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Background
 
Colorectal cancer is currently the third most common malignancy in the Netherlands 
and its incidence has almost doubled in the last twenty years (Figure 1).1 Concurrent 
with the rise in global life expectancy and ageing of the population, the number of 
older patients with newly diagnosed colorectal cancer has increased greatly in the 
last decade. These elderly patients currently account for the majority of patients 
presenting with colorectal malignancies.1 

 

Surgery remains the cornerstone of therapy for colorectal cancer but it comes with a 
considerable risk of treatment-related morbidity and mortality, especially in elderly 
patients who are more prone to adverse events following colorectal resection.2 When 
complications occur, these patients fare significantly worse and suffer from excess 
mortality-rates throughout the first year after surgery.3,4 Only once they live through 
the first postoperative year, does cancer-specific survival become equal for younger 
and elderly patients.4 
Over the past decades, colorectal treatment modalities have made an enormous 
leap in technological development. Minimally invasive surgery has gained wide 
acceptance in a variety of indications for abdominal surgery and appears to result 
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in pain reduction, decreased blood loss and faster recovery.5-7 However, to date, it 
is unclear if older patients will benefit as much as younger patients from technical 
advances in the treatment of colorectal cancer. 
The paucity of evidence for the effectiveness of (surgical) therapy in elderly 
colorectal cancer patients, leaves questions regarding their optimal treatment 
strategy unanswered. Guidelines on colorectal cancer are based on studies that 
have generally excluded elderly and those with comorbidities.8,9 Moreover, ageing 
is an individual process that comes with a wide variety of health issues, functional 
impairments, loss of physical reserves and geriatric conditions.10 As a result, 
treatment recommendations for younger, fit patients cannot automatically be 
extrapolated to the heterogeneous elderly population. Therefore, the decisions on 
optimal management for the growing number of elderly colorectal cancer patients 
can pose significant challenges to cancer specialists. Collaboration with geriatricians 
is increasingly being sought to optimise the decision-making process. However, such 
initiatives are complicated by the lack of elderly-specific data from clinical trials or 
even observational cohort studies on which to base such decisions.

Aim and outline of the thesis
The aim of this thesis was to study the current technological advances in the 
surgical treatment of colorectal cancer, to assess whether the benefits of these 
developments are applicable to the elderly population, and to evaluate decision 
making and multidisciplinary care for the most vulnerable colorectal cancer patients. 
The thesis comprises three parts. 

In Part I, technical advances in the surgical management of colorectal malignancies 
and pre-malignant adenomas are explored. In Chapter 2 the results of a comparative 
cohort study between laparoscopic and conventional surgery for low rectal cancer 
are presented. Chapter 3 describes the functional outcome of transanal minimally 
invasive surgery (TAMIS) for rectal adenomas. In Chapter 4, a review of randomised 
clinical trials comparing laparoscopic surgery for colorectal cancer with conventional 
surgery is presented in which the incidence of non-surgical (especially cardio-
pulmonary) complications in short-term results is analysed.  

Part II focuses on decision-making for elderly patients with colorectal cancer. This 
requires knowledge on the current practice of care and outcome of treatment, in 
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addition to insights on whether the best available evidence for treatment options 
in colorectal cancer are applicable to the elderly population. Chapter 5 addresses 
current care for elderly patients with low rectal cancer. Delivered treatment 
modalities in different age groups are compared to guidelines on rectal cancer 
standard at that time and outcome of surgical treatment in elderly is compared to 
results in younger patients. In Chapter 6, the survival following laparoscopic and 
conventional surgery for colorectal cancer in the Netherlands between 2008 and 
2011 is presented for both younger and elderly patients. Chapter 7 focuses on the 
applicability of data from randomised trials on laparoscopic colorectal surgery for 
elderly patients and their representation in these trials. 

In Part III, multidisciplinary care with geriatric expertise for elderly cancer patients 
is evaluated. In Chapter 8, a literature review on the effect of geriatric assessments 
on decision-making in oncologic care is presented. Chapter 9 describes the 
results of a national survey of cancer specialists and geriatricians on their use of 
geriatric evaluations for elderly cancer patients and their opinions on the possible 
improvements as well as obstacles hindering the implementation of a geriatric 
oncology programme. The outcome of a consecutive series of geriatric consultations 
for elderly cancer patients is outlined in Chapter 10.  

Finally, Part IV of this thesis summarises the main findings of the research done, 
discusses where we stand in the care for elderly colorectal cancer patients and 
addresses future perspectives.

Chapter 1
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Abstract
Background 
Laparoscopic resection for low rectal cancer remains controversial and large 
randomised studies on oncologic outcome are lacking. The objective of this study 
was to analyse the short-term results of laparoscopic resection versus conventional 
total mesorectal excision (TME) for low rectal cancer (≤10cm from the anal verge).

Methods 
The institutional colorectal surgery-database was reviewed and 166 consecutive 
patients operated for low rectal cancer between 2006 and 2011 were included in this 
analysis which focuses on the first 18 months of follow-up.

Results 
Eighty patients underwent conventional TME whereas 86 patients underwent 
laparoscopic TME. Patient characteristics were comparable between groups. 
Conversion rate was 17%. Laparoscopic rectal resection resulted in significantly 
less blood loss (200ml versus 475 ml, p<0.001) and a 3 days shorter hospital stay 
(median 7 versus 10 days, p=0.06). Oncologic results from resected specimens 
were comparable, although significantly more lymph nodes were harvested in 
laparoscopic resections (median 13 versus 11, p=0.005). Disease-free survival after 
curative resection was better in the laparoscopic group (p=0.04), but this was no 
longer significant after correction for potential confounders.

Conclusion 
In this analysis of laparoscopic versus conventional TME for low rectal cancer, 
laparoscopic surgery provides less blood loss and a shorter hospital stay 
while median operation time was similar. More lymph nodes were harvested in 
laparoscopic resection and a trend towards better disease-free survival was noticed.

Part I Chapter 2
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Introduction
Laparoscopic resections are performed with increasing frequency for the treatment 
of colonic cancer. Benefits of laparoscopic surgery have been extensively described, 
such as shorter length of hospital stay, pain reduction, decreased intra-operative 
blood-loss, shorter duration of postoperative ileus, earlier return to functionality, 
while oncologic results are similar to a conventional surgical approach.1-5 For rectal 
cancer, there is less evidence on outcomes after laparoscopic resections. Several 
cohort studies and one small randomised clinical trial have shown that laparoscopic 
resection in rectal cancer is safe.6-9 However, there are few randomised clinical 
trials that find similar disease-free survival and local recurrence rates comparing 
laparoscopic Total Mesorectal Excision (TME) with conventional TME.10 Long-term 
data from large randomised trials such as the COLOR II trial are awaited.11, 12  
Laparoscopic rectal resection can be challenging, is shown to have a high morbidity 
rate13 and a long learning curve. One concern is a higher rate of circumferential 
resection margin (CRM) positivity for tumours in the lower rectum,14-18 due to poor 
visibility and exposure in the pelvis, and a relatively thin mesorectal envelope in the 
distal rectum. Furthermore. the current available stapler devices can be inadequate 
to perform an adequate distal resection, especially in the narrow male pelvis. 
Fibrosis caused by chemoradiation or radiotherapy can cause further difficulties 
in laparoscopic surgery, especially as tactile feedback is limited. Therefore, 
laparoscopic TME is still controversial. On the other hand, laparoscopy could provide 
a superior (magnified) view of the pelvic structures and may therefore aid in complex 
resections of distal tumours as well as improved identification of the anatomy in the 
narrow pelvis. 
In this study we analysed the short-term results of laparoscopic versus conventional 
TME for tumours in the distal rectum in a consecutive series of patients operated at 
a large teaching hospital in the Netherlands.

Laparoscopic versus conventional TME
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Materials and Methods
Design
Data from patients undergoing resection for rectal cancer in the distal rectum (≤10 
cm from the anal verge) were collected in a prospective colorectal surgery-database. 
In the present study we reviewed this database for short-term surgical and oncologic 
outcomes comparing laparoscopic versus conventional resection of low rectal 
cancer. This study was approved by the local research and review committee. All 
patients consented to undergo either conventional or laparoscopic rectal resection. 

Patients
From July 2006 to January 2012, consecutive patients undergoing conventional or 
laparoscopic rectal resection for rectal cancer in the lower rectum (≤10 cm from 
the anal verge, measured by digital rectal examination, rigid or flexible rectoscopy, 
flexible colonoscopy or radiographically), were included.
Patients who underwent a rectal resection for benign or premalignant disease were 
excluded from this study.  

Standardised procedure
All patients underwent a standardised procedure according to the Dutch Guidelines19 
and a multimodal rehabilitation program. The clinical work-up consisted of a total 
colonoscopy, computed tomography (CT) of the abdomen, rectal magnetic resonance 
imaging (MRI) and chest X-ray.
All patients were considered in a multidisciplinary team for neoadjuvant therapy. 
Data on neoadjuvant treatment were routinely recorded in the database.
Neoadjuvant therapy was not offered to patients with severe comorbidity and 
patients who underwent an emergency procedure. For patients with a clinical stage 
T4 and or/N2 status, neoadjuvant therapy consisted of chemoradiation (capecitabine 
825 mg/m2 twice daily and 25 radiotherapy fractions of 2 Gray); all others were 
offered preoperative radiotherapy of 5 times 5 Gray. Surgery was planned within 
10 days after completion of radiotherapy or 5-6 weeks after completion of 
chemoradiation therapy.  
The surgical strategy (laparoscopic TME versus open TME) was decided by either a 
certified colorectal surgeon or by a general surgeon enrolled in a coloproctology 
fellowship. All patients were assessed and optimised preoperatively where 
applicable by an anaesthesiologist for perioperative risks. Bowel preparation and 
perioperative antibiotic prophylaxis were given routinely. 

Part I Chapter 2
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All resections were performed according to the TME principles20, 21 by or supervised 
by two specialised colorectal surgeons, skilled in laparoscopic colorectal surgery. If 
required for whatever reason, surgery could be converted from a laparoscopic to a 
conventional approach. A temporary deviating ostomy was placed at the surgeon’s 
discretion. 
Resection was considered curative when no distant metastasis were present and 
resection margins were tumour negative. Patients less than 80 years of age with 
node-positivity and/or patients with a stage T4 tumour as well as angiolymphatic 
invasion were offered a consultation with an oncologist to discuss the need for 
postoperative adjuvant chemotherapy. Data on type of adjuvant treatment were 
routinely recorded in the colorectal database.
Standard follow-up consisted of regular out-patient visits at 3-month intervals for 
the first year and 6 months intervals thereafter. The follow-up included physical 
exams and carcinoembryonic antigen (CEA) assay at each visit, chest X-ray and 
hepatic ultrasonography yearly. One year after surgery, a colonoscopy was  
routinely performed. 

Data collection and outcomes
Data were collected by an independent observer using an electronic database. The 
following data were included: age, sex, comorbidity (using the American Society of 
Anaesthesiologists (ASA)-score and Charlson comorbidity index,22 BMI, polypharmacy 
(patient using 5 or more medications), history of abdominal surgery, distance of 
rectal tumour from the anal verge, type of neoadjuvant treatment, surgical treatment 
data (type of surgery, duration of operation, blood loss, conversion, type of 
anastomosis, requirement of ostomies, intra-operative complications), postoperative 
data (number of ICU-days, hospital stay, number of blood transfusions needed, 
complications, re-interventions, re-admissions and mortality), oncologic data 
(tumour stage, type of neoadjuvant treatment,  pathologic specimen data, form of 
adjuvant treatment), and follow-up. Conversions were classified as early (occurring 
within 30 minutes from start of the operation) or late. Postoperative complications 
were categorised as major or minor according to the classification by Bakx et al.23 

Statistical analysis
Data were analysed by the intention-to-treat-principle. Statistical analysis was 
performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) for windows. Statistical 
significance was defined as p<0.05. For comparisons between surgical procedure 
groups, the Chi-square test was used for nominal and ordinal variables. The Anova 
test was used for continuous variables. To compare overall and disease-free survival 
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within 18 months of follow-up, Kaplan– Meier survival curves were assessed using 
a log-rank analysis. To determine which baseline characteristics and outcome 
parameters were associated with mortality in the 18 months following curative 
rectal resection, a Cox regression analysis was performed. For each variable, the 
Cox proportional hazards assumption was tested using the log-minus-log plot. 
Accordingly, a univariate Cox-regression analysis was performed to determine 
which factors were associated with mortality in the 18 months following curative 
rectal resection. Factors with a p-value ≤ 0.20 were subsequently included in the 
multivariate analysis. A backward selection procedure was applied, accepting a 
p-value of p<0.05. A similar procedure was followed for disease-free survival.

Results
Patient population
From July 2006 to January 2012, 166 resections for rectal cancer in the distal rectum 
(≤10 cm from the anal verge) were performed. There were 100 men (60%) with median 
age of patients was 68 (37-91) years. The laparoscopic group (LAPTME) consisted of 86 
(52%) patients, and the conventional group (CONTME) consisted of 80 (48%) patients. 
Patient characteristics are displayed in Table 1.
Fifteen patients (9%) had synchronous metastatic disease and in nine cases (5%) a 
deviating colostomy was placed prior to neoadjuvant treatment and rectal surgery 
because of intestinal obstruction. In addition, 136 (82%) of patients received 
neoadjuvant treatment: 78 (47%) patients received radiation therapy prior to surgery 
and 58 (35%) received chemoradiation therapy. 
Fifty patients (30%) had a history of prior abdominal surgery, two of which due 
to colon cancer. Seventeen patients (10%) were scored as ASA-score of 3-4, the 
remainder were ASA 1-2 patients. The mean Charlson comorbidity index score was 0.5 
and nine patients (5%) scored 3 or more. 

Surgical and oncologic outcome
In 106 (64%) patients a low anterior resection was performed (LAPTME 56/86 - 
65%; CONTME 50/80 - 63%) while in the remaining patients an abdominoperineal 
resection was performed. Of the 106 with a low anterior resection, 41 patients (40%) 
received a permanent colostomy (LAPTME 20/56 - 36%; CONTME 21/50 - 42%), while 
the remaining 60 patients underwent resection with performance of an anastomosis, 
with or without a protective ostomy. 
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During the study period the proportion of rectal resections performed 
laparoscopically increased significantly. In the first half of the study period 22% of all 
rectal resections were laparoscopic compared to 75% in the second half (p<0.001).
In the laparoscopic TME group 15 of 86 procedures (17%) were converted to 
conventional resection. In five cases conversion was deemed necessary because 
of tumour-related causes. In three cases this was because of tumour fixation and 
inability to dissect without tactile feedback. The other two conversions were because 

Table 1. Patient characteristics

TME: Total Mesorectal Excision; ASA: American Society of Anaesthesiologists; BMI: Body Mass Index;  
RT: radiotherapy, CHRT: chemoradiation therapy; CHT: chemotherapy; n.s.: not significant
All values in parentheses are percentages unless stated otherwise.

Laparoscopic 
TME
(n=86)

Conventional  
TME
(n=80)

P

Male
Median age (range)
Median distance to anal verge (range)
Year of surgery
     2006-2008
     2009-2011

Previous abdominal surgery
ASA 3-4
Mean Charlson comorbidity index22 (range)
Charlson comorbidity index ≥ 2
Median BMI (range)
Neoadjuvant short-course RT 
Neoadjuvant CHRT 
Adjuvant CHT

Pathological tumour stage according to  
Dukes classification
   - A: T1-2, N0, M0
   - B: T3-4, N0, M0
   - C: T1-4, N1-2, M0
   - D: T1-4, N1-2, M1
Complete remission after CHRT

53 (62)
68yrs (37-91)
5cm (1-10)

16 (22)
70 (75)

22 (26)
7 (8)
0.5 (0-4)
11 (13)
25 (16-40)
44 (51)
26 (30)
26 (30)

22 (26)
17 (20)
36 (42)
6 (7)
6 (7)

47 (59)
68yrs (39-88)
5cm (1-10)

57 (78)
23 (25)

28 (35)
10 (13)
0.5 (0-4)
7 (9)
25 (18-39)
34 (43)
32 (40)
18 (23)

16 (20)
23 (29)
30 (38)
9 (11)
3 (4)

n.s.
n.s.
n.s.

<0.001

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

n.s.
n.s.
n.s.
n.s.
n.s.

Laparoscopic versus conventional TME
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Table 2. Operative outcome

TME: Total Mesorectal Excision; APR: abdominoperineal resection; LAR: low anterior resection;  
ST: surgical treatment; MOF: Multi Organ Failure; ICU: Intensive Care Unit
a A patient could have had more than one complication. 
b Complications were categorised as described by Bakx et al.23 
c Leading to percutaneous drainage or conservative treatment

Laparoscopic 
TME (n=86)

Conventional  
TME (n=80)

P

APR
LAR 
Median operation time in minutes (range)
Median blood loss in ml (range)
Number of patients requiring blood transfusions (range)
Protective ostomy in patients undergoing LAR

Number of patients with postoperative complicationa

Major complicationsb

• Anastomotic leakage leading to
• reoperation
• fistula

• Postoperative haemorrhage (ST)
• Intra-abdominal abscess (ST)
• Mortality (30-day)
• Sepsis/MOF
• Pulmonary embolism
• Myocardial infarction
• Long-term fecal incontinence
• Perineal wound dehiscence/abscess (ST)
• Small bowel obstruction (ST)
Minor complicationsb

• Perineal wound dehiscence (conservative)
• Complication of colostomy
• Complication of protective ostomy
• Intra-abdominal abscessc

• Small bowel obstruction (conservative)
• Abdominal wound infection
• Urinary tract infection
• Urinary retention 
• Pneumonia
• Deep venous thrombosis

Re-operation
Other re-intervention
Median hospital stay in days (range)
Median number of days on ICU
Re-admission 

30 (35)
56 (65)
146 (74-233)
200 (0-2500)
10 (12%)
32/56 (57%) 

23 (27%)
10 (12%)

3
1
2
0
1
1
0
0
0
2
3
13 (15%)
1
4
0
4
0
1
1
2
1
0

12 (14%)
1
7 (3-141)
2 (0-6)
10 (12%)

30 (38)
50 (63)
130 (63-236)
457 (0-3000)
21 (26%)
24/50 (48%)

30 (38%)
12 (15%)

1
2
1
0
2
4
0
0
0
1
2
18 (23%)
3
2
0
3
6
4
1
4
3
0

10 (13%)
4
10 (3-93)
2 (0-48)
11 (14%)

0.06
<0.001
0.02
0.35

0.14
0.52

0.22

0.01

0.78
0.15
0.06
0.11
0.68
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of tumour size and inability to get an adequate overview of the pelvis with a bulky 
tumour. All tumour-related conversions were late conversions. Five conversions were 
due to adhesions after prior abdominal surgery (four early conversions, one late). 
In three patients retracting was difficult due to obesity (all early conversions). In 
two late conversions overview was difficult due to fibrosis after chemotherapy, and 
because of a narrow pelvis. 
Blood loss was significantly lower after LAPTME as compared to CONTME (median 
200ml versus 457ml, p<0.001) as was the number of patients requiring blood 
transfusion (LAPTME 10 (12%); CONTME 21 (26%), p=0.016, Table 2). Median operation 
time was not significantly different between the two groups (146 minutes versus 130 
minutes, p=0.06). 
Median duration of hospital-stay was seven days (range 3-141) after LAPTME versus 
ten days (range 3-93) after CONTME (p=0.06, Table 2). Fifty-three patients (32%) 
experienced post-operative complications (LAPTME 23/86 - 27% versus CONTME 
30/80 - 38%, p=0.14). According to the classification by Bakx et al23, ten of 86 LAPTME 
patients and twelve of 80 CONTME patients experienced major complications 
(p=0.52). Of these, a total of 7 patients (4%) had an anastomotic leakage (LAPTME 
4/86 – 5% versus CONTME 3/80 – 4%, p=0.77) leading to reoperation or fistula. 
All other complications were minor. In the LAPTME group conservatively treated 
postoperative adynamic ileus was significantly lower as compared to CONTME 
(nil versus six patients, p=0.01). Small bowel obstruction leading to operative 
intervention occurred in three LAPTME patients versus two CONTME. One trocar 
herniation occurred after LAPTME requiring re-intervention. Occurrence of 
complications was associated with longer duration of admission (median 7 days 
versus 11, p<0.001), more ICU-days (0-48 days versus 0-4 days, p=0.001), and  
higher number of patients requiring blood transfusion (16/53 (30%) versus 15/113 
(13%), p=0.009).
In the first month after surgery, one of the 86 laparoscopic TME patients died (due 
to multi-organ failure after anastomotic leakage) and two of the 80 patients in the 
conventional TME group (both due to pneumoseptic complications) (p=0.52). 
Resection was considered curative in 143 patients (86%; LAPTME 76/86 (88%) versus. 
CONTME 67/80 (84%) p=0.39). The pathology results showed an overall tumour 
positive CRM (≤1 mm) in nine cases (5%); five patients after LAPTME and four patients 
after CONTME (Table 3, p=0.82). Two of these patients had synchronous metastasis 
and in three cases a macroscopic irradical (R2) resection was performed (one patient 
underwent laparoscopic resection and the other two conventional rectal resection).
The median number of resected lymph nodes was significantly higher after 
laparoscopic surgery: 13 (range 1-25) after LAPTME versus 11 (range 0-31)  

Laparoscopic versus conventional TME
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after CONTME (p=0.005).
Oncologic outcome in the 18 months following resection is displayed in Table 3. In 
the LAPTME group, seven patients (9%) developed recurrent disease after curative 
resection: one patient had local tumour recurrence, five patients had distant 
metastasis and one patient had both. After 18 months, two patients died from 
recurrent disease despite curative resection. By comparison, in the CONTME group, 
21% of patients experienced disease recurrence after curative resection: one patient 
was diagnosed with a local recurrence, eleven patients developed distant metastasis 
and two patients had both. Of these patients, two died from tumour-related causes 
within 18 months. 
As demonstrated by Figure 1a, there was an overall trend towards less disease 
recurrence after laparoscopic surgery (log-rank p=0.04) but this association was no 
longer significant after correcting for potential confounders (Table 4). Similarly, there 
was a trend toward improved overall survival in the laparoscopic TME group (Figure 
1b, log rank p=0.16) but in the multivariable analysis, only age (hazard ratio 1.11, 95% 
confidence interval 1.04-1.18, p=0.002) was independently associated with overall 
survival (Table 5). 

Table 3. Oncologic outcome in 18 months follow-up

CRM: circumferential resection margin; LNN: lymph nodes; TME: Total Mesorectal Excision;  
n.s.: not significant

Laparoscopic 
TME
(n=86)

Conventional  
TME
(n=80)

P

Curative resection
Median CRM in mm (range)
Tumour positive CRM 
Median number of LNN (range)
Local tumour recurrence after curative resection
Distant metastasis after curative resection
Overall cancer related mortality 

76 (88%)
10 (0-35)
5
13 (1-25)
2
6 (8%)
5

67 (84%)
10 (0-20)
4
11 (0-31)
3
13 (19%)
9

n.s.
n.s.
n.s.
0.005
n.s.
0.04
n.s.
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Figure 1. Kaplan-Meier curve of disease-free survival (a) and overall survival (b)  
in 18 months follow-up after curative resection
 
TME: Total Mesorectal Excision.

a.

b.
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Table 4. Cox-regression analysis of factors associated with disease recurrence within 18 
months after curative rectal resection

ASA: American Society of Anaesthesiologists; BMI: Body Mass Index; LAR: Low Anterior Resection;  
APR: Abdominoperineal resection; HR: Hazard Ratio. 
* Variables with a p-value ≤0.20 (printed in bold font) were included in the multivariable analyses, 
as were potential confounders such as age, sex, ASA classification, Charlson comorbidity index and 
surgical approach (laparoscopic versus conventional resection).

Factor Univariate Multivariable

HR 95%
Confidence
 Interval

P* HR 95% 
Confidence 
Interval

P*

Age
Sex 
ASA 3-4
Charlson Comorbidity Index22

Polypharmacy
BMI
Neoadjuvant therapy
Year of surgery
Laparoscopic resection 
LAR/APR
Surgeon
Dukes tumour stage
Number of lymph nodes resected
Adjuvant therapy
Complications

1.01
1.36
0.50
0.98
1.10
0.92
0.97
0.95
0.64
0.57
1.69
1.11
0.98
1.47
1.22

0.97-1.04
0.53-3.51
0.07-3.72
0.62-1.54
0.42-2.83
0.81-1.05
0.57-1.65
0.74-1.22
0.26-1.59
0.24-1.35
0.72-3.99
0.61-2.04
0.90-1.06
0.57-3.81
0.52-2.90

0.77
0.52
0.50
0.92
0.85
0.22
0.90
0.68
0.34
0.19
0.23
0.73
0.60
0.43
0.65

-
-
-
-

-
0.57 0.24-1.35 0.20
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Discussion 
In this cohort study of consecutive patients who underwent total mesorectal 
resection for distal rectal cancer (≤10cm of the anal verge) we analysed short-term 
surgical and oncologic results of a laparoscopic versus conventional approach. 
Operation time was 16 minutes longer in laparoscopic resections (p=0.06) and 
significantly less blood loss and need for blood transfusions were seen. LAPTME led 
to 3 days reduction in hospital stay, although this was not statistically significant, 
possibly due to group size. There was a trend towards less complications in the 
laparoscopic group, mainly caused by a significant reduction in the incidence of 
postoperative ileus. Oncologic adequacy of resection was similar between groups 
but we found a significantly higher percentage of lymph nodes harvested after 
laparoscopic rectal resection. Although there was a trend towards better 18 month 
disease-free and overall survival in favour of laparoscopic resection for low rectal 
cancer, this association was no longer significant after correction for potential 
confounders. 
Previous studies have shown beneficial effects of laparoscopic rectal resection 
on short-term outcome, but few have focused on tumours of the distal 2/3 of the 
rectum. This group of patients receives more neoadjuvant treatment, causing post 
(chemo)radiation effects. Anatomic coning of the pelvis can make laparoscopic 
surgery for the distal rectum challenging. Furthermore, a current topic of debate 
concerns the limitations in the laparoscopic stapling devices for adequate oncologic 
distal resections.
This analysis demonstrates that laparoscopic resection for low rectal cancer 
is feasible and safe. These findings are supported by previous studies which 
have demonstrated a reduction in the incidence of postoperative ileus and less 
intraoperative blood loss with laparoscopic surgery1,10,12 as well as comparable 
incidence of a tumour positive CRM with either surgical approach.24-26 The latter 
is important since oncologic clearance is a strong predictor for curation, tumour 
recurrence and ultimately survival. Results from other studies also demonstrated a 
higher number of harvested lymph nodes in laparoscopic resections compared to 
conventional rectal resection.10,27

There are other potential benefits from laparoscopic surgery. A smaller surgical 
trauma will decrease immunologic response and preserves postoperative 
immunologic defences.28,29 This may lead to not only a lower incidence of infections 
but also fewer local recurrences and/or distant metastasis, as these defence 
mechanisms are thought to be of importance in preventing tumour spread.30-32 
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Furthermore, in laparoscopy tissue handling tends to be more subtle, with less 
surgical manipulation, further decreasing the spreading of tumour cells.33

Since the introduction of laparoscopic rectal surgery in our hospital, an increasing 
percentage of our patients underwent laparoscopic resection (11% in 2006, 80% in 
2010). This is probably due to improved laparoscopic skills of the surgeons during 
the study period. Expected adhesions are becoming less important in the decision 
to start laparoscopically. Conversion rate in our study was 17%. Only in five patients 
TME could not be completed laparoscopic due to tumour-related reasons. This rate 
is comparable or lower to rates reported in the literature.1,12,34 The number of patients 
with anastomotic leakage is relatively low in our series. Reports in literature of 
anastomotic leakage after laparoscopic rectal resection are varying from 3-13%.1,6,12,35-37 

Table 5. Cox-regression analysis of factors associated with mortality within 18 months after 
curative rectal resection

ASA: American Society of Anaesthesiologists; BMI: Body Mass Index; LAR: Low Anterior Resection;  
APR: Abdominoperineal resection; HR: Hazard ratio.
* Variables with a p-value ≤0.20 (printed in bold font) were included in the multivariable analyses,  
as were potential confounders such as age, sex, ASA classification and Charlson comorbidity index

Factor Univariate Multivariable

HR 95%
Confidence
 Interval

P* HR 95% 
Confidence 
Interval

P*

Age
Sex 
ASA 3-4
Charlson Comorbidity Index22

Polypharmacy
BMI
Neoadjuvant therapy
Year of surgery
Laparoscopic resection 
LAR/APR
Surgeon
Dukes tumour stage
Number of lymph nodes resected
Adjuvant therapy
Complications

1.08
0.95
3.94
1.17
1.54
0.93
0.75
0.88
0.47
1.0
1.86
0.94
1.03
0.72
3.03

1.03-1.14
0.33-2.74
1.23-12.58
0.69-1.98
0.48-4.90
0.80-1.09
0.36-1.56
0.65-1.19
0.16-1.39
0.33-2.97
0.62-5.54
0.49-1.80
0.93-1.14
0.20-2.59
1.05-8.75

0.005
0.92
0.02
0.57
0.47
0.37
0.44
0.88
0.17
0.99
0.27
0.85
0.58
0.62
0.04

1.11
-
-
-

0.37

2.72

1.04-1.18

0.11-1.24

0.89-8.31

0.002

0.11

0.08
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Some have advocated that firing multiple intracorporeal staples across the rectum 
during laparoscopy may lead to a higher incidence of anastomotic leakage.10,37-40 In 
the present study, these articulated laparoscopic stapling devices have also been 
used. The low rate of (clinical) anastomotic leakage may be due to the high amount 
of protective ostomies used in our patient population. This however resembles a 
patient population with cancer in the distal 2/3 of the rectum and a high percentage 
of neoadjuvant treatment, making the decision for placing protective ostomies  
more common.8,37 

This study has some limitations. The decision between a laparoscopic and 
conventional approach was left to the surgeon’s discretion. The motivation behind 
this decision was not recorded in the database, thus leaving some uncertainty on 
the reason for allocation to one group or the other. This may have introduced the 
possible confounding by indication. However, we explored differences between 
the laparoscopic versus conventional group and found no differences in baseline 
characteristics. Another potential limitation is that the patient population was 
heterogeneous, containing all ages and stages of disease. However, this has also 
resulted in a real-life patient population, thus providing an overview of what actually 
happens in daily practice. 

Conclusion
This analysis of short-term results of laparoscopic versus conventional TME for low 
rectal cancer demonstrates that laparoscopic surgery is feasible and safe, resulting 
in similar oncologic outcomes with less blood loss, a trend towards less post-
operative complications and shorter duration of hospital stay. Further randomised 
studies are needed to attribute to the body of evidence of equivalence or even 
superiority of laparoscopic resections compared to conventional resections for distal 
rectal cancer.
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Abstract
Background 
Currently, the preferred method for local excision of rectal polyps is Transanal 
Endoscopic Microsurgery (TEM), avoiding rectal resection. Transanal minimally 
invasive surgery (TAMIS) is a relatively new technique utilising a disposable port 
in combination with conventional laparoscopic instruments. This method is less 
expensive and relatively easy to learn as well as available. Despite wide adoption 
of TAMIS, to date only few series on implementation and use of this technique are 
reported and detailed information its the effect on fecal continence is not available. 
The objective of this study was to prospectively assess the functional outcome 
after TAMIS using Rockwood's Fecal Incontinence Severity Index (FISI) pre- and 
postoperatively.  

Methods
A prospective cohort study was conducted in a large teaching hospital in the 
Netherlands. All consecutive patients undergoing transanal minimally invasive 
surgery were entered in a prospective database. Pre- and postoperative FISI scores 
were compared. Main outcome measures were postoperative surgical and functional 
results.

Results
Between October 2011 and September 2013, 37 patients underwent TAMIS.  Short-
term morbidity-rate was 14% and positive resection margins were reported in 6 
cases (16%). Overall, there was a significant decline in pre- and postoperative FISI 
scores (p=0.02), indicating an improvement in anorectal function after TAMIS for 
patients with impaired preoperative continence. Seventeen patients (49%) had 
impaired continence before TAMIS (mean FISI 21). Continence improved in fifteen 
(88%) of these patients after surgery; no change was observed in one patient 
(6%) and continence further decreased in another. Additionally, eighteen patients 
(51%) had normal preoperative continence (FISI=0), of which 83% had no change in 
functionality and continence decreased in three. 

Conclusion
Short term functional results of TAMIS for rectal polyps are excellent and comparable 
to results using the TEM-equipment. More research on outcome after TAMIS is 
needed to assess morbidity-rates and oncologic clearance.
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Introduction
Currently, the preferred method for local resection of rectal polyps is transanal 
endoscopic microsurgery (TEM). With this technique a full thickness local excision of 
T1 rectal cancers, large polyps and neuroendocrine tumours can be safely performed 
and radical rectal surgery in form of total mesorectal excision (TME) can be avoided. 
However, the specialised instruments for TEM are expensive and the technique has a 
long learning curve.1,2 
It is hypothesised that due to prolonged dilatation of the anorectal sphincter with 
the introduction of a 4cm wide operating rectoscope during TEM, sphincter function 
might be at risk.3,4 However, no clinically significant postoperative fecal incontinence 
has been reported.5,6

Transanal minimally invasive surgery (TAMIS) is a relatively new technique utilising a 
disposable flexible port in combination with conventional laparoscopic instruments 
for local excision of rectal polyps.7,8 The start-up costs for this method are less 
compared to the TEM equipment, although there are ongoing costs per case for 
flexible ports. However, it has to be noted that the cost per case due to disposable 
insufflation equipment used for TEM is similar to the costs of most disposable 
flexible ports. The technique of TAMIS is advocated to be more easy to learn9 and 
since no specialised insufflator or operating rectoscope is needed, it is more readily 
available. Further, this procedure could be performed under spinal anaesthesia.10 
Another major advantage is that all procedures can be performed in supine position 
rather than positioning depending on tumour location as with TEM, thus saving 
theatre time. Although some studies report that no sphincter lesion is noted after 
TAMIS,7,10 to date literature on the functional outcome of TAMIS is lacking. The aim 
of this analysis was to study the feasibility of TAMIS and prospectively assess the 
functional results of TAMIS using Rockwood's Fecal Incontinence Severity Index (FISI) 
pre- and postoperatively.11 
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Patients and methods
All consecutive patients eligible for elective transanal surgery at the TweeSteden and 
St. Elisabeth Hospitals in Tilburg, the Netherlands, were included in a prospective 
database for quality control purposes. Informed consent was obtained from all 
patients and the study was approved by the institutional ethics committee. 
Criteria for eligibility in the present analysis were comprised of sessile rectal 
adenomas with any degree of dysplasia, cT1-carcinomas or more invasive tumours 
in patients unsuitable for rectal resection. All patients were assessed preoperatively 
with rectal digital examination, flexible colonoscopy, tumour biopsy and rigid 
rectoscopy; the latter to determine height and location of the lesion. In case 
of invasive carcinomas, or lesions larger than 30mm, patients were also staged 
preoperatively with pelvic magnetic resonance imaging (MRI). Preoperatively, 
endoanal sonography was performed to exclude deep invasion (>T1) in all patients. 
The FISI detailed questionnaire was completed by the treating physician together 
with the patient during the first preoperative consultation. The Fecal Incontinence 
Severity Index is based on a type x frequency matrix.11  The matrix includes four 
types of leakage commonly found in the fecal incontinent population: gas, mucus, 
liquid and solid stool and five frequencies: one to three times per month, once 
per week, twice per week, once per day, and twice per day. The FISI questionnaire 
was developed using both colon and rectal surgeons and patient input for the 
specification of the weighting scores. FISI scores range from 0 (total continence) 
to 61 (complete incontinence to solid stool on a daily basis). The cumulative of 
the validated weighting scores (based on patients’ rating of severity) was used. 
Postoperatively, the FISI questionnaire was completed again at 3, 6, 9 and 12 months. 
Preoperative FISI scores were compared to postoperative scores, using the first 
postoperative measurement. Follow-up routinely consisted of 3 month physical 
examination and rigid rectoscopy, supplemented by polyp screening as described 
by national guidelines. In case of T1 invasive carcinomas, follow-up also included 
annual pelvic MRI.

Surgical procedure
TAMIS was performed or supervised by one colorectal surgeon (D.Z.), trained in 
TEM and laparoscopic surgery. All patients underwent standard bowel preparation 
using a phosphate enema, in the morning before surgery. For antibiotic prophylaxis, 
patients received 2.2 grams of amoxicillin-clavulanic acid and all patients received 
a urinary catheter during surgery which was removed on the first postoperative 
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day. The TAMIS procedure was performed in lithothomy position using the single 
incision laparoscopic surgery (SILS™)-port (Covidien, Mansfield, MA, USA) or single-
site laparoscopic (SSL™) access system (Ethicon Endo-Surgery, Cincinnati, OH, 
USA). Pneumorectum was established with a pressure of 8mmHg. High-definition 
laparoscopic optics were used with 30° camera lenses and standard laparoscopic 
instruments as well as a laparoscopic ultrasonic dissection device. In all cases a full 
thickness rectal wall excision was performed. The rectal wall defect was closed using 
a V-loc™ barbed absorbable suture (Covidien) at the surgeon’s discretion. Patients 
received standard postoperative care and were discharged at the earliest on the first 
postoperative day.

Data collection
The following data were prospectively collected and maintained: patient 
demographics, details on preoperative diagnostic examinations, surgical details, 
histopathological results, per-operative complications, postoperative complications 
(defined as postoperative haemorrhage requiring readmission, re-intervention or 
transfusion, abscesses and/or fistulae, urinary tract infections, mortality), hospital 
stay, readmissions, pre- and postoperative FISI scores and follow-up data (local 
recurrences and long-term morbidity). 

Statistical analysis
Descriptive statistics were used for describing the study population (demographic 
and clinical characteristics). Statistical analysis was performed using SPSS 17.0 (SPSS, 
Inc., Chicago, IL, USA) for windows. Statistical significance was defined as p<0.05. 
Changes of FISI score pre- and postoperatively within the study population were 
evaluated using the nonparametric Wilcoxon signed-ranks test. To determine which 
factors were associated with improvement or decline in pre- and postoperative 
FISI scores, a univariate linear regression analysis was performed using operation 
time, distance from dentate line, closure of the rectal defect and specimen size as 
independent variables.  
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Results
Between October 2011 and September 2013, 37 consecutive patients underwent TAMIS 
and were included in the present analysis. Patient characteristics are depicted in 
Table 1. Median age was 71 years (34-91), nineteen patients (51%) were female and 
median distance of lesions from the dentate line was 7cm (0-19). 
TAMIS was completed in 36 patients. Conversion to laparoscopic anterior resection 
was performed in one patient due to a large rectal defect with pneumoperitoneum. A 
second defect with pneumoperitoneum was successfully closed using TAMIS. Median 
operation time was 64 minutes (range 17-211 minutes, Table 2). In seven cases (19%) 
a ‘hybrid technique’ was used, in which case the most distal part of the excision was 
performed transanally using a Scott retractor (Lone Star Retractor System, Lone Star 
Medical Products, TX, USA). In all of these cases, the rectal lesion was located within 
4cm of the anal verge. The rectal defect was closed in 27 cases (73%). Closure was 
deemed unnecessary in eight cases, in one patient impossible due to the defect’s 
size and the other patient had pneumoperitoneum and subsequent conversion to 
laparoscopic resection.

 
Histopathology
A median surface of 18 cm2 was resected (4.5-56 cm2, Table 2). The histopathological 
results of resected specimens showed adenoma in twenty-three cases (62%), 
carcinoma in situ in seven patients (19%) and invasive carcinoma in six (16%). In 
one patient no residual tumour was found after earlier endoscopic resection of 
a carcinoma in situ. Of the six patients with invasive carcinomas, one received 
palliative TAMIS for a T3 tumour; one patient with a T2 tumour underwent 

Table 1. Patient characteristics

FISI: Fecal Incontinence Severity Index
* FISI scores were available in 35 patients 
** For patients with preoperative impairment

n=37

Male
Median age in years (range)
Median distance from dentate line (range)
Patients with preoperative functional impairment*
Mean preoperative FISI score (range)**

18 (49%)
71 (34-91)
7 cm (0-19)
17 (49%)
21 (4-40)
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subsequent laparoscopic TME. Others were T1 carcinomas. No patients received 
neoadjuvant treatment prior to TAMIS. There were no fragmented excisions. 
Six specimens (16%) showed microscopically positive margins and in two cases 
uncertainty on margin completeness remained after histopathological examination. 
Of resections with positive margins, two were carcinoma in situ, others were 
adenomas. These patients received no additional surgery but were observed closely.

Table 2. Operative results

FISI: Fecal Incontinence Severity Index
* FISI scores were available in 35 patients 
** For patients with preoperative impairment

n=37

Median operation time (range)
Hybrid technique
Defect closure

64 min (17-211)
7 (19%)
27 (73%)

Median hospital stay (range)
Conversion
Peroperative complications
• Rectal perforation
Postoperative complications
• Haemorrhage
• Abscess
Long-term morbidity
• Local recurrence
• Rectal stricture
Readmissions

1 day (1-23)
1 (3%)
2 (5%)
2
3 (8%)
2
1
3 (8%)
2
1
3 (8%)

Histopathological results 
• Adenoma
• Carcinoma in situ
• Invasive adenocarcinoma     

• T1
• T2-3

Median size of resection (range)
Positive margins R1/Rx

23 (62%)
7 (19%)
6 (16%)
4
2
18 cm2 (4.5-56)
6/2
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Postoperative course
Patients were discharged after a median of one day (1-23 days) and three patients 
were readmitted. Postoperative complications occurred in three patients (8%): two 
patients were readmitted for postoperative haemorrhage and treated successfully 
with conservative treatment and no blood transfusion in both; one patient suffered 
from a pelvic abscess leading to fistula and reoperation. The abscess was drained 
and the perineal fistula that formed healed spontaneously.

Functional results
The FISI scores were available for 35 patients, which were subsequently included in 
the following analysis. Overall, the observed differences in mean FISI scores pre- 
and post TAMIS showed a significant decline (10 pre-TAMIS (range 0-40) vs. 5 post-
TAMIS (range 0-20), p=0.01, Figure 1). Preoperatively, eighteen patients (51%) had a 
normal continence (FISI=0), three of these patients developed postoperative soiling, 
which was no longer apparent in two patients after 6 months (Figure 2). Seventeen 
patients (49%) had decreased continence before surgery with a mean FISI score of 
21 (4-40). Continence improved in fifteen of these patients (88%) after surgery; no 
change was observed in one patient (6%) and continence further decreased in one 
(6%). Postoperative FISI scores were significantly lower in patients with impaired 
preoperative continence (21 preoperatively vs. 9 postoperatively, p=0.001), indicating 
a significant improvement in anorectal function after TAMIS for patients with 
impaired preoperative continence. In the univariate linear regression analysis, no 
independent variables were significantly associated with improvement or decline of 
pre- and postoperative FISI score. 

Follow-up 
Median follow-up was 11 months (3-19 months). One patient developed a rectal 
stenosis four months after TAMIS with rectal defect closure, which was successfully 
treated with endoscopic dilatation. During the follow-up period, two patients (5%) 
developed recurrent disease. One patient had recurrent carcinoma in situ nine 
months after microscopic complete excision with TAMIS of a T1 carcinoma. The other 
patient presented with a second recurrent adenoma eight months after TAMIS with 
positive microscopic margins. The initial excision was done elsewhere using TEM. 
Both patients were successfully re-operated using TAMIS.
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Figure 1.  Overall pre- and postoperative FISI score

Values are mean (±SEM). Higher FISI scores indicate worse anorectal functioning. FISI scores range 
from 0 (total continence) to 61 (complete incontinence to solid stool on a daily basis).

Figure 2. Functional outcome after TAMIS

* FISI score normalised after 6 months in two patients
TAMIS: Transanal minimally invasive surgery
FISI: Fecal Incontinence Severity Index

Improved after TAMIS

Same after TAMIS

Worse after TAMIS

Abnormal FISI
(n=17)

Abnormal FISI
(n=18)

N=3*

N=15

N=15

N=1

N=1
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Discussion
In this analysis of 37 patients we studied the feasibility of TAMIS and its influence  
on anorectal functioning. We showed the technique is feasible with a median 
operation time of 64 minutes and low morbidity rates. Lesions up to 56cm2 can 
be resected using TAMIS and short term functional results show a significant 
improvement of continence in 88% of patients with pre-existent impaired anorectal 
function (p=0.001). 
With the introduction of TEM as a minimally invasive procedure for excision of rectal 
lesions in the 1980’s by Buess in Germany,12 a safe and effective alternative for radical 
resections of rectal adenomas and T1N0 adenocarcinomas has been introduced, 
although for T1 carcinomas a higher incidence of local recurrence is reported as 
compared to TME.13 Local resections with TEM also appear to be superior in terms 
of functional results, as postoperative morbidity from sphincter-preserving TME 
surgery, such as anterior resection syndrome and defecation disorders,  
are avoided.14,15

The use of single port surgical access techniques has been adopted in laparoscopic 
surgery and more recently in transanal surgery as an alternative to TEM.7,8 Advantages 
are the lower costs of the disposable ports, 360° visibility and the use of standard 
laparoscopic instruments which may also lead to a more readily available use. 
Even though favourable functional results have been reported after TEM,5,16,17 
conceptually, the use of flexible ports in comparison to the rigid TEM apparatus 
might lead to less damage on the anal sphincter complex during surgery since these 
ports are more malleable and might allow for a better fit within the anal canal. 
However, the movements of the portal could be more extreme compared to TEM 
and might damage the sphincter complex. To date, literature reports on the use of 
TAMIS are promising,7,9 but no studies specifically addressed functional outcome 
following TAMIS. In the present series, we show that in the majority of patients with 
pre-existent impairment of anorectal function, functional outcome after TAMIS 
is significantly improved. Additionally, in 83% of patients without pre-operative 
impairment, functionality remained unaffected by TAMIS. The postoperative 
impairment of fecal continence in the minority of our patients was limited and 
temporarily in 50% of the cases. No manometric studies or sonographic assessments 
of the anal sphincter were performed as clinical significance of these investigations 
remains uncertain.4,18

Our results are fully comparable with reports on functional outcome after TEM.5,19 
Doornebosch et al. reported deterioration of FISI scores in 15% of patients after TEM 
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and improvement in 51%.5,19 Fenech et al. also described a higher preoperative FISI 
score in patients with large villous adenomas which led to an overall improvement 
of fecal continence in 38.5% of patients.16 These improvements may be due to the 
fact that rectal lesions and subsequent mucous production attribute to symptoms 
of fecal incontinence which disappear once the lesion is excised. Furthermore, the 
presence of a large rectal mass may induce a continuous internal anal sphincter 
reflex, leading to a decreased anorectal function. This may explain the high number 
of patients with preoperative impairment in our study. Additionally, Doornebosch et 
al. stated that the location of neoplasms within the rectum may influence functional 
outcome.5 We found no variables that were significantly associated with difference in 
pre- and postoperative FISI score. This might however be due to limited sample size. 
The margin positivity rate in our cohort is higher as reported in previous TAMIS 
series.7,9 However, results are similar to earlier large reports on conventional TEM 
resection.1,21 Furthermore, in the second half of this study, the resected specimen was 
pinned down after surgery to facilitate pathology examination and margin positivity 
rates declined from 21% to 11%. Also, these results may reflect a learning curve effect 
of both surgeon and pathologist. Finally, it has to be noted that despite meticulous 
follow-up, only 2 local recurrences were encountered, of which margin positivity was 
reported in only one case.
As this is a new technique in our centre, other results may have also been subject 
to a learning curve effect. However, the limited sample size of our study population 
precludes adequate analysis of learning curve effects and more research will 
be needed to conclude if this affects surgical outcome, oncologic clearance and 
recurrence rate after TAMIS.
One potential disadvantage of TAMIS might be the use of the disposable port for 
lesions in the upper rectum. As introduction of the port is only limited, lesions 
located higher from the dentate line might be unable to reach. Median distance from 
the dentate line was 7cm in our population and no difficulties were encountered 
in TAMIS for more proximal lesions. However, in one patient, a conversion to 
laparoscopic anterior resection occurred due to inability to close a peritoneal defect. 
Possibly, closure of this defect would have been possible if regular TEM equipment 
were available.20,21

A limitation of the present analysis is the lack of quality of life measurements 
in addition to assessment of anorectal functioning, since this would depict 
patients’ perspectives and may attribute to clinical significance. However, the FISI 
questionnaire used in our study is an easy to use validated instrument, utilising 
patient input to weigh type and severity of fecal incontinence. Furthermore, it has 
been shown to have an excellent correlation with quality-of-life measures (lifestyle, 

Transanal minimally invasive surgery



48

restriction, depression, and embarrassment).22 In the past years this questionnaire 
has proven to be a highly sensitive measuring tool which enables assessment of 
functional recovery (or deterioration) over time.22 

Conclusion 
TAMIS for rectal lesions is feasible and short term functional results are excellent 
and comparable to results after TEM. More research on TAMIS is needed to draw 
definitive conclusions on safety and oncologic clearance. However, the present series 
is encouraging and offers no barriers to continue utilising this promising technique. 
Future studies on functional outcome should focus on long term functionality and 
quality of life measurements.
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Abstract 
Background 
Morbidity rates in colorectal cancer surgery are high. Cardiac and pulmonary 
complications account for a large part of postoperative mortality, especially in the 
growing number of elderly colorectal cancer patients. This review studies the effect 
of laparoscopic surgery for colorectal cancer on short term non-surgical morbidity. 

Methods
A literature search was conducted in Medline and Embase to identify randomised 
trials on laparoscopic compared to conventional colorectal surgery with reported 
cardiac or pulmonary complications. 

Results
The search retrieved 3302 articles, of which 18 studies were included with a total 
of 6153 patients. Eight trials (44%) studied colon cancer patients, seven trials 
(39%) included only rectal cancer patients and three studies (17%) included both. 
Overall reported incidence of postoperative cardiac complications was low for both 
laparoscopic and conventional colorectal resection (median 2%, range 0-7%). In the 
pooled analysis, there was a trend towards fewer cardiac adverse events following 
laparoscopic surgery (OR 0.66, 95% CI 0.41-1.06, p=0.08), and this effect was most 
marked for laparoscopic colectomy (OR 0.28, 95% CI 0.11-0.71, p=0.007). Incidence 
of postoperative pulmonary complications ranged from 0-11% (median 2%) and no 
benefit on pulmonary complications was found for laparoscopic surgery, although a 
possible trend was seen in favour of laparoscopic colectomy (OR 0.78, 95% CI 0.53-
1.13, p=0.19). Overall morbidity rates varied from 11% to 69% with a median of 33%. 
Mortality rates were generally low (median 2%). 

Conclusion 
One-third of patients in trials on conventional versus laparoscopic colorectal surgery 
suffer from postoperative morbidity. For laparoscopic colectomies, significantly 
less cardiac complications occurred compared with conventional surgery. However, 
it is unclear whether these results from clinical trials can be extrapolated to the 
heterogeneous real-life population of colorectal cancer patients.
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Introduction 
With the global rise in life expectancy and the increasing incidence of colorectal 
cancer, more elderly patients are diagnosed with this disease.1 As surgery remains 
the cornerstone of curative therapy, the number of older patients presented for 
colorectal resection is increasing rapidly. Elderly patients are at a higher risk 
of postoperative morbidity,2, 3 and suffer from increased excess mortality rates 
throughout the first year after colorectal surgery.4 Recent population-based data 
suggest that this vulnerable patient population can benefit from the use of less 
invasive surgical approaches.5 

Since its introduction in the 90’s,6 laparoscopic surgery has gained wide acceptance 
for resection of malignancies in the colon,7 although debate on the optimal surgical 
strategy for rectal cancers remains.8, 9 The short-term benefits of laparoscopic 
surgery, such as less pain, reduced blood loss, shorter hospitalisation and faster 
recovery have been described in a myriad of publications.9-11 Another potential 
benefit of laparoscopic surgery may be a reduction of cardio-pulmonary morbidity,12 
resulting from a decrease in blood loss and stress response with minimally 
invasive techniques and from reduced postoperative pain. Cardiac and pulmonary 
complications are associated with a considerable increase in mortality and health 
care costs,12-16 and have been advocated as a target for quality improvement in 
elective colorectal surgery.17 

Since most studies on laparoscopic surgery for colorectal cancer have focused 
on surgical or oncologic outcome, it is unclear if laparoscopic surgery leads to a 
reduction of cardiac and pulmonary morbidity. Therefore, we set out to investigate 
the incidence of non-surgical complications in randomised trials on laparoscopic 
resections for colorectal cancer and to assess whether possible benefits of less 
invasive surgery on non-surgical complications are similar for older and younger 
patients. 

Non-surgical complications after laparoscopic and  
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Methods
We aimed to identify randomised clinical trials comparing laparoscopic with 
conventional colorectal surgery. The primary outcome measure for this systematic 
review was the incidence of cardiac and pulmonary complications in short-term 
follow-up (occurring during hospital stay or within 30 days after surgery). Cardiac 
complications were defined as myocardial infarction, heart failure, arrhythmia, 
angina pectoris, cardiac arrest or other cardiac complications. Pulmonary 
complications could consist of pneumonia, atelectasis, pulmonary embolism, 
pulmonary insufficiency or other pulmonary complications. Secondary endpoints 
were overall morbidity, mortality and other non-surgical (general) complications.

Search strategy and article selection
The following search was performed on December 13th 2013, in both Medline 
and Embase: ((clinical AND (trial OR study)) OR (randomi* AND trial)) AND 
(((laparoscopy[MeSH Major Topic]) OR (laparoscop*[tiab] OR (minimal* AND 
invasive))) AND ((((("Neoplasms"[Mesh]) OR (neoplasm*[tiab] OR cancer*[tiab] OR 
tumour[tiab] OR tumours[tiab] OR tumor[tiab] OR tumors[tiab] OR oncolog*[tiab] OR 
malignan*[tiab]))) AND (colorectal OR colon OR rectal OR rectum)) OR ("Colorectal 
Neoplasms"[Mesh]))). MeSH refers to medical subheading; tiab refers to title and 
abstract. No limits in age, language or publication date were applied.
The titles and abstracts of all studies retrieved by the search were assessed by one 
reviewer (AS) to determine which warranted further examination. All potentially 
relevant articles were subsequently screened as full text by two authors (AS and 
NV). Non-randomised studies were excluded, as were animal-studies, non-original 
reports, abstracts for conference meetings and non-English papers. In addition, 
studies on other cancer types or benign disease and those that did not compare 
laparoscopic to conventional surgery were excluded. Trials were only included if an 
intention-to-treat analysis was done or could be performed based on the presented 
data. Finally, specific publications from subgroup analysis of elderly patients were 
included. If only an abstract was available, an effort was made to find the final report 
of the study by searching Embase and Medline using the names of the first, second 
and/or final author as well as key words from the title. References of included 
publications were cross-referenced to retrieve any additional relevant citations.

Data extraction
Data regarding study design and results for each eligible study were independently 
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extracted by two investigators (AS and NV), using a predefined electronic data 
extraction form. Items that were extracted were: in- and exclusion criteria (including 
upper age limits and cardio-pulmonary restrictions), study demographics, study 
population (age, American Association of Anaesthesiologists (ASA)-score, location 
of tumours, TNM staging), number of patients receiving allocated treatment, 
conversion rate, complications occurring in the first 30 days after surgery: 
cardiac and pulmonary complications, overall morbidity (the overall number of 
patients suffering one or more postoperative adverse events), other non-surgical 
complications (categorised as renal, urogenital, neuropsychological, vascular and 
other) and perioperative mortality (occurring during hospital stay or within 30 days 
after surgery). For each type of complication, the reported number of events was 
extracted, meaning that one patient could have experienced several complications. 
In addition, study results specific to elderly patients were extracted whenever 
available. 

Quality assessment
The methodological quality of each of the studies was independently assessed by 
two reviewers (AS, NV), using a 9-item list adopted from the Cochrane guidelines 
for methodological assessment of randomised trials18 and the guidelines for critical 
appraisal of randomised controlled trials supplied by the Oxford Centre for Evidence 
Based Medicine.19 Details can be found in Appendix 1. Disagreement among the 
reviewers was discussed during a consensus meeting and in case of persisting 
disagreement the assistance of a third reviewer (MH) was enlisted. 

Data synthesis and analysis
We summarised the study results to describe our main outcomes of interest. Data 
on cardiac and pulmonary complications as well as mortality rates were pooled 
using the Review Manager software.20 Where data were not supplied, the study was 
excluded from analysis for that outcome. When possible, separate data regarding 
colonic and rectal resections are presented. The I2 statistic and Cochran Q Chi2 test 
were used to assess heterogeneity between studies and statistical heterogeneity was 
defined as I2>30% and p≤0.05. Pooled odds ratios (OR) and 95% confidence intervals 
(CI) were calculated using a fixed-effects model (Mantel-Haenszel method) when 
statistical heterogeneity was absent. 
For other outcomes, performing a formal meta-analysis was deemed inappropriate 
due to heterogeneity of trials and differences in definitions of morbidity between 
studies; therefore, only summarised results are presented.   
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Results
Literature search
A total of 3302 articles were retrieved with the literature search (Medline 1237, 
Embase 2065). After exclusion of 610 duplicates, and 2672 for other reasons (Figure 
1), 20 articles on 18 studies were included in the present analysis.9, 11, 13, 21-37 Cross-
referencing yielded no additional results. 

Study characteristics
Trial characteristics of included studies are depicted in Table 1. Studies were carried 
out between 1993 and 2010. The pooled data comprised of 6153 patients and there 
were six multi-centre trials.9, 11, 13, 24, 27, 32 The median sample size was 212 (range 28-
1082) and most studies used a one-to-one randomisation design. Two studies 
published separate analyses for elderly patients.36, 37

No upper age limits were used. Two trial protocols defined cardiac or pulmonary 
restrictions in their exclusion criteria.13, 22 Reported median or mean age varied from 
56 years to 72 years. Comorbidity was addressed by eleven studies (61%), most of 
which only reported on the distribution of ASA-scores in their study population. The 
percentage of included patients with ASA-scores ≥3 ranged from 7%-38% (Table 1).
Eight studies (44%) included only patients with tumours located in the colon, seven 
trials (39%) focused on rectal cancer patients and three studies (17%) included both, 
of which one trial specifically mentioned outcome per tumour location. Eight trials 
(44%) included patients with stage 4 disease. Seventeen studies (94%) described 
their conversion percentage and these ranged from 0% to 45%, with a median of 12% 
(Table 1).

Quality assessment
Overall quality assessment is depicted in Figure 2; details per study can be found in 
Appendix 2. Risk of bias in random sequence generation and allocation concealment 
was generally low. One trial randomised after initial diagnostic laparoscopy to assess 
the feasibility of laparoscopic resection,32 while other trials randomised patients 
prior to surgery. No studies stated blinding of their patients, surgeons or other 
personnel. There was a significant risk of detection bias, as blinding of outcome 
assessment was reported in only one trial while four trials supplied insufficient 
data. Risk of attrition bias was low in all included studies. Primary endpoints were 
defined in 89% of trials and 61% of included studies described an adequate power 
calculation (three trials reported not achieving their initial inclusion). Baseline 
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group comparison was considered adequate in ten trials (56%); in two, baseline 
characteristics were significantly different between groups (a significantly higher 
age of patients treated with laparoscopy in one study and more advanced disease 
in the laparoscopic group in another study). The remaining six reports supplied 
insufficient data on comorbidity to determine the adequacy of group comparability. 
Intention-to-treat analyses were reported by sixteen trials (89%). Two trials provided 
a separate analysis for converted patients,23, 25 and these data were re-classified for 
our primary outcome.

Figure 1. Search results and trial selection

Search yield  n= 3302

 Embase   n= 2065 
 Medline   n= 1237

Excluded      n= 2614
    
 Not randomised    n= 915
 Not original research  n= 684
 Other cancer types   n= 504
 Including patients with benign disease n= 112
 Not comparing laparoscopy 
     to conventional surgery  n= 313
 Conference papers   n= 41
 Animal studies   n= 27
 Not in English    n= 6
 No intention-to-treat analysis and no 
     raw data on converted patients n= 3
 Multiple publications on same trial n= 9

Studies not reporting cardiac or 
pulmonary complications       n= 58

Duplicate publication   n= 610

Cross-referencing yielded no additional resultsIncluded: 20 publications on 18 studies
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Right-hand page: Table 1. Characteristics of included studies 

Lap: Laparoscopic surgery group; Open: Open surgery group; ASA: American Association of Anaesthesi-
ologists; USA: United States of America
a Data presented as reported in articles in mean (SD) or median (range);  
b Only median ASA-score reported;  
c Outcome reported separately for colon and rectal cancers;  
d Converted patients were analysed separately;

Cardiac complications
Data regarding cardiac complications were available from ten trials (Table 2), 
reporting on a total of 3773 patients. Overall incidence of postoperative cardiac 
complications was low for both laparoscopic and conventional colorectal resection, 
ranging from 0% to 7% with a median of 2%. None of the individual studies found 
significant differences in the incidence of cardiac complications. In the pooled 
analysis, there was a trend towards fewer cardiac adverse events following 
laparoscopic resection of colorectal malignancies as compared to conventional 
resection (odds ratio (OR) 0.66, 95% confidence interval (CI) 0.41-1.06, p=0.08,  
Figure 3a). The benefit of laparoscopic surgery was most marked for colectomies 
(OR 0.28, 95% CI 0.11-0.71, p=0.01, Figure 3b), while for rectal resections there was no 
apparent difference in postoperative cardiac morbidity (OR for laparoscopy 0.85, 95% 
CI 0.41-1.71, p=0.65, Figure 3c). Although there was no statistical heterogeneity, (I2=0% 
and p=0.54, Figure 3), there was generally insufficient data regarding the precise 
definitions of cardiac complications to ascertain the absence of methodological 
heterogeneity. 

Pulmonary complications
Pulmonary complication rates were addressed in all studies. Median reported 
incidence of pulmonary complications was 2% (range 0%-11%, Table 2), and no 
individual studies demonstrated significant differences in pulmonary morbidity 
rate between treatment groups. The pooled analysis showed no difference in the 
occurrence of pulmonary complications between laparoscopic and conventional 
surgery (OR 0.94, 95% CI 0.71-1.24, p=0.67, Figure 4a), although there was a possible 
trend towards lower pulmonary morbidity when focussing on colon cancer only (OR 
for laparoscopy 0.78, 95% CI 0.53-1.13, p=0.19, Figure 4b). In rectal cancer resection, no 
benefit for laparoscopic surgery was observed (OR 1.19, 95% CI 0.74-1.90, p=0.47, Figure 
4c). Notably, as for cardiac complications, no statistical heterogeneity was observed 
(I2= 4%, p=0.41, Figure 4a), but methodological heterogeneity could not be excluded. 
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Study Study population Outcome 
reported

ALCCaS24, 36 2008
2010

592 AU, NZ 1998-
2005

C I-III 15% 294 298 71.1 
(±10.4)

69.4 
(±11.4)

28% 27%
x x

Araujo21 2003 28 BR 1997-
2000

R I-III 0% 13 15 59.1  
(31-75)

56.4 
(24-78) - - x

Braga22 2007 168 IT 2000-
2003

R I-IV 7% 83 85 62.8 
(±12.6)

65.3 
(±10.3) b b x x

CLASSICC13 2005 794 UK 1996-
2002

CRc I-IV 29% 526 268 69  
(±11)

69  
(±12)

12% 13% x

COLOR11 2005 1082 FI, FR, 
DE, IT, 
NL, ES, 

SE

1997-
2003

C I-III 17% 536 546 71  
(27-92)

71  
(31-95)

15% 19%
x x

COLOR II9 2013 1044 BE, CA, 
DK, DE, 
NL, ES, 
KR, SE

2004-
2010

R I-III 17% 699 345 66.8 
(±10.5)

65.8 
(±10.9)

19% 18%
x x

Curet23 2000 43 USA 1993-
1995

C I-IV 28%d 25 18 65.6 
(45-83)

69.2 
(49-82) - - x x

Kaiser25 2004 48 USA 1995-
2001

C I-III 45%d 28 20 59  
(41-83)

60.5 
(42-80) - - x x

Lacy26, 37 2002
2000

219 ES 1993-
1998

C I-III
- 111 108 68  

(±12)
71  

(±11) - - x x

LAPKON II32 2009 472 DE 1998-
2004

CR I-III 11% 250 222 66.8 
(±10.1)

66.4 
(±11.1)

27% 27% x x

Leung27 2004 403 HK 1993-
2002

CR I-IV 23% 203 200 67.1 
(±11.7)

66.5 
(±12.3) - - x x

Li28 2012 145 HK 1996-
2005

C I-IV 15% 71 74 68 
(±11.3)

68 
(±13.3)

25% 16% x x

Liang JT29 2007 269 TW 2000-
2004

C I-III 3% 135 143 64.4 
(±9.4)

64.2 
(±12.0)

7% 10% x x

Liang X30 2011 343 CN 2004-
2008

R I-III 1% 169 174 57.3 
(±14.1)

57.4 
(±13.1)

- - x

Lujan31 2009 204 ES 2002-
2007

R I-IV 8% 101 103 67.8 
(±12.9)

66.0 
(±9.9)

34% 35% x

Ng34 2008 99 HK 1994-
2005

R I-IV 10% 51 48 63.7 
(±11.8)

63.5 
(±12.6) - - x x

Ng33 2014 80 HK 2001-
2007

R I-IV 8% 40 40 60.2 
(±11.3)

62.1 
(±12.6) - - x

Pascual35 2011 120 ES 2004-
2008

C I-III 12% 60 60 68.5 
(±5.4)

71.5 
(±5.1)

38% 38% x

Random
isation  

period

Sam
ple size

Nam
e of trial or author

Year of publication

Country

Tum
our location

Tum
our stage

Conversion rate

Lap

No. of 
patients

O
pen

Lap

O
pen

Mean or  
median age in 
yearsa

Lap

O
pen

Patients  
with ASA- 
score ≥3

Cardiac m
orbidity

Subgroup analysis of 
elderly patients

Pulm
onary m

orbidity

Non-surgical complications after laparoscopic and  
conventional surgery for colorectal cancer



62

Figure 2. Quality assessment

Quality was assessed using a 9-item list, details of which can be found in Appendix 1.  
Full quality assessment for individual studies is depicted in Appendix 2.
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Figure 3. Forest plots for cardiac morbidity for (a) all studies, (b) studies on colon cancer 
and (c) rectal cancer.
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Figure 4. Forest plots for pulmonary morbidity for (a) all studies, (b) studies on colon 
cancer and (c, right-hand page) rectal cancer.
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Table 2. Reported outcome

Lap: Laparoscopic surgery group; Open: Open surgery group

Outcome Number 
of studies 
addressing 
outcome 
(n=18)

References Median reported 
incidence

Range in reported 
incidence

Lap Open Lap Open

Cardiac 
complications

10 9, 11, 22, 23, 25, 
27-29, 32, 34

1% 2% 0-4% 1-7%

Pulmonary 
complications

18 9, 11, 13, 21-35 2% 4% 0-11% 0-11%

Overall morbidity 16 9, 11, 13, 21-24, 
26-29, 31-35

31% 33% 11-69% 20-55%

Mortality 16 9, 11, 13, 21-24, 
26-28, 30-35

1% 2% 0-4% 0-5%

Urogenital 
complications

16 11, 21-35 5% 5% 1-35% 0-35%

Neuropsychological 
complications

6 27-29, 32-34 1% 2% 0-1% 0-4%

Vascular 
complications

8 13, 23, 27-30, 
32, 34

1% 2% 0-3% 0-6%

Renal complications 4 26, 28, 32, 33 1% 1% 0-2% 0-1%

Other non-surgical 
complications

11 9, 11, 22, 24, 26-
28, 31-34

3% 2% 0-35% 1-44%

Study or Subgroup
Araujo
Braga
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COLOR II
Liang X
Lujan
Ng 2008
Ng 2014
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Total events
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Overall morbidity and mortality
Mortality rates were available from sixteen studies and median mortality rate was 
1% (range 0-5%, Table 2). Pooled rates were comparable between laparoscopic and 
conventional surgery (1.7% for laparoscopic surgery versus 1.8% for conventional 
surgery, p=0.3). Cause of death was rarely reported, although one study mentioned 
cardio-respiratory failure as the main cause of death (47% of fatalities).13

The overall number of patients suffering one or more adverse events in short term 
follow-up after surgery for colorectal cancer was reported by sixteen studies  
(Table 2). Median overall morbidity rate was 33%, but with a wide range from 11% to 
69%. Morbidity rates for colonic resections were lower compared to rectal resections 
(median 26% versus 40%). Three studies demonstrated a significant reduction 
in overall morbidity rates following laparoscopic colorectal surgery.26, 33, 35 When 
comparing all studies, overall morbidity rates following laparoscopic surgery were 
only marginally lower than after conventional surgery (median 31% versus 33%). 
Due to inconsistency in definitions, a formal meta-analysis of overall morbidity was 
considered not feasible. 

Other non-surgical complications
The reporting of non-surgical complications was highly variable between studies 
and only two studies specifically defined postoperative surgical and non-surgical 
morbidity.24, 32 Of remaining non-surgical complications (Table 2), urogenital 
complications were most frequently addressed and had the highest median 
incidence, albeit with a wide range (0% to 43%). As with overall morbidity, the lack 
of consistency in addressing other non-surgical complications precluded meaningful 
comparisons between laparoscopic and conventional colorectal surgery. 

Non surgical complications in elderly patients
Two trials performed a subgroup analysis of patients aged ≥70 years.36, 37 Both showed 
a significant reduction in overall morbidity following laparoscopic colectomy in 
the elderly patients, while this difference was not seen in younger patients. One 
study, which included 326 patients aged ≥70 years, reported an overall morbidity 
of 51% following conventional colectomy compared with 37% after laparoscopic 
resection (p=0.02).36 The other, reporting on 126 older patients, found that the overall 
complication rate was more than three times reduced in laparoscopic colectomy 
(10% compared with 31% after conventional surgery, p=0.004).37  

All other studies provided insufficient data on the outcome of surgery in elderly 
patients.
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Discussion
In this systematic review of cardiac and pulmonary complications in randomised 
controlled trials comparing laparoscopic with conventional colorectal cancer surgery, 
we found that there was great variation in the reporting of complications, and 
that adverse events were rarely well-defined. However, pooled analyses revealed 
significantly fewer cardiac adverse events following laparoscopic colectomy, 
with a possible trend toward fewer pulmonary complications, but no benefit for 
laparoscopic rectal surgery. Reported overall morbidity rates accumulated to over 
two-thirds of patients and although mortality was generally low, cause of death was 
rarely addressed.
This analysis has some limitations. First, definitions and classifications of outcome 
measures and complications are not consistent between trials, leading to 
(methodological) heterogeneity and possibly, an underestimation of postoperative 
complications. This heterogeneity precluded the execution of a formal meta-
analysis for all endpoints; however, we were able to pool the data on postoperative 
cardiac and pulmonary complications to provide an overview of the most relevant 
data. Second, the available published data were subject to a risk of detection bias 
since blinding was rarely reported and this may consequently have affected the 
overall quality of evidence. Finally, comorbidity of the study population was poorly 
addressed and adequacy of baseline group comparability could not be determined 
in all studies. However, since all included trials were randomised and there were no 
real concerns regarding the randomisation process of the included studies, selection 
bias appears unlikely.
Laparoscopic surgery has gained great popularity for colectomies, although there 
is an ongoing debate on the optimal surgical resection of rectal cancers.8, 9 Despite 
recent technologic advances and increased surgeon experience in minimally invasive 
techniques, a significant improvement in the postoperative complication rate for 
colorectal surgery is still lacking.2, 3, 8, 38 Non-surgical morbidity has been identified 
as a potential target for further improvements.12, 17 Although no useful comparisons 
could be made for some non-surgical adverse events, our systematic review 
demonstrates a decrease in cardiac morbidity following laparoscopic surgery for 
colon cancer. 
There are several possible explanations. First, laparoscopy leads to a decrease 
in intra-operative blood loss and transfusion rate, as demonstrated by many 
studies.9-11, 32, 39 Blood loss may result in hypotension and hypoperfusion, resulting 
in cardiac injury. Second, minimally invasive surgery is associated with a reduced 
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physiological stress response40 and coagulation pathways are activated to a lower 
degree in laparoscopic procedures as compared to conventional surgery,41 leading to 
favourable outcome. Additionally, it is suggested that laparoscopic surgery results in 
a reduction of postoperative pain and some studies have suggested that this would 
subsequently result in a decreased incidence of pulmonary complications.12, 42, 43 
However, this effect of laparoscopic surgery on pulmonary morbidity was limited in 
our analysis. 
Interestingly, for rectal cancer resections, no benefit of laparoscopic surgery on 
cardio-pulmonary complications was found. One reason could be that rectal 
surgery is generally more extensive and associated with an inherently higher overall 
morbidity rate.8, 9 Furthermore, studies have demonstrated that operative duration 
is associated with an increased risk of cardiopulmonary complications.42, 44 Since the 
duration of total mesorectal excision is generally more prolonged when compared 
to colectomy and laparoscopic techniques prolong the duration of surgery even 
further,9, 11 the benefits of laparoscopic surgery may be less apparent for  
rectal cancer. 
Cardiac and pulmonary complications following colorectal surgery are most common 
in older patients.2, 3 A recent review comparing laparoscopic with conventional 
colorectal surgery in the elderly patients demonstrated a lower incidence of 
postoperative chest infections and cardiac complications after laparoscopy.45 
However, the quality of the studies included in that review was limited, as the data 
were mostly observational and thus affected by selection bias and confounding 
by indication.46 Although the burden of colorectal cancer is mainly carried by the 
elderly, high quality evidence regarding the benefits of laparoscopic colorectal 
surgery in this patient group is limited, as these patients are frequently excluded 
from randomised trials.47, 48 In our review, only 22% of trials reported a mean or 
median age of included patients over 70 years of age (Table 1). Subsequently, it is 
unclear if the trial population of these studies is representative for all patients. 
Moreover, only two trials performed a subgroup analysis of elderly patients (aged ≥70 
years). Both demonstrated a significant decrease in overall morbidity rates for the 
elderly patients that underwent laparoscopic colectomy, more so than in younger 
patients. This supports the findings of earlier research by our group that it is the 
elderly who may benefit most from minimally invasive surgery.5 However, there was 
insufficient data to draw conclusions on the effect of laparoscopy on the incidence 
of cardiac or pulmonary complications for the elderly patients.
Overall, it remains unclear if the results of this systematic review can be 
extrapolated to all patients in daily practice, especially those patients prone to 
cardiac and pulmonary adverse events. It appears that the use of laparoscopic 
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techniques in colorectal surgery only provides marginal benefits in terms of reducing 
cardio-pulmonary and other non-surgical complications. Despite the technique 
used, anticipation for postoperative morbidity remains essential. This requires 
accurate pre-surgical assessment and tailoring of care. In addition, several studies 
demonstrate that some form of ‘prehabiliation’ with preoperative cardiopulmonary 
exercise may improve physical fitness and reduce postoperative morbidity.49, 50 
However, it remains to be determined whether these interventions will indeed 
provide the much needed improvement of outcome after colorectal surgery.

Conclusion
In conclusion, in this systematic review we have demonstrated fewer cardiac adverse 
events and a trend towards fewer pulmonary complications following laparoscopic 
colectomy, although for rectal cancer, this reduction was not seen. As classification 
of adverse events was unsatisfactory, these results must be interpreted with caution. 
Methodological quality of future research should improve; studies should report on 
comorbidity of included patients as well as provide clear definitions of their outcome 
measures and morbidity. Overall morbidity rates for colorectal surgery remain high 
and tailoring of care will be needed for individual patients when deciding on surgical 
intervention. This will be helped by performing subgroup analyses for the more 
vulnerable patient populations and we therefore recommend that this be a standard 
component of future clinical trials.
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Low risk of bias High risk of bias Unclear risk of bias

Random 
treatment 
allocation

- Method for sequence generation 
process stated and considered truly 
at random (e.g. referring to a random 
number table, using a computer 
random number generator, shuffling 
cards or envelopes;

- Sequence generated by inadequate 
process (e.g. odd or even date of birth, 
sequence generated by some rule 
based on date (or day) of admission

- Insufficient information 
about the sequence 
generation process to 
permit judgement of ‘Low 
risk’ or ‘High risk’.

Allocation 
concealment

- Central allocation (including 
telephone, web-based and pharmacy-
controlled randomisation);
- Sequentially numbered, opaque, 
sealed envelopes.

- Using an open random allocation 
schedule (e.g. a list of random 
numbers);
- Assignment envelopes were used 
without appropriate safeguards (e.g. 
if envelopes were unsealed or non-
opaque or not sequentially numbered);
- Any other explicitly unconcealed 
procedure.

- Insufficient information to 
permit judgement of ‘Low 
risk’ or ‘High risk’.

Blinding of 
participants 
and 
personnel

-No blinding or incomplete blinding, 
but the review authors judge that the 
outcome is not likely to be influenced 
by lack of blinding;
- Blinding of participants and key study 
personnel ensured, and unlikely that 
the blinding could have been broken.

- No blinding of outcome assessment, 
and the outcome measurement is likely 
to be influenced by lack of blinding;
- Blinding of outcome assessment, but 
likely that the blinding could have been 
broken and the outcome measurement 
is likely to be influenced by lack of 
blinding.

- Insufficient information to 
permit judgement of ‘Low 
risk’ or ‘High risk’;
- The study did not address 
this outcome.

Blinding of 
outcome 
assessment

- No blinding of outcome assessment, 
but the review authors judge that the 
outcome measurement is not likely to 
be influenced by lack of blinding;
- Blinding of outcome assessment 
ensured, and unlikely that the blinding 
could have been broken.

- No blinding of outcome assessment, 
and the outcome measurement is likely 
to be influenced by lack of blinding;
- Blinding of outcome assessment, but 
likely that the blinding could have been 
broken and the outcome measurement 
is likely to be influenced by lack of 
blinding.

- Insufficient information to 
permit judgement of ‘Low 
risk’ or ‘High risk’;
- The study did not address 
this outcome.

Handling of 
attrition

- Loss to follow-up less than 5% for 
short-term results
- Reasons for missing outcome data 
unlikely to be related to true outcome
- Missing outcome data balanced in 
numbers across intervention groups, 
with similar reasons for missing data 
across groups;

- Loss to follow-up more than 5% for 
short-term results
- Reason for missing outcome data 
likely to be related to true outcome, 
with either imbalance in numbers 
or reasons for missing data across 
intervention groups;

- Insufficient reporting 
of attrition/exclusions to 
permit judgement of ‘Low 
risk’ or ‘High risk’;
- The study did not address 
this outcome.

Adequate Inadequate Unclear

Power 
calculation

- Adequate if stated to have been 
undertaken and achieved

- No sample size calculation is 
provided or if the study did not achieve 
the initial inclusion.

Primary 
outcome

- Adequate if defined explicitly or used 
in sample size calculation

- No primary outcome is defined

Baseline 
group 
comparison

- Adequate if groups were comparable 
for age, comorbidity (defined by ASA-
score or other scoring method) and 
tumour stage

- Significant differences in patient 
demographics (age, comorbidity and 
tumour stage) were observed

- Insufficient information 
to permit judgement of 
‘adequate’ or ‘inadequate’
- The study did not address 
this outcome.

Intention-to-
treat analysis

- Adequate if described and converted 
patients were analysed in the 
laparoscopic study-group

- Inadequate if ‘as-treated’ analysis 
was done
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Left-hand page: Appendix 1. Items for assessment of methodological quality of included 
studies

This 9-item list was adopted from the Cochrane guidelines for methodological assessment of ran-
domised trials18 and the guidelines for critical appraisal of randomised controlled trials supplied by 
the Oxford Centre for Evidence Based Medicine.19

Appendix 2. Quality assessment for individual studies 

Quality was assessed using a 9-item list, details of which can be found in Appendix 1.
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Abstract
Background 
Care for elderly patients with low rectal cancer can pose dilemmas as radical TME 
surgery comes with high morbidity- and mortality rates. 
Objective: To analyse the treatment of patients with low rectal cancer, comparing 
treatment choices, guideline-adherence and outcomes for elderly (≥75 years) with 
younger patients (<75 years).  

Methods
This study was performed at a high volume teaching hospital. Patients with newly 
diagnosed rectal cancer (≤10 cm from the anal verge) were retrieved from the 
hospital’s pathology database and data from surgically treated patients from the 
hospital’s prospective colorectal surgery database. Charts were reviewed for reasons 
for non-adherence to treatment guidelines. Delivered treatment modalities for 
stage I-III rectal cancer patients were compared with treatment advised by national 
guidelines and reasons stated by the treating physician for non-adherence to 
guidelines were subsequently collected. Main outcome measures were treatment 
decisions, guideline adherence and outcome of surgical treatment were main 
outcome parameters. 

Results
Of 218 included patients, 75 (34%) were aged ≥75 years. Guideline-adherence for all 
treatment modalities in stage I-III rectal cancer was significantly lower in elderly 
patients (62% versus 87% aged <75 years p<0.001) and age was the primary reason 
mentioned for withholding treatment. Palliative anticancer treatment for stage 4 
disease was also initiated significantly less frequently in elderly patients (60% versus 
97%, p=0.002). Overall rates of treatment complications after TME were similar for 
both patient groups (p=0.71), but the impact of complications on survival was much 
greater for elderly patients (p=0.002). 

Conclusion
Guideline-adherence for all treatment modalities in stage I-III rectal cancer declines 
significantly with increasing age. Future research should focus on strategies of 
treatment tailored to the patient’s health status rather than chronological age.
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Introduction
Colorectal cancer is one of the most common cancers worldwide and ranks third in 
the incidence of all cancers in the Netherlands. The occurrence increases with age, 
with 54% being 70 years or older.1 Rectal cancer comprises more than 30% of all 
colorectal cancer,1 and its treatment is essentially different from malignancies in the 
upper colon. It has a poorer prognosis due to the high incidence of local recurrences 
and distant metastasis.2,3 

Surgical treatment for cancer in the distal 10 centimetres of the rectum focuses 
on diminishing the chances of local recurrence by preoperative radiotherapy (in 
higher tumour stages combined with chemotherapy) followed by total mesorectal 
excision (TME).4,5 Due to the anatomical coning of the pelvis and possible tumour 
involvement of the pelvic wall, rectal surgery is challenging. It carries a high 
morbidity rate,6,7 despite recent developments such as minimally invasive surgery, 
advanced laparoscopic techniques and even robot-assisted surgery.8,9 On the 
other hand, multimodal recovery programs after surgery have been introduced 
successfully, making return to functionality faster and reducing the morbidity caused 
by surgery.10,11 

In the care for elderly patients with low rectal cancer, physicians are faced with 
dilemmas on how to proceed with treatment. As ageing is an individual process 
with increasing variety in comorbid disease, physical reserve, disability and 
geriatric conditions, treatment recommendations for fit, younger patients cannot 
automatically be extrapolated to older patients.12,13 For older patients, treatment with 
high morbidity rates is disputed and neoadjuvant treatment is shown to increase 
the risk of complications.14 Further, elderly with adverse events are at increased risk 
of worse survival.15,16 Even palliative treatment for rectal cancer can be demanding, 
carrying its own morbidity rates,17 and deviating ostomies to prevent obstruction 
still require surgery and may result in care dependence. However, omission of such 
treatment can lead to serious cancer-related complications. With increasing age, 
the choice to operate and curate or to palliate will be increasingly dependent on 
comorbidity, overall physical condition and patient’s wishes. 
Although some data is available on outcome of surgical treatment of rectal cancer in 
elderly,18-23 adequate interpretation of these data also requires knowledge about the 
untreated elderly population. Trials on rectal cancer treatment do not show real-life 
outcomes as elderly and those with comorbidity are often excluded,24,25 and details 
on treatment decisions are often not reported. National guidelines on rectal cancer 
are based on studies in which elderly are generally underrepresented and guidelines 
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specifically focusing on elderly are lacking. 
To date, literature on palliative or curative treatment choices for rectal cancer in 
elderly patients is scarce. Therefore, we set out to investigate the treatment of 
patients with low rectal cancer, comparing treatment choices, guideline-adherence 
and outcomes for elderly (≥75 years) with younger patients (<75 years).

Methods
This study was performed at the Diakonessenhuis in Utrecht, a large teaching 
hospital in the Netherlands. All patients with newly diagnosed rectal cancer between 
July 2006 and December 2011 were retrieved from the hospital’s pathology database. 
Only patients with cancer of the distal two-thirds of the rectum (≤10 cm from the 
anal verge, measured by digital rectal examination, rigid or flexible rectoscopy, 
flexible colonoscopy or radiographically) were included. Data from surgically 
treated patients were retrieved from the hospital’s prospective colorectal surgery 
database. For non-operated patients the medical charts were reviewed. Patients who 
underwent surgery in other hospitals were excluded from the analysis. 
The following data were collected: age at diagnosis, sex, comorbidity (using the 
American Society of Anaesthesiologists (ASA)-score and Charlson comorbidity 
index)26 body mass index (BMI), polypharmacy (defined as the use of ≥5 medications), 
prior history of abdominal surgery and distance of tumour from the anal verge. 
For surgically treated patients, data extraction also included type of neo-adjuvant 
treatment (if any), surgical treatment data (type of surgery, surgical approach, 
duration of operation, blood loss, type of anastomosis, requirement of ostomies, 
intra-operative complications), postoperative data (number of ICU-days, duration 
of hospital stay, number of blood transfusions received, complications, re-
interventions, re-admissions and mortality), oncologic data (tumour stage, type 
of adjuvant treatment, pathologic specimen data), and follow-up data. For non-
surgically treated patients details concerning tumour stage, palliative chemotherapy 
and/or radiotherapy and follow-up were collected. 
Treatment for patients with stage I-III rectal cancer was divided into three groups: 
patients who underwent intended curative resection, patients who received 
palliative treatment and patients who received no cancer treatment at all. 
Intended curative resection was defined as patients with stage I-III rectal cancer 
who underwent (laparoscopic or conventional) TME or local resection by transanal 
endoscopic microsurgery (TEM), the latter only if given to patients with low risk T1 
carcinomas without (neo)adjuvant treatment. 
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Delivered treatment modalities for stage I-III rectal cancer patients were compared 
with treatment advised by national guidelines for the treatment of rectal cancer.27 
A summary of these treatment guidelines is presented in Appendix 1. Briefly, 
neoadjuvant treatment followed by TME surgery is advised in all patients except low 
risk cT1N0 tumours in which case local resection with TEM is recommended. There 
are no clear recommendations regarding adjuvant treatment. 
For patients not receiving the standard treatment, reasons stated by the treating 
physician for non-adherence to guidelines were subsequently collected from the 
charts; these were classified as age, comorbidity, patient’s request, cognitive decline, 
poor general condition, tumour characteristics or unclear. 
Treatment for patients with stage IV rectal cancer was divided into two groups: 
palliative treatment and no treatment at all. Dutch treatment guidelines on stage IV 
rectal cancer are not stringent (Appendix 1). Guideline adherence for these patients 
was therefore not determined. 
Follow-up data were retrieved from the charts and mortality was determined using 
the Municipal Data Registry. 

Statistical analysis
Statistical analysis was performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) for 
windows. Statistical significance was defined as p<0.05. For comparisons between 
groups, the chi-square test was used for nominal and ordinal variables; the anova 
test was used for continuous variables. Overall survival was assessed using Kaplan-
Meier plots with a log-rank analysis. To determine which baseline characteristics and 
outcome parameters were associated with mortality for stage I-III rectal cancer in 18 
months follow-up, a Cox regression analysis was performed. For each variable, the 
Cox proportional hazards assumption was tested using a log-minus-log plot. Factors 
with clinical significance or p≤0.20 were subsequently included in a multivariable 
analysis. A backward selection procedure was applied, accepting a p-value of <0.05.

Age-related guideline adherence and outcome in low rectal cancer



84

Results
Between July 2006 and December 2011, 221 patients were diagnosed with low rectal 
cancer at the Diakonessenhuis. After exclusion of three patients who underwent 
surgery at other hospitals, 218 patients were included in this study. 
Patient characteristics are reported in Table 1. Median age was 70 years (range 37-
95 years); 60% were men. There were 29 patients (13%) with an ASA score of 3 or 4. 
Median distance between the tumour and the anal verge was 5cm (0-10cm). Forty-
one patients were diagnosed with stage IV rectal cancer (19%). 
Of all patients, 75 (34%) were aged 75 years or older (Table 1). The elderly patients 
group consisted of significantly more women (65% versus 33%, p=0.002), more 
patients with an ASA-score of 3 or 4 (25% versus 7%, p<0.001) and a higher incidence 
of polypharmacy (31% versus 18%, p=0.03). The median Charlson comorbidity 
index was also higher in the elderly patients (1 versus 0, p=0.05), with borderline 
significance. Older and younger patients did not differ in tumour stage at 
presentation (p=0.13).

Treatment choices
Figure 1 shows the treatment choices for all patients. Overall, 166 patients were 
treated with curative intent, 43 received palliative treatment and in nine patients, no 
treatment was given. 
When comparing treatment for older and younger patients, significantly less elderly 
with stage I-III disease were treated with curative intent (83% in older patients 
versus 100% of younger patients, p<0.001). If treated with curative intent, elderly 
received neoadjuvant treatment as often as younger patients (73% versus 86% of 
younger patients, p=0.14, Table 1). However, elderly received significantly more short-
course radiotherapy and less chemoradiation therapy (59% versus 42% in younger 
patients, p=0.04 and 13% versus 40%, p<0.001 respectively). 
A total of 41 patients had stage IV rectal cancer (31 patients aged <75 yrs (76%) and 
10 patients aged ≥75 yrs (24%). Of these, the elderly patients received significantly 
less palliative treatment (60% versus 97%, p=0.002). An additional seven patients 
had stage I-III rectal cancer and received only palliative (not curative) treatment, all 
of which were elderly. Thus, a total of 43 patients received some form of palliative 
treatment (30 younger and 13 elderly patients, Figure 1). Palliative surgery was 
received by equal number of patients between age groups (77% aged <75 years 
versus 62% aged ≥75 years, p=0.31) but was generally less extensive in the elderly 
(13% received palliative TME in elderly versus 61% in younger patients, p=0.001). The 
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Total
n=218

<75
n=143

≥75
n=75

P

Male

Median age (range)
    <55y
    55-64
    65-74
    75-84
    ≥85

Median distance to anal verge (range)
ASA 3-4
Median Charlson comorbidity index26 (range)
Polypharmacy
Median BMI (range)

Pathological tumour stage according to 
Dukes classification
   - A: T1-2, N0, M0
   - B: T3-4, N0, M0
   - C: T1-4, N1-2, M0   
   - D: T1-4, N1-2, M1
   - Unknown

Intended curative resection

Neoadjuvant treatment*
RTx
CHRTx

130 (60%)

70 (37-95)
31 (14%)
53 (24%)
59 (27%)
53 (24%)
22 (10%)

5 (0-10)
29 (13%)
0 (0-7)
48 (22%)
25 (16-40)

55 (25%)
43 (20%)
70 (32%)
41 (19%)
9 (4%)

166 (76%)

131 (79%)
79 (48%)
52 (31%)

96 (67%)

62 (37-74)
31 (22%)
53 (37%)
59 (41%)

5 (0-10)
10 (7%)
0 (0-7)
25 (18%)
25 (16-40)

39 (27%)
29 (20%)
44 (31%)
31 (22%)
0

112 (78%)

92 (82%)
47 (42%)
45 (40%)

34 (45%)

81 (75-95)

53 (71%)
22 (29%)

5 (0-10)
19 (25%)
1 (0-7)
23 (31%)
24 (17-35)

16 (21%)
14 (19%)
26 (35%)
10 (13%)
9 (12%)

54 (72%)

39 (72%)
32 (59%)
7 (13%)

0.002

0.80
<0.001
0.05
0.03
0.08

0.13
<0.001

0.30

0.14
0.04
<0.001

Table 1. Patient characteristics 

* For patients treated with curative intent
ASA: American Society of Anaesthesiologists; BMI: Body Mass Index; RTx: radiotherapy;  
CHRTx: chemoradiation therapy
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elderly received significantly more palliative radiotherapy (62% versus 23%, p=0.02) 
and significantly less palliative chemotherapy (31% versus 73%, p=0.009). Nine 
patients received no treatment at all, eight of which (89%) were aged 75 years or 
older (Figure 1). 

Guideline adherence 
Of 177 patients with stage I-III rectal cancer, 137 (77%) were treated in accordance 
with guidelines, with a significant decline with age (87% aged <75 years versus 
62% aged ≥75 years, p<0.001). Guideline adherence per age group and for different 
treatment modalities in patients with stage I-III disease is presented in Figure 2. 
Neoadjuvant treatment declined significantly with increasing age (86% aged <75 
years versus 60% aged ≥75 years, p<0.001). Twenty percent of patients aged 85 years 
and older received neoadjuvant treatment in accordance with guidelines, compared 
to 96% of patients aged <55 years (p<0.001). Surgery was received by over 90% of 
patients up to 84 years of age and declined to 60% in patients aged 85 years and 
older (p<0.001). Adjuvant chemotherapy treatment also decreased steadily with 
increasing age (77% aged <75 years versus 15% aged ≥75 years, p<0.001). 
Reasons for non-adherence to neoadjuvant treatment guidelines in younger patients 
(n=15/42) were comorbidity (n=1), patient refusal (n=2), tumour characteristics (n=6) 
and in 6 six cases reasons for non-adherence could not be retrieved (Table 2). Age 
was the primary reason mentioned for withholding treatment in older patients both 
for neoadjuvant therapy (n=7) as for surgery (n=3). Other reasons were cognitive 
decline (n=2), patient’s request (n=3) and poor general health (n=1). Comorbidity was 
not stated as a reason to withhold neoadjuvant treatment. In five cases reasons for 
non-adherence to guidelines could not be retrieved from the patient’s charts. 

Outcome of TME surgery
A total of 174 patients underwent (curative or palliative) TME, of which 53 (30%) 
were aged ≥75 years. Although an equal proportion of procedures was started 
laparoscopically (50% aged <75 years versus 51% aged ≥75 years, p=0.9 – Table 3), 
conversion rate was significantly higher in the elderly (33% versus 10% in younger 
patients, p=0.008). Overall complication rate was similar between groups, but 
significantly more pulmonary complications occurred in the elderly (8% versus 
none in the younger, p=0.002). The proportion of patients requiring postoperative 
admission to the Intensive Care Unit was significantly higher in the elderly (47% 
versus 26% of younger patients, p=0.005) as was the proportion of patients requiring 
blood transfusion (30% versus 13% respectively, p=0.008), even though median 
peroperative blood loss was not different between groups. Younger patients 
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Figure 1. Flow chart of treatment choices in stage I-III and stage IV rectal cancer

TEM: Transanal Endoscopic Microsurgery; TME: Total Mesorectal Excision; CHTx: Chemotherapy;  
RTx: radiotherapy. 
* One patient died during neoadjuvant chemotherapy
** Two patients underwent palliative radio frequent ablation (RFA) of liver metastases

Total
n= 218

143 (66%) <75 yrs
75 (34%) ≥75 yrs

Stage I-III
n= 177

112 (63%) <75 yrs
75 (37%) ≥75 yrs

Type of treatment
Palliative TEM  n= 3
Palliative TME  n= 15
Deviating ostomy  n= 11
Palliative CHTx  n= 26
Palliative RTx  n= 15
Other**   n= 2

n= 43 (30 <75 yrs 
and 13 ≥75 yrs)

Stage IV
n= 41

31 (76%) <75 yrs
10 (24%) ≥75 yrs

No treatment
n= 4

0 <75 yrs
4 ≥75 yrs

Type of treatment
TEM   n= 6
TME   n= 159
Other*  n= 1

Intended 
curative 

resection
n= 166

112 <75 yrs
54 ≥75 yrs

Palliative 
treatment

n= 7
0 <75 yrs
7 ≥75 yrs

Palliative 
treatment

n= 36
30 <75 yrs
6 ≥75 yrs

No treatment
n= 5

1 <75 yrs
4 ≥75 yrs
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Figure 2. Proportion of stage I-III rectal cancer patients treated in accordance with 
guidelines per age group

* For adjuvant treatment, no stringent guidelines are provided; therefore, proportion of patients 
receiving adjuvant treatment after surgical therapy is depicted.

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Overall Neoadjuvant
treatment

Surgery Adjuvant
treatment*

<55 years
55-64 years
65-74 years
75-84 years
85+ years

p<0.001                    p<0.001                    p<0.001                      p<0.001

Part II Chapter 5



89

Number of patients not treated in 
accordance with guidelines

Overall Neo-
adjuvant 

treatment

Surgery

n=15 n=15 n=0

Younger 
(<75 years) 
n=112

Reason stated
• age
• comorbidity
• patient refusal
• cognitive decline
• poor general health
• tumour characteristics
• unclear

0
1
2
0
0
6
6

n=25 n=14 n=11

Elderly 
(≥75 years) 
n=65

Reason stated
• age
• comorbidity
• patient refusal
• cognitive decline
• poor general health
• tumour characteristics
• unclear

10
1
3
2
1
3
5

7
0
1
0
0
3
3

3
1
2
2
1
0
2

Table 2. Reason stated in clinical charts for non-adherence to guidelines in patients with 
stage I-III rectal cancer. 
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<75 
n=121

≥75
n=53

P

Surgery started laparoscopic
Conversion to conventional TME
APR/LAR 

Median blood loss in ml (range)
Number of patients requiring blood transfusions

Number of patients with postoperative complications* 
   - Anastomotic leakage
   - Pulmonary complications
Re-operation
Other re-intervention

Median hospital stay in days (range)
Number of patients with ICU admittance
Re-admission 
30-day mortality

60 (50%)
6/60 (10%)
45/76

300 (0-3000)
16 (13%)

40 (33%)
6 (8%)
0
15 (12%)
4 (3%)

7 (3-141)
31 (26%)
22 (18%)
1 (1%)

27 (51%)
9/27 (33%)
16/37

400 (0-1500)
16 (30%)

16 (30%)
1 (3%)
4 (8%)
7 (13%)
1 (2%)

10 (3-93)
25 (47%)
1 (2%)
2 (4%)

0.87
0.008
0.37

0.67
0.008

0.71
0.28
0.002
0.88
0.61

0.12
0.005
0.003
0.17

Table 3. Operative outcome after TME surgery

* A patient could have had more than one complication
TME: Total Mesorectal Excision, APR: Abdominoperineal Resection; LAR: Low Anterior Resection;  
ICU: Intensive Care Unit
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Figure 3. Kaplan-Meier curves of overall survival in 18 months follow-up for patients after 
intended curative resection (a) and patients not undergoing intended curative resection (b).

a.

b.
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required significantly more readmissions (18% versus 2% in older patients, p=0.003). 
Thirty-day mortality did not differ between groups. No differences were seen in 
postoperative complication rate in both younger and elderly patients with or without 
neoadjuvant treatment.  

Survival
As demonstrated by Figure 3a, overall survival in 18 months follow-up after intended 
curative resection was significantly better in younger patients (93% versus 82%, log 
rank p=0.02). For patients without intended curative resection initial survival was 
worse for the elderly, but after 13 months this difference was no longer noticeable 
(Figure 3b). If complications occurred after TME, the relative risk of dying within 6 
months after surgery almost tripled for elderly patients (5.8 versus 2.0 for younger 
patients, p=0.002).
To determine baseline factors associated with mortality in 18 months follow-up 
in patients with stage I-III rectal cancer, univariate and multivariable analysis 
were performed (Table 4). In the univariate analysis age, Dukes tumour stage, 
intended curative resection and the occurrence of complications were associated 
with mortality in 18 months follow-up. In the multivariable analysis, complications 
after TME surgery were the prime predictor of survival in 18 months follow-up 
(hazard ratio (HR) 1.41, 95% confidence interval (CI) 1.15-1.73, p=0.001). Other factors 
associated with survival were age (HR1.85, 95%CI 1.18-2.91, p=0.007) and intended 
curative resection (HR 0.14, 95%CI 0.02-0.82, p=0.03).  
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Table 4. Cox-regression analysis of factors associated with mortality within 18 months in 
patients with stage I-III rectal cancer

ASA: American Society of Anaesthesiologists; HR: Hazard ratio; 
* Variables with a p-value ≤0.20 (printed in bold font) were included in the multivariable analyses, as 
were potential confounders such as age. 

Factor Univariate Multivariable

HR 95%
Confidence
 Interval

P* HR 95% 
Confidence 
Interval

P*

Age in 10 year groups
Sex 
ASA 3-4
Polypharmacy
Dukes tumour stage
Intended curative resection
Neoadjuvant therapy
Laparoscopic resection 
Complications
Adjuvant therapy

2.23
1.19
2.34
1.44
1.75
0.21
1.01
0.66
1.30
0.66

1.48-3.36
0.51-2.74
0.92-5.94
0.59-3.49
1.23-2.49
0.08-0.58
0.33-3.05
0.38-1.16
1.17-1.44
0.19-2.30

<0.001
0.69
0.07
0.42
0.002
0.002
0.99
0.15
<0.001
0.52

1.85
-
-

-
0.14

-
1.41

1.18-2.91

0.02-0.82

1.15-1.73

0.007

0.03

0.001
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Discussion
In this study of treatment decisions for low rectal cancer for 218 patients, we 
analysed differences in treatment choices and outcome of treatment between 
younger (<75 years) and elderly (≥75 years) patients. We found that guideline-
adherence for all treatment modalities in stage I-III rectal cancer was significantly 
lower in elderly patients (62% versus 87% in younger patients), with age being the 
primary reason mentioned in patients’ charts for withholding treatment. Palliative 
treatment was also initiated less frequently in the elderly patients. Although the 
overall rate of surgical complications was similar in both age groups, survival after 
complications from TME surgery was significantly worse in elderly patients.
Low rectal cancer has multiple treatment modalities, the cornerstone of which 
is radical surgery according to TME principles, which carries a high complication 
rate.4,7,28 Treatment choices can be complex, especially for the elderly, which 
form a heterogeneous group of patients from fit to frail and with a variance of 
comorbidities. These factors may negatively affect outcomes of neo-adjuvant 
treatment and surgery14,15,23 but are generally not incorporated in treatment 
guidelines.24,25 Furthermore, elderly are more prone to adverse sequelae of 
treatment-related complications, such as functional decline, care-dependency, 
and death.15,29 For example, in our study the overall complication rate for older and 
younger patients was similar, but when postoperative complications did occur, 
survival for older patients was much worse. Although older patients may also benefit 
from recent developments, such as enhanced recovery programs and laparoscopic 
rectal resections,30,31 it remains to be seen if elderly will benefit as much as younger 
patients have.
Most experts agree that chronological age itself is not sufficient grounds for 
withholding cancer treatment;19,32 as it is not possible to judge if a patient is fit 
for radical rectal cancer treatment merely by looking at a patient’s date of birth. 
However, multiple studies have demonstrated that treatment decisions in elderly 
cancer patients are still largely based on age.33-36 This could be due to the fact that 
treatment guidelines generally do not discriminate between younger or older cancer 
patients and are based on trials from which elderly were often excluded. 24,25 Thus, 
tailoring of care is needed and for this reason, some form of geriatric evaluation is 
increasingly being incorporated in oncologic care.12,37-39 A geriatric evaluation can help 
identify previously unrecognised health issues which have been demonstrated to 
be associated with prognosis and treatment-related complications and can provide 
guidance in balancing the risks and benefits of treatment.39 However, without 
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further research optimal stratification of older patients will remain elusive. Such 
studies should not only incorporate a geriatric evaluation but also those outcome 
measures most relevant to older patients in their treatment decisions, such as care 
dependence and quality of life.
This study has some limitations. First, data on outcome of other treatment 
modalities such as chemotherapy and radiotherapy are lacking in our analysis 
as these were insufficiently available from patient’s charts. Second, comorbidity 
was analysed using the ASA-score and Charlson comorbidity score. These scores 
only provide a global assessment of a patient’s comorbidity but do not take the 
severity of that comorbidity into account. Although useful multimorbidity scales 
are available,40 these need to be filled out prospectively. Furthermore, details on 
socio-economic or functional status were not available but may have attributed to 
treatment decision making and guideline adherence. Finally, our study population is 
relatively small with only 218 patients. However, they represent a real-life population 
of patients diagnosed with low rectal cancer. Therefore, our analysis provides 
worthwhile insights in day-to-day decision-making that cannot be obtained from 
clinical trials or studies based on cancer registry databases. 

Conclusion
Guideline adherence for all treatment modalities in stage I-III rectal cancer declines 
significantly with increasing age. Survival in 6 months after complications from TME 
surgery is worse in patients aged ≥75. Geriatric assessment might lead to better, 
individualised treatment approaches for low rectal cancer in older patients.
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Clinical stage Neoadjuvant 
treatment

Surgical treatment Adjuvant treatment

I (Dukes A) cT1-2N0M0

T1 (low risk)*
T1 (high risk)*
T2

none
Short course RT**
Short course RT

Local resection (TEM)
TME
TME

none
none
none

II (Dukes B) cT3-4N0M0 

T3
T4

Short course RT 
Chemoradiation 
therapy***

TME
TME

none
no clear recommendation

III (Dukes C) cTxN1-2M0 

N1
N2

Short course RT 
Chemoradiation 
therapy

TME
TME

no clear recommendation 
no clear recommendation

IV (Dukes D) cTxNxM1 Multiple treatment options depending on resectability and patient 
preferences

Appendix 1. Summary of Dutch guidelines for the treatment of rectal cancer according to 
clinical tumour stage

* Low risk: G1/2L0V0 tumours: good or moderate degree of tumour differentiation, no lymphatic or 
venous invasion. High risk: T1 carcinoma with stage >G1/2L0V0.
** Short course radiotherapy: 5x5Gy
*** Chemoradiation therapy: 25x2Gy in combination with capecitabine 825 mg/m2
TEM: Transanal Endoscopic Microsurgery; RT: radiotherapy; TME: Total Mesorectal Excision; 
Full guidelines for treatment of rectal cancer in the Netherlands can be found online.27
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Abstract
Introduction
Older colorectal cancer patients have a higher risk of postoperative complications 
and the impact of adverse events on survival is also significantly higher. Innovations 
like laparoscopic surgery which improve short-term outcome for older patients can 
also benefit their overall prognosis. We set out to analyse the impact of an increased 
utilisation of laparoscopic surgery for colorectal cancer in the Netherlands on overall 
survival.

Methods
All patients diagnosed with stage I-III colorectal cancer in the Netherlands between 
2008 and 2011 were selected from the Netherlands Cancer Registry. Changes in 
perioperative mortality, three-month mortality and one-year mortality rates were 
analysed using year of diagnosis as an instrumental variable.

Results
Over 33,000 patients were included in the analyses. Data on surgical approach 
were not precisely known for 2008 and 2009; in 2010 36.6% of definitive surgical 
procedures were performed laparoscopically, and in 2011 45.9%. A laparoscopic 
approach was used less frequently in the patients aged ≥75 years (in 2011, 40.3% 
versus 49.2% of younger patients; p<0.001). Between 2008 and 2011, perioperative 
mortality decreased from 2.0% to 1.5% (p=0.02), three-month mortality from 4.8% 
to 3.9% (p=0.01) and one-year mortality from 9.6% to 8.3% (p<0.001). The absolute 
risk reduction was greatest for patients aged ≥75 years, reaching 2.1% for one-year 
mortality. 

Conclusion
Between 2008 and 2011, the utilisation of a laparoscopic approach increased 
significantly, resulting in reduced mortality rates, particularly for the elderly. 
Therefore, a laparoscopic approach should be used whenever possible, which may 
allow for further improvement of outcomes.
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Introduction
Over the past ten years, the incidence of colorectal cancer in the Netherlands has 
risen by 43%. It is currently the second most common malignancy in both men 
and women and 12% of cancer-related deaths can be attributed to this disease.1 
Over one-third of newly diagnosed patients are older than 75 years of age and with 
the imminent ageing of western societies, the number of older colorectal cancer 
patients is expected to increase greatly over the coming decades.2 This will present a 
significant challenge to cancer specialists, as many questions still remain regarding 
the optimal treatment for this heterogeneous patient population.
Previous studies have demonstrated that age is a significant risk factor for death 
after curative surgery for colorectal cancer.3 Not only are older patients at a higher 
risk of postoperative complications but the impact of such adverse events on 
survival is also markedly higher.4 Furthermore, elderly patients demonstrate an 
excess mortality rate throughout the first year following surgery, suggesting a 
prolonged negative impact of treatment.5 However, when they have survived the 
first year, older patients have a cancer-related survival rate that is similar to that of 
younger patients.5 

This may mean that innovations that improve short-term outcome for older patients 
can significantly benefit their overall prognosis. One such innovation is the use 
of laparoscopic surgical techniques, which appear to be associated with less 
postoperative pain, better pulmonary function, reduced occurrence of ileus and 
shorter hospital stay with similar oncologic outcomes.6,7 Although exact numbers 
for the earlier years are not known, the proportion of colorectal cancer surgeries 
performed using a laparoscopic approach  in the Netherlands has increased steadily, 
reaching 46% in 2011 - one of the highest rates in the world.8 
In this study, we set out to analyse the impact that this increased utilisation of 
laparoscopic surgery for colorectal cancer in the Netherlands has had on overall 
survival for older and younger patients. 

Improved survival for older patients undergoing surgery for colorectal cancer 
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Methods
In this population-based analysis, patients diagnosed with colorectal cancer 
between 2008 and 2011 were selected from the Netherlands Cancer Registry. 
This registry contains information of all newly diagnosed malignancies in the 
Netherlands. Patients are detected through the central pathology database. Trained 
personnel obtain patient, tumour and treatment characteristics directly from the 
patient charts, fully independent from the surgical oncology team. Follow-up status 
is available through linkage of the Cancer Registry data with municipal population 
registries.
All patients with stage I-III colorectal cancer were included. Stage was determined 
according to the pathological Tumour-Node-Metastasis (TNM)-stage in the year of 
diagnosis.  If pathological stage was missing, clinical stage was used. Treatment 
was categorised as no treatment, non-surgical treatment only, limited resection 
(for example, only local excision) and extensive surgery. The most extensive surgery 
was used for the analyses. Surgical approach (laparoscopic vs. conventional) 
was only available for 2010 and 2011. Extensive surgery was subdivided in 
hemicolectomy, sigmoid resection, Hartmann procedure, low anterior resection 
and abdominoperineal resection. Patients with multifocal tumours or undergoing 
multisegmental resections, including (sub)total colectomies, were excluded, as 
were patients undergoing emergency surgical procedures. For patients undergoing 
extensive surgery, data on neo-adjuvant and adjuvant treatment was also extracted 
from the cancer registry. 
Patients were followed until December 31st, 2012. 
Given the nature of this study, no approval from the Medical Ethics Board was 
elicited.

Statistical analyses
All analyses were performed in SPSS Statistics version 21.0. A p-value smaller than 
0.05 was considered as statistically significant. For comparisons between groups, the 
chi-square test was used for nominal and ordinal variables; the Anova test was used 
for continuous variables. 
Perioperative mortality, three-month mortality and one-year mortality rates for 
patients undergoing extensive surgery were analysed. Perioperative mortality was 
defined as death within 30 days of surgery. In addition, one-year excess mortality 
rates were calculated using the following formula: ((observed number of deaths 
in the first year – expected number of deaths in the first year in the general 

Part II Chapter 6



105

population)/number of patients). The expected number of deaths was calculated 
using national life tables.2 
As a straightforward comparison of a laparoscopic approach with conventional 
surgery was not possible due to the fact that registration of surgical approach 
was incomplete for 2008 and 2009, we chose to use the year of diagnosis as an 
instrumental variable. An instrumental variable is a factor that is associated with 
treatment allocation but is unrelated to the outcome.9 To assess changes in overall 
survival due to the introduction of laparoscopic surgery, we therefore performed a 
multivariable Cox logistic regression analysis using year of diagnosis, age, stage of 
disease, and location of tumour (colon or rectum).

Table 1. Baseline characteristics and treatment choices for all patients and per age group

All patients
n=33254

<75 years
n=20437

≥75 years
n=12817

P

Tumour location
    Colon
    Rectum

69.9%
30.1%

65.6%
34.4%

76.8%
23.2%

<0.001

Tumour stage
     Stage I
     Stage II
     Stage III

27.5%
37.8%
34.7%

28.6%
34.9%
36.4%

25.8%
42.4%
31.8%

<0.001

Neo-adjuvant treatment (rectal cancers only)
     None
     Radiotherapy
     Chemoradiation

33.5%
43.2%
23.4%

27.9%
42.8%
29.3%

46.7%
44.0%
9.3%

<0.001

Treatment
     No treatment
     Non-surgical treatment only
     Limited surgery only
     Extensive surgery

1.1%
2.7%
9.4%
86.8%

0.4%
1.9%
9.9%
87.7%

2.3%
3.8%
8.6%
85.2%

<0.001

Type of extensive surgery
     Hemicolectomy
     Sigmoid resection
     Hartmann procedure
     Low anterior resection
     Abdominoperineal resection

45.5%
18.6%
5.4%
21.0%
9.5%

39.7%
19.5%
4.3%
25.2%
11.3%

55.0%
17.1%
7.2%
14.1%
6.6%

<0.001

Surgical approach in 2011
     Conventional
     Laparoscopic

54.1%
45.9%

50.8%
49.2%

59.7%
40.3%

<0.001

Adjuvant chemotherapy   17.7% 24.8% 6.4% <0.001

Improved survival for older patients undergoing surgery for colorectal cancer 
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Results
Baseline characteristics
Between 2008 and 2011, 35698 patients were diagnosed with stage I-III colorectal 
cancer in the Netherlands. After exclusion of 2444 patients (7%) due to multifocal 
tumours or multisegmental resections, 33254 patients were included in our analysis. 
Baseline characteristics for these patients can be found in Table 1. Approximately 
30% of malignancies were located in the rectum and 70% in the colon. Stage I 
disease was diagnosed in 27.5% of patients, stage II in 37.8% and stage III in 34.7%. 
Overall, 1.1.% of patients did not receive any treatment and 2.7% received non-
surgical treatment only while 86.8% of patients underwent extensive surgery. 
Hemicolectomies were most frequent (45.5%) followed by low anterior resections 
(21.0%) and sigmoid resections (18.6%). 
Mean age of patients was 70.0 years (standard deviation 11.4 years) and 39% 
was older than 75 years of age (Table 1). Older patients more frequently received 
no treatment (2.3% compared to 0.4% of younger patients) or non-surgical 
treatment only (3.8% compared to 1.9%) and were slightly less likely to undergo 
extensive surgery (85.2% compared to 87.7% of younger patients; p<0.001). When 
surgery was performed, a laparoscopic approach was used less frequently than in 
younger patients (in 2011, 40.3% versus 49.2% respectively; p<0.001). In addition, 
elderly patients received significantly less neo-adjuvant treatment, particularly 
chemoradiation for rectal tumours (9.3% versus 29.3% of younger patients; p<0.001) 
and less adjuvant chemotherapy for both colon and rectal tumours (6.4% versus 
24.8% of younger patients; p<0.001). 
Table 2 shows a comparison of patient, tumour and treatment characteristics in 
the four years of this analysis. There were slightly more stage I tumours in 2011 
compared to 2008 (29.0% vs. 26.3% respectively) and slightly less abdominoperineal 
resections (8.8% in 2011 vs. 10.3% in 2008). Data on surgical approach are not known 
exactly for 2008 and 2009; in 2010 36.6% of definitive surgical procedures were 
performed laparoscopically, and in 2011 45.9%.

Survival
Survival analyses were performed for patients undergoing extensive surgical 
procedures. Using the data from 2010 and 2011, a direct comparison of surgical 
approach revealed that at all three end-points, laparoscopy was associated with 
better outcomes: perioperative mortality was reduced from 2.5% to 0.7% (p<0.001), 
three-month mortality from 5.6% to 2.5% (p<0.001) and one-year mortality from 
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Table 2. Tumour characteristics and treatment choices per year of diagnosis

* no exact data available for 2008 and 2009. Based on data from the Dutch Surgical Colorectal Audit, 
the percentage of laparoscopically operated patients was at least 25% in 2009.10

2008 2009 2010 2011 P

Mean age (standard deviation) 70.0 (11.3) 69.9 (11.3) 70.2 (11.3) 69.9 (11.5) 0.27

Tumour location
    Colon
    Rectum

70.0%
30.0%

70.0%
30.0%

69.9%
30.1%

69.6%
30.4%

0.94

Tumour stage
     Stage I
     Stage II
     Stage III

26.3%
38.6%
35.1%

26.3%
34.5%
34.2%

28.7%
37.3%
34.1%

29.0%
35.7%
35.3%

<0.001

Treatment
     No treatment
     Non-surgical treatment only
     Limited surgery only
     Extensive surgery

1.0%
2.3%
10.3%
86.4%

0.8%
2.6%
9.3%
87.2%

1.3%
2.9%
9.5%
86.3%

1.4%
2.9%
8.4%
87.3%

<0.001

Type of extensive surgery
     Hemicolectomy
     Sigmoid resection
     Hartmann procedure
     Low anterior resection
     Abdominoperineal resection

45.4%
18.8%
5.5%
20.2%
10.1%

45.3%
18.7%
5.1%
21.0%
9.9%

45.6%
18.0%
5.8%
21.3%
9.3%

45.8%
18.7%
5.3%
21.5%
8.8%

<0.001

Surgical approach
     Conventional
     Laparoscopic

* *
63.4%
36.6%

54.1%
45.9%

<0.001

Conversions from laparoscopic to    
     conventional approach  

* * 19.3% 17.2% 0.16

Improved survival for older patients undergoing surgery for colorectal cancer 
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11.6% to 5.6% (p<0.001). Conversion from laparoscopy to a conventional approach 
resulted in an increased mortality at all end-points compared to surgeries 
completed laparoscopically, but this risk was not higher than those surgeries started 
with a conventional approach (perioperative mortality after conversion 1.1%, three-
month 4.1% and one year 8.2%). While these results may be affected by a selection 
bias, analyses using year of diagnosis as an instrumental variable also revealed 
a significant and incremental decrease in mortality rates (Figure 1): perioperative 
mortality decreased from 2.0% to 1.5% (p=0.02), three-month mortality from 4.8% 
to 3.9% (p=0.01) and one-year mortality from 9.6% to 8.3% (p<0.001). In addition, for 
each type of surgical procedure, a reduction in mortality was seen at every end-point 
when comparing 2011 with 2008 (Table 3), although not always sufficiently to achieve 
statistical significance. After correcting for age, stage and tumour localisation, later 
year of diagnosis remained associated with a significantly lower risk of death in the 
first year (hazard ratio 0.86, 95% confidence interval 0.77-0.96; p=0.01). 
When differences in expected mortality in the general population were taken into 
account, the relative risk reduction for older and younger patients were similar 
(21% and 20% respectively, Table 4). However, the benefit in terms of absolute 
risk reduction was greatest for patients aged 75 years of age and older: 0.8% for 
perioperative mortality, 1.7% for three-month mortality and 2.1% for one-year 
mortality.

Figure 1. Perioperative, three-month and one-year mortality per year of diagnosis for 
patients undergoing extensive surgery 

* no exact data available for 2008 and 2009. Based on data from the Dutch Surgical Colorectal Audit, 
the percentage of laparoscopically operated patients was at least 25% in 2009.10
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Table 3. Absolute reduction in mortality between 2008 and 2011,  
per type of surgical procedure

* p<0.05

Reduction in  
perioperative mortality

Reduction in
three-month 
mortality

Reduction in
one-year 
mortality

Hemicolectomy 0.8%* 0.9% 1.1%

Sigmoid resection 0.2% 0.7%* 2.3%*

Hartmann procedure 0.8% 0.2% 0.4%

Low anterior resection 0% 0.6% 1.3%

Abdominoperineal resection 0.4% 0.3% 1.9%

Table 4. Mortality rates per age group in 2008 and 2011, for patients undergoing  
extensive surgery

A. <75 years 2008 2011 p-value Absolute 
risk 
reduction

Relative 
risk 
reduction

Perioperative mortality 0.8% 0.6% 0.17 0.2% 25%

Three-month mortality 2.1% 1.8% 0.21 0.3% 14%

One-year mortality 5.1% 4.3% 0.06 0.8% 16%

Excess one-year mortality 4.0% 3.2% 0.8% 20%

B. 75+ years 2008 2011 p-value Absolute 
risk 
reduction

Relative 
risk 
reduction

Perioperative mortality 3.9% 3.1% 0.11 0.8% 21%

Three-month mortality 9.3% 7.6% 0.03 1.7% 16%

One-year mortality 17.1% 15.0% 0.04 2.1% 12%

Excess one-year mortality 10.8% 8.5% 2.3% 21%

p=0.02                    p=0.01                    p=0.001                                   p<0.001
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Discussion 
In this population-based study, we found that a laparoscopic approach is increasingly 
being utilised in colorectal surgery. This has resulted in a significant reduction in 
perioperative, three-month and one-year mortality rates. Elderly patients appear to 
benefit most in terms of absolute reduction in mortality risk, reaching up to 2.1% one 
year after surgery. Despite this, a laparoscopic approach is used less frequently for 
older patients than for younger patients, suggesting that additional reductions may be 
possible.
This study has some limitations. Primarily, we could only make use of the data as 
collected in the Netherlands Cancer Registry database. Although registration of 
surgical approach was initiated in 2008, comparison with other data sources, primarily 
the data of the Dutch Surgical Colorectal Audit,8,10 revealed that registration of this 
parameter was incomplete in the first two years.  However, using year of diagnosis as 
an instrumental variable, we were no longer dependent on the exact proportion of 
laparoscopic surgeries. 
This method also enabled us to demonstrate that the change in mortality was not 
merely the result of confounding by indication; this type of confounding is the result of 
the fact that choice of surgical approach does not occur at random. For instance, data 
from the Dutch Surgical Colorectal Audit revealed significant differences in case-mix 
between patients undergoing laparoscopic versus conventional surgery, with patients 
treated with laparoscopy being significantly younger, with lower stage of disease and 
less comorbidity.11 Other variations may exist, regarding factors not routinely recorded 
and which can thus not be corrected for. As a result, a direct comparison of outcome 
between these two surgical approaches in non-randomised studies could suggest 
benefit that in actual fact is not due to the approach but instead to differences in 
the a priori risk of poor outcome. However, this issue does not apply when using an 
instrumental variable.  
Previous studies demonstrated that over the years survival for younger and middle-
aged colorectal cancer improved but elderly patients did not reap similar benefits from 
improved cancer treatments.12,13 This could in part be due to the fact that older patients 
are more likely to die of causes other than the active cancer, as demonstrated by the 
markedly larger gap between one-year mortality and one-year excess mortality in the 
elderly (Table 4). Another explanation could be that while older and younger patients 
experience similar rates of surgical complications, the rate of postoperative pulmonary 
and cardiovascular complications is much higher in the elderly.14 These adverse events 
are a significant factor contributing to the excess mortality in this age group4 and will 
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not significantly be diminished with improved cancer-specific treatments. 
However, our study reveals that over the past few years, the survival gap between 
older and younger patients is beginning to decrease: the difference in one-year 
excess mortality rate between both age groups was 6.8% in 2008, and 5.3% in 2011, 
representing a reduction of 22%. This could be the result of the increased use of a 
laparoscopic surgical approach. Studies have demonstrated that such minimally 
invasive techniques result in much less extensive post-surgical stress and an 
attenuated acute phase response.15-17 While not altering cancer-specific outcomes,6,7 the 
limited trauma on the body could limit the occurrence of non-surgical complications. 
This could be most beneficial to the elderly, as there is an exponential rise of 
cardiovascular and pulmonary adverse events with increasing age.14 
The proportion of older patients operated laparoscopically is lagging: in 2011, 40.3% 
compared to 49.2% of younger patients. This could in part be due to the fact that older 
patients are known to present with a later stage of disease and more often have had 
previous abdominal surgery, which may have affected choice of surgical approach. 
However, it is possible that further improvement in outcome may be achievable with a 
further increase in the utilisation of laparoscopic surgery, in particular in the elderly. 
Some studies have found that conversion from laparoscopy to open surgery resulted 
in higher complication rates.18,19 However, this could for a large part be explained by 
confounding by indication, particularly when conversion is compared only to those 
surgeries completed laparoscopically,19 as it is clear that perioperative complications 
are an important reason for choosing to convert. In our study, conversion from 
laparoscopy to a conventional approach did not result in a poorer outcome than 
surgeries started conventionally. This suggests that it may be beneficial to begin more 
procedures laparoscopically rather than taking the preoperative decision that this 
approach will not be feasible. Although this will probably result in a higher rate of 
conversions, it is also likely to result in an overall increase in surgeries completed with 
laparoscopy which may further improve in perioperative and longer-term outcomes. 
However, future research will be needed to test this hypothesis and the implications of 
a further increase of laparoscopy on short-term surgical outcomes. 

Conclusion
A laparoscopic approach is increasingly utilised in colorectal surgery, resulting in a 
significant reduction in perioperative, three-month and one-year mortality rates, 
particularly for the elderly. Therefore, using a laparoscopic approach whenever 
possible may allow for further improvement of outcomes.
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Abstract
Introduction
While the majority of colorectal cancer patients are elderly, data regarding the 
optimal surgical treatment for elderly are scarce and mostly observational. Benefits 
of laparoscopic surgery might be most advantageous to the heterogeneous elderly 
population. However, it is unclear if elderly have participated sufficiently in trials 
on laparoscopic colorectal surgery. The objective of this analysis was to study the 
characteristics of these trials and to assess if elderly have been able to participate 
and if so, were they sufficiently accrued. 

Methods
A search was conducted of the NIH clinical trial registry and the ISRCTN register for 
randomised trials on laparoscopic surgery for colorectal cancer. Trial characteristics 
and outcome measures were extracted from the registry website and supplemented 
with published results, if available.

Results
Of 52 included trial protocols, the majority did not formulate any restrictions 
regarding cardiac or pulmonary functioning (77% and 79% respectively), and more 
than half had no restrictions regarding ASA-score. 44% of trials excluded elderly 
based on age, comorbidity or organ function. When an upper age limit was used, 
half of these studies had no restrictions regarding organ function, indicating that 
chronologic age rather than physical condition was the reason for exclusion. In 86% 
of published trials, the average age of participants was <70 years, and no details 
concerning concurrent disease were reported. 

Conclusion
Participation of elderly in trials on laparoscopic surgery for colorectal cancer has 
lagged behind. To enhance representativity in future trials, protocol criteria should 
be selected critically, allowing for accrual of the elderly population.
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Introduction
Colorectal cancer is one of the most common cancers worldwide and ranks third 
in the incidence of all cancers in the Netherlands.1 It is predominantly a disease 
of the elderly as in 2011 54% of newly diagnosed colorectal cancer patients were 
over 70 years of age.1 With the imminent rise in life-expectancy, questions regarding 
optimal treatment for older colorectal cancer patients are becoming increasingly 
urgent. As the elderly form a heterogeneous patient population with a wide variety 
in health issues, physical reserve, geriatric conditions and disability,2 treatment 
recommendations for younger and fit patients cannot automatically be extrapolated 
to the elderly population. For example, elderly are more prone to adverse events 
following treatment for colorectal cancer and, as demonstrated by previous studies, 
the impact of postoperative complications on survival is significantly increased.3,4 

In the treatment of colorectal cancer, the introduction of minimally invasive surgical 
techniques over recent years has led to a wide adaptation of laparoscopic colorectal 
surgery with over 50% of elective colorectal surgery performed laparoscopically in 
the Netherlands.5,6 Benefits of laparoscopic surgery have been described extensively, 
including decreased morbidity, better pulmonary function, earlier return to 
functionality, less blood-loss and shorter hospital stay, while maintaining equivalent 
oncologic outcomes.7-9 These advantages may be especially beneficial to the elderly, 
since they suffer most from excess mortality rates throughout the first year after 
colorectal surgery.10 On the other hand, the presence of comorbid conditions could 
limit this benefit and interaction between the particular characteristics of laparoscopic 
surgery – such as the necessary pneumoperitoneum – and age-related decrease of 
organ function could potentially increase the complication rate. Furthermore, older 
patients may set other priorities regarding treatment outcomes, which means that 
trial results for younger patients cannot automatically be extrapolated to the elderly.
Historically, older patients and those with comorbidities have been excluded from 
clinical trials,11-13 despite the fact that a myriad of publications have addressed the 
need for assessing the safety and efficacy of novel treatment options in a study 
population that is representative of the actual target population. For instance, as 
early as 1989, the Food and Drug Administration (FDA) issued a recommendation for 
sufficient elderly to be included in registration trials for chemotherapeutical agents.14 
For surgical trials, such guidance is lacking. Therefore, we set out to investigate 
characteristics of randomised clinical trials on laparoscopic surgery for colorectal 
cancer, to determine if elderly patients have been eligible for participation in these 
trials and if so, if they were sufficiently accrued.

Representation of the elderly in trials on laparoscopic surgery for colorectal cancer
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Methods
To identify randomised trials on laparoscopic surgery for colorectal cancer, the 
United States National Institutes of Health clinical trial registry (www.clinicaltrials.
gov) and the International Standard Randomised Controlled Trial Number Register 
(ISRCTN Register, www.controlled-trials.com) were searched on December 1st 2013, 
using the search terms “laparoscopy” and “colon OR rectum OR colorectal”. Trials 
without surgical intervention and observational trials were excluded, as were trials 
on benign disease only and those not comparing laparoscopic surgery to other 
surgical approaches. 
For included trials, the following data were extracted from the registry websites: 
target disease entities (rectal cancer, colon cancer or colorectal cancer combined), 
type of surgical intervention and approach, the in- and exclusion criteria with 
particular focus on age limits, ASA-score, comorbidity and organ function, study 
objectives and start year of the study. Surgical interventions were classified as 
laparoscopic versus open surgery, single incision surgery or robotic surgery.
Restrictions regarding comorbidity and organ function were classified into the 
following categories: pulmonary function, cardiac function, restrictions regarding 
other organ systems or prior medical history and “suitable for surgery” not 
otherwise specified. For each category, restrictions were labelled as moderate or 
strict, or none if no exclusion criteria pertaining to that category were mentioned. 
This classification was modified from the classification previously used by Lewis et 
al.15 and full details per category can be found in Appendix 1. Briefly, strict exclusions 
were those protocol exclusion criteria that required normal or nearly normal 
laboratory values or organ function whereas moderate exclusions allowed for mildly 
abnormal values while still imposing some restrictions. 
Study objectives (both primary and secondary) were classified into four categories 
(Appendix 2): oncologic outcome, surgical outcome, patient-related outcome and 
economic outcome. 
Trials were considered as excluding patients based on age if they used an upper 
age limit of 80 years of age or lower; exclusion based on comorbidity was recorded 
for trials that only allowed inclusion of healthy patients or those with mild systemic 
disease (ASA-score 1 and 2) and exclusion based on organ function if they used one 
or more stringent organ function restrictions. 
All included trials were checked for published results in Medline. If results were 
published, full-text articles were retrieved and cross-referenced for additional in- 
and exclusion criteria as well as mean or median age and ASA-score of the study 
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Table 1. Characteristics of selected trials  

Total (n=) %

Diagnosis Colon cancer
Colorectal cancer
Rectal cancer

20
17
15

38%
33%
29%

Start year ≤2007
2008-2009
2010-2011
2012-2013

24
11
9
8

46%
21%
17%
15%

Intervention Laparoscopy vs conventional surgery
Laparoscopy vs robotic surgery
Laparoscopy vs single-incision surgery

36
7
9

69%
13%
17%

Recruitment status Not yet recruiting
Recruiting
Ongoing but no longer recruiting
Completed

2
20
10
20

4%
38%
19%
38%

Published results 21 40%

population. Additionally, articles were screened for data regarding specific subgroup 
analyses of older patients or those with comorbidity. Also, the authors were 
contacted for additional information regarding the percentage of elderly patients 
(aged ≥75 years at time of randomisation) in their study population.

Statistical analysis
Only descriptive statistics were used.

Search yield n= 246 Exclusion          n= 194
 
 Non-surgical interventions       n= 74
 Non-randomised studies       n= 39
 No colorectal cancear surgery      n= 35
 No comparison with laparoscopic surgery  n= 46

Figure 1. Search results and trial selection 

Inclusion  n= 52

Representation of the elderly in trials on laparoscopic surgery for colorectal cancer



120

Results
Overall, 249 trials were retrieved in the trial registry search (200 from the NIH registry 
and 49 from the ISRCTN register), of which three were duplicates. After exclusion of 
194 trials, a total of 52 were included in the present study (Figure 1). Characteristics 
of included trials are depicted in Table 1. Trials were more frequently conducted 
on surgery for colon cancer as compared to rectal cancer. The majority of trials 
compared laparoscopic surgery to a conventional approach (69%) and 46% of these 
started before 2007. Seven trials randomised between laparoscopic and robotic or 
robot-assisted surgery (the first of which started in 2008) and nine trials compared 
laparoscopy to single-incision surgery (first started in 2009). Overall, 40% of included 
studies had published (some) study results while 62% was still ongoing at the time 
of search.
Of the 52 included trials, 7 studies (13%) did not formulate any restrictions regarding 
upper age limit, ASA-score or organ function, nor any other restrictions regarding 
physical suitability. 
Most trials had a lower age limit for inclusion below 21 years of age (77%, Table 2); only 
one trial excluded patients younger than 70 years of age, thus focussing specifically 
on older patients. Nearly two-thirds of trials did not name an upper age limit; four 
trials (8%) had an upper age limit between 70 and 79 years, 10 (19%) between 80 and 
85 years and six trials (12%) excluded patients over 85 years of age. One-third of 
trials excluded patients with ASA 4 score, while 10% of trials included only patients 
with ASA score 1 or 2. 
In 35% of trials inclusion was limited to patients “regarded as suitable for surgery”, 
without stating what determined suitability, while almost half of trials specified one 
or more restriction regarding organ function in the in- and exclusion criteria (Table 2). 
Restrictions pertaining to cardiac (23%) and pulmonary (21%) function were most 
common. Only two trials had strict cardiac function restrictions, while none of the 
trials named stringent restrictions regarding pulmonary functioning. In nine trials 
(17%), one or more stringent restrictions regarding other organ systems or prior 
medical history were formulated, of which seven trials did not allow inclusion of 
patients with any prior malignancies and one trial excluded patients with any history 
of psychiatric disease. 
Overall, 23 trials (44%) excluded elderly patients (Figure 2): 27% based on an 
upper age limit, 17% based on strict organ function restrictions and 13% based on 
restrictions regarding ASA-score. Of the 14 trials that excluded elderly based on an 
upper age limit, 50% did not specify any restrictions regarding organ function and 
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Table 2. In- and exclusion criteria of selected trials

ASA: American Society of Anaesthesiologists; 
‡ Classification of organ function modified from Lewis et al.15 Details can be found in Appendix 1.

Total
n= 52

n= % n= n= n=

Lower age 
limits

None
<21 years
22-59 years
60-64 years
65-69 years
70+ years

7
40
4
0
0
1

13%
77%
8%
-
-
2%

4
27
4
0
0
1

Upper age 
limits

None 
<50 years
51-64 years
65-69 years
70-74 years
75-79 years
80-84 years
85-90 years

32
0
0
0
0
4
10
6

62%
-
-
-
-
8%
19%
12%

25
0
0
0
0
3
6
2

2
0
0
0
0
1
4
0

5
0
0
0
0
0
0
4

ASA-score ASA 3+ excluded
ASA 4+ excluded
No criteria regarding 
ASA-score mentioned

5
17
30

10%
33%
58%

3
12
21

0
3
4

2
2
5

Organ system restrictions

Pulmonary 
function‡

No restrictions
Moderate restrictions
Stringent restrictions

41
11
0

79%
21%
-

28
8
0

4
3
0

9
0
0

Cardiac 
function‡

No restrictions
Moderate restrictions
Stringent restrictions

40
10
2

77%
19%
4%

27
8
1

4
2
1

9
0
0

Other organ 
system 
restrictions‡

No restrictions
Moderate restrictions
Stringent restrictions

31
12
9

60%
24%
17%

18
10
8

5
1
1

8
1
0

“Suitable for surgery” without specifying 
criteria for determining suitability

18 35% 13 3 2

Laparoscopic 
vs. conventional 
surgery

Laparoscopic vs. 
robotic surgery

Laparoscopic vs.
single-incision 
surgery

Representation of the elderly in trials on laparoscopic surgery for colorectal cancer
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two formulated only vague criteria regarding suitability for surgery. Furthermore, 
57% of these studies did allow inclusion of younger patients with poor ASA-score. 
With regards to end-points of included trials, 90% of all trials included surgical 
outcome measures, 73% addressed oncologic outcome parameters and 48% 
economic outcomes, while 42% named patient-related outcome measures as a study 
objective. Of these, quality of life was most frequently evaluated (35% of trials), 
followed by functional outcome (15%), aesthetic outcome (10%) and time to resume 
daily activities (8% of trials).
For 21 of the 52 included trials (40%), a publication of (preliminary) study results 
was retrieved from Medline. Seventeen of these trials compared laparoscopy to 
conventional approach; two studies were on robot-assisted surgery and two on 
single-incision surgery (Table 3). Sixteen studies mentioned the ASA-scores of 
the included study-population in the final publication and the median number of 
patients with ASA-scores of 3 or more was 19% (range 3-39%). The median age of 
studied patients in all published study reports was 67 years (range 58-71, Table 3) 
only three trials (14%) had a mean or median age of 70 or older. Ten studies (48%) 
excluded elderly based on restrictions on age, ASA-score, organ function or a 
combination of restrictions. The number of participants aged ≥75 years, as answered 
by eleven corresponding authors, ranged from 3% to 37% (Table 3). Although the 
percentage of patients aged ≥75 years was higher in some studies, the number of 
patients with ASA-score 3 or 4 in these studies was relatively low, raising questions 
on the representativity of the elderly that were in fact included. Other than ASA-
score, 86% of published trial reports did not mention concurrent disease-rate or 
comorbidity index of the studied patient population. Only one study specifically 
reported outcome for elderly patients, although two other studies did include age as 
a factor in the multivariate analysis.
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Figure 2. Exclusion of elderly per trial type 

* Trials were considered as excluding elderly patients based on age if they used an upper age limit of 
80 years of age or lower, if they only allowed inclusion of patients with an ASA-score of 1or 2 and if they 
used one or more stringent organ function restrictions. Multiple restrictions per trial were possible.
ASA: American Society of Anaesthesiologists

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

All trials (n=52) Laparoscopic vs.
conventional
surgery (n=36)

Laparoscopic vs.
robotic surgery (n=7)

Laparoscopic vs.
single-incision
surgery (n=9)

Overall* Age Organ function ASA-score

Discussion
In this overview of protocols for randomised trials on laparoscopic colorectal 
surgery, we demonstrate that although nearly two-thirds of trials did not use 
an upper age limit for inclusion, 44% of studied trial protocols excluded elderly 
patients. When an upper age limit was used, half of these studies had no restrictions 
regarding organ function whatsoever, indicating that chronologic age rather than 
physical condition was the reason for in- or exclusion. The vast majority of trials did 
not formulate any restrictions regarding cardiac or pulmonary functioning (77% and 
79% respectively), and more than half had no restrictions regarding ASA-score. 
The clinical applicability of trial results depends largely on whether the study 
participants are representative of the population of interest.16 With increasing age, 
the incidence of (multiple) concomitant health issues rises equally and, as a result, 
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data on younger patients cannot automatically be extrapolated to the elderly. As 
older patients currently represent the majority of newly diagnosed colorectal cancer 
patients, their participation in clinical trials is important. Our analysis demonstrates 
however, that although exclusion criteria for clinical trials on laparoscopic colorectal 
surgery do not always exclude patients based on age, participation of older patients 
has lagged behind.
There are several potential explanations. First of all, protocol exclusion criteria 
that are based on limitations in comorbidity or functional status disproportionally 
disqualify elderly from participation.15 Some of these limitations will be pertinent 
and attribute to homogeneous trial populations. Furthermore, in oncology trials 
with 5-year disease-free survival as primary outcome, recruitment of patients with 
limited life expectancy may be undesirable. However, it is not unlikely that some 
exclusion criteria are more or less routinely formulated based on assumptions or 
prior protocols. As reported by Lewis et al., if exclusion criteria on functional status 
and organ systems are eased, the enrolment of elderly could almost double in 
number.15 In our study, we found that seven study-protocols restricted inclusion of 
patients with any prior malignancy and one trial excluded patients with any history 
of psychiatric disease. It is questionable whether such stringent criteria are truly 
relevant for the study. 
On the other hand, while laparoscopy with subsequent pneumoperitoneum affects 
the cardiopulmonary system especially in those with comorbidity or poor ASA-score, 
the majority of studies did not formulate any restrictions on pulmonary or cardiac 
functioning and nearly 60% had no restrictions on ASA-score. Rather, ambiguous 
in- or exclusion criteria such as “suitable for surgery” were used. This requires the 
physician’s own interpretation of what suitability entails. Earlier studies on cancer 
trials have demonstrated that it is important to mention explicitly which specific 
restrictions are applied.15,17 They showed that older patients accounted for 63% 
of participants in trial protocols that specifically stated that patients with a poor 
performance status were eligible, but only 16% in protocols that did not specify 
exclusion criteria regarding performance status.17 Thus, if trial protocols explicitly 
mandate enrolment of older patients with impairments, this could contribute to a 
physicians’ willingness to consider elderly for participation.  
Finally, earlier reports on the difficulty of patient-accrual for surgical oncology 
trials have demonstrated that even when older patients are specifically targeted for 
inclusion, their recruitment remains challenging.13,18-20 This could be due to the nature 
of surgical treatment and strong patient or surgeon preferences. Furthermore, 
there appears to be a lack of knowledge in the elderly population on clinical trials 
in general and in particular, on the process of randomisation.21 However, a study 
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Study Comparing
laparoscopy to
type of surgery

No. of 
patients

Excluding 
elderly*

Reason for 
exclusion of 
elderly

Study population

Age** ≥ 75y ASA 
3-4

Kang27 Conventional 340 + Age & organ 
function

58 4% 3%

Yamamoto28 Conventional 1057 + Age 64 3%

Braga29 Conventional 134 64 18%

Jiménez Rodríguez30 Robotic 56 + Age 65 23% 39%

Park31 Robotic 70 + Age 65 9%

Pas32 Conventional 1044 + Organ 
function

66 24% 19%

Vlug33 Conventional 400 + Age 66,5 21% 20%

Cheung34 Conventional 22 66,5

Neudecker35 Conventional 472 67 23% 27%

Luján36 Conventional 204 + Organ 
function

67 34%

Poon37 Single-incision 50 67 14%

Leung38 Single-incision 70 67

Li39 Conventional 145 68 21%

Pappas-Gogos40 Conventional 60 + ASA-score 68,5

Tsimogiannis41 Conventional 40 + ASA-score 68,5

Guillou42 Conventional 794 69 35% 13%

Kaltoft43 Conventional 18 69 28% 11%

Nelson44 Conventional 863 69,5 14%

Pascual45 Conventional 122 70 37% 38%

Hewett46 Conventional 587 70 37% 28%

Veldkamp47 Conventional 1248 + Organ 
function

71 37% 17%

Table 3. Published trial reports

* Trials were considered as excluding elderly patients based on age if they used an upper age limit of 
80 years of age or lower, if they only allowed inclusion of patients with an ASA-score of 1or 2 and if they 
used one or more stringent organ function restrictions. Multiple restrictions per trial were possible.

** Extracted from mean or median age in years as reported in published articles. 
ASA: American Society of Anaesthesiologists
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on the attitude of older patients towards enrolment in clinical trials demonstrated 
that, despite initial hesitation, over 75% of patients were willing to participate after 
additional explanation of the trial process.21 The amount of time spent with the 
patient (by the treating physician or a clinical research assistant) has been shown 
to enhance the participation of older patients in clinical trials.22 Moreover, it is 
important to involve patients’ social network such as relatives in discussing trial 
participation.20 Table 3 demonstrates that it is indeed possible to include sufficient 
elderly in a clinical trial. However, questions regarding the representativity of 
included elderly remain. 
Although reasons for deciding to participate in clinical trials do not differ between 
elderly and younger patients,16 treatment objectives for younger patients may not 
always be identical to those important for elderly. When choosing between various 
treatment options, quality of life and functional outcome after treatment is at least 
as important for elderly as the oncologic or surgical outcome.23,24 However, data on 
these outcome measures are currently lacking. Therefore, it is promising to see that 
in our analysis 42% of trials addressed patient-centred outcome measures, even 
those trials studying new innovations as robot-assisted and single-incision surgery. 
This study has some limitations. Since we focussed on trial registration, we may not 
have a full representation of all clinical trials worldwide. However, in compliance 
with the FDS Amendments Act of 2007,25 all journals committing to the policy of the 
International Committee of Medical Journals Editors (ICMJE) require trial registration. 
Consequently, all peer-reviewed literature on laparoscopic colorectal cancer surgery 
is likely to come from registered trials. In fact, even trials that commenced before 
2007 were registered, as 46% of trials included in this overview started in or before 
2007. A second limitation is that there is no consensus on which cut-off values in 
cardiopulmonary or other organ function represent strict or moderate exclusion 
criteria and each cut-off can be open to debate. No clear contra-indications for 
laparoscopic surgery have been formulated in treatment guidelines.26 In the absence 
of such criteria, we chose to use a modified classification method formulated by 
Lewis et al.15 that was previously used and published in a peer-reviewed journal.
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Conclusion
Trial protocol criteria give rise to barriers for the accrual of older patients in 
trials on laparoscopic colorectal surgery and participation of elderly has lagged 
behind. This makes decisions on surgical treatment for older colorectal cancer 
patients based on evidence from randomised trials troublesome, as questions 
regarding the optimal treatment for the elderly still remain. Future trials should 
enhance the representativeness of their trial population, and thus the applicability 
of the outcome to real life populations, by careful consideration of in- and 
exclusion criteria. This will require using only those criteria truly pertinent for 
the trial, avoiding ambiguous criteria and also making it explicit whenever no 
specific limitations are applied to organs system functioning, medical history or 
other patient-related factors such as age or ASA-score. In addition, to enhance 
standardisation of in- and exclusion criteria, perhaps there could be a role for 
established collaborative groups to develop guidelines or recommendations for trial 
protocols. Furthermore, initiatives should be undertaken to enrol older patients 
once the trial has commenced.
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Organ system Moderate restrictions Strict restrictions

Cardiac • Adequate cardiac function
• No clinically evident congestive heart 

failure
• No difficult to control congestive heart 

failure
• Cut-off for left ventricular ejection fraction 

≥40% or lower
• Cut-off for shortening fraction ≥25% or 

lower
• No clinically significant cardiac disease
• No New York Heart Association (NYHA) 

grade III or IV disease
• No myocardial infarction in past 12 months 

or shorter
• No angina pectoris requiring medication
• No unstable heart rhythm
• No difficult to control heart rhythm
• No symptomatic arrhythmia in past 6 

months
• Cut-off for QTc  > 450ms or higher

• Normal cardiac function
• No history of congestive heart failure
• Cut-off for left ventricular ejection fraction 

≥45% or higher
• Cut-off for shortening fraction ≥27% or 

higher
• No New York Heart Association (NYHA) 

grade II or more
• No history of myocardial infraction or 

ischemic heart disease
• No myocardial infarction in past 5 years 

or longer
• No abnormal conduction disease
• No arrhythmia requiring treatment

Pulmonary • Adequate pulmonary function
• Cut-off for diffusing capacity for carbon 

monoxide (DLCO) ≥ 50% or lower
• Cut-off for forced expiratory volume in 1 

second (FEV1) ≥50% or lower
• Cut-off for oxygen saturation (SaO2) at 

room air ≥93% or lower
• Cut-off for total lung capacity ≥50% of 

normal or lower
• No need for oxygen suppletion 

• Adequate pulmonary function
• Cut-off for diffusing capacity for carbon 

monoxide (DLCO) ≥ 50% or lower
• Cut-off for forced expiratory volume in 1 

second (FEV1) ≥50% or lower
• Cut-off for oxygen saturation (SaO2) at 

room air ≥93% or lower
• Cut-off for total lung capacity ≥50% of 

normal or lower
• No need for oxygen suppletion 
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Other organ function restrictions

Hepatic • Adequate hepatic function
• Cut-off for bilirubin 1.8 times upper limit 

of normal or higher
• Cut-off for bilirubin 1.8 mg/dL or more
• Cut-off for aspartate aminotransferase 

/alanine aminotransferase 1.8 times 
upper limit of normal or less

• Prothrombin time within 25% of normal 
value

• Normal hepatic function 
• Normal bilirubin
• Cut-off for bilirubin 1.7 times upper limit 

of normal or less
• Cut-off for bilirubin 1.7 mg/dL or less
• Normal aspartate aminotransferase /

alanine aminotransferase
• Cut-off for aspartate aminotransferase 

/alanine aminotransferase 1.7 times 
upper limit of normal or less 

Renal • Adequate renal function
• Cut-off for creatinine clearance ≥ 60 ml/

min or lower
• Cut-off for creatinine 1.8 times upper 

limit of normal or higher
• Cut-off for creatinine 1.8 mg/dL or more

• Normal renal function
• Normal creatinine
• Cut-off for creatinine clearance ≥ 61 ml/

min or higher
• Cut-off for creatinine 1.7 times upper 

limit of normal or lower
• Cut-off for creatinine 1.7 mg/dL or less

Other 
cardiovascular

• No poorly controlled hypertension
• No systolic blood pressure > 200 mmHg 
• No diastolic blood pressure > 120 mmHg 
• No thrombo-embolic disease in past 6 

months
• No cerebrovascular events with 

persistent neurological deficits

• No history of hypertension
• No hypertension requiring more than 2 

antihypertensive drugs
• No systolic blood pressure > 160 mmHg
• No diastolic blood pressure > 100 mmHg 

No history of stroke
• No history of transient ischemic attack
• No prior thrombo-embolic disease 

(deep venous thrombosis and/or 
pulmonary embolism)

Psychiatric • No active psychiatric disease
• No mental illness making informed 

consent impossible
• No psychiatric disease in past 5 years
• No active substance abuse or addictions

• No history of psychiatric disease
• No history of substance abuse

Prior malignancies • No prior malignancy in past 5 years or 
shorter

• No active/concurrent malignancy
• No malignant disease likely to progress 

in next 5 years

• No prior malignancy
• No prior malignancy in past 10 years or 

longer

Left and right-hand page Appendix 1. Classification of in- and exclusion criteria for organ 
function

* If multiple criteria per category are listed, then trials will be classified according to the most 
stringent restriction
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Appendix 2. Classification of outcome measures

* If multiple criteria per category are listed, then trials will be classified according to the most 
stringent restriction

Oncologic outcome • Overall and disease-free survival
• Pathology results (eg margins and number of lymph nodes)

Surgical outcome • Perioperative morbidity and mortality 
• Safety
• Feasibility
• Conversion
• Operative time
• Blood loss
• Pain
• Recovery of gastrointestinal function
• Immunologic response

Economic outcome • Cost effectiveness
• Health care utilisation
• Length of hospital stay

Patient related outcome • Quality of life
• Functional outcome
• Time to resume work/daily activities
• Care dependence and institutionalisation 
• Aesthetic outcome
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Abstract
Introduction
Some form of geriatric evaluation is increasingly being incorporated in oncologic 
care, but its role in treatment decisions remains to be clarified. The aim of this 
systematic review is to summarize all available data on the effect of a geriatric 
evaluation on the multidisciplinary treatment of older cancer patients, focussing 
on oncologic treatment decisions and the implementation of non-oncologic 
interventions.

Methods
A systematic search in MEDLINE and EMBASE for studies on the effect of a geriatric 
evaluation on oncologic and non-oncologic treatment for older cancer patients. 

Results
Literature search identified 1654 reports (624 from Medline and 1030 from Embase), 
of which ten studies were included in the review. Three studies used a geriatric 
consultation while seven used a geriatric assessment performed by a cancer 
specialist, health care worker or (research) nurse. Six studies addressed a change 
in oncologic treatment, the initial treatment plan was modified in a median of 
39% of patients after geriatric evaluation, of which two-thirds resulted in less 
intensive treatment. Seven studies focused on the implementation of non-oncologic 
interventions based on the results of the geriatric evaluation; all but one reported 
that interventions were suggested for over 70% of patients, even in studies that did 
not focus specifically on frail older patients. In the other study, implementation of 
non-oncologic interventions was left to the cancer specialist’s discretion.

Conclusion 
A geriatric evaluation has significant impact on oncologic and non-oncologic 
treatment decisions in older cancer patients and deserves consideration in the 
oncologic work-up for these patients.
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Background
As the management of cancer became more complex, it was considered important 
that all key professionals were involved in clinical decision making for individual 
patients.1  For this reason, multidisciplinary teams were introduced to the treatment 
of the oncologic patient and have been implemented all over the world.2 Despite 
differences in their working mechanisms and organisation, its role in cancer care is 
undisputed. 
The imminent ageing of Western societies will introduce a new level of complexity 
to oncologic decision making. Existing trials do not provide sufficient evidence for 
this specific population, as older patients and those with comorbid conditions have 
often been excluded.3-5 The heterogeneity of the elderly population, with its variation 
in physiological reserves, comorbidity and geriatric conditions mean that the results 
of studies in younger or fit patients cannot automatically be extrapolated to older 
patients. As a result, tailoring of care is needed, based on a thorough evaluation of 
the patient’s overall health status in addition to tumour characteristics and patient 
preferences. Consequently, some form of geriatric evaluation is increasingly being 
incorporated in oncologic care,6 but its role in treatment decisions remains to be 
clarified.
The aim of study was to systematic review all observational cohort studies on the 
effect of a geriatric evaluation on the multidisciplinary treatment of older cancer 
patients, focussing on oncologic treatment decisions and the implementation of 
non-oncologic interventions.
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Methods
Search strategy and article selection
For this study, a geriatric evaluation could consist of a geriatric consultation or a 
geriatric assessment only. We defined a geriatric consultation as a consultation 
with a specialist in geriatric or elderly medicine, in which a multidimensional 
assessment of the patient’s health status is performed. An assessment was defined 
as an evaluation performed by a cancer specialist, health care worker or (research) 
nurse, focussing on three or more of the following domains, preferably investigated 
with a validated assessment tool: cognitive function, mood/depression, nutritional 
status, activities of daily living, instrumental activities of daily living, comorbidity, 
polypharmacy, mobility/falls, or frailty. The primary outcome measures were defined 
as an alteration in oncologic treatment plan after geriatric evaluation and the 
number and type of non-oncologic interventions directly related to the results of 
the geriatric evaluation. Studies were excluded if the geriatric assessment included 
less than three geriatric domains, if they only used non-validated assessment tools 
or if the allocation of treatment was protocolled. In addition, studies were excluded 
if they only reported statistical associations between outcome of the geriatric 
evaluation and treatment, but did not describe whether this evaluation genuinely 
affected treatment decisions as they were being made.
The following search was performed on January 10th 2013, in both Medline and 
Embase: (geriatrics[MeSH] OR "Geriatric Assessment"[MeSH] OR geriatric*[tiab] OR 
elderly care[tiab] OR elderly medicine[tiab]) AND (neoplasm[MeSH] OR cancer[tiab] 
OR tumor[tiab] OR tumour[tiab] OR tumors[tiab] OR tumours[tiab] OR neoplasm[tiab] 
OR malignan*[tiab] OR oncol*) AND (multidisciplin*[tiab] OR interdisciplin*[tiab] 
OR team*[tiab] OR tumour board* OR tumor board* OR conference*[tiab] 
OR meeting*[tiab] OR decision*[tiab] OR decision making[tiab] OR decision-
making[tiab] OR treatment choice*[tiab] OR intervention*[tiab]). MeSH refers to 
medical subheading, tiab refers to title and abstract. No limits in age, language or 
publication date were applied.
The titles and abstracts of all studies retrieved by the search were assessed by one 
reviewer (MH) to determine which warranted further examination. All potentially 
relevant articles were subsequently screened as full text by two authors (MH and AS). 
If only an abstract was available, an effort was made to find the final report of the 
study by searching Embase and Medline using the names of the first, second and/
or final author as well as key words from the title. Also, in case of insufficient data 
in the original manuscript, the authors were contacted for additional information. 
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Finally, references of included publications were cross-referenced to retrieve any 
additional relevant citations.

Data extraction
Data regarding study design and results were independently extracted by two 
investigators (MH and AS) for each eligible study. Items that were extracted were 
the type of study, study setting, study population (age, sex, cancer type), method of 
patient selection, content of the geriatric assessment/consultation, prevalence of 
geriatric conditions, the change in treatment after the geriatric consultation and the 
number and type of non-oncologic interventions. 

Quality assessment
The methodological quality of each of the studies was independently assessed by 
two reviewers (MH, AS), using the Newcastle-Ottowa Scale adapted to this subject 
(Appendix 1a).7 Disagreement among the reviewers was discussed during a consensus 
meeting and in case of persisting disagreement, the assistance of a third reviewer 
(BvM) was enlisted. 

Data synthesis and analysis
We summarized the study results to describe our main outcomes of interest.  
Due to heterogeneity in the study populations, a formal meta-analysis was not 
considered feasible.
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Publication Patients

Author Setting and 
department

Study population Median age 
in years 
(range)

Aliamus8 2011 F Multidisciplinary 
thoracic oncology 
meeting

Lung cancer 47 80% 79 (70-91)

Aparicio9 2011 F Department of gastro-
enterology

Various gastro-
intestinal tract 
cancers

21 52% 81 (75-87)

Caillet10 2011 F Oncogeriatric cancer 
care unit

Various solid 
cancer types

375 47% 80 (70-99)

Chaibi11 2011 F Multidisciplinary can-
cer conference

Various cancer 
types

161 35% 82 (73-97)

Extermann12 2004 F Senior adult oncology 
programme

Early stage breast 
cancer

15 0% 79 (72-87)

Frennet13 2011 A Unclear Various cancer 
types

53 42% Mean age 
79 (SD 5.9)

Girre14 2008 F Geriatric oncology 
programme

Various cancer 
types

105 17% 79 (70-97)

Horgan15 2011 F Tertiary medical  
oncology clinic

Lung or gastro- 
intestinal cancer

30 57% 78 (70-88)

Kenis16 2013 F Multicentre study Various cancer 
types

1967 36% 76 (70-96)

Welter-
mann17

2011 A Department of oncol-
ogy/hematology

Various cancer 
types

50 59% 77 (70-91)

Publication year

Abstract (A) or  
full text (F)

N
o. of patients

%
 m

ale
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Study method Outcome

Method of patient selection Treatment 
modabilty under 
consideration*

Age ≥ 70 years Unclear A X

Unclear - A X

All consecutive referrals aged ≥ 70 years Various C X X

Age ≥ 75 years and chemotherapy decision 
deemed complicated

Chemotherapy C X X

All patients aged ≥ 70 years and eligible for 
adjuvant treatment

- A X

Age ≥ 70 years with VES-13 score ≥ 3 - A X

All new referrals aged ≥ 70 years Various A X

Age ≥ 70 years and assessment deemed neces-
sary by oncologist

Various C X X

Age ≥ 70 years and G8 score ≤ 14 Unclear A X X

All newly diagnosed patients aged ≥ 70 years - A X

Type of geriatric 
evaluation**

Change in cancer 
treatm

ent plan

N
on-oncologic 

interventions 

Left and right-hand page Table 1. Studies on the alteration of treatment after geriatric 
assessment or consultation

*  Only applicable in studies reporting on outcomes
**An assessment (A) refers to an assessment performed by the cancer specialist/health care worker/
nurse; geriatric consultation (C) refers to the assessment as used in standard geriatric care, performed 
by a geriatrician.
VES-13: vulnerable elders survey-13 (a screening tool for frailty in the general elderly population);  
G8: Geriatric 8 (a screening tool for frailty in oncology patients); SD: standard deviation
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Results
Study characteristics
The literature search identified 1654 citations (624 from Medline and 1030 from 
Embase), of which 435 were duplicates. Details on the search and reasons for 
exclusion can be found in Appendix 2. After exclusion of 1209 publications, ten 
studies were included in this review.8-17 Cross-referencing yielded no additional 
results. 
The characteristics of these ten observational cohort studies are summarized 
in Table 1.8-17  The first publication is from 2004, but eight of the ten studies were 
published since 2011.8,9,11,13,15,17 Median sample size was 50 patients (range 15-1967 
patients).8-17  Study populations were heterogeneous, with only two focusing on 
a specific type of cancer.8,12 Three studies used a geriatric consultation,10,11,15  while 
the other seven used an assessment performed by a cancer specialist, health 
care worker or (research) nurse.8,9,12-14,16,17 Six studies addressed the change in 
oncologic treatment.8,10,11,14-16 One of these focussed only on change in chemotherapy 
regimen,11 three addressed multiple treatment modalities (i.e. surgery, radiotherapy, 
chemotherapy etc.)10,14,15 and for two studies, the treatment under consideration was 
unclear.8,16 Eight studies reported on the number and type of recommended non-
oncologic interventions.9-13,15-17 

All studies incorporated an assessment of ADL-impairment and nutritional status as 
part of the geriatric evaluation (Table 2). IADL-impairment, comorbidity and mood 
were included in nine out of ten studies; mobility assessment and/or falls risk were 
included in eight studies, medication use in seven and the social environment in six 
studies. 

Quality assessment
The results of the quality assessment can be found in Appendix 1b. The overall 
quality of the studies was good. In one study, the inclusion criteria were unclear, 
while in two studies, there was a potential risk of selection bias due to the inclusion 
of only a small proportion of the potentially eligible patients.11,15 For one study, only 
61% of included patients were evaluable for changes in oncologic and non-oncologic 
treatment.16 There were no other quality concerns.

Prevalence of geriatric conditions
Table 3 lists the prevalence of geriatric conditions, as identified by the geriatric 
evaluation. The issue most frequently detected was polypharmacy or inappropriate 
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medication use, present in a median of 67% of patients (range 48-74%), followed 
by malnourishment with a median prevalence of 63% (range 37-80%). Functional 
impairments were also common: median prevalence for IADL-impairment 46% (range 
38-65%), for ADL-impairment 33% (8-57%) and impaired mobility/falls 33% (20-55%). 
Approximately one-third of patients suffered from depressive symptoms (median 
prevalence 34%, range 13-61%), concerns regarding somatic comorbidity (36%, range 
11-64%) and cognitive impairments (median prevalence 26%, range 3-38%). Social 
issues such as insufficient care, social isolation or high caregiver burden were 
present in a median of 21% of patients (range 13-35%).

Effect on oncologic treatment
Table 4 reports the results of the six studies addressing the effect of a geriatric 
evaluation on the oncologic treatment choice. In approximately one-third of 
patients, the geriatric evaluation resulted in a change in cancer treatment; this 
was 21% for patients undergoing a geriatric consultation (range 20-49%) and 
approximately 39% in patients receiving an assessment only (range 25-45%). Of the 
treatment changes, approximately two-thirds consisted of less intensive treatment 
(Table 4); this was not affected by the performer of the geriatric evaluation.

Effect on non-oncologic treatment
All but one study reported interventions rates of over 70% (Table 5); in the study 
that formed the exception to this finding, with only 26% of patients receiving non-
oncologic interventions, interpretation of geriatric assessment and implementation 
of interventions was left to the cancer specialist.16 Overall, social interventions and 
modification of medication were the most frequent recommendations, suggested 
in a median of 38% and 37% of patients respectively (range 6-55% and 24-71%, 
respectively). Nutritional interventions were recommended for a median of 26% 
of patients (range 7-91%). Psychological interventions, exploration and treatment of 
cognitive impairment, interventions aimed at mobility and falls risk, and investigations 
or treatment of previously unidentified or not optimised comorbid conditions were all 
recommended for approximately 20% of patients (median 16-23%).
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Table 2. Content of geriatric evaluation

+ domain assessed without using a validated assessment tool or tool not mentioned 
- domain not assessed

CIRS-G Cumulative illness rating scale-geriatric; MMSE mini mental state examination, GDS geriatric 
depression scale, TUG timed up and go, MNA mini nutritional assessment

Aliamus8 Charlson - MMSE miniGDS Katz Lawton TUG MNA -

Aparicio9 CIRS-G + MMSE GDS Katz Lawton + MNA +

Caillet10 CIRS-G + MMSE miniGDS Katz - + MNA +

Chaibi11 CIRS-G + MMSE 
Clock

GDS Katz Lawton TUG MNA -

Extermann12 CIRS-G 
Charlson

+ MMSE GDSscreen Katz Lawton - MNA +

Frennet13 - - MMSE - + + TUG MNA -

Girre14 + + - miniGDS Katz Lawton + weight 
loss

+

Horgan15 Charlson + MMSE 
Clock

GDS Katz Lawton + weight 
loss

+

Kenis16 Charlson + MMSE GDS Katz Lawton + MNA +

Weltermann17 Charlson + miniCOG GDS Katz Lawton TUG MNA -

M
edication use

Com
orbidity

Cognition

M
ood

ADL

IADL

M
obility/ 

Falls

N
utritional 

status

Social  
environm

ent
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Table 3. Prevalence of impairments or issues per geriatric domain

-   not included in study
*   reported as mean score only: mean mini-mental state score 25.2/30
†   combined score of ADL and/or IADL impairments
‡   reported as mean scores only: global score on cumulative illness rating score-geriatric version    
     10.7±4.6/56, number of medications 6.9±3.7, mini-mental status score 24.8±4.9/30, ADL 5.0±1.2/6, 
     IADL  4.6±1.7/7, mini-nutritional assessment short form 9.0±2.6/14 
#   median 4 (0-22)
nr  not reported

ADL: activities of daily living, IADL: instrumental activities of daily living

Aliamus8 47 35% - * 38% 43%† nr 63% -

Aparicio9 21 52% 48% 38% 43% 29% 38% 29% 71% 24%

Caillet10 375 36% 67% 27% 28% 32% - 55% 58% 18%

Chaibi11 161 47% nr 26% 34% 32% 60% 20% 65% -

Extermann12 15 64% 67% 26% 13% 33% 40% - 53% 33%

Frennet13 53 ‡ ‡ ‡ - ‡ ‡ 48% ‡ -

Girre14 105 33% 74% - 53% 42% 54% 20% 46% 17%

Horgan15 30 17% 67% 3% 33% 23% 43% 20% 37% 13%

Kenis16 1967 39% # 13% 61% 57% 65% 38% 80% 35%

Weltermann17 50 11% 55% 38% 26% 8% 46% 55% 65% -

M
edication use

Com
orbidity

Cognition

M
ood

ADL

IADL

M
obility/ 

Falls

N
utritional 

status

Social  
environm

ent

N
um

ber of  
patients
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Table 4. Alterations in oncologic treatment after geriatric assessment/consultation

- not reported
* not all patients were available for inclusion in this analysis

Treatment altered More intensive 
treatment

Treatment delay Less intensive 
treatment

% n= % n= % n= % n=

Horgan15 20% 6/30 3% 1/30 0% 17% 5/30

Caillet10 21% 78/375 2% 8/375 2% 7/375 17% 63/375

Kenis16 25% 282/1115* - - -

Girre14 39% 36/93 2% 2/93 0% 37% 34/93

Aliamus8 45% 22/49 - - -

Chaibi11 49% 79/161 28% 45/161 3% 5/161 18% 29/161

Kenis16 1115* 26% 15% 10% 5% - 5% 6% 9%

Aparicio9 21 72% 19% - 5% 71% 38% - 19%

Chaibi11 161 76% 47% 19% 18% 37% 20% - -

Frennet13 53 77% 34% 23% - 25% 49% 21% 19%

Caillet10 375 83% 70% 36% 21% 31% 46% 42% 55%

Horgan15 30 93% 7% 23% - 63% - 13% 33%

Weltermann17 50 95% 18% 10% 14% 24% 6% 19% 3%

Extermann12 15 100% 91% 45% 18% 64% 55% - 64%

Table 5. Proportion of patients with non-oncologic interventions after geriatric evaluation

- not reported
* not all patients were available for inclusion in this analysis

Any intervention

Num
ber of patients

Nutritional interventions

Psychological interventions

Cognitive exploration and/or 
treatm

ent

Polypharm
acy optim

isation

Social Interventions

Interventions aim
ed at m

obility 
and falls

Investigations for previously 
unidentified or not optim

ised 
com

orbidity
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Discussion 
In this systematic review on the effect of a geriatric evaluation on treatment 
decisions for older cancer patients, the initial oncologic treatment plan was modified 
in a median of 32% of patients, and non-oncologic interventions were recommended 
in a median of 83%. Thus, the inclusion of a geriatric evaluation has significant 
impact on the treatment decisions for the older cancer patient. 
Previous studies on team workings in multidisciplinary cancer care have emphasized 
the need for greater patient-centeredness.18,19 They demonstrated that knowledge 
of comorbid conditions and the patient’s psychosocial context greatly increases 
the likelihood of reaching a treatment decision at a multidisciplinary cancer team 
conference. Currently, this information is often lacking or receives little attention 
at the multidisciplinary conference compared to other facets such as the results 
of imaging studies or histopathological data.18,19 As a result, treatment decisions 
have to be based on clinical impressions, which are increasingly inaccurate with 
increasing age.12,20 Furthermore, modifications are often implemented only after 
complications of treatment demonstrate the patient’s inability to tolerate standard 
treatment.21 Prior studies have demonstrated the predictive value of the presence 
of geriatric conditions for prognosis, complications of oncologic surgery and 
chemotherapy tolerance,22-24 thus allowing for upfront tailoring of treatment to 
the patient’s vulnerability. This explains why the initial oncologic treatment plan 
was altered in 20-49% of patients when the results of a geriatric evaluation were 
available. However, this type of evaluation is yet to become a routine part of the 
work-up of older cancer patients,25 and currently geriatricians are often not included 
in multidisciplinary cancer teams.2 For example, in the elaborate descriptions of 
the composition and work processes of multidisciplinary teams for various cancer 
types, the National Institute for Health and Clinical Excellence (NICE) cancer service 
guidances suggest the involvement of a median of 19 (range 9-30) possible (para)
medical professionals, but fails to mention a specialist with specific geriatric 
knowledge.26

We believe that this systematic review provides a valuable overview of all currently 
available evidence on the effect of a geriatric evaluation on treatment choices in 
older cancer patients. However, it also has several limitations. Study populations 
were heterogeneous, investigating a wide range of cancer types and treatment 
modalities and regimens. This hampers extrapolation of these results to individual 
oncology practice. In addition, studies reported only on the alteration in treatment, 
but few reported a follow-up of how patients subsequently fared; we were therefore 

Kenis16 1115* 26% 15% 10% 5% - 5% 6% 9%

Aparicio9 21 72% 19% - 5% 71% 38% - 19%

Chaibi11 161 76% 47% 19% 18% 37% 20% - -

Frennet13 53 77% 34% 23% - 25% 49% 21% 19%

Caillet10 375 83% 70% 36% 21% 31% 46% 42% 55%

Horgan15 30 93% 7% 23% - 63% - 13% 33%

Weltermann17 50 95% 18% 10% 14% 24% 6% 19% 3%

Extermann12 15 100% 91% 45% 18% 64% 55% - 64%
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unable to ascertain whether the changes made to the treatment plan resulted in 
overall better outcomes. For some of the included studies, no full text reports have 
been published, and we had to rely on conference abstracts as the only source of 
information on the execution and results of the study. Moreover, the content of the 
geriatric evaluation differed between studies, and the criteria used to define the 
presence of the geriatric conditions were often not fully reported. Furthermore, 
most studies did not report on the association between the prevalence of geriatric 
conditions and treatment alterations. 
Another limitation is that due to differences in patient populations and study 
methods, we could not make a comparison between the effect of a geriatric 
consultation and an assessment of geriatric domains performed by a cancer 
specialist, health care worker or (research) nurse. Although study outcomes differed 
slightly, for instance in the proportion of patients for whom oncologic treatment 
was modified after the evaluation (median 21% for geriatric consultation; 40% for 
assessment), it is not possible to know if this was due the type of evaluation or 
due to other factors, such as patient selection. Most studies using an assessment 
incorporated standardised interventions based on the results of this assessment in 
the various geriatric domains. In the one study that left the implementation of non-
oncologic interventions to the cancer specialist’s discretion, only 26% of patients 
received such interventions, compared to over 70% of patients with a standardised 
intervention protocol or a geriatric consultation, despite similar prevalence of 
geriatric conditions.16 This demonstrates that any assessment should incorporate a 
strategy for dealing with the issues that are identified. It is important to realise that 
the outcome of a screening tool for the possible presence of a particular condition, 
for instance assessing a patient’s mood with the geriatric depression scale, is 
not the same as making a diagnosis of depression.27 Screening is a first step, and 
one that is also used by geriatricians (Table 2). However, a geriatric consultation 
is superior to an assessment only as it allows for a more precise diagnosis of the 
various conditions that the assessment screens for. In addition, it will also allow for 
a more direct implementation of interventions aimed at these conditions. The only 
study thus far that has addressed the impact of a geriatric consultation on quality 
of life demonstrated that adding geriatric care to standard in-patient cancer care for 
hospitalised elderly cancer patients resulted in a significant decrease in the amount 
of emotional limitations, social dysfunction and bodily pain that these patients 
experienced at three months; the effect on pain was still significant one year after 
hospital discharge.28 

Irrespective of the type of geriatric evaluation that is used, the studies included 
in this review demonstrate that it will provide information on a patient’s somatic, 
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psychosocial and functional health status that is invaluable to treatment decisions. 
However, the time-consuming nature of a geriatric evaluation has presented 
an important limiting factor to its routine implementation in oncology. Studies 
addressing the possibility of replacing a full evaluation by a frailty screening tool in 
an attempt to bypass the geriatric evaluation have yielded disappointing results,22 
while tools developed for one aspect, for instance for predicting the  toxicity of 
chemotherapy,29,30 lack the wealth of information provided by a full evaluation. In an 
age where the amount of time spent on staging and exploring disease characteristics 
is rapidly increasing, and more and more money is spent on increasingly 
sophisticated anti-cancer treatments, taking the time to sit down with a patient and 
explore what they want and whether or not they will be able to benefit from and 
tolerate cancer treatment should not be a matter of discussion. 

Conclusion
This review demonstrates that a geriatric evaluation, performed by a geriatrician 
or even a basic assessment of geriatric domains by a (research) nurse, provides 
invaluable information for the decision-making process and identifies multiple 
issues that could be modified to improve treatment tolerance and quality of life. 
Although further research is needed to refine the role of a geriatric evaluation in 
oncologic decision making, the currently available evidence demonstrates that it can 
be a worthwhile addition in the oncologic work-up for older patients and geriatric 
specialists should become a standard part of the multidisciplinary cancer team. It is 
now up to cancer physicians, researchers, medical directors, government bodies and 
insurance companies to work together to make better cancer care for older patients 
a reality.
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Appendix 1a. Quality assessment, based on the Newcastle-Ottowa Scale.7 

The Newcastle-Ottowa scale functions as an outline for the assessment, but requires the reviewer to 
fill in several aspects left blank to optimally suit the research question. Textual adjustments used for 
this review are printed in italics.

Selection 1. Representativeness of the 
exposed cohort

+    truly representative of the average older cancer 
patient
+    somewhat representative of the average older 
cancer patient
-     selected group of users
?    no description of the derivation of the cohort

2. Ascertainment of exposure 
(geriatric assessment/
consultation)

+    clearly described and using validated assessment 
tools
-     using non-validated assessment tools for > 40% of 
investigated geriatric conditions
?    no description

3. Demonstration that 
outcome of interest 
(treatment alteration) was 
not present at start of study

+    yes
-    no

Outcome 1. Assessment of outcome 
(treatment alterations)

+    clear description of method of assessment
?    unclear description of method of assessment
?    no description

2. Was follow-up long enough 
for outcome to occur?

+    yes
-    no

3. Adequacy of follow-up of 
cohorts

+    complete follow-up: all subjects accounted for
+    subjects to follow-up unlikely to introduce bias: 
loss to follow-up less than 10%
-     follow-up rate less than 90%
?    no statement
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Appendix 1b. Quality assessment of included studies

Publication Selection Outcome

Aliamus8 + + + + + +

Aparicio9 ? + + + + ?

Caillet10 + + + + + +

Chaibi11 – + + + + +

Extermann12 + + + + + +

Frennet13 + + + + + +

Girre14 + + + + + +

Horgan15 – + + + + +

Kenis16 + + + + + –

Weltermann17 + + + + + +

O
utcom

e not present at 
start of study

Ascertainm
ent of expo-

sure (geriatric assess-
m

ent or consultation)

Assessm
ent of outcom

e 
(treatm

ent alterations)

Sufficient duration of 
follow

-up

Adequacy of follow
-up

Representativeness of 
exposed cohort
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Appendix 2. Search results and study selection

All studies  n= 1654 
 Medline   n=  624
 Embase  n= 1030

Excluded      n= 1209
    
 Not original research  n= 731 
      Not oncology   n= 233        
      No geriatric assessment/consultation n= 169
     No treatment decisions  n= 65            
     No description of treatment  
 alteration    n= 8
      Abstracts for which full text later  
 became available      n= 3 

Duplicate publication   n= 435

Cross-referencing yielded no additional studiesIncluded: 10 publications
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Abstract
Objectives 
The objective of this study was to investigate the current use of geriatric care 
for elderly cancer patients in the Netherlands and explore potential areas of 
improvement and obstacles in the implementation of a geriatric evaluation prior to 
oncologic treatment.

Methods
A web-based survey was sent to 1726 medical oncologists, geriatricians, surgical 
oncologists and radiation oncologists in the Netherlands.

Results
Overall response rate was 35%. Half of all respondents reported that some form 
of geriatric evaluation is currently implemented at their hospital; approximately 
one-third stated that elderly are routinely assessed for the presence of geriatric 
impairments, while 35% reported that evaluations are performed on an ad hoc 
basis only. Many respondents felt that current care could be improved by a closer 
collaboration between cancer specialists and geriatricians, routine geriatric 
evaluations for all elderly cancer patients, and greater incorporation of its results 
in oncologic decision-making. Of respondents not using a geriatric evaluation, 83% 
stated to be interested in its implementation, although 40% said this was currently 
not their priority and over one-third reported to be unsure of the best format. For 
over 25%, time constraints were also a significant obstacle.

Conclusion
Our survey demonstrates that one-third of all cancer specialists and geriatricians in 
the Netherlands use a geriatric evaluation in their care for older cancer patients, or 
are interested in introducing a geriatric oncology programme. A routine evaluation 
and closer collaboration between cancer specialists and geriatricians is imperative 
to successfully optimise care for the growing number of elderly cancer patients.
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Introduction
Dutch cancer statistics show that in 2011 over 30,000 new cancer patients were 
over 75 years of age, an increase of 44% in the last decade.1 Due to increasing life-
expectancy, the incidence of cancer in elderly will subsequently rise in coming years. 
Clinicians are faced with several dilemmas in the care for older cancer patients. One 
of these is the lack of reliable evidence on the optimal treatment in these patients; 
existing guidelines are based on studies in which elderly and those with comorbid 
conditions were generally excluded.2 
Ageing is an individual process with an increasing variety in comorbidity, physical 
reserves, disability and geriatric conditions.3 Therefore, tailoring of care is needed, 
based on a thorough evaluation of the patient’s overall health status in addition 
to tumour characteristics and patient preferences. In addition, elderly patients 
themselves feel that their individual situation, including comorbidities and 
psychosocial status, deserves more attention in the oncologic treatment decision-
making process.4 However, medical trainees report a lack of specific training on 
the particular needs of older people, rendering them uncomfortable with making 
treatment decisions for elderly cancer patients.5

For these reasons, it is increasingly advocated that an evaluation of geriatric 
domains should be incorporated into the standard oncologic work-up of the 
elderly.6 Studies have demonstrated that such a multidimensional exploration of the 
patient’s health status can identify previously unrecognised issues in older cancer 
patients. These can serve to guide treatment decisions7 and could potentially be 
modified to improve quality of life and outcomes. However, the implementation of 
a geriatric evaluation has not yet become standard practice. Identifying potential 
obstacles could give more insight in measures necessary to improve cancer care for 
older patients.
Therefore, the objective of this study was a) to analyse the use of geriatric care 
for older cancer patients in the Netherlands, b) to explore cancer specialists’ and 
geriatricians’ opinions about possible areas of improvement and c) to determine 
which obstacles hinder the implementation of geriatric evaluations for older cancer 
patients. 
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Methods
We developed a web-based survey using software developed by SurveyMethods 
(www.surveymethods.com), the content of which is shown in Figure 1. Briefly, the first 
half explores the current methods of evaluating older patients prior to oncologic 
treatment while the second half analyses the degree of satisfaction with current 
practices, possibilities for improvement and potential barriers for incorporating 
some form of geriatric evaluation. This survey was sent consecutively to four groups 
of medical specialists in the Netherlands: medical oncologists registered with the 
Dutch Association of Medical Oncology (NVMO), geriatricians registered with the 
Dutch Association of Clinical Geriatricians (NVKG), surgical oncologists registered 
with the Dutch Association of Surgical Oncology (NVCO) and the Dutch Association of 
Gastro-Intestinal Surgery (NVGIC) and finally, radiation oncologists registered with 
the Dutch Association of Radiotherapy and Oncology (NVRO).
No statistical analyses were performed, only descriptive data are presented.
The study protocol was approved by the regional ethical approval commission. 

Results 
Characteristics of respondents
The overall response rate was 35%. The survey was returned by 267 of the 858 
surgical oncologists (31%), 127 of the 394 medical oncologists (32%), 113 of the 251 
radiation oncologists (45%) and 95 of the 223 geriatricians (43%). Characteristics 
of respondents can be found in Table 1. Responses came from all over the country 
and specialists were mostly working at a large peripheral hospital with one or more 
geriatricians.

Geriatric evaluation of elderly cancer patients
The use of geriatric evaluations in the care for elderly cancer patients was confirmed 
by half of all respondents, varying from 65% of medical oncologists to 27% of 
radiation oncologists (Figure 2). Over one-third of these stated that all elderly 
cancer patients are routinely assessed for the presence of geriatric syndromes; in 
another third the geriatric evaluation was performed on an ad hoc basis only while 
the remaining respondents did not elaborate on the execution of the geriatric 
evaluation. Surgical oncologists and radiation oncologists stated to refer their 
elderly cancer patients to a geriatrician for an evaluation, while 75% of the medical 
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Figure 1. Content of survey

* This question was not included in the geriatricians’ version of the survey

Question 1: How old are you?
Question 2: What sex are you?
Question 3: What is you sub-speciality if any?
Question 4: How long have you been working as a specialist (years)?
Question 5: In what type of hospital are you working (academic centre; large peripheral hospital; 
small peripheral hospital; cancer centre; other)?
Question 6: Which province do you work in?
Question 7: What percentage of your patient population is older than 70 years?*

Question 15: do you think it’s advisable that 
some form of geriatric oncology is executed 
in your hospital?
Question 16: Could you clarify previous 
answer? 

Question 8: Are there in your hospital activities that you would categorize as geriatric oncology 
care? (For example: a supplementary geriatric evaluation or screening for vulnerabilities).

Question 17: The following reason(s) is/are withholding me to incorporate some form of 
geriatric oncology in my hospital (I would like to implement a geriatric evaluation but do 
not know how; there is insufficient time available to perform the evaluation; there is no 
geriatrician available to perform the evaluation; my priorities lie elsewhere; my colleagues 
are not convinced of the evidence or necessity of a geriatric evaluation; I have not thought 
about it; other. Multiple answers are possible).
Question 18: When you state time is a factor, how much time would you find acceptable?
Question 19: what would you state to be the ideal form to evaluate the older cancer 
patient?

If YES If NO

Question 9: How are these activities 
executed?
Question 10: How are patients selected?
Question 11: Which specialists are involved?
Question 12: Which geriatric domains are 
evaluated?
Question 13: How much time (minutes) do 
these extra activities require?
Question 14: Are you satisfied with the way 
these activities are executed?

Question 20: How many geriatricians are currently working at your hospital?
Question 21: If one or more; is there a geriatrician present at the multidisciplinary cancer 
meetings?
Question 22: Do you have any additional comments relating to this survey?

END OF SURVEY

If YES,
or I don't know

If NO
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oncologists reported that they perform the evaluation themselves and only refer 
patients if indicated. 
When geriatric evaluations are being performed (routinely or ad hoc) the majority 
of respondents reported that at least four geriatric domains were examined (94% 
of responses); 52% assessed eight or more domains (geriatricians 85%). Overall, the 
median duration of the evaluation was reported to be 30 minutes, but with a wide 
range varying from one minute to more than 5 hours. 

Areas of improvement
Of respondents reporting to have implemented a form of geriatric evaluation for 
their elderly cancer patients, 35% stated to be dissatisfied with the current practice 
(geriatricians 48%, radiation oncologists 47%, medical oncologists 44% and surgical 
oncologists 24%). Possible areas of improvement were: a routine (structural) 
evaluation of all older cancer patients, instead of an ad hoc assessment (40%); a 
better realization of the evaluation (20%) and an improved incorporation of the 
evaluations’ results in oncologic treatment decisions (13%); 4% of respondents felt 
that more evidence is needed to support the use of geriatric evaluations in oncologic 
care for elderly. Additionally, 46% of respondents expressed the desire for a closer 
collaboration between cancer specialists and geriatricians, including the presence 
of a geriatrician at the multidisciplinary cancer team conferences. However, 80% 
stated that currently, a geriatrician rarely attends these meetings even in hospitals 
employing multiple geriatricians. 

Obstacles for implementing a geriatric evaluation in elderly cancer patients
Half of all respondents stated that they do not offer geriatric evaluations to their 
elderly cancer patients (Figure 2). Only 6% felt these evaluations are not useful 
and their main argument was that care for elderly patients is an integral part of 
oncologic care and does not differ from care for younger cancer patients; therefore, 
geriatric oncology would have no added value. 
The larger part of our respondents without a geriatric oncology programme at their 
institute, stated to be interested in implementing some form of geriatric care for 
older cancer patients (surgical oncologists 86%, medical oncologists 82%, radiation 
oncologists 82% and geriatricians 78%). Reasons mentioned were to improve 
tailoring of care to the patient’s capacity to tolerate the treatment burden (56%); 
to enable a more adequate selection of those patients fit enough for (standard) 
oncologic treatment (36%); to improve supportive care for the elderly (18%); and 
because of the increasing incidence of cancer amongst the elderly (8%).  
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Table 1. Characteristics of respondents

* This question was not included in the geriatricians’ version of the survey

Total
(n=602)

Medical 
oncologists 
(n=127)

Geriatri-
cians
(n=95)

Surgical 
oncologists
(n=267)

Radiation 
oncologists
(n=113)

Response rate 35% 32% 43% 31% 45%

Median age of respondents 45 yrs 46 yrs  
(29-64 yrs)

44 yrs  
(31-63 yrs)

45 yrs  
(30-75 yrs)

45 yrs  
(27-76 yrs)

% Female 43% 48% 72% 27% 50%

Type of hospital
Small peripheral
Large peripheral
Academic
Tertiary/categorical
Other

21%
45%
25%
4%
3%

25%
32%
35%
5%
2%

36%
53%
6%
3%
0%

22%
55%
17%
4%
<1%

0%
27%
50%
11%
12%

Median % of patients  
aged ≥70jr 

40% 40%  
(5-75%)

* 40%  
(5-80%)

40%  
(15-80%)

Number of geriatricians at 
the hospital 

0
1-2
3-4
5 or more
Not mentioned

12%
23%
24%
22%
19%

12%
23%
29%
16%
20%

1%
18%
36%
42%
3%

11%
30%
20%
19%
22%

27%
12%
17%
20%
24%

Reasons for not implementing of some form of geriatric oncology are listed in Table 
2. The obstacle mostly mentioned was a lack of priority (40%). Many respondents 
reported uncertainty about the optimal way to implement geriatric oncologic care 
in daily practice (36%); over one-fourth felt there is insufficient time or staff to 
perform the evaluation; 12% reported that they felt their colleagues or other cancer 
specialists were not interested or hesitant.
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Table 2. Obstacles for implementation of a geriatric evaluation in elderly cancer patients

Multiple answers were possible
* This answer option was not included in the geriatricians’ version of the survey

Figure 2. Current use of geriatric evaluations for elderly cancer patients in the Netherlands

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Radiation oncologists

Surgical Oncologists

Geriatricians

Medical oncologists

Overall Evaluation for all elderly patients

Evaluation on ad hoc basis only

Evaluation, method unclear

No evaluation, interested

No evaluation, not interested

No evaluation, not further specified

Total Medical 
oncologists

Geriatri-
cians

Surgical 
oncologists

Radiation 
oncologists

My priorities lie elsewhere 40% 48% 48% 39% 37%

I would like to implement a 
geriatric evaluation but do 
not know how

36% 17% 35% 38% 44%

There is insufficient time 
available to perform the 
evaluation

27% 17% 45% 20% 29%

There is no geriatrician 
available to perform the 
evaluation

26% 31% * 27% 18%

I have not thought about it 25% 31% 3% 31% 27%

My colleagues are not 
convinced of the evidence 
or necessity of a geriatric 
evaluation

12% 7% 29% 5% 13%

I am unconvinced of the 
evidence or necessity for a 
geriatric evaluation

3% 7% 3% 2% 3%

Other 3% 7% - 5% 5%
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Discussion
This study provides an insight in the current format of care for older cancer 
patients in the Netherlands and obstacles that prevent the implementation of 
geriatric oncologic care. According to half of the responding medical oncologists, 
geriatricians, surgical oncologists and radiation oncologists, geriatric evaluations 
are used in the care for elderly cancer patients, sometimes routinely, but mostly 
on an ad hoc basis. Many respondents want a closer collaboration between cancer 
specialists and geriatricians in addition to a more routine geriatric evaluation for 
elderly cancer patients, with better incorporation of its results in oncologic care and 
the decision-making process. The majority of respondents without geriatric oncology 
at their hospital stated to be interested in its implementation, but a lack of priority 
and uncertainty on the optimal set-up for a geriatric oncology programme remain 
the primary obstacles. 
This study has some limitations. First, we frequently used open-ended questions 
in this survey, allowing for a greater input from our respondents, but requiring a 
secondary interpretation and categorisation of responses. Although this was done 
as objective as possible, this categorisation may not fully reflect what respondents 
would have chosen when pre-formulated answer-options were provided. Second, the 
response rate was 35%, a well-known issue in survey-based studies. It is not unlikely 
that those specialists with interest in geriatric oncology responded, making it 
unclear if these results are representative for all cancer specialists and geriatricians. 
Nevertheless, one-third of all cancer specialists and geriatricians in the Netherlands 
state to have implemented geriatric evaluations in elderly cancer patients or is 
interested in doing so. The imminent ageing of society makes optimal tailoring of 
care for elderly cancer patients and the consequences of under- and overtreatment 
an increasingly relevant issue. Knowledge on physiological aging, comorbidity, 
functionality and psychosocial background of patients is imperative for the 
assessment of a patient’s ability to tolerate treatment, but this information is 
generally lacking at times of decision making.8 A recent review on the effect of a 
geriatric evaluation in elderly cancer patients showed that geriatric impairments 
are highly prevalent and that their identification results in a change of oncologic 
treatment in median 32% of older cancer patients.7 These alterations could consist of 
both less and more intensive treatment, and occurred even when the oncology team 
did not express uncertainty regarding the treatment strategy prior to the evaluation.7 
This shows that evaluations on an ad hoc basis only do not suffice and supports the 
desire expressed by many respondents for a more routine geriatric assessment.  
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However, we acknowledge that geriatric evaluations also have pitfalls: they are 
time-consuming and require commitment of staff and other resources. Indeed, many 
respondents and especially geriatricians report the lack of time as hindering the 
incorporation of geriatric evaluations into routine practice. Volume-based healthcare 
financing, such as the system in the Netherlands, places strain on the valuable asset 
of time within the healthcare process. The initial investment of additional time to 
explore patients’ ability to tolerate and benefit from treatment as well as their own 
preferences and priorities will finally result in a significant reduction of both over- 
and undertreatment which allows the routine use of geriatric evaluations to become 
cost-effective. 
Nevertheless, the introduction of standard geriatric evaluations in oncologic clinical 
care will pose a significant challenge to healthcare logistics and many respondents 
state to be unsure of the best set-up of a geriatric oncology programme. The number 
of elderly cancer patients far exceeds the availability of geriatric consultations; 
moreover, geriatric medicine is a relatively new and developing field of care, and it 
is not surprising that over half of responding geriatricians state that their priorities 
currently lie elsewhere. However, studies have demonstrated that an exploratory 
geriatric evaluation can be effectively performed by a trained (research) nurse.9 
Incorporation of the results of this evaluation and the involvement of a geriatrician 
in oncologic decision-making (e.g. during multidisciplinary cancer team conferences) 
will bring oncologic and geriatric expertise together, allowing for optimal tailoring 
of care. Moreover, when an exploratory evaluation incorporates a standardised 
intervention plan, aimed at modifiable geriatric health issues, this is likely to result 
in an equal number of non-oncologic interventions as a formal geriatric consultation 
would (both in over 70% of cases).7 The latter could then be reserved for complex 
cases or contentious treatment choices. 

Conclusion
In addition to the standard oncologic work-up in the Netherlands, there is a desire 
for a more routine geriatric evaluation of elderly cancer patients and great interest 
in tailored care for this heterogeneous patient population. A closer collaboration 
between cancer specialists and geriatricians (preferably in a multidisciplinary team) is 
imperative to successfully bridge the gap of knowledge between geriatrics and cancer 
care and to optimise treatment for the growing number of older cancer patients.
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Abstract
Background
Treatment decisions for elderly cancer patients can be complex and challenging. 
A geriatric assessment may identify unknown medical conditions, give insight on 
patients’ ability to tolerate treatment and guide treatment decisions. Our aim was to 
study the value of a geriatric consultation in oncologic treatment decision-making.

Methods
Between February 2013 and June 2014, data on cancer patients in our institute, 
referred for geriatric consultation for clinical optimisation or due to uncertainty 
regarding their optimal treatment strategy, were entered in a prospective database. 
Outcome of geriatric evaluations, non-oncologic interventions and suggested 
adaptations of oncologic treatment proposals were evaluated. 

Results
72 patients (median age 82 years) were referred for consultation, over half of which 
in a curative treatment setting. Prevalence of geriatric syndromes was 93%; mobility 
was most frequently impaired. Previously undiagnosed conditions (primarily 
cognitive impairments) were identified in 49% of patients and non-oncologic 
interventions were initiated in 56%. In addition, time was spent discussing patients’ 
priorities (53% of consultations), expectations on treatment (50%) and advance 
care planning (14%). For 82% of patients, suggestions were made regarding the 
optimal treatment decision: a more intensive treatment was recommended in 39% 
of patients, a less intensive therapy for 42% patients and in 19% of patients only 
supportive care was suggested. With increasing number of geriatric conditions, the 
chance of less intensive treatment increased significantly. 

Conclusion
A geriatric consultation can aid in tailored treatment decisions and allows for a 
reduction of over- and undertreatment of elderly cancer patients. 

Part III Chapter 10



175

Introduction
The rapid rise in the number of elderly cancer patients1 will present an 
unprecedented challenge to cancer specialists, since many questions regarding 
the optimal management of these patients still remain. Guidelines for oncologic 
treatment are based on studies in which the elderly and those with comorbidity 
were generally excluded.2-4 Although it is known that elderly cancer patients are at 
an increased risk of treatment-related morbidity,5 detailed evidence on the optimal 
oncologic treatment in elderly is lacking. As ageing is an individual process, resulting 
in an increasingly heterogeneous patient population, tailoring of treatment to the 
individual patient is needed. 
Therefore, some form of geriatric evaluation is increasingly being used in the 
management of elderly cancer patients.6 Such a multimodal evaluation may identify 
unknown medical conditions, give insight on patients’ ability to tolerate oncologic 
therapy and guide treatment decisions.7-9 Since 2013, multidisciplinary care for 
elderly cancer patients in our hospital includes geriatric expertise and a geriatric 
oncology programme has been initiated. Elderly cancer patient with uncertainty 
regarding the optimal choice for oncologic treatment or questions on the possible 
optimisation prior to treatment, are increasingly being referred for a geriatric 
consultation. The aim of this analysis was to assess the yield of these consultations 
and to determine the effect on treatment decisions. 

Patients and methods
Between February 2013 and June 2014, all consecutive cancer patients referred for 
a geriatric consultation were included in a prospective database for quality control 
purposes. Patients’ selection for geriatric evaluation was done by the referring 
physician or within a multidisciplinary oncology team (MDT) meeting. These were 
patients that required clinical optimisation prior to oncologic therapy and those 
patients with complex oncologic therapy choices, for whom questions regarding the 
optimal treatment options arose either at diagnosis or in case of disease progression. 
The geriatric evaluations were performed by a single geriatrician (MH) specialised 
in geriatric oncology, either during consultation in the out-patient clinic or during 
hospitalisation. Patients were seen together with their family or caregivers whenever 
possible. The assessment included evaluation and optimisation of comorbid 
diseases and medication use, diagnosis and, if applicable, treatment of cognitive 
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impairments, mood disorders, nutritional status, functional impairments (mobility, 
activities of daily living and instrumental activities of daily living) and social network 
or supportive care status. Specific diagnostic tools per geriatric domain were used 
on indication. 
Oncologic treatment options prior to geriatric consultation were formulated by the 
cancer specialist, based on the information available at that time. Based on the 
geriatric assessment, an evaluation of patients’ capacity to tolerate treatment was 
made and interventions for optimisation prior to oncologic therapy were proposed 
by the geriatrician. If necessary, advanced care planning and patients’ expectations 
and priorities in treatment choices were discussed between patients and the 
geriatrician. If required, the geriatrician suggested an adaptation of oncologic 
therapy plans, tailored to the patients’ capacities, limitations and wishes. When 
indicated, geriatric follow-up was initiated.

Data collection and analysis
This study was approved by the regional ethics committee and institutional 
review board. The primary outcome was the effect of the geriatric consultation 
on (adaptation of) oncologic treatment decisions. Secondary endpoints were the 
prevalence of geriatric impairments, the incidence of newly diagnosed geriatric 
syndromes or medical conditions, the number of recommendations regarding non-
oncologic interventions and advanced care planning as well as discussions aimed 
at managing the patient’s expectations on treatment options and clarifying the 
patients’ priorities.
The following data were collected: patient demographics (age, sex, comorbidity 
measured by the Charlson comorbidity index10, medication use), oncologic data 
(tumour type and stage, treatment setting and modality, initial oncologic treatment 
options prior to geriatric consultation, final oncologic treatment following geriatric 
evaluation) and information on the outcome of geriatric evaluation (prevalence 
of geriatric syndromes, incidence of newly diagnosed medical conditions, non-
oncologic interventions, suggestions regarding oncologic treatment choices, 
discussions on advanced care planning, clarification of patients’ priorities and 
expectations regarding oncologic treatment).
For the analysis of our primary outcome, treatment decisions following geriatric 
consultation were classified as intensified oncologic treatment and less intensive 
treatment or supportive care only.
Statistical analysis was performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). 
Statistical significance was defined as p<0.05. The chi-square was used for 
comparisons between groups.
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Table 1. Patient demographics

a Two patients presented with multiple synchronous malignancies
b Only for solid tumours

Total n= 72

Female: male
Median age in years (range)

Type of malignancya

Colorectal 
Breast 
Upper GI
Gynaecological
Anal 
Lung
Hematologic
Urothelial 

Curative setting

Tumour stageb

I
II
III
IV

42:30
82 (57-94)

41 (57%)
11 (15%)
9 (13%)
5 (7%)
2 (3%)
2 (3%)
2 (3%)
2 (3%)

44 (61%)

10 (14%)
20 (28%)
20 (28%)
20 (28%)

Prevalence of 
geriatric syndromes 
or conditions

Of which newly 
diagnosed/not 
previously reported

Suggestions for  
non-oncologic 
interventions

Impaired mobility
(Risk of) malnutrition
Care dependence in (I)ADL 
Comorbidity
Cognitive impairments
Insufficient social network
Psychological issues
Medication issues

44 (61%)
38 (53%)
34 (47%)
31 (43%)
27 (38%)
17 (24%)
16 (22%)
14 (19%)

14 (19%)
1 (1%)
7 (10%)
7 (10%)
15 (21%)
7 (10%)
4 (6%)
1 (1%)

11 (15%)
19 (26%)
2 (3%)
5 (8%)
15 (21%)
10 (14%)
10 (14%)
12 (17%)

Table 2. Outcome of geriatric assessment: Prevalence of geriatric syndromes and newly 
diagnosed medical conditions and suggestions for non-oncologic interventions

IADL: Instrumental activities of daily living; ADL: Activities of daily living
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Results
Patients
Seventy-two consecutive referrals were included in the present analysis. Patient 
demographics can be found in Table 1. Median age of patients was 82 years (range 
57-94 years) and 58% were female. Median Charlson comorbidity index was 1 (range 
0-6) and 45 patients (63%) used five or more medications. The majority of patients 
(57%) suffered from colorectal cancer (colon cancer n=28, rectal cancer n=13). Other 
patients presented with breast cancer (15%), upper gastro-intestinal malignancies 
(13%), gynaecological malignancies (7%), anal cancer (3%), lung cancer (3%), 
hematologic malignancy (3%) and urothelial cancer (3%). Two patients presented 
with concurrent malignancies (colorectal cancer in combination with oesophageal 
cancer in one and with urothelial cancer in another). Most patients were treated in a 
curative setting (61%); twenty patients (28%) presented with stage IV disease. 

Geriatric consultations
In 13 patients (18%), the reason for referral was to optimise patients prior to 
oncologic therapy. The remaining 59 patients (82%) were referred due to uncertainty 
regarding the optimal oncologic management, in addition to clinical optimisation. 
Geriatric consultations were performed during hospitalisation in nine patients 
(12%); the other patients were seen in the out-patient clinic. In 63 patients (88%), 
the assessment was done at diagnosis and the remaining patients were assessed 
at the time of disease progression. Patients were mostly referred by an oncologic 
or colorectal surgeon (28 patients, 39%); in 25 cases the referring physician was a 
gastroenterologist (35%), while medical oncologists referred thirteen patients (18%). 
Other referring physicians were specialists in internal medicine (n=3), pulmonology 
(n=3) and gynaecology (n=1). 
The majority of patients (93%) suffered from one or more geriatric syndromes; these 
patients presented with a median of three geriatric problems (range 0-8). Mobility 
was most frequently impaired (61%, Table 2), followed by nutritional status (53%) 
and (instrumental) activities of daily living (47%). Not previously reported medical 
or geriatric conditions were identified in 49%; most prevalent were impairments 
in cognition and mobility (21% and 19% respectively). Non-oncologic interventions 
were proposed in over half of included patients (56%) on a median of one geriatric 
domain (0-6, Table 2). Domains that were most frequently amenable to intervention 
were nutrition (26%), cognition (21%) and mobility (15%). In 50% of consultations, 
time was spent remedying erroneous assumptions or expectations of the patient 
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Figure 1. Oncologic treatment suggestions based on geriatric consultation
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or family regarding treatment or prognosis while for 53%, the consultation was 
beneficial in clarifying the patient’s priorities and wishes. In addition, advanced care 
planning was discussed with ten patients (14%).

Treatment decisions
Based on the geriatric consultation, suggestions for the oncologic treatment plan 
were proposed in 59 patients (82%) and 92% of these suggestions were adopted by 
the treating cancer specialist (54 patients). In three patients, decisions on oncologic 
treatment were postponed. The remaining two patients were treated for breast 
cancer and both chose for the less intensive treatment option while, based on the 
geriatric evaluation, standard treatment was suggested. Overall, a more intensive 
treatment was recommended in 23 patients (39%), a less intensive therapy for 25 
patients (42%) and in 11 patients (19%) only supportive care was suggested (Figure 1). 
Intensified treatment was significantly more frequently recommended for patients 
treated in a curative setting (59% of cases compared to 12% of patients treated in a 
palliative setting, p<0.001). Less intensive treatment options were recommended in 
48% of patients treated in a palliative setting and in 38% of those patients treated 
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with curative intend. Supportive care only was recommended in 40% of patients in a 
palliative setting, while this was recommended in 3% of patients with curable cancer. 
Suggestions on (adaptation of) oncologic treatment were irrespective of the type of 
treatment options (surgery, chemotherapy, radiation therapy or a combination of 
oncologic treatment modalities).
When comparing patients from different age groups, intensified treatment was least 
suggested in patients under 80 years of age (14% of patients); for patients aged 80 
to 85 years this increased to 53% and in patients aged 85 years and older 33% were 
recommended to receive a more intensive treatment. With increasing numbers 
of geriatric problems, the more intensive treatment options were less frequently 
recommended: when patients had over 3 impaired geriatric domains, more intensive 
treatment was suggested in only 17% of cases, compared to 54% of patients with 
three or less geriatric problems (p=0.01, Figure 1). The median number of geriatric 
problems decreased with increasing age: a median of 4 geriatric impairments in 
patients aged <80 years, a median of 3 in patients aged 80-84 years and a median of 
2 in patients aged 85 years and older.

Discussion
This study analyses the value of the geriatric oncology program in our institution. 
We demonstrate that prevalence of geriatric syndromes in elderly cancer patients 
referred for a geriatric consultation is high and this requires non-oncologic 
interventions in over half of cases. In nearly 50% of patients, not previously reported 
medical or geriatric conditions were diagnosed. Treatment decisions were related to 
the number of geriatric impairments and these were more prevalent in the younger 
patients. They mostly received the less intensive treatment options. 
This analysis has several limitations. First, in this type of observational cohort study, 
direct comparison of survival and oncologic outcomes is hampered by selection 
bias and confounding by indication.11 This would subsequently lead differences 
in outcome to be incorrectly attributed to treatment decisions, rather than to 
confounding factors such as poor overall health, which affected both treatment 
choice and outcome. Therefore, we opted to only describe the outcome of the 
geriatric consultations. Second, we included patients with various cancer types both 
in a curative and a palliative setting and at diagnosis or at disease progression. In 
addition, patients were referred based on the cancer specialists’ clinical impression. 
However, we have no data on the health status or treatment decisions in older 
patients who were not referred. Despite these limitations, this analysis provides a 
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good impression of the daily practice and the variety of elderly cancer patients that 
are being referred for a geriatric consultation. 
In recent years, collaboration between cancer specialists and geriatricians has 
increased to optimise care for elderly cancer patients. Many cancer specialists 
have become aware of the special needs of their most vulnerable patients and 
a multidisciplinary, patient-centred approach is considered essential. Geriatric 
conditions such as malnutrition, functional disability and polypharmacy have been 
demonstrated to be associated with increased vulnerability and are highly prevalent 
in older cancer patients.8, 12, 13 This is in line with the outcome of the geriatric 
consultations in our patient cohort. The prevalence of (newly indentified) health 
issues will prompt interventions aimed at optimising patients prior to oncologic 
therapy.8,9 

In addition, our study demonstrates that geriatric consultations can aid cancer 
specialists in making treatment decisions. Deciding on therapy for elderly cancer 
patients can become complex when patients present with a variety of comorbid 
conditions and functional impairments. In the absence of guidelines for these 
patients, the additional insight on a patient’s ability to tolerate treatment that 
a geriatric assessment or consultation can provide may guide these decisions or 
reinforce the choices made by the referring physician. A careful selection of older 
patients fit enough for more intensive or standard treatment, and offering less 
intensive treatment options to frail patients, will aid in reducing the risks of both 
over- and undertreatment that the elderly are subject to.7, 14-16

Previous studies have demonstrated that treatment dilemmas will be greatest in 
an intermediate group of not-so-fit younger old and the apparently fit oldest old. 
It has been suggested that this is the group most likely to benefit from a more 
thorough assessment of health status.17 Referral patterns in our analysis reflect 
this: for included patients, the prevalence of geriatric impairments decreased with 
increasing age. However, a recent review demonstrated that offering a geriatric 
assessment or consultation to all elderly cancer patients (irrespective of presumed 
fitness or clinical impression) resulted in an alteration of the oncologic treatment 
plan in nearly 50% of patients. This was much more frequent than when only cases 
were referred with questions regarding the optimal oncologic treatment (treatment 
alteration in 20%).8 This suggests that routine geriatric assessments have a greater 
potential for identifying those patients at risk of under- or overtreatment. However, 
the incorporation of routine geriatric evaluations in standard oncologic care for all 
elderly cancer patients is currently hampered by the time- and resource-consuming 
nature of the consultations.6 
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Although our analysis demonstrates a benefit from geriatric consultations, it can be 
debated whether involving a geriatrician in decision making for all older patients – 
rather than for selected patients – is desirable or necessary. The abovementioned 
review demonstrated that a geriatric assessment can be performed within the 
oncology group using a series of validated screening instruments for relevant 
geriatric domains.8 Although this will lack the depth of information that a geriatric 
consultation would, these assessments have been shown to reap similar benefit in 
terms of identifying previously unrecognized health issues as well as alterations 
in treatment.8 We found that an additional yield of the consultation was clarifying 
patients’ priorities and expectations concerning the proposed treatment options. 
However, this is mostly due to the time available in the consultation and not 
necessarily dependent on expertise specific to the geriatrician. Indeed, it can be 
questioned whether it would not be better that such issues are discussed with 
someone specialised and experienced in treating cancer, particularly as many 
geriatricians indicate that oncology is currently not a priority for them.18 We 
believe that investing additional time during oncologic consultations to assess 
vulnerable elderly patients and explore their priorities will reduce both over- and 
undertreatment and we call on cancer specialists, policymakers and patients to work 
together to make this possible. 

Conclusion
This analysis shows that the implementation of a geriatric oncology program is 
of great value to the optimisation of elderly cancer patients and reducing their 
risk of over- and undertreatment. Collaboration between cancer specialists and 
geriatricians can aid in the care for our most vulnerable cancer patients.
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Introduction 
The work presented in this thesis addresses multiple issues concerning the 
treatment of colorectal cancer in elderly patients. The demographic developments 
and the rise in incidence of colorectal cancer make management of the rapidly 
growing number of elderly colorectal cancer patient an increasingly urgent subject. 
In this chapter, the results of our studies are discussed and future perspectives in 
the treatment of elderly colorectal cancer patients will be addressed. 

Surgery in the aged
Surgery remains the cornerstone of curative therapy for colorectal cancer.1 With the 
rise in incidence of colorectal cancer and the ageing of the population, the number 
of elderly cancer patients presented for colorectal surgery has increased greatly,2 
and this trend is expected to last in the decades to come. Against this background, 
the management of this heterogeneous patient population will present an immense 
challenge since colorectal surgery comes with significant morbidity and mortality. 
Especially in elderly patients, the consequences of morbidity following colorectal 
surgery are enormous3,4 and it has been shown that survival is greatly affected by 
the outcome of surgery mainly in the first postoperative year.5,6 As presented in 
Chapter 5, when elderly patients suffer from postoperative complications, their 
survival in the first months after surgery is significantly worse. Other studies 
have demonstrated that only once the elderly live through the first postoperative 
year, their survival equals that of the younger patients.6 On the other hand, when 
colorectal cancer is left untreated, the consequences may be equally poor, as it can 
lead to serious cancer-related complications. 

Treatment developments in an ageing world
Recent technologic advances in the surgical treatment of colorectal cancer, such 
as the introduction of minimally invasive surgery, have positively influenced 
postoperative outcome.7 However, as demonstrated in Chapters 2 and 4, this has not 
led to a significant decrease in overall morbidity following colorectal surgery, which 
still affects nearly one-third of patients. Furthermore, although there appear to be 
great benefits of laparoscopic resections for malignancies in both the colon and the 
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rectum (such as reduced blood loss, less pain, an attenuated acute phase response), 
it is unclear if these advantages are the same for elderly and younger patients. 
In Chapter 6, we performed a population-based study and showed that the elderly 
are less likely to receive laparoscopic surgery for colorectal cancer as compared to 
younger patients, while the elderly appear to benefit most. For patients aged ≥75 
years, perioperative, three-month and one-year mortality was significantly reduced 
between 2008 and 2011, concurrent with an increase in the use of laparoscopic 
surgery. We therefore suggest that older colorectal cancer patients should receive 
laparoscopic surgery whenever possible. 
One of the explanations for the observed improved postoperative survival is 
the positive effect of laparoscopic surgery on the incidence of postoperative 
non-surgical complications. With increasing age, there is an exponential rise 
in cardiopulmonary complications.3,4 In Chapter 4, we investigated whether 
laparoscopic surgery reduces these adverse events in randomised controlled trials 
of laparoscopic compared with conventional surgery for colorectal cancer. Although 
there was insufficient data on the outcome specific for elderly patients in this 
systematic review, we demonstrated that the incidence of cardiac complications is 
significantly lower in laparoscopic colectomy compared to conventional resections. 
In our analysis, this effect was less marked for pulmonary complications, although 
other (mainly observational) reports demonstrated a reduced incidence of 
postoperative pneumonia in elderly patients as well.8 

For rectal resections, we found no benefit of laparoscopic surgery on the incidence 
of non-surgical complications. As demonstrated in Chapters 2 and 4, morbidity from 
rectal resections is markedly higher as compared to surgery for malignancies in the 
colon. One explanation is that the greater extent of radical rectal surgery results in 
an inherent high morbidity rate, in addition to morbidity from neoadjuvant (chemo)
radiation therapy. A recent population-based study showed that, although the local 
recurrence rate is reduced with preoperative radiotherapy, irradiated patients  
aged ≥75 years suffer more from postoperative complications compared to those 
only receiving surgery.9 Therefore, it can be debated whether all elderly patients 
should receive (full) neoadjuvant therapy and individualised treatment plans should 
be made for every patient. 
Furthermore, although total mesorectal excision (TME) (in some cases combined 
with neoadjuvant therapy) remains the gold standard of treatment for most rectal 
cancers, there are less-invasive alternatives for such major treatment in elderly 
patients. One alternative is local excision of rectal tumours by means of transanal 
endoscopic microsurgery (TEM). Although radical TME surgery can be avoided using 
this technique, the benefits should be carefully weighed against higher rates of local 
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recurrence. Results of TEM as an alternative to TME in elderly patients (median age 
80 years) with ≥T2 rectal cancers showed a local recurrence rate of 27% and distant 
metastasis in 12% after 30 months follow-up.10 This suggests that nearly two-thirds 
of patients may profit from this less-invasive alternative. Especially in patients with 
reduced life expectancy this may be a worthwhile treatment option. Drawbacks 
of the TEM apparatus are its complex usage and high costs. A new technique for 
the resection of rectal polyps and cancers is transanal minimally invasive surgery 
(TAMIS), using disposable flexible ports.11 This method has lower costs and is more 
readily available, in addition to good functional results (Chapter 3).
The search for alternatives to major rectal cancer surgery is ongoing and reports on 
treatment of rectal cancer with (chemo)radiation therapy alone or in combination 
with TEM are emerging.12-14 However, to date such therapy is still considered 
experimental and only offered to highly selected patients. Moreover, (chemo)
radiation therapy comes with its own morbidity rates14 and it is unclear how and 
if the elderly will benefit. Future research should provide answers regarding the 
optimal choice of therapy for those elderly patients in whom TME surgery is best 
avoided.

Balancing the risks and benefits
When treatment-related morbidity and mortality is nearly equal to cancer-related 
morbidity and mortality, deciding whether to subject vulnerable patients to such 
therapy can become contentious. The paucity of high-quality evidence leaves 
many questions regarding the optimal management of elderly colorectal cancer 
patients unanswered. Most available data is observational and subsequently 
hampered by selection bias and confounding by indication. Moreover, existing 
treatment guidelines are based on studies in which elderly patients were 
frequently excluded.15-17 This was addressed in Chapter 7, where we found that 44% 
of trial protocols from randomised studies on laparoscopic surgery for colorectal 
cancer excluded older patients from participating, rendering elderly patients 
underrepresented. 
As a consequence, the importance of selecting those patients fit enough for 
(surgical) therapy is becoming increasingly apparent. In Chapter 5, we studied 
treatment decisions and guideline adherence for patients with low rectal cancer. 
Decisions on treatment were still largely based on age, not physical condition. 
Although it is generally acknowledged that active treatment should not be withheld 
based on a patient’s chronologic age, it can be questioned whether all elderly 
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patients should receive standard treatment. Chronologic age is not the only factor 
that has to be taken into account when making decisions. Treatment should be 
tailored to the ability of patients to tolerate treatment and it is important to identify 
factors that will influence postoperative outcome and can subsequently affect 
oncologic decision making.
One way to assess these factors is to perform a geriatric evaluation, which entails a 
multidimensional assessment of a patient’s general health condition and functional 
status.18 It can provide insights into an individual’s probability of survival and 
allows for directed interventions.19 In Chapters 8 and 10, we addressed the effect of 
a geriatric consultation on treatment decision making in oncologic therapy. It was 
demonstrated that a geriatric consultation has the potential to reduce the risks of 
under- and overtreatment and to guide treatment decision making. Moreover, elderly 
patients may experience different goals in treatment for colorectal cancer, with 
post-operative functional independence and quality of life being of relatively greater 
importance for them as compared to oncologic outcome or extended survival. 
This holds true especially when a patients’ remaining life span is limited. However, 
little data exists on functional outcome and quality of life for elderly patients 
after surgery for colorectal cancer. Pooled data from our group suggests there is 
a permanent loss in physical and role functioning following colorectal resection, 
especially in elderly patients.20 

Therefore, exploring a patient’s priorities and preferences prior to oncologic 
treatment will be of great importance in treatment decision making. Although we 
have demonstrated in Chapter 10 that a geriatric consultation can be of additional 
value to assess patients’ expectations and priorities in anti-cancer treatment, it 
can be argued that cancer specialists themselves should also invest more time to 
define a patient’s individualised treatment plan and discuss their patients’ goals 
in oncologic therapy as well as in general well-being. This should also include the 
possibility and consequence of opting out of (surgical) therapy.

Optimising care for the aged
In addition to risk stratification and guiding treatment decisions, a geriatric 
assessment may serve to optimise the health status of elderly patients prior to 
oncologic treatment. The results of the work in Chapters 8 and 10 show that the 
number of non-oncologic interventions resulting from a geriatric evaluation or 
consultation is significant. Although the effect of these interventions is poorly 
studied to date, it is suggested that they can provide risk-reduction and improve 
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quality of life.21, 22 

Cancer specialists are increasingly aware of the needs of their most vulnerable 
patients and, as outlined in Chapter 9, many have implemented some form of 
geriatric care for their elderly patients or are interested in doing so. Although 
the value of geriatric care for elderly colorectal cancer patients is increasingly 
acknowledged, geriatric oncology programmes have jet to be fully established and 
many cancer specialists and geriatricians express their uncertainty regarding the 
best format to improve care for the oncogeriatric population. 

Future perspectives for an ageing world
Despite the increasing awareness of the vulnerability of the heterogeneous group of 
elderly colorectal cancer patients, major challenges lie ahead in improving their care. 
The current evidence for the optimal management of elderly patients presenting 
with colorectal cancer is mostly observational and of low quality, which hampers 
the decision-making process. Although randomised trials remain the ‘holy grail of 
research’, it remains questionable whether results from randomised studies are 
applicable for the elderly population. There are several possible methods to improve 
the current evidence. First, subgroup analysis of elderly patients in large randomised 
studies may shed some light the outcome for these patients. Second, if these trials 
would make their data on included elderly available, the representativity of the 
elderly population in these trials could be adequately assessed. Third, such raw data 
could be pooled, which will allow for increased insight in the outcome of surgical 
therapy for the older colorectal cancer patients. Finally, most trials report on short-
term results (usually 30 days postoperative) and long-term outcome (mostly after a 
follow-up of 3-5 years). However, 30-day mortality underestimates 1-year mortality 
in elderly patients.23 Therefore, more trial data on the outcome for elderly patients 
during the first year after resection for colorectal cancer and exploration of risk 
factors for postoperative morbidity and mortality may clarify the prolonged negative 
effects of surgery in these patients. 
In decision making for elderly colorectal cancer patients, an adequate assessment 
is essential to stratify patients according to their risk for adverse events. Identifying 
very fit patients suitable for extensive oncologic therapy or very frail patients 
in whom (surgical) treatment is best avoided will generally not be a matter of 
discussion. However, between these two extremes there is a grey area with patients 
in whom any kind of adverse event can destabilise their health status, leading to 
loss of independence and life quality. For these patients, decision making is not 
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a black-or-white issue. Their management will remain most challenging as our 
abilities to adequately screen for frailty and assess these patients’ risks are still 
unsatisfactory.24 Future research should therefore focus on improving the reliability 
of risk assessment and incorporating this in daily surgical and oncologic practise. 
In addition, for elderly patients, we should always consider that there is more to 
life after surgery than merely survival. Data on the effect of oncologic treatment 
on functionality and quality of life in elderly patients is essential in the decision-
making process and this warrants more (prospective) research with endpoints that 
are relevant for the elderly population. It will be of great importance to actively 
involve elderly colorectal patients and their relatives in the decision-making process 
and explore patients’ treatment goals and personal preferences. Cancer-related 
complications, functional status, treatment-induced adverse events and time to 
benefit from treatment have to be carefully weighed. This will require an investment 
of time, not only from consulted geriatricians, but also from the cancer specialists 
themselves. Personalised treatment plans, tailored to a patient’s capabilities and 
restrictions are imperative to improve the care for our most vulnerable elderly 
colorectal cancer patients.
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Summary
The number of patients newly diagnosed with colorectal cancer has risen greatly in 
the past 20 years. This disease is currently the third most common malignancy in the 
Netherlands where it causes over 5000 deaths each year. 
Over half of new cases of colorectal cancer affects patients older than 70 years 
of age. This number has increased in recent years due to the rapid ageing of the 
population and increased life expectancy. The management of this growing group 
of elderly colorectal cancer patients will pose a significant challenge to cancer 
specialists, since many questions regarding their optimal treatment are unanswered. 
Treatment guidelines are based on studies that have generally excluded elderly 
patients and those with concurrent diseases. Moreover, ageing is an individual 
process that comes with a wide variety of health issues, functional impairments, 
loss of physical reserves and geriatric conditions. As a result, recommendations for 
younger, fit patients cannot automatically be extrapolated to the heterogeneous 
elderly population. 
There is a lack of high-quality literature evidence regarding the effect of (surgical) 
treatment of colorectal cancer on elderly patients. Complications after surgery have 
great impact on these patients with higher mortality rates during the entire first 
postoperative year. However, when the cancer is left untreated, this may equally 
result in serious cancer-related complications. These dilemmas can make treatment 
decisions for elderly colorectal cancer patients challenging.

The research presented in this thesis focuses on several components of the 
treatment of colorectal cancer in an ageing world and comprises three parts. 
Part I describes technological developments in the treatment of colorectal cancer. 
A major advancement in recent years has been the introduction of laparoscopic 
colorectal surgery. The advantages of such minimally invasive techniques for colon 
surgery have been previously reported and consist of reduced pain, less blood loss 
and faster recovery. For rectal cancer, the benefits of laparoscopic surgery are less 
evident and there is still uncertainty whether these benefits weigh up against the 
technical challenges of laparoscopic rectal surgery. Chapter 2 provides and compares 
the results of laparoscopic resections with conventional (open) surgery for cancer in 
the distal 10cm of the rectum performed between 2006 and 2011 in 166 consecutive 
patients at the Diakonessenhuis. In this study the duration of surgery was slightly 
longer for the laparoscopic resections, but there was a faster recovery of bowel 
function and shorter hospitalisation. Cancer-related results were similar between 
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both surgical approaches. 
Rectal resection carries a high chance of postoperative complications. Therefore, 
in case of rectal polyps or small tumours, a local (transanal) resection of the lesion 
can be performed, thus avoiding extensive rectal surgery. The standard procedure 
for this type of surgery is ‘transanal endoscopic microsurgery’ (TEM), which uses 
a complex and costly apparatus with a 4 cm wide metal proctoscope to remove 
lesions from the rectum with specialised equipment. This technique is not widely 
available and has a long learning-curve. Moreover, the use of this apparatus may 
lead to damage to the anal sphincter. A less expensive alternative is the use of a 
‘flexible port’, which is less rigid and can be used in combination with standard 
laparoscopic instruments. For transanal surgery, the use of this port has scarcely 
been studied, but it may have an advantage in preserving the postoperative anal 
sphincter function compared to the rigid TEM apparatus. In Chapter 3 a series of 
37 patients is presented, in whom rectal polyps and cancers were removed using a 
flexible port. Functional results before and following surgery were measured using 
a faecal incontinence score. The technique was feasible and in 88% of patients 
with preoperative impaired continence, the postoperative function was improved. 
Moreover, there were few complications and good oncologic results. 
Although there have been great developments in the surgical treatment of 
colorectal cancer in the last decades, complication-rates after surgery remain 
high. Non-surgical complications (such as cardiac and pulmonary complications) 
affect elderly patients more frequently and are a major cause of death. Reducing 
these complications after colorectal surgery may improve outcome for elderly 
patients. Chapter 4 evaluates the effect of laparoscopic surgery on reducing the 
number of non-surgical complications. A literature research was performed which 
compared short-term results of 18 randomised clinical trials with a total of 6135 
patients. In these trials, laparoscopic resection of colorectal cancer was compared 
to conventional resection. This literature review demonstrated that the chance of 
cardiac complications was over four and a half times increased in conventional 
surgery for colon cancer compared to laparoscopic colectomy. For rectal cancer 
however, this effect was not observed. Additionally, for pulmonary complications, the 
benefit of laparoscopic surgery was less evident and the overall number of patients 
suffering one or more complications was not different between conventional and 
laparoscopic surgery. 

Part II of this thesis addresses treatment decisions for elderly patients with 
colorectal cancer. In Chapter 5, a study is presented in which treatment decisions 
are investigated both for elderly and younger patients presenting with cancer in the 
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distal part of the rectum. Treatment decisions for patients newly diagnosed with 
low rectal cancer were compared to national guidelines on the treatment for rectal 
cancer. Elderly received significantly less curative therapy compared with younger 
patients (83% versus 100%). In metastatic rectal cancer, palliative surgery was 
initiated significantly less frequent in the older patients and if given, this therapy 
was generally less extensive in the elderly. Guideline adherence was 87% in younger 
patients and 62% in older patients; age was the most common reason mentioned for 
withholding treatment in the latter. Outcome after radical rectal surgery showed that 
the elderly suffered equally from postoperative adverse events, but mortality rates 
were almost tripled in the first six months after surgery in elderly patients.  
Chapter 6 describes an analysis on the use of laparoscopic surgery for colorectal 
cancer based on data from the Dutch Cancer Registry between 2008 and 2011. 
The utilisation of laparoscopy had increased greatly, although elderly patients 
underwent laparoscopic surgery less frequently (40% of cases compared with nearly 
half of younger patients). Mortality rates at 30 days, three months and one year 
decreased over time, concurrent with the rise in use of laparoscopic surgery and risk 
reduction was greatest for patients aged ≥75 years. Therefore, although the elderly 
were less likely to receive laparoscopic surgery, they appear to benefit most. For this 
reason, laparoscopic surgery should be performed whenever possible. 
Chapter 7 addresses the representativity of elderly patients in randomised trials 
on laparoscopic surgery for colorectal cancer. Such studies can provide high quality 
evidence on the optimal treatment choices for elderly patients, but only if the trial 
population is representative for the target population. Therefore, it is important 
to determine whether sufficient elderly patients or those with comorbidities were 
accrued. We performed an analysis of 52 registered trial protocols on studies that 
randomised between conventional and laparoscopic surgery for colorectal cancer. 
It was demonstrated that most studies had no restrictions regarding cardiac or 
pulmonary comorbidity and over half of studies had no restrictions regarding 
ASA-score. Elderly patients were excluded in 44% of trial protocols, based on age, 
comorbidities and/or organ function. When an upper age limit was used, half of 
these studies had no restrictions on organ function. This shows that chronologic age 
was reason for exclusion, rather than physical condition. Average age of included 
patients in published reports was below 70 years in 86% of studies.

Part III of this thesis studies the role of a geriatric medicine in the multidisciplinary 
care for elderly cancer patients. Collaboration with geriatricians is increasingly 
being sought in the management of older patients with colorectal cancer. A geriatric 
consultation or evaluation entails a multidimensional assessment of a patient’s 
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general health condition and functional status. Chapter 8 describes a review of 
the literature on the effect of a geriatric evaluation on treatment decisions in 
elderly cancer patients. Ten observational studies were included in this analysis 
which showed that initial oncologic treatment proposals were adjusted in one-
third of patients following a geriatric evaluation. This adaptation could consist 
both of intensified treatment or less intensive oncologic treatment. Additionally, 
non-oncologic interventions were recommended in 83% of patients, for instance 
nutritional interventions or medicine adaptations. Therefore, a geriatric evaluation 
has significant impact on oncologic and non-oncologic treatment decisions in older 
cancer patients and deserves consideration in the work-up for these patients.
In Chapter 9 the results of a national survey of 1726 cancer specialists (medical 
oncologists, surgeons and radiation oncologists) and geriatricians are presented. 
The response rate of this web-based survey was 35%. Half of respondents reported 
that some form of geriatric evaluation is currently implemented at their hospital; 
approximately one-third stated that elderly are routinely assessed for the presence 
of geriatric impairments. Many respondents felt that current care could be improved 
by a closer collaboration between cancer specialists and geriatricians, routine 
geriatric evaluations for all elderly cancer patients, and greater incorporation 
of its results in oncologic decision-making. Of respondents not using a geriatric 
evaluation, 83% stated to be interested in its implementation, although 40% said 
this was currently not their priority and over one-third reported to be unsure of the 
best format. For over 25%, time constraints were also a significant obstacle.
Chapter 10 studies the value of a geriatric consultation in 73 elderly cancer 
patients. These patients were referred to the geriatrician to optimise their health 
status prior to oncologic therapy or due to uncertainty regarding the optimal 
choice of treatment. The prevalence of geriatric problems was high (93%) and in 
over half of patients non-oncologic interventions were recommended. Previously 
undiagnosed conditions (primarily cognitive impairments) were identified in 49% 
of patients and for 82% of patients, suggestions were made regarding the optimal 
treatment decision. In addition, time was spent discussing patients’ priorities 
(53% of consultations), expectations regarding treatment (50%) and advance care 
planning (14%). This analysis showed that a geriatric consultation can aid in complex 
treatment decisions and in optimising elderly patients before commencing oncologic 
treatment.  

In Chapter 11 the findings of the research done in this thesis are discussed and 
future perspectives in the care for elderly colorectal cancer patients are addressed.
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Introductie
Het aantal nieuwe patiënten met darmkanker (kanker van de dikke darm en 
de enkeldarm, ook wel colorectaal carcinoom) is in de laatste decennia fors 
toegenomen. Momenteel is het de derde meest voorkomende maligniteit in 
Nederland en sterven er jaarlijks ruim 5000 patiënten aan deze ziekte. 
Meer dan de helft van alle nieuwe gevallen van darmkanker treft mensen die 
ouder zijn dan 70 jaar. Door de dubbele vergrijzing in Nederland en de stijgende 
levensverwachting zal dit aantal de komende jaren verder toenemen. De 
behandeling van deze groeiende groep ouderen met darmkanker vormt een grote 
uitdaging voor kankerspecialisten. Richtlijnen voor de behandeling zijn gebaseerd 
op studies waar oudere en kwetsbare patiënten over het algemeen niet aan mee 
gedaan hebben. Daarom kunnen deze resultaten niet gegeneraliseerd worden en zijn 
ze mogelijk niet toepasbaar voor de oudere patiënt. Er is weinig wetenschappelijke 
bewijs van hoge kwaliteit over de effectiviteit van de behandeling van darmkanker 
bij ouderen. Veroudering is bovendien een individueel proces, wat gepaard kan 
gaan met een variatie aan bijkomende ziektes, functionele beperkingen, fysieke 
belemmeringen en geriatrische syndromen. Tegelijkertijd kent de behandeling van 
darmkanker een hoge kans op complicaties en juist bij ouderen zijn de gevolgen van 
deze complicaties veel ernstiger. De optie van niet-behandelen kan ook resulteren 
in ernstige complicaties, bijvoorbeeld ten gevolge van de doorgroei van darmkanker. 
Deze dilemma’s zorgen ervoor dat er nog vele vraagtekens zijn in de optimale 
behandelkeuzes voor ouderen met darmkanker. 

Het onderzoek in dit proefschrift richt zich op een aantal onderdelen in de 
behandeling van darmkanker in een verouderende wereld en bestaat uit drie delen. 
Deel I beschrijft technische ontwikkelingen in de behandeling van darmkanker. Een 
belangrijke ontwikkeling in darmchirurgie betreft het uitvoeren van kijkoperaties 
(ook wel laparoscopische of minimaal-invasieve chirurgie genoemd). De voordelen 
van dergelijke operaties zijn voor dikke darmkanker reeds aangetoond en bestaan 
onder andere uit minder bloedverlies, minder pijn en een sneller herstel na de 
operatie. Voor endeldarmkanker bestaat er nog onduidelijkheid of de voordelen van 
een kijkoperatie opwegen tegen de technische uitdagingen.  
Hoofdstuk 2 geeft een overzicht van de resultaten van kijkoperaties bij kanker 
in de onderste 10cm van de endeldarm. De uitkomsten van laparoscopische 
en conventionele endeldarmoperaties, uitgevoerd tussen 2006 en 2011 bij 166 
opeenvolgende patiënten, werden vergeleken. In deze studie bleek de operatieduur 
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voor een kijkoperatie langer, maar het herstel na deze operatie werd bespoedigd 
in vergelijking met de conventionele operatie. Dit uitte zich onder andere in een 
kortere opnameduur en sneller herstel van de functie van de darm. Daarnaast waren 
de oncologische resultaten en de overleving vergelijkbaar tussen beide groepen. 
Omdat het verwijderen van de endeldarm gepaard gaat met een hoge kans op 
complicaties wordt er bij poliepen en kleine tumoren zonder uitbreiding in de 
lymfeklieren vaak gekozen voor het lokaal verwijderen van de tumor via de anus. 
De standaard behandeling hiervoor is ‘transanale endoscopische microchirurgie’ 
(TEM), een lastige en kostbare techniek waarbij een buis van 4cm breed in de anus 
ingebracht wordt. Vervolgens wordt er lucht in de endeldarm geblazen en kan 
met behulp van speciale instrumenten en een speciale camera een gezwel uit de 
endeldarm verwijderd worden. Deze apparatuur is niet in elk ziekenhuis beschikbaar. 
Daarnaast leidt het gebruik van de brede, metalen buis mogelijk tot schade aan de 
anale kringspier. Een alternatieve methode is het gebruik van een ‘flexibele poort’. 
Dit is een zachte, kunststof buis met enkele werkkanalen die al gebruikt wordt 
bij kijkoperaties via één incisie. De techniek is goedkoper en beter beschikbaar, 
maar nog weinig beschreven voor het verwijderen van tumoren en poliepen uit de 
endeldarm. Voor deze toepassing is er mogelijk een voordeel in de postoperatieve 
functie van de kringspier ten opzichte van de starre brede buis die bij een TEM 
gebruikt wordt. In Hoofdstuk 3 wordt een cohort van 37 patiënten gepresenteerd, bij 
wie poliepen en tumoren uit de endeldarm verwijderd werden middels een flexibele 
poort. Hierbij werd gekeken naar de functionele uitkomsten van een dergelijke 
operatie. De pre-operatieve fecale incontinentie-score werd vergeleken met de 
postoperatieve incontinentiescore. Het bleek dat de techniek goed uit te voeren 
was en dat bij 88% van de patiënten met preoperatieve stoornissen in de fecale 
continentie de functie na de operatie verbeterd was. Daarnaast waren er weinig 
complicaties en goede oncologische resultaten. 
Hoewel er grote technische ontwikkelingen op het gebied van chirurgische 
behandeling van darmkanker zijn geweest de laatste jaren, blijft de kans op 
complicaties na dergelijke chirurgie hoog. Niet-chirurgische complicaties (zoals 
problemen aan hart en longen) komen vooral bij oudere patiënten voor en lijden 
vaak tot overlijden. Het terugdringen van deze complicaties na colorectale chirurgie 
zou een verbetering van de uitkomsten kunnen geven. In Hoofdstuk 4 wordt 
onderzocht of het verwijderen van darmkanker met een kijkoperatie een gunstig 
effect heeft op het terugdringen van deze niet-chirurgische complicaties. Er werd 
een literatuuronderzoek uitgevoerd waarbij de korte termijnresultaten van 18 
gerandomiseerde trials met in totaal 6153 patiënten werden onderzocht. Bij deze 
studies werd laparoscopie vergeleken met conventionele darmkankerchirurgie. 
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Uit dit onderzoek bleek dat de kans op cardiale complicaties ruim 4,5x lager 
was bij laparoscopische chirurgie ten opzichte van conventionele chirurgie voor 
dikke darmkanker. Dit effect werd echter niet gezien voor endeldarmkanker. Voor 
pulmonale complicaties was er geen duidelijk voordeel van laparoscopische 
chirurgie. Het totaal aantal patiënten dat één of meer complicaties ondervond 
na colorectale chirurgie was nauwelijks verschillend tussen conventionele en 
laparoscopische chirurgie. 

Deel II van dit proefschrift gaat in op behandelkeuzes voor ouderen met darmkanker. 
In Hoofdstuk 5 wordt een studie beschreven naar de keuzes voor behandeling 
van kanker laag in de endeldarm bij ouderen en jongeren. In een cohort van 
patiënten, nieuw gediagnosticeerd met endeldarmkanker, werd gekeken of de 
behandelkeuzes overeenkwamen met de landelijke richtlijn voor de behandeling 
van endeldarmkanker. De ouderen bleken significant minder vaak curatief te worden 
behandeld dan de jongere patiënten (83% versus 100%). In het geval van uitgezaaide 
endeldarmkanker kregen de ouderen minder vaak een (palliatieve) behandeling 
en deze behandeling was vaak minder belastend. Bij jongeren werd in 87% van de 
gevallen de richtlijn gevolgd, terwijl dit bij 62% van de ouderen het geval was. De 
meest genoemde reden voor het niet volgen van de richtlijn was bij ouderen de 
leeftijd. De uitkomsten van uitgebreide endeldarmchirurgie lieten zien dat ouderen 
evenveel complicaties ondervonden als jongeren maar als dit bij ouderen gebeurde, 
dan was de kans op overlijden in de eerste 6 maanden na de operatie bijna 3 maal 
hoger dan bij jongere patiënten. 
Hoofdstuk 6 beschrijft een analyse naar het gebruik van laparoscopische chirurgie 
voor colorectaal carcinoom op basis van cijfers van de Nederlandse kankerregistratie 
tussen 2008 en 2011. Het gebruik van laparoscopie bleek sterk gestegen, hoewel 
ouderen minder vaak laparoscopisch geopereerd werden (in 40% van de gevallen 
versus bijna de helft van de jongere patiënten). De sterfte na 30 dagen, drie 
maanden en één jaar nam fors af, gelijk opgaand met de toename van het aantal 
laparoscopische resecties. De risicoreductie was het grootst voor patiënten ≥75 jaar. 
Bij ouderen werd dus minder vaak gekozen voor een laparoscopische behandeling 
terwijl zij het meest konden profiteren. Om de uitkomsten na chirurgie voor 
colorectale tumoren te verbeteren, zou zo frequent mogelijk gekozen moeten worden 
voor een laparoscopische resectie. 
Hoofdstuk 7 behandelt de vraag of ouderen voldoende vertegenwoordigd zijn in 
gerandomiseerde studies over laparoscopische chirurgie voor darmkanker. Dergelijke 
studies kunnen bewijs van hoge kwaliteit geven over de optimale therapiekeuze 
voor ouderen, maar alleen als de deelnemers een goede afspiegeling vormen van 
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de gehele patiëntengroep. Daarom is het belangrijk om te weten of er voldoende 
oudere en/of kwetsbare patiënten deel kunnen nemen aan deze studies. Er werd 
een onderzoek gedaan naar 52 geregistreerde onderzoeksprotocollen voor dergelijke 
studies. Hierbij werd gevonden dat veruit de meeste studies geen beperkingen gaven 
wat betreft hart- of longaandoeningen om mee te kunnen doen aan het onderzoek. 
Meer dan de helft had geen restricties wat betreft ASA-score (een score die wat zegt 
over bijkomende ziektes van een patiënt en de ernst daarvan). Oudere patiënten 
werden in 44% van de protocollen geëxcludeerd op basis van leeftijd, bijkomende 
ziektes of orgaanfunctie. Als voor leeftijd een bovengrens werd aangehouden om 
te mogen participeren, bleek in de helft van de gevallen dat er geen beperkingen 
waren wat betreft orgaanfunctie. Hieruit blijkt dat chronologische leeftijd de reden 
voor exclusie was, in tegenstelling tot fysieke conditie. De gemiddelde leeftijd van 
patiënten in gepubliceerde studies was in 86% van de gevallen onder de 70 jaar. 

In Deel III van dit proefschrift wordt de rol van de geriater (een ziekenhuisspecialist 
voor oudere mensen) in de multidisciplinaire zorg voor ouderen met kanker 
onderzocht. In toenemende mate worden geriaters betrokken bij de behandeling 
van ouderen met darmkanker, zoals ook blijkt uit de eis van de Nederlandse 
inspectie voor de gezondheidszorg om de geriater te raadplegen voorafgaand aan 
een darmoperatie bij oudere patiënten. De geriater kan een geriatrische evaluatie 
uitvoeren waarbij een breed scala aan mogelijke gezondheidsproblemen onderzocht 
wordt, zoals de voedingstoestand en functionaliteit van patiënten, medicatiegebruik 
en het sociale netwerk van patiënten.  
Hoofdstuk 8 geeft een overzicht van de resultaten van een literatuurstudie over het 
effect van een geriatrische evaluatie op behandelbesluiten bij ouderen met kanker. 
Tien observationele studies werden geïncludeerd. Er werd aangetoond dat het 
initiële oncologische behandelplan bij één-derde van de patiënten werd aangepast 
nadat er een geriatrische evaluatie had plaatsgevonden. Deze verandering kon 
bestaan uit zowel minder intensieve behandeling als meer intensieve behandeling. 
Daarnaast werden bij 83% van de patiënten niet-oncologische interventies 
aanbevolen ter optimalisatie van de uitgangspositie van de patiënt voorafgaand 
aan de kankerbehandeling (bijvoorbeeld voedingsadviezen, medicatieaanpassingen, 
behandeling van psychische aandoeningen). Er is een duidelijk voordeel van de 
betrokkenheid van een geriater in de multidisciplinaire zorg en besluitvorming 
rondom de behandeling van oudere kankerpatiënten. 
Hoofdstuk 9 presenteert de resultaten van een nationaal enquêteonderzoek, 
waarvoor 1726 kankerspecialisten (oncologen, chirurgen en radiotherapeuten) 
en geriaters zijn aangeschreven. Het responspercentage was 35%. De helft van 
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de respondenten gaf aan dat er momenteel een vorm van geriatrische evaluatie 
plaatsvindt voor ouderen met kanker; een derde hiervan is routinematig. Veel 
respondenten vonden dat de zorg verbeterd zou kunnen worden door een betere 
samenwerking tussen kankerspecialisten en geriaters en door de evaluaties meer 
routinematig te verrichten. Daarnaast zouden de uitkomsten van de geriatrische 
evaluaties beter benut moeten worden in de besluitvorming rondom oncologische 
behandelingen. Van de respondenten die geen evaluaties gebruiken, zegt 83% 
geïnteresseerd te zijn in de implementatie hiervan. Echter, 40% gaf aan dat dit 
momenteel geen prioriteit voor hen is en meer dan een derde weet niet goed in 
welke vorm dit geïmplementeerd zou moeten worden. Andere belangrijke obstakels 
waren de logistieke bezwaren en de tijdsinvestering die een dergelijke evaluatie met 
zich meebrengt.
Hoofdstuk 10 beschrijft een onderzoek naar de meerwaarde van een geriatrisch 
consult voor oudere kankerpatiënten. In deze studie werden 73 oudere 
kankerpatiënten verwezen naar de geriater om hun uitgangspositie te optimaliseren 
voorafgaand aan de oncologische behandeling of omdat er twijfel was over de 
optimale therapiekeuze. Het vóórkomen van geriatrische problematiek bij deze 
groep patiënten was hoog (93%) en bij ruim de helft van de patiënten waren een 
of meer niet-oncologische interventies nodig. Bij 49% van de patiënten werden 
nieuwe medische aandoeningen gediagnosticeerd; dit betrof vooral cognitieve 
stoornissen. Het grootste deel van de patiënten werd verwezen vanwege twijfel 
over de behandelkeuze en voor deze patiënten bleek een geriatrisch consult 
van toegevoegde waarde voor het maken van beslissingen rondom eventuele 
behandeling.  

In Hoofdstuk 11 worden de bevindingen van de onderzoeken in dit proefschrift 
bediscussieerd en wordt gekeken naar toekomstperspectieven in de zorg voor 
ouderen met darmkanker.
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