this retrospective population-based, cohort study, short-
term morbidity and mortality differences were analyzed in
the electively operative non-metastatic colon cancer patients
aged 80 years and over in a large, regionally representable
materials. To our knowledge, our material consisting of 386
patients is the largest dataset regarding elective colon cancer
surgery with curative intent and focusing on both postopera-
tive complications and short-term mortality in this age group.
Most of the similar studies featured surgical patients with co-
lorectal cancers [6, 8, 14, 28]. Patients undergoing resection for
rectal cancer have more personalized, multimodal treatment
options and a greater number of severe complications such as
anastomotic leakage compared with colon cancer surgery [29].
Thus, the patient data in our study was more homogenous fo-
cusing only on colon surgery. Furthermore, in Finland, treat-
ment of colorectal cancer is based on national EBM guidelines
[30]. The study hospitals also had standardized protocols for
colon cancer treatments, and the patients’ baselines as well as
operative outcomes and tumour characteristics were similar.

For non-metastatic colorectal cancer patients, surgical resec-
tion is the best option for curative treatment [3, 4]. A recent
multinational study showed that patients over 80 years have 30-
day and 1-year mortality rates of 5.5–11.4% and 17.1–23.6%,
respectively [16]. In the present study, 1-year survival rate was
91.4% for the patients without postoperative complications, and
the overall 1-year mortality was 15.3%. Most of the older pa-
tients do as well as younger patients after elective surgery and
have acceptable survival numbers. For example, recent data
from Netherlands showed similar 1-year overall survival rates
for patients under and over 75 years [18]. However, 30-day
mortality rate remains high among the oldest, and it continues
to increase well beyond the initial postoperative month causing
excess 1-year mortality. Previous studies show that major post-
operative complications are related to higher mortality rates and
are among the strongest risk factors for reduced survival in the

aged [28, 31]. Our data showed similar postoperative morbidity
and survival numbers reflecting the results of previous studies
considering excess mortality beyond initial postoperative
month [8, 13]. In our study, 1-year mortality rate of patients
with major postoperative complications was 44.9%, this being
the most important factor for diminished short-term survival
after colon surgery.

Our study indicated high morbidity rates in early postoper-
ative period. Almost 40% (153/386) of the patients developed
postoperative complications, and 45% (69/153) of these were
major complications. These figures are comparable with other
studies of colorectal cancer surgery reporting total complica-
tion rates 35–45% and major complications 20–25%, respec-
tively [14–17, 31]. Our data included all patients who were
willing and fit enough for surgery according to ASA classifi-
cation and other comorbidities. Risk factors for complications
were male gender, diabetes, coronary artery and rheumatic
diseases. Severe complications were more common in patients
who had increased preoperative hospitalizations and who
lived in nursing homes. These findings support recent studies
from Norway and Japan [32, 33] emphasizing the importance
of preoperative evaluation of patient’s physical and cognitive
performance, to prevent complications in colon cancer sur-
gery. In Finland, aged people move to nursing homes when
they cannot survive with maximal help at home and most of
them have some degree of cognitive impairment. Therefore,
residing in a nursing home is a kind of proxy for cognitive
impairment and disability in activities of daily living.
Unfortunately, the diagnoses for hospitalizations before sur-
gery were not documented accurately in our study data, and
the reasons for hospitalizations were heterogenous.

Postoperative complications are associated with a dispro-
portionately high risk of 30-day and 1-year mortality in elder-
ly patients [28, 31]. In our study, the overall 30-day mortality
rate was 6.0% but increased to 30.4% in patients with severe
postoperative complications. Other factors associated with in-
creased 30-day mortality included living in a nursing home,
hospital admissions 6 months before surgery, CCI score > six,
longer operation time, greater intraoperative blood loss and
severe postoperative complications. Patients with diminished
physical and mental resources had more severe postoperative
complications leading to higher mortality rates indicating that
limited performance state of patients plays an important role in
postoperative outcome [33]. Cardiopulmonary problems and
surgery-related issues were the most important factors contrib-
uting to 1-year mortality whereas cancer-related mortality was
significantly low. This finding emphasizes the importance of
preoperative evaluation on patient’s physical and cognitive
performance with specific focus on preoperative cardiopulmo-
nary status andmedical optimization. Non-surgical, symptom-
atic treatments are worth considering when individualized
treatment decisions are made for patients with limited perfor-
mance status. On the contrary, patients with stage III disease
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treated with postoperative chemotherapy had significantly
lower 1-year mortality rate compared with those who were
not giving postoperative adjuvant treatment. That underlines
the importance of identify patients who can benefit from the
radical cancer treatments.

30-day and 1-year mortality rates decreased progressively
between operation years 2005–2008, 2009–2012 and 2013–
2016, but this was not statistically significant. During the
study period, there were no preoperative arrangements for
nutrition and physical performance status assessment, or geri-
atric assessment. Conversely, all the participating hospitals in
our study had high proportion (56%) of operations done by
laparoscopy, and enhanced recovery after surgery (ERAS)
program was gradually adopted to clinical work during the
study period. A recent meta-analysis demonstrated that lapa-
roscopic colorectal surgery has positive impact in terms of
significant decrease in postoperative morbidity and mortality
among the aged compared with open colorectal surgery [34].
ERAS is a multimodal approach that aims to optimize periop-
erative management [35]. Old patients adhered to and benefit-
ed from an ERAS program have similar postoperative out-
come advantages to their younger counterparts [36]. These
facts can partly explain the similar time-trends in morbidity
and mortality between the study years, together with develop-
ments in perioperative anaesthesia care, surgical performance
(laparoscopy, technical standardization) and oncological
treatments.

Some limitations exist in our study. First, although we were
able to categorize specific comorbidities, we found little rela-
tionship between multiple morbidities and overall survival.
This may reflect the fact that there was no information avail-
able regarding the severity of the comorbidities. Additionally,
we were unable to fully assess disability and functional as well
as cognitive performance state of patients because of impre-
cise patient files. Information about daily physical and cogni-
tive functional activity and general performance was not rou-
tinely recorded. It is likely that the conditions that lead to a
patient being considered frail are only documented in those
patients whose condition had significant negative impact on
their overall well-being. The same applies to comorbidities.
However, undervaluation of such conditions would lead to
underrate of the risks and false negative results, and hence,
the reported risks are rather underestimates than overesti-
mates. In addition, and result of the previous reasons, healthier
patients were likely selected for surgical treatment. However,
our findings suggest that surgical treatment in aged patients
diagnosed with colon cancer can lead to acceptable and sim-
ilar results compared with younger patients.

Our data indicate that postoperative morbidity following
elective colon cancer surgery is common in aged patients
and results in a significant increase in mortality, which lasts
beyond the first postoperative month. Age, comorbidities, dis-
ability and the occurrence of severe postoperative

complications were factors most strongly associated with re-
duced 30-day and 1-year survival after surgery. Although we
have demonstrated an increase in survival rates, the impact of
surgical treatment on postoperative functional outcome is not
clear. Regardless of the new achievements, there seems to be a
tendency to offer fewer surgical resections to older compared
with younger patients [37, 38]. Therefore, the information on
present-day postoperative morbidity and mortality rates of
older patients is important for shared decision-making regard-
ing surgical treatment. If aged colon cancer patients survive
the first year after surgery, they have a reasonably good long-
term survival. Older patients often give higher priority to func-
tional outcomes than to survival [39]. Further research should
therefore focus not only on further increasing postoperative
survival rates in older patients but also on quality of life and
improvement of postoperative physical functioning.
Prehabilitation programs could play a role in achieving this
goal [40, 41].

In conclusion, mortality in the present study is related to
postoperative complications. Identifying effective strategies
for both prevention and tailor-made treatments of postopera-
tive complications in colon cancer surgery in the aged could
potentially improve patient overall outcomes.
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Abstract

Aim The number of colorectal cancer patients increases

with age. Long-term data support personalized manage-

ment due to heterogeneity within the older population.

This registry- and population-based study aimed to

analyse long-term survival, and causes of death, after

elective colon cancer surgery in the aged, focusing on

patients who survived more than 3 months postopera-

tively.

Methods The data included patients ≥ 80 years who

had elective surgery for Stage I–III colon cancer in four

Finnish centres. The prospectively collected data

included comorbidities, functional status, postoperative

outcomes and long-term survival. Univariate and multi-

variate Cox regression analysis were conducted to deter-

mine factors associated with long-term survival.

Results A total of 386 surgical patients were included,

of whom 357 survived over 3 months. Survival rates for

all patients at 1, 3 and 5 years were 85%, 66% and 55%,

compared to 92%, 71% and 59% for patients alive

3 months postoperatively, respectively. Higher age,

American Society of Anesthesiologists (ASA) score ≥ 4,

Charlson Comorbidity Index ≥ 6, tumour Stage III,

open compared to laparoscopic surgery and severe

postoperative complications were independently associ-

ated with reduced overall survival. Higher age (hazard

ratio 1.97, 1.14–3.40), diabetes (1.56, 1.07–2.27),
ASA score ≥ 4 (3.27, 1.53–6.99) and tumour Stage III

(2.04, 1.48–2.81) were the patient-related variables

affecting survival amongst those surviving more than

3 months postoperatively. Median survival time for

patients given adjuvant chemotherapy was 5.4 years,

compared to 3.3 years for patients not given postopera-

tive treatment.

Conclusions Fit aged colon cancer patients can achieve

good long-term outcomes and survival with radical,

minimally invasive surgical treatment, even with addi-

tional chemotherapy.

Keywords Colon cancer, surgery, aged patients, long-

term outcome

What does this paper add to the literature?

This register-based cohort study shows that aged colon
cancer patients who are physically and functionally fit to
survive surgery can achieve acceptable long-term out-
comes and survival with radical surgical treatment and
additional chemotherapy.

Introduction

Colorectal cancer is the second most diagnosed malig-

nancy in Finland, and the third most diagnosed in the

world [1,2]. The age-standardized incidence of colorec-

tal cancer has globally increased 9.5%, and in Finland

17.3%, between the years 1990 and 2017. The global

burden of colorectal cancer is expected to grow by 60%

by 2030, to more than 2.2 million new cases and

1.1 million deaths [2]. As the population ages, older

people are increasingly diagnosed with colorectal cancer

[3]. Between 2013 and 2017, 26% of Finnish colorectal

cancer patients were aged 80 years or older at the time

of diagnosis [1].

Surgery is the cornerstone of treatment for colorectal

cancer [4]. The increased number of older people

results in more operations for colorectal cancer in this

group [5]. Current studies show comparable disease-

specific long-term survival rates for all age groups,
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which advocates for surgery with curative intent [5–7].
Conversely comorbidities, disability and the occurrence

of severe postoperative complications are strongly asso-

ciated with reduced short-term survival after surgery

[8]. Thus, heterogeneity within the older population

and differences in physical and cognitive condition make

it impossible to base decision-making only on chrono-

logical age; some will survive just as younger adults,

whereas others experience increased postoperative mor-

bidity and reduced overall survival [9].

If patients survive the first year after surgery, they

have reasonably good long-term survival [10]. Patients

with more comorbidities have compromised postopera-

tive outcomes [11,12]. Older patients value outcomes

with good quality of life [13]. In a recent study from

Italy, the authors call for studies focusing on long-term

functional outcomes, to provide reliable information to

patients on what to expect from cancer surgery [14].

This is important because informing older patients of

the risk factors for postoperative morbidity, and dimin-

ished long-term outcomes, is essential for shared deci-

sion-making regarding surgical and non-surgical

treatments [15].

The aim of this study was to analyse the long-term

survival and causes of death in a consecutive popula-

tion-based cohort of aged patients having colon cancer

surgery. Because postoperative complications are a

major risk factor of short-term mortality [8], the focus

in this study was especially on the patients who survived

at least 3 months after surgery.

Patients and Materials

Colon cancer patients aged 80 years and older at the

time of surgery and operated in four Finnish public hos-

pitals during 2005–2016 were included. Two of the

hospitals were tertiary referral centre hospitals and two

were small volume secondary care hospitals. These hos-

pitals are responsible for colon cancer surgery in their

catchment areas (100 000–250 000 inhabitants, total

750 000 inhabitants). As all colon cancer surgery in

Finland is performed in public hospitals independent of

social class or insurance status, the materials can be con-

sidered representative at population level.

Patients with metastatic or recurrent disease and pal-

liative or emergency surgery were excluded. Data were

extracted from prospective local colorectal databases

and completed from hospital records. The dates and

causes of death were obtained from the Death Certifi-

cate Register of Statistics Finland, which registers all

deaths in Finland [16]. The duration of survival was cal-

culated from the date of surgery to the date of death or

to the closure of follow-up on 31 December 2018.

Recorded variables included age, living and func-

tional status, comorbidities, modified Charlson Comor-

bidity Index (CCI) [17], surgical and postoperative

outcomes, colon cancer recurrences or metastasis, over-

all survival and, for those who survived > 3 months

after surgery, date and cause of death. Details of the

patients’ baseline characteristics and operative variables

included in the study have been presented previously

[8]. The diagnosis of colon cancer, operative treatment

and postoperative surveillance were performed accord-

ing to the standards of the study hospitals and national

guidelines [18]. The postoperative complications were

graded with Clavien–Dindo classification [19]. Clinical

follow-up was continued for 5 years after surgery, or

until death. Personal follow-up was arranged for

patients considered too unfit or frail to attend a routine

follow-up programme.

The data analysis focused on those patients who sur-

vived more than 3 months after the primary cancer

operation, intended to exclude the effect of early post-

operative mortality. The primary outcome measure was

overall survival, reported separately for all patients and

for those who survived over 3 months after the primary

treatment.

Associations between the categorical variables were

tested with the chi-squared test or the Fisher exact test,

as appropriate. Survival and recurrence rates were calcu-

lated from the time of primary surgery using the

Kaplan–Meier method. Log minus log plots were used

to validate the proportional hazard assumption. Univari-

ate and multivariate analyses of the factors influencing

overall survival were carried out using binary logistic

regression. All variables that were statistically significant

in the univariate model were included in the multivari-

ate model. Statistical analyses were performed using

SPSS version 23 (IBM, Armonk, NY, USA).

The study was approved by the ethics committee of

Pirkanmaa Hospital District, Tampere, Finland

(R18188).

Results

A total of 386 patients fulfilled the inclusion criteria.

Their median age was 83 years (range 80–96 years) and

56.2% were women. Most of the surgeries were right-

sided hemicolectomy (n = 261, 67.6%), and two-thirds

of the surgeries were laparoscopic (n = 252, 65.3%).

154 patients (40%) had postoperative complications

with 92 (24%) patients having surgical and 62 (16%)

non-surgical complications. According to the Clavien–
Dindo classification, 69 (18%) patients had severe com-

plications (Grades III–V). Reoperation was needed in

39 patients (10%), most commonly due to anastomotic
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leakage (n = 19). Three per cent of patients who lived

at home before surgery were discharged to nursing

homes. Postoperative adjuvant chemotherapy was given

to 80 patients (21%), the majority of whom (n = 67,

84%) had Stage III disease. Of patients with Stage II

tumour, 7.3% (13/176) received adjuvant treatment

mainly due to a pT4 tumour. The detailed data of

patients’ baseline and clinical characteristics as well as

complications and early postoperative outcomes have

been described elsewhere [8]. Of the study population,

29 patients died within 3 months after surgery, mainly

due to cardiovascular causes or surgical complications.

The baseline and clinical characteristics of the 357

patients who survived over 3 months after surgery are

shown in Table 1.

Follow-up and survival

Of the whole cohort, a total of 232 patients (60.1%)

died during the follow-up period (median follow-up

6.3 years, ranging from 1 day to 14 years). Therefore,

the overall survival rate was 39.9%. The 1-year survival

rate was 85% (327/386), and the 3- and 5-year rates

were 66% (255/386) and 55% (211/386), respectively.

The median overall survival time was 5.4 years (95% CI

4.72–6.08). For patients who survived the first

3 months after surgery (n = 357), the 1-, 3- and 5-year

survival rates were 92%, 71% and 59%, respectively. The

median survival time for these patients was 5.9 years

(95% CI 5.31–6.48). Age-related survival for patients

who survived over 3 months after surgery is presented

in Fig. 1. The overall median survival time for patients

with no complications was 5.9 years (95% CL 5.30–
6.50), with mild complications 5.2 years (3.87–6.49)
and with severe complications 1.8 years (0.18–3.34).
The survival analysis of complications in patients who

survived over 3 months after operation is shown in

Fig. 2, and the respective survival proportions at 1, 3

and 5 years are shown in Table 2.

Recurrences and adjuvant chemotherapy

The recurrence rate for the whole study population was

17.6% (68 patients). Distant recurrence rate was 15%,

involving liver (27 patients), lung (12 patients), peri-

toneum (17 patients) and pelvis (two patients). Local

recurrence rate was 2.6% (10 patients). According to the

Union for International Cancer Control stages, recur-

rences developed in 8.2%, 8.4% and 32.9% of Stage I,

Stage II and Stage III tumours, respectively. The recur-

rence rate was 8.5% (33 patients) at 1 year, 14.7% (57

patients) at 3 years and 16.1% (62 patients) at 5 years.

The median survival times with tumour Stages I, II and

III in the whole study cohort were 5.9 (95% CI 4.16–
7.58), 6.5 (4.67–8.37) and 3.5 years (2.04–5.01),
respectively. The comparable figures for patients who sur-

vived over 3 months postoperatively were 5.9 years (95%

CI 4.65–7.15) for Stage I, 7.5 years (5.89–9.19) for

Stage II and 4.4 years (3.03–5.75) for Stage III.
Patients with Stage III disease who received postop-

erative adjuvant chemotherapy had a median survival

time of 5.4 years, compared to 2.3 years for those who

did not receive postoperative chemotherapy (P = 0.001,

log-rank). The respective figures for patients who sur-

vived over 3 months after surgery were 5.4 and

3.3 years (P = 0.025, log-rank). The survival analysis

for patients who survived over 3 months with different

tumour stages (I–III) is shown in Fig. 3.

Causes for death

The most frequent causes of death within 3 months after

surgery (n = 29) were cardiopulmonary (55%) and sur-

gery-related (24%) factors. Of the deaths that occurred

after 3 months of surgery (n = 203), 30% were due to

colon cancer, 44% due to cardiopulmonary reasons and

10% due to dementia. The causes of death within and

after 3 months of surgery are shown in Fig. 4.

Factors influencing survival

Univariate Cox regression analysis showed that higher

age, living in a nursing home, diabetes, coronary dis-

ease, congestive heart failure, chronic renal insufficiency,

American Society of Anesthesiologists (ASA) score ≥ 3,

CCI score ≥ 6, open compared to laparoscopic opera-

tion, tumour stage and severe postoperative complica-

tions were associated with poor survival after surgery.

Multivariate Cox regression survival analysis showed

that higher age [hazard ratio (HR) 1.08, 95% CI 1.04–
1.13, P < 0.001], living in a nursing home (HR 1.54,

1.03–2.30, P = 0.034), ASA score ≥ 4 (HR 2.62,

1.32–5.21, P = 0.006), CCI score ≥ 6 (HR 1.47,

1.07–2.01, P = 0.018), tumour Stage III (HR 1.88,

1.40–2.52, P < 0.001), open compared to laparoscopic

surgery (HR 1.41, 1.05–1.88, P = 0.020) and severe

postoperative complications (HR 2.11, 1.49–2.99,
P < 0.001) were independently associated with dimin-

ished overall survival in the whole cohort. For patients

who survived over 3 months after surgery these same

patient-related variables, except chronic renal insuffi-

ciency and type of surgery, were significant in univariate

Cox regression analysis. In multivariate Cox regression

analysis age ≥ 90 years, living in a nursing home, dia-

betes, ASA score ≥ 4 and tumour Stage III were inde-

pendently associated with diminished survival. Detailed

ª 2020 The Authors.

Colorectal Disease published by John Wiley & Sons Ltd on behalf of Association of Coloproctology of Great Britain and Ireland. 22, 1585–1596 1587

S. Niemel€ainen et al. Colon cancer surgery in the aged



analysis data of patients who survived over 3 months

are shown in Table 3.

Discussion

Treatment decisions for colon cancer in the aged popu-

lation have become extremely important as the number

of these patients rises due to increased life expectancy.

The results of this register- and population-based

cohort study of 386 electively operated, non-metastatic

colon cancer patients aged ≥ 80 years suggest that, for

physically and cognitively fit patients, surgical treatment

with curative intent can lead to similar long-term sur-

vival as for younger patients. This is especially true

when the patients survive the critical first 3 months

after surgery.

The study hospitals had standardized protocols for

treatment and follow-up based on national evidence

based medicine guidelines [18], and the nationwide

registers ensured comprehensive death records. There

were no statistical differences in patients’ baseline char-

acteristics, operative outcomes and tumour characteris-

tics between the four operating hospitals. Considering

the older population, it was valuable that we could

identify preoperative morbidity and living arrangements,

although functional ability could not be clarified in

detail. Supporting earlier observations [20,21], postop-

erative complications were common (40%) and almost

half of them (45%) were severe (Grade III–V according

to the Clavien–Dindo classification). As complications

are a major predictor of short-term mortality [8], we

intended to analyse their continued effect among the

patients who survived the early postoperative period,

through longer-term follow-up. Among all patients with

severe complications (Clavien–Dindo III–V), 1-year and
overall survival were 45% and 27.5%. However, those

who survived the first three postoperative months had

survival rates comparable to those with no or mild com-

plications. Thus, preventing complications through pre-

operative health evaluation is essential, especially for

high-risk patients [8].

In 2018, the median life expectancy for Finns aged

80 years and over was 9.9 years for women and

8.2 years for men [22]. In our study (with an average

age of 83 years), the overall median survival time was

5.4 years, increasing to 5.9 years when early postopera-

tive deaths were excluded. The 5-year survival rates

(54.7% in the whole cohort and 59.1% in patients who

survived over 3 months after surgery) are comparable or

slightly higher than the figures reported in the EURO-

CARE-5 study (49% for colon cancer patients aged

75 years or older and 57% for all ages) [23]. The large

SEER database study from the USA shows similar

Table 1 Baseline and clinical characteristics of patients who

survived at least 3 months after surgery.

n, median % (range)

Gender ratio (female/male) 205/152 57/43

Age (years) 83.0 (80–96)

80–84 233 65

85–89 96 27

≥ 90 28 8

Type of living

Home 313 87.7

Nursing home 31 8.7

Not known 13 3.6

Aid at home

No 145 40.6

Yes 109 30.5

Not known 103 28.9

BMI (kg/m2) 25.0 15.4–40.6

< 25 150 42.0

25–29.9 102 28.6

30– 45 12.6

Not available 60 16.8

ASA score

2 34 9.5

3 248 69.5

4 70 19.6

Not known 5 1.4

CCI (modified)

4–5 227 63.6

7–12 130 36.4

Procedure

Right-sided colectomy 250 70.0

Left-sided colectomy 93 26.0

Other colonic resection 14 4.0

Type of surgery

Open 120 33.6

Laparoscopy 204 57.1

Conversion 33 9.2

Postoperative complications

None 229 64.1

Minor complications (CD I–II) 83 23.2

Major complications (CD III–V) 45 12.6

Length of hospitalization (days) 7 2–58

Reoperation 32 9.0

Readmission 23 6.4

TNM stage

1 46 12.9

2 176 49.3

3 135 37.8

Number of lymph nodes 15 0–71

Postoperative adjuvant therapy 80 22.4

Stage III (n = 135) 67 43.3

ASA, American Society of Anesthesiologists; BMI, body mass

index; CCI, Charlson Comorbidity Index; CD, Clavien–Dindo

classification.
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survival rates for Stage II rectal cancers for patients aged

80 years or over treated with resection and neoadjuvant

therapy as for younger patients [24], and patients trea-

ted non-operatively had lower survival than those who

underwent surgery. In an English study, which included

non-operatively treated Stage I–III colorectal cancer

patients over 80 years, the average life expectancy fol-

lowing diagnosis was 1.5 years, and only 20% of

patients survived over 3 years [25]. The non-operative

outcomes are as essential as surgical outcomes to

patients. The authors thus suggested that cancer surgery

is not beneficial for frail aged patients and has higher

risks for postoperative morbidity and reduced survival

than for physically and mentally fit patients. Conversely,

in a recent case series study from the UK, elective surgi-

cal management of carefully selected nonagenarian (over

90 years) patients enabled the majority to return to the

same functional level of care following discharge [26].

Altogether, our data and previous reports show that

elderly patients who are fit enough to survive the early

perioperative period have similar overall survival times

to younger patients. On the other hand, severe ill-

health, living in a nursing home and the occurrence of

complications considerably impair long-term survival.

Generally, chronic conditions and multiple morbidities

increase mortality and prolonged hospitalizations in the
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Figure 1 Kaplan–Meier analysis of age-related overall survival in patients who survived at least 3 months after surgery (P = 0.005,

log-rank).
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Figure 2 Kaplan–Meier analysis of overall survival in patients who survived at least 3 months after surgery with and without com-
plications graded with Clavien–Dindo classification (P = 0.575, log-rank).
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elderly [27], and severe complications are more com-

mon in patients who have preoperative hospitalizations

and who live in nursing homes [28]. Complications and

older age [29] are associated with lower health-related

quality of life after cancer surgery. Thus, careful preop-

erative assessment of physical and cognitive fitness, and

Table 2 Survival proportion at 1, 3 and 5 years of patients who survived at least 3 months after surgery.

Survival proportion (%)

n % 1 year P value 3 years P value 5 years P value

Gender

Male 152 42.6 93.4 0.337 69.7 0.556 59.2 1.000

Female 205 57.4 90.2 72.7 59.0

Age

80–84 233 65.3 92.7 0.163 71.2 0.605 62.2 0.238

85–89 96 26.9 91.7 74.0 54.2

≥ 90 28 7.8 82.1 64.3 50.0

BMI (kg/m2)

< 25 150 42.0 91.3 0.966 70.7 0.972 55.3 0.516

25–29.9 102 28.6 92.2 70.6 61.8

≥ 30 45 12.6 91.1 68.9 62.2

Type of living

Home 313 87.7 92.0 0.729 72.2 0.098 60.1 0.051

Nursing home 31 8.7 90.3 58.1 41.9

Aid at home

None 145 40.6 93.8 0.751 84.1 < 0.001 73.1 < 0.001

Relatives 58 16.2 91.4 58.6 44.8

Other 51 14.3 92.2 58.8 41.2

Hospital admissions

< 6 months

No 266 74.5 91.4 0.643 70.3 0.499 58.6 0.977

One or more 85 23.8 92.9 74.1 58.8

ASA score

2 34 9.5 97.1 0.463 76.5 0.001 76.5 0.002

3 248 69.5 90.7 76.2 61.7

4 70 19.6 91.4 54.3 42.9

CCI (modified)

4–6 302 84.6 92.1 0.434 73.8 0.023 61.9 0.016

7–12 55 15.4 89.1 58.2 43.6

Type of operation

Laparoscopy 204 57.2 94.1 0.140 74.5 0.312 61.8 0.282

Conversion 33 9.2 87.9 69.7 63.6

Open 120 33.6 88.3 66.7 53.3

Postoperative complications

None 229 64.1 92.6 0.180 73.4 0.451 59.8 0.933

CD I–II 83 23.2 92.8 69.9 57.8

CD III–V 45 12.6 84.4 64.4 57.8

Tumour stage

I 45 12.9 95.7 0.031 78.3 < 0.001 58.7 0.003

II 176 49.3 94.3 79.0 67.6

III 135 37.8 86.7 59.3 48.1

Postoperative adjuvant therapy (Stage III)

No 68 50.4 83.8 0.449 51.5 0.080 39.7 0.059

Yes 67 49.6 89.6 67.2 56.7

ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson Comorbidity Index; CD, Clavien–Dindo classi-

fication.
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the provision of accurate and clear information about

treatment options, allows patients to participate in man-

agement decisions and contributes to good outcomes

and long-term patient satisfaction and quality of life.

The leading causes of death in our cohort were car-

diovascular (31%), colon cancer (28%), pulmonary

(14%) and dementia (8.6%). Noticeably, colon cancer is

not the most frequent cause of death in these older can-

cer patients. Diabetes, coronary artery disease and con-

gestive heart failure were important predictors of

mortality in very old age in a large Finnish follow-up

study [27]. The same factors were significantly associ-

ated with reduced survival in our data. In the total

study population, only 3.9% of patient deaths were

directly related to surgery, although patients with severe

surgical complications had greatly reduced median sur-

vival (3.7 months) compared to patients with cardiopul-

monary causes (2.9 years) [8]. However, those patients

with severe surgical complications who survived more

than 3 months had similar long-term outcomes to those

without or with minor complications. In contrast, a

Dutch study reported that severe postoperative compli-

cations were most predictive of diminished long-term

survival [30].

Studies from Spain and Italy show that laparoscopy

is safe in the older population with increased comorbid-

ity and leads to better short-term outcomes than open

procedures and equivalent long-term oncological
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Figure 3 Kaplan–Meier analysis of overall survival in patients who survived at least 3 months after surgery, according to (a) tumour

stage (P = 0.002, log-rank) and (b) adjuvant therapy (P = 0.025, log-rank).
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outcomes [31,32]. A review article from the UK shows

that age is not a risk factor or a limitation for laparo-

scopic colorectal surgery, and even very old patients

may benefit from a minimally invasive approach [33]. In

our study the overall median survival time for patients

operated with a laparoscopic approach (5.8 years) was

significantly better than survival after an open operation

(4.4 years). The knowledge of the benefits of minimally

invasive surgery has changed our study hospitals’ prac-

tices, and laparoscopy is now considered the best

approach for colon cancer surgery for aged patients.

Besides age, high comorbidity burden and complica-

tions, the only significant factor affecting survival was

tumour stage. Long-term survival and recurrent disease

depend on the stage of tumour [30]. Stage III disease

is associated with diminished survival [4,30,34]. The

recurrence rate was 17.6%, with Stage I 8.2%, Stage II

8.4% and Stage III 32.9%. The high proportion of Stage

I recurrences may reflect the quality of individual

pathology reports (lymph nodes counted 10–18 in four

Stage I patients) or tumour biology. Otherwise the

numbers correspond to recent studies from Sweden and

Denmark [35,36]. However, the real rate of recurrences

in our series may have been higher, as further investiga-

tions and treatment may have been stopped by an

unwilling patient or by a physician who considered a

patient too frail or unfit. Some of the patients may have

died from non-cancer-related causes while having recur-

rences. In contrast, patients with Stage III disease

receiving adjuvant chemotherapy had significantly better

overall survival rate compared to patients not having

postoperative therapy, comparable to recent studies

[37,38]. That finding suggests that, for patients fit

enough to survive radical surgery, adjuvant chemother-

apy is advisable.

There are some limitations to our study. Due to its

retrospective nature, detailed information on daily phys-

ical and cognitive functional activity as well as the sever-

ity of the comorbidities could not be documented.

Thus, patients with better health status were likely to be

selected for operative treatment. Exact long-term data

of cancer recurrences was not complete, as invasive

investigations may not have been performed for physi-

cally and cognitively unfit patients. However, our
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Figure 4 Causes of death within and after 3 months of surgery (n = 29 and n = 193).
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Table 3 Factors influencing survival with patients who survived at least 3 months after surgery (Cox regression analysis).

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age (years)

80–84 1

85–89 1.45 1.06–1.99 0.020 1.29 0.91–1.83 0.148

> 90 1.96 1.20–3.20 0.007 1.97 1.14–3.40 0.015

Gender

Female 1

Male 1.12 0.84–1.48 0.450

Type of living

Home 1 1

Nursing home 1.76 1.17–2.65 0.006 1.56 1.01–2.43 0.047

Hospital admissions ≤ 6 months

No 1

Yes 1.06 0.76–1.46 0.746

BMI (kg/m2)

< 25 1

25–29.9 0.89 0.63–1.25 0.506

> 30 0.89 0.57–1.40 0.616

Diabetes

No 1 1

Yes 1.45 1.05–2.01 0.026 1.56 1.07–2.27 0.022

Hypertension

No 1

Yes 1.06 0.80–1.41 0.672

Coronary heart disease

No 1 1

Yes 1.50 1.11–2.01 0.008 0.98 0.69–1.38 0.890

Congestive heart failure

No 1 1

Yes 1.65 1.04–2.63 0.033 1.24 0.69–2.21 0.470

Arteriosclerosis obliterans (ASO)

No 1

Yes 0.710 0.22–2.27 0.563

Renal failure

No 1

Yes 1.61 0.97–2.69 0.067

Celebral stroke

No 1

Yes 1.49 0.99–2.26 0.057

Atrial fibrillation

No 1

Yes 1.28 0.93–1.76 0.130

Chronic pulmonary disease

No 1

Yes 1.38 0.61–3.11 0.442

Rheumatic diseases

No 1

Yes 1.24 0.61–2.51 0.554

Dementia

No 1

Yes 1.22 0.79–1.89 0.378
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findings propose that surgery in aged patients diagnosed

with colon cancer can lead to acceptable long-term out-

comes, comparable with younger patients.

In conclusion, this study extends our earlier findings

[8] and suggests that aged colon cancer patients who are

physically and functionally fit to survive surgery can

achieve acceptable long-term outcomes and survival with

radical surgical treatment and additional chemotherapy.

Further prospective studies are required to identify

patients who are at risk of complications and able to

recover from them as well as the effects of colon cancer

surgery on the quality of life in long-term follow-up.
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Table 3 (Continued).

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Other cancer

No 1

Prostate 1.35 0.77–2.39 0.297

Breast 1.02 0.45–2.32 0.957

Colorectal 1.35 0.66–2.76 0.404

Urinary tract 0.68 0.17–2.73 0.583

Gynaecology 0.77 0.25–2.41 0.652

Other cancer 1.68 1.02–2.77 0.043 0.94 0.51–1.75 0.849

ASA score

2 1 1

3 2.22 1.23–4.02 0.008 1.93 0.99–3.75 0.053

4 3.92 2.05–7.48 < 0.001 3.27 1.53–6.99 0.002

CCI (modified)

4–5 1 1

6–12 1.68 1.26–2.22 < 0.001 1.52 0.99–2.34 0.055

Tumour stage

1–2 1 1

3 1.61 1.23–2.12 0.001 2.04 1.48–2.81 < 0.001

Type of operation

Laparoscopy/conversion 1 1

Open 1.35 1.02–1.78 0.038 1.37 1.00–1.88 0.051

Postoperative complications

CD 0–IIb 1

CD III–V 1.17 0.78–1.77 0.450

Surgical complication

No 1

Yes 1.23 0.88–1.71 0.228

Non-surgical complication

No 1

Yes 1.04 0.71–1.54 0.836

ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson Comorbidity Index; CD, Clavien–Dindo classi-

fication; HR, hazard ratio.
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What does this paper add to the literature? This study showed that aged patients have high morbidity rates 

after curative colon cancer surgery despite modern achievements in operative treatment. However, the fittest 

patients had acceptable and similar operative outcomes to younger patients. Clinical Frailty Scale appears like 

a beneficial screening tool for predicting these adverse events. 

 

Abstract 

Background Identifying risks of postoperative complications may be challenging in older patients with 

heterogeneous physical and cognitive status. The aim of this multicentre, observational study was to identify 

variables that affect colon cancer surgery outcomes and, especially to find tools to quantify the risks related to 

surgery.  

Methods Patients aged ≥80 years with electively operated stage I-III colon cancer were recruited. The 

prospectively collected data included comorbidities, onco-geriatric screening tool (G-8), Clinical Frailty Scale 

(CFS), Charlson Comorbidity Index (CCI), Mini Nutritional Assessment-Short Form (MNA-SF), operative and 

postoperative outcomes.  
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Results A total of 161 patients (mean 84.5 years, range 80-97, 60% female) were included. History of cerebral 

stroke (64% vs 37%, p=0.02), albumin level 31-34 g/L compared to ≥35 g/L (57% vs 32%, p=0.007), CFS 3-4 

and 5-9 compared to CFS 1-2 (49% and 47% vs 16%, respectively) and ASA >3 (77% vs 28%, p=0.006) were 

related to higher risk of complications. In multivariate logistic regression analysis CFS ≥3 (OR 6.06, 95% CI 

1.88-19.5, p=0.003) and albumin level 31-34 g/L (OR 3.88, 1.61-9.38, p=0.003) were significantly associated 

with postoperative complications. Severe complications were more common in patients with COPD (43% vs 

13%, p=0.047), renal failure (25% vs 12%, p=0.021), albumin level 31-34 g/L (26% vs 8%, p=0.014) and CCI 

>6 (23% vs 10%, p=0.034).  

Conclusion Surgery on physically and cognitively fit aged colon cancer patients with CFS 1-2 can lead to 

excellent operative outcomes, like those of younger patients. CFS could be a useful screening tool for 

predicting postoperative complications. 

 

Introduction 

Colorectal cancer is the second leading cause of cancer death and the fourth most diagnosed malignancy in 

the world (1). The risk of developing colorectal cancer increases with age. Thus, as the world population ages, 

the number of patients experiencing colorectal cancer rises (2). Colorectal cancer surgery in the aged is 

considered high risk for postoperative complications and compromised functional recovery (3). The incidence 

of adverse events with colon cancer surgery ranges from 20% to 76% (4,5,6,7). It is more significant with 

advancing age and frailty, identified as a greater vulnerability in physical and cognitive status (7,8).  

  Old people are a heterogeneous group of patients, so the risk of postoperative complications cannot be 

judged only by chronological age (9). Preoperative risk estimation of postoperative complications, recognition 

of frailty, and identification of patients at greater risk of unfavourable treatment consequences are essential for 

optimising aged patients for surgery and thereby improving postoperative outcomes (10,11).  

  Tools used in the preoperative comprehensive geriatric assessment of onco-geriatric surgical patients are 

often time-consuming and require special training and knowledge of gerontology (12). Clinical Frailty Scale 

(CFS) has been developed for rapid frailty screening without the need for specific geriatric expertise or 

functional testing (13). The only prospective study concerning CFS and postoperative complications in older 

patients after elective colorectal cancer surgery concluded that frail patients (CFS ≥4) had more severe 

postoperative complications, leading to higher mortality rates (14). Otherwise, prospective studies in elective 

colon cancer surgery with aged patients focusing on preoperative frailty and postoperative complications are 

lacking. 

  This prospective observational multicentre study aimed to identify characteristics of aged colon cancer 

patients that affect postoperative morbidity and mortality. Special interest was focused on screening tools like 

CFS and their relationship to postoperative outcomes with patients 80 years and over.  

 

Patients and methods 

Study design  

A multicentre, prospective observational cohort study of patients aged 80 years or older with stage I-III colon 

cancer was designed to analyse the impact of surgery on functional ability, complications, and mortality along 

with the predictors of these outcomes. Nine Finnish hospitals participated in the study. The total catchment 



 

 

area was 3.88 million people, representing 70.4% of Finland’s population. Treatment of colon cancer in Finland 

is performed by public health care. Patients were treated at precise hospitals based on their place of residence, 

so the study provided a nationwide spectrum of operative management of colon cancer in the aged. 

  This study followed the STROBE guidelines (15) (Appendix 1). The Ethics Committee of Tampere University 

Hospital and the institutional review boards at each study site approved the study protocol (reference approval 

number R19028). The study was registered in ClinicalTrials.gov (NCT03904121) in April 2019. 

 

Participants 

Recruitment was initiated in April 2019 and, for this study, continued until July 2020. All patients aged 80 years 

or over with recently diagnosed stage I-III colon cancer referred to surgical units for consideration of operative 

treatment were eligible to participate in the study. Patients were informed of the study and gave written 

informed consent. If the patient was cognitively impaired, the consent was provided by a legally authorised 

representative or family member. Patients with metastatic disease, emergency operations, or an expected life 

expectancy of less than six months were excluded. Patients who consented to the study but were treated 

nonoperatively, had metastatic or benign disease at surgery were excluded from the present analysis.  

 

Data collection  

Data was collected prospectively to the electronic case record forms using RedCap (Research Electronic Data 

Capture) database (16). The primary investigator, who was the managing surgeon at each study site, was 

responsible for data collection. The primary investigator or research nurses of each study site were charged 

to ensure that the patient questionnaires (Appendix 1) were completed. Operative data and postoperative 

outcomes were gathered prospectively during hospital stay and at follow-up visits. Patient questionnaires were 

collected before and one month after surgery at outpatient clinics, and surgical follow-ups conducted either by 

telephone call or by mail.  

  The collected clinical data included patient physical and functional characteristics, G-8 (17), CFS (13), 

comorbidities, nutritional status and characteristics of surgical treatment (Appendix 2). Postoperative 

complications were defined and determined using the Clavien-Dindo classification (CD) graded from grade 0 

to V (18). Classes III-V complications were considered severe. Tumours were staged according to the Union 

for International Cancer Control (UICC) TNM classification (19). The number of positive and total number of 

lymph nodes was recorded in every case. The lymph node ratio (LN) ratio (20) was calculated by defining the 

proportion of metastatic lymph nodes from the total number of LNs examined.   

 

Definition of variables 

Age was analysed in three groups of 80-84 years, 85-89 years, and ≥90 years. Body mass index (BMI) was 

categorised into three groups: <24 kg/m2, 24-29 kg/m2 and ≥30 kg/m2 (21).  

  G-8 ranged from 0 to 17. Geriatric evaluation is recommended for patients whose score was ≤14 (17). For 

analyses, patients were divided into three groups: <12, 12-14 and >14 for the clinical facility.  

  CFS was subdivided and analysed in three groups: very fit or fit (1-2), independent but not regularly active in 

daily life or vulnerable (3-4) and frail with severe limitations in daily activities (5-9) (13). 



 

 

  American Society of Anaesthesiologists risk score ASA (22), and age-adjusted Charlson Comorbidity Index 

CCI (23) were used as measures of anaesthesiologist, comorbidity burden and mortality risk. Based on ASA, 

the patients were analysed in three groups: 2, 3 and 4 (the lowest score was 2, as all patients were 80 years 

or older). CCI scores ranged from 4–15 (solid tumour was ignored, all patients received four points for their 

age). Patients were analysed in two groups: ≤6 and >6. 

  Mini Nutritional Assessment–Short Form (MNA-SF) classifies nutritional status as normal (scores >11), risk 

of malnutrition (8-11) or malnourished (<8) (24).  

  Patients with haemoglobin ≤120 g/L (cut-off selected for clinical utility) were considered to have anaemia. 

Albumin was analysed in three groups: ≤30, 31-34 and >34 g/L for clinical relevance. Renal function was 

categorised in three groups based on estimated glomerular filtration rate (GFR), calculated using CKD-EPI 

equation (25): normal to mildly decreased (≥60 mL/min), mildly to moderately decreased (45-60 mL/min) or 

moderately to severely decreased (<45 mL/min) renal function. 

  The LN ratio was analysed in three groups: <10% (LN ratio 1), 10-25% (LN ratio 2) and >25% (LN ratio 3). 

 

Outcomes 

The primary outcome measures were postoperative morbidity and mortality 30 days after primary treatment. 

The complications were graded with CD classification (18). Outcome measures were assessed during the 

hospital stay and at one-month clinical follow-up visits. Multiple complications occurring in the same patient 

were independently rated, and the highest CD grade experienced was used in the analyses. 

 

Sample size 

The sample size calculation for postoperative complications was based on earlier studies (4,5,6,7) showing 

21% incidence of complications in fit patients and 48% in frail patients. To identify 2-fold differences in 

complication rates with α value of 0.05 and 80% power, it was calculated that 96 patients needed to be recruited 

and analysed. 

 

Statistical analysis 

Percentages were used to describe demographic data and the occurrence of outcomes. The median and range 

were calculated for age, preoperative laboratory values, body mass index (BMI), operation time and 

perioperative blood loss. Associations between the categorical variables were tested with the Chi-Square-test 

or the Fisher's exact test, when appropriate. Uni- and multivariate analysis of the factors influencing morbidity 

and mortality were carried out using logistic regression. Results are shown as odds ratios (OR) with 95% 

confidence interval (95% CI). All variables that were statistically significant (p<0.005) in the univariate model 

were included in the multivariate model. Statistical analyses were performed by using SPSS version 26. 

 

Results 

Patients and clinical characteristics 

Of the 241 eligible patients, 180 (75%) patients consented to participate. Eleven patients were treated non-

operatively because of their age or personal refusal, declined functional status or risk of anaesthesia due to 

severe comorbidities. Most of the non-operatively treated patients were considered frail (CFS ≥5; 90%) and to 



 

 

have increased risk of postoperative complications and recovery (G-8 ≤14; 100%, ASA ≥3; 100%, CCI >6; 

70%). Eight patients were excluded because of metastatic or benign findings in operation or pathological 

sample. Figure 1 shows patient flowchart.  

   Altogether 161 patients were included in the study. The median age was 84.5 years (range 80-97 years and 

60% were female. Most patients had an ASA III classification (67%), and CCI score ≤6 (62%). Almost all 

patients scored ≤14 (92%) in G-8, and 77% were considered vulnerable or frail (CFS ≥3). Most of the patients 

(91%) were at risk of malnutrition or malnourished (MNA-SF<12). Table 1 shows patients` baseline 

characteristics.  

  TNM-stages were as follows: stage I 29 patients (18%), stage II 86 patients (54%) and stage III 45 patients 

(28%). Lymph node ratio was as follows: 84% ratio 1, 10% ratio 2 and 6% ratio 3. Postoperative adjuvant 

therapy was given to 27% (12/45) of stage III patients.  

  Most of the operative procedures were performed for right-sided colon cancer (65%). An intended 

laparoscopic resection was performed in 122 patients (76%), and 15 cases (9.3%) were converted to open 

surgery due to anatomical or technical reasons. Median operation time was 129 min (range 54-433 min) and 

blood loss 50 ml (range 0-2390 ml). The median length of stay in the operating hospital was five days (range 

2-36 days). Ninety patients (56%) were discharged home and the rest of the patients to other hospitals or 

primary healthcare centre wards.  

  

Morbidity and mortality 

Overall postoperative morbidity was 41% (66/161) with 24% (39/161) of patients having surgical complications. 

The most common surgical complications were ileus (12%), anastomotic leakage (5%), superficial surgical site 

infections (3.6%) and wound dehiscence (2.5%). Four patients had iatrogenic bowel perforations, and one 

patient had postoperative colon necrosis. Sixteen patients (10%) were reoperated. The reasons for 

reoperations were anastomotic leakage (8/16), iatrogenic bowel perforation after the primary operation (4/16), 

wound dehiscence (2/16), colon necrosis after right hemicolectomy (1/16) and unclear abdominal infection 

(1/16). The most common non-surgical complications were cardiovascular 6% (9/161) and pulmonary 8% 

(12/161). One patient had a massive cerebral stroke, causing permanent disability. Nine patients had both 

surgical and non-surgical complications. According to the CD classification, 15% (24/161) of patients had 

severe complications. Table 2 shows postoperative complications and figure 2 incidence of complications 

compared to CFS. 

  Readmission within 30 days of discharge occurred for 13 patients (8.1%). Nine had surgical, and four had 

non-surgical reasons for readmission. One patient needed reoperation because of new anastomotic leakage 

after primary relaparotomy with re-resection. The third operation was finished with protective stoma formation. 

  The overall 30-day mortality rate was 1.9% (3/161), but 8.3% (2/24) for those with CD grade III-IV 

complications. One patient died on the 23rd postoperative day after prolonged ileus and two reoperations due 

to wound dehiscence. One patient died on the 25th postoperative day, after relaparotomy for anastomotic 

leakage and peritonitis. The third patient died on the 18th postoperative day from complications of ischemic 

heart disease.  

 

Predictors of postoperative complications 



 

 

Postoperative complications were significantly more common with patients with a history of cerebral stroke 

(64% vs 37%, p=0.02), albumin level 31-34 g/L (57% vs 32% in patients with albumin ≥35 g/L, p=0.007), CFS 

3-4 and 5-9 (49% and 47% vs 16% in CFS 1-2, respectively) and ASA >3 (77% vs 28%, p=0.006). In patients 

with CFS 5-9, non-surgical complications were more common than surgical complications (34% vs 25%), 

whereas in patients with CFS 1-2, both complication types were equally common (8% vs 11%). Age, BMI, 

preoperative hospital admissions, polypharmacy, comorbidity burden, G-8, nutritional status, anaemia, type of 

operation, duration of operation or operative blood loss were not associated with increased rates of 

complications. In multivariate logistic regression analysis CFS ≥3 (OR=6.06, 95% CI 1.88-19.5, p=0.003) and 

albumin level 31-34 g/L (OR=3.88, 1.61-9.38, p=0.003) were significantly associated with postoperative 

complications. AUC for all complications was 0.747, (95% CI 0.67-0.83). Table 3 shows predictors of 

postoperative complications. 

  Severe complications (CD III-V) were significantly more frequent for patients with chronic obstructive 

pulmonary disease COPD (43% vs 13%, p=0.047), renal failure (25% vs 12%, p=0.021), albumin level 31-34 

g/L (26% vs 8% in patients with albumin >34 g/L, p=0.014) and CCI-score >6 (23% vs 10%, p=0.034). Patients 

with CFS 3-4 and 5-9 seemed to have more severe complications (OR 3.40, 0.73-15.9, p=0.121 and OR 4.63, 

0.93-23.0, p=0.061) compared to patients with CFS 1-2, but the differences were not statistically significant. In 

multivariate logistic regression analysis, albumin level 31-34 g/L (OR 4.39, 1.31-14.7, p=0.017) was the only 

Significant variable causing postoperative complications. AUC for severe complications was 0.756, (95% CI 

0.65-0.86). Table 4 shows predictors of severe postoperative complications. Figure 3 shows distributions of all 

and severe postoperative complications, according to CFS. 

 

Discussion 

This prospective study demonstrated that CFS (13) predicts early postoperative complications following 

elective curatively aimed colon cancer surgery with aged patients. Patients, who are vulnerable or frail with 

CFS scores ≥3 or have severe comorbidities, had significantly more complications than fit patients with CFS 

scores 1-2, whereas age did not affect postoperative outcomes. On the contrary, fit patients managed 

exceptionally well and showed a very low complication rate and mortality. Altogether these results emphasise 

the importance of patient assessment irrespective of chronological age (26).  

  The study sample represented only colon cancer patients as they have homogenous treatment strategies 

compared to rectum cancer patients.  Our study showed higher frequency of right-sided colon cancers and 

female patients, which is in line with previously reported studies of aged patients (6,27). Colon cancer surgery 

is performed in Finland by surgeons specialised exclusively in colon operations following uniform, standardised 

protocols for colon cancer treatment (28). The study sample is nationally representative providing realistic and 

novel information on postoperative outcomes of aged patients.  

  Our study showed high morbidity rates in the early postoperative period. Almost 41% of the patients 

developed postoperative complications, and 15% had severe complications. These figures are comparable to 

other studies of colon cancer surgery in the aged (5,6,7). Complications were overrepresented in patients who 

were well-managing but inactive or mildly frail (CFS 3-4) and frail (CFS 5-9) compared to fit patients (CFS 1-

2) with complication rates of 49% and 47% vs 16%. This indicates that fit aged patients can manage invasive 



 

 

surgical treatments like their younger counterparts (4). On the other hand, particularly vulnerable patients might 

benefit from preoperative medical optimisation and comprehensive geriatric assessment (29). 

  Previous studies verified that aged patients with severe complications have a disproportionately high risk of 

30-day and 1-year mortality (3,6). In this study, the 30-day mortality rate was 1.9% and 8.3% in patients with 

severe complications, showing a remarkable decline from mortality rates previously reported in Finland and 

Netherlands (6,30). The enhanced recovery after surgery (ERAS) protocol and mini-invasive surgery were 

well-established in the recruiting hospitals (31,32). Thus, the significant improvement in mortality rates 

indicates improved preoperative risk assessment and optimisation, counselling and awareness of frailty 

together with nationwide standardisation and advancements in modern multidisciplinary treatment. 

  Nutritional prehabilitation was implemented at some of the study hospitals (33) but is not standard nationwide 

and may not cover all patients. This might explain excess complications with patients with mildly reduced 

albumin level (31-34 g/L) than patients with clearly abnormal albumin, suggesting probable malnutrition. On 

the other hand, BMI had no effect, and thus it should not be used alone for evaluation of nutritional state.  

  Frailty is identified as a significant predictor of postoperative complications leading to greater health care 

utilisation and higher mortality (8,14). Our study focused on the growing population of colon cancer patients 

aged 80 years or over with even more significant heterogeneity in physical and cognitive status. Notably, most 

patients lived at home before surgery, but only 56% returned directly to home after operative treatment 

emphasising the major impact of surgery on functional recovery. Our findings demonstrated that patients with 

pre-existing frailty and morbidity express an excess number of complications, corroborated by a recently 

published meta-analysis (34). 

  CFS approved to be a beneficial tool for assessing preoperative daily physical and cognitive activities and 

independence. At present, only few surgical units have readily available geriatric services for comprehensive 

assessment, so easily implemented frailty screening tools are helpful for surgeons. We grouped patients in 

three categories (CFS 1-2, 3-4 and 5-9), as we wanted to demonstrate the importance of identifying patients 

with possible vulnerable physical status. CFS ≥3 was the only screening parameter, which significantly showed 

association with adverse outcomes. Patients with CFS 3-4 can be challenging for a surgeon to identify, as they 

can manage well independently and live with mild frailty. 

  Although an observational study cannot answer the question if the surgery is beneficial or not, performing a 

randomised trial in this patient group is not realistic. Instead, it is clinically more relevant to study outcomes in 

an observational setting with less selection bias and more relevance to real-life settings. The strengths of this 

study included the fact that it examined a representative, nationwide cohort, treated at several secondary and 

tertiary care hospitals instead of single-centre analysis with uniform and standardised protocols during 

perioperative period (ERAS protocol). 

  There are some limitations to this study. It was acknowledged that the tests used (G-8, CFS and MNA-SF) 

represented screening tests, and geriatric evaluation would be needed for precise diagnosis of frailty and other 

geriatric syndromes. Although we did not do cognitive testing, CFS gives some insight into cognition, and it 

can be anticipated that patients with CFS 1-2 had no or only mild cognitive impairment. The sample size was 

not quite sufficient for the analysis of predictors of severe complications. More extensive patient data is needed 

to confirm the possible prognostic trends such as with CFS, ASA, MNA-SF and GFR. Moreover, a longer 

follow-up would be necessary to evaluate the complete impact of invasive cancer treatment (3,35). Future 



 

 

studies from this multicentre data will focus on long-term results with outcomes and especially functional 

recovery.   

  In conclusion, this study showed that aged patients have high morbidity rates after curative colon cancer 

surgery. However, the fittest patients had excellent operative outcomes, like younger counterparts. Surgeons 

should not abstain from curative surgery based only on age or comorbidities. Conversely, modern treatment 

decision-making should complement preoperative risk assessment with the considered use of CFS and 

counselling jointly with patients and their family.   
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