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1COLORECTAL CANCER

Colorectal cancer is a major health problem. Colorectal cancer mainly occurs in 
developed countries.1

2

2 The majority of the colorectal 

colorectal cancer is increasing in the Netherlands.3, 4 

The risk of developing colorectal cancer increases with advancing age. Colorectal cancer 

at diagnosis.2, 5

hypertension, cardiac and vascular diseases, diabetes mellitus and previous malignancy 

developing colorectal cancer.6-8

9 Furthermore, individuals can 

10
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FIGURE 1  
 diagnosed in the Netherlands between 1994-2014, by age group.
 Source: Netherlands Cancer Registry (southeast part)

invasiveness of the disease.11

involved the lymph nodes. When the tumour has spread to at least one lymph node in the 

12, 13

in the Netherlands. The most recent guidelines for colorectal cancer, revised in 2014, 
10

in which the tumour is located, and of regional lymph nodes. The two ends of the colon 

14, this minimally invasive approach is 
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115

shorter hospital stay compared with open surgery, without compromising oncological 
outcome.16-19

20 Several clinical trials21-24 have shown that adjuvant 

10 

is performed when tumours are located in the lower part of the rectum, near the anal 

25 The Dutch Colorectal 

26-28

2004, based on results of previous studies29, 30

the standard treatment for locally advanced rectal cancer. Nowadays, neoadjuvant 

with clinical N2.10 Neoadjuvant chemoradiotherapy can result in complete disappearance 

31 
Habr-Gama et al.32

chemoradiotherapy were closely followed and did not undergo surgery. Although the 
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12, 

33, 34 35, 

36

st century a new class 
of agents, usually referred to as targeted therapy, was introduced including bevacizumab, 

37, 38 39-43 According to the 

10

13, 44, 45 Recently, the understanding that 
peritoneal carcinomatosis results from loco-regional rather than systemic spread, resulted 

46

increased gradually, all using a uniform technique.47, 48

common cause of death from cancer worldwide.1

of the disease in 2015.2 Mortality due to colorectal cancer is slowly decreasing from 15.9 
2

12, 49

process50, 51

invasive surgery.52, 53
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FIGURE 2  
 Netherlands between 2005-2014, by year of diagnosis.
 Source: Netherlands Cancer Registry
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33, 34, 54-58

59, 60

cancer remains a leading cause of morbidity and mortality in the Netherlands. With an 

care and outcome. 

oncological treatment, which results in altered survival rates. Furthermore, demographic 

61 

OUTLINE

To give an overview of colorectal cancer survival in the Netherlands in a large 
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1Chapter 2
diagnosed between 1989-2014 in the Netherlands. Chapter 3 compares survival rates 

Chapter 4
Chapter 5 analyzes whether hospital 

chapter 6
Chapter 7

chapter 8

DATA SOURCE

of all newly diagnosed malignancies in the Netherlands by the automated pathological 

62, 63

health services and improving quality of care. 

64

11 
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ABSTRACT 

Aim
The aim of this study was to analyze developments in incidence, treatment and survival 

Methods

Results
The incidence of both colon and rectal cancer has risen. The use of adjuvant chemotherapy 

therapy and metastasectomy increased for metastasized disease. The 5-year survival 

Conclusion
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2

INTRODUCTION

Colorectal cancer is one of the most common cancer types in developed countries, with 
1, 2 The epidemiology 

1 

screening program for colorectal cancer in 2014.3

4

5

6-8

9, 10

11, 

12

treatments are increasingly being performed.13-16 

cancer, it is important to evaluate both long-term trends as well as trends during the most 

colorectal cancer between 1989 and 2014 in the Netherlands, which are considered to be 
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METHODS

mainly from the pathology departments of hospitals, all taking part in the automated 

17

of cancer diagnosis.18

All cases of primary colorectal cancer diagnosed in the period 1989-2014 were selected 

st, 2016.

2

were applied.17 Annual incidence and mortality were described per 100,000 person-years 

by performing the average annual percentage of change analysis.  
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2
19

and stage.
P

®

RESULTS

Netherlands. 

p 2 test 

years. Figure 1a illustrates that age standardized incidence has increased predominantly 

in Figure 1b, showing a stable incidence among females, whereas the incidence among 
males increased moderately from 21 to 26 per 100,000 person-years. The annual colorectal 

screening program.
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TABLE 1  
  
 rectal cancer in the Netherlands between 1989 and 2014, by period of diagnosis  

Period of diagnosis

1989-1994 1995-1999 2000-2004 2005-2009 2010-2014

n n n n n

COLORECTAL CANCER

   Colon 30,136 28,417 32,486 40,140 47,674

   Rectum 15,812 14,973 17,114 19,741 21,272

COLON CANCER

Age at diagnosis

   <50 years 1,885 1,583 1,714 1,826 2,047

   50-59 years 3,418 3,432 4,195 4,878 5,008

   60-69 years 7,668 6,989 7,793 10,025 13,135

   70-79 years 10,330 9,935 11,381 13,467 16,254

6,835 6,478 7,403 9,944 11,230

Gender

   Male 13,916 13,720 15,938 20,369 25,054

   Female 16,220 14,697 16,548 19,771 22,620

Morphology

   Adenocarcinoma 22,994 22,195 25,945 32,455 40,015

   Mucinous adenocarcinoma 5,739 4,908 5,141 5,736 5,305

   Signet ring cell carcinoma 287 314 375 571 650

   Other 1,116 1,000 1,025 1,378 1,704

TNM-stage

   Stage 0 1 0 4 7 41

4,673 4,291 4,768 6,279 8,729

11,267 10,209 11,311 12,579 13,850

6,637 6,778 7,895 10,001 11,972

5,833 5,433 6,691 8,861 11,211

1,725 1,706 1,817 2,413 1,871

RECTAL CANCER

Age at diagnosis

   <50 years 1,173 1,030 1,125 1,274 1,315

   50-59 years 2,278 2,425 3,085 3,430 3,319

   60-69 years 4,403 4,101 4,838 5,787 6,740

   70-79 years 4,974 4,718 5,135 5,906 6,391

2,984 2,699 2,931 3,344 3,507
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TABLE 1  
  
 rectal cancer in the Netherlands between 1989 and 2014, by period of diagnosis  

Period of diagnosis

1989-1994 1995-1999 2000-2004 2005-2009 2010-2014

n n n n n

Gender

   Male 8,763 8,555 9,970 11,674 13,116

   Female 7,049 6,418 7,144 8,067 8,156

Morphology

   Adenocarcinoma 13,768 13,189 15,115 17,701 19,578

   Mucinous adenocarcinoma 1,630 1,431 1,550 1,516 1,188

   Signet ring cell carcinoma 287 314 375 571 650

   Other 330 258 348 370 374

TNM-stage

   Stage 0 1 3 26 435 1,017

4,175 3,845 4,402 5,097 6,076

4,344 3,837 4,309 4,427 4,106

3,573 3,614 4,278 4,945 5,214

2,436 2,427 3,078 3,901 4,236

1,283 1,247 1,021 936 623

use of metastasectomy increased.
The primary tumour in non-metastasized rectal cancer was almost always resected, similar 

cancer.
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no further increase was observed in the most recent period. The improvement in survival 
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DISCUSSION

changes in epidemiology, treatment and survival of colorectal cancer in the Netherlands 

20

which it is likely to decrease.21, 22 The annual colorectal cancer mortality in the Netherlands 

rates will further decrease because of the screening program, by earlier diagnosis and 
23 

The increasing incidence and decreasing annual colorectal cancer mortality points towards 

previously to advancements in treatment.24 Results from the present study show that 

25-27

12, 28, 

29

chemotherapy in 2008-2012.12 Compared with colon cancer, rectal cancer treatment 

contributed to improved survival.7, 30

Netherlands, as demonstrated by the trends in this study.7

risk groups might impact survival based on subgroup analysis.31-35 Whether neoadjuvant 
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2
rectal cancer is a subject of controversy due to inconclusive evidence. The current Dutch 

36-38 

primary tumour, and an increase of the use of metastasectomy.14, 15, 24, 39, 40 However, there is 

14, 41, 42 
Despite the advancements in the treatment of colorectal cancer, the increase in 5-year 
survival in the more recent periods seems remarkable as there have been no major 

mechanisms might play a role. Firstly, it is striking that the most obvious gain in survival 

with short term mortality such as emergency surgery, advanced age, comorbidity, and 

dedicated surgery.43, 44

15 Thirdly, neoadjuvant 

worse prognosis, thereby possibly also decreasing survival rates for the lower stages. 

regional screening programs.45-47
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study. This has previously been described, and our results show a progression of this 
trend.24, 48 A smaller cohort study from Germany describes an equally good outcome 

49

there has been more focus in the past decades on rectal cancer treatment than on colon 

50 Comorbidity is more frequent among colon cancer 

43, 51 This is especially important considering 
52

of rectal bleeding which is more commonly seen with distal tumours.53, 54 

because treatment strategies are based on clinical stage, and downstaging may have 

discrepancy between clinical and pathological stage.55, 56
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INTRODUCTION

years of age.1 The incidence of colorectal cancer among elderly people in the Dutch 

2 

3

surgery.4-6

areas has increased.7, 8

9

3, 4 

PATIENTS AND METHODS
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10

11 

newly diagnosed with cancer in the south-eastern part of the Netherlands, an area 

~

12

st, 2017.

st

from all causes of death. 
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13

account the risk of dying from other causes than the disease of interest.

2 

14

P

RESULTS

p
p
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TABLE 1  
 

<65 years 65-74 years 75-84 years

n n n n p value

COLON CANCER

Total 9,847 11,607 11,775 3,235

Gender <0.0001

   Male 5,263 6,393 5,813 1,265

   Female 4,584 5,214 5,962 1,970

Period of diagnosis <0.0001

   2008-2009 3,293 3,555 3,770 1,088

   2010-2011 3,311 3,853 3,993 1,122

   2012-2013 3,243 4,199 4,012 1,025

Stage <0.0001

1,887 2,599 2,482 533

3,831 4,758 5,399 1,610

4,129 4,250 3,894 1,092

Treatment <0.0001

   Surgery only 5,369 7,836 10,396 3,213

   Surgery + adjuvant CT 4,366 3,665 1,313 15

   Other‡ 112 106 66 7

<0.0001

849 783 794 347

8,830 10,660 10,842 2,836

<0.0001

6,063 7,351 8,160 2,455

3,687 4,166 3,534 757

<0.0001

   0 690 416 261 51

   1 393 487 390 97

331 812 1,044 253

RECTAL CANCER

Total 6,209 5,385 3,612 626

Gender <0.0001

   Male 3,851 3,537 2,109 298

   Female 2,385 1,848 1,503 328

Period of diagnosis <0.0001

   2008-2009 2,099 1,700 1,204 232

   2010-2011 2,106 1,822 1,186 227

   2012-2013 2,004 1,863 1,222 167



3

T R E N D S  I N  S U R V I VA L  A M O N G  C O L O R E C TA L  C A N C E R  PAT I E N T S | 49

TABLE 1  
 

<65 years 65-74 years 75-84 years

n n n n p value

Stage <0.0001

1,015 1,046 735 131

1,417 1,397 1,157 225

3,777 2,942 1,720 270

Treatment <0.0001

   Surgery only 590 759 888 293

   Surgery + neoadjuvant RT 2,593 2,518 2,026 314

   Surgery + neoadjuvant CTRT 2,725 1,892 630 19

   Other‡ 301 216 68 0

<0.0001

3,632 3,327 2,305 438

2,490 1,987 1,276 184

<0.0001

   0 486 256 100 7

   1 231 268 153 17

147 273 287 45

CT chemotherapy, RT radiotherapy, CTRT chemoradiotherapy

p
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p
p

rectal cancer. When analyses were repeated with the older age groups taken together as 
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TABLE 2  
 

 RS CRS

COLON CANCER

<65 years reference reference

65-74 years 1.2 1.13-1.32 1.1 1.00-1.21

75-84 years 1.7 1.56-1.83 1.1 0.95-1.20

2.1 1.80-2.38 1.1 0.98-1.76

RECTAL CANCER

<65 years reference reference

65-74 years 1.2 1.03-1.29 1.0 0.96-1.25

75-84 years 1.7 1.50-1.94 1.1 0.99-1.79

2.1 1.24-3.65 1.1 0.46-1.96

TABLE 3  
 

 in the period 2008-2013, in the south-eastern part of the Netherlands, according to age  

 RS CRS

COLON CANCER

<65 years reference reference

65-74 years 1.1 0.86-1.33 1.0 0.77-1.30

75-84 years 1.1 0.88-1.41 0.9 0.69-1.28

1.2 0.84-1.67 0.6 0.29-1.22

RECTAL CANCER

<65 years reference reference

65-74 years 1.2 0.89-1.66 1.0 0.65-1.38

75-84 years 2.1 1.54-2.95 1.8 0.97-2.64

4.5 2.52-7.90 1.6 0.42-5.88
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cancer. For rectal cancer, an increased risk of death remained in the older age groups with 

p

p
rates decreased over the period of diagnosis 2008-2009, 2010-2011 and 2012-2013. For 

As a subanalysis, analyses were repeated with the older age groups taken together as 
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TABLE 4  
 

  Excess 

 n <30 days p value 1st year p value 1st year

COLON CANCER

Overall 36,464 4.2 10.7

Gender 0.054 0.084

   Male 18,734 4.4 10.9 7.7

   Female 17,730 3.9 10.3 7.7

Age <0.0001 <0.0001

   <65 years 9,847 1.0 4.1 3.6

   65-74 years 11,607 2.2 7.2 5.7

   75-84 years 11,775 6.0 14.8 10.5

3,235 13.8 27.3 17.3

Stage <0.0001 <0.0001

7,501 3.3 6.7 3.8

15,598 4.3 9.5 6.3

13,365 4.4 14.1 11.5

<0.0001 <0.0001

2,773 11.9 23.2 20.7

33,168 3.5 9.6 6.5

Surgical approach <0.0001 <0.0001

24,029 5.4 13.3 10.2

12,144 1.8 5.5 2.8

<0.0001 <0.0001

0 1,418 1.8 4.9 3.0

1 1,367 2.8 7.0 4.3

2,440 5.7 14.8 11.3

RECTAL CANCER

Overall 15,832 2.3 7.1

Gender <0.0001 <0.0001

   Male 9,795 2.8 7.8 5.5

   Female 6,037 1.7 5.8 3.9

Age <0.0001 <0.0001

   <65 years 6,209 0.6 2.7 2.2

   65-74 years 5,385 1.8 6.0 4.4

   75-84 years 3,612 4.7 13.2 8.9

626 10.1 23.1 12.9
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TABLE 4  
 

  Excess 

 n <30 days p value 1st year p value 1st year

Stage <0.0001 <0.0001

2,927 2.4 5.3 2.9

4,196 2.8 8.0 5.5

8,709 2.1 7.4 5.4

Surgical approach <0.0001 <0.0001

9,702 3.0 8.4 6.1

5,937 1.4 5.0 2.9

<0.0001 <0.0001

0 849 0.7 4.1 2.7

1 669 1.7 5.6 3.6

752 5.2  14.0  11.1

DISCUSSION

3, 15-18 

mortality rates were higher compared to our study for both colon as well as rectal cancer 
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3

19, 20 Recently, Gietelink et al. showed 

21

increases.4, 22

23-27 Furthermore, a study by Morris et al. showed 

28

is used to adjust for mortality due to other causes than cancer. Results of this study 

resilient in this age group by colorectal cancer surgery and its recovery process. 
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3, 23

probable cause for early mortality, one can conclude that colorectal cancer itself is not 
29 Moreover, other studies found 

30, 31

by combining surgery and radiotherapy in rectal cancer may be underlying. A previous 
32 

17, 23

33 The main strength of 
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were 85 years or older. To the best of our knowledge, our study included one of the largest 

Although our study cannot determine which factors determined this improvement, it 
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ABSTRACT

Background

cancer. This study evaluated treatment patterns and patient outcomes in synchronous 
colorectal cancer compared with solitary colorectal cancer patients.

Patients and methods
All patients diagnosed with primary colorectal cancer between 2008 and 2013, who 

multivariable regressions, the effects of synchronous colorectal cancer were assessed 

leakage, postoperative 30-day mortality, administration of neoadjuvant or adjuvant 

Results

p

Conclusion

Synchronous colorectal cancers were associated with decreased survival compared with 
solitary colorectal cancer. The results emphasize the importance identifying synchronous 
tumours, preferably before surgery to provide optimal treatment.
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INTRODUCTION

among men and women, and it is the second and third most common cause of cancer 
death.1 Patients with primary colorectal cancer can have more than one lesion at the time 
of initial presentation.2 Previous studies report a frequency of synchronous colorectal 

2-7

in definitions, selection criteria, patient populations and time periods studied. Risk 
factors for developing synchronous colorectal cancers are largely unknown, although 
familial polyposis and ulcerative colitis with dysplasia have been suggested to influence 
synchronous colorectal cancer development.8, 9

cancer.10, 11

A preoperative diagnosis of synchronous colorectal cancers may modify the type of 
surgical procedure and influence clinical decision making on the use of additional 

surgery and, if overlooked, may be diagnosed as early metachronous cancers, possibly at 
a more advanced stage. 

prognosis in survival as solitary colorectal cancer patients.2, 6, 12, 13 Many clinical series 
were based on single centre numbers and the analysis of less than 50 patients.4, 5, 14 The 
objectives of this study were to investigate, in depth, the various clinicopathological 
features of synchronous colorectal cancer patients compared with solitary colorectal 
cancer patients, and its association with treatment patterns, short-term postoperative 
outcomes, and long-term survival. 

PATIENTS AND METHODS

from the medical records. The quality of the data is high due to thorough training of the 
registration team and computerized consistency checks at regional and national level. 

15
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for stage notification of the primary tumour, according to the edition valid at time of 
cancer diagnosis.16

Anastomotic leakage was recorded as such if a surgical intervention or readmission was 
necessary within 2 months after primary anastomosis. Data on prolonged postoperative 

complicated postoperative period. 

A slightly modified version of the Warren and Gates criteria were used to define multiple 
colorectal cancer.17 Synchronous colorectal cancer was defined as two or more invasive 

tumours in the same segment of the colon and rectum are regarded as different 
malignancies and are counted as two or more primary cancers. For every synchronous 

All patients diagnosed with primary colorectal cancer between 2008 and 2013 were 

stage was based on the pathological TNM classification. Tumour localization was 

st, 2017.
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FIGURE 1  Overview of patients included in the study.

outcomes of interest were type of surgical procedure, prolonged postoperative hospital 
admission, anastomic leakage, postoperative 30-day mortality, and administration of 
neoadjuvant or adjuvant treatment and were analyzed between synchronous and solitary 

Survival was defined as the time from the date of resection to death or last follow-up date 
for patients who were still alive. Relative survival was defined as the ratio of the survival 

was calculated using the Pohar Perme method.18

estimated using a multivariable generalized linear model with a Poisson distribution, 
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P ® statistical 

RESULTS

From 2008 to 2013, 41,060 patients were diagnosed with primary colorectal cancer 

synchronous colorectal cancer. Patient and tumour characteristics are presented in Table 

TABLE 1 Patient and tumour characteristics of patients with solitary or synchronous colorectal  

Solitary CRC
Synchronous CRC

2 sCRC >2 sCRC

n n n p value

Total 39,091 1,865 104

Gender

   Male 20,945 1,132 65

   Female 18,146 733 39

Age

   <65 years 13,284 430 26

   65-74 years 12,576 632 33

   75-84 years 10,599 656 38

2,632 147 7

6,659 263 18

12,689 593 33

14,629 752 37

5,114 257 16

   Colon ascendens 10,333 499 35

   Colon transversum 4,642 291 23

   Colon descendens 11,151 571 27

452 93 0

   Rectum 12,313 411 19

p<0.05 between solitary and synchronous CRC
sCRC synchronous colorectal cancer
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tumours. Table 2 gives an overview of the anatomical and stage distribution of the first 
and second tumour of patients with two synchronous colorectal cancers. 

TABLE 2  

n

451

360

253

241

223

172

110

55

n

Colon descendens-Colon descendens 353

Colon ascendens-Colon ascendens 253

Rectum-Colon descendens 236

Rectum-Rectum 193

Colon descendens-Colon ascendens 171

Colon transversum-Colon ascendens 136

Colon descendens-Colon transversum 129

Colon transversum-Colon transversum 123

Rectum-Colon ascendens 108

Rectum-Colon transversum 57

106

the colon or rectum

Most of the synchronous colorectal cancer patients were diagnosed with at least one 

Half of the synchronous tumours were located in similar segments of the large bowel 

were situated in the rectum.
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Figure 2 shows the type of surgical procedures for the different anatomical sites in 
patients with two synchronous colorectal cancers compared with solitary colorectal 

p

TABLE 3  
 postoperative outcomes among patients with solitary or synchronous colorectal cancer  

    

Variable Total n p value
a. 1

Solitary CRC 9,286 85.9 reference
Synchronous CRC 327 78.0 0.6 0.48-0.84

b. 2

Solitary CRC 33,678 45.4 reference
Synchronous CRC 1,644 34.9 0.9 0.83-1.06

c. 3

Solitary CRC 15,282 16.7 reference
Synchronous CRC 574 22.7 1.0 0.81-1.31

d. 4

Solitary CRC 11,858 16.7 reference
Synchronous CRC 679 23.0 1.2 0.92-1.45

e. 5

Solitary CRC 31,001 4.9 0.48 reference
Synchronous CRC 2,397 5.3 0.9 0.74-1.13

f. 6

Solitary CRC 34,531 4.7 0.42 reference
Synchronous CRC 1,142 5.3 0.7 0.54-1.01

g. Adjuvant chemotherapy 7

Solitary CRC 8,260 63.1 reference
Synchronous CRC 564 48.6  0.7 0.54-0.87

p<0.05 between solitary and synchronous CRC

surgical procedure.

4

5

6 7
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prolonged postoperative hospital stay, presence of anastomotic leakage, postoperative 
mortality and administration of neoadjuvant or adjuvant treatment among solitary and 
synchronous colorectal cancer. 

tumour was located in the rectum and the other tumour was located in a colon segment. 

of adjuvant chemotherapy was lower in synchronous colorectal cancer patients with at 

Median follow-up time for patients included was 60 months. For solitary colorectal cancer 

increased risk of death and having more than one colorectal tumour remained in patients 

DISCUSSION

patient outcomes and 5-year relative survival in synchronous and solitary colorectal 
cancer patients. We found a decreased use of neoadjuvant and adjuvant treatment in 
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synchronous colorectal cancer patients. Furthermore, synchronous colorectal cancers 
were independently associated with a decrease in survival. 
Definitions of synchronous colorectal cancer tend to differ in the literature. The 

2-

7

studies.4, 8, 19-23 Synchronous colorectal cancer is generally defined as two or more distinct 
colorectal tumours diagnosed within 6 months after initial diagnosis.2, 5, 6, 8, 22-25

studies, colorectal cancers diagnosed within a year of the initial diagnosis were classified 
as synchronous, and in others, those diagnosed simultaneously at time of surgery.6, 7, 

26, 27 We considered patients with two or more invasive colorectal cancers, diagnosed 
simultaneously or within 6 months, as synchronous colorectal cancer. 

reported that synchronous colorectal cancer were more frequent in men than women.2, 

5-7 However, some studies showed no association between gender and the presence of 
synchronous colorectal cancers.23, 26

of men to environmental risk factors associated with synchronous colorectal cancer. 
Furthermore, we found that synchronous colorectal cancer patients were older and 
diagnosed with more advanced tumour stage compared with solitary colorectal cancer. 
These findings are comparable with other studies.5-7, 26

and Mulder et al., we found that synchronous colorectal cancer patients were more likely 
6, 7 We found that patients with synchronous tumours that 

same or adjacent segment, the choice for surgery will be simple, either a hemicolectomy 

tumour is located in the right colon while the other tumour is simultaneously located 

resections with two anastomoses can be performed. The latter can result in a higher 
risk of anastomotic leakage. We found no associations between having synchronous 
colorectal cancer and the presence of anastomotic leakage. 
Remarkably, in this study, synchronous colorectal cancer patients with at least one stage 
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situated in a colon segment, more often received neoadjuvant radiotherapy compared 
to synchronous colorectal cancer patients in which both tumours were located in the 

chemoradiotherapy to avoid the postponement of surgery and treatment of the colon 
tumour. 

associated with a lower probability of receiving adjuvant chemotherapy compared with 

cancer patients may be highly susceptible to adjuvant therapy. The proportion of 
solitary colorectal cancer patients who were treated with adjuvant chemotherapy was 

utilization of adjuvant chemotherapy overall in the Netherlands could be carried over 

that synchronous colorectal cancer patients were in worse general health or had more 

not observed. 
Five-year survival for synchronous colorectal cancer patients was worse than for solitary 

regarding long-term prognosis of synchronous colorectal cancer patients. The majority 
of the studies showed no difference in survival rates between synchronous and solitary 
colorectal cancer.2, 6, 12, 13, 28, 29 Some studies reported worse survival for synchronous 
colorectal cancer. 26, 30, 31

patients with one colon cancer was significantly better than those with two, irrespective 
of lag-time between the two colon cancers.32 Poor prognosis of synchronous colorectal 
cancer is thought to be caused by the relatively frequent distant metastasis that occur in 
synchronous colorectal cancer patients.26 

2000 synchronous colorectal cancer patients. We believe that this is the largest cohort 
published on this subject. Moreover, the objectives of this study were to investigate, in 
depth, the effects of synchronous colorectal cancer on choice of treatment and short- and 

of synchronous colorectal cancer patients were seldom analyzed in large cohorts.4, 5, 8, 23, 24 
Some limitations of this study should be acknowledged. The main limitation is the lack 

syndromes are known to be predisposing conditions for synchronous colorectal cancer.5  
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postoperative complications other than anastomotic leakage, may have influenced our 
results as well.

synchronous colorectal cancer on a national level is relevant, because a preoperative 

important to identify the presence of synchronous tumours, preferably before surgery, 
to provide an optimal treatment. Preoperative total colonoscopy should be performed, if 
possible, in all patients with colorectal cancer to detect synchronous tumours. Moreover, 
results of this study showed that synchronous colorectal cancers are an independent 

models.

with colorectal cancer. Synchronous colorectal cancer patients were associated with 

with solitary colorectal cancer. 
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ABSTRACT

Background
High-volume hospitals have been associated with improved patient outcomes for tumours 

pancreatic cancer. The volume-outcome association for colorectal cancer is under debate. 

Objective
This study investigates whether hospital volume for colorectal cancer is associated with 
surgical care characteristics and 5-year overall survival.

Design
This is a population-based study.

Settings
Data were gathered from the Netherlands Cancer Registry. Hospitals were grouped by 

Patients
All patients with primary non-metastatic colorectal cancer who underwent resection 
between 2005-2012 were included.

Main outcome measures
Differences in surgical approach, anastomotic leakage and postoperative 30-day mortality 

2 tests and multivariable logistic 

of hospital volume on overall survival.

Results

hospital volumes were observed. Only small differences between hospital volumes were 

year 
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Limitations
Although we adjusted for several patient and tumour characteristics, data on surgeon 
volume, data regarding local recurrences, specific postoperative complications other 
than anastomotic leakage and on comorbidity were not available. 

Conclusion

volumes for non-metastatic colorectal cancer patients.
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INTRODUCTION

care and the need for reliable parameters thereof. Differences in hospital volume and 

of centralization of surgical care.1-3

better short- and long-term outcomes when operated in high-volume hospitals.4-9 

10 For colorectal cancer patients, the 
volume-outcome association is under debate. 
A Cochrane review from 2012 showed that 5-year overall survival was higher for colorectal 
cancer patients treated in high-volume hospitals. For rectal cancer patients only, 5-year 
overall survival but not postoperative mortality was higher in high-volume hospitals. 
The quality of the evidence was regarded low in this review, and evidence was based on 
studies with a large heterogeneity in volume definitions.11 

lead to differences in short- and long-term patient outcomes, we aimed to investigate 
whether hospital volume determines surgical care characteristics, postoperative 30-day 
mortality and long-term survival in colorectal cancer patients in the Netherlands. 
Based on previous literature, we hypothesize that high-volume hospitals are not 
associated with better overall survival rates. Furthermore, we hypothesize there is no 

METHODS

from the medical records. The quality of the data is high due to thorough training of the 
registration team and computerized consistency checks at regional and national level. 

12

stage notification of the primary tumour, according to the edition valid at time of cancer 
diagnosis.13 
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NCR since 2008, therefore we limited our selection for these analyses to patients who 
underwent surgical resection in 2009-2012. Patients who underwent surgical resection 

Disease stage was based on the pathological TNM classification. Patients were stratified by 

mortality. Anastomotic leakage was only recorded as such if a surgical intervention or 
readmission was necessary within two months after primary anastomosis.

st, 2015. 

over the period 2005-2012 were calculated. Hospitals were divided per year into separate 
categories for colon and rectal cancer, based on their annual hospital volume. Hospital 

the Dutch minimum volume norm for colorectal cancer, since there were no minimum 
requirements available for colon cancer separately. The lowest category for rectal cancer 
was based on the Dutch minimum volume norm for rectal cancer. The higher categories 
for both colon and rectal cancer were chosen to create equal distribution of patients 
between hospital volume categories.
All hospitals in the Netherlands were included. Hospitals that merged in the period 2005-
2012 were counted as separate until the date of the merge and as one after the merge or 
the subsequent year if this was during the year.
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Differences in patient and tumour characteristics, observed proportions of anastomotic 
leakage and postoperative 30-day mortality between hospital volumes were calculated 

2 tests after stratification by tumour localization. Additionally, for patients with a 
tumour located in the colon, differences in surgical approach between hospital volumes 
were analyzed using the same methods. Multivariable logistic regression models 

anastomotic leakage and postoperative 30-day mortality adjusting for gender, age, T 

Crude 1-, 3- and 5-year overall survival was calculated using the Kaplan-Meier method 
and differences in overall survival outcomes were assessed with the log-rank test. Overall 

the first 30 days after the date of resection were included in the survival analyses. Follow-
up time was defined as the time between 30 days after resection and either date of death 
or last follow-up date for patients who were still alive. Patient and tumour characteristics 
influencing survival were included as covariates in the model to discriminate independent 
risk factors for death. 
P ® statistical software 

Results
Over the period 2005-2012, 61,496 patients underwent surgical resection for primary 

patients. Table 1 presents the number of hospitals per hospital volume per year, showing 
a decreasing trend in low-volume hospitals. Figure 1 shows the annual average hospital 
volume, per hospital, in the period 2005-2012, combined with  the annual minimum and 
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FIGURE 1  The annual average hospital volume, per hospital, in the period 2005–2012, combined 

Table 2 shows the distribution of patient and tumour characteristics of the patients 
who underwent surgical resection for colorectal cancer by hospital volume and tumour 
localization. Statistically significant differences were found between hospital volumes for 
colon as well as rectal cancer with regard to age, period of resection, T stage, N stage and 
differentiation grade.
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TABLE 2  Patient and tumour characteristics of patients who underwent surgical resection for  

Hospital volume/year

<50/yr 50-74/yr 75-99/yr p value

n n n n

COLON CANCER

Total 8,279 11,645 8,663 12,428

Gender 0.59

   Male 4,269 5,908 4,403 6,296

   Female 4,010 5,737 4,260 6,132

Age

   < 60 years 1,425 1,937 1,399 1,895

   60-69 years 2,213 3,076 2,215 3,283

   70-79 years 2,750 4,029 2,975 4,416

1,891 2,603 2,074 2,834

   2005-2006 2,674 2,723 1,934 1,248

   2007-2008 2,204 3,171 1,993 2,133

   2009-2010 1,942 2,835 2,340 3,656

   2011-2012 1,459 2,916 2,396 5,391

T stage

   T1 598 873 601 903

   T2 1,329 1,864 1,377 1,907

   T3 5,192 7,257 5,604 7,629

   T4 1,160 1,651 1,081 1,689

N stage

   N0 5,206 7,471 5,681 7,896

   N1 2,012 2,789 2,018 3,093

   N2 1,061 1,385 1,027 1,439

6,218 8,699 6,574 9,310

1,235 1,932 1,376 1,902

826 1,014 713 1,216

0.79

   Colon ascendens 3,187 4,401 3,284 4,819

   Colon transversum 1,513 2,162 1,599 2,200

   Colon descendens 3,446 4,878 3,633 5,197

133 204 147 212



90 |

TABLE 2  Patient and tumour characteristics of patients who underwent surgical resection for  
(Continued)

Hospital volume/year

<20/yr 20-39/yr p value

n n n

RECTAL CANCER

Total 2,545 8,830 9,106

Gender 0.73

   Male 1,525 5,366 5,503

   Female 1,020 3,464 3,603

Age

   < 60 years 627 2,148 2,174

   60-69 years 781 2,764 2,991

   70-79 years 757 2,734 2,788

380 1,184 1,153

   2005-2006 782 2,072 1,772

   2007-2008 626 2,245 2,176

   2009-2010 611 2,295 2,252

   2011-2012 526 2,218 2,906

T stage

   T1 241 886 1,067

   T2 872 2,939 2,935

   T3 1,332 4,553 4,623

   T4 100 452 481

N stage

   N0 1,649 5,896 6,184

   N1 603 1,955 1,972

   N2 293 979 950

   Rectosigmoid 405 1,270 1,101

   Rectum 2,140 7,560 8,005

p<0.05 between hospital volume categories

Table 3a presents observed proportions and adjusted odds ratios of laparoscopic resection 
by hospital volume. The distribution of surgical approach differed between hospital 

p
proportion of patients underwent conversion from laparoscopic to open resection in low-

p
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TABLE 3

cancer patients.

   

 p value OR²

a. a

42.2 1.04 0.96-1.13
43.4 1.10 1.03-1.18
38.2 0.88 0.82-0.95
40.8 reference

b. b

20.2 1.25 1.06-1.46
19.4 1.20 1.05-1.37
18.5 1.14 0.98-1.33
16.9 reference

c. c

0.81
8.2 0.95 0.81-1.10
8.4 0.99 0.88-1.13
8.4 0.97 0.85-1.11
8.6 reference

0.97
13.2 1.03 0.79-1.34
13.2 0.97 0.83-1.15
13.4 reference

d. d

4.4 1.17 1.02-1.35
4.7 1.24 1.09-1.41
4.3 1.10 0.96-1.27
3.9 reference

3.4 1.42 1.09-1.84
2.6 1.12 0.92-1.36
2.3  reference  

2  Adjusted for gender, age, year of surgical resection T stage, N stage, differentiation grade, tumour location 

a

b

c

d
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Table 3c presents observed proportions and adjusted odds ratios of anastomotic leakage 
by hospital volume and tumour localization. For both colon and rectal cancer patients no 

p p

Table 3d presents observed proportions and adjusted odds ratios for postoperative 30-
day mortality by hospital volume and tumour localization. For both colon and rectal 

p  p

Median follow-up time for patients included was 60 months. For colon cancer patients, crude 

p
p

Table 4 shows adjusted hazard ratios for death by hospital volume. The risk of death was 
not correlated with hospital volume for both colon and rectal cancer patients.

TABLE 4  
 resection for colon or rectal cancer per hospital per year and the risk of death of colon  

Adjusted

Hospital volume HR²

COLON CANCER

1.03 0.97-1.08

1.02 0.97-1.06

0.99 0.94-1.04

reference

RECTAL CANCER

0.98 0.91-1.07

1.00 0.95-1.06

reference

² Adjusted for gender, age, year of surgical resection, T stage, N stage, differentiation grade and tumour location.
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FIGURE 2.

patients who underwent emergency resection. Similar results were found for surgical 
approach, presence of anastomotic leakage, postoperative 30-day mortality and overall 
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DISCUSSION

patient outcomes. We found no differences in overall survival between hospitals that 
did and did not meet the Dutch minimum volume norms for colorectal cancer. However, 
marginal differences were found between hospital volumes in surgical approach and 
postoperative 30-day mortality.
Our data were based on all consecutive non-metastatic colorectal cancer patients, who 

as to whether hospital volume is associated with differences in postoperative mortality 
and overall survival in colorectal cancer. The variation in results between studies may be 
caused by the hospital volume categories that are differently defined in the literature. 

the number of colorectal cancer resections considered as “high-volume” ranged from 
11 Furthermore, the low-volume thresholds used in this study would place 

1, 14, 15 Other studies categorized hospitals based on the colorectal cancer 
hospital volume16, 17, whereas we intentionally separated colon and rectal cancers due to 
differences in surgical procedures. A subgroup analysis in a meta-analysis of the Cochrane 
collaboration, where studies were grouped according to continent of origin, showed that 

hospitals.11

survival in high-volume hospitals. Moreover, patient selection varied between studies, 
some only included patients older than 65 years with colorectal cancer.18, 19 Furthermore, 

19-23 
For colon cancer patients who were initially treated laparoscopically, we found a slightly 

part of the Netherlands.24

disease-free and overall survival compared to open resection.25, 26 However, conversion 
to open resection is associated with increased morbidity, longer length of hospital stay 
and shorter disease-free survival.27-29 The technique of laparoscopic resection is still in 
progress, hence it is likely that variance in proportions of laparoscopic resection between 
hospitals will decrease. 

hospital volumes for patients with colon or rectal cancer. For rectal cancer patients, this 
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30

these results are compared with our results, it seems that the postoperative mortality 
rates have not been changed over time. More studies found an association between 
postoperative mortality and hospital volumes.1, 14, 21-23, 31, 32

that a higher standard of care is provided in high-volume hospitals by more specialised and 

rates are less skilled to recognize and manage serious complications once they occur, a 
33 Nevertheless, Henneman et al. recently 

showed that annual average hospital volume was not significantly associated with FTR in 
the Netherlands.34 We found no associations between hospital volumes and the presence 

not available. Finally, elderly patients and patients with comorbidities were reported to 
be associated with higher risk of postoperative mortality, but this was not associated with 
hospital volume.24   
The main strengths of this study are the use of a large dataset including more than 
60,000 colorectal cancer patients and the inclusion of all hospitals in the Netherlands. 
Furthermore, the lowest volume categories in our study were based on the Dutch 
minimum volume norms. We calculated the annual hospital volume according to tumour 
location, instead of calculating an average over the included years. 
Due to the increasing incidence of colorectal cancer35, hospital volumes became 
substantially higher through the years. Moreover, during the study period some hospitals 

mergers, hospitals might collaborate and make agreements about referral of patients 

treated in certain hospitals, which may have led to a worse outcome in these hospitals. 

minor effect,  we have adjusted for several patient and tumour characteristics in our 
analyses. 
However, some shortcomings of our study should be noted. We could not adjust for 

in a limited number of hospitals, thereby underestimating the volume of these hospitals. 
Moreover, a recent Dutch study by Homan et al., suggested a trend towards higher 
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Netherlands.36 However, data on completeness of the surgical resection, as well as, data 
regarding local recurrence were not routinely available in the nationwide cancer registry. 

between patients treated in different hospitals, may have influenced our results as well. 
Moreover, we studied the number of resections on hospital level and not on surgeon 
level. Several studies showed that postoperative mortality was lower for surgeons with a 
higher caseload of colon cancer patients, regardless of the hospital volume of the hospital 
in which the surgeons practiced.15, 22, 31, 37-39 This suggests that an association between 
hospital volumes and postoperative mortality could be mediated by surgeon volume. 

Due to the large dataset, one might dispute whether the statistically significant differences 

difference in postoperative mortality between lowest and highest volume hospitals 

associated with good outcomes and factors causing variation between individual 
hospitals. However, identification of these processes and their effect on quality of care 
remains challenging. 

volumes for non-metastatic colorectal cancer patients. However, marginal differences 
in surgical approach and postoperative 30-day mortality were present between hospital 

in the quality of care debate on whether undergoing a resection in a low-volume hospital 
is a risk factor for unfavourable patient outcomes.
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INTRODUCTION

Colorectal cancer is one of the most frequent cancers in the Netherlands with more than 

1

2-5 

6-9

outcome.10

used for the development of a web-based calculator or user-friendly graphical interfaces. 

11-16

scarce.17-20

21-23

9, 24-27
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METHODS

from the medical records. The quality of the data is high due to thorough training of the 

28

diagnosis.29

st, 2017. 

set to 20. 

30-32 
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based on the Wald test. A liberal P
modelling guidelines.31

of the model. 

st

Assessment of model performance

day mortality. A Brier score of 0 indicates a perfect model, while 0.25 indicates a 

33

34

32, 35 Random 

36 This makes it more likely 
35

cohorts. 
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TABLE 1  

Colon Rectum

Variable n  n

Total 43,551 17,193

Gender

   Male 22,473 52 10,775 63

   Female 21,092 48 6,418 37

Pathological T stage

   T1 3,685 8 2,820 16

   T2 7,312 17 5,752 34

   T3 26,483 61 7,967 46

   T4 6,071 14 646 4

Pathological N stage

   N0 27,557 64 11,581 68

   N1 10,540 24 3,849 22

   N2 5,240 12 1,703 10

2,368 5 563 3

Vital status

   Alive 29,221 67 12,453 72

   Deceased 14,344 33 4,740 28

 

RESULTS

cancer separately. Table 2 shows that random sampling provided well-balanced groups. 
The number of missing values per predictor variable is also presented. 
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p p

p
p

Performance was assessed for the modelling groups for colon and rectal cancer. The 
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for rectal cancer.

outcomes of the imputed data set with the use of complete case analysis. Analyses 

Final models were used to propose a web-based calculator, which can be applied to 

DISCUSSION
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are scarce and are focused on advanced colorectal cancer.17, 18, 20 On the contrary, a wide 

24, 37-42 One of the largest previous 

24, 40, 41, 43 These models 

been reported as an independent predictor of both short term and long term survival, as 
well as disease recurrence. A previous study from Visser et al. showed that the majority 

22

This study had a number of strengths including data on many variables associated with 

was appropriately large, as a minimum of 100 events and 100 nonevents was suggested 
44 

known risk factors such as comorbidity, ASA score and the development of recurrences 
were unavailable in the NCR and could not be taken into account. However, when these 
variables will become available in the NCR in the near future, these variables can be 
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recent snapshot study.45

the performance parameters calculated with complete case analysis with the imputed 

usefulness and clinical impact of the models. Although the model developments were 

As proposed in this study, results can be used to develop web-based calculators to 

care providers.
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SUPPLEMENTARY FIGURE 3
90-day mortality





Timing of adjuvant chemotherapy  

European Journal of Cancer 2015; 51(17):2553-61

A.C.R.K. Bos | F.N. van Erning | Y.R.B.M. van Gestel | G.J.M. Creemers
C.J.A. Punt | M.G.H. van Oijen | V.E.P.P. Lemmens

7



126 |

ABSTRACT

Background
Currently available data suggest that delaying the start of adjuvant chemotherapy in colon 

chemotherapy between 2008-2013 were selected from the Netherlands Cancer Registry. 

Results

 

  

Conclusion

within 8 weeks post-surgery.
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INTRODUCTION

Adjuvant chemotherapy has been shown to decrease recurrence rates and improve overall 
1-3

4-6

may occur.7-9

delayed for more than 12 weeks, treatment should be given on the basis of an individual 

10 The Dutch guideline for the treatment of colorectal cancer 2014 recommends 

11

chemotherapy is associated with an unfavourable long-term overall survival, cancer-
12-17 Results from a meta-analysis has indicated 

adjuvant chemotherapy.18 However, in this meta-analysis there was heterogeneity among 

adjuvant chemotherapy, including age, comorbidity, tumour grade, tumour size and 
19

20 
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PATIENTS AND METHODS

21

diagnosis.22

were included in the crude survival analyses to show overall survival of this group 
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FIGURE 1

chemotherapy.
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adjuvant chemotherapy beyond 8 weeks post-surgery. Similar methods were used in a 

st, 

outcomes were assessed with the log-rank test. 

P values below 
®

RESULTS

 

anyN1-2M0

p
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TABLE 2  
 

Timing of AC

>8 weeks

 OR²

Gender

   Male 15 reference

   Female 15 1.0 0.87-1.18

Age

   <65 years 14 reference

   65-74 years 16 1.3 1.14-1.58

17 1.6 1.25-1.94

Period of diagnosis

   2008-2009 16 reference

   2010-2011 15 0.9 0.78-1.15

   2012-2013 15 0.9 0.71-1.04

T stage 

   T1 10 reference

   T2 14 1.2 0.65-3.52

   T3 14 1.1 0.65-3.23

   T4 16 1.2 0.62-3.23

N stage

   N1 15 reference

   N2 15 0.9 0.78-1.08

15 reference

   Distal colon 15 1.0 0.83-1.14

20 1.5 0.94-2.44

14 reference

17 1.2 0.98-1.44

   Non-mucinous adenocarcinoma 15 reference

   Mucinous adenocarcinoma 17 1.2 0.91-1.62

Surgical procedure 

18 reference

10 0.5 0.43-0.61

14 reference

26 1.8 1.41-2.32
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TABLE 2  
 

Timing of AC

>8 weeks

 OR²

   No 13 reference

50 8.1 6.14-10.62

   No 15 reference

25 1.9 1.36-2.57

   No 11 reference

47 4.7 3.30-6.68

 ²Adjusted for all variables listed. 

7-8 weeks, 9-10 weeks, 11-12 weeks or 13-16 weeks. The crude observed 5-year overall 
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TABLE 3  

Variable Crude 5-year survival

 HR²

Timing of AC

75 1.0 reference

   5-6 weeks 76 0.9 0.79-1.11

   7-8 weeks 72 1.1 0.91-1.30

74 1.0 reference

   9-10 weeks 64 1.4 1.21-1.68

   11-12 weeks 61 1.3 1.06-1.59

   13-16 weeks 54 1.7 1.23-2.23
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DISCUSSION

Currently available data suggest that a start of adjuvant chemotherapy later than 8 

to 12 weeks.2, 23 18, 24, 25, or high-risk stage 
26

has been observed in studies performed in other countries.14, 27 

other studies.6, 17, 28

29

hospital stay was also strongly associated with a delayed start of adjuvant chemotherapy.26 
30 31, we found a lower odds for 

14 The 
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chemotherapy beyond 8 weeks post-surgery were in worse general health, have had more 

currently in development in The Netherlands.

32

providers whenever possible and appropriate. 

cancer within 8 weeks of surgery. 
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SUMMARY OF THE MAIN FINDINGS

Part I of this thesis starts with an overview of colorectal cancer survival in the Netherlands. 
Chapter 2 provides an overview of the remarkable changes in epidemiology, treatment 
and survival of colorectal cancer in the Netherlands in the period 1989 to 2014. There has 
been an increase in the age standardized incidence of both colon and rectal cancer in the 

chapter 3
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Results of this study suggest that surgery has a greater and prolonged impact on survival 

Part II chapter 4

were selected from the Netherlands Cancer Registry. Synchronous colorectal cancer was 

Synchronous colorectal cancer was independently associated with decreased survival 

term outcomes between solitary and synchronous colorectal cancer is relevant since 

chapter 5
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chapter 6

develop individual follow-up schedules. 

chapter 7
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 0.9 

  

The studies in this thesis have several strengths and weaknesses related to the data 
sources and study design that were used.

Netherlands Cancer Registry
The studies that are described in this thesis are based on data from the Netherlands 

1, 2 This is unique compared to 
other cancer registries worldwide.

power. Second, the registry covers virtually all cases. However, the data are collected 

lacking.3

Study design

4, 5

6-8 
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studies included in this thesis.

Here, the most important biases and how these biases were dealt with are discussed.

chapter 
3
encompasses 10 community hospitals. Although no academic hospitals are included in this 

chapters 3-5, 7

chapters 2-4
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chapters 3, 4, 6 & 7

chapters 
3, 5 & 7

Residual confounding

8

were available.
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GENERAL DISCUSSION

The research underlying this thesis aimed to reveal aspects of colorectal cancer survival 

and long-term survival, using real-world data from the Netherlands Cancer Registry. 

9 Due to the increasing uptake of screening 

10-12 Mortality rates are 

13 However, colorectal cancer 
9

9 The incidence increases with advancing age, 

heterogeneous and tends to have more advanced disease stage.14

based guidelines are available for the age group 70 years or older15

199016

increasing age17-20 and varies between hospitals20-22. 

23
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24 

25-29 According to 

30 This was caused by a 

31, 32

31, 33 
34, 

35 36, 37

led to a change in habits and opinions of surgeons, in which they became more careful 

mortality was higher with increasing age. The highest mortality rate in the elderly occurs 
23, 38, 39

based studies39-41

successful outcome with a good quality of life over the remaining life span need to be 

Chronic diseases like diabetes mellitus, mental health problems and cardiovascular 
diseases are an increasing problem in the Western world and generally more common 
among the elderly than younger adults. Many of these diseases are not life threatening 
in the short term, consequently, many people live with, rather than die from, chronic 

42 Furthermore, some biological mechanisms that 
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43-45

independent of age.46-49 48, 50 and 
quality of life51, 52

as well as the health care system. Between 2003 and 2011 the annual direct costs of cancer 

53

secondary tumours. As the number of cancer survivors increases, there is an increase in 

is one of the most prevalent second cancers among long-term cancer survivors in the 
Netherlands.54 A second cancer diagnosis may impair survival and undoubtedly result in 

55, 56 and received 

55, 57, 58 We found that synchronous colorectal cancers were 



152 |

colorectal cancer.59 The elevated risk of developing a second colorectal tumour can be 

15

and assist medical specialists in their decision-making. Nevertheless, in the current era of 

of guidelines and evidence-based medicine, the outcome remains dependent on how well 
treatment is delivered.

several countries.60-62

lowest volume categories in this thesis would be placed in high volume categories in most 
63, 64

taken into account for future colorectal cancer survival outcome and should not be used 
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bad outcomes are avoided in low volume hospitals.65 A study of Birkmeyer et al. described 

66

67, 68 Other factors 

in outcome. Although evidence-based guidelines were developed to transfer the best 

which is observed in previous Dutch studies.20, 69-72

73 Since we 
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74

Results can be used to develop web-based calculators which are simple to use in everyday 

a shared treatment plan.

FUTURE PERSPECTIVE

focus points for future colorectal cancer research. Although it is important to individualize 

for improvement in outcome. However, to improve quality of cancer care, the whole 

for geriatric screening and assessment and the feasibility of including geriatrics in the 
process of oncological care has been shown.75 The inclusion of geriatrics and geriatric 
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treatment and long-term follow-up regarding tumour progression and recurrence. This 

features on treatment choice and long-term survival. Despite a growing body of data, it 

ensure their clinical relevance. 

CONCLUDING REMARKS

This thesis reports numerous real-world aspects of colorectal cancer survival in the 
Netherlands. Colorectal cancer survival has improved in the Netherlands in the past 25 

survival. However, many other aspects of colorectal cancer care were only marginally or 
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Dutch summary
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INLEIDING

Darmkanker is wereldwijd een veelvoorkomende vorm van kanker en komt vooral voor in 

bevolkingsonderzoek naar darmkanker dat in 2014 is geïntroduceerd.

belangrijke factoren die een rol spelen bij het maken van een behandelkeuze. Bij vrijwel 

darmkanker te verbeteren, is het belangrijk beter inzicht te krijgen welke factoren van 

ziekenhuizen om de kwaliteit van de darmkankerzorg en overlevingskansen van deze 
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DOEL VAN DIT PROEFSCHRIFT

deel I
aantal klinische factoren en ziekenhuisfactoren op de behandelkeuze en overleving van 

deel II

BELANGRIJKSTE BEVINDINGEN VAN DIT PROEFSCHRIFT

deel I
in Nederland. De studie beschreven in hoofdstuk 2

zijn intensiever behandeld, waarbij zowel het chirurgisch verwijderen van uitzaaiingen 

hoofdstuk 3 evalueren we welke verschillen in overleving er zijn tussen de verschillende 

zijn met niet-gemetastaseerde darmkanker tussen 2008 en 2013 en die hiervoor een 
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deel II

hoofdstuk 4 onderzochten wij de impact op het behandeltraject en de 

hoofdstuk 5 hebben we onderzocht of het ziekenhuisvolume samenhangt met de 

van deze factoren kan meer inzicht geven in het debat over de kwaliteit van zorg en de 

hoofdstuk 6
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ondersteunen bij de individuele besluitvorming omtrent het behandel- en vervolgtraject 

hoofdstuk 7

daling van de ruwe 5-jaarsoverleving waargenomen in vergelijking met het starten met 

hoofdstuk 
8

CONCLUSIE
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chemotherapie op darmkankeroverleving. Veel andere aspecten met betrekking tot de zorg 
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