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1. Introduction 
 
The past few years have seen advances in the treatment of metastatic cancer and therefore a 

growing number of cancer survivors. Curative treatment has become an option for selected patient 

groups with limited peritoneal metastases (PM) of gastrointestinal origin, wherefore growing of 

early detection attention is now being paid to low- and high-risk patients in general and 

investigation into strategies for PM in particular. Improvements in surgical and medical cancer 

treatment have been accompanied by a stronger focus on quality of patient care driven by patients, 

healthcare professionals and current healthcare policies alike. Patient-centred care has been 

introduced as a model of care that respects the patient’s needs, values, experience and preferences 

in the delivery of care and hence as a means to improve the quality of care. Patient involvement (PI) 

is a strategy to achieve patient-centred care in the healthcare system, yet has barely been 

investigated in populations with advanced cancer treated with complex surgery. The present 

dissertation focuses on different aspects of PM including epidemiological aspects of risk and risk 

factors for PM following colorectal cancer (CRC) and aspects of patient-centred care for patients 

with PM.  
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2.0 Background 

2.1 Colorectal cancer 

CRC is the one of the most prevalent cancers in the industrialised part of the world 1,2. The primary 

curative treatment option for this disease is surgery 3. During the past 20 years, survival from CRC 

has improved significantly across all age groups 2,4,5. These improvements are most likely 

attributable to improvements in early diagnosis, advancements in diagnostic methods (radiology 

and awareness), resort to multidisciplinary team-based treatment decision-making6 and general 

improvements in treatment strategies7. Other explanatory factors include the introduction of total 

mesorectal8-10 and mesocolic11,12 resection, lymphadenectomy and central vascular ligation12,13 

improved oncological treatment4,14 and better pathological evaluations15,16. Finally, specialisation 

and centralisation in regards to radiological diagnosis, oncological and surgical treatment and 

pathological evaluation have also improved the prognosis for patients with CRC17-19. Despite these 

improvements, metastatic disease still occurs in nearly 20-25% within 5 years after CRC surgery20-

23. The prognosis differs according to the site of the metastatic spread24; yet the overall survival of 

patients with metastatic CRC has also improved, most likely due to the improvements outlined 

above 14,25-28. 

 

2.1.1 Staging of colorectal cancer  

Colorectal tumours are evaluated using the Tumor, Nodes, Metastases (TNM) classification of the 

Union for International Cancer Control (UICC)29. The T category describes the invasion depth of 

the primary tumour, the N category determines the degree of lymph node involvement and the M 

category describes the presence of distant metastases30,31. Based on the TNM assessment, a 

colorectal tumour is staged as I-IV based on the TNM categories32.  

 

2.2 Peritoneal metastases: Pathophysiology and diagnosis 

PM are spread of malignant cells to the peritoneal surface, most often originate from various intra-

abdominal organic sites, e.g. gastrointestinal cancers such as colorectal, appendiceal, gastric or 

pancreatic cancer, or gynaecological cancers such as ovarian tumours 33,34. In some cases, PM occur 

from mucus-producing tumour cells affecting the peritoneum, referred to as pseudomyxoma 

peritonei35,36. Additionally, in rare cases, the cancer cells may develop in the peritoneum itself, in 

which case they are called malignant peritoneal mesothelioma or primary peritoneal cancer 37. 
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The term PM is often used interchangeably with peritoneal carcinomatosis. Throughout the present 

dissertation, the focus will be on peritoneal metastases originating primarily from CRC and to a 

much lesser extent from ovarian cancer. PM will be the preferred terminology. 

Several pathogenic mechanisms are proposed to contribute to the spread of CRC cells into the 

intraperitoneal cavity. First, like other cancer cells, blood and lymphatic vessels are common 

metastatic pathways. Second, free tumour cells may either disseminate into the peritoneal cavity by 

direct transcoelomic growth or perforation of the primary tumour. Third, cancer cells can be seeded 

during resection of the tumour due to incomplete resection margins, iatrogenic perforation of the 

tumour or efflux of dissected blood and/or lymph vessels 38-42. 

Anatomical and physiological features of the peritoneal cavity enhance the development of PM; 

these features include the extensive peritoneal area, the presence and transport of peritoneal fluid 

and the presence of adipose tissue with spots comprised of immune cells, stromal cells and capillary 

beds (e.g. the greater omentum) 39,43-46. Finally, molecular and genomic pathways of CRC cells 

further predispose to PM43,47. 

 

2.2.1 Extent of peritoneal metastases and classification indices 

The extent of PM can be assessed by different classification indices48,49. These indices include the 

Peritoneal Cancer Index (PCI)50 or the Dutch 7 Region Count Score51 (Figure 1). The PCI was 

introduced in the 1990s by Sugarbaker and combines tumour burden size and distribution50. The 

PCI divides the abdominal cavity into 13 regions (Figure 1). In each region, the largest tumour 

nodule is assessed. The PCI is a tool used to predict the prognosis, which is highly dependent on the 

score count 52,53. In comparison, the Dutch 7 Region Count Score is simpler, divides the abdominal 

cavity into seven regions and takes absence or presence of PM into account51. The PCI is the most 

frequently used assessment49. 
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Figure 1. The extent of peritoneal involvement assessed by the Peritoneal Cancer Index (PCI) (left) and The 

Dutch 7 Region Count Score (right). 

 
References: 
50 Jacquet P, Sugarbaker PH. Clinical research methodologies in diagnosis and staging of patients with peritoneal 

carcinomatosis. Cancer Treat Res. 1996;82:359-374 
51 Verwaal VJ, van Tinteren H, van Ruth S, Zoetmulder FA. Predicting the survival of patients with peritoneal 

carcinomatosis of colorectal origin treated by aggressive cytoreduction and hyperthermic intraperitoneal 

chemotherapy. Br J Surg. 2004;91(6):739-746. 

 

2.2.2 Detection and diagnosis of PM 

The diagnosis of PM and the evaluation of the peritoneal extent is challenging. Different imaging 

techniques, such as contrast-enhanced computed tomography (CT) and magnetic resonance imaging 

(MRI) are reported with a varying sensitivity. In a systematic review and meta-analysis from 2017, 

Laghi et al.54 investigated the pooled sensitivity of CT and MRI in patients with PM of both 

gastrointestinal, gynaecological and other origins . The pooled sensitivity of CT was reported 

between 83% (95% confidence interval: 79-86%), whereas the pooled sensitivity of MR was 

reported to be 86% (95% confidence interval: 78-93%) 54. In a review by Koumpa et al. from 2019, 

the sensitivity of CT to detect PM from CRC has been reported between 11-96%55. Both reviews 

found that the CT sensitivity differs according to region, e.g.  a higher sensitivity in the epigastrium 

(region 2) and pelvis (region 6)), whereas regions like the upper jejunum (region 9), the small 

bowel and its mesenterium demonstrated a low sensitivity 54,55. Several limitations complicate the 

generalisability of these imaging studies. First, the sensitivity measure of MRI is based on few 
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studies. Second, not all studies offered histopathological verification of the PM diagnosis. Third, 

differences were seen in imaging methodologies and variables, i.e. scanner and acquisition for 

protocols, MRI sequences and the investigating radiologist’s experience54. It has been demonstrated 

that the CT estimation of the PCI significantly underestimates the surgical PCI56, yet among the 

several imaging techniques available CT is recommended as the first choice to diagnose PM57-60.  

 

2.3 The epidemiology of peritoneal metastases  
2.3.1 Terminology 

Incidence 

Incidence is a measure of the frequency of an outcome (i.e. disease, symptom or condition) and is 

expressed as the proportion of new cases of the outcome of interest occurring within a specified 

time period in a population initially free of the outcome61. Incidence is often reported as a 

proportion of diseased persons per time period (i.e. the cumulative incidence proportion (CIP), 

where each person contributes with a different observation time depending on the time of the event 

of interest and competing events. 

 

Risk 

The absolute risk is defined as the probability that an individual develops an event/outcome (i.e. 

disease), and the term is used interchangeably with incidence. Factors that increase the probability 

of the outcome are termed risk factors and can be characterised as modifiable/non-hereditary (e.g. 

dietary, lifestyle or obesity) or non-modifiable/hereditary (e.g. sex, age)62. To describe the 

attributable risk related to specific risk factor, the risk difference (i.e. subtraction of risks) is used as 

the measure of effect, whereas the relative risk (i.e. dividing of risks) describes the likelihood of 

disease among exposed relative to the non-exposed individuals63.  

 

Synchronous vs. metachronous peritoneal metastases from colorectal cancer  

The presence of metastases at the time of diagnosis of primary CRC is referred to as synchronous 

CRC; the development of metastases after curative resection of primary CRC is referred to as 

metachronous CRC. Still, no international consensus definition exists 64,65 and the prognostic 

impact of this distinction remains unclear 65,66. Regarding PM, synchronous PM (S-PM) is defined 

as metastases present at the time of diagnosis of primary CRC with a variance of up to 6 months 

reported throughout the literature, whereas metachronous PM (M-PM) is defined as recurrence in 
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the peritoneum diagnosed in the follow-up period after surgery for CRC 64,65. The distinction 

between S-PM and M-PM in different studies is depicted in Figure 2. 

 
Figure 2. The reported distinction (days) between synchronous peritoneal metastases (S-PM) and 

metachronous peritoneal metastases (M-PM) following colorectal cancer (CRC). The time of CRC diagnosis is 

assessed as 0. 

 
 

Throughout this dissertation, an interval of 6 months (180 days) is used to distinguish between S-

PM and M-PM.  

 
2.3.2 The prevalence of synchronous peritoneal metastases 

The prevalence of S-PM has primarily been investigated in population-based studies and reported 

within a range of 4.2% 67to 4.8%  68. In some single-centre studies, a slightly higher prevalence of 

8% has been reported69. 

 

2.3.3 The risk of metachronous peritoneal metastases 

The incidence of M-PM has been described previously; however, the wide range in the reported 

incidence of M-PM may be attributed to the diversity of study methods and study populations. In 

population-based studies, incidences ranging between 3.5% 70 with a median follow-up time of 18 

months from CRC to M-PM diagnosis, 4.2% with a median follow-up of 16 months and rising to 

5.5% within 5 years71 has been reported. In clinical trials, the risk of M-PM is reported to reach 

19% of asymptomatic patients followed after curative CRC surgery72,73. In comparison, M-PM has 

been demonstrated at an incidence of 44% in patients curatively treated for CRC who became 

symptomatic in the follow-up period 72,74.  
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2.4 Risk factors for peritoneal metastases 

Specific risk factors for PM have been investigated in both registry-based population studies 
67,68,70,71,75, and prospective observational studies 69,76  as outlined in Table 1. Overall, population-

based studies agree that several risk factors may exist simultaneously; advanced tumour and lymph 

node category, tumours located in the colon (mostly right-side colonic cancers), younger age (<60 

years), emergency surgery due to perforation or obstruction, positive resection margins (R1/R2) and 

histological subtypes such as mucinous adenocarcinomas 67-71,75,76. There is international 

disagreement as to whether the presence of synchronous ovarian metastases and synchronous PM 

should be considered a risk factor for PM 40,77. Inversely, it has also been stated that these factors 

should not be considered risk factors for PM recurrence, but rather as indication of presence of S-

PM and hence indication for curative treatment78. 

 

2.4.1 Methodological considerations 

Several methodological differences should be taken into consideration in the comparison of risk 

factors. First, as listed in Table 1, the studies distinguish between S-PM and M-PM, which 

introduces potential misclassification bias. Second, the use of different inclusion criteria among 

patients subjected to investigation for M-PM leads to different incidences and risks of PM, which 

inhibits comparison. For example, Segelman et al. included patients with histopathologically 

uncertain radicality, tumour-involved resection margin with macroscopic radical surgery (R1) and 

non-microscopic resections (R2)67. Third, the diagnostic methods for establishing M-PM differ 

among the studies, resulting in different diagnostic sensitivities. Finally, risk factors are investigated 

in populations from different time periods, which may introduce actual differences due to 

improvements in diagnostic methods and treatment possibilities; however, it should be taken into 

consideration that definitions and classifications of investigated risk factors might have 

changed/developed, too. 

 

2.5 Treatment of peritoneal metastases 

The management of PM has evolved in recent decades 79,80. Historically, PM has been considered 

an end-stage disease with a poor prognosis. However, the past decades have seen the introduction of 

curatively intended treatment of PM, which has improved long-term survival. 

Treatment of patients with PM is categorised as follows: 1) no treatment, 2) symptom-directed 

surgery (palliative), 3) systemic chemotherapy with or without palliative surgery, 4) curatively 



Table 1. Prospective cohort studies and population-based studies investigating the prevalence of synchronous peritoneal metastases (S-PM), the 

incidence of metachronous peritoneal metastases (M-PM) and risk factors for both S-PM and M-PM. 

 
 

Author 
 

Design and 
setting 

 

Study 
population 

 

Diagnosis of PM  
 

Follow-up 

 

 
1) Definition 
2) Risk (%) 

 

 

Risk factors 

     Synchronous PM Metachronous PM Synchronous PM Metachronous PM 

Jayne ref 

2002 
 

- Singapore 

- Prospective single-

centre study 

- 1989-1999 

- CRC patients  

- Stage I-IV 

(n=2,756) 

 

 

- Extracted from a departmental 

database 

Diagnostic method: 

- Macroscopy at laparotomy 

- CT (routine staging) 

- CT (symptomatic patients) 
 

-Postoperative 3-monthly 

outpatient assessment 

-Postoperative routine CT 

at 1 year  

 

 

1 PM at initial 

presentation of CRC 

 
2 7.8 %   

 

1 PM > initial 

‘curative’ CRC 

resection 

 
2 5.3% 

 

 
 

NA 

- Liver metastases 

- Tumour stage 

- Lymph node stage 

- Venous invasion 

- Perineural invasion 

Lemmens 
ref 

2011 
 

-The Netherlands 

- Population-based 

cohort study 

-1995-2008 

- CRC patients 

(n=18,738) 

 

 

 

 

- Information extracted from 

Eindhoven Cancer registries 

 

NA 

 

1 NA 

 

2 4.8% 

 
NA 

- <60 years 

-Right colon 

- T4-category 

-Increasing N-category 

-Poor/moderate 

differentiation 

-Mucinous 

adenocarcinoma 

 

 

 

NA 

Segelman 
ref 

2012 

 

 

- Sweden 

- Population-based 

cohort study 

- 1995-2007 

 

- CRC patients 

(n=11,124) 

-  Stage I-III 

-R0, R1 and R2 

resection of primary 

CRC 

 

 

-Information extracted from 

registries with data on follow-up 

and recurrence. 

Diagnostic method: 

-Macroscopy at surgery 

-Histopathology 

-CT 

 

-Followed until death or 

2010 

 

- Median follow-up of 16 

(1.4-142) months 

 

 

 
1 PM < 30 days from 

CRC 

  
2 4.3 % 

 
1 >30 days from 

CRC 

 
2 4.2 % 

 

 

 
 

 

NA 

- Colonic cancer 

(particularly right-side) 

- Advanced tumour category 

(T3 + T4) 

- Advanced lymph node 

category 

- Emergency surgery 

- Non-radical resections 

(hazard ratios) 



-Cytological examination of 

ascites 

Kerscher 
ref 
2013 

 

-Germany 

-Prospective single-

centre study 

-1986-2009 

 

-CRC patients 

(n=2,406) 

-Stage I-IV + 

unknown stage 

-  

 

Diagnostic method: 

- Macroscopy at laparotomy 

- CT (routine staging) 

- CT (symptomatic patients) 

 

 

-Followed until October 

2010 

-3-monthly outpatient 

assessment 

-CT 3 or 6 months after 

surgery, subsequently 1 

year 

-Median follow-up: 

S-PM: 6.9 months 

M-PM: 28.0 months 

 

1 PM < 30 days from 

CRC 

 

 

 

 
2 4.8 % 

1 PM >30 days from 

CRC - symptomatic 

at follow-up 

 

 

 
2 5.9 % 

 

 

NA 

- age<62 years 

- T4-category 

- N2-category 

- Left colonic tumours 

- Appendix tumours 

 

(hazard ratios) 

Van Gestel 

ref 
2013 

 

 

- The Netherlands 

- Population-based 

cohort study 

- 2003-2008 

- 

 

- CRC patients 

(n=5,671) 

- M0 disease 

- Curative resection 

(R0/R1/unknown) 

Diagnostic method: 

-Histopathology 

-Imaging 

-Intraoperative 

-Clinical symptoms 

 

-Follow-up in 2010-2011 

-Median time to 

diagnosis: 18 months 

(range: 2.5-88) 

 

 
1 < 2 months from CRC 

 
2 NA 

 

1 ³ 2 months from 

CRC 

 
2 3.5 % 

 

 

 

NA 

- Colonic tumours 

- T4-category 

- Positive lymph node 

category 

- Primary mucinous 

adenocarcinoma 

- Positive resection margin 

(hazard ratios) 

Quere P 
2015 

 

- France 

-Population-based 

cohort study 

- 1976-2011  

- 1976-2007 

-Total: CRC patients 

(n=9,148) 

-CRC patients at risk 

of M-PM (n=4410) 

 

 1 Followed up to 5 years 

after CRC from 1976-

2012 
2 Cumulative incidences 

at 1, 3 and 5 years 
2 Regular surveys 

1 <6 months from CRC 
2 7% (n=626/9148) 

1 ³ 6 months from 

CRC 
2 1-year: 1.2% 

3-year: 4.5% 

5-year: 5.5% 

 

 

- Women 

- Mucinous 

adenocarcinoma 

- Obstruction or 

perforation 

-TNM stage II and III 

-Macroscopic growth with 

infiltration or 

ulceroinfiltration 

-Mucinous adenocarcinoma 

-Obstruction or perforation 

 

Enblad ref 
2018 

-Sweden 

-Population-based 

cohort study 

-2007-2015 

 

-CRC and 

appendiceal cancer 

patients  

(n=35,120) 

(n=27,225) 

-Information extracted from 

registries with data on follow-up 

and recurrence. 

Diagnostic method: 

-Macroscopy at surgery 

-Histopathology 

Followed until M-PM, 

death or end of follow-up 

 

1 <6 months from CRC 
 

 

2 2.5% 

 

1 ³ 6 months from 

CRC 

 
2 5-year cumulative 

incidence 2.0% 

COLONIC TUMOURS 

- Female 

- <60 years 

- Right colon 

- T3- and T4-category 

- N1- and N2-category 

COLONIC TUMOURS 

-Right colon 

-T4-category 

-N1- and N2-category 

-Venous invasion 

-Mucinous tumour 



-Bowel resection 

(R0, R1-R2, R?, 

RX) 

-2007-2015 

 

-CT 

-Cytological examination of 

ascites 

- Perineural invasion 

- Vascular invasion 

- Mucinous tumour 

- Emergency surgery 

 

-Emergency surgery 
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intended treatment with cytoreductive surgery (CRS) and hyperthermic intraperitoneal 

chemotherapy (HIPEC).  

In a Dutch population-based study including 4,430 patients diagnosed with S-PM from CRC in the 

period from 2005-2012, treatment of patients with PM was distributed as followed: 25% were 

untreated, 23% received palliative surgery, 45% were treated with systemic chemotherapy with or 

without palliative surgery and 7% received CRS+HIPEC 80. 

During the past decades, treatment with systemic chemotherapy has improved, and its application in 

the management of patients with PM has increased significantly81. Systemic chemotherapy is 

applied in the management of PM to prolong life and prevent aggressive progression82-86. 

PM resection alone is not considered a curative treatment of PM and is rarely applied 42,87. 

However, resection is restricted to palliative or debulking (i.e. reduction of tumour volume) 

procedures, e.g. defunctioning stoma and/or bypass resection of obstructed intestines88. 

 

2.5.1 Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 

Currently, the only curative option is CRS and HIPEC. Both nationally and internationally, 

CRS+HIPEC is offered as a standard treatment to manage PM 89-91.  

At most CRS+HIPEC centres, the preoperative assessment includes a CT scan of the thorax, 

abdomen and pelvis supplemented with a colonoscopy 90,92. In Denmark, potential candidates are 

referred to the National CRS+HIPEC centre and evaluated at a multidisciplinary team (MDT) 

conference. At the MDT conference, surgical oncologists, radiologists, pathologists and 

oncologists, all specialised in CRS, decide on CRS+HIPEC treatment taking into account any 

patient characteristics and the preoperative assessment of the extent of PM.   

The CRS procedure is initiated with a laparotomy and a thorough exploration of the peritoneal 

extension of the PM as measured by the PCI (a PCI ³ 15 is considered a contraindication)92. It has 

been suggested that nearly 25% of patients subjected to CRS+HIPEC only receive an open-close 

procedure 93. Obviously, the number of patients receiving such a procedure depends on the 

diagnostic and selection criteria applied. The principle of CRS is based on excision of all visible 

macroscopic tumour tissue, i.e. excision of the parietal peritoneum and resection of the visceral 

peritoneum-requiring organs94. Tumour elements of a maximum of 2.5 mm are allowed to be left in 

the intra-abdominal cavity, and after the CRS, the HIPEC is flushed. There are different 

chemotherapeutic agents for HIPEC, and the flushing time differs according to these82,95.   
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Both neoadjuvant (preoperative) and adjuvant chemotherapy (postoperative) are often and widely 

used in patients undergoing CRS+HIPEC; yet evidence for the usefulness of this approach is 

limited to inconclusive observational studies 96. To gain evidence-based knowledge on the topic, 

results from the randomised clinical trial (RCT) CAIRO-6 (Clinicaltrials.gov: NCT02758951) must 

be awaited. The CAIRO-6 trial investigates oncological outcomes (i.e. feasibility and safety, 

radiological and histopathological response and survival outcomes) of perioperative chemotherapy 

(neoadjuvant systemic therapy and adjuvant systemic therapy) and CRS+HIPEC versus upfront 

CRS+HIPEC alone97. 

A Dutch population-based study from 2016 has demonstrated that since the introduction of 

CRS+HIPEC in the period 2005-2009, the proportion of treated patients rose from 10% to 23% 

from 2010 to 201481. The CRS+HIPEC procedure has been demonstrated to be cost-effective 98-100.  

 

2.5.2 Postoperative morbidity and mortality 

A number of factors, including the extensiveness of the CRS procedure101 in combination with 

HIPEC, the expertise and experience of the institution102, patient comorbidity and characteristics 

such as peritoneal extent103, previous surgery and previous chemotherapy contributes to the 

postoperative morbidity104. Throughout the literature, morbidity has been reported to vary 

widely73,105,106. In a systematic review from 2016, Baratti et al. included one RCT and several 

cohort and comparative studies, reporting a high morbidity of 17.6-52.4%, i.e. a weighted average 

of 32.6%,  however, specific complications were not detailed73.   

The mortality following CRS+HIPEC has been reported at different time points. The 30-day 

mortality has been investigated in different clinical trials and reported at around 1.6%, whereas the 

overall treatment-related 1-year mortality rate has been reported at 4.9%107. 

 

2.5.3 Patient selection, indications and contraindications 

CRS+HIPEC is offered to patients with PM originating from CRC, appendix cancer (including 

goblet cell carcinoid), PM from small bowel cancer, pseudomyxoma peritonei and malignant 

peritoneal mesothelioma. CRS is performed if a complete cytoreduction leaving any remaining 

residual tumour < 2.5 mm is possible. Selection of potential candidates for this procedure is crucial 

to optimise and improve outcomes such as postoperative morbidity, mortality, recurrence and 

survival108,109. Patients are selected thoroughly based on following exclusion criteria’s: 
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- Physiological age > 75 years 

- ASA score ≥ IV (American Society of Anaesthesiologists) 

- WHO performance status ≥ 2 

- Disseminated disease 

o ≥ 4 non-curable liver metastases with a size > 3cm 

o >2 non-curable lung metastases 

o Other distant metastases (excluding abdominal wall metastases) 

- PCI score ≥ 15, or ≥ 12 if curable liver metastases are present 

- Dutch 7 region count score > 5 

- PM involving caput pancreas 

- Biliary obstruction 

 
Currently, patients are selected based on a preoperative CT scan along with an MDT conference 110. 

As described, no imaging technique has demonstrated its superiority. Therefore, a diagnostic 

laparoscopy may be used for direct visualisation of the peritoneal surface to determine the PCI and 

resectability. A diagnostic laparoscopy has been demonstrated to be safe and feasible for 

determining the PCI and surgical respectability, thereby avoiding unnecessary explorative 

laparotomies 55,111-114. Critics of this approach have demonstrated an increased risk of port site 

metastasis following this procedure115, indicating the increased risk of complications, and they have 

questioned the diagnostic accuracy compared to that of open surgery116. 

 

2.6 Survival of PM from CRC 

Despite the introduction of CRS+HIPEC to a highly selected group of patients, many patients with 

PM remain untreated or are treated with systemic chemotherapy (with or without symptom-directed 

surgery)81,117 .  

Patients diagnosed with PM from CRC and left untreated are reported to have a median overall 

survival of around 5-6 months 83,117. Evidence for systemic chemotherapy in the treatment of PM is 

sparse because patients in palliative treatment are rarely enrolled in such investigation 14,84.  

Results from a database study including 10,553 patients with metastatic CRC enrolled from 14 

RCTs investigating the effect of first-line systemic chemotherapy demonstrated that patients with 

PM have significantly shorter overall survival than those with other isolated sites of metastases, like 

the liver or the lungs; yet the presence of PM negatively impacts survival in patients with multiple 
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metastases84 In summary, even with new, targeted chemotherapy, patients with PM have a poor 

overall survival84.  

Throughout the literature, existing evidence of a beneficial survival outcome from CRS+HIPEC is 

based on a single completed RCT 118, few well-designed case-control studies119,120 and several case 

series121. As demonstrated in Figure 3, the RCT and the case-control studies report a beneficial 

overall survival effect of CRS+HIPEC compared with systemic chemotherapy. Results from these 

studies are displayed in Figure 3, and they demonstrate a median overall survival from 

CRS+HIPEC ranging from 22.2-62.7 months. In comparison, the median overall survival in the 

control groups in these trials is reported within a range of 12.6-23.9 months when patients were 

treated with systemic chemotherapy (Figure 3).  

Although CRS+HIPEC is considered a well-established treatment for PM of gastrointestinal origin, 

the effect of HIPEC has not been analysed and standardisation of numerous of HIPEC modalities is 

lacking 122. In a RCT (Clinicaltrial.gov: NCT00769405) published in abstract form in 2018123, 

Quenet et al. compared 265 patients with CRC and isolated PM from 17 experienced institutions 

across France. Patients were randomised to CRS in combination with systemic chemotherapy or 

CRS+HIPEC. The trial demonstrated a median overall survival of 41.2 months (95% CI 35.1-49.7) 

in patients receiving CRS in combination with systemic chemotherapy, while patients receiving 

CRS+HIPEC experienced a median overall survival of 41.7 months (95% CI: 36.2-52.8) (hazard 

ratio = 1.00 (95% CI: 0.73-1.37))123. Quenet et al. performed a sensitivity analysis, demonstrating 

that overall survival and recurrence-free survival were significantly higher in the HIPEC group 

when considering patients with a PCI score between 11 and 15123. The trial has confirmed the use of 

CRS in the management of patients with PM, and initiated discussion of the role of HIPEC in the 

treatment of PM123-125. 
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Figure 3. Existing evidence of a survival outcome from cytoreductive surgery (CRS) and hyperthermic 

intraperitoneal chemotherapy (HIPEC) compared to systemic chemotherapy (SC). Following are listed from 

left to right: Author, treatment, median overall survival and methodological considerations. 

 
 

2.6.1 Methodological considerations regarding survival from CRS+HIPEC 

Despite the results depicted in Figure 3 favouring CRS+HIPEC over systemic chemotherapy, 

several methodological differences complicate a direct comparison between the studies performed 

by Verwaal et al.118, Elias et al.119 and Franko et al120. As the studies were performed in different 

time periods, one of the primary differences is that the administration of different systemic 

chemotherapy regimens at that time was considered the best available treatment105. Developments 

and improvements in treatment options naturally introduce a bias that cannot be adjusted for, but 

these factors must be taken into account in the interpretation of the results 126. 

Both Elias119 and Franko120 (performed case-control studies. In the nature of these study designs, 

groups were not randomised but selected. The selection was performed differently; in both studies, 

the HIPEC group was prospectively registered due to consecutive treatment, whereas the control 

group (systemic chemotherapy group) was retrospectively selected through registries. This 

introduces selection bias because patients selected for the study were diagnosed with resectable PM 

from CRC without any extraperitoneal disease. Finally, the survival analysis in both studies was 

initiated at the time of diagnosis of PM; yet the definition of the treatment groups (HIPEC vs. 

systemic chemotherapy) relies upon a future event (i.e. treatment) after the PM diagnosis. This 
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causes immortal time bias, consequently overestimating the survival benefit in the CRS+HIPEC 

group. To date, two RCTs have been performed investigating the effect of CRS+HIPEC 118,123. 

Verwaal et al. conducted a well-designed RCT and demonstrated a significant survival in favour of 

CRS+HIPEC118. However, critics have argued that the RCT includes few patients, among whom 

nearly 20% had PM from appendiceal cancer, which has a better prognosis than CRC PM. 

Furthermore, it has been argued that the systemic chemotherapy applied was outdated compared to 

present-day treatments.  

Results from the PRODIGE-7 trial have not yet been broadly introduced in the international clinical 

practice due to various points of criticism, both methodological127 and HIPEC related128 . First, it 

has been argued that the study sample was too small, creating an underpowered study unqualified to 

conclude on the stated aim (i.e. the role of HIPEC after CRS). Second, approximately 25% of the 

included patients had a PCI score > 16, which was demonstrated to be a poor prognostic factor after 

the study was set up. Finally, discussion of the HIPEC regimen has revolved around the efficacy of 

the chemotherapeutic drug, oxaliplatin, and its carrier solution, and potential adverse effects of the 

induced hyperthermia128. 

 

2.6.2 Prognosis following cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 

Two main factors are critical for the prognosis of patients treated with CRS+HIPEC; the extent of 

PM, which can be measures by the PCI ,and the completeness of cytoreduction (CCR)129. Several 

studies have demonstrated that survival differs with the PCI, i.e. a higher PCI has a negative impact 

on survival48,53,130. In a recent meta-analysis, Hallam et al.129 demonstrated that a PCI score > 15 

was associated with a significantly reduced overall survival. Furthermore, considering PCI as a 

continuous measure, the authors reported that each point increase was associated with reduced 

overall survival129,131.   

At the end of the CRS+HIPEC procedure, any residual intra-abdominal tumour nodules are 

classified using the CCR score. A CCR-0 indicates no visible residual tumour, whereas a CCR-1 

score indicates tumour nodules of less than 2.5 mm. A CCR-2 demonstrates residual tumour 

nodules of a size between 2.5 mm and 2.5cm; finally, a CCR-3 score indicates residual tumour 

greater than 2.5 cm132,133.  In the meta-analysis by Hallam et al., the pooling of seven eligible 

studies134-141 demonstrated that a CCR > 0 was associated with a significant reduction in overall 

survival 129. 
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2.6.3 Strategies for patients with a high risk of PM 

The extent of PM correlates directly with the results of CRS+HIPEC, as increased PCI is associated 

with poor survival52,129,131,142. To improve the prognosis of PM, early detection when PM is limited 

(and asymptomatic) is essential, hence a strategy such as second-look after curatively intended CRC 

surgery has been introduced. The second-look procedure can be followed by HIPEC with the aim to 

prevent the recurrence of PM. Two RCT studies have aimed to investigate the effect of second-look 

with HIPEC. Klaver et al. conducted the COLOPEC trial143 (Clinicaltrials.gov: NCT02231086), 

which included 204 patients with T4N0–2M0 category tumours or perforated colon cancer. Patients 

were assigned to systemic chemotherapy (control group) or HIPEC (simultaneously during primary 

resection or 5-8 weeks later) and systemic chemotherapy (experimental group). In case of no 

evident sign of recurrence after 18 months, a diagnostic laparoscopy was performed in all patients. 

In the control group, 23% of the patients had PM (compared with 19% of patients in the 

experimental group). Goere et al. performed the PROPHYLOCHIP-PRODIGE 15 phase III trial144 

(Clinicaltrials.gov: NCT01226394), and included 150 patients with one (or more) of the following 

risk factors: synchronous and localized PM, ovarian metastases or perforated CRC tumour. At least 

six months after CRC resection and chemotherapy, patients without any sign of recurrence were 

randomized to surveillance (with CT) or second-look surgery with HIPEC. In total, 50/150 patients 

were diagnosed with PM recurrence, and these were equally distributed between groups. 

Both studies confirmed that recurrence of PM is a concern in patients with high-risk factors, 

however, none of the studies demonstrated a significant reduction in peritoneal metastasis-free 

survival when patients were treated with HIPEC143,144. The definition of high-risk patients relies 

upon different factors in the two studies, and makes direct comparison difficult. There is still a need 

for exploration of high-risk patients, and a categorization of subgroups that might benefit from 

second-look in order to detect early PM and initiate treatment. 

 

2.7 Follow-up after cancer  

The scope and content of appropriate and sufficient cancer follow-up is debated 145-147. Current 

advancements in cancer treatment have improved cancer survival rates4, which requires evaluation 

of treatment follow-up. In general, an intensive follow-up programme after surgery is common, yet 

evidence of the effect of follow-up on survival is sparse23,148. For UICC stage I-III patients with 

CRC, a RCT has demonstrated that a high-intensity follow-up has no effect on survival or 

recurrence compared with a low-intensity follow-up149. These results demonstrated that patients 



    

 

 24 

followed with a higher intensity experienced no increase in recurrence or in CRC-specific and 

overall mortality149. This underlines that a cancer follow-up programme should include 

identification of treatment-related (i.e. oncological, medical or surgical) side effects, physical and 

psychological symptoms and sequelae of any kind146,150,151. Yet both national and international 

investigations have demonstrated that advanced cancer survivors experience unmet needs in the 

follow-up period152,153. These unmet needs led the Danish National Board of Health to require that 

the national follow-up for cancer patients include detection of late side effects, rehabilitation, 

palliation and patient involvement (PI)92,150. These changes to the follow-up progamme aimed to 

improve the healthcare quality for cancer patients and changed the traditional disease-oriented 

approach to a more holistic approach where patient centeredness became an integral part of health 

care154. 

 

2.7.1 Follow-up after treatment of peritoneal metastases  

Follow-up after CRS+HIPEC varies by country and by institution. A survey from 2018, including 

experts performing CRS+HIPEC in 19 countries91, demonstrated that >75% of the experts agreed 

that routine follow-up should include > 2 visits/year in the first 2 years91, encompassing a physical 

examination, blood samples and an abdominal-thoracic CT. The Danish guidelines mirror these 

recommendations92.   

 

2.7.2 Survivorship from PM 

The research field of cancer survivorship care was established in an effort to identify and meet the 

diverse needs of patients who are surviving after a cancer diagnosis and to help them thrive and 

return to health or even better health and well-being than they had before being diagnosed with 

cancer. The National Coalition of Cancer Survivorship explains that the phrase cancer survivorship 

was created to describe this broad experience on the cancer continuum of living with, through and 

beyond a cancer diagnosis; and it defines survivorship as any patient living with cancer “from the 

time of diagnosis, through the balance of his or her life. Family members, friends and caregivers are 

also impacted and are therefore included in this definition”155. Therefore, survivorship includes 

issues related to follow-up care like screening, identification, evaluation and providing treatment 

recommendations for common consequences of cancer and cancer treatment155.  

The general health and well-being following CRS+HIPEC has been investigated, among others in 

some reviews including several heterogenic studies156,157 which demonstrated the same tendency; 
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the majority of scores on health scales and overall health-related quality of life (HRQoL) decrease 

in the immediate period (3-4 months) after CRS+HIPEC; however, similar or better (than 

preoperative) levels are reached at 1 year. 

Still, some prospective studies have demonstrated that long-term physical, functional and cognitive 

functions remain impaired after cancer therapy 158and that cancer survivors have a high frequency 

of depressive symptoms159. 

 

2.7.2.1 Patient-centred care   

Patient-centred care is a multidimensional concept that varies according to the setting and 

perspective applied 160-163. Overall, patient-centred care is a refinement of the traditional disease-

oriented approach and incorporates the patient’s psychosocial situation and own perception of 

illness154. It also ensures that while assisted by healthcare professionals, the patient maintains the 

primary responsibility for his or her own care162. In the present thesis, we consider patient-centred 

care as “providing care that is respectful of, and responsive to, individual patient preferences, needs 

and values, and ensuring that patient values guide all clinical decisions” defined by the Institute of 

Medicine 164.  

 

2.7.2.2 Patient involvement   

PI represents a strategy to obtain patient-centred care. PI was initially suggested as a means to 

manage the growing population of patients with chronic diseases (i.e. diabetes, heart disease, 

rheumatic diseases and asthma) in order to prevent overloading of the healthcare system and to 

restore the patient to a central position in his or her own life 165. By involving and committing 

patients to treatment, benefits of PI are expected to include better patient health outcomes, 

improved symptom and disease control, greater patient satisfaction and reduced health costs 165,166. 

The described benefits are primarily based on the implementation of PI in chronic care167-171. 

However, with the growing number of cancer survivors, cancer may be considered a chronic 

disease172.  

The benefit of PI in vulnerable patients undergoing extensive surgery for advanced cancer has 

barely been investigated, and PI in such setting has been only sparsely discussed 173. In the present 

dissertation, PI refers “specifically to the rights and benefits of patients to have a central position in 

the healthcare process”174  
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In a clinical setting, individual PI entails elements such as identification of patients’ needs and 

preferences, shared decision making, self-management support and improvements in 

communication between patients and clinicians 175-178.  

Self-management support is a portfolio of techniques performed by the healthcare professionals and 

healthcare system aiming to support the patient’s knowledge, skills and confidence to manage long-

term conditions effectively176. Interventions aiming to improve elements of PI are by the very 

nature of the phenomenon complex and affected by several factors as demonstrated in Figure 4179.  

 

Several RCTs172,180-183 have investigated the effect of interventions with patient-involving, a 

summary of these studies is listed in Table 2.  In general, all studies find positive associations 

between the intervention and one (or more) patient-associated outcome(s). However, as 

demonstrated in Table 2, the cancer populations subjected to patient-involving interventions are 

heterogeneous, the interventions serve several aims and the studies apply heterogeneous 

measurements of outcomes. Naturally, this limits an unambiguous conclusion. 

 
Figure 4. Factors influencing patient involvement in a clinical setting. The clinical setting could can be any 

situation during a disease course. In this Figure, the setting is the follow-up period after a diagnosis. 

 
 

2.7.2.3 Measurements of patient involvement   

As outlined in section 3.3.2, the benefits of PI are expected to be several, for which reason multiple 

outcome measurements exist184. As demonstrated in Figure 4, the patient, healthcare professionals 

and the healthcare system may interact and influence each other, and outcomes can therefore be 

measured at different levels185. Applied in a clinical setting, outcomes can be measured objectively 



Table 2. Randomised Clinical Trials (RCT) investigating the effect of patient involving elements 
 

 

Author 
 

Design and 
setting 

 

Study population 
 

 Aim 
 

 

Intervention 
 

Outcome  
 

Results 

  Patients Health care     

 
Velikova182  

2004 
 

 

- Leeds, England 

- Prospective 

RCT 

- Outpatient 

clinical cancer 

setting  

- 2000-2001 

 

 

- Patients with 

various cancers 

(breast, 

gynaecological, 

renal, bladder, 

sarcoma and 

melanoma)  

-Receiving active 

oncological 

treatment 

(n=286) 

 

 

- Oncology 

consultants and 

physical trainees 

(n=28) 

 

 

- Examine the effect of 

regular, repeated 

collection and 

feedback of health-

related quality of life 

(HRQoL) 

questionnaires 

 

 

Description: Completion of HRQoL 

questionnaires prior to consultation. Clinicians 

used the HRQoL during all intervention 

consultations.  

 

Intervention group: Completion of HRQoL 

measurement + feedback from clinician 

Attention-control group: Completion of 

HRQoL measurement, no feedback from 

clinician 

Control group: No HRQoL measurement 

before clinic encounters, no feedback from 

clinician 

 

 

Primary: 

- Patients’ well-being measured 

as HRQoL 

- Process of care: Discussion of 

HRQoL issues, medical and 

nonmedical actions and length of 

consultations 

 

 

- Intervention and attention group 

had better HRQoL 

- A positive effect on emotional 

well-being was associated with 

feedback 

- Nonspecific chronic symptoms 

were more frequently discussed in 

the intervention group 

 
Boyes183 

2006 
 

 

-Australia 

-Prospective 

RCT (Pilot 

study) 

-Medical 

oncology 

outpatient clinic 

-Single major 

public cancer 

treatment centre 

 

 

-Patients with 

various cancers 

(colorectal, breast, 

lung, lymphoma, 

melanoma)  

(n=80) 

-Receiving active 

oncological 

treatment 

 

-Medical 

oncologists (n=4) 

 

-Examine the effect of 

repeated collection of 

patient-reported 

outcomes with 

immediate real-time 

feedback 

 

Description: Completion of an electronic 

survey immediately before follow-up at their 

oncologist + graphical summary and real-time 

feedback from oncologist 

 

Intervention group: Completion of survey + 

graphical presentation of symptoms and care 

needs + real-time feedback from the oncologist 

(n=42) 

Control group: Completion of survey (n=38) 

 

 

Primary: 

- Reduce patients’ levels of 

anxiety, depression, perceived 

needs and physical symptoms 

 

 

 

 

Secondary: 

Medical oncologists’ and 

patients’ acceptability of the 

 

-Significant reduction in patients’ 

debilitating symptoms over time in 

the intervention group 

-No difference in reduction of 

anxiety, depression and perceived 

needs among intervention and 

control group 

 

-The majority of oncologists and 

patients found the survey easy to 

apply. 



intervention (applicability, 

usefulness and impact) 

- Half of the medical oncologists 

found the survey to be useful with 

impact 

-Very few intervention patients had 

the feedback report discussed 

 

Berry180 
2011 

 
 

 

- USA 

- Prospective 

RCT 

- Outpatient 

clinical cancer 

setting 

- 2005-2007 

 

 

-Various cancer 

diagnoses (breast, 

gastrointestinal, 

genitourinary, 

gynaecological, 

head and neck, 

haematological) 

- In medical or 

radiation treatment 

(n=660) 

 

- Clinicians of 

different positions 

and specialities 

(n=262) 

 

 

- Determine the effect 

of an electronic self-

reported cancer 

assessment on the 

likelihood of 

symptoms and health-

related quality of life 

(HRQoL) issues being 

discussed between 

patient and clinician 

 

 

 

 

Description: Patients electronically reported 

symptoms and HRQoL which was summarised 

in coloured graphics and presented to the 

clinician 

 

Intervention group: Graphical summary 

presented in the clinical consultation (n=327) 

 

Control group: No graphical summary 

presented to the clinician(n=333) 

 

 

 

 

Primary: 

Discussion of symptoms and 

HRQoL issues measured by audio 

recordings 

 

Secondary: 

-Duration of outpatient visits 

-Clinician evaluation 

 

 

 

-The intervention promoted 

discussion of troublesome 

symptoms and HRQoL 

 

 

-No difference in duration of 

consultations 

-The majority of clinicians reported 

the intervention as useful 

Ruland 181 
2010 

 
 

 

- Norway 

- Prospective 

RCT 

- One specialised 

hospital 

- Inpatient and 

outpatient 

clinical cancer 

setting 

 

 

-Patients with 

haematological 

cancers 

-Starting active 

oncological 

treatment  

(n=145) 

 

 

-NA 

 

- Examine the effect of 

a computer-assisted, 

interactive, tailored 

patient assessment of 

symptoms, problems, 

distress and needs 

 

 

Description:  Prior to inpatient and outpatient 

contact, all patients completed the interactive, 

tailored patient assessment tool.  

 

Intervention group: Assessment summaries 

available to clinicians and nurses 

 

Control group: Assessment summaries not 

available to the clinician at any time 

 

 

Primary: 

- Number of symptoms and 

problems addressed by clinicians 

and nurses 

- Changes in symptom distress 

- Changes in patients’ need for 

symptom management support 

over time 

 

 

-Significantly more symptoms 

discussed in intervention group 

-Significant decrease in symptom 

distress in intervention group 

- Reduced need for symptom 

management support in intervention 

group 

 
Van der 

Hout 172 

 

-Netherlands 

 

-Survivors from 

head and neck, 

colorectal and 

 

-NA 

 

-Support survivors in 

self-management, 

reduce symptom 

 

Description:  An electronic health self-

management application, Oncokompas, 

consists of three components: Measure, Lean 

 

Primary: 

- Improve knowledge, skills and 

confidence for self-management 

 

Primary: 



 
2020 

 

-Non-blinded 

RCT with block 

randomisation 

-Electronically 

based 

evaluations 

-Included from 

14 Hospitals 

-2016-2018 

breast cancer and 

lymphoma (n=625) 

-Invited by 

electronic survey 

burden and improve 

HRQoL 

 

and Act. Oncokompas provides feedback and 

information on patients’ scores provides a 

personalised overview of supportive care 

options (e.g. self-help interventions or contact 

to medical specialists) 

 

Intervention group: Direct access to 

Oncokompas (n=320) 

Control group: Waiting group – access to 

Oncokompas after 6 months (n=305) 

 

measured by the Patient 

Activation Measurement (PAM) 

measured at inclusion and at 3 

and 6 months of follow-up 

Secondary: 

-Impact on HRQoL and tumour-

specific symptoms 

-Mental adjustments, supportive 

care needs, self-efficacy, personal 

control and patient-physician 

interaction 

- No difference in PAM scores 

between the intervention group and 

the control group over time 

 

 

 

 

-HRQoL was significantly better in 

the intervention group over time 

-No difference in mental 

adjustments, supportive care needs, 

self-efficacy, personal control and 

patient-physician interaction 

between groups 
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(i.e. access to care, care availability, financial burden or audiotaped consultations) and subjectively 

by the patient him or herself, i.e. patient-reported outcome (PRO). 

 
2.7.3 Patient-reported outcomes  

 PRO is defined as ‘any report of the status of a patient’s health condition that comes directly from 

the patient, without interpretation of the patient’s response by a clinician or anyone else’186. PROs 

directly reflect delimited areas of the impact of disease and its treatment from the patient’s 

perspective, and can measure the trade-off between efficacy of a given treatment and what the 

patient is willing to tolerate187. The purposes of PRO are multiple, and besides measurement of 

HRQoL and symptoms, PROs reflect the patient’s perspective and harbour the potential to facilitate 

PI, support treatment decision-making and provide guidance for healthcare decisions. Hence, the 

use of PRO data in clinical practice has been suggested to improve patients' HRQoL by facilitating 

discussions regarding unspecific symptoms or health-related problems 182,188-192. A PRO is a clinical 

measure that cannot be verified physically193. Therefore, in clinical practice, the validity of PROs is 

evaluated in terms of contents (i.e. measurement of all dimensions in each scale), criterion (i.e. 

prediction of observable scales) and construct (i.e. accurate measurement of the theoretical 

construct it is designed to measure). Furthermore, terms such as reliability (i.e. precision) and 

responsiveness (sensitivity to changes in clinical conditions) are used to evaluate the performance 

of a PRO measure187,193,194. 
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3.0 Summary and gap 

Improvements in diagnostics, treatment and survival of patients with CRC are mirrored in patients 

with metastatic CRC. This development has gained pace with the introduction of CRS+HIPEC, 

which has improved survival and prognosis for a selective group of patients with PM. Furthermore, 

investigations of high risk and early detection of PM are being explored143,144,195. The inclusion of 

high-risk patients in these studies is based on previous register-based and prospective studies, 

including populations subjected to surgery prior to the general improvements observed in the up-to-

date management of patients with CRC. It is of interest to investigate if these improvements have 

affected the overall risk and risk factors for PM. Registries contain large comprehensive data, 

providing clinicians and researchers with the possibility to monitor prevalence, incidence, mortality 

and prognosis of a disease on the assumption that data are valid. In general, the validity of 

metastases registered in medical registries is debated196-198. Little is known about the validity of PM 

registrations. 

Survival and prognosis of patients undergoing CRS+HIPEC have been described in detail; yet other 

aspects of treatment such as optimal patient-centred follow-up are sparsely described. Patient 

involvement is a preferred strategy for facilitating patient-centred care. The beneficial outcomes of 

this approach show in better HRQoL and emotional well-being 172,182, increased discussion of 

symptoms180-182 and fewer symptoms181,183 both in chronic diseases and following cancer. However, 

PI has barely been investigated in populations with advanced cancer treated with complex surgery. 

Therefore, four studies were performed to address the hypotheses and aims presented in the next 

chapter. 
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4.0 Hypotheses and aims 
 

Paper I 

Hypothesis: Registration of CRC metastases at a specific anatomical location is underreported. 

Aim:  To evaluate the completeness and positive predictive value (PPV) of S-PM registered in 

Danish medical registries. 

 

Paper II 

Hypothesis: Following improvements in the treatment of CRC, the risk and risk factors for PM have 

changed. 

Aim:  

- To describe the overall risk of M-PM within 5 years in patients undergoing intended 

curative surgery for CRC 

-  Identification of risk factors for M-PM within 5 years after intended curative CRC surgery. 

 

Paper III 

Hypothesis: Is use of electronically collected PRO (ePRO) possible in an outpatient clinical cancer 

setting with highly specialised surgeons following patients surgically treated for advanced cancer  

Aim:  

- To describe the development of an ePRO used in the follow-up after complex cancer 

surgery  

- To evaluate the implementation of an ePRO-based follow-up after complex cancer surgery  

 

Paper IV 

Hypothesis: A patient-centred follow-up supported by ePRO increases PI and patient activation  

Aim: To evaluate if follow-up based on e-PRO is associated with increased levels of: 

- PI measured by five generic questions  

- Patient activation 
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5.0 Methods  

This section gives an overview of the methods used in each paper. For details, please see each paper 

in the Appendix. 

 

5.1 Setting and data sources 

Paper I and paper II 

Denmark is a country with approximately 5.8 million inhabitants, in which all Danish citizens have 

access to a tax-supported primary and secondary healthcare system offering equal access to all 

types of treatment199. All Danish citizens are assigned with a unique 10-digit civil personal 

registration number, enabling unambiguous individual-level record linkage between registers200.  

The following registries are used as data sources in the present dissertation (Paper I and II): 

 

The Danish Colorectal Cancer Group database (DCCG) 
The Danish Colorectal Cancer Group database contains information on all first-time patients with 

CRC since 2001. Patient completeness is above 95% 201. The database contains information 

regarding patient characteristics, radiological evaluation, surgical and oncological treatment, 

pathology reporting and postoperative course for the first 30 days after surgery. Prior to March 

2014, symptoms led to a medical investigation and CRC diagnosis, whereas from March 2014 the 

implementation of national screening led to diagnoses of both symptomatic and asymptomatic 

CRC, all of which are registered in the DCCG database.  

 

The Danish National Patient Registry (DNPR) 
The Danish National Patient Registry provides longitudinal data as from 1977 regarding 

administrative and clinical information including information about patient time and reason for 

contact with the healthcare system. One primary and potentially several secondary diagnoses are 

recorded at each contact with the hospital202. Diagnoses have been recorded by using the 

International Classification of Diseases 10th revision (ICD-10) codes from 1994, while treatment 

and procedures are registered by using a Danish version of the Nordic Medico-Statistical 

Committee’s Classification of Surgical Procedures (NOMESCO).  

 

The Danish National Pathology Registry (DNPatR) 
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The Danish National Pathology Registry was established in 1997, and all pathological examinations 

performed in Denmark are registered according to a uniform guideline203. Each specimen is linked 

to the civil personal registration number, the hospital department responsible for treatment, the date 

of request, the specific Danish Systematized Nomenclature of Medicine (SNOMED) codes and 

other sources of data203.  

 

The Danish Civil Registration System 
The Danish Civil Registration System is an administrative register established in 1968 recording 

information about residency and vital status of all Danish citizens. The register is updated daily and 

has a high accuracy, allowing for complete long-term follow-up200. 
 

Figure 5. Information from following registries The Danish Colorectal Cancer Group database (DCCG), The 

Danish National Patient Registry (DNPR), The Danish National Pathology Registry (DNPatR)were applied to 

define and distinguish between Synchronous peritoneal metastases (S-PM) and metachronous peritoneal 

metastases (M-PM). Day 0 is considered as the date of colorectal cancer diagnosis (CRC). 

 
 

Paper III and paper IV 

CRS+HIPEC is performed at Aarhus University Hospital as the only hospital in Denmark. 

Treatment is performed at two different departments, as a routine at the Department of Surgery and 

as part of an experimental clinical trial at the Department of Gynaecology204. At the Department of 
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Surgery, patients were offered follow-up in the outpatient clinic at 3, 6, 12, 18, 24, 36, 48 and 60 

months postoperatively. Each follow-up visit (i.e. consultation) was preceded by a CT scan of the 

thorax, abdomen and pelvis92.  All consultations were performed by experienced surgeons who all 

performed CRS+HIPEC. The consultation included a clinical examination and a description of the 

performed CT scan. 

At the Department of Gynaecology, patients were offered follow-up at 1, 3, 6, 12, 18, 24, 36, 48 

and 60 months postoperatively204. The consultation was preceded by a CA 125 blood sample, and 

the follow-up consultation included a clinical examination and a vaginal ultrasonic examination. In 

case of suspicion of recurrence, a CT scan was performed204. 

 
5.2 Study design and study population  

Paper I 

Paper I was designed as a nationwide population-based prevalence study including all Danish 

patients registered with primary CRC in the DCCG database between 1 January 2014 and 31 

December 2015. S-PM was identified using the DCCG, the DNPR and the DNPatR; yet the DCCG 

was used as the reference since S-PM was routinely registered here. 

 

Paper II 

Paper II was conducted as a nationwide, registry-based cohort study. The study included all patients 

diagnosed with CRC in the DCCG database between 2006 and 2015. M-PM and vital status were 

obtained from the DNPR (diagnostic coding of PM), the DNPatR (histologically proven PM) and 

the Danish Civil Registration System (vital status).  

Patients were excluded in case of death, non-CRC, S-PM and non-curative resections within 180 

days from CRC diagnosis. See Figure x. 
Figure 6. Inclusion and exclusion of patients. 
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Abbrevations: CRC: Colorectal cancer; S-PM : Synchronous peritoneal metastases. 

 

Paper III 

Paper III was carried out as an explorative study aiming to develop and implement an intervention 

with the purpose to promote patient-centred follow-up after CRS+HIPEC. The intervention 

consisted of electronic Patient-Reported Outcomes (ePRO) supporting follow-up after 

CRS+HIPEC. The ePRO was a tool to facilitate dialogue in the follow-up consultation. The ePRO 

was set up using an Ambuflex system205,206 , integrated and assessed through patients’ electronic 

medical records. A graphical presentation of the ePRO was available for the clinician to facilitate 

flagging of important symptoms. The study included patients treated with CRS+HIPEC and 

followed in the outpatient clinic at the Department of Surgery and the Department of Gynaecology 

at Aarhus University Hospital in the period from February 2017 to January 2019. Patients were 

included continuously prior to a consultation in the outpatient clinic (i.e. patients could be included 

at any time during their follow-up period).  

 

Paper IV 

Paper IV was carried out as a prospective, descriptive cohort study aiming to evaluate the effect of a 

follow-up based on ePRO. The study inclusion was performed like described in study III. 

 

5.3 Outcome measurements 

Paper I 

The data quality of registered S-PM in the DNPR and the DNPatR was assessed as completeness 

and PPV, using the DCCG database as reference.  

 

Completeness:  

The sensitivity describes the ability of a diagnostic test to correctly identify actual positives. In 

epidemiological research, the sensitivity can be used as a measure of completeness, viz. the 

proportion of individuals in the target population correctly classified in the data source (i.e. registry) 
202,207,208. To determine the sensitivity, the number of identified positives should be compared to a 

data source containing the “true” number of diseased individuals, also referred to as the “golden 

standard”. Factors such as demographic features, disease severity and prevalence in the population 

subjected to the test may potentially impact the sensitivity209  
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Positive predictive value:  

While the sensitivity describes the characteristics of a test, the predictive value describes its clinical 

relevance (i.e. registration in a registry) and refers to the probability of a disease being present in 

case of a positive test208,210. The predictive value is affected by the prevalence of a given disease in 

the investigated population. The validity describes the extent to which the diagnostic test measures 

what it intends to measure208.  

 
Paper II 

The primary outcome of interest was the CIP and risk factors for M-PM. The identification and 

definition of M-PM are outlined in Figure x. M-PM was identified in the follow-up period, which 

started on the date of CRC diagnosis plus 180 days. Patients were followed until the M-PM event, 

death, non-CRC cancer or end of follow-up, which ever came first.  

Secondary outcomes were risk factors for M-PM. Potential risk factors were age (<60 years, 60–75 

years and >75 years), sex, tumour localisation, priority of surgery, perforation of the tumour as 

assessed intraoperatively by the surgeon, pathologically assessed T-category and N-category, 

tumour histology, extramural venous invasion (EMVI), the pathologically assessed radicality of the 

bowel (R0, R1) and administered systemic chemotherapy (yes, no). 

 
Paper III 

The outcome of interest was development and implementation of a patient-centred follow-up based 

on ePRO (i.e. intervention). The ePRO had the purpose to facilitate dialogue in the follow-up 

consultation. 

 

The development process consisted of different elements, which is outlined briefly in Figure 7, but 

described in details in paper III in the manuscript. 

 
Figure 7. The development process consisted of different elements: 1) Selection of ePROs. 2) Development of 

ePRO response algorithm. 3) Patient’s feedback by interview 4) Revision of ePRO. 5) Clinician’s feedback. 
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The implementation was assessed by the following: 

Handling of the ePRO 

- Patients’ response rate to e-PRO 

- Number of e-PROs used by the clinician  

- Patients’ prioritised issues prior to the consultation (refined to ‘yes’ / ‘no’), stratified by time 

since surgery (<6 (+1 month) months/ >6 (+ 1 month) months) and gender (male/female)). 

- Patients’ prioritised issues prior to the consultation categorized into thematic topics:  

 

Patients’ evaluation 

- Purpose and need of follow-up visit  

- Time allocated for follow-up visit. 

- Support provided during follow-up  

 
Paper IV 

The outcome of interest was patient activation and PI following a patient-centred follow-up based 

on ePROs. These outcomes were measured using an electronic questionnaire sent out 2-4 days after 

the follow-up visit.  

Patient activation was measured using the 13-item Patient Activation Measure (PAM) survey, 

which was developed and validated by Hibbard et al. 211. The PAM is a PRO instrument that 
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measures a patient’s amount of knowledge, skills and confidence for self-management; the measure 

scores from 0-100, where a higher score indicates a higher level of activation.  

PI was considered a feasibility measure and was monitored in each consultation. PI was measured 

by five questions developed and tested as PI indicator targets by DEFACTUM, an institution hosted 

by the Central Denmark Region focused on applied social, health and labour market research212. 

The following five themes were explored: 1) The healthcare provider asked about my own 

experiences with my illness / condition, 2) I talked to the healthcare provider about the questions or 

concerns I had, 3) The healthcare professional encouraged me to ask questions or talk about 

concerns, 4) I received advice when deciding what was going to happen and 5) I have had 

appropriate conversations with healthcare professionals about how to best manage my illness / 

condition. 

 

5.4 Statistical analysis 

All statistical analyses were performed using STATA statistical software (STATA, release IC15, 

STATACorp, Texas, USA 

 

Descriptive data 

For all papers (Paper I-IV), descriptive data on patient characteristics are presented as medians with 

ranges or interquartile ranges (IQR) for continuous variables, whereas categorical variables are 

presented as frequencies with percentages. 

 

Paper I 

The algorithm applied to identify patients with S-PM included the identification of a PM diagnosis 

registered in at least one of the three registries (the DCCG database, the DNPR and the DNPatR) 

within 180 days after the date of CRC diagnosis. To validate the registration of the ICD-10 codes in 

the DNRP and SNOMED codes in the DNPatR, we used registrations in the DCCG as reference. 

Completeness was estimated for each registry (DNPR and DNPatR) and for the registries in 

combination (DNPR/DNPatR). Completeness was estimated by following sensitivity formula: 

 

1 (DNPR), 2 (DNPatR) or 3 (DNPR/DNPatR) should include the number of patients (n) with a 

PM diagnosis in the registry of interest 
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The PPV was estimated for each registry (DNPR and DNPatR) and for the registries in combination 

(DNPR/DNPatR). The PPV was defined as:  

1 (DNPR), 2 (DNPatR) or 3 (DNPR/DNPatR) should include the number of patients (n) with a 

PM diagnosis in the registry of interest 

 
 

 

The coding quality was evaluated in the DNPR/DNPatR within clinically relevant subgroups that 

were stratified by age (≤60, 60-69, 70-74, 75-80 and ≥80 years), sex, WHO performance status, 

tumour location and distant metastases to the liver and/or the lungs (yes/no).   

 

Paper II  

According to Figure 6, patients were followed from +180 days after having received a CRC 

diagnosis until the date of diagnosis of M-PM or another cancer, death or end of follow-up (25 

January 2017), whichever came first. A cumulative incidence (risk) curve of M-PM considering all-

cause mortality and diagnosis of non-CRC as competing risk was performed. 

To analyse potential risk factors, a multivariate absolute risk regression model considering death 

and non-CRC as competing risks was performed. The analysis was performed as a complete case 

analysis. Each risk factor for M-PM was presented as a 1-, 3- and 5-year risk difference (RD) with a 

95% confidence interval (CI.) The multivariate absolute risk regression model included all risk 

factors (except radicality and EMVI). The analysis was adjusted for time of CRC diagnosis (year) 
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and we included comorbidity assessed by the Charlson Comorbidity Index (CCI) (categorised as 

low (score 0), medium (score 1–2) or high (score > 2)). We considered death and non-CRC as 

competing risks  

Some potential risk factors (radicality (R1) and EMVI) were not available throughout the whole 

study period. These risk factors were therefore investigated in subgroups of the cohort restricted to 

relevant calendar periods, using models adjusted only for age, sex and comorbidity (CCI) due to 

few M-PM cases. 

 

Paper III 

Results are descriptive and presented as medians with ranges or IQR for continuous variables, 

whereas categorical variables are presented as frequencies with percentages. 

Patients’ prioritized issues prior to the consultation were presented as refined to ‘yes’ / ‘no’. A 

sensitivity analysis stratified by time since surgery (<6 (+1 month) months/ >6 (+ 1 month) months) 

and gender (male/female)). 

Patients’ prioritized issues were further thematic categorized by the first author. Each free form 

sentence/word was converted to a spreadsheet, and the thematic categorization was performed 

based on 1) the subscales from the European Organization for Research and Treatment of Cancer 

(EORTC QLQ-C30)213 (gastrointestinal, mental, somatic, pain cognitive, mental), 2) issues related 

to the CRS+HIPEC course (disease and treatment related, general sequelae, status of the CT scan, 

future follow-up, future prognosis, elaborative conversation, treatment of recurrence), 3) concerns 

regarding body image, 4) practical concerns and 5) other issues. The author group discussed the 

categorization in plenum. 

 

Paper IV 

Patients were divided into two groups based on the type of follow-up. Patients who only completed 

the routine follow-up without e-PRO were referred to as ‘-e-PRO’, whereas patients who 

participated in the intervention were referred to as ‘+ePRO’. Patients receiving a routine and 

interventional follow-up were included in the ‘-/+ePRO’ group. 

Since the five questions regarding PI were used to monitor PI in the follow-up consultation, each 

response was considered independent and stratified by routine (-ePRO) and interventional (+ePRO) 

follow-up. Therefore, it should be noticed that some patients occur with repeated measurements.  
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Both a median and a mean PAM score along with 95% CIs were presented for 1st, 2nd and 3rd 

response in each period (-ePRO period and +ePRO period).  

In a stratified analysis, we investigated the correlation between the PAM score and the time since 

surgery. 
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6.0 Results  

In this section, the main results of each paper are presented. For detailed information on the 

remaining results, please see each paper in the Appendix. 

 

6.1 Paper I 

Using the algorithm to combine data from the DCCG, the DNPR and the DNPatR, 468 of a total of 

9,142 (5%) patients were registered with S-PM. The number of patients identified with S-PM in 

each registry as well as the completeness and PPV for each registry and the registries in 

combination are outlined in Table 3. 

 
Table 3. The number of patients identified in each registry and the following completeness and positive 

predictive value (PPV) using the DCCG as reference. 

Paper I, Published as: 

 Ravn S, Christian F. Christiansen, Rikke H. Hagemann-Madsen, Victor J. Verwaal, Lene H. Iversen. The validity 

of registered synchronous peritoneal metastases from colorectal cancer in the Danish medical registries. Clin 

Epidemiology 2020; 12: 333-343 

 

In the stratified analysis, patients who are potential candidates for curative treatment (patients aged 

<60 years, patients with WHO performance status and patients with no distant metastases) are 

registered with a higher completeness (see Paper I in the Appendix) 

 

6.2 Paper II 

Among 42,250 CRC patients identified in the DCCG database, 22,586 were included in the analysis 

in this paper.  

The cumulative incidence proportion 

 DCCG 
n = 366 

Total Completeness PPV 

Registry + -    
DNPR and/or 
DNPatR 

153 102 255 42 (37-47) 60 (54-66) 

DNPR  118 89 207 32 (27-37) 57 (50-64) 
DNPatR 71 22 93 19 (15-23) 76 (68-85) 
  

DCCG: The Danish Colorectal Cancer Group 
DNPR: The Danish National Patient Registry 
DNPatR: The Danish National Pathology Registry 
PPV: Positive predictive value 
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We found an overall risk of M-PM as follows: 1-year: 0.9% [95% CI: 0.8; 1.0], 3-year: 1.9% [1.8; 

2.1], 5-year: 2.2% [2.0; 2.4]. The risk of M-PM is presented graphically in Figure 8. Death and 

another cancer than CRC were major competing risks (Figure 8).  

 
Figure 8. The cumulative incidence proportion of metachronous peritoneal metastases considering overall 

mortality and other cancers as competing risks. 

Paper II, published as Ravn S, Heide-Jørgensen U,  Christiansen C.F , Verwaal V.J, Hagemann-Madsen R.H, 

Iversen L.H, A nationwide cohort study on the overall risk and risk factors for metachronous peritoneal 

metastases after colorectal cancer surgery. BJS Open 2020; 4: 284-292 

 

 
 

Potential risk factors are presented in Table 4 

4.1.3 According to the analysis depicted in Table x, the baseline risk of M-PM for a reference 

person, i.e. the risk of someone who takes on the reference value for all covariates, is 0.6% [95% 

CI: 0; 1.5] after 3 years (Table 4). The absolute RD for each potential risk factor should be added to 

the baseline risk to obtain the predictive risk of M-PM for a specific patient. For example, a person 

with a (y)pT3N1 rectal cancer undergoing elective surgery has an estimated total risk of M-PM of 

2.2% after 3 years [0.6% (overall risk) - 0.3% (rectal cancer) + 0.6% ((y)pT3) + 1.3% ((y)pN1) + 

0% (elective surgery)]. 

In contrast, a person with a right colonic tumour, pathologically assessed (y)pT4N2, undergoing 

emergency surgery has an estimated risk of M-PM of 13.4% [0.6% (overall risk) + 0.6% (right 
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colonic cancer) + 6% ((y)pT4) + 4.3% ((y)pN2) + 1.9% (emergency surgery)] 3 years after 

curatively intended surgery. EMVI and radicality were not adjusted for in multivariate analysis; 

thus, the estimated RDs associated with these variables should be interpreted with caution. 
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Table 4. Multivariate absolute risk differences (%) for metachronous peritoneal metastases (M-PM) 1 and 3 

years after intended curative colorectal cancer surgery, treating death and non-colorectal cancers as 

competing risks. Presented with 95% confidence intervals. 

Paper II, published as Ravn S, Heide-Jørgensen U,  Christiansen C.F , Verwaal V.J, Hagemann-Madsen R.H, 

Iversen L.H, A nationwide cohort study on the overall risk and risk factors for metachronous peritoneal 

metastases after colorectal cancer surgery. BJS Open 2020; 4: 284-292 

 
 
  



Table 4. Multivariate absolute risk differences (%) for metachronous peritoneal metastases (M-PM) 1 and 3 years after intended curative colorectal 
cancer surgery, treating death and non-colorectal cancers as competing risks. Presented with 95% confidence intervals. 
Paper II, published as Ravn S, Heide-Jørgensen U, Christiansen C.F , Verwaal V.J, Hagemann-Madsen R.H, Iversen L.H, A nationwide cohort study on the 
overall risk and risk factors for metachronous peritoneal metastases after colorectal cancer surgery. BJS Open 2020; 4: 284-292  

 
Patient Characteristic 

Potential risk factors - covariates  
Multivariate adjusted1 

1-year absolute risk difference (%) (95% confidence interval) of 
metachronous peritoneal metastases 

 

Multivariate adjusted1 
3-year absolute risk difference (%) (95% confidence interval) of 

metachronous peritoneal metastases  

 The risk of M-PM for a person of reference: 0.2 % (02, 0.7) 
 

The risk of M-PM for a person of reference: 0.6 % (02, 1.5) 
 

Age at the time of colorectal cancer 
diagnosis.  
  <60 
  60-75 
  >75 

 
 

Reference (0) 
-0.2 ( -0.6, 0.2) 
-0.5 (-0.9, 0.0) 

 

 
 

Reference (0) 
-0.5 (-1.1, 0.2) 
-1.0 (-1.7, -0.4) 

Gender  
   Female 
   Male 

 
Reference (0) 
0.1 (-0.2, 0.4) 

 
Reference (0) 
0.3 (-0.1, 0.7) 

Localisation  
   Left colon 
   Left colonic flexure 
   Transverse Colon 
   Right colonic flexure 
   Right colon 
   Rectum  

 
Reference (0) 
0.6 (-0.5, 1.6) 
0.2 (-0.5, 0.9) 
0.1 (-0.6, 0.7) 
0.5 (0.1, 0.9) 

-0.1 (-0.4, 0.2) 

 
Reference (0) 
0.6 (-0.9, 2.2) 
 0.2 (-0.9, 1.3) 
 -0.2 (-1.2, 0.9) 
0.6 (0.0, 1.3) 

-0.3 (-0.8, 0.1)  
Priority of surgery 
   Elective 
   Emergency 

 
Reference (0) 
0.9 (-0.1, 1.9) 

 

 
Reference (0) 
1.9 (0.5, 3.4) 

Tumour perforation 
   No 
   Yes, encapsulated 
   Yes, freely to peritoneum 

 
Reference (0) 
-1.0 (-2.1, 0.1) 
-0.1 (-2.2, 2.0) 

 
Reference (0) 
-0.3 (-2.5, 1.9) 
-0.2 (-3.4, 3.1)  

Pathological (y)pT-category 
   T1 
   T2 

 
Reference (0) 
-0.1 (-0.3, 0.2) 

 
Reference (0) 
 0.0 (-0.4, 0.4) 



   T3 
   T4 

 

0.1 (-0.2, 0.3) 
2.9 (2.1, 3.7) 

0.6 (0.2, 1.0) 
6.0 (4.9, 7.2) 

Pathological (y)pN-category 
   N0 
   N1 
   N2 

 

 
Reference (0) 
0.5 (0.1, 0.9) 
2.5 (1.8, 3.2) 

 
Reference (0) 
1.3 (0.7, 2.0) 
4.3 (3.2, 5.3) 

Tumour histology 
   Adenokarcinom 
   Other 

 
Reference (0) 
0.2 (-0.6, 0.9) 

 
Reference (0) 
0.4 (-0.8, 1.5) 

Postoperative chemotherapy within 180 
days after diagnosis of colorectal 
   No 
   Yes 
    

 
 

Reference (0) 
0.0 (-0.4, 0.4) 

 
 

Reference (0) 
-0.2 (-0.8, 0.5) 

Extramural venous invasion3 
   No 
   Yes 
    

 
Reference (0) 
2.3 (1.7, 3.0) 

 

 
Reference (0) 
3.4 (2.5, 4.4) 

 
Radicality of surgery 4 
   R0 
   R1 
 

 
Reference (0) 
3.9 (1.6, 6.2) 

 

 
Reference (0) 
5.9 (2.6, 9.3) 

 
 

1 In total, n=21 581 complete cases are included in the multivariate analysis, adjusted for all risk factors above including year of diagnosis and comorbidity (Charlson 
Comorbidity Index). 
2 The statistical lower boundary is negative. In accordance to reality, we made the intercept for the risk 0.  
3 Available from 2009; only adjusted for age, sex and comorbidity. In total, n=13 222 (patients with complete cases in the multivariate analysis and complete 
information of EMVI) were included in the analysis restricted for a group of the cohort  
4 Available from 2014, only adjusted for age, sex and comorbidity. In total, n=5 861 (patients with complete cases in the multivariate analysis and complete 
information of R1 resection available from 2014 and 2015) were included in the analysis restricted for a group of the cohort.  
 

t 
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6.3 Paper III 

Development: Patient interview 

During the development process, the five interviewed patients (3 females, 2 males, a median age of 

57 (range: 41-64) with a median of 19.5 months (range: 3.1-80.7) since CRS+HIPEC) evaluated the 

ePRO to be sufficient and sensitive with an appropriate consumption of time varying from 5-7 

minutes. 

Initially the ePRO included questionnaires were the generic Survey, the EORTC QLQ-C30213, the 

EORTC validated for colorectal respective ovarian cancer patients (EORTC CR-29/38214 and 

EORTC OV28215 and the Hospital Anxiety and Depression Scale (HADS) 216.  

Based on the patient interviews, the majority of questions in the HADS (screening for anxiety and 

depression) were assessed redundant, as they were sufficiently covered by the EORTC QLQ-C30 

(q20-q25)- Consequently, as a consequence, only two items form the HADS (item 6 and item 11) 

were included in the ePRO (Figure 7). The ePRO ended up with included 67 items + 3 prioritized 

issues of patient’s own preference for Dep A, and 52 items + 3 prioritized issues of patient’s own 

preference at Dep. B. B. 

 None of the surgeons had any suggestions for additions to the ePRO.  

 

Implementation 

Patient and clinician participation 

In total, 187 patients were included in the study of whom 73% (n=136/187) responded to the ePRO 

and participated in a patient-centred follow-up (Figure 9). 
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Figure 9. Patient inclusion. 

 
 

Among the 203 ePRO-based consultations, 42 (21%) were not documented in the Ambuflex system 

or the medical record. These 42 ePRO consultations were equally distributed throughout the study 

period with ePRO-based consultations (data not shown). 

 

Prioritised issues of patient preference 

Overall, 203 ePRO consultations were performed. This produced a total of 609 prioritised patient 

preference issues (203 consultations x 3 prioritised issues among patients’ preferences).  

In total, 139/609 (23%) of the prioritised issues did not include a response; among these, the 

majority (80%) of consultations were performed > 6 months since CRS+HIPEC. 

The primary issues prioritised by patients were gastrointestinal symptoms, explanation of the CT 

scan and concerns regarding prognosis (i.e. risk of recurrence) and follow-up (Figure 10). 

 

 

 

 

 

 



    

 

 46 

Figure 10. Patient-prioritized issues for follow-up categorized into themes. 

 
1Included problems related to ostomies and hernias  

2Including treatment related side-effects 
3Included symptoms related to sexual dysfunction 

 

Purpose and need of follow-up visit  

In total, 118 patients filled out an ePRO and then evaluation of the follow-up consultation (Figure 

9) thus a number of 176 evaluations are applied in the analyses below.  

 

Among the 176 evaluations, 127 (72 %) patients evaluated the follow-up to be necessary in order to 

discuss the outcome of the CT scan, symptoms, and/or prioritized issues (answer: “It was necessary 

so I could get explanations to my CT scan AND talk about my other problems”). Patients found the 

follow-up necessary to discuss only the result of the CT scan in 33/176 (19%) (answer: “It was 

necessary so I could get explanations to my CT scan AND nothing else”) of the evaluations. 

Further, 4.5% of the consultations were assessed as not necessary (“It seemed unnecessary, but it 

was nice to get explanations to my CT scan” (3.4%) or “It seemed unnecessary, I could have done 

without it” (1.1%)). In total, 4.5% did not respond to the evaluation questions. Concerning the 

timeframe of the follow-up consultation, 88% of the patients found the timeframe appropriate, 

while 8% thought it was too sparse. Further, 4% did not respond.  
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Time allocated for follow-up visit. 

Among the 176 evaluations, 127 (72 %) patients evaluated the follow-up to be necessary in order to 

discuss the outcome of the CT scan, symptoms, and/or prioritized issues. Patients found the follow-

up necessary to discuss the result of the CT scan in 33/176 (19%) of the evaluations. Further, 4% of 

the consultations were assessed as not necessary. In total, 5% did not respond to the evaluation 

questions. Concerning the timeframe of the follow-up consultation, 88% of the patients found the 

timeframe appropriate, while 8% thought it was too sparse. Further, 4% did not respond.  

 

Support provided during follow-up  

The majority of follow-up visits (range: 19.3 – 56.3%) were evaluated to be supportive in terms of 

physical (42%), mental (56.3%), sexual (19.3%) or dietary (26.7%) issues raised. Further, a range 

from 34 – 60% of the patients reported that they did not need support related to these issues. Still, a 

range from 7.4 - 15.9% of the follow-up were not assessed to provide sufficient support regarding 

physical (12.5%), mental (7.4%), sexual (15.9%) or dietary (14.2%) issues. Sub-analyses stratified 

by time since surgery (<6 months and > 6 months) and gender, revealed no clear difference in the 

assessments of the support provided at the follow-up visit (data not shown).  

 

6.4 Paper IV 

In Paper IV, 255 patients were followed in the outpatient clinic in the study period from 2017 to 

2019. Among these patients, 218 were eligible for inclusion and 187 (86%) accepted study 

participation. Patients were grouped according to the type of follow-up. In total, 48 patients were in 

the -ePRO, 57 patients in the -/+ePRO and 82 patients in the +ePRO. For baseline characteristics, 

please see the draft of Paper IV in the Appendix. 

 

Patient activation 

Overall, no differences in the mean PAM scores between the groups were observed (Figure 11). 

Considering the -/+ePRO group, i.e. patients subjected both to –ePRO and +ePRO, patients tended 

to report a statistically non-significant higher mean PAM score in the +ePRO period. 

   

 
Figure 11. Mean PAM score at 1st, 2nd and 3rd response for patients receiving -ePRO or +ePRO follow-up (a), 

and mean PAM score at 1st, 2nd and 3rd response for the -/+ePRO group (b). 
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Patient involvement 

Patients' assessment of PI in the consultation is presented in Figure 13. Irrespective of the question 

(I-V), a larger proportion of patients in the +ePRO group evaluated themselves as “much” involved 

in the consultation (Figure 12).  
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Figure 12. Patient´s assessment of patient involvement stratified by groups (ePRO+/-). 
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7. Discussion 
This section discusses the main findings of Paper I-IV by considering aspects of internal and 

external validity, and it places our results in the context of the existing international literature. Paper 

I and II will focus on aspects of S-PM and M-PM along with early detection of PM and selection of 

high-risk patients. The discussion of Paper III and IV will primarily address aspects of PRO as a 

patient-involving tool and outcome measurement tool, and it will offer a general review of PI as a 

strategy to achieve patient-centred care within this population treated with complex surgery for 

advanced cancer.  

 

7.1 Main findings 
7.1.1 Paper I and II 

Using our algorithm combining data from the Danish medical registries (DCCG, DNPR and 

DNPatR), we identified 5% of patients with CRC with S-PM. This percentage corresponds to 

international findings based on registry data 67,68,71,75. We found that the DNPR and the DNPatR 

capture fewer than half of patients with S-PM. However, potential candidates for curative treatment 

are registered with a higher completeness than the rest of the PM population. It should be noted that 

this was demonstrated for patients with S-PM and therefore does not necessarily apply to patients 

with M-PM. This reservation should be considered when using data from these registries. In Paper 

II, we found an overall low risk of M-PM of 2.2% after 5 years considering all-cause mortality as a 

competing risk. In accordance with international literature (Table 1), we found that the primary risk 

factors for M-PM are advanced T and N category, which alone, according to our data, can increase 

the absolute risk by up to 10.3% 3 years after intended curative CRC surgery. Furthermore, we 

found that factors such as right-sided colonic tumours, emergency surgery, extramural venous 

invasion and surgical radicality (R1) independently increased the risk of M-PM. 

 

7.1.2 Paper III and IV 

To facilitate patient-centred care, we developed an intervention aiming to involve patients in their 

follow-up after complex surgery for advanced cancer. The intervention consisted of e-PROs and 

prioritised issues among patients' preferences as a supplement to the routine follow-up 

consultations. The ePRO was developed in collaboration with patients, clinicians and researchers, 

who all found it to be sensitive and sufficient to cover patients’ need in the follow-up period after 

CRS+HIPEC. The primary issues prioritised by patients in the follow-up consultation were 
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gastrointestinal symptoms (including problems related to ostomies and hernias), explanation of the 

CT scan (i.e. potential recurrence) and future concerns regarding prognosis and follow-up. 

In 21% of the ePRO consultations, the surgeon did not take the ePRO into consideration. Yet, 

patients found that the ePRO follow-up consultations had a higher degree of PI as measured by five 

specific questions on that topic 212 and that the consultations tended to encourage and facilitate 

conversations about questions and concerns and furthered conversation about patients’ own 

experience with their disease/illness. Furthermore, patients with an ePRO consultation tended to 

assess themselves as being more involved in the decision-making process than patients with -ePRO 

consultations (Figure 12). Patients with an ePRO consultation did not report a higher degree of 

patient activation. 

 

7.2 Critical methodological considerations 

The internal validity is the degree to which the results of the papers are correct or if they are prone 

to random or systematic error217. The effect of a random error on the estimate increases with 

decreasing sample size, whereas the impact of a systematic error is due to study design and (often) 

unaffected by sample size. Systematic errors may be categorised intro selection bias, information 

bias and confounding217.  

 

7.2.1 Selection bias  

In Paper I, we did not use medical journals as a gold standard, which is usually done in traditional 

validation studies. The quality of medical journals as far as validation of registered metastases is 

concerned has been questioned196,218, mainly because medical charts themselves may be incomplete. 

This incompleteness may concern the presence, the exact number and (any) location of single or 

multiple metastases. In the DCCG, dedicated CRC surgeons have been required to register the 

presence or absence of PM since 2014.  We therefore expect that these data have a high degree of 

completeness, and we used these data as the validation source/gold standard.  

The primary selection bias of concern is loss of subjects during the study period, which will prevent 

direct comparison of average estimates between groups because the outcome is unknown for lost 

subjects. In a registry-based cohort study, such as Paper II, potential selection bias due to loss to 

follow-up is not a major problem since the DCCG 201 and the DNPR have a high degree of 

completeness219. Yet, other aspects of selection bias must also be considered. A special type of 

selection bias may be referred to as survivor bias, which occurs due to differential competing risks. 
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Survivor bias may exist in Paper II where we considered both mortality and other cancers as 

competing risks. We found a high mortality rate in the population, reaching nearly 15% after five 

years (Figure 8). Potentially, mortality was more substantial among the high-risk population; thus, 

these subjects were censored in the statistical analysis. The implications of the presence of survivor 

bias would be that the true incidence and hence the magnitude of each risk factor would be 

underestimated.  

In Paper IV, the loss of subjects could be due to non-responders for both ePRO and outcome. The 

reason for non-response is unknown, and its impact depends on the reason for non-response. 

Responders may potentially be healthier participants because it required mental and physical 

resources to answer the questionnaire. On the other hand, in theory, healthier participants might be 

prone not to assess the ePRO because they feel healthy and find it unnecessary to participate. In 

both cases, the effect depends on the outcome measurement of interest. For example, in the case of 

healthier participants, hypothetically, an outcome like PI may be reported to be higher in this group 

of patients because they had more mental and physical resources; thus, the estimate of PI would 

overestimate the potential effect of an intervention. On the other hand, one could hypothesize that 

the potential for change (with a patient-involving intervention) is less in this group (i.e. healthier 

participants)172,220,221. Thus, the average estimate of PI would underestimate the potential effect of 

an intervention. To investigate the magnitude of a potential selection bias, the demographic 

characteristics of responders, non-responders and non-participants should be analysed in a 

sensitivity analysis. 

 

7.2.2 Information bias 

Information bias occurs when random or systematic inaccuracy affects the measurement of 

important variables (exposure or outcome). In general, misclassification (i.e. exposure, disease / 

outcome) can be categorised into differential and non-differential misclassification. The former 

depends on the value of other variables, whereas the latter is independent of the value of other 

variables 217. 

We investigated the completeness of PM registered in the Danish medical registries to assess the 

magnitude of potential information bias (i.e. misclassification) affecting exposure or outcome in 

future studies. Overall, the completeness of registered S-PM was low; however, conducting a 

stratified analysis, we demonstrated that potential candidates for curative treatment were registered 

with a higher completeness in the DNPR than the remaining S-PM population. This potentially 
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introduces differential misclassification in the registration of PM, i.e. the registration of S-PM 

depends on age, WHO performance status and metastatic status. 

The low completeness of PM registrations was investigated for S-PM and not for M-PM; however, 

one could assume that the same was valid for M-PM. This should be taken into consideration if the 

registry-based information on PM is used in future studies (both as exposure and outcome). Thus, if 

underreporting is due to non-differential misclassification, measurements of overall risk and RDs 

would be based on a disease variable with a low completeness (i.e. outcome in Paper II), thereby 

underestimating the true overall risk and the impact of each risk factor. The differential 

misclassification bias described in Paper I introduces another type of bias called sampling bias. In 

the case of a higher registration of potential candidates for curative treatment (i.e. a healthier 

population), these patients are sampled differently than the rest of the population. The impact of this 

is particularly important to consider in the analysis of survival, as the consequence would be an 

overestimation of the survival and prognosis for these patients. 

Considering PRO, another type of information bias, i.e. recall bias, is important. In Paper IV, all 

measurements (intervention and outcome) could be affected by recall bias. The impact of any recall 

bias is difficult to predict. In Paper IV, recall bias regarding the ePRO would not affect any 

estimate, because it was used as a tool to facilitate PI. However, the outcome measurements 

(measured 2-4 days after the follow-up consultation) could be affected by recall bias dependent on 

the experience at the follow-up consultation (i.e. differential misclassification). 

 
7.2.3. Confounding 

Confounding occurs in cohort studies, especially in investigation of the association between 

exposure and outcome 217. Thus, in the present thesis, this is relevant only for Paper II and IV. 

Confounding can simply be explained as the “confusion of effects”. Thus, an observed risk 

association between exposure and outcome may be misinterpreted as the effect of the exposure 

although it is actually caused by the confounder. Confounding can be adjusted for in the study 

design (e.g. randomisation, restriction, matching) or analyses (e.g. matching, stratification, 

statistical adjustments (simple or multivariable) or sensitivity analysis), whereas statistical analyses 

rarely adjust for substantial design flaws, i.e. selection and information bias. The magnitude of 

these flaws must be investigated in sensitivity analyses217. 

 
Paper II 
We performed a multivariable risk regression analysis to adjust for potential confounding. 
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Paper IV 

Paper IV was performed as a descriptive intervention study. We therefore did not perform 

multivariable adjustment analysis of the outcome estimates, since the study was underpowered for 

this purpose. In general, a well-designed, carefully executed study usually gives results that are 

obvious without a formal analysis; and if there are substantial flaws in design and execution, a 

formal analysis will not help222. Therefore, our results may be affected by several potentially 

confounding effects; disease, comorbidity, gender, etc. Furthermore, certain factors are difficult to 

measure and consequently cannot be adjusted for. These unmeasured factors, e.g. the patient-

clinician relationship, may affect the results to a variable, unknown degree. To investigate the 

magnitude of the patient-clinician relationship, stratification for the clinician at each visit could 

have been performed. 

Finally, as the study was performed over a 2-year period, both potentially confounding covariates, 

i.e. ePRO responses and outcome measurement, were time-dependent and may thus have been 

affected by time. 

 

7.2.4 External validity 

To offer a convincing conclusion, it is necessary and important to ensure study replicability, i.e. 

establish the external validity of the study. Assessment of the replicability of Paper I is possible 

because clinical variables, ICD-10 codes and SNOMED codes are specified (see Appendix I). The 

combination of codes is simple and reproducible (i.e. we combined three variables from the DCCG, 

two ICD-10 codes and several SNOMED codes), enabling a potential external validation. However, 

at a national level, a validation would not be possible, simply because no other data sources are 

available against which to validate our algorithm. An external validation using international data 

sources could theoretically be possible by comparing the completeness of S-PM data registered in 

databases such as Surveillance, Epidemiology and End Results (SEER-Medicare) and/or the 

American National Cancer Database (NCDB) with data obtained from a clinical database.  

In Paper II, we included patients who were free of other cancer, S-PM and other metastases, and 

who received radical or microradical surgery. Due to this strict inclusion, only 53% of the study 

population was included in the analysis for risk and risk factors for M-PM (Appendix 1), and 

potentially introduces intentional selection bias. The implication of our strict inclusion criteria’s is a 

population with an a priori low risk of M-PM, which affects our external validity and should be 

taken into consideration when generalising our results to other populations. 
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7.3 Synchronous peritoneal metastases 

Synchronous peritoneal metastases have been reported at a prevalence of around 5% in patients at 

the time of CRC presentation 67,68, which correlates with our findings in Paper I. Characteristics 

observed in the majority of patients with CRC and S-PM include advanced tumour features (i.e. T4 

tumours and lymph node involvement), age and poor performance status 68. A particular challenge 

that must be addressed in this group is disease dissemination at the time of CRC diagnosis, which 

limits treatment options223,224. This is supported by our findings in Paper I, where 52% of the S-PM 

population presented with liver and/or lung metastases. For patients with S-PM, depending on the 

extent of the peritoneal disease, patient performance and preferences and the institutional capability, 

treatment options vary among none/supportive care, systemic chemotherapy, palliative resections, 

surgical procedures with resection of the primary tumour (open or laparoscopic), 

debulking/cytoreduction alone or CRS in combination with HIPEC225.  

 

Previous studies have demonstrated that treatment strategies are diverse, both on a national and an 

international level71,226,227, reflecting the heterogeneity of the population with S-PM. Current 

guidelines60 recommend that CRS+HIPEC is considered if the PCI allows it. The PCI is the most 

compelling prognostic factor228, and it has been demonstrated that a PCI > 15 significantly reduces 

survival; hence, this is considered as a contraindication228. Despite these recommendations, there 

may be situations in which CRS+HIPEC is not an option. For example, some patients debut with 

intestinal obstruction (or perforation) of the CRC due to S-PM, which requires emergency treatment 

of the primary tumour. The selected emergency treatment could be resection of the primary tumour, 

diverting stoma or self-expanding metallic stent 229. There may also be situations in which the 

peritoneal involvement goes unnoticed perioperatively and is discovered during the histological 

examination of the bowel specimen. Regardless of the situation, resection of S-PM without 

CRS+HIPEC is associated with a high recurrence rate 42,195 and potentially conflicts with the 

opportunities for treatment with CRS+HIPEC for several reasons. First, small tumour cells will be 

captured into fibrosis and adherences during the primary resection which hampers perfusion of the 

HIPEC into the tissue230. Second, the possibility of CRS+HIPEC may be delayed for up to 3-6 

months in case of a primary open surgery with resection of the primary tumour 92(. In case of S-PM 

and a PCI <15, CRS+HIPEC along with resection of the primary tumour should be considered as 

the most optimal treatment 231. 
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Dutch data from the past two decades testify to a general increase in some treatment modalities (i.e. 

systemic therapy, CRS+HIPEC and resection of lymphatic or haematogenous metastases) offered to 

patients with S-PM. Specifically, Dutch data show that from 2005-2009, 10% of patients with S-

PM were treated with CRS+HIPEC. This percentage rose to 23% from 2010-2014. Additionally, a 

significant increase in overall median survival in the total population of patients with S-PM has 

been observed, increasing from 6 months in 1995-2000 to 12.5 months in 2010-201480,81. 

Simultaneously, other advancements in the treatment of CRC metastases have been seen. For 

example, treatment with CRS+HIPEC and concurrent treatment of liver metastases has been 

investigated and proven to be safe and feasible 139with a beneficial survival effect compared with 

systemic chemotherapy 232-234. 

Despite the growing number of treatment options and beneficial survival effects for metastatic 

CRC, the presence of S-PM continues to represent a clinical problem. Therefore, to decrease the 

incidence of CRC and synchronous metastases and to improve overall survival for these patients, 

early detection (i.e. screening programmes) of CRC and removal of pre-malignant polyps have been 

prioritised 1. The introduction of CRC screening has stabilised or decreased the incidence of CRC1, 

and early detection of CRC is expected to decrease the incidence of CRC metastases and lower 

mortality235,236. Despite the introduction of screening, the overall participant rate in Denmark has 

been reported to be 67.2%237, and some will debut with CRC at an advanced stage, hence the 

presence of S-PM continues to represent a clinical problem.  

 

7.4 Metachronous peritoneal metastases 

As demonstrated in Table 1, registry-based studies from Sweden67 and The Netherlands68,70 report 

incidences comparable with ours, while some clinical trials have demonstrated incidences of PM 

reaching 56% in asymptomatic patients a year after CRC surgery195. In general, a risk is a 

probability that takes a value conditional on specific selected pieces of information and may be 

higher or lower than that value if we condition on other relevant information. Therefore, the 

assignment of a given risk merely reflects the particular grouping. This is especially relevant when 

considering the literature regarding the incidence of PM among patients with CRC, where reported 

incidences fall in the range 3-56%72,195. In Paper II, we found an overall risk of 2.2% [2.0; 2.4] after 

5 years. We did expect that the incidence of M-PM would have decreased due to improvements in 

surgical and oncological treatment 4 compared to previous registry-based studies67,68. The incidence 

of M-PM reflects the surveillance and diagnostics of recurrence after curative CRC. In Denmark, 
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follow-up is conducted according to national guidelines recommending that patients with CRC, as a 

minimum, undergo a CT of the thorax and abdomen at 12 and 36 months after surgery and a 

colonoscopy every fifth year until the age 75 years (DCCG – opfoelgning). No optimal surveillance 

is available, and as outlined in section 2.2.2, the sensitivity of CT to detect PM is limited. Registry-

based data of PM is aggregated on this basis, which should be taken into consideration when 

interpreting incidences and risk factors based on such data. Paper I, demonstrates that < half of 

patients with S-PM are registered in the Danish Medical Registries. Even though we have not 

investigated the validity of M-PM registration, one could hypothesis that similar registration is 

current for M-PM. In Table 1, some of the exsisting international registry-based data is listed. These 

data have founded the basis for definition of high-risk patients, without a description of the validity.  

These high-risk patients have been included in the COLOPEC trial143 and the PROHYLOCHIP144 

trial. The PROHYLOCHIP trial demonstrates, that despite no sign of recurrence by standard 

imaging (6 months after CRC surgery), still, 37 patients out of 71 patients in the experimental arm 

had PM at the second-look. Furthermore, the aetiological patterns underlying recurrence remain 

unknown/speculative; hence, the anatomical site of recurrence (some with PM, some with liver 

and/or lung metastases) may vary although patients have largely the same TNM stage; some 

patients develop metastases in the early follow-up period, others later143,144. Both trials have 

demonstrated the major clinical problem with recurrence in the peritoneum for particular high-risk 

patients, and confirmed that no standard imaging technique can assist in the early detection.  

In Paper II, we described a low risk of PM among a population considered to be at low risk (i.e. 

patients undergoing R0 or R1 resections, and patients free of other cancers and metastases 180 days 

after CRC surgery); yet, the incidence of M-PM continued to increase during a 3-year period. Our 

results suggest that recurrence in the peritoneum remains a problem even in a low-risk population. 

We identified T- and N-category as the major risk factors driving this increase in risk; yet, other 

independent risk factors included venous invasion, microradical surgery (R1), emergency surgery 

and right colonic cancers. Our results are consistent with the described high-risk populations 

identified in the international literature (Table 1), and underlines that patients with T4 category and 

N2 category tumours require thorough surveillance. Besides these well-known major risk factors, 

other risk factors are described only sparsely 229. Therefore, the risk factors (right colonic cancers, 

emergency surgery, R1, EMVI) identified in Paper II could contribute with additional detailed 

information on which patients (among those with T4 tumours) require extra attention during the 

surveillance period. There is an inconsistency in the definition of high-risk patients. For example, 



    

 

 58 

around half of the patients in the PROPHYLOCHIP trial had localized S-PM or synchronous 

ovarian metastases, which should be considered as signs of manifest PM; hence, potential 

candidates for CRS+HIPEC. In the COLOPEC trial, patients were included based on the following 

high-risk factors such as T4 tumours and tumour perforation. Despite the fact that we do know that 

PM occurs in patients at high-risk, the pattern of recurrence (i.e. early or late) in the peritoneum is 

(still) speculative, and there is currently no consensus on how to determine which subgroups 

develop metastases early or late during follow-up. This is supported by findings from the 

COLOPEC trial in143 which PM was detected during surgical re-exploration (prior to intentionally 

adjuvant HIPEC) and by the fact that 10% of patients with pT4 CRC had PM within 2 months after 

primary resection. Still, Klaver et al. found that some patients developed M-PM at a longer interval 

(>12 months) after the primary resection. These findings motivated the launch of the COLOPEC-II 

trial238. In this trial, second-look diagnostic laparoscopy at 6-9 months after primary CRC and third 

look diagnostic laparoscopy at 18 months after CRC are performed to detect PM at the subclinical 

stage, which may be considered an essential strategy in follow-up of these patients with a T4N0-

2M0 CRC238 (Clinicaltrials.gov: NCT03413254). Results from the COLOPEC-II trial are expected 

to describe the pattern of PM recurrence and to differentiate between those with early and late 

recurrence.  

In conclusion, thorough knowledge of the metastatic pattern in CRC is warranted. Registries offer 

the possibility of monitoring prevalence, incidence, treatment methods, mortality rates and 

prognosis of a given disease; however, the feasibility of this approach hinges on the validity and 

completeness of the recorded data. To our knowledge, our algorithm introduced in Paper I is the 

first published algorithm to detect PM recurrence. However, results from Paper I show a low level 

of registration completeness of PM in the Danish medical registries. It is unknown whether this also 

applies to international registries, and any conclusions in this regard are speculative. Before 

implementation of the algorithm, the accuracy with which metastases are registered should be 

improved. Therefore, an important step in the improvement of research within the epidemiological 

field of PM and its treatment is to encourage clinicians to register the presence of (all) metastases. 

No consensus exists regarding a uniform follow-up 146, and the assessment of follow-up balances 

between benefits and disadvantages. The existing evidence for an intense follow-up has 

demonstrated neither a reduction in overall survival nor a higher rate of recurrence149,239 , and the 

effect of intense follow-up on HRQoL, anxiety and depression remain inconclusive. However, a 
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method to early detection of microscopic residual disease after curative CRC surgery is needed. 

This has led to a new randomised multicentre trial, IMPROVE-IT2, which investigates the potential 

of minimally invasive blood-based analysis of circulating tumour DNA (cDNA) to guide 

postoperative surveillance for UICC stage II –III cancers240. The study aims to increase the 

proportion of patients that potentially can receive curatively intended resection for limited recurrent 

CRC240. Results are awaited. 

With the introduction of ctDNA240 the potential exists for a follow-up that effectively identifies the 

presence of microscopic residual disease and facilitates early, targeted treatment of metastases. The 

patient’s perspective on follow-up has been investigated sparsely241. It has been demonstrated that 

patient-led follow-up does not result in less use of healthcare resources or improved patient self-

management or satisfaction. In an RCT investigating the effect of patient-led follow-up, a sub-study 

demonstrated that within the first 13 months of the trial, 113 out of the 262 patients invited declined 

to participate242. The main reason reported for declining to participate was lack of energy. As 

intensive follow-up does not improve survival or the proportion of diagnosed recurrence and as 

results from patient-led follow-up have proven less effective, the patient’s perspective on follow-up 

should be taken into consideration. 

 

7.5 Patient involvement 

7.5.1 Patient-reported outcomes to achieve involvement 

In the present dissertation, we consider PI as a strategy to achieve patient-centred care243 and PROs 

as a tool to facilitate PI during follow-up244 . The identification of physical, functional and mental 

symptoms has previously been demonstrated to be effective for monitoring cancer patients’ 

individual needs and concerns as well as their symptoms and disease development; and for making 

them more active and committed to self-management182,245-247. In Paper IV, we confirmed that the 

identification of symptoms seemed to increase PI by widening the scope for dialogue and 

encouraging patients to ask questions and share their experiences and concerns during follow-up 

visits. Nevertheless, monitoring PRO does not in itself assure PI246,248,249 , and it should be 

recognised that the impact PROs have may not lie in their mere use but in the role played by 

mediators, e.g. implementation of a PRO strategy246,249, changes in patient-physician 

communication and increased patient-centredness175,250 , and the impact their use has on the patient 

completing the ePRO. It has been demonstrated that patients who prepare themselves (i.e. complete 

the ePRO) before a medical consultation become more personally reflected and are better at linking 
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symptoms to the disease process 182,248. In Paper III, we demonstrated that 21% of the ePRO 

consultations were not documented in the Ambuflex system or the medical record. Even so, in 

Paper IV our results do indicate that ePRO consultations seemed to increase PI. Hence, filling in the 

ePRO at home before the consultation has an impact in itself. However, to determine the magnitude 

of this impact, a sensitivity analysis should be performed, investigating the patient’s assessment of 

PI in the 21% of ePROs that were not completed. 

PROs were initially introduced as a tool to identify the patient’s perspective on health, illness and 

effects of treatment. For example, the PRO measure of the EORTC was primarily developed to 

monitor HRQoL and effects of oncological treatment in clinical trials213. During the past few years, 

the use of PRO in other settings has rapidly increased186,205 , e.g. PROs as mediators of PI176. The 

validity of PROs is evaluated in terms of their contents (i.e. the PRO includes all dimensions of a 

construct), criterion (i.e. predict directly observable phenomenon) and construct (i.e. the extent to 

which a survey measures the theoretical construct it is intended to measure). As no specific PROs 

were available for the population undergoing complex surgery55, a valid construct was ensured by 

including validated PROs (EORTC QLQ C-30213,251, O28215 and CR29214) in the ePRO. Other 

studies have suggested that predetermined PROs (e.g. EORTC QLQ C-30), which are set up as 

original questionnaires or structured sequences of questions, may not encompass the most 

compelling topics for the patient to discuss247,248. As we considered patients to be individuals with 

different needs, we added three prioritised issues among patients’ preferences. We performed no 

formal development and validation of the ePRO193; however, we performed structured interviews 

with both patients and clinicians to determine the appropriateness of the ePRO. The results 

demonstrated that patients found the ePRO sensitive to identifying their symptoms and sufficient 

with respect to covering the breadth of symptoms experienced. Hypothetically, a PI consultation 

could also have used other validated PROs or simple questions and it could have been facilitated by 

using tailored communication strategies or a combination of these measures. A disadvantage when 

applying validated PROs is that some patients might consider the PROs to be standardised and 

unsuited for assessing issues relevant to them247. On the other hand, an advantage of using the 

validated PROs is the ability this approach affords to screen broadly for physical and mental 

symptoms (including function) as well as sexual, social and economic issues. This forced patients to 

reflect on multiple symptoms and sequelae following complex surgery for their advanced cancer 

disease, and enabled the clinician to get a quick overview of which symptoms (among a broad 
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category of symptoms) particularly affected the patient. It could be argued that the involvement of 

patients in the research and in the selection process is highly relevant252.   

7.5.2 Patient-reported outcomes to measure involvement 

Studies often focus on different aspects of PI, aiming to describe health care definitions, patients’ 

and/or clinicians’ preferences, experiences of PI or outcomes of person-centred care184. The 

scientific impact of PI is limited due to our current inability to define and measure PI in any 

uniform way162 . In the present dissertation, we applied questions (indicator targets of PI developed 

by DEFACTUM212) aiming to detect the patient’s experience of PI during follow-up. Furthermore, 

to analyse the effect of the intervention, we applied the PAM measurement, which is recognised as 

an outcome measurement in the evaluation of patient engagement 184,253. It has been suggested that 

surveys alone do not provide the full picture of patient-centred care, and that surveys should be 

supplemented with interviews (with patients, relatives and clinicians) and observations of clinical 

encounters184. Retrospectively, to inform aspects of PI and PA in a population with advanced cancer 

subjected to a newly developed intervention, evaluating the clinician’s perspective as well would 

have been beneficial254,255.  

 

7.5.3 Aspects of patient involvement in patients undergoing complex cancer surgery 

Throughout the years, PI has become increasingly used both nationally and internationally, and PI 

has become a prioritised item on both politicians and healthcare professionals’ agendas176. Despite 

this, the implementation of PI into a clinical setting is complicated. Some state that the involvement 

of patients and their perspectives is an established practice, whereas others consider PI to represent 

a paradigmatic shift away from the traditional paternalistic healthcare model 256. It has been 

suggested that PI ranges along a continuum from a consultation to a partnership and shared 

decision-making257. Therefore, the discussion of PI in a clinical setting should not constitute an 

‘either or’ but rather a ‘how’. The results from Paper IV demonstrate that the implementation of 

ePRO in follow-up harbours a potential for improving PI in a population undergoing complex 

surgery for advanced cancer. As the treatment of metastatic cancer has improved, the population of 

patients surviving advanced cancer (i.e. metastatic cancer) is expected to increase. Therefore, 

further investigation into strategies to involve this population of patients is needed.  

Several circumstances regarding this population should be considered prior to a potential PI 

intervention. The treatment of metastatic disease is often centralised, and the growing centralisation 

necessitates transitions between different healthcare departments, different healthcare systems and 
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different geographical locations173. One of the consequences of these transitions is that the patients 

may feel unimportant and left behind in the organisational system, and the task to navigate between 

hospitals and treatments is left to the patients, which compromises their everyday life by forcing 

them to be available to the healthcare system173. Furthermore, in the follow-up, HIPEC patients 

sought family, friends and complementary treatments (i.e. cannabis medication) to find relief of 

symptoms173,258. This shows that PI is of special importance in this population. In Paper IV, our 

results demonstrate that using PRO in a consultation might improve PI and they identify the 

unresolved potential for using PI.  

Another consideration is the risk of recurrence. Patients are treated for advanced cancer (i.e. 

metastatic cancer), and approximately three quarters of them will experience recurrence 259. As 

demonstrated in Paper III (Figure x), a consequence of this is that for patients the CT is an 

important issue because it may disclose potential recurrence. The CT scan strongly impacts the 

consultation and hypothetically impairs the possibility of introducing PI. For PI to be effective, the 

two parties involved must have equal power, which can never actually be guaranteed260. Patients are 

individuals with different needs and different needs at different times, affecting their behaviour. A 

model called The Preference Scale conceptualises patients’ preference for involvement in decisions 

about their health. This scale may be used for different groups of patients. The active patient 

experiences a patient-controlled consultation. The collaborative patient experiences a consultation 

in which the doctor and the patient share treatment responsibility. The passive patient experiences a 

consultation controlled by the clinician261. This diversity in experience is supported by findings in 

paper III, where we demonstrated that 23% of the prioritised issues did not include a response, and 

that the remaining issues of prioritisation included a variety of symptoms. In a complex cancer 

setting, PI should be a dynamic process adapted to the patient’s need for involvement in each 

consultation. A priori screening for patient symptoms and well-being guided the clinician in the 

process of ‘cure sometimes, treat often, comfort always’ and demonstrated that PI is possible in 

patients treated with complex surgery for advanced cancer. 
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8. Conclusions  

Based on the four studies included in the present thesis, the following conclusions can be drawn: 

- The Danish medical registries (DNPR/DNPatR) capture <50% of patients registered with S-

PM, but completeness is higher for potential candidates for curative treatment  

- Based on data from the Danish medical registries, the risk of M-PM is low in a low-risk 

population 

- Advanced T and N category primarily drives the increased risk of M-PM 

- Factors such as right-sided colonic cancers and tumours requiring emergency surgery 

independently increase the risk of M-PM, while extramural venous invasion and 

microscopic tumour-involved resection margins (R1 resections) are associated with an 

increased risk of M-PM 

- Patients undergoing complex surgery for PM are willing to use ePRO in a follow-up  

- In approximately one fifth of consultations, clinicians do not seem to apply the ePRO 

- PRO-based follow-up does not improve the patient’s knowledge, skills and confidence in 

self-management 

- PRO-based follow-up seems to further dialogue and encourage patients to ask questions and 

share their experiences and concerns  
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9. Perspectives 

In the present thesis, we demonstrated that improvements in the general management of CRC have 

not changed the incidence of PM in a low-risk population. We identified several risk factors of 

different magnitude associated with cancer recurrence in the peritoneum. Even so, uncertainty 

prevails as to how early recurrence is best detected, which treatment is most effective and what is 

the optimal design for patient follow-up.  

None of the trials investigating the effect of second-look with HIPEC reported a beneficial 

reduction in the risk of M-PM. In the COLOPEC trial, 21% of the included patients (patients with 

T4 category tumours or perforated colorectal tumours) developed M-PM at various times during a 

relatively short follow-up (2-12 months)238 after curative CRC surgery. This raises two important 

questions. What is the effect of HIPEC? How should we select high-risk patients? First, concerns 

regarding HIPEC as an adjuvant treatment have been focused on the applied drug, HIPEC perfusion 

time, hyperthermic temperature, and different time-points for HIPEC administration 

(simultaneously with primary surgery or as a staged postoperative procedure. This discussion has 

been fuelled by the results from the PRODIGE 7 trial. Second, the definition of high-risk patients is 

inconsistent leading to different inclusion criteria in the COLOPEC and the PROHYLOCHIP trial.    

There should be a distinguee between the high-risk patients with localized S-PM and/or 

synchronous ovarian metastases, and those with other high-risk factors such as advanced T and 

Ncategory. Those patients with localized S-PM and/or synchronous ovarian metastases should be 

considered as candidates for CRS+HIPEC, and if this is not an option, results from the 

PROPHYLOCHIP demonstrates that intensive surveillance within the first year after CRC resection 

is important. As the PROHYLOCHOP trial demonstrated that surveillance with CT is insufficient 

to detect recurrent PM, second-look should be considered in these patients within the first year after 

CRC.  

 According to our results from Paper II, the incidence of M-PM increases up to 5 years after CRC 

surgery, and alongside advanced T and N category constituting a risk for M-PM, factors such as 

right-colonic cancers, tumours requiring emergency surgery, extramural venous invasion and 

microscopic tumour-involved resection margins contributes to the risk of M-PM. Histopathological 

factors such as tumour histology, tumour deposit, mismatch repair has also been associated with a 

worse prognosis and a higher metastatic potential262. With the improvements within the diagnosis, 

treatment and staging of CRC, we are obliged to develop our selection criteria. Our results from 

paper II demonstrate that surveillance for at least 3 years is highly relevant, and that 
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histopathological factors (i.e. extramural venous invasion and microscopic tumour-involved 

resection margins) should be included in a more detailed staging of CRC patients, to inform efforts 

to distinguish between subgroups of patients in terms of their outcome risk. There is an untapped 

potential for knowledge and international agreement of the optimal selection and surveillance of 

high-risk CRC patients, which should be clarified before the initiation of more studies investigating 

the effect of adjuvant HIPEC. Surveillance with CT to detect PM is insufficient, and a diagnostic 

laparoscopy is preferred. This has been initiated with the COLOPEC II trial, which evaluates the 

effect of second- and third-look diagnostic laparoscopy to detect early PM. Unfortunately, inclusion 

criteria’s are restricted to curative resection of pT4a,bN0-2M0 CRC without further pathological 

high-risk factors. A detailed staging of high-risk groups will require a multidisciplinary effort 

between researchers, surgical oncologists and experienced pathologists.  

As some factors in the follow-up remain uncertain, research at a population-based level is needed to 

ensure evidence-based information regarding recurrence, survival and long-term sequelae as a 

foundation for future guidelines. As demonstrated in Paper I, the registration of peritoneal 

metastases following curatively intended colorectal surgery has a low level of completeness in the 

Danish medical registries, and improvements are warranted to monitor and ensure evidence of the 

metastatic pattern following CRC surgery. There is a good possibility for through registration of 

CRC patients and recurrence in Denmark, because multidisciplinary team meetings are mandatory 

to determine stage of disease and treatment, along with a mandatory registration of first time CRC 

in the DCCG database. The Danish follow-up is guided by national guidelines recommending a 

computed tomography of the thorax and abdomen at 12 and 36 months after surgery. With such a 

structured follow-up, should it be natural to register recurrence (yes/no), location of recurrence and 

potential long-term sequelae in a clinical database such as the DCCG. This would improve the 

knowledge of patterns of recurrence and long-term sequelae at a population-based level. 

At an individual level, follow-up serves multiple purposes besides detection of recurrence. Our 

knowledge of patient-centred care and side effects following complex cancer treatment (i.e. 

CRS+HIPEC) stems from small cohort studies and systematic reviews (ref), and no guidelines exist 

for how to detect and report side-effects following CRS+HIPEC. When providing patient-centered 

care, identification of the individual problems and symptoms is a key element. In Paper III and IV, 

we demonstrated that patients undergoing complex surgery for PM were positive towards follow-up 

supplemented by PRO. Our results indicate that PRO-based follow-up seems to facilitate dialogue 

that encourages patients to share their concerns and ask relevant questions. This indicates a 
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potential for improvement of patient-centred care and the facilitating ability of using PROs to do so. 

In this context, it should be acknowledged that the use of PROs requires a coordinated effort. First, 

financial resources must be available to provide a digital solution for the PRO, including the daily 

administration of the tools used. Second, resources must be allocated to secure continuous 

application of PROs in patient encounters. Third, all clinicians should be trained in the use of PRO. 

In Paper III, we demonstrate that patients prioritise different issues prior to a clinical consultation; 

the majority (80%) of patients who did not have a prioritised issue underwent complex surgery > 6 

months. This indicate that the essence of patient-centred care is to customise follow-up; still, this 

need for a customised follow-up with PROs may not be present throughout the whole follow-up 

period. One could argue that standardised questionnaires are inconsistent with customised follow-

up. However, until PRO becomes an integrated part of a follow-up routine, standardisation is 

required to a priori screen for the patient’s needs, symptoms and concerns. 
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10. English abstract 

Registries contain comprehensive data that provide clinicians and researchers with the possibility to 

monitor prevalence, incidence, mortality and prognosis of a disease on the assumption of valid data. 

In general, the validity of metastases registered in medical registries is debated (Chawla, Warren, 

Ehrenstein). Little is known about the validity of registrations of peritoneal metastases. In the first 

paper, we aimed to investigate the completeness of registrations of synchronous peritoneal 

metastases at the time of colorectal cancer diagnosis. We found that the Danish medical registries 

capture <50% of patients registered with synchronous peritoneal metastases. The completeness is 

higher for potential candidates for curative treatment than for the total population of patients with 

synchronous peritoneal metastases.  

With the introduction of cytoreductive surgery and hyperthermic intraperitoneal chemotherapy, 

survival and prognosis for a selective group of patients with limited peritoneal disease following 

gastrointestinal cancer has improved. To detect PM at limited stage, investigations into early 

detection of peritoneal recurrence among patients with a high risk has been initiated. The inclusion 

of high-risk patients in these studies is based on previous register-based and prospective studies, 

including populations subjected to surgery prior to the general improvements observed in the 

current up-to-date management regime for patients with colorectal cancer. In Paper II, we aimed to 

identify if the outlined improvements had affected the incidence and risk factors of metachronous 

peritoneal metastases. We found an overall low risk of 2.2% for metachronous peritoneal 

metastases within 5 years after curative surgery for colorectal cancer. We found that advanced T- 

and N-category primarily drives the increased the risk of metachronous peritoneal metastases up to 

3 years after surgery for colorectal cancer. Furthermore, factors such as right-sided colonic cancers 

and tumours requiring emergency surgery independently increase the risk of M-PM, while extra-

mural venous invasion and microscopic tumour-involved resection margins (R1 resections) 

contributed to the risk of M-PM. This supports the need for surveillance for at least 3 years post-

surgery and surveillance may also be beneficial when selecting patients who require extra attention 

during the surveillance period. 

Survival and prognosis of patients undergoing cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy are described in detail; yet other aspects of treatment such as optimal 

patient-centred follow-up are sparsely described. To facilitate patient-centred care, patient 

involvement is a preferred strategy, and it has proven to have beneficial outcomes such as better 

health-related quality of life and emotional well-being and to facilitate discussion of symptoms. 
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However, patient involvement has rarely been investigated in populations with advanced cancer 

treated with complex surgery. In the present dissertation, to facilitate patient-centred care, we 

introduced a follow-up based on digitally captured patient-reported outcomes in patients undergoing 

complex surgery for peritoneal metastases (ePRO). The ePRO consisted of standardised 

questionnaires (European Organisation for Research and Treatment of Cancer and some items from 

the Hospital and Anxiety Depression Scale) and three prioritized issues among patients’ preferences 

for items to be discussed. We interviewed five patients, who all found the ePRO to be appropriate. 

None of the clinicians had any suggestions for additions to the ePRO. Overall, we found that 

patients were positive towards a follow-up supplemented with PRO, and 73% of the participants 

responded to the ePRO. In approximately one fifth of follow-up consultations, clinicians did not 

seem to apply the ePRO.  

We measured the effect of the ePRO-based consultation in terms of patient activation and patient 

involvement. We did not find PRO-based follow-up to improve patient activation, i.e. the patient’s 

knowledge, skills and confidence for self-management. However, PRO-based follow-up seemed to 

facilitate patient-centred follow-up and involved patients by widening the scope for dialogue and 

encouraging them to ask questions and share their experiences and concerns.  
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11. Danish abstract 

De danske registre indeholder omfattende data om patienters kontakt til syghusvæsenet i form af 

diagnose- og procedurekoder. Såfremt disse data er valide, giver de klinikere og forskere mulighed 

for at overvåge en sygdoms forekomst, dødelighed og prognose. Generelt er registreringen af 

kræftdiagnoser valid i de danske registre, hvorimod registreringen af mulige metastaser har været 

dårlig. Der vides intet om validiteten af registrering af peritoneale metastaser fra kolorektal kræft. 

Formålet i studie I var at undersøge de danske registers komplethed i registrering af peritoneale 

metastaser på tidspunktet for en kolorektal kræftdiagnose. Vi fandt, at <50% af patienterne med 

synkrone peritoneale metastaser bliver registreret i de danske registre. Fuldstændigheden af 

registreringer er højere for de patienter, der er mulige kandidater til intenderet helbredende 

behandling, end i den samlede population af patienter med synkrone peritoneale metastaser som 

helhed. 

Behandlingen af peritoneale metastaser med udgangspunkt fra tyk- og endetarm er blevet forbedret 

med introduktionen af cytoreduktiv kirurgi og hyperthermisk intraperitoneal kemoterapi, om end 

dette dog kun gælder for en selektiv gruppe af patienter med begrænset peritoneal sygdom. Derfor 

er undersøgelser af den tidlige påvisning af peritoneal tilbagefald iværksat samtidig med, at der 

implementeres profylaktiske strategier for patienter med en høj risiko for peritonealt tilbagefald 

(Klaver - COLOPEC, Elias). Disse højrisikopatienter er defineret forud for de generelle 

forbedringer, der er blev observeret i den nuværende diagnostik, behandling og opfølgning af 

patienter med kolorektal kræft. Formålet med studie II var derfor at undersøge, om forbedringerne 

inden for kolorektalkirurgien har påvirket forekomsten af og risikofaktorerne for metakrone 

peritoneale metastaser. Vi fandt en samlet lav risiko på 2,2% for metakrone peritoneale metastaser 

inden for 5 år efter helbredende kirurgi for tyk- og endetarmskræft. Vi fandt, at avanceret T- og N-

kategori primært driver den øgede risiko for metakrone peritoneale metastaser op til 3 år efter 

operation for kolorektalkræft. Endvidere er højresidige kolontumorer og tumorer, som kræver 

akutkirurgi, selvstændige risikofaktorer for M-PM, mens ekstrainvasion og mikroskopiske 

tumorinvolverede resektionsmargener (R1-resektioner) er forbundet med en øget risiko for M-PM. 

Resultaterne fra studie II understøtter behovet for opfølgning af kolorektalkræftpatienter i mindst 3 

år, og resultaterne identificerer hvilke patientkategorier, der bør følges med større overvågenhed. 

Prognosen for patienter, der gennemgår cytoreduktiv kirurgi og hyperthermisk intraperitoneal 

kemoterapi, er beskrevet i detaljer, mens andre aspekter af behandlingen såsom optimal 

patientcentreret opfølgning kun er sparsomt belyst. Patientinvolvering en foretrukken strategi til 
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patientcentreret behandling, og brugen af patientinvolvering har vist gavnlige resultater såsom 

bedre livskvalitet og større mentalt velvære og har faciliteret en diskussion af symptomer. 

Imidlertid er patientinddragelse sjældent undersøgt i populationer med avanceret kræft, der kræver 

kompleks kirurgi, for eksempel peritoneale metastaser. For at fremme patientcentreret opfølgning 

efter kompleks kirurgi for peritoneale metastaser introducerede vi en opfølgning baseret på 

elektroniske patientrapporterede outcomes. Formålet med studie III var at beskrive udviklingen i og 

genførligheden af denne form for opfølgning. De elektroniske patientrapporterede outcomes bestod 

af standardiserede spørgeskemaer samt tre prioriterede spørgsmål i overensstemmelse med 

patientens præference. Anvendeligheden af de elektroniske patientrapporterede outcomes blev 

evalueret af fem patienter, som alle fandt fremgangsmåden passende. Generelt fandt vi, at 

patienterne var positive over for en opfølgning suppleret med elektroniske patientrapporterede 

outcomes, hvilket illustreres af en svarrate på 73% af studiepopulationen. De primære problemer, 

der blev prioriteret af patienter til opfølgningskonsultationen, var gastrointestinale symptomer, 

forklaring af CT-scanningen og bekymringer vedrørende prognose (dvs. risiko for tilbagefald) og 

opfølgning. I cirka en femtedel af opfølgningskonsultationerne blev der anvendt ePRO. Formålet 

med studie IV var at estimere effekten af konsultationerne støttet af elektroniske patient-

rapporterede outcomes. Effektmålene var patientaktivering og patientinvolvering. Vi fandt, at en 

opfølgning støttet af elektroniske patientrapporterede outcomes ikke forbedrede patientaktiveringen, 

dvs. patientens viden, færdigheder og selvtillid til selvledelse.  Til gengæld var der en tendens til, at 

patientcentreret opfølgning involverede patienterne ved at udvide muligheden for dialog og 

tilskyndede patienter til at stille spørgsmål og dele deres oplevelser og bekymringer. 
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Introduction: Treatment options for peritoneal metastases (PM) from colorectal cancer
(CRC) have increased, their efficiency should be monitored. For this purpose, register-based
data on PM can be used, if valid.

Purpose: We aimed to evaluate the completeness and positive predictive value (PPV) of
synchronous peritoneal metastases (S-PM) registered among CRC patients in the Danish
National Patient Register (DNPR) and/or the Danish National Pathology Register (the
DNPatR) using the Danish Colorectal Cancer Group database (DCCG) as a reference.

Patients and Methods: We identified Danish patients with newly diagnosed primary CRC in
the DCCG during 2014–2015. S-PMwere routinely registered in the DCCG.We excluded patients
with non-CRC cancers and identified S-PM using all three registries. We estimated the complete-

ness and the PPVof registered S-PM in the DNPR, the DNPatR and the DNPR and/or the DNPatR
(DNPR/DNPatR) in combination using the DCCG as the reference. We stratified by age, gender,
WHO performance status, tumour location and distant metastases to liver and/or lungs.

Results: We identified 9142 patients with CRC in DCCG. In DCCG, 366 patients were
registered with S-PM, among whom 213 in DCCG only, whereas 153 in DCCG and in at
least one of DNPR and/or DNPatR. In DNPR/DNPatR, S-PM was registered with

a completeness of 42% [95% CI: 37–47] and a PPV of 60% [95% CI: 54–66]. In the
DNPR only, the completeness was 32% [95% CI: 27–37] and the PPV 57% [95% CI: 50–
64]. The completeness in the DNPatR was 19% [95% CI: 15–23] and the PPV was 76%
[95% CI: 68–85]. In the DNPR/DNPatR patients aged <60 years (57% [95% CI: 46–69]),

patients with WHO performance status 0 (46% [95% CI: 37–54]) and patients with no distant
metastases (58% [95% CI: 50–65]) were registered with a higher completeness.
Conclusion: Our algorithm demonstrates that the DNPR/DNPatR captures less than half of

CRC patients with S-PM. Potential candidates for curative treatment options are registered
with a higher completeness. Clinicians should be encouraged to register the presence of
S-PM to increase the validity of register-based S-PM data.

Keywords: validity, synchronous peritoneal metastases, registries, colorectal cancer,
epidemiology, completeness

Introduction
Colorectal cancer (CRC) is the thirdmost common cancer worldwide and in Denmark.1

Approximately 18–19% of CRC patients present with metastatic disease.2,3 Treatment
of metastatic CRC in particular has improved considerably during the past decade,
primarily due to a multidisciplinary approach offering metastasis-directed treatment.
Such treatment options include, among others, surgical resection, ablative procedures
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(radiofrequency ablation (RFA) or microwave therapy),
stereotactic radiotherapy, and cytoreductive surgery (CRS)
and hyperthermic intraperitoneal chemotherapy (HIPEC).4,5

Treatment strategies for colorectal peritoneal metastases
(PM) have changed from palliative treatment to intended
curative treatment with CRS and HIPEC.6,7 PM diagnosed
concurrently with the primary CRC is referred to as synchro-
nous peritoneal metastases (S-PM), while recurrence in the
peritoneum is called metachronous peritoneal metastases.
There is no well-defined distinction between synchronous
and metachronous PM, however, an interval of 6 (or less)
months after diagnosis of the primary CRC is often used to
define synchronous PM (S-PM).8,9

The diagnosis of PM is challenging and not necessarily
based on a histopathological verification. The sensitivity of
a PM diagnosis is based on preoperative radiological
assessment such as computer tomography (CT) scans,
and has been reported with a great variance from 11% to
96%.10 Currently, no radiological imaging is superior to an
intra-operative assessment of the peritoneal cavity.11

Registries contain large comprehensive data, and the
registration of S-PM enables clinicians and researchers to
monitor prevalence and incidence along with treatment
methods, mortality rates and the prognosis. However, this
relies on the validity of S-PM data.12 To our knowledge, the
completeness of registered metastasis from CRC is poorly
investigated. An algorithm to identify CRC recurrence in
registries has been developed by Lash et al;13 however, the
algorithm is not specific for anatomic site of recurrence,
especially not in the peritoneum. When investigating the
validity of register-based data on metastasis, the value of
medical charts as the golden standard has been questioned
because metastasis not necessarily leads to medical atten-
tion, diagnostics and registration.14,15 No algorithm to iden-
tify S-PM from CRC has been developed.

We aimed to evaluate the completeness and positive
predictive value (PPV) of the registration of S-PM in the
Danish medical registries.

Methods
Study Design and Setting
The study was designed as a nationwide population-based pre-
valence study using data from the Danish National Colorectal
Cancer Group (DCCG) database, the Danish Civil Registration
System (DCRS), the Danish National Patient Registry (DNPR)
and The Danish National Pathology Registry (DNPatR). The
study is reported according to the “Strengthening the Reporting

of Observational Studies in Epidemiology (STROBE)”
guidelines.16 We included all Danish patients registered in the
DCCG database with primary CRC diagnosed in the period
January 1st 2014 to December 31st 2015. The population of
Denmark includes approximately 5.8 million inhabitants. All
Danish citizens have access to a tax-supported primary and
secondary health-care system.17

Study Population
The date of CRC diagnosis as registered in the DCCG
database was defined as the index date. Patients with
another primary, non-CRC diagnosis registered in the
DNPR within a period of 5 years prior to and 180 days
after index date were excluded to ensure that PM origi-
nated from CRC (Figure 1). However, patients remained in
the study if S-PM was identified in the DCCG database or
histopathological verified to originate from CRC.

Data Sources
The Danish Colorectal Cancer Group
Since 2001, Danish patients with first-time, primary CRC
managed at a surgical department have been registered in
the DCCG database. The date of CRC is registered as the
date of biopsy verification. If CRC is not histologically
verified, the date of CRC diagnosis is registered as the date
of surgery or the date when the patient is informed of the
cancer. The completeness of CRC patients in the DCCG is
>95%.18 The DCCG database contains patient-related
characteristics and information on diagnostic, surgical,
pathological and few oncological procedures. All informa-
tion is registered within 30 days from the CRC diagnosis.
Recurrence of the CRC is not registered in the database.
The DCCG database underwent a major revision in 2009
including more pathology and again in 2014, implicating
an implementation of more detailed registration of several
variables, including the registration of S-PM.

The Danish Civil Registration System
All Danish residents are registered in the DCRS, and
assigned with a unique 10-digit civil person registration
(CPR) number, entailing unambiguous individual-level
record linkage to other Danish registers. The DCRS is
updated with information on migration and vital status
on a daily basis, allowing complete long-term follow-up.19

The Danish National Patient Registry
It is mandatory for all hospitals in Denmark to report
information on all outpatient and inpatient hospital
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contacts to the DNPR. For each hospitalization, DNPR
record dates of admission and discharge, one primary
and potentially several secondary diagnoses using the
Danish version of the International Classification 8th revi-
sion (ICD-8) from 1977 to 1993 and ICD-10 thereafter.12

The Danish National Pathology Registry
The DNPatR was established in 1997 and all pathologi-
cal examinations performed in Denmark are registered
according to national guidelines, including
a topography- and morphology-code as a minimum.
Each specimen is linked to the patient’s CPR and the
specific Danish Systematized Nomenclature of Medicine
(SNOMED) codes.20

The Reference Database
We choose to use the DCCG database as the reference
standard because we expected that these data would be of
the highest completeness since the presence or absence of

PM is mandatorily registered by dedicated CRC-surgeons
since 2014.

In general, the reference standard often used to validate
register-based data is medical journals. However, the qual-
ity of medical journals as “golden standard” in the valida-
tion of registered metastases has been questioned, mainly
because medical charts itself may be incomplete with
respect to recording the presence and/or exact numbers
and onset of metastases.15 Further, some metastases may
be asymptomatic and may not come to medical attention
until routine checkups, and it is possible that recording of
metastases in the medical charts is not prioritized for
patients with a limited life expectancy.15

The registration of PM is even more difficult because
the diagnosis of PM is challenging in its nature. For
example, there is a large variability in the sensitivity of
the radiological imaging ranging from CT scans, PET/CT
and MRI and the variability is dependent on the anatomi-
cal site and size of the peritoneal metastases.10

Patients registered with primary 
colorectal cancer

n= 10,336

5 years 180 days

Exclusion of non-colorectal cancer
patients
n= 886

Exclusion of non-colorectal cancer
patients
n= 308

Patients with a colorectal cancer 
diagnosis and no other cancer 

diagnosis
n= 9,142

Patients with no synchronous 
peritoneal metastases

n= 8,674 (95%)

Patients with synchronous peritoneal 
metastases

n= 468 (5 %)

2014 2015

Figure 1 Flowchart of Danish colorectal cancer patients diagnosed with synchronous peritoneal metastases (S-PM) between 2014 and 2015.
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Clinical Variables
All clinical- and patient-related variables were collected
from the DCCG database. The Charlson Comorbidity
Index (CCI) was categorized into three levels of comor-
bidity (0: no comorbidity, 1–2: mild to moderate comor-
bidity, and >2: severe comorbidity).21

Algorithm for Identification of
Synchronous Peritoneal Metastases
The algorithm applied to identify S-PM patients included
the identification of a PM diagnosis registered in at least
one of the three registries (the DCCG database, the DNPR
and the DNPatR) within 180 days after the date of CRC
diagnosis.

For specific ICD-10 codes in the DNPR and specific
SNOMED codes in the DNPatR please see the Appendix.

Statistical Analysis
To validate the registration of the ICD-10 codes in the
DNRP and the SNOMED codes in the DNPatR we used
registrations in the DCCG as reference.

The sensitivity formula was used as a measure of
completeness, and estimated for each registry (DNPR
and DNPatR) and for the registries in combination
(DNPR/DNPatR).

The completeness was estimated by dividing the number
of patients with a PM diagnosis in both the respective registry
(DNPR, DNPatR or a combination (DNPR/DNPatR)) and
the DCCG (numerator) by the number of all patients regis-
tered with PM in the DCCG (denominator).

The PPV was estimated for each registry (DNPR and
DNPatR) and for the registries in combination (DNPR/
DNPatR). The PPV was defined as the number of patients
registered with a PM diagnosis in the respective registry
(DNPR, DNPatR or a (DNPR/DNPatR)) and the DCCG
(numerator), divided by the number of all patients with
a PM diagnosis registered in the respective registry
(DNPR, DNPatR or a combination).

We used 180 days after the index date to distinguish
between synchronous and metachronous PM. The median
days from CRC diagnosis until diagnosis of S-PM in one
or more of the registries were presented with the inter-
quartile range. The date of S-PM diagnosis in the DCCG
was equal to the date of CRC cancer because this was
registered concurrently. If patients were registered in both
the DCCG and the DNPR/DNPatR, the date of S-PM in
the DNPR/DNPatR was used, which ever came first.

To evaluate if the coding quality in the DNPR/DNPatR
differed within clinical relevant subgroups, we stratified by
age groups (≤60, 60–69, 70–74, 75–80 and ≥80 years),
sex, WHO performance status, tumour location and distant
metastases to the liver and/or the lungs (yes/no).

Patient characteristics are presented by patients registered
in (1) Only the DCCG, (2) the DCCG and the DNPR/
DNPatR, (3) only the DNPR/DNPatR and (4) the total num-
ber of patients registered with S-PM. Categorical variables
are presented as numbers with percentages, whereas contin-
uous variables are presented as the median with range.
Statistical analyses are performed with STATA® software
(version 15.1, STATA, College Station, TX, USA).

Ethics
The study was registered by the Danish Data Protection
Agency through the Central Region of Denmark (record
number 1-16-02-441-16). Ethical approval is not neces-
sary for non-interventional register-based studies in
Denmark.

Results
During 2014–2015, 10,336 patients were diagnosed with
primary CRC and identified in the DCCG database among
whom 1194 patients were excluded due to a diagnosis of
non-colorectal cancer within 5 years prior to or 180 days
after the index date (Figure 1).

By the use of our algorithm, 366/9142 (4%) patients
were registered with S-PM in the DCCG, among whom
153 patients were registered in all registries (DCCG,
DNPR and DNPatR). Furthermore, we identified 102/
9142 (1%) patients with a S-PM diagnosis registered in
only the DNPR/DNPatR (Figure 2).

Patient Characteristics
We compared patients registered with S-PM in (1) only
the DCCG, (2) the DCCG and the DNPR/DNPatR, and
(3) only the DNPR/DNPatR (Table 1). Regarding the
patients who were only registered in the DNPR/
DNPatR: A marginal larger proportion was <60 years,
while a larger proportion was males, presented with
WHO performance status 0, had a rectal tumour and
no distant metastases (apart from PM). Information on
(y)pT-and (y)pN-categories were missing for 67% and
68% of all registered S-PM patients, presumably
because few S-PM patients underwent initial surgery
of the primary CRC tumour. However, this information
was only missing for 43% and 44% of the patients
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registered only in the DNPR/DNPatR. Among the
patients only registered in the DNPR/DNPatR, 42%
had a (y)pT4 tumour and 33% presented with a (y)pN2-
category.

Registration of Synchronous Peritoneal
Metastasis in the Different Registries
Of the 468 patients registered with S-PM, 78% were
identified in the DCCG, whereas 45% were registered
only in the DCCG, 33% were registered in both the
DCCG and the DNPR/DNPatR, while 22% were regis-
tered only in the DNPR/DNPatR (Table 2 and Figure 2).

Completeness and Positive Predictive
Value
Using a combination of both the DNPR/DNPatR, we
found a completeness of 42% [95% CI: 37–47] and
a PPV of 60% [95% CI: 54–66] (Table 3).

By the use of the DNPR only, the completeness was
32% [95% CI: 27–37] and the PPV 57% [95% CI: 50–64]
(Table 3). When using only the DNPatR, the completeness

was 19% [95% CI: 15–23] and the PPV was 76% [95%
CI: 68–85] (Table 3).

Stratified Analysis
According to our algorithm, the stratified analysis showed
that some subgroups were registered with a higher com-
pleteness compared to the overall completeness (42%
[95% CI: 37–47]). These groups were patients with age
<60 years (57% [95% CI: 46–69]), WHO performance
status 0 (46% [95% CI: 37–54]), and no distant metastases
(58% [95% CI: 50–65]) (apart from PM) (Table 4).
Contrary, some subgroups were registered with a lower
completeness: patients aged >80 years (32% [95% CI:
22–42]), patients with a WHO performance status 2
(32% [95% CI: 20–44]), patients with rectal tumours
(33% [95% CI: 19–48]), and patients with distant metas-
tases (29% [95% CI: 22–35]) (apart from PM) Table 4).

Days from Colorectal Cancer to
Synchronous Peritoneal Metastases
Median days from the diagnosis of CRC to the diagnosis
of S-PM varied according to each register. When

Patients with S-PM 
n=468 

n=207 n=93 n=366 

Figure 2 Number of patients diagnosed with synchronous peritoneal metastases (S-PM) in one or more of the 3 registries: The Danish Colorectal Cancer Group (DCCG)
database, The Danish National Patient Registry (DNPR) and the Danish National Pathology Registry (DNPatR) during 2014–2015.
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Table 1 Baseline Characteristics

Patients Characteristics Patients
Registered Only
in the DCCG

Patients Registered in the
DCCG and DNPR and/or

DNPatR

Patients Registered
Only in the DNPR/

DNPatR

Total Number of
Patients Registered

with S-PM

n = 213 n = 153 n = 102 n = 468

Median age (years, range) 72 (18–94) 69 (33–97) 72.5 (48–91) 71 (18–97)

Age Groups
<60 29 (14) 39 (25) 21 (21) 89 (19)
60–69 58 (27) 39 (25) 21 (21) 118 (25)
70–74 37 (17) 27 (18) 17 (17) 81 (17)
75–80 36 (17) 23 (15) 26 (25) 85 (18)
>80 53 (25) 25 (16) 17 (17) 35 (20)

Sex
Female 116 (54) 74 (48) 41 (40) 231 (49)
Male 97 (46) 79 (52) 61 (60) 237 (51)

Comorbidity, Charlson Score
0 127 (60) 89 (58) 63 (62) 279 (60)
1–2 56 (26) 39 (25) 25 (24) 120 (26)
>2 30 (14) 25 (16) 14 (14) 69 (14)

WHO Performance Status
Status 0 70 (33) 59 (39) 48 (47) 177 (38)
Status 1 61 (29) 50 (33) 26 (25) 137 (29)
Status 2 38 (18) 18 (12) 14 (14) 70 (15)
Status >2 22 (10) 13 (8) 6 (6) 41 (9)
Missing 22 (10) 13 (8) 8 (8) 43 (9)

Tumour Location
Colon 185 (87) 139 (91) 85 (83) 409 (87)
Rectum 28 (13) 14 (9) 17 (17) 59 (13)

Pathological (y)pTa-Category
T0 + T1 2 (1) 0(0) 1 (1) 3 (1)
T2 1 (0) 0 (0) 1 (1) 2 (0)
T3 10 (5) 4 (3) 12 (12) 26 (6)
T4 39 (18) 41 (27) 43 (42) 123 (26)
Tx 0 (0) 0 (0) 1 (1) 1 (0)
Missing 161 (76) 108 (71) 44 (43) 313 (67)

Pathological (y)pNb-Category
N0 4 (2) 6 (4) 10 (10) 20 (4)
N1 21 (10) 14 (9) 15 (15) 50 (11)
N2 25 (12) 25 (16) 33 (33) 83 (18)
Nx 163 (77) 108 (71) 44 (44) 315 (68)

Distant Metastases to Either Lungs or
Liver
Yes 143 (67) 57 (38) 41 (40) 241 (52)
No 70 (33) 96 (63) 61 (60) 227 (48)

Notes: Patients registered with Synchronous peritoneal metastases (S-PM) from colorectal cancer. Data are presented as number of patients (%) with registration in 1) Only
the Danish Colorectal Cancer Group (DCCG), 2) Both the DCCG and the Danish National Patient Registry (DNPR) and/or the Danish National Pathology Registry
(DNPatR), 3) Only the DNPR and/or the DNPatR and 4) the total number of patients registered with synchronous peritoneal metastases. aHistopathologic Tumour-
category. T indicates the size and extension of the tumour; p indicates that the category is given by a histopathologic examination and y indicates that the category is
assessed after chemotherapy and/or radiation therapy. bHistopathologic Lymph node-category. N indicates the degree of spread to regional lymph nodes; p indicates that the
category is given by a histopathologic examination and y indicates that the category is assessed after chemotherapy and/or radiation therapy.
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registered in the DCCG, the diagnosis of S-PM was
registered concurrently; therefore, the median day was
0 (IQR: 0–0). When the S-PM diagnosis was registered
only in the DNPR/DNPatR, the median interval was 22
days (IQR: 7–116), while the median interval was 6
days (IQR: 0–19) when S-PM was registered in both
the DCCG and the DNPR and/or the DNPatR (see
Appendix for Illustration).

Discussion
In present study, we used the DCCG database as a reference
to validate the registration of the ICD-10 codes and the
SNOMED codes for PM in the DNPR/DNPatR. Using
a combination of both the DNPR/DNPatR we found
a completeness of 42% and a PPV of 60%. In the DNPR/
DNPatR, some subgroups were found to be reported with
a higher completeness; patients with age <60 years, WHO
performance status 0 and no distant metastases. The DNPR
and the DNPatR incompletely capture patients with S-PM.

Clinicians should be encouraged to register the presence of
S-PM to increase the validity of register-based S-PM data.

We found that the completeness of S-PM registration is
low in the DNPR and/or the DNPatR. However, advanced
CRC and the registration of metastases at a specific ana-
tomic location from any cancer disease are poorly investi-
gated and even suggested to be underestimated in cancer
registries.22 It has been investigated in an epidemiological
study from 2009, which assessed the validity of the spe-
cific ICD-10 code for bone metastases originating from
breast and prostate cancer. They found a sensitivity of the
DNRP-registered ICD-10 code for bone metastases from
prostate cancer to be 44% and 32% from breast cancer,
revealing that it fails to capture more than half of the
patients with bone-specific metastases.23 By the use of
our algorithm, we found a similar tendency with
a completeness of 32% when using only the DNPR, reach-
ing only 42% when the DNPR was combined with the
DNPatR.

Explanations for the underreporting of the registration
of PM in the DNPR and the DNPatR might be several;
when cancer patients present with metastases, these can be
located at multiple sites, eg, liver and lungs and perito-
neum, and thus with limited treatment options. In such
cases, the clinicians’ incentive to report all metastases is
sparse, and often only those metastases that can be treated
are reported to the national registries.24 Further, recording
of metastases may not be prioritized for patients with
a limited life expectancy.24 This is supported by the stra-
tified analysis showing a higher completeness of S-PM
registrations among potential candidates for curative treat-
ment options as CRS and HIPEC; age <60 years, WHO
performance status 0, and no distant metastases. Contrary,
a lower completeness was found among patients aged >80
years, WHO performance status ≥ 2 and distant metastasis
(liver and/or lung). This group of patients is according to
national guidelines not eligible for CRS and HIPEC,
which is a treatment offered to a selected group of patients
with few, curable metastasis (≤3 curable liver metastasis,
≤2 curable lung metastasis), physiological age < 75 years
and WHO performance status < 2.25 However, the indica-
tions for CRS and HIPEC treatment are not fixed and
keeps evolving.26 Therefore, clinicians should be encour-
aged to register the presence of PM to ensure valid regis-
ter-based data on PM from CRC in various patients.

The coding applied in the Danish registries is only used
for evident medical disease. The diagnosis of PM is in its
nature challenging to verify for clinicians; it does not

Table 2 Number of Patients Diagnosed in One or More of the 3
Registries

Only

DCCG

DCCG and

DNPR and/or

DNPatR

Only DNPR

and/or

DNPatR

Total

n (%) n (%) n (%) n (%)

DCCG + DNPR

and/or

DNPatR

213 (45) 153 (33) 102 (22) 366 (78) 102 (22)

Notes: The Danish Colorectal Cancer Group (DCCG) Database, The Danish
National Patient Registry (DNPR) and the Danish National Pathology Registry
(DNPatR) During 2015–2015.

Table 3 The Completeness and Positive Predictive Value

Registry DCCG

n = 366

Total Completeness PPV

+ –

DNPR and/or

DNPatR

153 102 255 42 (37–47) 60 (54–66)

DNPR 118 89 207 32 (27–37) 57 (50–64)

DNPatR 71 22 93 19 (15–23) 76 (68–85)

Notes: The completeness: number of patients registered in the both the Danish
Colorectal Cancer Group (DCCG) and each registry (the Danish National Patient
Registry (DNPR) and the Danish National Pathology Registry (DNPatR)) (numera-
tor), divided by the number (n=366) registered in the DCCG (denominator). The
positive predictive value (PPV) was calculated as the number of patients with
a registered diagnosis in both the DCCG and each registry, divided by the total
number of patients registered with a diagnosis of peritoneal metastases in the
respective registry.

Dovepress Ravn et al

Clinical Epidemiology 2020:12 submit your manuscript | www.dovepress.com

DovePress
339

 
C

lin
ic

al
 E

pi
de

m
io

lo
gy

 d
ow

nl
oa

de
d 

fro
m

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
17

8.
15

5.
21

4.
38

 o
n 

27
-M

ar
-2

02
0

Fo
r p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

https://www.dovepress.com/get_supplementary_file.php?f=238193.docx
http://www.dovepress.com
http://www.dovepress.com


necessarily rely on a histopathological verification, the
sensitivity of a preoperative CT scan is low, and there is
often a discrepancy between the radiological observed
extent of peritoneal involvement and the findings during
surgical exploration.11,27 Clinicians are only allowed to
register diagnoses with a high degree of certainty, so
a diagnosis that is rarely histopathological verified, as
PM, may be underreported. Our results show that the
completeness in the DNPatR is 19% but the PPV is 76%.
The low completeness in the DNPatR is potentially due to
the fact that the majority of S-PM patients are not sub-
jected to surgery, and therefore, a histopathological eva-
luation is lacking. Consequently, the majority of the
registered S-PM diagnoses are most likely based on radi-
ological findings or, in case of surgical exploration, the
perioperative findings.

We developed a feasible algorithm to capture Danish
patients with S-PM by combining the DCCG, the DNPR
and the DNPatR. By combining the three registries, we
found a 5% prevalence of S-PM among CRC patients
(Figure 1). This prevalence is in accordance with interna-
tional literature, and demonstrates a similar and thereby
representativeness of our algorithm.26 Yet, our results
demonstrate that some subgroups are registered with
a higher respective lower completeness in the DNPR/
DNPatR. Further, patients who were only registered in the
DNPR/DNPatR differed with respect to age, sex, tumour and
presence of distant metastases other than PM. Explanations
for this variation might be several: First, clinicians are not
obligated to mandatorily register the presence of PM in the
Danish registries. In the DCCG, the registration is performed
by dedicated surgeons with the purpose to ensure the quality

Table 4 Stratified Analysis

Variable DCCG DCCG and
DNPR and/or
DNPatR

DNPR and/or
DNPatR

Total Completeness in the
DNPR and/or
DNPatR

n = 213 n = 153 n = 102 n = 468 % (95% Confidence
Interval)

Age Groups
<60 29 (14) 39 (25) 21 (21) 89 (19) 57 (46–69)
60–69 58 (27) 39 (25) 21 (21) 118 (25) 40 (30–50)
70–74 37 (17) 27 (18) 17 (17) 81 (17) 42 (30–54)
75–80 36 (17) 23 (15) 26 (25) 85 (18) 39 (27–51)
>80 53 (25) 25 (16) 17 (17) 95 (20) 32 (22–42)

Sex
Female 116 (54) 74 (48) 41 (40) 231 (49) 39 (32–46)
Male 97 (46) 79 (52) 61 (60) 237 (51) 45 (38–52)

WHO Performance Status
Status 0 70 (38) 59 (39) 48 (47) 177 (38) 46 (37–54)
Status 1 61 (29) 50 (33) 26 (25) 137 (29) 45 (36–54)
Status 2 38 (18) 18 (12) 14 (14) 70 (15) 32 (20–44)
Status >2 22 (10) 13 (8) 6 (6) 41 (9) 37 (21–53)
Missing 22 (10) 13 (8) 8 (8) 43 (9) 37 (21–53)

Tumour Location
Colon 185 (87) 139 (91) 85 (83) 409 (87) 43 (38–48)
Rectum 28 (13) 14 (9) 17 (17) 59 (13) 33 (19–48)

Distant Metastases to Either
Lungs or Liver
Yes 143 (67) 57 (37) 41 (40) 241 (51) 29 (22–35)
No 70 (33) 96 (63) 61 (60) 227 (49) 58 (50–65)

Notes: Number of patients (%) registered in 1) Only the Danish Colorectal Cancer Group (DCCG), 2) Both the DCCG and the Danish National Patient Registry (DNPR)
and/or Danish National Pathology Registry (DNPatR), 3) Only the DNPR and/or the DNPatR and 4) the total number of patients registered with synchronous peritoneal
metastases. The Completeness of the registrations in the DNPR and/or the DNPatR: Number of patients registered in the both the DCCG and the DNPR and/or DNPatR
(numerator), divided by the number registered in the DCCG (denominator).
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of all types of treatment offered to Danish CRC patients.18

Contrary, the diagnoses in the DNPR/DNPatR are registered
by any clinician respective pathologist during in-hospital
treatment of the patient. Even though the registration process
should be simple, there might be a different acceptability
among surgeons, clinicians and pathologists. Second, we
choose to distinguish between synchronous and metachro-
nous peritoneal metastases 180 days after CRC diagnosis.
Our results demonstrate a difference in the median time
interval (and Interquartile range (IQR)) from CRC diagnosis
to S-PM diagnosis according to each register. When regis-
tered only in the DNPR/DNPatR, the median of 22 days with
a wide IQR (7-116) compared to a median of 6 days with
a narrow IQR (0-19) when registered in both the DCCG and
the DNPR/DNPatR. Causes to this difference are unknown
and explanations are speculative. A histopathological exam-
ination takes, as a minimum, 3 days to conduct, which might
explain the delay in S-PM registration. On the other hand,
a median of 22 days with a wide IQR may indicate that the
PM barely has been evident at the time of CRC diagnosis. It
is plausible that the diagnosis of PM has not been detected
during resection of the primary tumour, but diagnosed as an
incidental finding by histopathology of the resected tumour.
In such case, with a histopathological identified PM diagno-
sis, a detailed examination of the possibilities for postopera-
tive treatment might explain the delay in the diagnosis of
S-PM. Hypothetically, a postoperative treatment could
include CRS andHIPEC performed approximately 3months,
as a minimum, after the primary resection of the CRC cancer.
This demonstrates a difference in the timeliness (ie, how
quickly data flow from “real-time” to the register) according
to each register, and should be taken into consideration in
future register-based studies of S-PM patients.

Strengths and Limitations
The study is based on a national cohort of CRC patients
from the DCCG database known with a high completeness
of CRC patients, demonstrating a high acceptability for
surveillance of CRC patients in the DCCG. To our knowl-
edge, this is the first both national and international study
describing the quality of S-PM registration among CRC
patients.

We excluded patients with non-CRC, thereby ensuring
that the ICD-10 codes represented PM originated from CRC.
Our algorithm combines 3 variables from the DCCG, 2 ICD-
10 codes and several SNOMED codes presented in the
Appendix. The simplicity of the combination is high and
should be reproducible for a potential external validation.

However, there is no perfect gold standard to identify
S-PM, and consequently this limits the interpretation of
the sensitivity of our algorithm applied. The value of
medical charts as the golden standard has been questioned
when searching for register-based metastases.15

We searched for patients with S-PM in a time period,
where the awareness of PM and its treatment options have
increased,28 and the DCCG database has undergone revi-
sions. Our algorithm combines the Danish medical regis-
tries and shows flexibility in accordance with the
expansion in knowledge, subsequently the changes in
each registry. However, changes may introduce misclassi-
fication of S-PM during the early phase of an implementa-
tion. Hypothetically, PM is registered with a lower
completeness in the DNPR/DNPatR in periods where the
focus on PM has been minimal. This potential source of
bias should be taken into consideration in future analytical
studies investigating an association between S-PM and
a specific research question. Further, our results from the
stratified analysis show that the registration of S-PM dif-
fers within subgroups (eg, a higher completeness of S-PM
registrations among patients being potentially eligible for
curative treatment options as CRS and HIPEC), thereby
introducing potential differential misclassification. This
may also have implications for future studies investigating
the prognosis of S-PM. The effect of the differential mis-
classification, ie, under-/or overestimation of an associa-
tion, depends on whether S-PM is used as an exposure or
outcome. For example, if a study investigates survival
after CRC surgery and register-based S-PM data are used
as an exposure variable (or disease status), the association
between S-PM and survival will be underestimated
because patients with a good prognosis are registered
with a higher completeness compared to patients with
a poor prognosis.

Further, we interpreted ovarian metastases as PM, which
is a debated subject internationally.29 Finally, the current
study only investigates the quality of peritoneal metastases
registered synchronously with the CRC diagnosis; therefore,
our results cannot be extrapolated to other populations, eg,
register-based detection of recurrence in the peritoneum
(metachronous peritoneal metastases).

Conclusion
The DNPR/DNPatR captures under half of patients with
colorectal synchronous peritoneal metastases. Patients
being potentially eligible for curative treatment options;
patients with age <60 years, WHO performance status 0
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and no distant metastasis (other than PM) are registered
with a higher completeness.

Abbreviations
CRC, colorectal cancer; PM, peritoneal metastases; S-PM,
synchronous peritoneal metastases; DNPR, The Danish
National Patient Registry; DCCG, The Danish Colorectal
Cancer Group; DNPatR, The Danish National Pathology
Registry.
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Overall risk and risk factors for metachronous peritoneal
metastasis after colorectal cancer surgery: a nationwide
cohort study

S. Ravn1 , U. Heide-Jørgensen2, C. F. Christiansen2, V. J. Verwaal1, R. H. Hagemann-Madsen3

and L. H. Iversen1,4

Departments of 1Surgery and 2Clinical Epidemiology, Aarhus University Hospital, Aarhus, 3Department of Pathology, Lillebaelt Hospital, Vejle,
and 4Danish Colorectal Cancer Group, Copenhagen, Denmark
Correspondence to:Dr S. Ravn, Department of Surgery, Aarhus University Hospital, Palle Juul-Jensens Boulevard 99, DK-8200 Aarhus N, Denmark
(e-mail: sissel.ravn@rm.dk)

Background: This study aimed to identify the cumulative incidence and risk factors of metachronous
peritoneal metastasis (M-PM) from colorectal cancer in patients who had intended curative treatment.
Methods: Patients with colorectal cancer were identified using the Danish Colorectal Cancer Group
database for 2006–2015. The Danish Pathology Registry and the Danish National Patient Registry were
used to identify M-PM to 2017. Risk factors were estimated by multivariable absolute risk regression,
treating death and other cancers as competing risks. Overall risk and risk differences (RDs) were
estimated at 1, 3 and 5 years.
Results: In 22 586 patients with colorectal cancer, the overall risk of M-PM was reported to be 0⋅9 (95
per cent c.i. 0⋅8 to 1⋅0) per cent at 1 year, 1⋅9 (1⋅8 to 2⋅1) per cent at 3 years and 2⋅2 (2⋅0 to 2⋅4) per cent at
5 years. Advanced tumour category ((y)pT4 versus (y)pT1) increased the RD of both M-PM (2⋅9 (95 per
cent c.i. 2⋅1 to 3⋅7) at 1 year and 6⋅0 (4⋅9 to 7⋅2) at 3 years) and lymph node involvement ((y)pN2 versus
(y)pN0) (2⋅5 (1⋅8 to 3⋅2) at year and 4⋅3 (3⋅2 to 5⋅3) at 3 years). No further increase in risk was observed
at 5 years. In a subanalysis, tumour-involved resection margin (R1 versus R0) was associated with M-PM
with a RD of 3⋅9 (1⋅6 to 6⋅2) at 1 year and 5⋅9 (2⋅6 to 9⋅3) at 3 years.
Conclusion: The overall risk of M-PM in patients with colorectal cancer is low, but is increased in
advanced T and N status. Follow-up of at least 3 years after colorectal cancer surgery may be necessary,
given the potential curative treatment of early diagnosed M-PM.
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Introduction

The long-term survival of patients with colorectal can-
cer has improved significantly over the past few years;
in Denmark, the relative 5-year survival rate increased
from 58–59 per cent in 2001–2004 to 63–65 per cent
in 2009–20121. The improvements made so far may
be related to several factors, including multidisciplinary
team management, the introduction of minimally invasive
surgery, implementation of total mesorectal and com-
plete mesocolic excision, specialization and centralization
of treatments, pathological/molecular evaluations, and

general improvements in radiological assessments, radio-
therapy and medical oncology1,2. However, recurrence is
still an issue.

Registry-based studies have reported the incidence of
metachronous peritoneal metastasis (M-PM) to be 3⋅5 per
cent at a median of 18 months after diagnosis3, rising to 6
per cent within 5 years4. Risk factors identified for M-PM
include advanced T and N categories3,5–8, bowel perfora-
tion, emergency surgery5,7,9 and non-radical resection3,5.

Two different strategies for the prevention and early
detection of M-PM have been proposed, including
prophylactic adjuvant hyperthermic intraperitoneal

© 2020 The Authors. BJS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd BJS Open
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
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chemotherapy (HIPEC)10 and early detection with
second-look surgery plus HIPEC11. However, selection of
appropriate patients for these treatment options was based
on previously identified risk factors for M-PM5,12, and
needs further investigation.

This study aimed to describe the overall 5-year risk of
developing M-PM in patients with colorectal cancer, and to
identify risk factors for M-PM following intended curative
surgery.

Methods

A nationwide registry-based cohort study was conducted
in Denmark according to the STROBE criteria13. All
5⋅8 million Danish citizens have access to a public
tax-supported healthcare system and are assigned a
unique ten-digit personal registration number, enabling
unambiguous individual-level record linkage between
registers.

Patients diagnosed with colorectal cancer in the Dan-
ish Colorectal Cancer Group database between 2006 and
2015 were identified. In March 2014, the implementation
of a national screening programme with faecal immuno-
chemical testing14 led to diagnoses of both symptomatic
and asymptomatic patients with colorectal cancer. During
the study period, national guidelines15 recommended that
follow-up of patients with colorectal cancer should include,
as a minimum, CT of the thorax and abdomen at 12 and
36 months after surgery.

The Danish Data Protection Agency approved the study
(number 1-16-02-441-16). Ethical approval is not required
for registry-based studies.

Inclusion and exclusion criteria for the study popula-
tion are summarized in Fig. 1. Patients were included
if they had undergone a pathologically confirmed R0
or R1 bowel resection for colorectal cancer. Patients
with metastasis to liver and/or lungs were included if
the surgery was performed with curative intent. The
date of colorectal cancer diagnosis plus 180 days was
considered as the index date. To reduce immortal time
bias, the index date was considered as the beginning of
follow-up16,17.

Patients were excluded if they had emigrated or had been
diagnosed with other (non-colorectal cancer) malignancies
within a period of 5 years plus 180 days before the index
date. Finally, patients were excluded if diagnosed with syn-
chronous peritoneal metastasis (S-PM) (identified before
the index date) or if they had died between the diagnosis
and index dates. Synchronous PMs were defined as PMs
identified within 180 days of the diagnosis of colorectal
cancer18,19.

Registries

Data from the Danish Colorectal Cancer Group database
were merged to identify M-PM and cross-check follow-up.
In particular, the Danish National Patient Registry pro-
vided information about diagnostic coding of PM, the
Danish National Pathology Registry was reviewed for
histologically proven PM, and the Danish Civil Registra-
tion System for follow-up and vital status. The Danish
Colorectal Cancer Group database contains information
about all patients with first-time colorectal cancer since
2001, with data completeness of more than 95 per cent.
The database also contains information on patient charac-
teristics, radiological evaluation, surgical and oncological
treatment, pathology reporting, and the postoperative
course within 30 days of surgery20.

The Danish National Patient Registry provides longitu-
dinal data from 1977 regarding administrative and clinical
data, and contains information about hospital admis-
sions and outpatient contacts with the healthcare system.
Diagnoses were recorded using ICD-10 codes from 1994,
whereas treatment and procedures are registered by using a
Danish version of the Nordic Medico-Statistical Commit-
tee (NOMESCO) Classification of Surgical Procedures.

The Danish National Pathology Registry was established
in 1997, and all pathological examinations performed in
Denmark are registered following a uniform guideline.
Each specimen is linked to the personal registration num-
ber, the hospital department responsible for treatment, the
date of request, the specific Danish Systematized Nomen-
clature of Medicine codes21, and other sources of data.

The Danish Civil Registration System is an adminis-
trative register established in 1968 to record information
about residency and vital status of all Danish citizens. The
register is updated daily and has a high accuracy, allowing
for complete long-term follow-up22.

Identification of metachronous peritoneal
metastasis

In the Danish National Patient Registry, M-PM was iden-
tified by two ICD-10 codes: ‘metastasis in the retroperi-
toneal space or in the peritoneum’ (C786) and ‘metastasis
to the ovaries’ (C796). In the Danish National Pathology
Registry, M-PM was identified as a specimen/biopsy with a
topography code as peritoneum, combined with a specific
morphology code representing metastatic spread from the
colon or rectum (Appendix S1, supporting information).

Potential risk factors

Variables included age (less than 60, 60–75 or more than
75 years), sex, tumour localization (right colon (caecum
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Fig. 1 Flow diagram of patients diagnosed with colorectal cancer in 2006–2015

Patients diagnosed with primary
incident colorectal cancer

n= 42 250
Excluded n= 4651
 Emigrated or disappeared n= 63
 Diagnosed with another cancer
 5 years + 180 days before index date n= 4588

Excluded (diagnosed with synchronous
 peritoneal metastasis) n= 1109

Excluded (death before index date) n= 5053

Excluded n= 5082
 Patient not offered surgical treatment n= 3186
 Patient had non-curative surgery n= 1896
 Compromised resection n= 155
 Palliative resection n= 1632
 Alleviating surgery n= 71
 Missing information n= 38

Excluded (non-radical resections) n= 3769
 Neither macroradical nor microradical bowel
 resection n= 2848
 Non-radical resection of distant metastasis n= 352
 Missing information on radicality n= 569

Patients diagnosed with colorectal cancer
and no other cancer

n= 37 599

Patients with colorectal cancer and no
synchronous peritoneal

metastases
n= 36 490

Patients with colorectal cancer alive at
index date
n= 31 437

Patients with colorectal cancer who had
intended curative surgery before index date

n= 26 355

Patients with colorectal cancer free from metastasis
and other cancers, and who had intended curative

and radical resection of colorectal cancer
n= 22 586

The index date is 180 days after the date of colorectal cancer diagnosis.

and ascending colon), right colonic flexure, transverse
colon, left colonic flexure, left colon (descending colon
and sigmoid), rectum), surgery (elective or emergency),
perforation of the tumour as assessed at operation by the
surgeon (no; yes, encapsulated (perforation not free in
the peritoneal cavity); or yes, free to the peritoneum),
pathologically assessed T category ((y)pT0–1, (y)pT2,
(y)pT3 or (y)pT4), pathologically assessed N category
((y)pN0, (y)pN1 or (y)pN2), tumour histology (adeno-
carcinoma or other), extramural venous invasion (EMVI)
(available from 2009), radicality of the resection (R0,
no macroscopic or microscopic tumour residual left

in resection margins; R1, microscopic tumour residual
left 1 mm or less from resection margins (included in
2014 owing to the implementation of new strict national
guidelines); R2, macroscopic tumour tissue left during
resection of the tumour), and systemic chemotherapy
(yes or no).

Information on tumour histology was obtained from
the Danish National Pathology Registry (Appendix S1,
supporting information). Data on systemic chemotherapy
before the index date were obtained from the Danish
National Patient Registry using the specific NOMESCO
codes for systemic chemotherapy (Appendix S1, supporting
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information); however, no information about cycles, doses
or frequency was available23.

Statistical analysis
Patient characteristics and demographics are presented as
categorical variables by counts and percentages.

Patients were followed up from the index date to the
date of diagnosis of M-PM or non-colorectal cancer, death
or to 25 January 2017. Cumulative incidence (risk) curves
for M-PM were estimated; all-cause mortality (death) and
diagnosis of non-colorectal cancer were considered to be
competing risks24,25.

Analysis of potential risk factors was done as a
complete-case analysis: only patients with no missing
values for potential risk factors were included. To assess 1-,
3- and 5-year risk differences (RDs) with 95 per cent c.i.
for M-PM associated with each risk factor, a multivariable
absolute risk regression model including all risk factors
(except radicality and EMVI) was conducted, adjusting
for year of colorectal cancer diagnosis and co-morbidity,
as assessed by the Charlson Co-morbidity Index (CCI)
(categorized as low (score 0), medium (score 1–2) or high
(score greater than 2)). Death and non-colorectal cancer
were considered as competing risks26,27.

Details of radicality (R1) and EMVI were not available
for the whole study period, and were therefore investigated
in subgroups of the cohort restricted to relevant calen-
dar periods, using models adjusted only for age, sex and
co-morbidity (CCI) owing to the small number of patients
with M-PM.

Statistical analysis was performed using STATA®
software release IC15 (StataCorp, College Station,
Texas, USA).

Results

Overall, 42 250 patients with colorectal cancer were iden-
tified in the DCCG database, 22 586 of whom met the
study criteria (Fig. 1). These patients did not have a can-
cer diagnosis 5 years before the diagnosis of colorectal
cancer, were assessed negative for synchronous PMs, and
underwent intended curative resection (R0 or R1) of the
tumour, including concomitant procedures if liver and/or
lung metastases were present. Patient, tumour and treat-
ment characteristics at the time of colorectal cancer diag-
nosis are shown in Table 1.

Overall risk of metachronous peritoneal metastases
Some 533 of the 22 586 patients (2⋅4 per cent) developed
peritoneal metastases, among whom 84⋅4 per cent were

Table 1 Baseline characteristics of patients with colorectal
cancer, diagnosed in 2006–2015, undergoing intended curative
and macroscopically radical surgery for the primary colorectal
tumour

No. of patients
(n = 22 586)

Age at diagnosis of colorectal cancer (years)

< 60 4034 (17⋅9)

60–75 11 069 (49⋅0)

>75 7483 (33⋅1)

Sex

F 10 548 (46⋅7)

M 12 038 (53⋅3)

Charlson Co-morbidity Index score

0 13 289 (58⋅8)

1–2 3991 (17⋅7)

> 2 5306 (23⋅5)

Tumour localization

Right colon 4914 (21⋅8)

Right colonic flexure 968 (4⋅3)

Transverse colon 1110 (4⋅9)

Left colonic flexure 607 (2⋅7)

Left colon 7260 (32⋅1)

Rectum 7724 (34⋅2)

Colon unspecified 3 (0⋅0)

Metastasis to liver or lung at diagnosis of colorectal cancer

Yes 91 (0⋅4)

No 22 495 (99⋅6)

Localization of metastasis n = 91

Liver only 79 (87)

Lung only 7 (8)

Liver and lung 5 (5)

Priority of surgery

Elective 21 261 (94⋅1)

Emergency* 1322 (5⋅9)

Missing 3 (0⋅0)

Intended operative approach

Laparoscopy 12 528 (55⋅5)

Laparotomy 8569 (37⋅9)

Robot-assisted 660 (2⋅9)

Other minimally invasive† 84 (0⋅4)

Endoscopy 745 (3⋅3)

Tumour perforation

No 21 951 (97⋅2)

Yes, encapsulated 381 (1⋅7)

Yes, free to peritoneum 254 (1⋅1)

(y)pT category‡
T0–T1 2598 (11⋅5)

T2 3867 (17⋅1)

T3 13 376 (59⋅2)

T4 2576 (11⋅4)

Tx 153 (0⋅7)

Missing 16 (0⋅1)
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Table 1 Continued

No. of patients
(n = 22 586)

(y)pN category§
N0 14 337 (63⋅5)

N1 4748 (21⋅0)

N2 2609 (11⋅6)

Nx 892 (3⋅9)

Microradical surgery

Calendar years 2006–2013 n = 16 365

Yes, R0¶ 16 365 (100)

Calendar years 2014–2016 n = 6221

Yes, R0¶ 5801 (93⋅2)

No, R1# 420 (6⋅8)

Tumour histology

Adenocarcinoma 21 200 (93⋅9)

Other** 1386 (6⋅1)

Extramural venous invasion††
No 10 804 (47⋅8)

Yes 2862 (12⋅7)

Missing 1921 (8⋅5)

n.a. 6999 (31⋅0)

Postoperative oncological treatment within
180 days of diagnosis of colorectal cancer

Yes 5924 (26⋅2)

No 16 662 (73⋅8)

Year of diagnosis of colorectal cancer

2006–2007 4123 (18⋅3)

2008–2009 3945 (17⋅5)

2010–2011 3993 (17⋅7)

2012–2013 4304 (19⋅1)

2014–2015 6221 (27⋅5)

Values in parentheses are percentages. *Reason for emergency surgery:
ileus (42⋅0 per cent), perforation (12⋅8 per cent), other (5⋅6 per cent),
bleeding (0⋅6 per cent), missing (39⋅0 per cent). †Includes (amongst oth-
ers) transanal total mesorectal excision. ‡ypT0–1, 298; ypT2, 386; ypT3,
825; ypT4, 149; ypTx, one. §ypN0, 1147; ypN1, 347; ypN2, 158; ypNx,
seven. ¶R0, neither macroscopic nor microscopic tumour residual left in
resection margins. #R1 included only from 2014 owing to implementa-
tion of new strict national guidelines recommending use and coding of the
term ‘not microscopically radical resection’ included microscopic tumour
residual left 1 mm or less from resection margins. **Includes: mucinous
adenocarcinoma, low differentiated adenocarcinoma, signet ring cell car-
cinoma, medullary carcinoma, undifferentiated adenocarcinoma, serrated
adenocarcinoma and carcinoma. ††Data available from 2009. n.a., Not
applicable.

identified in the Danish National Patient Registry and 6⋅0
per cent in the Danish National Pathology Registry; an
additional 9⋅6 per cent were identified in both registries.
The overall risk of M-PM after intended curative surgery
for colorectal cancer was 0⋅9 (95 per cent c.i. 0⋅8 to 1⋅0) per
cent at 1 year, 1⋅9 (1⋅8 to 2⋅1) per cent at 3 years, and 2⋅2 (2⋅0
to 2⋅4) per cent at 5 years (Fig. 2). Death and non-colorectal
cancer were assessed as the major competing risks (Fig. 3).

Fig. 2 Risk (cumulative incidence) of metachronous peritoneal
metastases in Danish patients undergoing intended curative
surgery for colorectal cancer in 2006–2015
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Fig. 3 Risk (cumulative incidence) of metachronous peritoneal
metastasis, death (all-cause mortality) and non-colorectal can-
cer in Danish patients undergoing intended curative surgery
for colorectal cancer in 2006–2015
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Results of the absolute risk regression analyses are shown
in Table 2. A total of 21 581 patients (95⋅6 per cent) had
complete data for risk factors. The multivariable analysis
showed that (y)pT4 status increased the absolute risk by 2⋅9
(95 per cent c.i. 2⋅1 to 3⋅7) per cent at 1 year and by 6⋅0 (4⋅9
to 7⋅2) per cent at 3 years. Compared with a (y)pN0 tumour,
(y)pN2 status was associated with a 2⋅5 (1⋅8 to 3⋅2) per
cent risk of M-PM at 1 year and a 4⋅3 (3⋅2 to 5⋅3) per cent
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Table 2 Multivariable absolute risk differences for

metachronous peritoneal metastases 1 and 3 years after

intended curative colorectal cancer surgery

Multivariable adjusted
absolute risk difference (%)*

1 year† 3 years†
Age at diagnosis of colorectal cancer (years)

< 60 0 (reference) 0 (reference)

60–75 −0⋅2 (−0⋅6, 0⋅2) −0⋅5 (−1⋅1, 0⋅2)

> 75 −0⋅5 (−0⋅9, 0⋅0) −1⋅0 (−1⋅7, −0⋅4)

Sex

F 0 (reference) 0 (reference)

M 0⋅1 (−0⋅2, 0⋅4) 0⋅3 (−0⋅1, 0⋅7)

Tumour localization

Left colon 0 (reference) 0 (reference)

Left colonic flexure 0⋅6 (−0⋅5, 1⋅6) 0⋅6 (−0⋅9, 2⋅2)

Transverse colon 0⋅2 (−0⋅5, 0⋅9) 0⋅2 (−0⋅9, 1⋅3)

Right colonic flexure 0⋅1 (−0⋅6, 0⋅7) −0⋅2 (−1⋅2, 0⋅9)

Right colon 0⋅5 (0⋅1, 0⋅9) 0⋅6 (0⋅0, 1⋅3)

Rectum −0⋅1 (−0⋅4, 0⋅2) −0⋅3 (−0⋅8, 0⋅1)

Priority of surgery

Elective 0 (reference) 0 (reference)

Emergency 0⋅9 (−0⋅1, 1⋅9) 1⋅9 (0⋅5, 3⋅4)

Tumour perforation

No 0 (reference) 0 (reference)

Yes, encapsulated −1⋅0 (−2⋅1, 0⋅1) −0⋅3 (−2⋅5, 1⋅9)

Yes, free to peritoneum −0⋅1 (−2⋅2, 2⋅0) −0⋅2 (−3⋅4, 3⋅1)

(y)pT category

T1 0 (reference) 0 (reference)

T2 −0⋅1 (−0⋅3, 0⋅2) 0⋅0 (−0⋅4, 0⋅4)

T3 0⋅1 (−0⋅2, 0⋅3) 0⋅6 (0⋅2, 1⋅0)

T4 2⋅9 (2⋅1, 3⋅7) 6⋅0 (4⋅9, 7⋅2)

(y)pN category

N0 0 (reference) 0 (reference)

N1 0⋅5 (0⋅1, 0⋅9) 1⋅3 (0⋅7, 2⋅0)

N2 2⋅5 (1⋅8, 3⋅2) 4⋅3 (3⋅2, 5⋅3)

Tumour histology

Adenocarcinoma 0 (reference) 0 (reference)

Other 0⋅2 (−0⋅6, 0⋅9) 0⋅4 (−0⋅8, 1⋅5)

Postoperative chemotherapy within
180 days of colorectal cancer diagnosis

No 0 (reference) 0 (reference)

Yes 0⋅0 (−0⋅4, 0⋅4) −0⋅2 (−0⋅8, 0⋅5)

Extramural venous invasion‡
No 0 (reference) 0 (reference)

Yes 2⋅3 (1⋅7, 3⋅0) 3⋅4 (2⋅5, 4⋅4)

Radicality of surgery§
R0 0 (reference) 0 (reference)

R1 3⋅9 (1⋅5, 6⋅2) 5⋅9 (2⋅6, 9⋅3)

Death and other cancer were treated as competing risks. Values in parentheses are
95 per cent confidence intervals. *A total of 21 581 complete cases were included in
the multivariable analysis, adjusted for all risk factors in the table, including year of
diagnosis and co-morbidity (Charlson Co-morbidity Index score). †The baseline risk
of metachronous peritoneal metastases for a reference person was 0⋅2 (95 per cent
c.i. 0 to 0⋅7) per cent at 1 year and 0⋅6 (0 to 1⋅5) per cent at 3 years. ‡Data available
from 2009, adjusted only for age, sex and co-morbidity, for a restricted group of
13 222 patients (complete cases in the multivariable analysis and complete information
for extravenous mural invasion). §Data available from 2014, adjusted only for age,
sex and co-morbidity, for a restricted group of 5861 patients (complete cases in the
multivariable analysis and complete information for R1 resection available from 2014
and 2015).

risk at 3 years. Estimates of the 5-year RD showed similar
associations to the 3-year estimates (data not shown).

In addition, right-sided colonic cancers demonstrated an
absolute risk of 0⋅5 (95 per cent c.i. 0⋅1 to 0⋅9) per cent at
1 year and 0⋅6 (0⋅0 to 1⋅3) per cent at 3 years, compared with
left-sided colonic cancers. Emergency surgery increased
the risk by 0⋅9 (−0⋅1 to 1⋅9) per cent at 1 year and 1⋅9 (0⋅5
to 3⋅4) per cent at 3 years. All estimates of the 5-year RD
showed similar associations to the 3-year estimates (data
not shown).

EMVI was associated with an absolute risk of 2⋅3 (95 per
cent c.i. 1⋅7 to 3⋅0) and 3⋅4 (2⋅5 to 4⋅4) per cent at 1 and
3 years respectively, whereas the corresponding absolute
RD for microscopic tumour-involved resection margins
(R1) was 3⋅9 (1⋅5 to 6⋅2) and 5⋅9 (2⋅6 to 9⋅3) per cent.

In the multivariable absolute risk regression analysis,
tumour perforation did not correlate with an increased
risk of M-PM. Therefore, a post hoc analysis was conducted
to compare mortality in patients with tumour perforation
and in those without. This analysis showed that the risk
of death was substantially higher in patients with tumour
perforation (data not shown); thus the null result could be
due to competing events.

The baseline risk of M-PM for a reference person (the
risk in someone who presented with the reference value
for all co-variables) was 0⋅6 (95 per cent c.i. 0⋅0 to 1⋅5)
per cent at 3 years. Table 2 shows the absolute RD for each
factor; this should be added to the baseline risk to obtain
the predictive risk of M-PM for a specific patient. Accord-
ing to this analysis, a patient with (y)pT3 N1 rectal can-
cer undergoing elective surgery would have an estimated
total risk of M-PM of 2⋅2 per cent after 3 years: 0⋅6 per
cent (overall risk)−0⋅3 per cent (rectal cancer)+ 0⋅6 per
cent ((y)pT3)+ 1⋅3 per cent ((y)pN1)+ 0 per cent (elective
surgery).

In contrast, a patient with a right-sided (y)pT4 N2
colonic tumour undergoing emergency surgery would
have an estimated risk of M-PM of 13⋅4 per cent (0⋅6 per
cent (overall risk)+ 0⋅6 per cent (right colonic cancer)+ 6
per cent ((y)pT4)+ 4⋅3 per cent ((y)pN2)+ 1⋅9 per cent
(emergency surgery)) at 3 years after intended curative
surgery. As EMVI and radicality were not multivariably
adjusted, the estimated RDs associated with these variables
should be interpreted with caution.

Discussion

In this large population-based registry study, the risk of
M-PM was nearly 1 per cent after 1 year, increasing to 2⋅2
per cent within 5 years. Overall, (y)pT4 and (y)pN2 cate-
gories were assessed as independent risk factors for M-PM,
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driving the increased risk between 1 and 3 years. All esti-
mates of the 5-year RD showed similar associations to the
3-year estimates. Additionally, right-sided colonic cancers
and tumours that required emergency surgery indepen-
dently increased the risk of M-PM. EMVI and microscopic
tumour-involved margins (R1 resections) were also associ-
ated with an increased risk, although the estimated RDs for
these may require further analysis.

In addition, the present study excluded patients who had
non-colorectal cancer within 5 years before the colorectal
cancer diagnosis, and non-colorectal cancer diagnosed dur-
ing follow-up (Fig. 3) was considered as a competing risk
to minimize the chances of including PMs that originated
from other locations.

Previous studies26,27 have reported different ranges for
M-PM, a variation that may be explained by methodologi-
cal issues and different time periods. In a prospective clin-
ical study6, 5⋅3 per cent (135 of 2542) of the patients were
diagnosed with M-PM by CT. All patients included were
diagnosed with colorectal cancer between 1989 and 1999,
and the incidence of M-PM was not reported at specific
time points6. In other clinical studies, rates of up to 19 per
cent were reported, although these studies analysed M-PM
before the further optimization of colorectal surgery26. In
comparison, registry-based studies3,5 have found the risk of
M-PM to be in accordance with the results reported here.

In the present study, strict inclusion criteria were used,
which could explain the lower incidence compared with
that reported in other studies. Other reports included
patients receiving a R2 resection, distinguished between
synchronous and metachronous PMs as early as 30 days
after colorectal cancer resection, included patients alive at
30 days after surgery, and did not report any information
regarding the presence of other cancers. However, the low
incidence observed in the present study may be related to
the multidisciplinary improvement in surgical, radiologi-
cal, oncological and pathological management of colorectal
cancer.

The potential risk factors for M-PM were in accordance
with those of previous studies5,28, including T and N cat-
egories, surgical radicality and emergency surgery as inde-
pendent risk factors for M-PM. Several other studies3,8,12,29

have reported similar associations. Still, the identification
of patients at high risk of developing M-PM with the aim
of including them in preventive and prophylactic clinical
trials is challenging30. The effects of early detection with
second-look surgery including HIPEC were investigated
in 41 patients with colorectal cancer 1 year after curative
resection with no signs of clinical, biochemical or radio-
logical signs of recurrence11. The study documented PMs
in 23 of the 41 patients after the second-look procedure;

these metastases were treated with cytoreductive surgery
and HIPEC, whereas other patients were treated using
HIPEC alone. The results suggested a beneficial over-
all survival and low recurrence rate of PM at a median
follow-up of 30 (9–109) months11. However, the patients
selected for that study included those with S-PM, syn-
chronous ovarian metastasis and tumour perforation. In
this respect, the results of the present study suggest that
patients with tumour perforation represent a very fragile
subgroup with high short-term mortality. This should be
taken into consideration when including these patients in
future trials.

Of note, the impact of cytoreductive surgery and HIPEC
in the present cohort was not investigated as it was con-
sidered beyond the scope of this analysis, which aimed to
identify risk factors for M-PM. The recently published
RCT31 investigating adjuvant HIPEC in patients with
T4 tumours or perforated colorectal cancer (COLOPEC
trial), documented no benefit of adjuvant HIPEC in terms
of peritoneal metastases-free survival at 18 months. How-
ever, during follow-up, PMs were reported in 21 per cent
of the overall study population, indicating the magnitude
of the risk in patients with high-risk colorectal cancer31.

Given the potential for curative treatment of M-PM, the
present results indicate that follow-up of at least 3 years
after colorectal cancer surgery may be warranted to detect
the majority of incident cases.

Although the registries provide complete information
regarding follow-up, allowing assessment of the risk of
M-PM at specific time points after colorectal cancer
surgery, a general limitation of using these registry-based
data is that the assessment of PM may not be uniform;
the registration originates from diverse centres through-
out Denmark and, according to the longitudinal design,
treatments changed over the years32. This might introduce
information bias, although data were adjusted for the year
of colorectal cancer diagnosis in the multivariable absolute
risk regression model.

In addition, M-PM was identified by the use of two
nationwide registries: the Danish National Pathology Reg-
istry, where the diagnosis of M-PM is based on pathologi-
cal examination of the tissue specimen, and/or the Danish
National Patient Registry, where the diagnosis is based on
the clinician’s reporting of an ICD-10 diagnosis. Thus, the
registration of PMs may be reported insufficiently.

Finally, the statistical model applied in the present study
does not restrict probabilities to the interval of 0–1. The
c.i. of some baseline risk estimates included negative num-
bers, in which case the lower limit was set to zero. Further-
more, the prediction model presented here has not been
validated. The aim of the study was to determine individual
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risk factors rather than to predict M-PM, and thus the
model should not be used for prediction in future patients
without external validation.
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Appendix III:  
 
  



Paper III 
 

1. Interview. Following questions were applied in the patient interview. 
 
Kære x, 
 
Tusinde tak, fordi du vil være med til at undersøge hvordan opfølgningen for HIPEC-patienter 
gøres bedre. 
 
Nedenstående figur skal illustrere, hvordan opfølgningsforløbet for HIPEC-patienterne kommer til 
at se ud fra begyndelsen af 2018. 
 

 
Nedenstående figur skal illustrere hvordan patientens besvarelser bliver præsenteret for lægen. Den 
enkelte farve repræsenterer sværhedsgraden af symptomet (grøn= ingen symptomer, orange= 
middel, rød = svære symptomer). 
 



 
Sammen med dette brev har jeg vedhæftet de spørgsmål (spørgeskemaer) som patienten skal 
udfylde inden konsultationen. Spørgsmålene er nummereret fra 1 til 80. 
Når du udfylder spørgsmålene, vil jeg gerne have dig til at tænke over følgende: 
 

• Dækker spørgsmålene det, der er betydningsfuldt for dig i konsultationen? 
o Er der noget der mangler? 
o Er der noget som er overflødigt? 

• Er der nogen spørgsmål som overlapper? 
o Føler du, at du svarer på det samme? 

• Kan spørgsmålene støtte dig i at få talt om, hvordan du har det? 
• Er der spørgsmål, som absolut skal med for at belyse din tilstand? 
• Hvor lang tid tog det at udfylde skemaerne (for lang tid/passende) 
• Andet? 

 
Jeg ringer dig op på x.  
 
Tusinde tak. Jeg glæder mig til vi snakkes ved. 
 
Mvh. Sissel Ravn 
 
  



2. The manual used  
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Abstract 
Background and aim 

Cancer survivors experience unmet needs during follow-up. Besides recurrence, a follow-up 

includes detection of late side effects, and provision of rehabilitation, palliation and individualized 

care. We aimed to describe the development and implementation of a follow-up supported by 

electronic patient-reported outcomes (ePRO).  
Method 
The study was carried out as an explorative interventional study at a Surgical and a Gynecological 

Department offering complex surgery and follow-up for advanced cancer. The ePRO aimed to 

facilitate dialogue, by screening for a priori defined clinical important symptoms and needs. We 

included following questionnaires in the ePRO; the general European Organization for Research 

and Treatment of Cancer (EORTC) QLQ-C30 and the EORTC validated for colorectal and ovarian 

cancer patients. In addition, we included three prioritized issues of the patient’s preference in each 

ePRO. The response-algorithm was aggregated based on the severity of the patient’s response. To 

ensure the sensitivity of the ePRO, we performed semi-structured interviews with five patients. All 

clinicians (surgeons and gynecologists) performing the consultations reviewed the ePRO.  

Results  
In total, 187 patients were included in the study, of which 73% (n=136/187) patients participated in 

the ePRO-based follow-up. The ePRO was documented as applied in 79% of the follow-up visits. In 

total, 23% of the prioritized issues did not include a response. Stratified by time since surgery, a 

significantly larger proportion of patients who did not fill out a prioritized issue had a follow-up >6 

months since surgery. A range from 19.3–56.3% of patients assessed the follow-up visit to provide 

support within physical (42% of patients), mental (56%), sexual (19%) or dietary (27%) issues. 

Further, a range from 34–60% of the patients reported that they did not need support regarding 

physical (43% of patients), mental (34%), sexual (63%) or dietary (57%) issues. 

Conclusion 
We implemented a follow-up based on ePRO that was applied in nearly 80% of the consultations, 

and supported most patients following complex surgery for advanced cancer. Before 

implementation in routine clinic, the effect on patient-centered care of a PRO-based follow-up must 

be evaluated. 

 
Keywords: Electronic, Patient Reported Outcomes (PRO), individual, follow-up, cytoreductive 

surgery, advanced cancer, peritoneal metastases 
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Introduction 
During the past decades, the population of cancer survivors has increased in high-income countries, 

which requires development and adjustments in the cancer follow-up  (1). Currently, the primary 

focus of a cancer follow-up is to detect and initiate early potential curative treatment for recurrent 

disease (2-5). However, it has been demonstrated repeatedly that some cancer survivors experience 

unmet needs during the follow-up period (6, 7). In Denmark in 2015, the National Board of Health 

therefore decided that the national follow-up for cancer patients should include detection of late 

side effects, rehabilitation, palliation, and patient involvement (2).There is no precise definition of 

patient involvement, but it is considered as a key element of patient-centered care (8, 9). The latter 

is defined as care based on the individual patient’s preferences, needs and values (10), and is 

characterized by two fundamental characteristics (a) patient involvement and (b) individualization 

(9). Therefore, while the healthcare system is obliged to streamline cancer follow-up it is on the 

other hand committed to adapt to patients' individual needs.  

To meet these requirements Patient-Reported Outcomes (PRO) has been introduced as a tool with 

several purposes, among others to achieve individualized patient care, guide the clinical 

consultation and facilitate dialogue between patient and clinician (11, 12). PRO is defined as ‘any 

report of the status of a patient’s health condition that comes directly from the patient, without 

interpretation of the patient’s response by a clinician or anyone else’ (13). The systematic collection 

of PRO enables a comprehensive insight of the patient’s symptoms, needs and preferences (14-16). 

The PRO data can be used during the consultation to screen for a priori defined symptoms 

suspected of recurrence, and to prioritize issues based on the patient’s preferences (17).  Some 

innovative electronic solutions have provided the opportunity to integrate PRO in an clinical 

follow-up (18-20), yet electronic PRO’s do not ensure individualized follow-up in itself, but must 

be assisted by training an flexibility of the users (clinicians and patients) to achieve successful 

implementation (21-23).  

The use of PRO to promote patient-centered care among cancer patients has been investigated in 

few randomized clinical trials (RCT) (24). However, target populations include patients with 

various cancer diagnoses, health care professionals, and different health care settings as such (24).  

Further, PRO’s are heterogeneous as well as the applied outcome measurements, and results from 

these RCT’s are ambiguous (12). 

With the introduction of centralized and highly specialized complex cancer surgery offering 

treatment with curative intent, survival has improved (25). Still, long-term symptoms and patient’s 
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needs after complex cancer surgery remain undescribed (10). No guidelines for optimal follow-up 

exist (26).  

The aim of this paper was to describe the development and evaluate the implementation of follow-

up after complex cancer surgery supported by electronic patient-reported outcomes (ePRO).  
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Method: 

Setting 

The study was conducted in Denmark, a country where all, approximately 5.9 million (27), citizens 

have access to tax-supported public health-care. The study was carried out as an explorative 

interventional study at two departments, Department of Surgery (Dep A) and Department of 

Gynecology (Dep B), at Aarhus University Hospital. Both departments offered complex cancer 

surgery in terms of Cytoreductive Surgery (CRS) and Hyperthermic Intraperitoneal Chemotherapy 

(HIPEC), of which Dep A was a national treatment centers receiving patients from all parts of 

Denmark.   

The CRS+HIPEC procedure was offered with curative intent for patients suffering from peritoneal 

metastases of gastrointestinal and ovarian origin. At Dep A, CRS+HIPEC has been a well-

established treatment modality and performed as a standard of care since 2006 (25). At Dep B, the 

treatment has been performed as a part of a clinical trial from January 2016 to the end of 2018 with 

a catchment area including 1.3 million inhabitants (28). Highly specialized consultant surgeons and 

gynecologists performed both the CRS+HIPEC procedure as well as the postoperative follow-up at 

both departments. The consultant surgeons and gynecologists are referred to as ‘clinicians’ in the 

manuscript.  

Development of the ePRO 

We aimed to develop and implement a follow-up supported by ePRO. The purpose of the ePRO 

was to facilitate the dialogue between the clinician and the patient, by screening for a priori defined 

clinical important patient symptoms and needs. The ePRO was developed in collaboration with 

AmbuFlex/WestChronic (17). The AmbuFlex system is an electronic solution consisting of 

following elements; PRO data collection, PRO-based graphical colored overview to support clinical 

decision and PRO-based automated decision algorithm (29). The development process of the ePRO 

is presented in Figure 1.  
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Selection of electronic patient-reported outcomes 

Initially, we performed a systematic search for existing and validated questionnaires specific for 

patients undergoing CRS+HIPEC (30). We identified no questionnaires specific for patients 

undergoing CRS+HIPEC, however the previous literature demonstrated heterogeneity in the use of 

the different questionnaires; Functional Assessment of Cancer Therapy (FACT), the 36-item Short 

Form Health Survey, the European Organization for Research and Treatment of Cancer (EORTC) 

QlQ-C30 EORTC CR-29/38 and EORTC OV28 (31-34). The most frequently used questionnaires 

were the generic EORTC QLQ-C30 and the EORTC validated for colorectal and ovarian cancer 

patients (EORTC CR-29/38 and EORTC OV28), hence these were included in the ePRO (35). 

We added the Hospital Anxiety and Depression Scale (HADS) (36), since a large proportion of 

patients with advanced cancer experience anxiety and depression (37-40). Furthermore, to ensure a 

patient-centered approach we included a section of three prioritized issues of the patient’s own 

preference. These prioritized issues provided the patient with the possibility to write a short free 

text, indicating topics they wished to address at the follow-up. 

Development of electronic patient-reported outcome response algorithm 

After the selection of questionnaires, AmbuFlex/WestChronic developed the technical 

configuration of the questionnaires (ePRO).  

In collaboration with AmbuFlex, a response-algorithm was developed from the data aggregation of 

The EORTC QLQ-C30, CR29 and OV28 based on; green = “Not at All” (1), yellow = “A Little” 

(2), orange = “Quite a Bit” (3) and red = “Very Much” (4). A similar response-algorithm of The 

HADS was performed; green = “None” (0), yellow = “Mild” (1), orange = “Intermediate” (2) and 

red = “Severe” (3) (Figure 1). 
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Figure 1. The development process of the ePRO.  
 

 

Patient’s feedback through semi-structured interviews 

After selection of questionnaires entailed in the ePRO, development of the response algorithm and 

technical aggregation of the ePRO, patient evaluation was performed as individual semi-structured 

interviews. We selected five patients on the basis of different sex, age and follow-up time. All 

patients were asked to review and comment on the ePRO regarding the following; 1) If the ePRO 

captured important issues for patients with peritoneal metastases (PM), 2) Overlapping questions, 3) 

The sufficiency of the ePRO in relation to the needs of patients with PM and 4) The time 

consumption of the ePRO (Figure 1). The interviews were performed by telephone by the first 

author, transcribed, and analysed ad modum Kvale (41). 

Clinician’s feedback 

All clinicians who performed individual follow-up consultations after CRS+HIPEC were asked to 

review and comment on the ePRO by e-mail. First, they were asked to evaluate if the ePRO 

sufficiently covered symptoms that patients might have following CRS+HIPEC. Second, they were 

asked to assess if any reported symptoms were of clinical importance (i.e. suspicion of recurrence) 

and should be interpreted as severe in the response-algorithm.  

To prepare the clinicians for the follow-up based on ePRO, they were introduced to a one-page 

manual (42). The manual provided clinicians with a brief overview of how to prepare for, undergo 



 9 

and document an ePRO-based consultation (42). The manual was supplied by a brief one-hour 

training session, which included evidence-based knowledge about the rationale, benefits and 

challenges of using ePROs, and experimental training and instructions for the use in clinical 

practice(42). In the clinic ad hoc training and feedback was preformed ongoing. 

Routine Follow-up 

At Dep A, patients were routinely followed in the out-patient clinic at 3, 6, 12, 18, 24, 36, 48 and 60 

months postoperatively. Each consultation was preceded by a Computed Tomography (CT) scan of 

the thorax, abdomen and pelvis. All consultations were performed by four experienced clinicians all 

performing CRS+HIPEC. The consultation included a clinical examination and a description of the 

performed CT scan. 

At Dep B, patients were followed with a consultation at 1, 6, and 12 months postoperatively. Each 

consultation included a blood test of cancer antigen 125 (CA 125) and a clinical examination. If any 

of the above-mentioned parameters were abnormal, a CT scan was performed to investigate a 

potential recurrence.  

The Intervention: PRO-based follow-up 

The interventional follow-up is depicted in Figure 2. 

Figure 2.  The intervention: Follow-up based on electronic patient-reported outcomes 

 

 

The intervention aimed to provide a follow-up supported by electronically collected ePRO along 

with the results of the CT scan. The ePRO should the dialogue between the clinician and the patient, 

by screening for a priori defined clinical important patient symptoms and needs. 

The first author set up each patient with follow-up dates in the Ambuflex system. The ePRO was 

sent electronically to the patient seven days prior to the follow-up, with one reminder after three 

days in case of a non-response. Still, weekly review of the calendar in the outpatient clinic and the 

Ambuflex system was necessary, because follow-up dates frequently changes due to unexpected 

events in this cohort of patients. In the AmbuFlex system, the ePRO was integrated and assessed in 



 10 

the Electronic Medical Record. A graphic presentation of the ePRO was available for the clinician 

to facilitate flagging of important symptoms. Clinicians were required to document the use of the 

ePRO, either technically in the AmbuFlex system or with a comment in the Electronic Medical 

Record (Figure 1).  

Evaluation of the implementation 
Handling of the ePRO 

• Patients’ response rate of ePRO 

• Proportion of ePRO administered and documented by the clinician  

• The primary author performed a thematic categorization of the prioritized issues, where each 

free form sentence/word was converted to a spreadsheet. The thematic categorization was 

based on 1)  subscales from the EORTC QLQ-C30  (gastrointestinal, mental, somatic, pain 

cognitive, mental), 2) issues related to the CRS+HIPEC course (disease and treatment 

related, general sequelae, status of the CT scan, future follow-up, future prognosis, 

elaborative conversation, treatment of recurrence), 3) concerns regarding body image,  4) 

practical concerns and 5) other issues. Subsequently, the author group discussed the 

categorization in plenum. 

• Patients’ prioritized issues prior to the consultation (refined to ‘yes’ / ‘no’), stratified by 

time since surgery (<6 (+1 month) months/ >6 (+ 1 month) months) and gender 

(male/female)). 

 

 

Patients’ evaluation 

After each follow-up visit, patients received an electronically questionnaire, which evaluated the 

follow-up visit along with a measurement of outcomes related to ePRO-based follow-up. 

After the consultation, patients were asked to evaluate following:  

• The need and purpose of the follow-up visit (question: ‘Please evaluate the necessity of the 

follow-up visit’) (possible answers: ‘It was necessary so I could get explanations to my CT 

scan AND nothing else’, ‘It was necessary so I could get explanations to my CT scan AND 

talk about my other problems’, ‘It seemed unnecessary, but it was nice to get explanations to 

my CT scan’ or ‘It seemed unnecessary, I could have done without it’) 

• The time allocated for the follow-up visit.  (possible answers: sparse, appropriate, too long) 
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• Assessment of the support provided during the follow-up visit (question: ‘If you have 

experienced the following (physical, mental, sexual or dietary issues), to what extent has the 

follow-up visit supported you to deal with these?) (possible answers: Very much, some, less, 

not at all, I have not needed help). For feasible presentation and interpretation, we 

categorized the answering categories into the following: Support (very much, some, less,) / 

no support (not at all) / no support needed. We performed a sensitivity analysis stratifying  

time since surgery (<6 months and > 6 months) and gender. 

 

Inclusion of patients 

The inclusion was performed continuously during February 2017 - December 2018, prior to a 

consultation in the outpatient clinic; i.e. patients could be included at any time during their follow-

up period (3, 6, 12, 18, 24, 36, 48 and 60 months postoperatively). Patients who underwent 

CRS+HIPEC were considered eligible for study inclusion, with the exception of following 

conditions. Patients: 1) who were unable to speak and read Danish, 2) whose forthcoming 

consultation was the last 48 months, 3) with no digital e-mail solution reached by public authorities 

and/or e-mail, 4) informed of recurrence at the consultation subjected to inclusion and 5) in a 

diagnostic process of recurrence. 

The inclusion was performed in the outpatient clinic or by telephone. Informed written consent was 

signed on-site or sent by e-mail and returned either personally or by mail. 

Ethical approval and consent to participate  

The collection and storage of data was approved by the Danish Data Protection Agency (Project ID:  

1-16-02-572-16). All study participants delivered an informed written consent in accordance with 

the ethical standards of the Helsinki Declaration. The Danish ethical committee has assessed 

notification of the study was not required. 
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Results: 
Development of the final ePRO 
Patients feedback through semi-structured interviews 

The characteristics of the five patients who were invited for individual semi-structured interviews 

were as followed:  3 females, 2 males, a median age of 57 (range: 41-64) with a median of 19.5 

months (range: 3.1-80.7) since CRS+HIPEC. 

All interviewed patients stated that the ePRO adequately covered issues and symptoms experienced 

after CRS+HIPEC, but the order of questions should be gathered according to physical function, 

somatic symptoms and cognitive symptoms. All interviewed patients found that the ePRO was 

appropriate time-consuming, varying from 5-7 minutes. 

The two males stated that the majority of questions in the HADS (screening for anxiety and 

depression) were redundant, and sufficiently covered by the EORTC QLQ-C30 (q20-q25), while 

the women found the HADS questions appropriate to expand the issue of anxiety and depression. 

As a consequence, in collaboration with Ambuflex we decided that the ePRO should include only 

two items form the HADS (item 6 and item 11) (Figure1). The final version of the ePRO differed 

according to the Department of follow-up. At Dep. A, the ePRO included 67 items + 3 prioritized 

issues of patient’s own preference (stoma / no stoma), whereas the ePRO consisted of 52 items + 3 

prioritized issues of patient’s own preference at Dep. B. 

Clinicians feedback 
None of the clinicians found that significant items were missing in the ePRO, and all found the 

response-algorithm relevant. 

Patient inclusion and baseline characteristics 

In total, 218 patients were eligible for inclusion. As demonstrated in Figure 3, 187/218 (85%) were 

included in the study. The majority of not included patients (45% (14/31)) declined due to a lack of 

interest (Figure 3). 

Figure 3 – Inclusion and response rates 
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Patient characteristics are shown in Table 1. 

Figure 1. Baseline characteristics 
 

Variable Responders to the ePRO 
n=136 

Sex (number, %) 
   Female  
   Male  
 

 
75 (55) 
61 (45) 

 
Age at the time of surgery (median, range) 
 
Age at the time of surgery (number, %) 
   <60 
   60-65 
   65-70 
   >70 
 

60 (26 – 78) 
 
 

66 (49) 
21 (15) 
33 (24) 
16 (12) 

 
Disease (number, %) 
   Pseudomyxoma Peritonei 
   Colorectal Cancer 
   Appendix incl. Goblet Cell 
   Malignant mesothelioma 
   Ovarian 
 

 
37 (27) 
63 (46) 
19 (14) 
5 (4) 
12 (9) 

Civil status (number, %)  
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   Married / relationship   
   Divorced / Single 
    Other 
   Missing 

102 (75) 
19 (14) 
1 (1) 

14 (10) 
 

Time from surgery to first ePRO response  
 
Median months (IQR) 
 
Time since surgery (number, %) 
  
  < 6 months 
   >6 months 
   Missing 

 
 

9 (3.9 - 20.4) 
 
 
 

54 (40) 
77 (57) 
5 (3) 

 
 

Evaluation of the implementation 
Patient response rate  
As demonstrated in Figure 3, 136/187 (73%) patients responded to the ePRO and were subjected to 

an ePRO-based follow-up consultation. In total, we performed 203 ePRO-based consultations. The 

reasons to non-response are shown in Figure 3. 

EPRO administered and documented by clinicians 

In total, 57/203 (28%) of the ePRO consultations were not technically documented as administered 

in the Ambuflex system. A review of the patient’s electronic medical record demonstrated that 9/57 

of the ePROs were used in the consultation and documented in the medical record but not in the 

Ambuflex- system. Further, in 6/57 consultations the ePRO was neither applied nor documented 

due to organizational challenges (technical problems with the ePRO, recurrence of disease found at 

the CT scan, or the patient did not show up). Therefore, a total of 42/203 (21%) were not 

documented in the Ambuflex system or the medical record. We interpreted these as not used in the 

individualized cancer follow-up. These 42 ePRO’s and follow-up visits were equally distributed 

throughout the study period (data not shown). 

Prioritized issues 

In total, 203 ePROs were completed, in which ePRO response included three prioritized issues 

available for the patient to fill out. This resulted in a maximum of 609 (3 x 203) possible issues of 

prioritization. In total, 139/609 (23%) of the prioritized issues did not include a response from the 

patient. Stratified by time since CRS+HIPEC, a significantly larger proportion of patients who did 

not fill out a prioritized issue, had a follow-up > 6 months after CRS+HIPEC (figure 4). Stratified 

by gender, there was no difference (data not shown).  
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Figure 4. In total, 139/609 of the prioritized issues did not include a response. Displayed is the 

proportional (%) distribution (with 95% confidence intervals) of the number of ‘No prioritized 

issues’ stated prior to the consultation stratified by time since Cytoreductive surgery and 

Hyperthermic Intraperitoneal Chemotherapy 

 

 

Among the 470 issues with a prioritized topic, the distribution of the prioritized topics is 

demonstrated in Figure 5. 

 

Figure 5. The percentage with 95% confidence intervals of each categorized topic among patients’ 

prioritized issues.  
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1Included problems related to ostomies and hernias  

2Including treatment related side-effects 
3Included symptoms related to sexual dysfunction 

 
 
 
Evaluation of the follow-up visit 
In total, 118 patients filled out an ePRO and then evaluation of the follow-up consultation (Figure 

3), thus a number of 176 evaluations are applied in the analyses below.  

The necessity of the follow-up visit 
Among the 176 evaluations, 127 (72 %) patients evaluated the follow-up to be necessary in order to 

discuss the outcome of the CT scan, symptoms, and/or prioritized issues (answer: “It was necessary 

so I could get explanations to my CT scan AND talk about my other problems”). Patients found the 

follow-up necessary to discuss only the result of the CT scan in 33/176 (19%) (answer: “It was 

necessary so I could get explanations to my CT scan AND nothing else”) of the evaluations. 

Further, 4.5% of the consultations were assessed as not necessary (“It seemed unnecessary, but it 

was nice to get explanations to my CT scan” (3.4%) or “It seemed unnecessary, I could have done 

without it” (1.1%)). In total, 4.5% did not respond to the evaluation questions. Concerning the 
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timeframe of the follow-up consultation, 88% of the patients found the timeframe appropriate, 

while 8% thought it was too sparse. Further, 4% did not respond.  

Assessment of follow-up support  
The majority of follow-up visits (range: 19.3 – 56.3%) were evaluated to be supportive in terms of 

physical (42%), mental (56.3%), sexual (19.3%) or dietary (26.7%) issues raised (Figure 5). 

Further, a range from 34 – 62.5% of the patients reported that they did not need support related to 

these issues. Still, a range from 7.4 - 15.9% of the follow-up were not assessed to provide sufficient 

support regarding physical (12.5%), mental (7.4%), sexual (15.9%) or dietary (14.2%) issues 

(Figure 6). Sub-analyses stratified by time since surgery (<6 months and > 6 months) and gender, 

revealed no clear difference in the assessments of the support provided at the follow-up visit (data 

not shown).  

 

Figure 6. Patients’ assessment (percentage with 95% confidence interval) of follow-up support.  
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Discussion   
In current study, we have developed and implemented a cancer follow-up based on ePRO. In total, 

73% of the included patients responded to the ePRO and were subjected to an ePRO-based follow-

up consultation. We demonstrated that the clinician applied the ePRO in 79% of the consultations. 

The majority of patients assessed the follow-up visit to provide support with respect to physical, 

mental, sexual or dietary issues. Patients with a consultation more than 6 months following 

CRS+HIPEC responded significantly less prioritized issues for the consultation.  

 

Development 
PRO’s were originally developed to measure treatment effects (13) but  is now widely applied in 

clinical settings to monitor, improve, and evaluate patient care (43-45).  To our knowledge, no 

specific PRO’s exist for patients undergoing CRS+HIPEC, and yet, no patients undergoing 

CRS+HIPEC have been involved in the development of specific PRO’s (31-34, 46-48). A general 

challenge is to select sensitive and valid PRO’s (49). Therefore, we involved patients in the 

development process to create an ePRO relevant and sensitive for patients undergoing 

CRS+HIPEC.  

Previously, a number of categories have been identified where patients could be involved in the 

development of PRO, although only few studies have involved the patients in the development and 

selection of PRO’s in cancer follow-up (50). Following categories could potentially involve 

patients; the determination of health outcomes, development of items, and testing for 

comprehensibility. (50) We involved patients in two of the categories: the selection of items and 

tested the ePRO’s comprehensibility. All patients commented on the order of the items (e.g. 

grouping of symptoms) and the comprehensibility in terms of the linguistic phrasing and were thus 

involved in the development process. However, the structured interviews indicated some gender 

differences with respect to the content of the ePRO. Females and males requested issues such as 

distress and mood (i.e. the HADS) differently. This difference has been described in other settings. 

For example, it has been investigated that patient-reported stress and anxiety is higher among 

female patients treated for painful conditions in the emergency department. (51) However, this 

gender difference with respect to the requirements for the ePRO should be interpreted with caution 

due to the small number of patients interviewed. Still, the use of ePRO might hold a gender-specific 

aspect concerning the psychosocial aspects of follow-up which should be taken into consideration. 
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Evaluation of the implementation  
A follow-up based on ePRO can be considered as a complex intervention to implement, because it 

includes several components that can act both independently or interdependently, include different 

organizational levels and must be tailored to a specific setting that changes depending on the status 

of the disease (52). Several outcomes may be used in the evaluation of a complex intervention (52), 

where descriptions of applied tools, planned strategies, facilitators and barriers and  their 

effectiveness in everyday practice are essential  (52, 53). 

We evaluated the proportion of consultations completed with the ePRO, which in current study was 

performed in 79% of the patient consultations. Still, in 20% of the consultations the ePRO was not 

applied.  In our setting, the clinician was responsible for the use and administration of the ePRO. It 

has previously been described that implementation of new, complex initiatives in an institutional 

and organizational process will possibly encounter resistance (53). Previously, barriers to the use of 

ePRO in a clinical outpatient setting have been investigated. (54-57) Some of the organizational 

barriers described included increased workload, lack of time, interference with existing workflow, 

and lack of financial resources. Additionally, it has been suggested that the clinician’s attitude and 

management of the PRO’s was an important barrier for a feasible implementation (55). In addition, 

previous research has found that clinicians were ambivalent towards individualized follow-up based 

on PRO; some were positive and thought the PRO’s were beneficial, while others considered the 

PRO as a deterioration of the patient care and expressed suspicion regarding the value (55, 56). It 

has also been suggested that clinicians could find it difficult to respond and take action on the 

symptoms reported by the patient (58). Based on these investigations, to enable clinicians to 

manage PRO, training and preparation of the clinical staff members is recommended.  

 

In current study, patients were asked to report prioritized issues prior to the consultation. However, 

prioritized issues were not reported in 23% of the responses. Our sub-analyses revealed that the 

majority of patients who did not report a prioritized issue had a follow-up >6 months since 

CRS+HIPEC. It has previously been described that patients valued PRO as a tool to raise issues, but 

thought is required to which patients may actually benefit from PRO (16). This generates the 

hypothesis that patient’s needs during a follow-up period might vary and could be affected by 

multiple factors, e.g. the time since treatment (i.e. surgery), potential recurrence, personal 

preferences, social network, and personal coping strategies. This is supported by the fact that nearly 

20% of the patients found the follow-up visit to be a necessity exclusively for getting the results of 

the CT scan. A substantial part (a range from 34 – 62.5% of the patients) reported that they did not 
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need support related to following issues physical (43.2%), mental (34%), dietary (56.8%)  or sexual 

(62.5%) in the follow-up consultation.. However, it is outside the scope of this study to thoroughly 

clarify if ePRO’s in a follow-up visit are beneficial for all patients at all times postoperatively, and 

requires further investigations. 

Strengths and limitations  

When developing and implementing a complex intervention in clinical practice, there is little 

control of contextual variables, setting and the heterogeneity among clinicians and patients. (53) 

However, a strength of this study is the well-established treatment center as a setting, where the 

clinical management (including follow-up) of patients was handled by the same clinicians. The 

ePRO was based on validated questionnaires, previously applied for this cohort with the purpose to 

observe the development of Health-related Quality of Life (35, 59). Patient’s response (i.e. 

prioritized issues) is a direct line to target the patient’s thoughts, feelings, and experiences. 'When 

converting free form text responses from a survey (qualitative data) into pre-defined categories 

(quantitative), one may risk losing some important information. It could have been an advantage for 

the study, if the categorization of the prioritized issues had been extern validated. 

We involved both patients and clinicians in the development of the ePRO. Though, in current study 

we did not include clinicians in the evaluation of the feasibility of ePRO’s in a clinical follow-up, 

which limits the analysis of potential barriers to use of ePRO in a clinical outpatient setting.  

Further, only few patients were included in the development of the ePRO, which might limit the 

patient’s input. (60)  

Conclusion 

In advanced cancer patients undergoing highly specialized surgical treatment, a follow-up based on 

ePRO can be implemented and applied in nearly 80% of follow-up visits. The majority of patients 

assessed the follow-up visit to provide support with respect to physical, mental, sexual or dietary 

issues, still, patients with a consultation more than 6 months following CRS+HIPEC stated 

significantly less prioritized issues for the consultation A follow-up based on ePRO requires a 

surplus of financial, staff and organizational resources. Before implementation in routine clinic, the 

effect on patient-centered care of a PRO-based follow-up must be evaluated.  
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Abstract (a maximum of 250 words. Wordcount: 238) 

Background and aim 

Patient activation (PA) and Patient Involvement (PI) are considered elements in good survivorship. 

We aimed to evaluate the effect of a follow-up based on electronic patient-reported outcomes 

(ePRO) on PA and PI. 

Method 

From February 2017 to January 2019, we conducted an interventional feasibility study. We 

included 187 patients followed after intended curative complex surgery for advanced cancer at two 

different Departments at a University Hospital. Prior to each follow-up consultation, patients used 

the ePRO to screen themselves for clinical important symptoms, function and needs. The ePRO was 

graphically presented to the clinician during the follow-up, aiming to facilitate the patient activation 

and involvement in each follow-up. 

According to the time-period and type of follow-up, patients were divided into groups; ‘-ePRO’ 

(routine follow-up), ‘+ePRO’ (ePRO based follow-up) and ‘-/+ePRO’ group (routine and ePRO 

based follow-up). PA was measured by the Patient Activation Measurement (PAM), while PI was 

measured by five indicator questions. 

Results  

The mean PAM score was similar between all groups. Based on the five PI-indicator questions, a 

larger proportion of patients with a +ePRO consultation evaluated themselves as “much” involved 

in consultation; the ePRO provided a wider scope of dialogue, encouraged patients to ask questions 

and share their experiences and concerns. 

Conclusion 

Follow-up consultations based on ePRO seem to increase PI by offering a wider scope of dialogue, 

and encourage patients to ask questions and share their experiences and concerns during follow-up 

visits.  

 

 

Keywords: Patient involvement, Patient activation, advanced cancer, Patient-reported outcomes, 

follow-up 
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Introduction 
Patients with metastases to the peritoneal surface (i.e. advanced cancer) have historically been 

treated with palliative intent receiving either systemic chemotherapy with or without symptom-

directed surgery, or no treatment at all, depending on their overall health performance [1-3]. With 

the introduction of intended curative complex cancer surgery (i.e. Cytoreductive Surgery (CRS) and 

Hyperthermic Intraperitoneal Chemotherapy (HIPEC), the prognosis for these patients has 

improved significantly [4-6]. Along with improved survival, survivorship issues have therefore 

become increasingly important [7]  

 

Survivorship is defined as the “health and well-being of a person with cancer from the time of 

diagnosis until the end of life” according to the National Cancer Institute National Comprehensive 

Cancer Network [8]. A key element in survivorship is good Health-related Quality of Life (HRQoL) 

and decreased symptom distress [7]. Patient-centred care has been suggested as a strategy to ensure 

this [9, 10], e.g. involving patients’ preferences, needs and values, and engaging them in their own 

care and follow-up. In continuation hereof, patient involvement (PI) can be seen as a strategy to 

achieve patient-centeredness, as it includes the patients’ rights and opportunity to influence their 

healthcare. In a clinical setting, PI therefore comprises initiatives to support active patient 

participation, thus contributing in their care pathway [11, 12]. 

 

Patient activation (PA) can be defined as the patients’ individual level of knowledge, confidence 

and skills to manage their own health [13]. A number of studies have indicated that active patients 

are able to participate in follow-up, raise questions, make requests, state preferences and introduce 

topics [14, 15]. It has been demonstrated that an increase in patients’ activation is associated with a 

positive change in general health and lower health care costs [16, 17]. PA can be influenced by self-

management strategies, and the use of patient-reported outcomes (PRO) in the consultations has 

been suggested as a tool to support PA and self-management, thus facilitating patient involvement 

[18, 19]. 

 

In the management of patients with metastases to the peritoneal surface, the primary focus has up 

till now been on the surgical treatment, morbidity, recurrence and survival [3, 20] and to a lesser 

extent the survivorship. Therefore, we conducted an interventional study to evaluate if patient-

centered follow-up based on electronic patient-reported outcomes (ePRO) was associated with 

increased level of PA and PI.  
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Method:  
Study design and setting 
The study was carried out as an interventional feasibility study in the period from February 2017 to 

January 2019 including patients with advanced cancer (i.e. peritoneal metastases from colorectal, 

appendiceal, and ovarian origin, and pseudomyxoma peritonei) treated with curative intent with 

complex cancer surgery at two different departments at Aarhus University Hospital. Both 

departments were national treatment centers for CRS+HIPEC. At Department of Surgery, the 

procedure was offered as standard treatment, whereas the treatment was performed as a part of a 

clinical trial at Department of Gynecology[21]. 

As depicted in Figure 1, the routine follow-up was scheduled according to specific cancer disease of 

interest, and thus, unequal at the two departments. 

At Department of Surgery, according to national guidelines, the routine follow-up included a visit 

in the outpatient clinic at 3, 6, 12, 18, 24, 36, 48, and 60 months postoperatively. The standard 

follow-up included blood samples and a Computer Tomography (CT) of the thorax, abdomen and 

pelvis, with a subsequently physical follow-up visit containing results of the CT and a clinical 

examination.    

At Department of Gynecology, the standard follow-up included blood samples (tumor marker), and 

a pelvic examination. Imaging was only performed if recurrence was suspected. 

 

Participants 

Patients from the two departments who had undergone complex surgery with curative intent (i.e. 

CRS+HIPEC) were considered eligible for study inclusion, and were included continuously, 

irrespective of time since the complex surgery, in the outpatient clinic or by telephone prior to each 

follow-up visit. Informed written consent was signed on-site or sent by e-mail and returned either 

personally or by mail. 

Patients were not included in case of the following: 1) unable to speak and read Danish, 2) the 

forthcoming consultation was the last (48 months postoperatively), 3) no digital e-mail solution 

reached by public authorities and/or e-mail, 4) informed of recurrence at the consultation subjected 

to inclusion and 5) in a diagnostic process of recurrence.  

Among the patients included in the study period, patients were divided into three groups according 

to the period of time and type of follow-up (Figure 2). Patients who only completed routine follow-

up without ePRO was referred to as ‘-ePRO’, whereas patients who participated in the intervention 
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was referred to as ‘+ePRO’. Patients receiving both routine and interventional follow-up were 

included in the ‘-/+ePRO’ group. 

 

Intervention 

The purpose of the intervention was to improve and increase PA and PI by implementing patient-

centered follow-up supported by electronic patient-reported outcomes. Patients screened themselves 

for a priori defined clinical important patient symptoms, ability of function and needs, which 

subsequently were presented to the clinician prior to each follow-up visit, aiming to facilitate the 

patient activation and involvement in each follow-up. The screening was performed with an ePRO, 

including validated questionnaires: The European Organization for Research and Treatment of 

Cancer (EORTC) quality of life questionnaire (QlQ) C30 [22], C29 [23] and OV28 [24], and item 6 

and 11 from the Hospital and Anxiety Depression scale [25]. Further, the ePRO provided 

opportunity for patients to state three issues to be prioritized in the consultation. Each patient 

response was flagged with colors illustrating the severity according to the original response 

algorithm developed for each questionnaire [26]. The patient’s ePRO response was graphically 

presented to the clinician. After the consultation, clinicians were required to document the use of 

the e-PRO, either technically in the electronic system or with a comment in the Electronic Medical 

Record.  

Prior to implementation, a small, selected group of patients and clinicians evaluated the sensitivity 

and feasibility of the ePRO. Further, all clinicians were provided with a one-page manual of how to 

prepare for, undergo and document an e-PRO-based consultation, supplied by a one-hour training 

session. The development and feasibility of the e-PRO based follow-up is described in details 

elsewhere [26].  

 

Outcomes measurements  

The primary outcome was PI and PA. These outcomes were measured with an electronic 

questionnaire sent out 2-4 days after each follow-up visit to all study patients, before and during the 

intervention (Figure 1) 

 

PI was measured by five questions developed and tested as indicators of PI by DEFACTUM, a 

department in the Central Region of Denmark dealing with social services, health  

care and labor market issues. The questions were as followed:  
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I. The health care provider asked about my own experiences with my illness / condition 

II. I talked to the health care provider about the questions or concerns I had 

III. The health care professional encouraged me to ask questions or talk about concerns 

IV. I was on advice when deciding what was to happen and 

V. I have had appropriate conversations with healthcare professionals about how to best 

manage my illness / condition. 

Patients had following response categories “Not at all”, “Less”, “Some”, “Much” and “very much”, 

to increase the simplicity we categorized them into “Little”, “Some” and “Much”. 

 

PA was measured by the Danish validated 13-item Patient Activation measurement (PAM) 

questionnaire[27], which was developed and validated by Hibbard et al. to evaluate the patient’s 

ability to self-manage [13, 28].  The PAM scores from 0-100, where a higher score indicates a 

higher level of activation. 

 

Statistical methods 

Apart from the disease characteristics and date of surgery, which was retrieved from a local 

database, patient characteristics were collected at inclusion by an online questionnaire. Patient and 

disease characteristics are presented as frequencies and percentages for categorical variables, while 

continuous variables are presented as median with ranges or interquartile ranges (IQR). Patient 

characteristics are presented for each group (-ePRO, +ePRO and -/+ePRO), and for the total 

population. 

Since the five questions regarding patient involvement was used to monitor PI in the follow-up 

consultation, each response was considered independent, and stratified by routine (-ePRO) and 

interventional (+ePRO) follow-up. Therefore, it should be noticed that some patients occur with 

repeated measurements.  

A mean PAM score along with 95% confidence intervals was presented for 1st, 2nd and 3rd response 

in each period (-ePRO period and +ePRO period). The PAM score ranges from 0-100 introducing 

ceiling and floor effects that affect the normal distribution of data. Currently, no guidelines exist on 

the presentation of PAM, and PAM is often presented as means with 95% confidence intervals 

despite its distribution. We presented PAM data both as medians (with ranges) and means scores 

(with 95% confidence intervals). The Danish validated version of the 13-item PAM does not 

recommend the presentation of 4 levels[27], thus we restrained from this. 
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All analyses were performed as complete case analyses, thus only patients who answered outcome 

measurements were included in the analysis. Further, patient data were analyzed according to the 

assigned group (-ePRO, -/+ePRO or +ePRO). The statistical analysis was performed using STATA 

statistical software (STATA, release IC15, STATACorp, Texas, USA). 

 

Ethical consideration 

The collection and storage of data was approved by the Danish Data Protection Agency (Project ID:  

1-16-02-572-16). All study participants delivered an informed written consent in accordance with 

the ethical standards of the Helsinki Declaration. The National Committee on Health Research 

Ethics assessed that notification of the study was not required. 

The intervention was implemented in accordance to the already existing follow-up program for 

patients treated with complex surgery for advanced cancer, as we did not attend to create an extra 

burden for this vulnerable cohort of patients.  
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Results 

In total, 255 patients were followed in the outpatient clinic in the study period from 2017-2019. 

Among these, 218 patients were eligible for inclusion, and 187 (86%) patients accepted 

participation in the study (Figure 3). 

 

Baseline characteristics are presented according to group, and summed in Table 1. Overall, the 

majority of patients were female, aged < 65 years. A large part of the patients had PM originating 

from a gastrointestinal location (colorectal cancer and pseudomyxoma peritonei). In total, around 

75% of the study population were in a relationship / married. The level of education was equally 

distributed between groups (-ePRO, +ePRO and -/+ePRO), with nearly 50% having 2-4 years 

additional education in each group. At least 50% of patients in each group were not attached to the 

labor market (senior citizens / sick leave). 

 

Patient involvement 

Patients' assessment of PI in the consultation is presented in Figure 4. Irrespective of the question 

(I-V), a larger proportion of patients in the +ePRO group evaluated themselves as “much” involved 

in consultation.  

  

Patient activation measurement 
For all groups, the median PAM score was at same level as the mean PAM score, thus only the 

mean PAM score is presented. 

Comparing the -ePRO group with +ePRO group, patients with a +ePRO consultation did not report 

a higher mean PAM score (Figure 5, 5a). 

Considering the -/+ePRO group, i.e. patients subjected both to –ePRO and +ePRO, no difference in 

the mean PAM score between the routine (-ePRO) and interventional follow-up (+ePRO) was 

found. However, patients tended to report a higher mean PAM score in the +ePRO period, though 

insignificant (Figure 5, 5b).   

Stratified by time since surgery, there was no correlation between a mean PAM score and time 

since surgery (Figure 6). As demonstrated in Figure 6, there was a large interpersonal variance in 

mean PAM score, irrespective of -ePRO or +ePRO period. 
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Discussion  

We performed a descriptive interventional study, aiming to improve PI and increase PA by 

implementing patient-centered follow-up supported by electronic patient-reported outcomes. 

Overall, patients tended to assess a high degree of PI in all consultations, yet, PI tended to be more 

frequent in +ePRO consultations. Follow-up consultations supported by ePRO did not change PA.  

 

Patient involvement 

Our results demonstrated that some aspects of PI in an outpatient clinical cancer setting may be 

improved by ePRO. Regarding question I-III (I.The health care provider asked about my own 

experiences with my illness / condition, II. I talked to the health care provider about the questions 

or concerns I had and III. The health care professional encouraged me to ask questions or talk 

about concerns), patients demonstrated the highest level of PI in favour of the +ePRO 

consultations. The answers to these questions (I-III) indicates that the use of ePRO may provide a 

wider scope of dialogue and encourage patients to ask questions and share their experiences and 

concerns during follow-up visits, which is also reported from other studies [18, 29]. 

 
Patient activation  
It has previously been demonstrated that PA is a function of contextual factors and multiple patient 

and clinician characteristics[30].  

Several contextual factors may increase the complexity of the implementation of e-PRO, thus 

impact its effect on PA. Due to ethical considerations the intervention was made to meet the 

requirements of the already existing follow-up program. Therefore, the intervention was confined to 

the specific times of follow-up for each patient (i.e. continuously inclusion at follow-up times at 3, 

6, 12, 18, 24, 48 and 36 months), and 3 months, as a minimum, existed between each interventional 

follow-up. This interval between the +ePRO consultations could potentially affect the patient’s 

level of activation, as learning strategies in both technical [31], and cognitive competences have the 

highest effect when executed intensively during a short period of time [27, 32]. In general, the 

implementation of a new set-up is affected by the existing organizational structure, and not 

automatically incorporated [33]. An organization must be capable of the development, integration 

and costs of structures that support technical solutions measuring and presenting health information 

[33]. In current setting, the ePRO was developed in collaboration with Ambuflex, which specializes 

in PRO as an electronic option. Therefore, the system was easily integrated in the Electronic 
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Medical Record. Despite this being an electronic solution, the implementation of the ePRO, and the 

operation of the system and each patient was managed by the first author. In case of future 

implementation, organizations must earmark costs for the electronic solution and its everyday 

operation.   

The PAM was primarily developed and reported in populations with chronic diseases (i.e. diabetes, 

ischemic heart disease, rheumatic diseases and asthma) [34], which differs from patients with 

advanced cancer. A lack of change in PA may be due to particular characteristics present in patients 

surgically treated for advanced cancer. It has been described that patients with PM experience 

severe preoperative mental pressure, affecting their ability to process health-care information in the 

peri-operative period[35]. Further, despite intended curative surgery, recurrence is frequent [36, 

37]), and introduces fear. The impaired ability to process health-care information in combination 

with potential fear of recurrence might affect patient activation, since the patient’s ability to manage 

their health-care is dependent also on their emotional state [38].  On the other hand, the initial mean 

PAM measurements were high (PAM score between 55 and 59, Figure 5), and large changes in the 

PAM measurement have primarily been demonstrated in patients with initial low PAM scores [14, 

39, 40]. Finally, as demonstrated in Figure 6, the majority of PAM measurements were between 

250-500 days, indicating that the majority of responses were from patients far away from their 

complex surgery. It may be the case that, these patients already had accomplished sufficient 

knowledge, skills and confidence with respect to self-management[14].  

It has previously been demonstrated that the use of PRO in clinical follow-up does not 

automatically enhance PI, and therefore the clinician’s role is important. In general, the clinician’s 

attitude towards PRO’s in a consultation (i.e. main component in current intervention) has been 

described as ambivalent [18, 41, 42], and highly depend on the clinicians’ day-to-day management 

of the system[43]. The lack of action from the health professionals to a problem reported by the 

patient in the PRO, induces unfilled patient expectations, and potentiates implementation barriers 

[18].  

To summarize, an intervention with ePRO did not influence PA, presumably due to contextual 

factors, and clinician and patient characteristics (e.g. severe mental pressure and fear of recurrence). 

Hypothetically, the use of ePRO in itself is not sufficient to change self-management strategies. 
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Strengths and limitations 
Overall, our results should be interpreted with caution, because of its descriptive nature. Both the 

intervention and outcome were measured with validated PRO, yet never validated in such a cohort 

of patients undergoing complex surgery. Clinicians’ knowledge and familiarity with PRO’s is 

important, and education/training may be needed to allow clinicians to utilize these instruments 

correctly and apply their data beneficially to their clinical practice. In this study, only a brief one-

hour training session was provided (Skovlund et al, manual). We did not assess in which way, and 

to which extent the clinicians applied the ePRO. Finally, in current study patients were included at 

different times of follow-up, which potentially could affect the outcomes. However, we anticipated 

this by stratifying patient activation measurements with time since surgery, and demonstrated no 

correlation between a mean PAM score and time since surgery. 

 

Conclusion 

The implementation of electronic patient-reported outcomes in the follow-up of advanced cancer 

patients after complex surgery, tends to increase patient involvement by offering a wider scope of 

dialogue, and encourage patients to ask questions and share their experiences and concerns during 

follow-up visits.  
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Table 1. Baseline characteristics presented for each group (-ePRO, -/+ePRO and +ePRO) and the total population. 

Groups are based on the type of follow-up 

1 Including appendix cancer (n=11) and Goblet Cell carcinoma (n=9) 
 

 Groups according to type of follow-up 

Total: n=187 
Variable  

- ePRO 
n= 48 

 
-/+ ePRO 

n= 57 

 
+ ePRO 
n= 82 

 
Total 

n = 187 
Sex 
   Female  
   Male  
 

 
35 (73) 
13 (27) 

 
32 (56) 
25 (44) 

 
44 (54) 
38 (47) 

 
111 (59) 
76 (41) 

Age (median, range) 
 
Age 
   <60 
   60-65 
   65-70 
   >70 

57 (28 – 76) 
 
 

29 (60) 
6 (13) 
10 (21) 
3 (6) 

61 (39 – 77) 
 
 

23 (40) 
11 (19) 
14 (25) 
9 (16) 

59 (26 – 75) 
 
 

42 (51) 
10 (12) 
19 (23) 
11 (13) 

59 (26 – 77) 
 
 

94 (50) 
27 (14) 
43 (23) 
23 (12) 

 
Disease  
   Pseudomyxoma 
Peritonei 
   Colorectal Cancer1 
   Ovarian 
   Malignant 
mesothelioma 

 
13 (27) 

 
28 (59) 
4 (8) 
3 (6) 

 
20 (35) 

 
31 (54) 
4 (7) 
2 (4) 

 
21 (26) 

 
49 (60) 
10 (12) 
2 (2) 

 
54 (29) 

 
108 (58) 
18 (10) 
7 (4) 

 
Civil status 
   Married / relationship 
   Divorced / Single 
   Other 
   Missing 

 
39 (81) 
7 (15) 

0 
2 (4) 

 
47 (82) 
9 (16) 

0 
1 (2) 

 
54 (67) 
11 (14) 
1 (1) 

15 (18) 

 
141 (75) 
27 (14) 
1 (1) 

18 (10) 
 

Education 
   Primary school 
   High school / training 
   + 2-4 years education 
   + > 4 years education 
   missing 
 

 
4 (8) 

10 (21) 
24 (50) 
8 (17) 
2 (4) 

 
10 (18) 
8 (14) 
33 (58) 
5 (9) 
1 (2) 

 
10 (12) 
10 (12) 
37 (45) 
10 (12) 
15 (18) 

 
24 (13) 
28 (15) 
94 (50) 
23 (12) 
18 (10) 

Labor  
   Full-time  
   Reduced time 
   Senior citizen 
   Sick leave 
   Unemployed 
   Unknown / Missing 

 
10 (21) 
7 (15) 
13 (27) 
12 (25) 
1 (2) 
5 (10) 

 
11 (19) 
8 (14) 
27 (47) 
10 (18) 
0 (0) 
1 (2) 

 
14 (17) 
12 (15) 
24 (29) 
16 (20) 
0 (0) 

15 (18) 

 
35 (19) 
27 (14) 
64 (34) 
38 (20) 
1 (1) 

22 (12) 



Figure 1. The setting 



Figure 2. Classification of the study cohort   
 

 



Figure 3. Flowchart – inclusion of patients  

 



Figure 4. Patient involvem
ent stratified by -ePR
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 consultations and +e-PR
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 consultations. 
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Figure 5. Mean Patient Activation Measurement (PAM) score for patients receiving routine follow-up (-

ePRO), a follow-up supported by electronic Patient-reported measurements (+ePRO), and patients 

receiving both (-/+ePRO). 

 
5a. Patients receiving only a -e-PRO follow-up compared to 

those receiving only a +e-PRO follow-up 

5b. Patients receiving both a -e-PRO and a +e-PRO follow-

up.  

  
 

 



 

Figure 6. 

 Mean Patient Activation Measurement (PAM) score stratified by time since complex surgery. Presented 

for period -ePRO and  period +ePRO. 

 
 

 

 


















