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Colorectal cancer (CRC) originates from the large intestine and encompasses tumors in
the colon and rectum. [Figure 1] CRC is the third most common cancer worldwide. (1, 2)
In the Netherlands, more than 14,000 new patients are diagnosed with CRC annually. (3)
The majority of patients are cured and as a result, the prevalence is relatively high with
more than 80,000 Dutch persons in 2018 who were diagnosed with CRC in the preceding
years. A CRC diagnosis results from an assessment of patients presenting with symptoms,
or by means of screening. The latter is becoming more common as in more and more
countries large screening programs have been implemented. (4) In the Netherlands,
nationwide colorectal screening was gradually implemented since 2014 by means of
Immunochemical Fecal Occult Blood Test (iFOBT) screening for persons aged between
55-75 years. (5) Colonoscopy is the standard method to obtain a pathological diagnosis
and is usually performed in patients with a positive iFOBT test or symptoms. (1, 4) After
definitive diagnosis, CT-thorax/abdomen or abdominal ultrasound (US) and chest X-ray
are performed to rule out metastasized disease elsewhere in the body. Approximately 20%
of patients present with stage IV (distant metastases) disease at diagnosis and although
some of them are treated with curative intent, most of these patients undergo palliative
treatment. (6) Fortunately, the majority of patients present with stage I-III disease and are
counselled for curative treatment options. When contemplating treatment strategies, it
is important to note that colon and rectal cancer are considered two distinct entities and
require different approaches. Tumor related factors, such as disease stage or histological
subtype and patient related factors, such as age and co-morbidity are also important
factors when considering treatment. (1)

Treatment of stage I-III colorectal cancer
Surgery
A complete surgical removal of the tumor with removal of the surrounding lymph nodes is
the cornerstone in treating patients with non-metastasized, stage I-III CRC. (1) Outcomes
are related to quality of pre-operative staging, quality of surgery and perioperative
care. Surgical resection can be performed by conventional (laparotomy) or minimally
invasive (laparoscopy) operative techniques. In the Netherlands, laparoscopic resection
is nowadays most common for both colon and rectal cancers (80%). (7) Very early CRC
(T1), can be treated with endoscopic or local surgical excision only without removal of
the surrounding lymph nodes. However, the majority of patients still undergo surgical
removal of the part of the bowel that contains the tumor and lymph nodes. (8) For higher
staged tumor, the type of surgical resection depends on the location of the tumor. For
colon cancer, most commonly performed procedure is a right or left hemicolectomy for
tumors in the coecum, ascending, transverse and descending colon. Tumors located in
the sigmoid, can be removed with a sigmoid resection. Tumors on the sigmoid-rectum
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junction (rectosigmoid) or rectum can be removed with a so called low anterior resection
(LAR) or by a Hartmann procedure. Tumors located in the distal part of the rectum or nearby
the anorectal junction, will often be treated with an abdominoperineal resection (APR)
resulting in a definitive colostomy. Resection of rectal cancer is performed according to
the Total Mesorectal Excision (TME) principles. (9) This means removal of all tissue within
the mesorectal fascia (MRF).

Figure 1: Anatomy of the colon and rectum

Neo-adjuvant treatment
In more advanced colorectal disease, patients may be initially treated with radiotherapy
and or chemotherapy in order to reduce the tumor size and disease stage. This so
called neo-adjuvant therapy regimens might be necessary for optimizing the chances
for complete surgical resection margins. (10) Although relatively uncommon in colon
cancer, these neo-adjuvant treatment options are often considered in rectal cancer.
Because of this difference in treatment the definition of the rectum is important and
recently proposed in an international Delphi study on the basis of MRI findings. (11) In the
Netherlands, preoperative radiotherapy is recommended for intermediate stage rectal
cancer (cT3c-dN0 of cT1-3 (MRF-) N1). (12) With this short course (5x5Gy) radiotherapy
downsizing or downstaging was not demonstrated, but improved local recurrence rates
were demonstrated. (13) Preoperative chemoradiation therapy is recommended for
patients with high risk or locally advanced rectal cancer (LARC) (cT2-3 with threatened
mesorectal fascia or cT4 and likely one or more suspected lymph nodes in or outside the
mesorectum on MRI).

Organ preservation
Considering the adverse long-term impact of rectal surgery, an organ preservation
approach in rectal cancer management has also been suggested in recent years. (14)
This approach favors no immediate surgery in selected patients with complete clinical
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response after preoperative chemoradiation therapy, avoiding postoperative morbidity
and dysfunctions following radical surgery. (14, 15) Many studies are currently ongoing to
treat patients with various neo-adjuvant strategies in order to make organ preservation
possible by either performing a ‘watch and wait’ strategy or performing a local excision
instead of radical (TME) surgery. (13, 16, 17) Long-term results of these studies have to be
awaited and compared with standard surgical techniques.

Adjuvant treatment
After surgical treatment, the resection specimen is examined by the pathologist. If this
shows any signs of advanced disease (i.e. T4 tumor size) or microscopic, lymph node
metastasis (i.e. lymph node metastases, N+), fit patients can be treated additionally with
chemotherapy. The goal of this so called adjuvant chemotherapy is to eradicate micrometastatic disease and improve survival. It has been demonstrated to be beneficial for
patients with high-risk stage II or stage III colon cancer. For rectal cancer, there is an
international debate whether adjuvant chemotherapy is of any benefit and in the Dutch
CRC guidelines this is not advocated. (18) With the broader use of multidisciplinary
treatment approaches, survival chances of patients with CRC have increased over the years,
resulting in higher number of patients in follow-up. (19, 20) Five-years after diagnosis,
95%, 88% and 69% of patients with stage I, II and III colon cancer are still alive. For patients
with stage I, II, and III rectal cancer these percentages are 92%, 80% and 77%, respectively.

Importance of follow-up and guideline recommendations
After CRC treatment with curative intent, patients are followed to detect and treat early
disease recurrence or metastases. Surveillance is also designed to consult patients
regarding complications, adverse effects and long-term consequences, and to provide
outcome data. (21) In the Netherlands, follow-up care for CRC survivors is provided
according to national guidelines and usually consists of at least biannual clinical hospital
visits, physical examination, imaging tests and laboratory results. [Table 1] Furthermore,
patients may experience various physical and psychosocial symptoms, including
psychological distress and fear of cancer recurrence, that might have an impact on
their quality of life. (22) For several decades, the national guidelines in the Netherlands
therefore recommend screening for sequalae of (surgical) treatment and providing
additional treatment and/or supportive care. [Table 1, Supplement 1] At the end of 2020
this has been revised slightly on several items and this new guideline is expected to be
implemented within the coming years throughout the country. A major difference is
the recommendation of a CT-thorax/abdomen at one-year follow-up. The use periodic
abdominal US and/or chest X-ray after one-year follow-up is no longer recommended.
According to the follow-up guidelines at time of writing this thesis (version 2014), followup up to 5-years is recommended for patients who have been treated with curative intent
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for stage I-III CRC. In addition to regular outpatient visits every 6 months in the first 2
years, and yearly hereafter, the following medical tests complete the follow-up screening
regimen:
CEA test: This is a blood test that detects the levels of the Carcinoembryonic
Antigen (CEA) protein. High levels of CEA may indicate cancer recurrence.
Abdominal ultrasound (US): US allows the radiologist to look for metastatic
disease or other abnormalities in the abdomen, particularly the liver.
Computed-Tomography (CT) scan: A CT scan creates a three-dimensional image
of the inside of the body with a X-ray machine.
Colonoscopy: This examination allows the physician to identify polyps or second
cancers in the entire rectum and colon.

•
•
•
•

If no abnormalities are discovered, follow-up is ended after 5 years. Colonoscopy followup, however, continues every 5 years. Patients are referred back to their referring general
practitioner.
Table: Follow-up schedule. (Adapted from “Richtlijnendatabase/colorectal cancer”, version 2014)

General
It should be clear per hospital and per patient who coordinates follow-up.
Half-yearly follow-up consult for 2 to 3 years, and then annually until 5 years after
surgery.
CEA and imaging for stage I-III
•
•

•

•
•
•

Ultrasound of the liver or abdominal CT half-yearly for a duration of 1 to 2 years,
and then annually until 5 years after surgery. CT scan is indicated if it is
technically difficult to perform an ultrasound, or CT may be considered if there
is a high-risk of recurrence given higher sensitivity
Three- to six-monthly CEA determination for 3 years, then half-yearly until 5
years after treatment
With rectal carcinoma, a chest X-ray or chest CT may be considered, possibly
dependent on the risk of recurrence
With pT1N0 stage, CEA and imaging can be omitted due to low yield of
recurrences
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Colonoscopy
•

•

•
•

•

Colonoscopy 1 year after surgery, subsequently surveillance according to the
Dutch guideline Coloscopy Surveillance (an interval of 3 or 5 years is
recommended on the basis of the number, size, and localization of the polyps)
If a (complete) colonoscopy is not performed prior to surgery (in the case of
a perforated tumor or stenosing non-passable tumor or synchronous
polyps which were not removed), a colonoscopy follows 3 months after
a resection. This examination is not required if the colon segment proximal to
the obstructing malignancy has been included in the resection sample
If a complete colonoscopy is not possible, CT colography is an alternative
After polypectomy of a T1 carcinoma, a colonoscopy after 3 and subsequently
after 6 months is recommended, followed by routine colonoscopy surveillance
according to the guideline
Endoscopic inspection of the scar after rectum-sparing treatment should be
performed 3 to 6 monthly for a duration of 2 to 3 years, followed by routine
colonoscopy surveillance according to the guideline

Current debate about follow-up and rationale for this thesis
Studies have shown that multimodal follow-up after curative treatment of CRC yields
better survival and improved health outcomes and is therefore recommended. (19, 23)
However, the precise content and intervals of follow-up modalities is variable. (23) In
addition, the goal, frequency and content of outpatient visits are a subject of debate in
many cancer types and scheduled outpatient visits are generally of limited value. (24-28)
Randomized controlled trials showed that intensive follow-up does not necessarily lead
to better survival and failed to produce significantly improved survival outcomes. (29, 30)
Inevitably, intensive surveillance results in higher costs, radiation exposure, discomfort
and puts a heavy burden on outpatient services. (31-33) Besides content and frequency
of follow-up, the surveillance setting (e.g. by surgeon, nurse or family practitioner) is also
highly variable. (34) Providing suitable follow-up for the growing number of CRC survivors
can put pressure on outpatient services and compromise the ability to see new referrals
or reassess patients. Furthermore, there is a trend towards patient empowerment and
patient involvement during surveillance. (32) Patient organizations, physicians and the
government call for more patient-centered solutions which focus on quality of life and
patient satisfaction. A greater role for the patient him or herself in follow-up care might
improve emotional and social wellbeing and gives patients more autonomy and selfefficacy. (35) Berian et al. examined patient perspectives regarding follow-up setting and
found that patient perceptions towards follow-up were mainly positive, but that further
improvements in satisfying unmet needs and providing psychosocial support are needed.
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(34) Information about care needs and follow-up care utilization is required to understand
patient-perceived needs. Further understanding of the course of symptoms and their
impact on health-related quality of life is required to provide personalized follow-up.
Providing understandable and tailored prognostic information to the growing number
of CRC survivors is important to inform patients adequately and to better understand the
life-limiting effects of cancer. Moreover, further knowledge about the time and location
of recurrence disease might help risk-stratify patients at risk for disease recurrence.
Hence, further optimization and improvement of follow-up care delivery is necessitated.
In an era of technological improvements and emphasis on individualized health care, new
follow-up strategies are being developed and studied throughout the world.
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Thesis outline and aim
The aim of this thesis is to study various aspects related to follow-up care and hereby
provide a comprehensive overview on how follow-up after treatment for stage I-III CRC
can be organized. The outline of this thesis is as follows:

Part I Oncological outcomes
The increasing number of CRC survivors require adequate and up-to-date information
on their survival prospects and life expectancy. In Chapters 2 and 3, two nationwide
population-based studies using data of the Netherlands cancer registry will be presented.
Long-term CRC patient survival and outline examples of health outcome information that
can be used for clinical (shared) decision making will be reported. These include conditional
survival and time-to-cure after diagnosis of CRC (Chapter 2). Moreover, changes in the
impact of cancer diagnosis on patient’s life expectancy, i.e. loss in expectation of life (LEL)
will be presented and discussed in Chapter 3. LEL is a more intuitive measure of survival
and quantifies the impact of cancer in terms of loss of life expectancy. Another important
aspect for patients in follow-up is disease recurrence. At the end of the day, information
regarding disease recurrence is one of most important outcome for patients. In Chapter
4 therefore, time and incidence of recurrent disease during follow-up will be analyzed.
Hence, up-to-date cumulative incidence of recurrence and risk factors for disease
recurrence will be provided and discussed. This information can be used to risk-stratify
and identify patients requiring personalized and/or close surveillance.

Part II Patient-reported outcomes and perspectives
Major improvements have been made in CRC patient care. Information about survival and
prognosis are not the only important outcomes in cancer care. The number of patients in
follow-up increased and patients are challenged and impaired by the psychosocial and
physical sequalae of cancer diagnosis and its subsequent curative (surgical) treatment.
The studies in Part II describe the organization of follow-up care in the Netherlands, care
utilization, adherence to national guidelines, and the course of symptoms during followup. In Chapter 5, the results of a cross-sectional survey among colorectal cancer surgeons
in the Netherlands will be examined regarding the frequency, content and provider of
follow-up. Also, adherence to guidelines and differences in clinical practice will be
examined. In Chapter 6, cancer-related follow-up in both primary care and hospital, and
adherence to national guidelines will be evaluated. Moreover, risk factors for increased
follow-up care use will be discussed. In Chapter 7, the results of a nationwide population-
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based study regarding quality of life, psychological distress, symptom burden after
CRC treatment will be presented. Trajectories of psychological distress and QoL will be
examined and specific patient groups are identified that may require different modes of
follow-up (i.e. more or less intensive follow-up, tailored follow-up).

Part III Experiences with remote follow-up
In order to provide and maintain cost-effective, high-quality follow-up care for the
increasing number of CRC survivors, risk-stratification is required. To decrease the financial
burden of follow-up care, it is likely that hospital follow-up will become less dominant in
the future. In Chapter 8 and 9, the experiences with the development, implementation
and evaluation of a novel remote follow-up plan for patients treated for stage I-III CRC at
the Radboud university medical center in Nijmegen, the Netherlands will be described.
Patient satisfaction, quality of life, care utilization as well as costs will be evaluated.
Chapter 10 represents the general discussion of this thesis wherein findings, their clinical
implications and perspectives towards the future of CRC follow-up are discussed. Dutch
and English summaries of this thesis will be provided in Chapter 11.
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Supplement 1: National guideline recommendation
regarding supportive care and screening for sequalae of
treatment. (Adapted from “Richtlijnendatabase/colorectal cancer”,
version 2014)
Supportive care
In providing supportive care, attention should be given to the specific care needs of
patients treated for CRC and their family. From the moment CRC is diagnosed, a contact
person should be assigned to the patient who will function as ‘Case manager’ and who
can be easily consulted during the care path. Within the center in which patients with
CRC are being treated, it must be assured that the stoma care is in accordance with the
recommendations in the guideline ‘Stomazorg Nederland’ (‘Stoma care The Netherlands’).
It is recommended that patients with CRC are screened for distress, by the Distress
Thermometer.
After treatment of rectal carcinoma (by rectal surgery, in combination or not in
combination with (chemo)radiation of the lower pelvis), there should be specific attention
for fecal or urinary incontinence and sexual dysfunction. Referral to a specialized pelvic
physiotherapist should occur on indication.

Detecting and treating the consequences of CRC
Fecal incontinence
Patients with fecal incontinence should receive guidance from a surgeon or in collaboration
with a nurse specialist with relevant expertise.
The nature of the fecal continence problems (frequency, consistency, discrimination,
uncontrollable loss, imperative urge to defaecate and fragmentation) must be ascertained
in order to be able to explain the underlying cause to patients.
If the problems are not understood, imaging may help, and other causes may be excluded.
Loperamide, fiber supplements, irrigation and pelvic physiotherapy may also be employed
as supporting treatment. Neurostimulation should only be offered within a trial context.
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Miction problems after rectal surgery
The guidance of patients with miction issues after treatment of a rectal carcinoma can be
provided by a surgeon and/or a nurse specialist. Dysfunction in the area of urinating after
rectal surgery should be specifically raised with the patient for further details in order to
determine possible causes.
Referral to a urologist should be considered for the purpose of additional diagnostics and
possible supportive treatments.
Sexual dysfunction after treatment of a rectal carcinoma
Sexual dysfunction after treatment of rectal carcinoma in the preoperative phase should
be discussed with the patient, also within the framework of fertility.
During the aftercare and follow-up phase, specific questions should be asked in relation
to possible problems in the area of sexuality, so that a focused referral to a urologist or
sexologist can take place.
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Abstract
Background: The increasing number of colorectal cancer (CRC) survivors need survival estimates
that account for the time already survived. The aim of this population-based study was to determine
conditional survival, cure proportions, and time-to-cure of patients with colon or rectal cancer.
Methods: All endoscopically or surgically treated patients with CRC diagnosed and registered in the
Netherlands Cancer Registry with pathological stage I-III between 1995 and 2016 aged 18-99 years
were included. Conditional survival was calculated for those diagnosed before and after 2007. Cure
proportions were calculated using flexible parametric models.
Results: A total of 175.384 patients with pathological stage I (25%), stage II (38%) or stage III disease
(37%) were included. Conditional 5-year survival of stage I, II and III colon patients having survived
5 years was 98%, 94%, and 92%, respectively. For stage I-III rectal cancer patients, this was 96%,
89%, and 85%, respectively. Statistical cure in patients with colon cancer was reached directly after
diagnosis (stage I) to 6 years (stage III) following diagnosis, depending on age, gender, and stage.
Patients with rectal cancer reached cure 0.5 years after diagnosis (stage I), to 8.5 years after diagnosis
in stage III patients. In 1995, roughly 42-46% of stage III patients with colon or rectal cancer were
considered cured, while in 2016 this percentage has increased to 73-78%.
Conclusions: The number of patients with CRC reaching cure has increased substantially over
the years. This study’s results provide valuable insights into trends of CRC patient survival and are
important for patients, clinicians, and policy makers.
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1. Introduction
Colorectal cancer (CRC) is the third most common cancer in the world. 1, 2 Over the years,
survival of patients with CRC has improved significantly due to earlier diagnosis and better
treatment of the primary tumor and of metastatic disease. 3 Survival estimates of cancer
patients based on data collected by population-based cancer registries are commonly
made using relative survival methods, with survival reported as a function of time since
diagnosis. Excess mortality due to CRC is highest in the first year following diagnosis,
especially in the geriatric population 4, so published estimates of survival provide an overly
pessimistic prognosis for patients who have survived an initial period following diagnosis.
Alternative approaches to reporting patient survival, such as conditional survival and
cure models, have recently been applied in the field of CRC. 5, 6 The conditional survival
is the probability of surviving an additional time, given the patient has already survived
some fixed time following diagnosis. 7 Conditional survival is of interest for planning and
designing more patient centered follow-schedules by health professionals. In addition,
it gives patients prognostic information based on the amount of time they have already
survived since diagnosis, and it may increase their insurability. 8 For many cancers,
including CRC, the all-cause mortality of patients will return to the level of the general
population at some time during follow-up (i.e., excess mortality will tend to zero). When
this point is reached, the patients (as a group) alive are considered statistically cured.
The time between diagnosis and this cure point is called time-to-cure. Cure modeling
has been described in statistical literature, but only recently has it gained popularity in
cancer research. 6, 7 In cancers with long-term survivors, cure models can be a good way
to characterize and study patients’ survival. 6, 9, 10 Some studies have reported long-term
conditional survival outcomes, but mostly using older data. 5, 11, 12 There is a growing need
for up-to-date and specific survival outcome information for the increasing number of
CRC survivors.
The aim of this population based study was to report relative survival and 5-year
conditional relative survival of patients diagnosed between 1995-2016. In addition, cure
proportions and time-to-cure were modelled.

2. Material and methods
2.1 Study design and data collection
This retrospective cohort study was conducted using data from the Netherlands Cancer
Registry (NCR). 13 All newly diagnosed cancer patients are registered in the nationwide
NCR. Information regarding patient and tumor characteristics are extracted directly from
medical records by trained data managers of the NCR. Information on vital status at the
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end of February 2019 was obtained through annual linkage with the Municipal Personal
Records Database.

2.2 Patient selection
All patients with pathological stage I-III colon or rectal cancer, diagnosed and
endoscopically or surgically treated between January 1995 and December 2016 in the
Netherlands were included (N=178.384). Non-surgically treated patients were excluded as
resection continues to be the gold standard for curative treatment and nearly all patients
undergo resection. The mean age of non-surgically treated patients was significantly
higher than those undergoing resection (75.2 vs. 69.3 years, Chi square test, p<.001).
If patients had multiple diagnosed CRCs, only the first diagnosed cancer was selected.
In case of multiple simultaneous CRCs, the cancer with the highest pathological stage
or prognostically worst histology type was selected for analysis. Tumor localization was
categorized using the International Classification of Disease for Oncology (ICD-O) into
colon (C18.0-18.9) and rectum (C19.9-20.9). Disease stage was based on the pathological
Tumor Lymph Node Metastasis ((y) pTNM) classification according to the edition used at
time of diagnosis. (Edition 4.2nd for 1993-1998, the 5th edition for 1999-2002, edition 6 for
2003-2009, and the 7th edition for 2010-2019). As there were only limited changes in TNM
classification over time, no corrections were made.

2.3 Statistical analysis
Net survival is a measure of patient survival where deaths due to other causes are removed.
Net survival can be estimated in either a relative survival or a cause-specific (also called
disease-specific) framework. 7 A cause-specific framework requires accurate information
on cause-of-death, which is not always available with cancer registry data, also in the case
of the NCR. The relative survival framework facilitates estimation of the same quantity by
incorporating expected probabilities of dying of causes other than cancer estimated from
general population life tables. We calculated relative survival using the Ederer II method
up to 24 years after diagnosis using Dutch sex, age and year specific population lifetables
and grouped patients into age <60 and ≥60 years. 14, 15 Incidence periods 1995-2007 and
2008-2016 were defined. For each value of follow-up time from 0 (diagnosis) to 10 years,
in half-year intervals, we used the same approach to estimate conditional 5-year relative
survival. That is, we first estimated 5-year relative survival from diagnosis (traditional
5-year relative survival). We then restricted the time at risk so that all patients first became
at risk 0.5 years after diagnosis and estimated relative survival for the interval (0.5, 5.5).
That is, we imposed late entry. Patients who died or were censored within the first 0.5
years did not contribute to the analysis. We then restricted the follow-up again so that all
patients first became at risk 1 year after diagnosis and estimated relative survival for the
interval (1, 6), et cetera. The approach used for estimating conditional survival is illustrated
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elsewhere. 16 When conditional survival exceeded 95%, patients were considered as having
minimal excess mortality compared to the general population, which is a commonly used
definition for statistical cure. 17, 18
Time-to-cure (TTC) was defined as the time until conditional 5-year survival reached
95%. In addition, cure proportions and median survival of the ‘uncured’ were calculated
using flexible parametric survival models. We chose to analyze the data in the framework
of flexible parametric models since these models are flexible enough to capture high
excess hazard within the first period after diagnosis, which is common among the aged
population. In the past, older patients were excluded to calculate accurate estimates with
conventional parametric models. 6 The cure proportion was defined as the proportion of
patients estimated to experience mortality equal to the general population. Stata (Stata
Statistical Software 14. StataCorp. College Station, Texas) was used for analysis. 19-21 We
adhered to the STROBE checklist for observational cohort studies. 22

3. Results
A total of 175.384 patients with CRC were included having pathological stage I (25%),
stage II (38%) and stage III (37%). More than half of the patients were male (54%) and
two-thirds (67%) were colon cancer patients. Systemic chemotherapy was administered
in 22% of the colon, and 10% of the rectal cancer patients, often as part of a combined
chemoradiation regimen. Radiation therapy alone was given to 0.4% of the colon and 49%
of rectal cancer patients. An overview of patient and tumor characteristics is provided in
Table 1.
The 5-year relative survival of colon cancer patients diagnosed between 2008-2016, with
stage I, II, III was 96%, 90% and 71%, respectively. [Figure 1] For rectal cancer patients,
5-year relative survival was 96% (stage I), 89% (stage II) and 78% (stage III). Relative
survival of recently diagnosed CRC patients has risen substantially in comparison to those
diagnosed and treated between 1995-2007. [Figure 1] This increase was most evident for
patients with stage II or III disease.
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Table 1: Baseline Characteristics of Patients with Colon or Rectal Cancer Staged I-III, Diagnosed
in the Netherlands Between 1995-2016 and Followed up to 2019 (N=175.384).
N (%) or mean (SD)
Colon (N=117.530)
Rectum (N=57.854)
Gender
Male
Female
Age (years)
Male
Female
Year of diagnosis
1995-1999
2000-2004
2005-2009
2010-2014
2015-2016
Pathological stage
I
II
III
Histology of primary tumor
Non-mucinous adenocarcinoma
Mucinous adenocarcinoma
Signet cell carcinoma
NOS
Systemic chemotherapy alone
No
Yes
Radiotherapy alone
No
Yes
Chemoradiation therapy
No
Yes

59.512 (50.6)
58.018 (49.4)

34.744 (60.1)
23.110 (39.9)

69.5 (10.7)
71.1 (11.4)

66.9 (10.6)
67.7 (11.9)

20.101 (17.1)
22.505 (19.1)
26.892 (22.9)
31.974 (27.2)
16.058 (13.7)

10.636 (18.4)
12.183 (21.1)
13.786 (23.8)
14.653 (25.3)
6.596 (11.4)

26.788 (22.8)
50.233 (42.7)
40.509 (34.5)

17.204 (29.7)
17.027 (29.4)
23.623 (40.9)

98.977 (84.2)
16.892 (14.4)
1.154 (1.0)
507 (0.4)

52.853 (91.4)
4.616 (8.0)
261 (0.5)
124 (0.2)

90.802 (77.8)
25.951 (22.2)

22.312 (89.7)
2.567 (10.3)

90.802 (99.6)
409 (0.4)

22.312 (51.4)
21.077 (48.6)

117.162 (99.7)
368 (0.3)

45.956 (79.4)
11.898 (20.6)

Note: SD: Standard deviation.*NOS: not otherwise specified.
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Figure 1: Relative survival (according to the Ederer II method) of patients with colon or rectal cancer, per

stage, both
for 1995-2007
and 2008-2016
cohorts.
Figure
1: Relative
survival
(according
to the Ederer II method) of patients with colon or rectal

cancer, per stage, both for 1995-2007 and 2008-2016 cohorts.

3.1 Conditional survival and time-to-cure
Conditional survival increased with each additional year survived up to 10 years
postoperatively. Five-year relative survival for tumor site, stage and age group conditional
on 1-, 5- and 10-years from diagnosis is presented in Table 2. Survival outcomes differed
between stages, with stage III having lowest conditional survival. Conditional survival has
risen in the last two decades, being higher in patients diagnosed between 2008-2016.
[Figure 2, 3] Better conditional survival was also seen for colon cancer patients compared
to rectal cancer patients for all stages and age groups. These differences diminished 10
years after diagnosis. Results are presented per stage for patients with colon or rectal
cancer diagnosed between 1995-2016.

All
18-59
60-99
All
18-59
60-99

All
18-59
60-99
All
18-59
60-99

All
18-59
60-99
All
18-59
60-99

64 (64-65)
72 (71-73)
63 (62-63)
69 (68-70)
73 (72-74)
67 (67-68)

85 (84-85)
87 (87-88)
84 (84-85)
81 (81-82)
84 (83-86)
81 (80-82)

95 (94-96)
96 (95-97)
95 (94-96)
93 (93-94
95 (94-96)
93 (92-94)

At diagnosis

71 (70-72)
73 (72-74)
70 (69-71)
69 (68-70)
71 (70-72)
68 (67-69)

89 (89-90)
88 (87-89)
90 (89-90)
83 (82-84)
83 (82-84)
83 (82-84)

98 (97-98)
96 (96-97)
98 (97-99)
95 (94-96)
95 (94-96)
95 (94-96)

1

Note: Follow-up available up to 2019. CI: 95% confidence interval.

Rectum

Stage III
Colon

Rectum

Stage II
Colon

Rectum

Stage I
Colon

Age (years)

Stratified per Site, Stage and Age group (N=175.384).

78 (77-78)
78 (77-79)
77 (76-78)
72 (71-73)
73 (72-75)
71 (70-72)

91 (90-91)
90 (89-91)
91 (90-92)
84 (83-85)
84 (82-85)
84 (83-86)

97 (97-98)
96 (95-97)
98 (97-99)
94 (93-95)
94 (93-95)
94 (93-95)
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83 (82-84)
82 (81-84)
83 (82-84)
76 (75-77)
77 (76-78)
75 (74-77)

92 (91-93)
91 (90-92)
92 (91-93)
86 (85-87)
86 (85-87)
86 (85-87)

97 (97-98)
96 (95-97)
98 (97-99)
94 (93-95)
94 (93-95)
94 (93-95)

88 (87-88)
86 (85-87)
88 (87-89)
81 (80-82)
81 (79-82)
80 (79-82)

93 (92-94)
92 (91-93)
93 (93-94)
88 (87-89)
87 (86-89)
88 (86-89)

98 (97-99)
97 (96-98)
98 (97-99)
95 (94-96)
95 (94-96)
95 (93-96)

92 (91-92)
90 (88-91)
92 (91-93)
85 (84-86)
85 (84-87)
85 (84-87)

94 (93-95)
94 (93-94)
94 (93-95)
89 (88-90)
89 (88-91)
89 (87-91)

98 (97-99)
97 (96-98)
98 (97-99)
96 (95-97)
96 (95-97)
95 (94-97)

Conditional 5-year survival (%) - 95 % CI
3
4
5

98 (96-99)
97 (96-98)
98 (96-100)
97 (95-98)
97 (95-99)
96 (93-99)

97 (95-98)
97 (96-98)
97 (95-98)
95 (93-96)
95 (91-97)
94 (91-97)

98 (97-100)
98 (97-100)
98 (96-100)
98 (96-99)
98 (96-99)
98 (95-100)

10

Table 2: Five-year Relative Survival Conditional on Surviving 0, 1-5, and 10 years After Diagnosis of CRC in the Netherlands between 1995-2016,
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Stage I
Five-year relative survival for colon cancer conditional on having survived 1-, 5- and
10-years was persistently 98%. After 1-, 5- and 10-years follow-up, rectal cancer patients
had 5-year relative percentages of 95%, 96% and 98%.
Both male and female colon cancer patients, irrespective of age, reached (statistical) cure
directly after diagnosis (TTC: 0 years). [Table 3] Rectal cancer patients, aged 60-99 years
reached cure at 0.5 years, while those aged 18-59 years were cured directly after diagnosis.
Stage II
Conditional survival of colon cancer increased from 89% at one year, to 94% and 97% after
having survived 5- and 10-years respectively. Rectal cancer patients being alive at 1, 5 and
10 years after diagnosis had 83%, 89% and 95% chance of being alive another 5 years.
Male colon cancer patients reached the cure point around 6.5 years after diagnosis, while
TTC for females was 4.5 years.
TTC for female rectal cancer patients was 9.5 years. Conditional survival of male, stage II
rectal cancer patients did not exceed 95% within our follow-up time.
Stage III
Conditional 5-year relative survival of colon cancer increased from 71% at one year, to
92% and 98% after having survived 5 and 10 years respectively. Stage III rectal cancer
patients being alive at 1, 5 and 10 years after diagnosis had 69%, 85% and 97% chance of
being alive another 5 years.
Cure was reached 7- and 6-years following diagnosis for male and female colon cancer
patients, respectively. Rectal cancer patients where considered cured 9 (males) and 8.5
(females) years after diagnosis.
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Figure 2: Conditional 5-year relative survival for every year survived after diagnosis of colon cancer stage I, II,

and III stratified
by incidence
year relative
interval (1995-2007
and
age group.
Conditional
relative
Figure
2: Conditional
5-year
survival and
for 2008-2016)
every year
survived
after
diagnosis
of colon
survival estimates were only possible up to 6 years for the 2008-2016 cohort (follow-up until 2019).

cancer stage I, II, and III stratified by incidence year interval (1995-2007 and 2008-2016) and
age group. Conditional relative survival estimates were only possible up to 6 years for the
2008-2016 cohort (follow-up until 2019).
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age group. Conditional relative survival estimations were only possible up to 6 years for the
2008-2016 cohort (follow-up until 2019).

42 | Chapter 2

Table 3: Time-To-Cure Estimates (years) for Each Site, Age group, and Gender According to one
Common Used Definition (Conditional Survival Exceeding 95%) for Stage I-III Patients with
CRC Diagnosed Between 1995-2016 and Followed up to 2019.

Stage I
Colon

Rectum

Stage II
Colon

Rectum

Stage III
Colon

Rectum

Age (years)

Overall

Males

Females

All
18-59
60-99
All
18-59
60-99

0
0
0
0.5
0
0.5

0
0
0
0.5
0
0.5

0
0
0
0.5
0
0.5

All

5.5

6.5

4.5

18-59
60-99
All
18-59
60-99

6
5.5
10
9
n/a

7
6
n/a
n/a
n/a

6
4
9.5
7.5
10

All
18-59
60-99
All
18-59
60-99

6.5
7.5
6
9
8.5
9

7
7.7
7
9
9
9

6
7
5.5
8.5
8.5
8

n/a Conditional survival >95% not reached within available follow-up time.

3.2 Cure proportion and survival of the ‘uncured’
The proportion of patients without excess mortality compared to the general population
has increased over the years. Cure proportions for stage I, II and III colon cancer patients,
aged 18-59 years were 0.88, 0.70, and 0.46 in 1995. In 2016, cure proportions have risen
to 0.96, 0.88 and 0.78 for stage I, II and III respectively. Cure proportions for older patients
were lower. [Figure 4]
Moreover, cure proportions of rectal cancer patients aged 18-59 have also increased.
In 1995, cure proportions were 0.86 (stage I), 0.67 (stage II), and 0.42 (stage III). In 2016,
this was 0.95, 0.87 and 0.73, respectively. Patients aged 60-99 years again had lower cure
proportions.
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Median survival of stage I colon cancer patients aged 18-59 years not reaching cure (i.e.
having excess mortality compared to the general population) has increased from 3.3 years
in 1995 to 4.4 years in 2016. [Figure 4] For stage II and III, median survival of the uncured
has increased from 3.0 and 2.7 years in 1995 to 4.3 and 4.2 years in 2016. Uncured, stage
I-III rectal cancer patient had increased median survival over the last two decades, both for
patients aged 18-59 and 60-99 years.

Figure 4: Cure proportions (ratios) and median survival (years) of the ‘uncured’ for colon (left) and rectal
(right) cancer stage I-III patients diagnosed and followed between 1995-2016, presented for patients aged
and
(right)
18-59rectal
and 60-99
years.cancer stage I-III patients diagnosed and followed between 1995-2016,

Figure 4: Cure proportions (ratios) and median survival (years) of the ‘uncured’ for colon (left)
presented for patients aged 18-59 and 60-99 years.

4. Discussion
In the present study, up-to-date relative survival, conditional survival, cure proportions
and time-to-cure estimates of stage I-III patients with CRC were presented. Relative
survival of patients with colon or rectal cancer has increased substantially over the years,
and the increment is highest in more advanced disease stages. These improvements in
survival are in line with previous findings in the literature. 3, 23 Five-year relative survival
conditional on the amount of years survived has increased as well. Conditional survival
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outcomes of recently diagnosed CRC patients were better compared to those diagnosed
between 1995-2007. For stage I, II, and III patients with colon or rectal cancer, conditional
survival improved with years survived and was higher in colon cancer compared to rectal
cancer. This holds, in particular, for more advanced disease (stage II-III).
The largest improvements in conditional survival for patients with colon or rectal cancer
were seen in older patients and during the first years after diagnosis. This is in line with
a recent observation of our group in which we observed that especially elderly patients
have an improved postoperative survival in the first years. 4 The gap in survival difference
has narrowed in recent years and elderly nowadays have an almost similar survival after
treatment with curative intent compared to younger patients. Conditional survival of
females was slightly higher than that of males and statistical cure was reached earlier
than in male patients. Time-to-cure was longer for advanced disease stages. In stage I
patients with rectal cancer, younger patients were considered cured earlier. In contrast,
older stage II-III patients with colon had higher conditional survival and shorter time-tocure estimates compared to younger patients with a similar stage. All of these findings
are in line with comparable studies. 12 Patients with stage II rectal cancer did not reach
conditional survival above 95% until 9-10 years after diagnosis. Despite being peculiar,
this finding has been noted previously. 5, 11 Perhaps, this patient group experienced longterm excess mortality due to disease recurrence. It is likely that excess mortality among
older patients decreases faster over time compared to younger patients. 11 Within the
relative survival framework, the impact of mortality is less dominating because of limited
life expectancy in the elderly. In general, cure proportions have risen substantially over
the last two decades, illustrating improved survival and cure after CRC surgery. Moreover,
median survival of the uncured population has also increased. Reasons for this could
be decreased all-cause mortality and possibly, improved supportive care services (i.e.
palliative care). 24 In line with the ameliorated survival of patients with non-metastasized
CRC, broader performance of treatments strategies for patients with metastasized disease
led to better outcomes. For instance, selected patients can be treated with chemotherapy,
ablation therapy, or surgical resection of metastases.
Relative and conditional survival outcomes presented here are slightly better than in
earlier studies. 5, 11, 12 This is possibly due to the more recent data in the present study. Only
few studies have modeled cure and time-to-cure in patients with CRC. 6, 17, 18 These studies
from different countries found lower cure fractions for CRC patients ranging between
0.45-0.57 and longer time-to-cure estimates between 7-10 years after diagnosis. The
results from these studies are limited by heterogeneity. First, they often present data from
more than 10 years ago. Second, results are not always stratified by disease stage, age,
and gender. Third, it is common that outcomes are presented for CRC as a group rather
than providing colon and rectal cancer specific results. In our study, very recent Dutch
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national data over a period of more than 20 years were used to calculate cure proportion
and time-to-cure. We strived to minimize above limitations by providing organ, gender,
and age-specific outcomes.
Using recent data reflects the current state of survival of patients with CRC in the
Netherlands. In the last decade, many advancements have been made in the diagnosis,
treatment and follow-up of patients with CRC. Broader practice of multidisciplinary
treatment strategies, the change of postoperative to preoperative radiotherapy and
chemotherapy, and (limited measurable in this study) the introduction of national
prevention programs led to earlier diagnosis, disease downstaging and less treatment
related mortality and morbidity. Including data from before this period might have
biased our conditional survival outcomes. However, long-term follow-up is needed to
calculate conditional survival and to determine time-to-cure. In addition, we illustrated
that conditional survival outcome of recently diagnosed patients is better. We chose
to only include endoscopically and surgically treated patients, since these remain the
gold standard for curative treatment. Excluding non-resected patients (likely older, frail
patients) might bias comparison to previous studies on this subject. 5, 11, 12 However, the
vast majority of patients have received endoscopic or surgical treatment and up-todate conditional survival estimates based on patients who received similar treatment is
therefore most relevant.
Another factor that might have affected our analyses is stage migration due to preoperative therapies. Clinically advanced disease could be down-staged in patients with
good response to neo-adjuvant therapy. Consequently, these patients will have lower
pathological TNM stages compared to clinical TNM stages following pre-operative
systemic or radiation therapy. Bosch et al. described that survival was different between
clinical and pathological stage in patients with rectal cancer, and that survival outcomes
are not always comparable. 25 However, pathological stage is a more precise measure of
the extent of cancer and a better predictor for treatment response and prognosis.
Lastly, we presented relative survival outcomes. Relative survival is an approximation of
cause-specific survival in a hypothetical world where competing risks are assumed to
be eliminated, meaning that one cannot die of other causes than the cancer of interest.
Results should be communicated with caution since daily practice could differ from the
hypothetical world. However, it is useful as a measure of cancer-patient survival that
is independent of background mortality, which makes comparisons across time and
different age-groups possible. The assumptions made in the relative survival framework
are strong and relative survival provides accurate estimates of cancer-specific survival. 26
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In conclusion, this study presented relative survival, conditional survival, cure proportions,
and time-to-cure of stage I-III patients with colon or rectal cancer. Our results can be
generalized to other western countries with comparable health care systems. In an
era of minimal invasive and multidisciplinary treatment strategies, the results of this
comprehensive study provide clinically highly relevant, up-to-date survival outcome
information for clinicians, patients and health policy makers.
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Abstract
Objective: Specific survival estimates are needed for the increasing number of colorectal cancer
(CRC) survivors. The aim of this population-based study was to determine conditional loss in
expectation of life (LEL) due to CRC.
Study Design and Setting: All surgically treated patients with CRC registered in the Netherlands
Cancer Registry with stage I-III between 1990-2016, were included (N=203,216). Estimates of
conditional LEL were predicted using flexible parametric models and the total life years lost due to
cancer were estimated.
Results: LEL decreased with older age and patients with rectal cancer or higher disease stage had
highest LEL. In 2010, LEL for sixty-year old male and female patients was 2 vs. 2, 4 vs. 4, and 7 vs. 8
years for colon cancer, and 2 vs. 2, 4 vs. 5 and 7 vs. 8 years for rectal cancer, respectively. Conditional
LEL in patients with CRC decreased during follow-up. Patients with combined stage I-III colon and
rectal cancer in 2010 lost an estimated 18,628 and 11,336 life years.
Conclusion: This study quantified the impact of CRC on patient’s life expectancy, both on individual
and population level and demonstrated temporal improvements in CRC survival. These results
provide meaningful information that can be used during follow-up.
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What is new?
Most published estimates of cancer patient survival report survival from diagnosis and
are therefore not especially informative for cancer survivors. This population-based study
quantified the impact of CRC on patient’s life expectancy and determined conditional
loss in expectation of life (LEL) due to CRC between 1990-2016. This study demonstrated
temporal improvements in CRC survival resulting in a gain of life expectancy. The results
provide meaningful information that can be used for information provision, shareddecision making and research during follow-up
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1. Introduction
Survival of patients with colorectal cancer (CRC) has improved significantly due to earlier
diagnosis and better treatment of the primary tumor and of metastatic disease.(1, 2)
The increasing number of CRC survivors require information on their survival and life
expectancy. Communicating such information can be challenging, because patients often
find it difficult to understand probabilities. The most commonly reported measure of
patient survival for population-based cancer registries is net/relative survival, which is the
survival among the cancer patients divided by the expected survival of general population.
(3) This is an appropriate measure for comparing patient survival over time or between
populations, but is not easy to understand for individual follow-up patients. Therefore,
alternative approaches to reporting patient survival have recently been applied in several
cancer types.(3-5) Such an alternative method to quantify patient survival is the loss in
expectation of life (LEL), also referred as loss in life expectancy (LOLE), calculated as the
difference between expected life years in the absence of cancer and the average length
of life years following a cancer diagnosis.(6-8) Compared to traditional 5-year relative
survival, LEL is a more intuitive measure that can be easily interpreted and communicated
to patients.(4) Moreover, it is possible to calculate LEL conditional on the number of years
survived; information relevant to (long-term) survivors of CRC.
LEL can be a meaningful lifetime measure to understand how much cancer affects the
patient’s future lifespan(9, 10) and on population level, life-years lost can be estimated as
a function of patient and/or tumor characteristics.(4, 7, 11) Andersson et al. have shown
that there is a persistent difference in cancer mortality between male and female patients
in colon cancer and that a significant number of life years can be saved if sex differences
in mortality could be removed.(7)
The aim of this population-based study was to determine life expectancy and conditional
loss in expectation of life due to colon or rectal cancer in a large cohort of patients.
Moreover, the total life-years that could be saved if sex differences in survival could be
removed, were examined.

2. Material and methods
2.1 Study design and data collection:
This nationwide cohort study was conducted using data from the Netherlands Cancer
Registry (NCR).(12) All newly diagnosed cancer patients are registered in the NCR.
Information regarding patient and tumor characteristics are extracted directly from
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medical records by trained data managers. Information on vital status is obtained through
annual linkage with the Municipal Personal Records Database and was up to date until
February 2019. In the Netherlands, CRC follow-up care occurs according to national
guidelines and usually consists of at least biannual clinical visits and laboratory and
imaging tests. Follow-up is provided in the hospital outpatient clinic, primarily by (CRC)
surgeons or nurse practitioners.(13)

2.2 Patient selection:
All patients with pathological stage I-III colon or rectal cancer diagnosed and treated
endoscopically or surgically between January 1990 and December 2016 in the Netherlands
were included (N=203,216). Non-resected patients (N=7,383) were excluded as resection
continues to be the gold standard for curative treatment and almost all patients with
stage I to III CRC disease undergo endoscopic or surgical resection. If patients had
multiple diagnosed CRCs, only the first diagnosed cancer was selected. In case of multiple
simultaneous CRCs, the cancer with the highest pathological stage and in case of the same
stage the prognostically worst type was selected for analysis. In total, 3.7% of the tumors
were excluded based on multiple diagnosed CRCs within a patient. Tumor localization
was categorized using the International Classification of Disease for Oncology (ICD-O) into
colon (C18.0-18.9) and rectum (C19.9-20.9). Disease stage was based on the pathological
Tumor Lymph Node Metastasis ((y) pTNM)) classification according to the edition used at
time of diagnosis. (Edition 4.0 for 1989-1992, edition 4.2 for 1993-1998, the 5th edition for
1999-2002, edition 6 for 2003-2009, and the 7th edition for 2010-2016).(14-17)

2.3 Statistical analysis:
LEL is measured as the difference between the life expectancy (LE) in the absence of
cancer and the LE experienced among the cancer patients.(18, 19) LE in the absence of
cancer was assumed the same as that of the general Dutch population and was computed
by using lifetables from Statistics Netherlands, stratified by age, sex and year. Estimating
LE of the general population requires extrapolation beyond 2019, and it was assumed
that age- and sex specific mortality was constant beyond that year. Estimation of the
LE experienced by the patients with cancer also requires extrapolation. Using flexible
parametric models (FPMs), relative survival and the expected survival in the absence
of cancer can be reliably extrapolated.(6, 11) The extrapolated all-cause survival is then
obtained as the product of the two. As time since diagnosis increases, the mortality rate
due to other causes than cancer (also referred to as the expected mortality) dominates.
The relative survival is estimated based on FPMs and the expected survival from the same
life tables as the LEin the absence of cancer.
Four different FPMs (combinations of male/female and colon/rectum) were fitted on the
log cumulative excess hazard (i.e. using a relative survival approach).(7, 20, 21) Age and year
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at diagnosis, and disease stage were included as covariates in the models. Age and year
of diagnosis were included as continuous covariates and non-linearly by using restricted
cubic splines with 3 degrees of freedom. Three-way interactions were included between
the included covariates. Additionally, time-dependent effects (i.e. non-proportional
hazards) were applied for the effect of age, year and sex. We compared models with
different degrees of freedom using AIC/BIC for each of the 4 analyzed datasets (colon/
rectum, males/females), however, these did not always agree. A previous simulation
study has shown that 5 and 3 are often enough to capture even complex shapes of the
cumulative hazard functions.(22) Therefore, five degrees of freedom were used for the
baseline and 3 degrees of freedom for the time-dependent effects.
Predictions for the LE among cancer patients and LEL were made from these models.
Additionally, proportions of life years lost (PELL) were calculated because LEL is highly age
dependent with younger aged patients having more life years to lose. PELL is the ratio
between LEL due to cancer and LE in the absence of cancer. Furthermore, conditional
LEL estimates were estimated for patients diagnosed in 2010 and having survived 1-10
years after diagnosis.(7) Results are presented for selected ages, years, sex, tumor site,
and disease stage. Moreover, we also estimated the total life years lost due to cancer for
selected age groups and years of diagnosis. To quantify sex differences in cancer survival,
the LEL for males diagnosed in 2010 was re-estimated assuming they had the female
cancer mortality rates while maintaining the male background mortality rate. This is used
to give an estimate of the potential gain in life years if males experienced the same cancer
mortality as females.(7)
Stata (Stata Statistical Software 14. StataCorp. College Station, Texas) was used for data
analysis and graphical presentations. We adhered to the STROBE checklist for observational
cohort studies.(23)

3. Results
A total of 203,216 patients with CRC were included, having pathological stage I (25.0%),
stage II (39.0%), stage disease III (36.0%). Sex was equally distributed in patients with colon
cancer. In rectal cancer there was a male predominance (59.3%). An overview of patient
and tumor characteristics are presented in Appendix A.
Mean age of non-resected patients that were excluded was significantly higher compared
to those undergoing endoscopic or surgical treatment (74.9 vs. 69.3 years, T test, P<.0001).
In addition, these patients had also poorer survival outcome. Five-year relative survival of
CRC patients who did not undergo resection was 12-26%, compared to 78-81% for those
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endoscopically or surgically. The proportion of patients undergoing surgical treatment
remained stable over the years (95-98%).

3.1 Loss in expectation of life (LEL), proportion of life years lost (PELL),
and temporal trends
LEL and PELL stratified by tumor site, sex, disease stage, and selected ages and years
of diagnosis, are presented in Tables 1-2. Figures 1 demonstrates the LE of the general
population and that of male and female patients diagnosed with stage I-III colon or rectal
cancer in 2010. LEL was higher for those with higher disease stage. [Figure 2] Generally,
female patients with stage I-III CRC had a higher LEL compared to male patients with stage
I-III, except males with stage I colon cancer. This was seen predominantly before 2010.
[Figure 2-3] Likewise, patients with rectal cancer experienced higher LEL compared to
patients with colon cancer. PELL decreased since 1990. Overall, age-specific LEL estimates
decreased in the last two decades. [Figure 3]

Figure 1: Life expectancy of general population (dashed line) and that of patients diagnosed
with stage I (blue), stage II (green), and stage III (red) colon or rectal cancer in 2010, according
to age at diagnosis.
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I
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M
F
M
F
M
F
M
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M
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M
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Age 50
LEL
PELL
4.6 (3.7-5.5)
15.5 (12.5-18.5)
4.6 (3.7-5.5)
13.7 (10.9-16.5)
8.6 (7.2-9.9)
28.7 (24.2-33.2)
10.9 (9.3-12.5)
32.2 (27.4-37.0)
15.3 (13.8-16.7)
52.7 (47.6-57.9)
18.8 (17.1-20.6)
55.8 (50.7-60.9)
4.7 (3.8-5.5)
15.2 (12.3-18.0)
4.1 (3.2-4.9)
12.0 (9.6-14.4)
8.0 (7.1-8.9)
25.9 (23.1-28.8)
8.0 (7.1-8.9)
23.7 (21.1-26.3)
13.4 (12.5-14.3)
43.4 (40.4-46.3)
13.8 (12.9-14.8)
40.8 (38.0-43.6)
4.0 (3.1-4.8)
12.7 (10.0-15.4)
3.2 (2.5-3.9)
9.4 (7.3-11.5)
5.7 (4.9-6.6)
18.4 (15.6-21.2)
5.5 (4.7-6.3)
16.2 (13.9-18.5)
10.3 (9.3-11.2)
32.9 (29.8-36.0)
10.4 (9.5-11.3)
30.6 (28.0-33.3)
5.2 (2.7-7.7)
16.7 (8.7-24.8)
2.1 (1.2-3.0)
6.1 (3.5-8.7)
10.2 (6.0-14.3)
32.4 (19.1-45.6)
5.4 (3.2-7.6)
15.8 (9.3-22.3)
13.0 (8.8-17.2)
41.5 (28.1-55.0)
6.9 (4.6-9.3)
20.3 (13.5-27.1)

CI: confidence interval. M: male, F: female.

2016

2010

2000

Year
1990

Age 60
LEL
PELL
2.6 (2.2-3.0)
13.6 (11.5-15.8)
2.9 (2.4-3.4)
12.3 (10.2-14.4)
5.6 (4.9-6.3)
28.6 (25.0-32.1)
7.7 (6.8-8.6)
32.0 (28.3-35.7)
10.0 (9.2-10.8)
52.0 (47.8-56.1)
13.2 (12.2-14.2)
55.0 (50.9-59.1)
2.8 (2.4-3.3)
13.1 (11.1-15.1)
2.6 (2.2-3.1))
10.6 (8.8-12.4)
5.7 (5.2-6.2)
26.5 (24.4-28.7)
5.7 (5.2-6.2)
22.9 (20.9-24.8)
9.6 (9.1-10.1)
44.5 (42.2-46.7)
10.2 (9.7-10.8)
41.1 (38.9-43.4)
2.3 (1.9-2.7)
10.4 (8.6-12.2)
2.0 (1.6-2.4)
8.0 (6.6-9.5)
3.9 (3.5-4.4)
17.7 (15.7-19.6)
4.0 (3.6-4.4)
16.0 (14.3-17.8)
7.2 (6.7-7.7)
32.6 (30.4-34.9)
7.8 (7.3-8.4)
31.3 (29.2-33.3)
2.8 (1.6-3.9)
12.3 (7.1-17.5)
1.3 (0.9-1.8)
5.3 (3.4-7.2)
4.6 (2.9-6.4)
20.6 (12.7-28.4)
3.1 (2.1-4.1)
12.3 (8.2-16.4)
7.9 (5.7-10.2)
35.5 (25.6-45.4)
5.3 (3.9-6.7)
21.1 (15.5-26.6)
LEL
1.3 (1.1-1.4)
1.7 (1.4-1.9)
2.9 (2.7-3.2)
4.1 (3.7-4.4)
5.6 (5.2-5.9)
7.9 (7.5-8.3)
1.4 (1.3-1.6)
1.5 (1.3-1.8)
3.1 (2.9-3.2)
3.8 (3.6-4.0)
5.8 (5.6-6.0)
7.1 (6.8-7.4)
1.2 (1.0-1.3)
1.2 (1.0-1.4)
2.4 (2.3-2.6)
2.8 (2.6-3.0)
4.6 (4.4-4.9)
5.5 (5.2-5.8)
1.2 (0.8-1.6)
0.8 (0.6-1.0)
2.2 (1.5-2.8)
1.8 (1.4-2.3)
4.3 (3.4-5.3)
4.1 (3.3-4.8)

PELL
12.0 (10.5-13.5)
11.7 (10.1-13.2)
27.6 (25.2-30.0)
28.2 (26.0-30.4)
50.4 (47.2-53.6)
52.9 (50.1-55.8)
11.2 (9.9-12.6)
9.9 (8.6-11.2)
24.2 (22.8-25.7)
23.9 (22.6-25.3)
45.3 (43.4-47.1)
45.3 (43.6-47.0)
8.3 (7.2-9.4)
7.2 (6.2-8.3)
17.5 (16.2-18.8)
17.2 (16.0-18.5)
33.3 (31.6-35.0)
33.5 (32.0-35.1)
8.4 (5.6-11.2)
4.8 (3.5-6.1)
15.0 (10.8-19.3)
11.1 (8.6-13.7)
30.1 (23.6-36.6)
24.4 (20.0-28.9)

Age 70
LEL
0.6 (0.6-0.7)
0.7 (0.6-0.8)
1.4 (1.2-1.5)
1.7 (1.5-1.9)
2.5 (2.3-2.8)
3.6 (3.3-3.8)
0.6 (0.5-0.6)
0.6 (0.5-0.6)
1.1 (1.0-1.2)
1.7 (1.6-1.8)
2.4 (2.2-2.5)
3.5 (3.4-3.7)
0.4 (0.4-0.5)
0.4 (0.4-0.5)
1.0 (0.9-1.1)
1.4 (1.3-1.5)
2.3 (2.2-2.5)
2.7 (2.5-2.8)
0.3 (0.3-0.4)
0.3 (0.3-0.4)
0.8 (0.6-1.0)
0.8 (0.7-1.0)
1.8 (1.5-2.1)
2.1 (1.8-2.4)

PELL
11.0 (9.7-12.2)
9.7 (8.6-10.8)
22.8 (19.9-25.7)
21.8 (19.4-24.2)
42.2 (38.0-46.4)
44.9 (41.5-48.3)
9.2 (8.2-10.1)
7.7 (6.9-8.6)
19.8 (18.2-21.4)
20.7 (19.2-22.1)
40.3 (38.0-42.7)
42.9 (40.9-44.9)
6.0 (5.3-6.6)
5.3 (4.7-6.0)
15.4 (14.0-16.8)
15.5 (14.3-16.7)
31.3 (29.2-33.3)
32.0 (30.3-33.7)
4.6 (3.6-5.5)
3.5 (2.9-4.1)
11.0 (8.5-13.6)
9.1 (7.4-10.9)
24.0 (19.8-28.1)
23.4 (20.0-26.8)

Age 80

Table 1: Loss in expectation of life (LEL, years, CI) and proportion of expected life lost (PELL, %, CI) of patients with stage I-III colon cancer (N=135,738)
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Stage
I

M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F

Age 50
LEL
6.4 (5.2-7.5)
7.9 (6.4-9.4)
13.3 (11.2-15.3)
14.2 (11.5-16.8)
18.4 (17.0-20.5)
21.8 (19.7-24.0)
5.4 (4.5-6.2)
5.7 (4.6-6.7)
10.7 (9.5-11.9)
10.0 (9.2-11.0)
15.4 (14.3-16.4)
15.1 (13.8-16.4)
3.8 (3.0-4.6)
4.0 (3.0-5.0)
6.8 (5.6-8.0)
7.8 (6.2-9.4)
10.3 (9.2-11.5)
11.1 (9.5-12.6)
2.7 (0.9-4.5)
2.4 (0.6-4.3)
6.8 (2.3-11.3)
6.1 (1.4-10.9)
8.3 (3.8-12.7)
6.7 (2.4-10.9)

CI: confidence interval. M: male, F: female.

2016

2010

2000

Year
1990

PELL
21.3 (17.6-25.1)
23.5 (19.1-27.9)
44.5 (37.7-51.3)
42.0 (34.2-49.9)
62.5 (56.8-68.2)
64.7 (58.4-71.0)
17.4 (14.6-20.2)
16.8 (13.7-19.9)
34.7 (30.9-38.6)
28.2 (24.1-32.4)
49.7 (46.3-53.1)
44.4 (40.6-48.3)
12.3 (9.7-14.8)
11.7 (8.8-14.7)
21.9 (18.0-25.8)
22.9 (18.2-27.6)
33.1 (29.4-36.8)
32.5 (28.0-37.1)
8.5 (2.7-14.2)
7.1 (1.7-12.6)
21.6 (7.2-35.9)
17.9 (4.0-31.9)
26.5 (12.2-40.7)
19.5 (7.1-31.9)

Age 60
LEL
3.6 (3.1-4.1)
5.0 (4.2-5.8)
8.2 (7.3-9.2)
10.3 (8.8-11.8)
11.0 (10.1-11.9)
14.7 (13.5-16.0)
3.3 (2.8-3.7)
3.7 (3.1-4.2)
6.8 (6.2-7.4)
7.1 (6.2-7.9)
10.6 (10.0-11.1)
11.3 (10.5-12.1)
2.2 (1.8-2.6)
2.4 (1.9-2.9)
4.4 (3.9-5.0)
4.9 (4.1-5.7)
6.6 (6.0-7.2)
7.5 (6.6-8.3)
1.6 (0.7-2.4)
1.5 (0.5-2.5)
3.9 (1.8-6.0)
3.6 (1.3-5.9)
6.1 (3.5-8.6)
5.2 (2.5-7.8)
PELL
18.4 (15.8-21.1)
21.0 (17.7-24.3)
42.8 (37.7-47.9)
43.2 (37.1-49.3)
57.1 (52.5-61.6)
61.5 (56.5-66.5)
15.2 (13.2-17.2)
14.9 (12.6-17.1)
31.6 (28.9-34.2)
28.5 (25.2-31.8)
49.3 (46.8-51.9)
45.6 (42.5-48.7)
9.9 (8.2-11.6)
9.6 (7.6-11.6)
20.0 (17.4-22.7)
19.8 (16.5-23.0)
29.7 (27.1-32.3)
30.0 (26.6-33.4)
7.0 (3.1-10.9)
6.0 (2.1-9.8)
17.4 (8.1-26.8)
14.2 (5.0-23.4)
27.1 (15.8-38.5)
20.7 (10.1-31.2)

Age 70
LEL
1.7 (1.5-1.9)
2.7 (2.4-3.1)
3.9 (3.4-4.3)
6.0 (5.3-6.6)
6.1 (5.6-6.5)
8.8 (8.2-9.5)
1.7 (1.5-1.8)
2.1 (1.9-2.4)
3.9 (3.6-4.2)
5.1 (4.6-5.5)
5.9 (5.6-6.3)
7.6 (7.2-8.1)
1.1 (1.0-1.2)
1.3 (1.1-1.5)
2.5 (2.2-2.8)
2.7 (2.3-3.1)
4.2 (3.9-4.5)
4.9 (4.5-5.4)
0.8 (0.5-1.1)
0.8 (0.4-1.2)
2.0 (1.2-2.8)
1.9 (0.9-2.8)
3.4 (2.3-4.4)
3.7 (2.3-5.1)
PELL
16.0 (14.1-17.8)
18.9 (16.5-21.4)
35.0 (31.0-39.0)
41.4 (36.7-46.2)
54.9 (50.6-59.3)
59.2 (54.7-63.6)
13.3 (11.9-14.7)
13.3 (11.7-15.0)
30.4 (28.0-32.8)
32.4 (29.5-35.3)
46.2 (43.6-48.8)
47.5 (44.7-50.3)
7.8 (6.8-8.9)
7.9 (6.6-9.2)
18.1 (16.1-20.1)
16.5 (14.2-18.7)
29.9 (27.7-32.1)
29.5 (26.7-32.3)
5.7 (3.4-8.0)
5.0 (2.6-7.4)
14.0 (8.3-19.7)
11.2 (5.6-16.7)
23.4 (15.9-31.0)
22.0 (13.6-30.4)

Age 80
LEL
0.8 (0.7-0.8)
1.2 (1.0-1.3)
1.7 (1.4-2.0)
2.8 (2.4-3.2)
2.7 (2.4-3.1)
4.0 (3.7-4.4)
0.7 (0.6-0.8)
0.7 (0.7-0.8)
1.7 (1.5-1.9)
2.2 (2.0-2.5)
2.7 (2.5-2.9)
3.6 (3.3-3.8)
0.4 (0.4-0.4)
0.5 (0.4-0.5)
1.1 (1.0-1.3)
1.3 (1.1-1.5)
2.1 (2.0-2.4)
2.3 (2.0-2.5)
0.3 (0.2-0.4)
0.3 (0.2-0.4)
0.6 (0.3-0.9)
0.7 (0.3-1.0)
1.3 (0.9-1.7)
1.5 (1.0-2.0)

PELL
14.8 (13.1-16.5)
15.2 (13.3-17.0)
29.0 (24.2-33.9)
35.2 (30.0-40.3)
45.1 (39.2-50.9)
53.2 (48.2-58.2)
11.8 (10.6-13.0)
10.1 (8.9-11.3)
27.1 (24.2-30.0)
26.8 (23.9-29.8)
42.4 (39.1-45.7)
43.3 (40.1-46.4)
5.9 (5.2-6.6)
5.3 (4.5-6.0)
16.9 (14.6-19.1)
14.1 (12.1-16.0)
28.7 (25.8-31.5)
25.3 (22.7-27.9)
4.1 (3.0-5.1)
3.3 (2.2-4.3)
8.0 (4.6-11.5)
7.3 (3.8-10.8)
16.7 (11.4-22.0)
16.2 (10.5-21.8)

Table 2: Loss in expectation of life (LEL, years, CI) and proportion of expected life lost (PELL, %, CI) of patients with stage I-III rectal cancer (N=67,478)
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Figure 2: Loss in expectation of life (LEL) for patients diagnosed with stage I-III colon or rectal
cancer in 2010.

Figure 3: Temporal trends in loss in expectation of life for patients with stage I-III colon or
rectal cancer. 										
SI: Stage I, SII: stage II, SIII: Stage III.
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3.2 Conditional LEL for patients diagnosed in 2010
Sixty-year old patients diagnosed with stage I, II and III colon cancer and having survived
5 years (i.e. being 65 years) are estimated to lose respectively 1.7-1.3, 2.3-2.1 and 3.3-2.7
(male vs. female) years. [Table 3, Appendix B] Similarly, patients aged 80 years and surviving
5 years (i.e. being 85 years) have an LEL of 0.1, 0.2, and 0.3-0.2 years due to stage I, II
and III colon cancer. Conditional LEL age-differences narrowed as age increased. Patients
that were sixty years old at diagnosis with stage I, II and III rectal cancer at diagnosis and
having survived 5 years (i.e. now being 65 years old) have an estimated LEL of respectively
1.6-1.8, 2.8-3.1 and 3.7-4.1 (male vs. female) years compared to a 65 year old man in the
general population. [Table 3] Similarly, rectal cancer patients aged 80 at diagnosis and
having survived 5 years have LEL of 0.2, 0.4 and 0.7 years for stage I, II and III, respectively.
Conditional LEL age-differences narrowed also for rectal cancer as age increased.

3.3 Life years gained if males diagnosed in 2010 had same relative
survival as female patients
A 60-year old male patient diagnosed with stage I, II and III colon cancer in 2010 had lost
an estimated 2.3, 3.9 and 7.2 years of their LE, respectively. The corresponding numbers
for female patients were 2.0, 4.0 and 7.8. Likewise, a 80-year old male patient diagnosed
with stage I, II and III colon cancer in 2010 had lost an estimated 0.4, 1.0 and 2.3 years,
respectively. The corresponding numbers for female patients were 0.4, 1.4 and 2.7 years.
[Appendix C]
A 60-year old male patient diagnosed with stage I, II and III rectal cancer in 2010 had lost
an estimated 2.2, 4.4 and 6.6 years of their LE, respectively. The corresponding numbers for
female patients were 2.4, 4.9 and 7.5 years. Likewise, a 80-year old male patient diagnosed
with stage I, II and III rectal cancer in 2010 had lost an estimated 0.4, 1.1 and 2.1 years,
respectively. The corresponding numbers for female patients were 0.5, 1.3 and 2.3 years.
If males would have the same colon or rectal cancer survival as females, the total years
lost would have been 8,970 and 6,955 years, yielding respectively 406 and 123 extra life
years. Since male cancer survival in 70 and 80 year old patients with stage III colon cancer
and in 50 year old patients with rectal cancer was better than females, a small increase in
life years lost (0.1 vs. 0.1 vs. 0.2 years) would be observed when applying female cancer
survival.
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5.7
(4.9-6.6)
3.9
(3.5-4.4)
2.4
(2.3-2.6)
1.0
(0.9-1.1)

Colon 50
cancer
60

80

70

80

70

Rectal 50
cancer
60

80

70

4.0
(3.1-4.8)
2.3
(1.9-2.7)
1.2
(1.0-1.3)
0.4
(0.4-0.5)
3.8
(3.0-4.6)
2.2
(1.8-2.6)
1.1
(1.0-1.2)
0.4
(0.4-0.4)

Age

Colon 50
cancer
60

Site

5.5
(4.7-6.3)
4.0
(3.6-4.4)
2.8
(2.6-3.0)
1.4
(1.3-1.5)

3.2
(2.5-3.9)
2.0
(1.6-2.4)
1.2
(1.0-1.4)
0.4
(0.4-0.5)
4.0
(3.0-5.0)
2.4
(1.9-2.9)
1.3
(1.1-1.5)
0.5
(0.4-0.5)

At diagnosis
Male
Female

5.2
(4.4-6.1)
3.4
(3.0-3.9)
1.9
(1.7-2.1)
0.4
(0.4-0.5)

3.6
(2.8-4.5)
2.0
(1.6-2.4)
0.8
(0.7-1.0)
0.1
(0.0-0.1)
3.7
(2.9-4.5)
2.0
(1.6-2.4)
0.9
(0.7-1.0)
0.2
(0.1-0.2)

1
Male

5.0
(4.2-5.7)
3.5
(3.0-3.9)
2.2
(2.0-2.4)
0.7
(0.6-0.7)

2.9
(2.2-3.6)
1.7
(1.3-2.1)
0.9
(0.7-1.0)
0.1
(0.1-0.2)
3.9
(2.9-4.9)
2.3
(1.8-2.8)
1.2
(1.0-1.4)
0.3
(0.3-0.4)

Female

4.9
(4.1-5.7)
3.2
(2.7-3.6)
1.7
(1.5-1.9)
0.4
(0.3-0.5)

3.5
(2.7-4.4)
1.9
(1.5-2.4)
0.8
(0.7-1.0)
0.1
(0.1-0.2)
3.5
(2.7-4.3)
1.9
(1.5-2.3)
0.8
(0.7-1.0)
0.2
(0.1-0.2)

2
Male

Years (CI)
3
Female
Male
Female
Stage I
2.7
3.4
2.6
(2.0-3.5) (2.6-4.3) (1.9-3.3)
1.6
1.9
1.5
(1.2-2.0) (1.4-2.3) (1.1-1.9)
0.8
0.8
0.8
(0.6-1.0) (0.6-1.0) (0.6-0.9)
0.1
0.2
0.1
(0.1-0.2) (0.1-0.2) (0.1-0.2)
3.7
3.4
3.6
(2.7-4.7) (2.5-4.2) (2.5-4.6)
2.2
1.8
2.1
(1.7-2.7) (1.4-2.2) (1.5-2.6)
1.1
0.8
1.0
(0.9-1.3) (0.6-0.9) (0.8-1.2)
0.3
0.2
0.3
(0.2-0.4) (0.1-0.2) (0.2-0.3)
Stage II
4.5
4.5
4.0
(3.7-5.2) (3.7-5.3) (3.3-4.7)
3.0
2.8
2.7
(2.7-3.4) (2.4-3.3) (2.3-3.0)
1.9
1.5
1.6
(1.7-2.1) (1.3-1.7) (1.4-1.8)
0.5
0.3
0.4
(0.4-0.6) (0.3-0.4) (0.3-0.4)
4.1
(3.3-4.9)
2.5
(2.1-2.9)
1.3
(1.1-1.5)
0.3
(0.2-0.3)

3.3
(2.4-4.2)
1.8
(1.4-2.2)
0.8
(0.6-0.9)
0.2
(0.1-0.2)
3.2
(2.4-4.0)
1.7
(1.3-2.1)
0.7
(0.6-0.9)
0.2
(0.1-0.2)

4
Male

3.6
(2.9-4.3)
2.3
(1.9-2.7)
1.4
(1.2-1.5)
0.3
(0.2-0.4)

2.5
(1.8-3.2)
1.4
(1.0-1.8)
0.7
(0.5-0.9)
0.1
(0.1-0.2)
3.4
(2.4-4.7)
2.0
(1.4-2.5)
0.9
(0.7-1.2)
0.2
(0.2-0.3)

Female

3.8
(3.0-4.6)
2.3
(1.9-2.7)
1.1
(0.9-1.3)
0.2
(0.2-0.3)

3.2
(2.3-4.0)
1.7
(1.3-2.1)
0.7
(0.5-0.9)
0.1
(0.1-0.2)
3.0
(2.2-3.9)
1.6
(1.2-2.0)
0.6
(0.5-0.8)
0.2
(0.1-0.2)

5
Male

3.3
(2.6-3.9)
2.1
(1.7-2.4)
1.2
(1.0-1.4)
0.2
(0.2-0.3)

2.4
(1.7-3.1)
1.3
(1.0-1.7)
0.7
(0.5-0.8)
0.1
(0.1-0.2)
3.3
(2.2-4.3)
1.8
(1.3-2.4)
0.8
(0.6-1.1)
0.2
(0.2-0.3)

Female

2.6
(2.0-3.2)
1.4
(1.1-1.7)
0.6
(0.4-0.7)
0.1
(0.1-0.1)

2.4
(1.7-3.2)
1.2
(0.8-1.5)
0.4
(0.3-0.5)
0.1
(0.0-0.1)
2.2
(1.5-3.0)
1.0
(0.7-1.4)
0.4
(0.2-0.5)
0.1
(0.0-0.1)

10
Male

2.2
(1.6-2.7)
1.2
(1.0-1.5)
0.6
(0.5-0.7)
0.1
(0.1-0.1)

1.8
(1.2-2.4)
0.9
(0.6-1.2)
0.4
(0.3-0.5)
0.1
(0.0-0.1)
2.5
(1.5-3.4)
1.3
(0.8-1.7)
0.5
(0.3-0.7)
0.1
(0.1-0.2)

Female

Table 3: Loss in expectation of life conditional on having survived 1 to 5 and 10 years after diagnosis of stage I-III colon or rectal cancer in 2010.

62 | Chapter 3

10.3
(9.3-11.2)
7.2
(6.7-7.7)
4.6
(4.4-4.9)
2.3
(2.2-2.5)
10.3
(9.2-11.5)
6.6
(6.0-7.2)
4.2
(3.9-4.5)
2.1
(2.0-2.4)

Colon 50
cancer
60

CI: confidence interval.

80

70

Rectal 50
cancer
60

80

70

80

70

6.8
(5.6-8.0)
4.4
(3.9-5.0)
2.5
(2.2-2.8)
1.1
(1.0-1.3)

Rectal 50
cancer
60

10.4
(9.5-11.3)
7.8
(7.3-8.4)
5.5
(5.2-5.8)
2.7
(2.5-2.8)
11.1
(9.5-12.6)
7.5
(6.6-8.3)
4.9
(4.5-5.4)
2.3
(2.0-2.5)

7.8
(6.2-9.4)
4.9
(4.1-5.7)
2.7
(2.3-3.1)
1.3
(1.1-1.5)

7.3
(5.8-8.7)
4.7
(3.9-5.5)
2.5
(2.1-2.8)
1.0
(0.8-1.2)

6.3
(5.1-7.5)
3.9
(3.4-4.5)
2.0
(1.7-2.2)
0.6
(0.5-0.8)

7.1
5.8
(5.5-8.7) (4.6-7.0)
4.4
3.6
(3.6-5.2) (3.0-4.2)
2.2
1.8
(1.9-2.6) (1.5-2.0)
0.8
0.6
(0.7-1.0) (0.4-0.7)
Stage III
9.5
9.4
8.5
8.0
7.4
(8.5-10.5) (8.5-10.3) (7.6-9.5) (7.2-8.9) (6.4-8.3)
6.6
6.9
5.8
5.7
4.8
(6.1-7.1) (6.4-7.4) (5.3-6.3) (5.2-7.3) (4.3-5.4)
3.9
4.5
3.3
3.6
2.6
(3.7-4.2) (4.3-4.8) (3.1-3.6) (3.3-3.9) (2.4-2.9)
1.5
1.7
1.1
1.1
0.7
(1.3-1.6) (1.6-1.8) (1.0-1.2) (1.0-1.2) (0.7-0.9)
10.0
10.3
9.4
10.0
8.5
(8.9-11.2) (8.9-11.8) (8.3-10.6) (8.5-11.6) (7.3-9.7)
6.3
7.2
5.9
6.6
5.2
(5.8-6.9) (6.3-8.1) (5.3-6.4) (5.7-7.5) (4.6-5.8)
3.8
4.6
3.4
4.1
2.8
(3.5-4.1) (4.2-5.1) (3.1-3.7) (3.6-4.6) (2.5-3.2)
1.6
1.9
1.4
1.6
1.1
(1.4-1.8) (1.7-2.2) (1.2-1.6) (1.4-1.8) (0.9-1.3)

6.6
(5.4-7.8)
4.2
(3.6-4.8)
2.2
(1.9-2.5)
0.7
(0.6-0.9)
6.5
(5.6-7.4)
4.5
(3.9-5.0)
2.7
(2.4-3.0)
0.6
(0.5-0.7)
8.9
(7.3-10.6)
5.8
(4.9-6.7)
3.4
(2.9-3.9)
1.2
(1.0-1.4)

6.6
(5.0-8.2)
40
(3.2-4.8)
1.9
(1.6-2.3)
0.7
(0.5-0.8)
6.2
(5.3-7.2)
3.9
(3.4-4.5)
2.0
(1.7-2.3)
0.5
(0.3-0.6)
7.5
(6.2-8.7)
4.4
(3.7-5.0)
2.3
(1.9-2.6)
0.9
(0.7-1.1)

5.3
(4.2-6.5)
3.2
(2.6-3.8)
1.5
(1.2-1.8)
0.5
(0.4-0.6)
5.2
(4.3-6.1)
3.4
(2.9-4.0)
2.0
(1.7-2.3)
0.3
(0.2-0.4)
7.8
(6.0-9.6)
4.9
(3.9-5.8)
2.8
(2.2-3.3)
0.9
(0.7-1.1)

6.0
(4.4-7.6)
3.5
(2.7-4.3)
1.7
(1.3-2.0)
0.6
(0.4-0.7)
5.3
(4.4-6.3)
3.3
(2.7-3.8)
1.6
(1.3-1.8)
0.3
(0.2-0.4)
6.5
(5.2-7.7)
3.7
(3.0-4.3)
1.8
(1.4-2.1)
0.7
(0.5-0.9)

4.8
(3.7-6.0)
2.8
(2.3-3.4)
1.3
(1.0-1.5)
0.4
(0.3-0.5)

3.2
(2.3-4.2)
1.7
(1.2-2.1)
0.6
(0.4-0.8)
0.2
(0.1-0.2)
3.1
(2.4-3.9)
1.6
(1.3-2.0)
0.6
(0.5-0.8)
0.1
(0.0-0.1)
3.8
(2.7-4.9)
1.8
(1.3-2.4)
0.7
(0.5-0.9)
0.2
(0.1-0.3)

5.4
(3.8-7.0)
3.1
(2.3-3.9)
1.4
(1.1-1.8)
0.4
(0.3-0.6)
4.3
(3.4-5.2)
2.7
(2.2-3.3)
1.5
(1.2-1.8)
0.2
(0.1-0.3)
6.7
(4.9-8.5)
4.1
(3.1-5.1)
2.2
(1.7-2.7)
0.7
(0.4-0.9)

2.4
(1.7-3.0)
1.3
(0.9-1.7)
0.6
(0.4-0.7)
0.0
(0.0-0.1)
4.0
(2.5-5.5)
2.1
(1.4-2.9)
0.9
(0.5-1.2)
0.2
(0.1-0.3)

3.7
(2.3-5.0)
1.9
(1.2-2.5)
0.7
(0.4-0.9)
0.2
(0.1-0.3)
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4. Discussion
This comprehensive study quantified the impact of CRC by presenting age, year and sexspecific estimates of loss in expectation of life (LEL) due to stage I-III colon or rectal cancer.
Data of more than 200,000 patients with CRC from the nationwide Netherlands Cancer
Registry was used. In addition, gain in life years was determined under the circumstance
wherein sex differences in cancer survival could be removed. Differences in tumor site,
disease stage, sex and age-specific LEL estimates as well as changes over time were noted.
Patients with rectal cancer had higher LEL than those with colon cancer and patients
having higher disease stage experienced highest LEL. Rectal cancer and higher disease
stage are both associated with lower five-year relative survival outcomes compared to
colon cancer and this is reflected in higher LEL.(5) The higher locoregional recurrence rate
in patients with rectal cancer compared to colon cancer patients possibly impair survival
outcomes and affect LE.(24, 25) Patients with higher disease stage have also higher LEL
as they have a higher risk of developing metastatic disease and as a result have poorer
prognosis.(26)
Since LE is highly age dependent, LEL was highest in younger patients. Older patients
have less years to lose due to a lower LE. This was demonstrated in declining PELL estimates
with age. Fortunately, the large differences in 5-year relative survival between elderly
and younger patients with CRC have decreased in recent years.(27) Examining LEL is of
additional value to relative survival and is a better way to quantify the impact of cancer.
Besides stage and age differences in patient survival, a small sex difference persists in
survival of patients with CRC. Female patients with rectal cancer had higher losses in LE
than males. On the other hand, female patients with colon cancer had better LE than
males. Due to the longer LE of females compared to males, the relative impact of dying
due to cancer was higher in women (as they have more years to lose), resulting in higher
LEL. Various reasons for these differences have been reported. First, different anatomical
tumor and lymph node distribution as well as genetic differences such as microsatelite
instability (MSI) status between men and women can cause differences in survival.(28,
29) Second, although CRC is generally not strongly linked to hormones, some evidence
suggests that sex hormones might play a role in its development and disease course.
(30) Third, comorbidity differences between men and women lead to different overall
survival.(31) Fourth, men and women have different health care seeking behaviour
which can influence lead time to diagnosis of primary or recurrent cancer.(31) Obviously,
many differences between men and women are not changeable. However, preventive or
interventive programs in socioeconomic (deprivation) and life style factors (i.e. smoking,
alcohol consumption, or BMI) could narrow sex differences in cancer diagnosis, treatment
and survival between men and women.(9, 32)
LEL in patients with CRC decreased over calender year, as previously reported in
Scandinavia, England and Australia(7, 33-35) and this decline was highest in higher
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disease stages and in rectal cancer. This can be explained due to the improvements for
all patients, but especially in systemic treatment options for stage III colon cancer and the
substantial surgical improvements in rectal cancer (i.e. TME surgery). As a result, relative
and conditional survival of patients with CRC has increased in the Netherlands as well as
in other countries.(5, 36) Similar results were seen for the proportion of life lost (PELL). For
patients with early stage colon cancer, however, the decline was less because prognosis
in these patients was already good. Also, we noted an increase of LEL among 50 and
60-year old patients with stage II-III colon cancer in recent years. We do not have a clear
explanation for these findings. Low patient numbers and a relatively shorter follow-up
length might have (partially) contributed to this peculiar finding.
For patients that have been operated and who are enrolled in follow-up, conditional
estimates are more informative than estimates based on time of diagnosis. This study is
one of the few reporting on conditional LEL. The largest improvements in conditional LEL
were seen for younger patients with higher disease stage. Patients longer in follow-up had
lower LEL; findings that are consistent with the improving conditional relative survival of
patients with colon or rectal cancer.(5, 37) The estimates of LEL presented here are slightly
better than reported in previous studies.(7, 9, 33, 34, 38) This difference is most likely due
to the more recent data. Also, other studies have included patients who were not treated
surgically and therefore have possibly included more ill or older patients. We demonstrated
that the non-surgically treated patients in our cohort had a very low survival, independent
of age. Comparing our results with earlier reports is not easy because of heterogeneity.
First, the results of other studies are not always stratified by age, sex and disease stage.
Second, it is common that outcomes are presented for CRC as a group rather than providing
colon and rectal cancer specific outcomes. As cancer from colon and rectal origin are
considered distinct neoplasms with different treatment regimens(39), it is preferable to
present site-stratified results. This current study encompassed an in-depth analysis of LEL
between 1990-2016 and provided age, sex, year and stage-specific information regarding
the impact of CRC on LE. The results can be used during follow-up between physicians
and patients for shared-decision making, but can also used by researchers and policymakers to compare outcomes within and between countries with comparable healthcare
systems (i.e. high-income countries)

Strengths and limitations
Strengths of this study were the use of high-quality up-to-date and complete nationwide
NCR data. Furthermore, trends over a long period of time and presentation of specific
information assist further understanding of the impact of CRC. Nonetheless, this study
has also some limitations. First, excluding non-resected patients (likely older, frail patients)
might bias comparison to previous studies on this subject. In addition, patients with early
rectal cancer undergoing organ preserving treatment (i.e. watch and wait protocols),
were also excluded.(40) However, the vast majority of patients have received endoscopic
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or surgical treatment and up-to-date survival and LEL estimates based on patients who
received similar treatment is therefore most relevant for them. Second, we cannot exclude
stage-specific improvement due to improved detectability and characterization of both
lymph node and distant metastases. As a result survival of each stage will improve, which
is commonly described as the Will-Roger phenomenon.(41) Third, the LEL estimates are
based on extrapolated survival, and should therefore always be interpreted with caution,
especially for the most recently diagnosed patients where follow-up is shorter. Therefore,
most results were presented for year 2010, even though more recent diagnoses were
available. Nevertheless, results predominantly based on long follow-up length, yield
reliable (extrapolated) measures.(6)
In conclusion, this comprehensive study presented specific estimates of loss in expectation
of life due to diagnosis of CRC in the Netherlands. The results demonstrate a continuous
improvement of CRC survival. The findings can be generalized to other high-income
countries with comparable healthcare systems. In an era of multidisciplinary treatment
strategies and emphasis on shared-decision making, the results of this study provide
meaningful and clinically relevant survival outcome information that can be used during
follow-up.
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Appendices
Appendix A: Baseline characteristics of patients diagnosed with stage I-III colon or rectal
cancer in the Netherlands between 1990-2016. (N=203,216)
N (%) or median (IQR)
Colon cancer (N=135,738) Rectal cancer (N=67,478)
Sex
Male
Female
Age
Male
Female
Year of diagnosis
1990-2000
2001-2009
2010-2016
Pathological stage
I
II
III
Histology of primary tumor
Non-mucinous adenocarcinoma
Mucinous adenocarcinoma
Signet cell carcinoma
N.o.s.
Systemic chemotherapy
No
Yes
Radiotherapy
No
Yes
Chemoradiation therapy
No
Yes

67,788 (49.9)
67,950 (50.1)

39,993 (59.3)
27,485 (40.7)

70.0 (63-77)
73.0 (64-80)

67.0 (60-75)
69.0 (60-77)

42,729 (31.5)
44,977 (33.1)
48,032 (35.4)

22,518 (33.4)
23,711 (35.1)
21,249 (31.5)

30,412 (22.4)
59,292 (43.7)
46,034 (33.9)

20,612 (30.6)
20,328 (30.1)
26,538 (39.3)

113,311 (83.5)
20,549 (15.1)
1,303 (1.0)
575 (0.4)

61,398 (91.0)
5,625 (8.3)
302 (0.5)
153 (0.2)

107,556 (79.8)
27,220 (20.2)

29,214 (91.0)
2,882 (9.0)

107,556 (99.5)
580 (0.5)

29,214 (55.6)
23,305 (44.4)

135,356 (99.7)
382 (0.3)

55,401 (82.1)
12,077 (17.9)

IQR: interquartile range (25-75%). N.o.s: ‘’not otherwise specified’’
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Appendix C: Life years saved if sex differences in cancer-specific survival* between male and
female patients diagnosed with colon or rectal cancer in 2010 could be removed.
Age

Site

Colon
50
60
70
80
Years lost in
2010 cohort
Rectum
50
60
70
80
Years lost in
2010 cohort

Years lost in one person

Life years lost
with female
survival

Extra years
gained/lost

Stage
I
II
III
I
II
III
I
II
III
I
II
III
Combined

Males
4.0 (3.1-4.8)
5.7 (4.9-6.6)
10.3 (9.3-11.2)
2.3 (1.9-2.7)
3.9 (3.5-4.4)
7.2 (6.7-7.7)
1.2 (1.0-1.3)
2.4 (2.3-2.6)
4.6 (4.4-4.9)
0.4 (0.4-0.5)
1.0 (0.9-1.1)
2.3 (2.2-2.5)
9,376

Females
3.2 (2.5-3.9)
5.5 (4.7-6.3)
10.4 (9.5-11.3)
2.0 (1.6-2.4)
4.0 (3.6-4.4)
7.8 (7.3-8.4)
1.2 (1.0-1.4)
2.8 (2.6-3.0)
5.5 (5.2-5.8)
0.4 (0.4-0.5)
1.4 (1.3-1.5)
2.7 (2.5-2.8)
9,252

Males
2.8 (2.2-3.4)
4.9 (4.2-5.6)
9.7 (8.9-10.5)
1.7 (1.4-2.0)
3.6 (3.2-3.9)
7.0 (6.6-7.5)
1.0 (0.9-1.1)
2.4 (2.3-2.6)
4.7 (4.6-5.0)
0.4 (0.3-0.4)
1.0 (0.9-1.1)
2.4 (2.2-2.5)
8,970

Males
1.2
0.8
0.6
0.6
0.3
0.2
0.2
0.0
- 0.1 ˜
0.0
0.0
- 0.1 ˜
406

Stage
I
II
III
I
II
III
I
II
III
I
II
III
Combined

Males
3.8 (3.0-4.6)
6.8 (5.6-8.0)
10.3 (9.2-11.5)
2.2 (1.8-2.6)
4.4 (3.9-5.0)
6.6 (6.0-7.2)
1.1 (1.0-1.2)
2.5 (2.2-2.8)
4.2 (3.9-4.5)
0.4 (0.4-0.4)
1.1 (1.0-1.3)
2.1 (2.0-2.4)
7,078

Females
4.0 (3.0-5.0)
7.8 (6.2-9.4)
11.1 (9.5-12.6)
2.4 (1.9-2.9)
4.9 (4.1-5.7)
7.5 (6.6-8.3)
1.3 (1.1-1.5)
2.7 (2.3-3.1)
4.9 (4.5-5.4)
0.5 (0.4-0.5)
1.3 (1.1-1.5)
2.3 (2.0-2.5)
4,258

Males
3.6 (2.7-4.4)
7.0 (5.6-8.4)
10.3 (9.0-1.6)
2.1 (1.7-2.4)
4.3 (3.7-5.0)
6.6 (6.0-7.3)
1.1 (0.9-1.2)
2.3 (2.0-2.6)
4.2 (3.8-4.6)
0.3 (0.3-0.4)
1.0 (0.8-1.2)
1.9 (1.7-2.1)
6,955

Males
0.2
- 0.2 ˜
0.0
0.1
0.1
0.0
0.0
0.1
0.0
0.1
0.1
0.2
123

* Estimated using relative survival
~ Extra years lost when men would have female survival (i.e. female patients sometimes had worse survival than
males)
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Abstract
Purpose: This population-based study determined the cumulative incidence (CI) of local, regional
and distant recurrences, examined metastatic patterns, and identified risk factors for recurrence
after curative treatment for CRC.
Methods: All patients undergoing resection for pathological stage I-III CRC between January 2015
and July 2015 and registered in the Netherlands Cancer Registry, were selected (N=5,412). Additional
patient record review and data collection on recurrences was conducted by trained administrators
in 2019. Three-year CI of recurrence was calculated according to sublocation (right-sided: RCC, leftsided: LCC and rectal cancer: RC) and stage. Cox competing risk regression analyses were used to
identify risk factors for recurrence.
Results: The 3-year CI of recurrence for stage I, II and III RCC and LCC was 0.03 vs. 0.03, 0.12 vs. 0.16
and 0.31 vs. 0.24, respectively. The 3-year CI of recurrence for stage I, II and III RC was 0.08, 0.24 and
0.38. Distant metastases were found in 14, 12 and 16% of patients with RCC, LCC and RC. Multiple
site metastases were found often in patients with RCC, LCC and RC (42 vs. 32 vs. 28%). Risk factors
for recurrence in stage I-II CRC were age 65-74 years, pT4 tumor size, poor tumor differentiation
whereas in stage III CRC these were ASA III, pT4 tumor size, N2, poor tumor differentiation.
Conclusions: Recurrence rates in recently treated patients with CRC were lower than reported in the
literature and the metastatic pattern and recurrence risks varied between anatomical sublocations.
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1. Introduction
Colorectal cancer (CRC) is the third most common cancer diagnosed worldwide.(1, 2) The
numbers of CRC survivors increase due to continuous improvement in all stage survival.
(3-5)
Despite the increased initial cure rate, 20-30% of patients with stage I-III CRC develop
recurrences.(3, 6) This is an important reason for post-treatment surveillance, as it is deemed
beneficial to detect and treat disease recurrence at an early stage.(3, 7) In the Netherlands,
CRC follow-up occurs according to the national guidelines. [Supplement 1, online only]
Up-to-date and specific information regarding the risk of recurrence and prognosis is
necessitated for the increasing numbers of CRC survivors at risk for recurrence. Up-todate information improves patient communication, facilitates optimal shared-decision
making with regard to follow-up and can be used for life planning.(8, 9) Currently, several
risk factors for predicting the risk of recurrence are available.(8-10) Besides known tumorrelated factors such as pathological stage and histological subtype(11), primary tumor
location has emerged as an important prognosticator in recent years.(12) More information
about the role of primary tumor location or sidedness, stage and other potential factors
as prognosticators might help to identify patients at high risk for recurrence. In order to
improve risk-stratification and information provision in CRC patients, recent populationbased evidence on the incidence and location of disease recurrence, and risk factors for
recurrence is needed. Studies evaluating the risk of disease recurrence are constrained by
the use of data from more than 10 years ago, by using data from relatively small number
of patients, or by using data from selective centers and geographical regions.(6, 8, 9, 1315) Also, treatment of colorectal cancer has changed in the last decade with significant
improvements in overall survival.(4) Moreover, national screening programs have been
started which led to an increasing number of early colorectal cancers that can often be
treated with local endoscopic techniques.(16, 17). Finally, type and location of metastases
are usually not reported in previous studies.(8, 9, 13) Therefore, a great need remains for
up-to-date, recent and nationwide data on disease recurrence in patients with CRC.
The aim of this population-based study was therefore to determine the cumulative
incidence (CI) and patterns of recurrences in a large and recent cohort of patients with
stage I-III CRC. Also, various potential risk factors for recurrence, were identified in
multivariable analyses.
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2. Method
2.1 Data collection
Patient sociodemographic and tumor and treatment-related information at time of
diagnosis were collected from the Netherlands Cancer Registry (NCR) which covers all
newly diagnosed malignancies in the Netherlands. Information is routinely extracted from
the medical records by trained administrators of the NCR. Anatomical site of the tumor and
metastases is registered according to the International Classification of Disease-Oncology
(ICD-O). The UICC TNM (tumor-node-metastasis) classification (7th edition) was used for
stage notification of the primary tumor. Comorbidity is registered according to a slightly
modified version of the Charlson Comorbidity Index. Additional patient record review
and data collection on recurrences was conducted between February-October 2019.
Metachronous recurrence was defined as diagnosis of recurrence following resection of
the CRC. Information regarding the development of initial (first) recurrences was obtained
and encompassed local, regional and distant recurrences. Local recurrences were defined
as recurrences in or near the site of the original primary tumor. Regional recurrences
were defined as recurrences in lymph nodes that would classify as regional lymph nodes
according to TNM classification. Distant recurrences were defined as recurrences that
would be defined as distant metastases according to TNM.

2.2 Study population
This study included all patients in the Netherlands who were diagnosed between January
1th and June 30th, 2015 and that were operated with curative intent for (y) pathological
stage I-III primary CRC. Treatment options for tumors location in the colon were
resection of the primary tumor (both endoscopic or surgical) with or without adjuvant
chemotherapy. Treatment options for tumors location in the rectum were neoadjuvant
therapy consisting of short term radiotherapy or long course chemoradiation followed
by resection of the primary tumor (both endoscopic or surgical) or resection only.
Sublocation of the primary tumor was categorized as right-sided colon (RCC): coecum to
the splenic flexure (C18.0, C18.2-5), left-sided colon (LCC): splenic flexure to rectum (C18.67, incl. rectosigmoid (C19.9)) and rectum (RC, C20.9). Tumors located in the appendix
and neuroendocrine tumors were excluded due to different morphological, clinical and
prognostic features than colon and rectal tumors. (18) In case of multiple tumors per
patient, only the tumor with the most advanced stage was included. In case pathological
stage was unknown or missing, clinical stage was used. Morphology of the tumor was
divided into adenocarcinoma (ICD-O codes 8140-1, 8144-5, 8210-1, 8213, 8220-1, 8255,
8261-3), mucinous adenocarcinoma (8470, 8480-1) and signet ring cell carcinoma (8490).
Location of distant recurrences was categorized into liver (C22), lung (C34), peritoneum
(C48) and other.
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2.3 Statistical analyses
Descriptive statistics, Chi-square an Fisher’s Exact test were used to provide an overview
of the study population and compare metastatic patterns by sublocation (RCC vs. LCC
vs. RC). After stratification by sublocation, the cumulative incidence (CI) functions for
recurrence at 3-years were calculated with death as competing event. Because death is
an event that may precede recurrence, and therefore might prevent recurrences from
occurring and being observed, this is a situation of competing risks. Multivariable Cox
competing risk regression models were used to produce cause-specific and independent
hazard ratios for recurrence in the presence of dying as a competing risk, for the different
patient, tumor and treatment characteristics. Risk factor for recurrence were identified
based on the existing literature and entered into the regression analysis at once. Followup assessment began at the date of resection of the primary tumor and ended at the date
of diagnosis of recurrence or date of death. Patients without a recurrence or death, or who
died after the follow-up period for which information on recurrence was available, were
censored at time of last follow-up date for recurrence. Last follow-up date for recurrence
differed between patients and was dependent on last patient contact and ascertainment
of recurrence status.
P-values below 0.05 were considered statistically significant. SAS/STAT® statistical software
(SAS system 9.4, SAS Institute, Cary, NC) was used for all analyses.

3. Results
3.1 Baseline characteristics
A total of 5,412 patients with CRC were included. [Supplement 2, online only] More than
two-third (N=3,779 patients, 70%) were patients with colon cancer, of which 1,807 (34%)
had a right-sided tumor and 1,972 (36%) a left-sided tumor. Patient with RCC were generally
older and had more comorbidities. An overview of patient and tumor characteristics is
presented in Table 1.
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Table 1: Sociodemographic, tumor and treatment characteristics of patients with right-sided
and left-sided colon cancer (RCC, LCC) and rectal cancer (RC).

Gender
Male
Female
Age
<65 years
65-74 years
≥75 years
Number of comorbidities
0
1
≥2
Unknown
ASA classification
ASA I
ASA II
ASA III
ASA IV
ASA unknown
(y) pT stage
0
1
2
3
4
Unknown
(y) pN stage
0
1
2
Unknown
(y) pTNM stage
I
II
III
Morphology
Adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell carcinoma
Differentiation grade
Well/moderate
Poor/undifferentiated
Unknown
Microsatellite status
Stable
Instable
Unknown
Treatment
Neoadjuvant radiotherapy + surgical resection
Neoadjuvant chemoradiation + surgical resection
Surgery
Surgical resection + adjuvant chemotherapy

RCC
N=1,807

LCC
N=1,972

RC
N=1,633

872 (48%)
935 (52%)

1,196(61%)
776 (39%)

1,070 (66%)
563 (34%)

393 (22%)
731 (40%)
683 (38%)

671 (34%)
829 (42%)
472 (24%)

621 (38%)
641 (39%)
371 (23%)

783 (43%)
538 (30%)
300 (17%)
186 (10%)

982 (50%)
524 (26%)
233 (12%)
233 (12%)

844 (52%)
411 (25%)
190 (12%)
188 (11%)

217 (12%)
937 (52%)
401 (22%)
26 (1%)
226 (13%)

349 (18%)
969 (49%)
277 (14%)
16 (1%)
361 (18%)

319 (20%)
881 (54%)
218 (13%)
6 (<1%)
209 (13%)

2 (<1%)
187 (11%)
306 (17%)
1,049 (58%)
255 (14%)
8 (<1%)

0 (0%)
552 (28%)
341 (17%)
855 (43%)
191 (10%)
33 (2%)

119 (7%)
342 (21%)
506 (31%)
614 (38%)
38 (2%)
14 (1%)

1,178 (65%)
401 (22%)
211 (12%)
17 (1%)

1,221 (62%)
414 (21%)
197 (10%)
140 (7%)

1,154 (71%)
303 (19%)
122 (7%)
54 (3%)

441 (24%)
754 (42%)
612 (34%)

813 (41%)
548 (28%)
611 (31%)

845 (52%)
363 (22%)
425 (26%)

1,541 (85%)
242 (14%)
24 (1%)

1,857 (94%)
108 (6%)
7 (<1%)

1,549 (95%)
73 (4%)
11 (1%)

1,370 (76%)
221 (12%)
216 (12%)

1,745 (88%)
90 (5%)
137 (7%)

1,337 (82%)
73 (4%)
223 (14%)

230 (13%)
102 (6%)
1,475 (81%)

315 (16%)
21 (1%)
1,636 (83%)

154 (9%)
8 (1%)
1,471 (90%)

1,345 (74%)
462 (26%)

2 (<1%)
4 (<1%)
1,436 (73%)
530 (27%)

332 (20%)
519 (32%)
758 (46%)
24 (2%)
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1,299 (97%)
46 (3%)

1,165 (81%)
271 (19%)

542 (72%)
216 (28%)

1,739 (96%)
29 (2%)
39 (2%)

1,863 (94%)
39 (2%)
70 (4%)

1,519 (93%)
66 (4%)
48 (3%)

Left-sided included also rectosigmoidal tumors (N=43). (y)pT0N0 was counted as stage I disease, (y)pT0N1-2 as
stage III. Comparison of baseline characteristics statistically significant with Chi-square tests (P<0.0001).

3.2 Incidence of recurrences
After a median follow-up of 40 months (IQR 20-46), 877 (16%) recurrences were diagnosed:
287 (16%) among patients with RCC, 262 (13%) among patients with LCC and 328 (20%)
among patients with RC. Median time to recurrence was 14 months (IQR 8-22 months)
and 15 months (IQR 10-24 months) for RCC and LCC, and 13 months (IQR 7-23 months) for
RC. A total of 34 recurrences were diagnosed within 3-months of follow-up. Differences
in the CI of recurrence between patients with RCC, LCC and RC at 3-years postoperatively
were statistically significant [Figure 1] (Gray’s test: p<0.0001). The 3-year CI of recurrence for
patients with stage I, II, and III RCC was 0.03, 0.12 and 0.31, of LCC 0.03, 0.16 and 0.24, and
of RC 0.08, 0.24 and 0.38 respectively. [Figure 2-3] Respectively 42, 78 and 93% of the RCC
recurrences and 34, 76 and 92% of the LCC recurrences were diagnosed within 1, 2 and 3
years. For the RC recurrences, these percentages were 46, 75 and 90% respectively. Death
without (known) recurrence occurred in 75 (4.9%), 62 (3.6%) and 40 (3.1%) patients with
RCC, LCC and RC, respectively.
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cumulative
incidence
of recurrence
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leftFigure
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colon, left-sided colon and rectal cancer.						
Gray’s test: p<0.0001
Gray’s test: p<0.0001
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Among endoscopically treated patients with a pT1 CRC (N=466, 87% of the total
endoscopic group), a total of 19 (4.1%) recurrences were diagnosed after a median followup of 40-months (IQR 20-46). There were 2 (0.4%) among patients with RCC, 7 (1.5%)
among patients with LCC and 10 (2.1%) among patients with RC. [Supplement 3, online
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only]. In the remaining endoscopically treated group (N=67) with a pT2Nx or higher CRC,
a total of 9 recurrences occurred, 1 (1.5%) among patients with LCC and 8 (11.9%) among
patients with RC.

3.3 Risk factors for disease recurrence
In patients with stage I-II RCC and LCC, pT4 tumor size, age 65-74 years and poor tumor
differentiation were associated with a higher risk of recurrence. [Table 2] Female gender
and was associated with a lower risk of recurrence. ASA III, pT4 tumor size, N2 stage and
poor tumor differentiation were associated with a higher risk of recurrence in patients
with stage III RCC or LCC (in which ASA classification was not statistically significant).
[Table 3] On the other hand, microsatellite instability and adjuvant chemotherapy in stage
III RCC and adjuvant chemotherapy in stage III LCC were associated with a lower risk of
recurrence.
All patients with RC who underwent neoadjuvant chemoradiation had an higher risk of
recurrence. [Table 4] Those with stage III RC and (y)pT4 tumor size and N2 stage also had
an higher risk of recurrence.

3.4 Metastatic patterns
CRC metastasized most commonly to other organs. Among patients with a recurrence,
respectively, 14, 12 and 16% of patients with RCC, LCC and RC developed distant
metastases. [Table 5] Local recurrences were found more often in patients with RC
compared to patients with RCC or LCC (6 vs. 3 vs. 3%, P<0.0001). Among patients with
recurrences, the relative proportion of multiple site metastases was higher in patients with
RCC, compared to patients with LCC and RC (42 vs. 32 vs. 28%, P<0.0001). In patients with
RCC, most distant metastases were found at multiple sites at initial presentation, followed
by metastasis in the liver only (27%). In patients with LCC or RC, liver only metastases were
most common (39 and 30%). Distant metastases in patients with RC were found most
often in the liver (30%), at multiple sites (28%), or in the lungs (28%) at initial presentation.
Peritoneal metastases were more common in patients with RCC (33%), compared to LCC
and RC (24 and 9%). Localizations of recurrences for endoscopically treated patients can
be viewed in Supplement 3 (online only).
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Table 2: Cumulative incidence of recurrence and hazards for recurrence among patients with
right-sided colon cancer.
Stage I-II (N=1195)
Crude 3-year
Adjusted HR*
cumulative
(95% CI)
incidence
Gender
Male
Female
Age
<65 years
65-74 years
≥75 years
ASA classification
ASA I
ASA II
ASA III
ASA IV
pT stage
1
2
3
4
pN stage
0
1
2
Morphology
Adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell carcinoma
Differentiation grade
Well/moderate
Poor/undifferentiated
Microsatellite status
Stable
Instable
Treatment
Surgery
Surgery + adjuvant
chemotherapy~

Stage III (N=612)
Crude 3-year
Adjusted HR*
cumulative
(95% CI)
incidence

0.10
0.07

1.00 (reference)
0.56 (0.36-0.86)

0.30
0.32

1.00 (reference)
1.05 (0.78-1.41)

0.06
0.09
0.10

1.00 (reference)
2.00 (1.07-3.72)
1.75 (0.93-3.28)

0.25
0.32
0.35

1.00 (reference)
1.14 (0.77-1.68)
0.88 (0.55-1.42)

0.08
0.09
0.10
n.r.

1.00 (reference)
0.82 (0.43-1.58)
0.80 (0.39-1.61)
n.r.

0.19
0.29
0.39
n.r.

1.00 (reference)
1.56 (0.94-2.61)
1.85 (1.05-3.26)
n.r.

0.03
0.03
0.09
0.31

0.41 (0.16-1.04)
0.32 (0.15-0.69)
1.00 (reference)
4.84 (2.88-8.12)

n.r.
0.15
0.27
0.48

n.r.
0.55 (0.27-1.14)
1.00 (reference)
1.90 (1.39-2.59)

0.09
n.a.
n.a.

1.00 (reference)
n.a.
n.a.

n.a.
0.24
0.45

n.a.
1.00 (reference)
2.03 (1.49-2.76)

0.09
0.03
n.r.

1.00 (reference)
0.51 (0.15-1.69)
n.r.

0.30
0.32
0.56

1.00 (reference)
1.04 (0.60-1.80)
1.37 (0.54-3.49)

0.08
0.16

1.00 (reference)
2.14 (1.22-3.76)

0.26
0.43

1.00 (reference)
1.83 (1.26-2.65)

0.12
0.04

1.00 (reference)
0.31 (0.07-1.45)

0.36
0.19

1.00 (reference)
0.42 (0.19-0.91)

0.08
0.15

not included

0.37
0.28

1.00 (reference)
0.61 (0.41-0.93)

ASA classification unknown, T stage unknown, N stage unknown, other morphology, unknown differentiation
grade and unknown microsatellite status were included in the analyses but results not shown.
HR: hazard ratio; CI: confidence interval; n.a.: not applicable; n.r.: not reported, numbers too small
To prevent problems with multicollinearity between pT, pN and TNM stage in the multivariable model, TNM
stage is not included in the multivariable model
*Competing risk analysis for death as competing event that prevents CRC recurrence from occurring. Hazard
ratios are cause-specific hazards for recurrence in the presence of the competing risk of dying.
~ In the Netherlands; adjuvant chemotherapy is only recommended for patients with stage III or high-risk stage
II colon cancer and not routinely given to rectal cancer patients.
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Table 3: Cumulative incidence of recurrence and hazards for recurrence among patients with
left-sided colon cancer.
Stage I-II (N=1361)
Crude 3-year Adjusted HR*
cumulative
(95% CI)
incidence
Gender
Male
Female
Age
<65 years
65-74 years
≥75 years
ASA classification
ASA I
ASA II
ASA III
ASA IV
pT stage
1
2
3
4
pN stage
0
1
2
Morphology
Adenocarcinoma
Mucinous adenocarcinoma
Differentiation grade
Well/moderate
Poor/undifferentiated
Microsatellite status
Stable
Instable
Treatment
Surgery
Surgery + adjuvant chemotherapy~

Stage III (N=611)
Crude 3-year
Adjusted HR*
cumulative
(95% CI)
incidence

0.08
0.09

1.00 (reference)
1.01 (0.67-1.53)

0.24
0.23

1.00 (reference)
0.87 (0.61-1.25)

0.07
0.09
0.10

1.00 (reference)
1.71 (1.07-2.75)
1.34 (0.77-2.32)

0.24
0.21
0.28

1.00 (reference)
0.82 (0.55-1.23)
0.65 (0.39-1.08)

0.11
0.08
0.14
n.r.

1.00 (reference)
0.61 (0.36-1.02)
1.09 (0.60-2.00)
n.r.

0.18
0.25
0.23
n.r.

1.00 (reference)
1.51 (0.92-2.49)
1.12 (0.55-2.27)
n.r.

0.04
0.03
0.14
0.31

0.33 (0.18-0.59)
0.25 (0.12-0.50)
1.00 (reference)
2.71 (1.51-4.89)

0.09
0.07
0.22
0.46

0.36 (0.13-0.97)
0.48 (0.23-0.99)
1.00 (reference)
2.33 (1.61-3.38)

0.09
n.a.
n.a.

1.00 (reference)
n.a.
n.a.

n.a.
0.18
0.36

n.a.
1.00 (reference)
2.07 (1.47-2.93)

0.08
0.13

1.00 (reference)
0.82 (0.35-1.94)

0.23
0.31

1.00 (reference)
0.83 (0.34-2.02)

0.08
0.20

1.00 (reference)
2.32 (1.07-5.05)

0.23
0.30

1.00 (reference)
1.30 (0.68-2.51)

0.13
n.r.

1.00 (reference)
n.r.

0.24
0.25

1.00 (reference)
0.70 (0.17-2.98)

0.08
0.17

not included

0.35
0.20

1.00 (reference)
0.32 (0.20-0.51)

ASA classification unknown, T stage unknown, N stage unknown, signet ring cell carcinoma or other morphology,
unknown differentiation grade, unknown microsatellite status, neoadjuvant radiotherapy + surgery and
neoadjuvant chemoradiation + surgery were included in the analyses but results not shown.
HR: hazard ratio; CI: confidence interval; n.a.: not applicable; n.r.: not reported, numbers too small
To prevent problems with multicollinearity between (y)pT, (y)pN and TNM stage in the multivariable model, TNM
stage is not included in the multivariable model
*Competing risk analysis for death as competing event that prevents CRC recurrence from occurring. Hazard
ratios are cause-specific hazards for recurrence in the presence of the competing risk of dying.
~ In the Netherlands; adjuvant chemotherapy is only recommended for patients with stage III or high-risk stage
II colon cancer and not routinely given to rectal cancer patients.
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Table 4: Cumulative incidence of recurrence and hazards for recurrence among patients with
rectal cancer.
Stage I-II (N=1208)
Crude 3-year Adjusted HR*
cumulative
(95% CI)
incidence
Gender
Male
Female
Age
<65 years
65-74 years
≥75 years
ASA classification
ASA I
ASA II
ASA III
ASA IV
(y) pT stage
0
1
2
3
4
(y) pN stage
0
1
2
Morphology
Adenocarcinoma
Mucinous adenocarcinoma
Differentiation grade
Well/moderate
Poor/undifferentiated
Treatment
Neoadjuvant RT + surgery
Neoadjuvant CRT + surgery
Surgery
Surgery + adjuvant chemotherapy~

Stage III (N=425)
Crude 3-year
Adjusted HR*
cumulative
(95% CI)
incidence

0.14
0.10

1.00 (reference)
0.77 (0.54-1.11)

0.39
0.37

1.00 (reference)
0.89 (0.63-1.24)

0.13
0.10
0.17

1.00 (reference)
0.80 (0.55-1.17)
1.28 (0.83-1.98)

0.41
0.37
0.33

1.00 (reference)
0.94 (0.65-1.36)
0.73 (0.47-1.13)

0.10
0.13
0.17
n.r.

1.00 (reference)
1.12 (0.70-1.79)
1.73 (0.98-3.05)
n.r.

0.41
0.39
0.41
n.r.

1.00 (reference)
0.93 (0.63-1.36)
0.98 (0.56-1.71)
n.r.

0.06
0.05
0.10
0.24
n.r.

0.20 (0.08-0.47)
0.27 (0.15-0.46)
0.51 (0.35-0.74)
1.00 (reference)
n.r.

0.19
0.13
0.21
0.44
0.71

0.33 (0.09-1.12)
0.25 (0.07-0.87)
0.45 (0.28-0.73)
1.00 (reference)
2.44 (1.20-4.99)

0.13
n.r.
n.r.

1.00 (reference)
n.a.
n.a.

n.a.
0.32
0.55

n.a.
1.00 (reference)
1.98 (1.43-2.74)

0.12
0.21

1.00 (reference)
1.40 (0.63-3.13)

0.38
0.38

1.00 (reference)
0.71 (0.33-1.53)

0.13
0.19

1.00 (reference)
1.38 (0.60-3.20)

0.36
0.56

1.00 (reference)
1.43 (0.85-2.41)

0.10
0.17
0.11
n.r.

0.78 (0.48-1.27)
1.51 (1.02-2.24)
1.00 (reference)
n.r.

0.34
0.52
0.29
0.15

1.23 (0.81-1.86)
1.76 (1.20-2.60)
1.00 (reference)
n.r.

ASA classification unknown, T stage unknown, N stage unknown, signet ring cell carcinoma or other morphology,
unknown differentiation grade, and residual tumor unknown were included in the analyses but results not
shown.
RT: radiotherapy; CRT: chemoradiation; HR: hazard ratio; CI: confidence interval; n.a.: not applicable; n.r.: not
reported, numbers too small
To prevent problems with multicollinearity between pT, pN and TNM stage in the multivariable model, TNM
stage is not included in the multivariable model
*Competing risk analysis for death as competing event that prevents CRC recurrence from occurring. Hazard
ratios are cause-specific hazards for recurrence in the presence of the competing risk of dying.
~ In the Netherlands; adjuvant chemotherapy is only recommended for patients with stage III or high-risk stage
II colon cancer and not routinely given to rectal cancer patients.
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Table 5: Proportion and localization of recurrences at first detection during a median followup of 40 months.

Localization
Local
Local only
Regional
Regional only
Local and/or regional, without distant
Distant
Most common distant localizations*
Liver
Lung
Peritoneum
Other^
Single versus multiple distant localizations*
Liver only
Lung only
Peritoneum only
Other localization only
Multiple localizations

RCC
N=1,807

LCC
N=1,972

RC
N=1,633

P-value#

52 (3%)
16 (1%)
36 (2%)
8 (<1%)
30 (2%)
257 (14%)

59 (3%)
25 (1%)
23 (1%)
0
31 (2%)
231 (12%)

106 (6%)
54 (3%)
35 (2%)
2 (<1%)
67 (4%)
261 (16%)

<0.0001
<0.0001
0.049
0.003
<0.0001
0.0009

131 (51%)
59 (23%)
86 (33%)
110 (43%)

138 (60%)
56 (24%)
56 (24%)
76 (33%)

114 (44%)
128 (49%)
24 (9%)
72 (28%)

68 (27%)
15 (6%)
32 (12%)
34 (13%)
108 (42%)

90 (39%)
17 (7%)
26 (11%)
24 (10%)
74 (32%)

79 (30%)
72 (28%)
11 (4%)
26 (10%)
73 (28%)

0.002
<0.0001
<0.0001
0.001
<0.0001

*Proportions calculated for patients with distant recurrence only. RCC: right-sided colon cancer, LCC: left-sided
colon cancer, RC: rectal cancer.
^Other distant localizations according to ICD-0 topography were small intestine, gallbladder, pancreas, heart/
pleura, bones/joints, spleen, skin, soft tissues, cervix, ovary, male genital organs, ureter, bladder, brain, thyroid
gland, adrenal gland, ill-defined sites and lymph nodes.
#
P-value indicates significance of Chi-square test or Fisher’s Exact test as appropriate.

4. Discussion and conclusions
This comprehensive study presented accurate and recent population-based recurrence
data after primary surgical treatment for stage I-III CRC. After a median follow-up of 40
months, 16, 13 and 20% of the patients with RCC, LCC and RC presented with disease
recurrence. The 3-year CI of recurrence for patients with stage I, II and III RCC and LCC
was 0.03 vs. 0.03, 0.12 vs. 0.16 and 0.31 vs 0.24, respectively. The 3-year CI of recurrence
for patients with stage I, II and III RC was 0.08, 0.24 and 0.38, respectively. Median time
to recurrence was approximately 14 months and only differed marginally between the
different tumor locations.
Several population-based studies report on the incidence of recurrence in patients with
CRC.(6, 10, 15, 19-23) All of these studies only included patients treated before 2012.
Since then, several advancements in the treatment of CRC emerged, and postoperative
mortality(24) and overall survival(25) have significantly improved. Recurrences rates in the
present study for LCC (13%), RCC (16%) and RC (20%) were lower than reported in the
largest and most recent population-based study by Holmes et al.(19) Especially in stage
I-II disease, CI of recurrence was lower than reported in other studies.(26, 27) In other
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population-based studies, recurrence rates varied between 12-32% for colon cancer(10,
15, 20-22, 28) and between 19-31% for rectal cancer.(20, 23, 29) Recurrence rates in the
recent randomized FACS and COLOFOL trials were similar to those in the current study.
(30, 31) In line with the literature(15, 29), this study showed a decline in the incidence of
recurrences in the whole CRC population treated for non-metastatic CRC. Many advances
in preoperative, intra-operative and post-operative treatments could have contributed to
the lower recurrence rates. First, better and more accurate disease staging, and patient
selection may add to the decline in recurrences.(1) Second, screening programs influenced
the total recurrence rate due to shift in stage distribution.(32) In the present study, more
than two-third of the patients presented with stage I or II while in other studies this was
generally lower.(8, 13) Third, an increasing number of early CRCs are sometimes eligible for
endoscopic resection.(17) The recurrence rates after endoscopic resection for T1 tumors
in the current study were low compared to the literature.(16, 33) However, recurrences
rates were high in the group with a pT2Nx rectal cancer patients. This small group of 67
patients were most likely older, more comorbid or ill patients that were found ineligible
for a completion TME resection. Fourth, Total Mesorectal Excision (TME) in rectal cancer,
improved the number of complete circumferential resection margins and as a result
lowered the risk of recurrence.(34) Lastly, adjuvant chemotherapy has further targeted
microscopic residual disease in colon cancer patients.(1, 35) Adjuvant chemotherapy was
associated with lower risk for disease recurrence in both patients with stage III RCC and
LCC. The role of adjuvant chemotherapy in stage III colon cancer has been established
but its role in rectal cancer and high risk stage II colorectal cancer is debated.(36) In the
Netherlands, adjuvant chemotherapy is only given to a small proportion of stage II colon
patients with high-risk characteristics.(37) Since only few of them were treated with
adjuvant chemotherapy in the present cohort, we did not include adjuvant chemotherapy
in the stage I-II analyses. Neoadjuvant chemoradiation therapy in patients with stage I-II
and III RC was associated with a higher risk of recurrence in the present study. This can
be explained because neoadjuvant chemotherapy has predominantly been given to
patients with locally advanced rectal cancer (LARC). Due to the biological behavior of
these advanced tumors, these patients generally have a higher risk to develop metastases
compared to more early rectal cancer, despite the neo-adjuvant treatment.
The anatomical location of the primary tumor has been demonstrated to be important
for survival. Right-sided colon tumors have been associated with an impaired prognosis
in both patients with metastatic and non-metastatic disease.(12, 38) An important
explanation for this might be the immunopathological and genetic differences between
the molecular subtypes of CRC.(39) Population-based studies comparing the incidence
of recurrence for sublocations of CRC after curative treatment are, however, rare. Benedix
et al.(10) and Manfredi et al.(15) previously observed no difference in RFS between RCC
and LCC. Both studies reported data of patients diagnosed between 1976-2004 and did
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not take death into account as a competing risk. Patients with RC were not evaluated in
these studies, and their data did not account for the improvements made in diagnosis,
surgery and pre- and postoperative chemotherapy. Van Gestel et al.(14, 40) demonstrated
a difference in time to recurrence between patients with rectal and colon cancer, but
did not compare RCC and LCC. Again, competing risks were not taken into account in
their analyses. This is especially relevant for the comparison between primary tumor
sublocations, as baseline characteristics varied across patients’ groups. In addition, the
relative proportion of patients dying without experiencing disease recurrence was twice
as high in the RCC subgroup (5.9%), which could relate to the older age and higher ASA
score in these patients. Also, some studies suggests that immune response is worse due
to senescence (41) and that older age is associated with decreased lymph node yield.
(42) This might also have an inpact on recurrences during follow-up. Another factor is
the ungoing scientific debate regarding lifestyle, comorbidities and recurrences wherein
some studies suggest that comorbidity is also associated risk of recurrence and poorer
survival. (43, 44) Morevoer, patients with higher ASA scores will less likely be found eligible
for adjuvant chemotherapy. Therefore, analyzing disease recurrence in light of these
abovementioned competing risks is important. The present study is the first populationbased study to compare only CI of recurrence between all sublocations of CRC, including
these competing risks.
With regard to the patterns of recurrence, limited data is available. However, primary tumor
location seems highly associated with location of recurrences. We demonstrated that
distant metastases in patients with RCC occurred more often at multiple sites compared
to LCC and RC (42 vs. 32 vs 28%). When evaluating the sites affected, peritoneal metastases
were more often seen in patients with RCC. A large study evaluating recurrence patterns
in patients with stage I-III CRC was published by Augestad et al.(22). The proportion of
isolated liver recurrences was higher in LCC (35% of all recurrences), while isolated lung
metastases was more often diagnosed in patients with RC (20%). Another study showed
notable differences between sublocations in patients with stage I-IV CRC.(20)
The findings of this and other studies may have implications in clinical practice. First,
these data can be used as indicators of CRC prognosis in the Netherlands and other
(Western) countries with similar healthcare systems. The DCRA has audited CRC care in the
Netherlands over the last decade and significant improvements in screening(45) and care
of patients with CRC(46) were noted, especially in the elderly and those with rectal cancer.
Unfortunately, the DCRA does not report on long-term follow-up and as such cannot be
used for auditing. Merging the databases of DCRA and NCR could potentially be used
for future auditing and feedback of long-term outcome per hospital. Second, results of
this study can be used to help inform patients about their risk of developing recurrences.
Although based on this study we cannot tailor follow-up frequency and length, the data
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may be used to provide up-to-date stage- and tumor site-specific information regarding
recurrence risk. Together with the patients’ health status and wishes, accurate shareddecision making can be facilitated. Patients with stage I colon cancer in our cohort had a
CI of recurrence of 0.03 at 3-years follow-up. Considering the excellent 5-year conditional
relative survival of patients with stage I colon cancer(5), this low-risk patient group, could
be eligible for less intensive, personalized follow-up.(47, 48) Future follow-up will rely
more on testing for (bio) markers rather than performing periodic imaging, there may
be greater scope for incorporating this care into alternative follow-up settings (i.e. home,
primary care).(48) Personalization of follow-up care by patient factors (i.e. age, comorbidity,
mobility) and disease stage could be considered as well after shared-decision making
with the patient.
Although this study evaluated disease recurrence in a large population-based cohort of
patients, diagnosed and treated according to most recent standards, the study has some
limitations. First, the median follow-up time (40 months) in this study was relatively short.
Development of disease recurrence after this follow-up time might have been missed.
However, it has been shown previously that the vast majority of recurrences occurs within
3 years follow-up.(6) Therefore, it is unlikely that our findings would notably change with
longer follow-up. Second, we reported information regarding initial recurrences only
while recurrences in other locations during further follow-up might have significant
clinical implications.
In conclusion, this comprehensive population-based study provided recent and accurate
recurrence data in patients with stage I-III CRC. The 3-year CI of recurrence were lower
than reported in the literature and the metastatic pattern and risk of recurrence differed
between the anatomical sublocations of CRC. These findings help to assess prognosis and
can be used for individualized patient information during follow-up.
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Supplement 1. Dutch CRC follow-up guidelines.
Last update in 2014, the Dutch colorectal cancer guidelines recommends half-yearly outpatient clinic visit for
2-3 years postoperative and yearly hereafter up to 5 years. CEA measuring is recommended 3-6 monthly up
to 3 years and half-yearly hereafter. Furthermore, abdominal ultrasound, CT-abdomen and chest X-ray (rectal
cancer only) are recommended every half-year up to three years and yearly hereafter. The Dutch Colonoscopy
Surveillance guideline recommends colonoscopy at 1-, 3- and 5-years post-operative. In case of incomplete preoperative colonoscopy, this should be done within 3 months postoperatively.
Weblink reference of the complete guidelines: https://www.oncoline.nl/colorectaalcarcinoom

Supplement 2 Flowchart

Supplement 2. Flowchart.
All primary CRC
diagnosed January 1st – June 30th 2015
in the Netherlands
n=7,941
Tumors without data on recurrences excluded
n=325
Neuroendocrine tumors and morphology other/NOS excluded
n=124
Synchronous metastasized disease (M1) excluded
n=1,526
Topography appendix or colon other/NOS excluded
n=56
Not operated with curative intent excluded
n=437
Multiple tumors per patient excluded (except most advanced)
n=61

Patients with (y)pathological stage I-III CRC
diagnosed January 1st – June 30th 2015
and operated with curative intent
in the Netherlands
n=5,412

4

2 (4%)
2 (4%)
0 (0%)
0 (0%)
2 (4%)
0 (0%)

8 (3%)
4 (1%)
4 (1%)
0 (0%)
5 (2%)
3 (1%)

13 (6%)
6 (3%)
8 (4%)
1 (<1%)
11 (5%)
7 (3%)

466 (87.4%) of 533 patients treated with endoscopic resection only had a T1N0-X
#
P-value indicates significance of Chi-square test or Fisher’s Exact test as appropriate.

Localization
Local
Local only
Regional
Regional only
Local and/or regional, without distant
Distant
0.254
0.243
0.212
0.492
0.133
0.205

Total endoscopic resection group
N=533
RCC
LCC
RC
P-value#
N=46
N=271
N=216

Supplement 3. Recurrences among patients with endoscopic resection.

2 (5%)
2 (5%)
0 (0%)
0 (0%)
2 (5%)
0 (0%)

7 (3%)
3 (1%)
4 (2%)
0 (0%)
4 (2%)
3 (1%)

7 (4%)
3 (2%)
5 (3%)
0 (0%)
6 (3%)
4 (2%)

0.771
0.274
0.587
1.000
0.244
0.726

T1N0-X endoscopic resection group
N=466
RCC
LCC
RC
P-value#
N=41
N=240
N=185
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Abstract
Background: The precise content and frequency of follow-up of patients with colorectal cancer
(CRC) is variable and guideline adherence is low. The aim of this study was to assess the view of
colorectal surgeons on their local follow-up schedule and to clarify their opinions about riskstratification and organ preserving therapies. Equally important, adherence to the Dutch national
guidelines was determined.
Methods: Colorectal surgeons were invited to complete a web-based survey about the importance
and interval of clinical follow-up, CEA monitoring and the use of imaging modalities. Furthermore,
the opinions regarding physical examination, risk-stratification, organ preserving strategies, and
follow-up setting were assessed. Data were analyzed using quantitative and qualitative analysis
methods.
Results: A total of 106 colorectal surgeons from 52 general and 5 university hospitals filled in the
survey, yielding a hospital response rate of 74% and a surgeon response rate of 42%.
The follow-up of patients with CRC was mainly done by surgeons (71%). The majority of the
respondents (68%) did not routinely perform physical examination during follow-up of rectal
patients. Abdominal ultrasound was the predominant modality used for detection of liver
metastases (77%). Chest X-ray was the main modality for detecting lung metastases (69%). During
the first year of follow-up, adherence to the minimal guideline recommendations was high (99100%). The results demonstrate that, within the framework of the guidelines, some respondents
applied a more intensive follow-up and others a less intensive schedule. The majority of the
respondents (77%) applied one single follow-up imaging schedule for all patients that underwent
treatment with curative intent.
Conclusions: Dutch colorectal surgeons’ adherence to minimal guideline recommendations was
high, but within the guideline framework, opinions differed about the required intensity and
content of clinical visits, the interval of CEA monitoring, and the importance and frequency of
imaging techniques. This national survey demonstrates current follow-up practice throughout the
Netherlands and highlights the follow-up differences of curatively treated patients with CRC.
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Background
Colorectal cancer (CRC) is the third most common cancer in both men and women. (1) Over
the years, survival has improved significantly in patients with CRC resulting in survivors
in follow-up. (1, 2) After treatment, patients are followed to detect and treat early disease
recurrence or metastases. Moreover, the goal of surveillance is to consult patients regarding
complications, adverse effects, and prognostic information. (3) In the Netherlands, followup of patients with CRC occurs within the framework of the national guidelines and usually
consists of at least biannual clinical visits and laboratory and imaging tests. [Supplement 1]
The goal, frequency and content of outpatient visits are a subject of debate in many cancer
types and scheduled out-patient visits are generally of limited value. (4-7) Still, follow-up
of patients with CRC is useful. (8) Follow-up modalities such as serum CEA are helpful
to shorten the lead time to diagnosis of recurrent disease. However, the effect of earlier
detection on overall survival is limited. (5, 8) Intensive follow-up schedules fail to produce
significantly improved outcomes. (9, 10) Inevitably, intensive surveillance results in higher
cost (11), radiation exposure and discomfort.
A recent review of European guidelines conducted by Bastiaenen et al. demonstrated
that although multimodal follow-up after curative treatment of CRC is recommended in
all countries, the precise content and intervals of these modalities are variable. (12) The
Dutch national guidelines for CRC have similarities with the European Society for Medical
Oncology (ESMO) and American Society of Clinical Oncology-American Society of Colon and
Rectal Surgeons (ASCO-ASCRS) guidelines. Nevertheless, there are also some differences
between above guidelines. For instance, Carcino-Embryogenic Antigen (CEA) monitoring
is recommended 3-to-6 monthly in the first 3 years and 6-to-12 monthly hereafter in the
Netherlands. Another difference between European and American guidelines is the use of
ultrasound in Europe in contrast to routine Computed-Tomography (CT) of the abdomen
as recommended in the American guidelines. Without consensus about the content of
follow-up schedules and the existence of different guidelines, practice between surgeons
and hospitals varies. A study by Grossmann et al. demonstrated that surgeon adherence
to national guidelines was low in the Netherlands, and an American study shows low
adherence to follow-up guidelines too. (13, 14) Similar variations have also been reported in
follow-up of melanoma patients by surgeons and dermatologists. (6) The status of followup adherence in the Netherlands has not been studied since 2007, while clinical guidelines
have changed. Hence, information about the current status of follow-up is needed.
The aim of this study was to assess the view of Dutch Colorectal Surgeons on their local
follow-up schedule, clarify their opinions about risk-stratification and organ preserving
therapies. Equally important, adherence to the Dutch national guidelines was determined.
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Methods
Procedure and participants
All members of the Dutch Taskforce Coloproctology (WCP: Werkgroep Coloproctologie)
were invited to complete a web-based survey in October and November 2018. Invitations
were sent by email with the purpose of the survey, a request to participate anonymously,
and the hyperlink to the actual questionnaire. Only colorectal surgeons treating patients
with CRC were included. (N=250). Two reminders were sent; one after 2 weeks, and a final
reminder in which closing of the survey was announced and invitees were requested to
either fill in the survey or finish their survey. The survey was locked after completion in
order to prevent answer changes.

Survey
A web-based survey was developed using Castor EDC (Castor Electronic Data Capture,
Ciwit BV, Amsterdam, The Netherlands, 2018). The survey was conducted in Dutch and
consisted of 36 multiple-choice questions, 2 open questions and another 9 open and 16
multiple-choice additional questions depending upon previous answers. [Supplement
2: English translation] The questionnaire included questions regarding the following
fields: local follow-up schedule, diagnostic modality, duration and intensity of follow-up
and population followed. Furthermore, the opinions regarding physical examination,
risk-stratification, and organ preserving strategies were assessed. In addition, opinions
regarding ten carefully formulated statements were determined on a five-point Likert
scale. At the end of the questionnaire, the opportunity was given to state comments or
ask additional questions.
Curative CRC surgery was defined as surgical treatment of stage I-III disease according to
the American Joint Committee on Cancer (AJCC) classification. Adherence to the national
guidelines was defined as the percentage that adhered to the minimal recommendations.
(i.e., biannual clinical visit, CEA monitoring and abdominal ultrasound) Least intensive
clinical follow-up was defined as two clinic visits, two yearly CEA sampling and two-yearly
use of abdominal US. Most intensive follow-up was defined as performing four clinical
visits, four CEA measurements, and two-yearly US.

Statistical analysis
In this qualitative study, descriptive statistics were used. Data were depicted as frequencies
and percentages. Data from open questions, comments and views were analyzed in a
qualitative fashion.
Analyses were done using SPSS (version 23.0 ; IBM Corp, Armonk, NY).
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Results
Respondents‘ characteristics
A total of 106 colorectal surgeons from 52 general and 5 university hospitals in the
Netherlands filled in the survey, yielding a hospital response rate of 74% and a surgeons
response rate of 42%.

Outpatient clinic visit and physical examination
The follow-up of patients with CRC was mainly done by surgeons (71%). Other involved
clinicians were nurse practitioners (10%), gastroenterologists (3%), surgical residents (2%),
or a combination of the above (14%). Colonoscopy surveillance was mainly performed by
gastroenterologists (87%). More than half (55%) of the respondents did not follow patients
with pT1N0 colorectal disease at the outpatient clinic. These patients were only followed
according to the colonoscopy surveillance guideline but did not undergo regular visits,
CEA, or imaging tests.
The majority (55%) reported that geriatric patients were followed regardless of their age,
while others ended surveillance of patients older than 80 (8%), 85 (19%) or 90 years (11%).
Physical examination was not routinely performed by 68 and 67% of the respondents in
patients with colon or rectal cancer, respectively. Components of physical examination are
shown in Table 1.
Table 1: Performance of the different components of physical examination (PE) at outpatient
visits of colon and rectal cancer patients.

No PE
Abdominal PE and DRE together
Abdominal PE alone
DRE only
DVE
Other
i.e. Inguinal (lymph node) examination

Colon cancer patients %
(N=106)
67
4
23
5
0
1

Rectal cancer patients %
(N=106)
68
22
7
1
1
1

Note: Numbers represent percentages. DRE: digital rectal examination, DVE: digital vaginal examination.

Questionnaires are taken routinely in 24% of the cases during clinical visits, mainly
European Organization for Research and Treatment of Cancer (EORTC)-Quality of Life
forms (4%), distress thermometer and problem list (15%), Brief Pain Inventory or other
related pain questionnaires (1%), patient satisfaction surveys (2%), adverse event/

5

106 | Chapter 5

complication questionnaires such as the Low Anterior Resection Syndrome Score (13%),
or other Patient Related Outcome Measure questionnaires (4%).

Tumor marker blood measurement
CEA was routinely used as a tumor marker (99%) during follow-up. One respondent
applied an intensive CEA measurement protocol, with blood sampling every 6 weeks
during the first 2 years and every 3 months hereafter. [Table 2]
Table 2: Follow-up schedule according to current practice (% of the participants) and the
actual frequency recommended by the national guidelines (gray) among colorectal surgeons.
Year 1

Year 2

Year 3

Year 4

Year 5

Frequency per year (times)
Modality (%) Respondents
8
N
Outpatient
clinic visit

106

CEA blood
sampling

97

US liver

72

CT-abdomen

10

4

2

1

8

4

2

1

4

2

1

4

2

1

4

2

1

0 61 39

0

0

37 59

4

6

68 28

0

54

46

0

48

52

1 78 21

0

1

53 45

1

11

74 14

1

71

28

1

62

37

0

6

93

1

0

0

89 11

0

36 64

0

17

83

0

12

88

0

0

80 20

0

0

50 50

0

10 90

0

0

100

0

0

100

Note: Numbers represent percentage of respondents that performed the modality. The number of respondents
is equal for all years. CEA: Carcinoembryonic antigen, US: Ultrasound, CT: Computed-Tomography.

Imaging modalities
Abdominal ultrasound was the predominant modality used for detection of liver
metastases during follow-up (77%), followed by CT-scan (11%) or a combination of both
(10%) with the remaining 2% being ‘’otherwise, not specified’’. US is generally performed
every 6 months in the first 2 years and yearly hereafter. [Table 2]
If used, CT-abdomen was performed routinely during the first 4 years, usually with a
6-month interval. [Table 2] The following reasons for using CT-abdomen instead of US
were reported. First, US was technically not feasible (42%). Second, it was a matter of
local protocol without providing further explanation (40%). Third, US has lower sensitivity
compared to CT (11%). Fourth, being specified as ‘’other’’ (7%). Adherence to minimal
guideline recommendations (at least biannually) regarding clinical visit (100%), CEA
sampling (100%), and liver US (99%) was high during the first year.
Surgeon reported free text answers reasoning the use of CT-abdomen, were as follows
(N=21):
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In rectal cancer follow-up, preferably after 1-2 years of follow-up (24%)
In high-risk patients or young patients (19%)
Intermittent CT-abdomen/US liver (14%)
Follow-up of specific findings/lesions (9%)
When CT performed for other reasons such as follow-up of atypical lung lesions
(9%)
Elevated CEA (5%)
Adiposity/ hepatic steatosis (5%)
Determined by multidisciplinary team (5%)
CT at diagnosis for comparison purposes (5%)
When indicated, ‘’not otherwise specified’’ (5%)

The majority of the respondents (77%) applied one single follow imaging schedule for
all patients that underwent treatment with curative intent. However, they did not use
a uniform schedule; 26% had a different scheme for high-risk patients citing various
definitions. [Table 3]
Table 3: Definition of high-risk CRC patients according to surgeons (% of total responses).
Total number of text citations was 41 from 24 different surgeons.
Subject
Lymph node status
Tumor characteristics
Disease stage

Histology characteristics

Intra-operative characteristics
Adjuvant therapy
Pre-operative diagnostics

Definition
Harboring positive nodal stage (Nany)
Harboring large size tumors (T4)
Aggressive tumor n.o.s.
Stage II (high-risk) – III disease
LARC
M1 disease (curatively treated)
Lymph vessel invasion
Venous invasion
R1/2 resection
Tumor spill, perforated tumor, findings n.o.s.
Absence of CRT
Atypical lesions liver and/or lungs on CT

Percentage (%)
31.7
21.9
17.1

12.2

7.3
4.9
4.9

Note: Responses were categorized by subject. CT: Computed-Tomography, T: Tumor size according to AJCC TNM
classification, LARC: Locally Advanced Rectal Carcinoma, n.o.s: Not otherwise specified, CRT: Chemoradiation
therapy.

In high-risk patients, there is a higher tendency to perform physical examination
including DRE or colonoscopy, to use CT-thorax/abdomen instead of US and chest X-ray,
and to perform pelvic MRI or PET-CT scanning. Also, several colorectal surgeons reported
intensifying the diagnostic modality interval (CEA, CT thorax/abdomen) to every 3-4
months in the first 2 years of follow-up or at least perform a yearly CT-thorax/abdomen in
high-risk patients.

5

108 | Chapter 5

Diagnostic imaging for detecting distant metastases
The majority of the respondents (82%) made routine use of imaging to detect lung
metastases in rectal cancer patients. Chest X-ray was the main diagnostic modality
according to 69% of the respondents, while the remaining 31% used CT-thorax.
Organ preserving therapy
Most respondents (59%) provided rectum preserving treatment in their own institution.
Almost all of the rectal cancer patients (96%) that had been treated with neo-adjuvant
radiotherapy (5x5Gy) or neo-adjuvant (long course) radiation and chemotherapy
underwent a routine preoperative restaging pelvic MRI on a routine basis, while only 29%
of the respondents use endoscopy to assess tumor response. Almost all surgeons (92%)
provide follow-up according to the Wait and See protocols as alternative treatment for
surgery in selective patients.
Surgeons opinions about current practice and developments. Surgeons expressed their
opinion regarding the ten statements below. [Figure 1, N=89]
1)
2)

The current national CRC guidelines are clear and useful
The current national CRC guidelines are too complicated and could be more
concise
3) Follow-up of patients with CRC can be done by nurse practitioners and/or case
managers
4) Surgeons should be the primary responsible clinicians for CRC follow-up
5) General practitioners are well able to take over the CRC follow-up
6) Physical examination should be performed routinely during follow-up of patients
with CRC
7) There is enough evidence that only CEA monitoring is cost-effective and useful in
colorectal follow-up
8) Patients with CRC should have a CT- thorax/abdomen at 12- and 24-months posttreatment to detect metastasis early
9) Colorectal follow-up can be finished after 2 years because there is low risk of
disease recurrence
10) Patients with CRC are well able to coordinate their own follow-up and
appointments
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Figure 1: Agreement of participants regarding statements (%).
1: The current national CRC guidelines are clear and useful. 2: The current national CRC guidelines are too complicated
and could be more concise. 3: Follow-up of patients with CRC can be done by nurse practitioners and/or case
managers. 4: Surgeons should be the primary responsible clinicians for CRC follow-up. 5: General practitioners are
well able to take over the CRC follow-up. 6: Physical examination should be performed routinely during follow-up
of patients with CRC. 7: There is enough evidence that only CEA monitoring is cost-effective and useful in colorectal
follow-up. 8: Patients with CRC should have a CT- thorax/abdomen at 12- and 24-months post-treatment to detect
metastasis early. 9: Colorectal follow-up can be finished after 2 years because there is low risk of disease recurrence.
10: Patients with CRC are well able to coordinate their own follow-up and appointments

Cost differences between most intensive and least intensive clinical follow-up. (According
to the Dutch Healthcare Authority (15))
Based on the national average cost of an outpatient clinic visit (€195), CEA blood sampling
(€8), abdominal US (€93), and chest X-ray (€44), the total cost difference between least
and most intensive follow-up of patients with colon or rectal cancer in the first year of
follow-up was €406. [Table 4] Personnel costs, overhead costs and parking/transport costs
for patients are not included in this calculation.
Table 4: Cost differences between least and most intensive clinical follow-up of patients with
colon or rectal cancer.
Follow-up regimen
Least intensive
Most intensive
Cost difference

Estimated annual costs (€)
Colon cancer
Rectal cancer
592
680
998
1,086
406

Note: Least intensive: Defined as two clinical visits, two-yearly CEA sampling and two-yearly use of abdominal
US. Most intensive: Defined as four clinical visits, four CEA measurements, and two-yearly US.
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Opinions about the current survey and national CRC guidelines
In total, 33 respondents expressed their opinion about the subject of this study, generally
supporting its goals. Around one third (30%) of the respondents wrote that tailored followup schedules accounting for disease stage, patient age and clinical condition are required.
According to them, the national guidelines are designed as a single size to fit all patients.
Three respondents noted that follow-up is not always useful since there is no survival
benefit of intensive follow-up schedules. Two respondents felt that the current guidelines
are outdated and too much determined by radiation oncologists. Respondents called for
the development of personalized follow-up strategies. Around 39% of them requested
more research into setting of follow-up (GP, hospital), the value of separate elements of
the follow-up schedule, and the required duration of surveillance.

Discussion
The findings of this survey among colorectal surgeons in the Netherlands demonstrate
differences and variety in current follow-up of patients with CRC that have undergone
curative surgery. Adherence to minimal guideline recommendations was high. With a
hospital response rate of 74%, including university centers, the survey was representative
for daily practice throughout our country.
The current study demonstrates that in the Netherlands, follow-up is primarily performed
by surgeons. Although there is some evidence that follow-up improves survival (8), there
is no consensus about who should perform it. CRC is a common disease and patient
follow-up can overwhelm clinic services, compromising the ability to see new referrals or
reassess patients. Nurse-led follow-up can be a feasible alternative to consultant followup. (16, 17) The vast majority of this survey’s respondents agreed that follow-up can be
done by specialized nurses, although in daily practice only 10% of the follow-up was
done by nurses. Studies from Sweden and New Zealand demonstrated that follow-up
can be performed by specialized nurses with equal high patient satisfaction and without
compromising survival outcome. (16, 17)
From a patient perspective, there is also willingness regarding non-physician follow-up
such as GP-led or nurse-led follow-up. (17-19) Different views exist regarding a central
the role of GPs in CRC follow-up. Some studies report positive views (18), while others
demonstrate unfavorable views for a central role of GPs in follow-up. (20, 21) The
majority of our respondents disagreed with GP-led follow-up. We noted that two-third
of our respondents did not perform routine physical examination in stage I-III patients
with colon or rectal cancer during follow-up. In contrast to our expectations, only 23%
performed digital rectal examination in rectal cancer patients. The Dutch guidelines do
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not mention the value of DRE during follow-up. However, it is recommended in other
European countries and local protocols. (12)
Despite the little existing agreement between different European guidelines, most
recommend clinical visits, CEA monitoring and liver imaging as part of follow-up. (12)
This survey’s results showed a heterogeneous practice of national guidelines, but CEA
was used as a diagnostic tool by all respondents either every 3 months or 6 months in
the first two years. The CEA watch trial conducted in the Netherlands demonstrated that
intensive CEA sampling detects recurrent disease earlier than standard protocols. (5)
However, this regimen did not impact overall survival. In our survey, only one respondent
performed intensive CEA monitoring. Ultrasound of the abdomen, according to our
results, is the standard modality for detecting hepatic metastasis in the Netherlands.
With the introduction of CT-techniques and the functional aspect of US (time consuming,
inconclusive in the growing obese population), US may become increasingly limited.
Currently, CT-scanning is the standard modality for stage I-III disease in the ASCO,
ASCRS, and UK guidelines but can be substituted by liver US in ESMO guidelines. (8)
The Dutch guidelines recommend using the high-risk criteria of the ASCO guidelines
for identifying high-risk stage II disease patients. Our results revealed heterogeneity
in defining high-risk patients. Some participants in our survey based high-risk status
on tumor size, biology, and histopathological characteristics, while others based it on
intra-operative findings and adjuvant treatment. This variation underlines the need of
guidelines and clear definitions regarding low and high-risk status.
Respondents mentioned that tailoring means stratifying by disease stage, age, clinical
condition, and patient preferences and capacities. In geriatric patients with high comorbidity burden, surgeons considered ending follow-up since the high mortality and
morbidity related to secondary or salvage surgery for recurrent disease outweighs the
advantages of routine follow-up. Recently, several cost effectiveness studies about
follow-up schedules have been performed. In a randomized clinical trial of Mant et al.
high intensity follow-up after curative colorectal surgery was costly and did not have
any impact on survival or QALYs. (11) For that reason, we estimated the potential costs
of minimal and maximal adherence to national guidelines as reported in this survey.
We calculated an estimated difference of €406 per patient, per year between minimal and
maximal follow-up. These costs represent only the costs for the laboratory and imaging
costs, without considering the potential cost minimization of implementing nurse-led
instead of surgeon-led follow-up. Since many studies have shown that there is no survival
benefit of costly, intensive follow-up (3, 9, 11) future research is needed to investigate cost
effective, personalized follow-up schedules. (22)
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The Dutch guidelines allow, to a certain extent, for different interpretations and therefore
variation in practice. Also, surgeons can deviate from the guidelines as long as they
demonstrate due care and consideration. Knowing that our survey respondents adhered
strongly to the guidelines, it is interesting to note that there is variation in content and
frequency of follow-up modalities. Several factors might have contributed to this variety.
First, the presence of broad and less detailed follow-up guidelines. Second, the existence
of intra- and inter-surgeon variation in the interpretation of, and adherence to guidelines.
Third, variation in patient selection.
A strong aspect of this survey is the fact that it demonstrates current follow-up practice
throughout the Netherlands and highlights the differences regarding duration, content
and intensity of follow-up. Nevertheless, there are some limitations. First, surveys
harbor potential reporting bias since self-formulated questions and statements can be
interpreted differently by respondents or yield socially desirable answers. We cautiously
formulated the questions and tried to formulate non-ambiguous and non-directive
questions. Second, the surgeon response rate was relatively low, but hospital response
rate was high. The survey yielded response from hospital representatives from various
regions of the country. Moreover, comparable surgeon response rates were reported in
other studies. (21, 23-26)

Conclusions
Adherence to national follow-up guidelines was high although guidelines are interpreted
differently by colorectal surgeons working in the Netherlands. Dutch colorectal surgeons
practiced and thought different about the intensity and content of clinical visits, the
interval of CEA monitoring, the importance and intensity of imaging techniques such as
ultrasound and computed-tomography. Also, heterogeneity exists in defining high-risk
status of patients with CRC.
In summary, this national survey demonstrates current follow-up practice throughout the
Netherlands and highlights the follow-up differences of curatively treated patients with
CRC.
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Supplement 1. Short outline of the Dutch guidelines
Last update in 2014; the Dutch CRC guidelines recommends a half-yearly outpatient clinic visit for 2-3 years
postoperative and yearly hereafter up to 5 years. CEA measuring is recommended 3-to-6 monthly up to 3 years
and half-yearly hereafter. Furthermore, abdominal ultrasound, CT-abdomen and chest X-ray (rectal cancer only)
are recommended every half-year up to three years and yearly hereafter. The Dutch Colonoscopy Surveillance
guideline recommends colonoscopy at 1, 4- and 9-years post-operative. In case of incomplete pre-operative
colonoscopy; a complete colonoscopy should be done within 3 months postoperatively.

Weblink reference (in Dutch): https://www.oncoline.nl/colorectaalcarcinoom
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Supplement 2. English translated copy of the actual Online survey (held in Dutch).

Supplement 2. English translated copy of the actual Online survey (held in Dutch).

Survey 'Local follow-up practice'
Local follow-up practice - Hospital
Number

Question

Answers

1.1

In which hospital do you work?

Local follow-up practice – General
Number

Question

Answers

2.1

Who is primarily responsible for follow-up of
patients with non-metastasized disease?
o

Surgeon

o

Gastroenterologist

o

Resident

o

Nurse practitioner

o

General practitioner

o

Combination of above

o

Otherwise

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...

5
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2.2

If ' Who is primarily responsible for follow-up of patients
with non-metastasized disease?' is equal to
'Otherwise' answer this question:
Explain.

2.3

If ' Who is primarily responsible for follow-up of patients
with non-metastasized disease?' is equal to
'Combination of above' answer this question:
Which combination?

Surgeon and resident
Surgeon and nurse practitioner
Gastroenterologist and resident
Gastroenterologist and nurse practitioner
General practitioner and medical specialist
Other combination

2.3.1 If ' Which combination?' is equal to 'Other combination'
answer this question:
Explain

2.4

What is the interval (months) of outpatient clinic visits
during the first year?

3
6
12

2.5

What is the interval (months) of outpatient clinic visits
during the second year?

3
6
12

2.6

What is the interval (months) of outpatient clinic visits
during the third year?

3
6
12

2.7

What is the interval (months) of outpatient clinic visits
during the fourth year?

3
6
12

2.8

What is the interval (months) of outpatient clinic visits
during the fifth year?

3
6
12

2.9

Do you perform standard physical examination during
follow-up of patient with non-metastasized disease?

No (only if indicated)
Yes

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...
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2.1

If ' Do you perform standard physical examination
during follow-up of patient with non-metastasized
disease?' is equal to 'Yes' answer this question:
Specify what type of physical examination is performed
in patents with rectal cancer.

2.1.1.1

If ' Specify what type of physical examination is
performed in patents with rectal cancer.' is equal to
'Otherwise' answer this question:
Explain.

2.10

If ' Do you perform standard physical examination
during follow-up of patient with non-metastasized
disease??' is equal to 'Yes' answer this question:
Specify what type of physical examination is performed
in patents with colon cancer.

Abdominal examination
Rectal examination
Vaginal examination (in women)
Otherwise

Abdominal examination
Rectal examination
Vaginal examination (in women)
Otherwise

2.1.1.2

If ' Specify what type of physical examination is
performed in patents with colon cancer.' is equal to
'Otherwise' answer this question:
Explain

2.2

Do you take routine questionnaires during the
outpatient visit?

No

If ' Do you take routine questionnaires during the
outpatient visit?' is equal to 'Yes' answer this
question:
Which questionnaires?

Quality of life (EORTC-QoL or others)

2.1
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5

Ye s

Last meter/symptom burden thermometer
Pain questionnaires (BPI)
Fatigue (MFI)
Patient satisfaction
Symptom screening (LARS score,
Bristol stool score, stoma lists)
Other

2.2

2.3

Do you follow patients with T1N0 colorectal cancer in
the outpatient clinic? (except colonoscopy)

No

Do you stop follow-up of patients above a
certain age?

No

Yes

Yes

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...
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2.3.1

If ' Do you stop follow-up of patients above a

certain age?' is equal to 'Yes' answer

this question:
If yes, specify from what age you do not follow-up patients

75
80
85
90

Local follow-up practice - CEA monitoring for stage I-III
patients
Number

Question

3.1

Do you use CEA as a standard modality during followup?

No

What is the interval (months) of CEA
monitoring during the first year?

1,5

3.2

Answers

Yes

3
6
12

3.1

What is the interval (months) of CEA
monitoring during the second year?

1,5
3
6
12

3.2

What is the interval (months) of CEA
monitoring during the third year?

3
6
12

3.3

What is the interval (months) of CEA
monitoring during the fourth year?

3
6
12

3.4

What is the interval (months) of CEA
monitoring during the fifth year?

3
6
12

Local follow-up practice – Imaging for stage

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...

5-11-2019
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I-III patients
Number

Question

4.1

The imaging follow-up schedule is the same for all
patients with stage I-III disease.

No

For high-risk patients there another follow-up
schedules is applied.

No

4.2

4.2.1

If ' For high-risk patients there another follow-up
schedules is applied.' is equal to 'Yes' answer this
question:
Define your definition of high-risk.

4.2.2

If ' For high-risk patients there another follow-up
schedules is applied.' is equal to 'Yes' answer this
question:
If another schedule, specify how this does like.

4.3

What is the standard modality used for the
imaging of the liver/abdomen?

Answers

Yes

Ye s

5

Echo (ultrasound/sonography)
Computed-Tomography (CT)
Combination of echo and CT
Other

4.1

If ' What is the standard modality used for the imaging of
the liver/abdomen?' is equal to 'Other' answer this question:
Explain:

4.4

If ' What is the standard modality used for the imaging of the
liver/abdomen?' is equal to ' Combination of echo and CT'
answer this question:
What is the interval and intensity of this combination?

4.1.1

If ' What modality is used standardly for the imaging
of the liver/abdomen?' is equal to
'Echo' answer this question:
If echo-liver: What is the interval (months)

3
6
12

during the first year?
4.1.2

If ‘What modality is used standardly for the imaging
of the liver/abdomen?' is equal to

3

' Echo' answer this question:
If echo-liver: What is the interval (months)

12

6

during the second year?

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...
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4.1.1

If ‘What modality is used standardly for the imaging
of the liver/abdomen?' is equal to

3

' Echo' answer this question:
If echo-liver: What is the interval (months)

12

6

during the third year?
4.3.5

If ‘What modality is used standardly for the imaging
of the liver/abdomen?' is equal to
‘Echo' answer this question:

6
12

If echo-liver: What is the interval (months) during the fourth year?
4.3.5

If ‘What modality is used standardly for the imaging
of the liver/abdomen?' is equal to
‘Echo' answer this question:

6
12

If echo-liver: What is the interval (months) during the fifth year?
4.1.1

If ' What modality is used standardly for the imaging
of the liver/abdomen?' is equal to
''Computed-Tomography (CT ' answer this question:
If CT: What is the interval (months)

3
6
12

during the first year?
4.1.2

If ‘What modality is used standardly for the imaging
of the liver/abdomen?' is equal to

3

'Computed-Tomography (CT)’ answer this question:
If CT: What is the interval (months)

12

6

during the second year?
4.1.1

If ' What modality is used standardly for the imaging
of the liver/abdomen?' is equal to
'Computed-Tomography (CT) ' answer this question:
If CT: What is the interval (months)

3
6
12

during the third year?
4.3.6

If ‘What modality is used standardly for the imaging
of the liver/abdomen?' is equal to
'Computed-Tomography (CT)’ answer this question:

6
12

If CT: What is the interval (months) during the fourth year?
4.3.6

If ‘What modality is used standardly for the imaging
of the liver/abdomen?' is equal to
'Computed-Tomography (CT)’ answer this question:

6
12

If CT: What is the interval (months) during the fifth year?

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...
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If CT-abdomen: Specify why CT.
o

Ultrasound technically not possible

o

No or insufficient experience with abdominal
ultrasound

o

Ultrasound as lower sensitivity

o

According to local protocol without further
explanation

o

Other

4.5

If ‘CT-abdomen: Specify why CT?' is equal to 'other'
answer this question:
Explain.

4.6

Do you perform imaging to detect lung metastasis in
patients with rectal cancer?

No
Yes

4.4

If 'Do you perform imaging to detect lung metastasis
in patients with rectal cancer?' is equal to 'Ja' answer
this question:
What is the standard modality for detecting long
metastasis in patients with rectal cancer?

5

Chest Xray
CT-thorax

Local follow-up practice - Colonoscopy
Number

Question

5.1

Which specialism does the endoscopic follow-up?
(colonoscopy)

Answers
Surgery
Gastroenenterology

Local follow-up practice – Rectum sparing therapy
Number

Question

6.1

Do you perform standard restaging MRI after
neoadjuvant therapy (radiation therapy (5x5Gy) and
or chemoradiation?

Answers
No
Yes

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...
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6.2

6.3

6.4

Do you perform standard restaging endoscopy
after neoadjuvant therapy (radiation therapy
(5x5Gy) and or chemoradiation?

No

Do you provide “Wait and See” therapy for
patients with early rectal cancer, as an
alternative for standard TME surgery?

No

Do you refer patients eligible for organ preserving
therapy to a tertiary center?

No

Ye s

Ye s

Yes

Local follow-up practice - Statements
Number

Question

7.1

The current national CRC guidelines are clear and
useful.

Answers
Totally agree
Agree
Neither
Disagree
Totally disagree

7.2

The current national CRC guidelines are too
complicated and could be more concise.

Totally agree
Agree
Neither
Disagree
Totally disagree

7.3

Follow-up of patients with CRC can be done by
nurse practitioners and/or case managers.

Totally agree
Agree
Neither
Disagree
Totally disagree

7.4

Surgeons should be the primary responsible clinicians
for CRC follow-up.

Totally agree
Agree
Neither
Disagree
Totally disagree

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...
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General practitioners are well able to take over the
CRC follow-up.
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Totally agree
Agree
Neither
Disagree
Totally disagree

7.6

Physical examination should be performed routinely
during follow-up of patients with CRC.

Totally agree
Agree
Neither
Disagree
Totally disagree

7.7

There is enough evidence that only CEA monitoring is
cost-effective and useful in colorectal follow-up.

Totally agree
Agree
Neither
Disagree
Totally disagree

7.8

Patients with CRC should have a CTthorax/abdomen at 12- and 24-months posttreatment to detect metastasis early.

5

Totally agree
Agree
Neither
Disagree
Totally disagree

7.9

Colorectal follow-up can be finished after 2 years
because there is low risk of disease recurrence.

Totally agree
Agree
Neither
Disagree
Totally disagree

7.10

Patients with CRC are well able to coordinate their
own follow-up and appointments.

Totally agree
Agree
Neither
Disagree
Totally disagree

Local follow-up practice - Other
Number

Question

Answers

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...

5-11-2019
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8.1

Do you have comments or feedback regarding this survey?

https://data.castoredc.com/print-survey-package-instance/4CC5C878-672F-5E31-2209...
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Abstract
Objective: To examine health care utilization and adherence to colorectal cancer (CRC) follow-up
guidelines.
Methods: A total of 2,450 out of 3,025 stage I-III CRC survivors diagnosed between 2000-2009
completed the Hospital Anxiety and Depression Scale, SF-12, EORTC QLQ-CR38, and Fatigue
Assessment Score questionnaires, in December 2010. Multivariable regression analyses were
performed to identify predictors for increased follow-up care (>1 visit than recommended by
guidelines).
Results: In the first follow-up year, the average number of cancer-related visits to the general
practitioner and medical specialist were 1.7 and 4.2, respectively. More than 80% of the CRC survivors
was comfortable with their follow-up schedule and 49-72% of them received follow-up according
to the guidelines. Around 29-47% was followed more than recommended. Simultaneously, around
4-14% of the CRC survivors received less follow-up care than recommended. Survivors of stage
III disease treated with chemotherapy received the most follow-up care. In addition, lower socioeconomic status stoma, and fatigue were associated with increased follow-up care
Conclusion: CRC survivors were predominantly followed according to national guidelines. Increased
follow-up care is driven by advanced disease stage, chemotherapy, SES, stoma, and fatigue. Future
studies should investigate how increased follow-up care use can be reduced, while still addressing
patients’ needs.

Follow-up Practice and Health Care Utilization

| 131

1. Introduction
Colorectal cancer (CRC) is the third most common cancer in both men and women. (1)
Survival has improved significantly in patients with CRC due to several improvements
in early diagnosis and treatment of the primary tumor and of metastatic disease. (2-4)
Nowadays, more than two-third of the patients can be treated with curative intent, with
or without (neo) adjuvant therapies such as chemotherapy and/or radiation therapy. (3, 5)
After treatment, patients are followed to detect and treat early disease recurrence or
metastases. Surveillance also assesses patients for complications, adverse effects, longterm consequences, and provides outcome data. (5) In the Netherlands, follow-up care for
CRC survivors is provided according to national guidelines and usually consists of at least
biannual clinical visits and laboratory and imaging tests. (6) [Additional file 1] Currently,
there is a lively debate in the literature about intensity and content of follow-up. Previous
studies have shown variations in follow-up intensity between countries. (7-9) Randomized
controlled trials showed that intensive follow-up does not necessarily lead to better
survival, or at least fails to produce significantly improved outcome. (10, 11) Inevitably,
intensive surveillance results in higher costs, radiation exposure, discomfort and puts a
heavy burden on outpatient services. (12-14)
The diagnosis and treatment of CRC impacts patients’ wellbeing. (15, 16) Hence, CRC
survivors often seek help for physical and psychosocial complaints. (17) Besides their
medical specialist, patients seek help of the general practitioner (GP) and supportive
care professionals. Three studies found that the individual health care use is dependent
on several factors, including treatment-related factors (e.g. physical and psychological
symptoms), clinical factors (e.g. comorbidity) and sociodemographic factors (e.g. age,
sex, marital status, and educational level). (17-19) However, these studies investigated the
health care use of cancer survivors in general, but not specifically that of CRC survivors.
Investigation of care use is important since it can provide information about access to
health care and will possibly identify points for improvement.
This study aimed to investigate when, and which health care professionals (i.e. medical
specialist or GP) are consulted during CRC follow-up and what percentage of patients
reports general and cancer-related care. Also, of importance was to define adherence
to national CRC follow-up guidelines since previous studies showed that there is large
variation in adherence. (7, 20) Furthermore, factors correlated with increased (cancerrelated) care use of CRC survivors were identified.
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2. Methods
2.1 Study design and data collection:
For this study, data from a prospective population-based survey among CRC survivors,
between 1-11 years after their diagnosis, was available. The survey was conducted in
December 2010 and the data was used in 2020 for this current cross-sectional analysis
study. Details of the data collection have been published previously. (21) In short, the data
collection was performed within PROFILES (Patient Reported Outcomes Following Initial
Treatment and Long-Term Evaluation of Survivorship). (22) Those diagnosed with CRC
between 2000-2009 in the south of the Netherlands and registered in the Netherlands
Cancer Registry (NCR) were eligible for participation. The NCR records register all newly
diagnosed cancer patients in the Netherlands.
Survivors were informed of the study via a letter from their attending surgeon. Nonrespondents were sent a reminder within 2 months. Ethical approval for the study was
obtained from the Medical Ethics Committee of the Maxima Medical Centre Veldhoven,
the Netherlands (approval number 0822). All participants gave written informed consent.

2.2 Patient selection and measures:
For this study, the researchers selected those patients with stage I-III CRC that had
undergone endoscopic or surgical treatment with curative intent between 2000-2009 and
completed a questionnaire in December 2010. Patients with unverifiable addresses, with
cognitive impairment, those who died prior to the start of this study or were terminally
ill, those with stage 0/carcinoma in situ, as well as those included in other studies were
excluded. All eligible patients were invited. Individuals were contacted at various points
in their survivorship period ranging from 1-11 years after initial treatment.
Sociodemographic and clinical characteristics
Survivors’ sociodemographic and clinical information (age, sex, disease stage, tumor
localization, treatment, and (neo) adjuvant therapies) was available from the NCR.
Comorbidity at time of the study was assessed with the adapted Self-administered
Comorbidity Questionnaire. (23) Socioeconomic status (SES) was determined by an
indicator developed by Statistics Netherlands. Questions on marital status, educational
level, current occupation, height and weight (to calculate body mass index (BMI)), and
stoma information were added to the questionnaire.
Patient-reported outcomes
The SF-12 was used to assess general health/QoL. (24) Scores were linearly transformed to
a 0-100 scale; a higher score indicated better functioning.
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Patients’ disease-specific health status was assessed by using the EORTC QLQ-CR38
Questionnaire (25). It consists of two multi-item scales, two single-item scales, seven
symptom scales and an item on weight loss. All scales were linearly converted into a 0-100
scale. Higher scores indicated higher symptom burden.
The Hospital Anxiety and Depression scale (HADS) was used to assess anxiety and
depressive symptoms. (26). This questionnaire is comprised of 14 items on a four-point
Likert-scale; 7 for depression and 7 for anxiety. Total scores were calculated and a score of
≥8 was used as cut-off for clinically significant anxiety or depressive symptoms. (26, 27)
The 10-item Fatigue Assessment Scale (FAS) was used to assess how patients’ usually
feel about their fatigue. It has good psychometric properties (28) and was previously used
with cancer patients. (29) Responses are scored on a 5-point scale (1: never, to 5: always).
Items concerning health care use included questions on the number of visits to a
GP and medical specialist in the past 12 months. Patients were asked to answer if, and
how many outpatient visits they had. Answer categories were “Every 3 months”, “Every 4
months”, “Every 6 months”, “Every year”, “Every 2 years”, or “No, there are no appointments”.
In addition, self-reported patient satisfaction and preference regarding follow-up schedule
was assessed.

2.3 Definitions:
Tumor localization was categorized using the International Classification of Disease for
Oncology (ICD-O) into colon (C18.0-18.9) and rectum (C19.9-20.9). Disease stage was
based on the pathological Tumor Lymph Node Metastasis (TNM) classification according
to the edition used at time of diagnosis (5th edition for 1999-2002, edition 6 for 20032009). To assess adherence to national guidelines recommendations, a comparison was
made between self-reported follow-up schedule and guidelines recommendations, with
an upper and lower margin of 1 visit (allowing for 1 visit more or less than the guidelines
[Additional file 1]. Since guidelines do not mark follow-up recommendations after 5 years,
for those 6-10 years after diagnosis zero visits with an upper margin of 1 visit were used.
Follow-up use was categorized as the percentage that was followed less than, according
to, or more than the guideline recommendations.

2.4 Statistical analysis:
Baseline characteristics were presented using descriptive statistics. Baseline patient,
tumor and treatment characteristics between respondents and non-respondents were
analyzed. Continuous variables are depicted as means and standard deviations, and
categorical variables as frequencies and percentages. Differences in characteristics
and utilization of care between short-term (≤2y), mid-term (3-4y) and long-term (≥5y)
survivors were examined using chi-square (categorical), t-test (nominal), or ANOVA tests
(continuous). Above follow-up categories are commonly used categorizations in cancer
research. Univariable logistic regression was used to identify possible associative factors.
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Hereafter, a multivariable logistic regression model was formed using the identified
factors to analyze the association between health care use overuse and age, sex, marital
status, BMI, educational level, SES, comorbidity, stoma, and (neo) adjuvant therapies (e.g.
radiation and chemotherapy). Also, the relation between patient reported outcomes
(anxiety, depression, fatigue) and health care utilization was analyzed using multivariable
logistic regression analysis.
Analyses were performed using Stata software (Stata Statistical Software: Release 15.
College Station, TX: StataCorp LLC). Two-sided analysis with p<0.05 considered significant
was used.
We adhered to the STROBE checklist for observational cohort studies. (30)

3. Results
3.1 Respondents and non-respondents
A total of 2,450 out of 3,025 curatively treated patients with stage I-III CRC completed the
survey, yielding a response rate of 81%. At time of completion of the survey, 789 patients
(32%) were 1-2 years in follow-up. Another 488 patients (20%) were 3-4 years in follow-up,
and the remaining 1,173 (48%) were 5 years or longer in follow-up. More than half of the
participants were male (55%). Mean age at time of diagnosis was 64.3 years (SD 9.7). Nonrespondents were more likely to be older, to have a higher SES and been diagnosed with
colon cancer. [Table 1]
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Table 1: Differences in baseline characteristics between respondents and non-respondents.
N (%) or mean (SD)
Age (at time of diagnosis)
Sex
Male
Female
Localization
Colon
Rectum
Pathological stage
I
II
III
Resection
Yes
No
Type of treatment
Surgery only
Surgery and radiotherapy
Surgery and chemotherapy
Surgery and chemoradiation therapyMiscellaneous*
Histologic grade
Well differentiated
Moderately differentiated
Poorly differentiated
Unknown
Radiotherapy (rectum only)
Yes
No
Chemotherapy
Colon
Yes
No
Rectum
Yes
No
Stoma
No
Yes
Socioeconomic status
High
Moderate
Intermediate
Low
Unknown

Respondents
(N=2,450)
64.3 (9.7)

Non-respondents
(N=575)
67.4 (9.7)

1,337 (55)
1,113 (45)

275 (48)
300 (52)

1,508 (62)
942 (38)

389 (68)
186 (32)

780 (32)
948 (39)
722 (29)

156 (27)
258 (45)
161 (28)

2,448 (99.9)
2 (0.1)

572 (99.5)
3 (0.5)

1,215 (50)
566 (23)
496 (20)
171 (7)
1 (0.04)

342 (60)
95 (16)
96 (17)
39 (7)
3 (0.5)

205 (8)
1,508 (62)
291 (12)
446 (18)

43 (8)
363 (63)
71 (12)
98 (17)

712 (76)
230 (24)

132 (71)
54 (29)

P value
<.001*
<.001*
<.001*
.02*

.050

.78

<.001*
.10

462 (31)
1,046 (69)

90 (23)
299 (77)

205 (22)
737 (78)

47 (25)
139 (75)

2,133 (87)
317 (13)

513 (89)
62 (11)

488 (20)
988 (40)
879 (36)
36 (2)
59 (2)

140 (24)
242 (42)
162 (28)
17 (3)
14 (2)

.16
<.001*

Note: * Miscellaneous: Chemotherapy, radiotherapy alone or together without surgical resection. Total number
(N) = 3.025. *statistically significant according to student T-test and Chi-square tests.
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3.2 Differences between CRC survivors during follow-up
Patients received a survey 1.4-11.4 year after diagnosis (mean 5.3 years). Mean age at
time of survey for both men and women was between 69-70 years (SD 9-10). [Table 2]
The majority were married (74-80%). Around 44-50% of the respondents had 2 or more
comorbidities. Comorbidity number was higher in patients longer in follow-up. Around
17-22% (depending on follow-up year) experienced clinically significant anxiety or
depressive symptoms. More than one-third experienced clinically significant fatigue
symptoms (35-40%). General health/QoL of the respondents was 76-78 on a scale of 0-100
(SD 19). General health/QoL, anxiety, depressive symptoms, and fatigue scores did not
differ between patients in short (1-2y), mid (3-4y), or long-term (≥5y) follow-up.

3.3 Follow-up visits to the GP and medical specialist
On average, the number of cancer-related visits to the GP was 1.7 during the first postoperative year. [Table 3] The number of cancer-related visits to the GP was lower in patients
longer in follow-up (P<.001). The average number of cancer-related visits to the medical
specialist during the first year postoperatively was 4.2. The majority received follow-up
care (62-93%). The number of cancer-related follow-ups was different for patients enrolled
at different follow-up intervals. Patients longer in follow-up had less cancer-related visits
to the medical specialist. Comorbidity number was positively associated with the number
of general visits to the medical specialist and GP. [Figure 1, P<.001]

3.4 Guideline adherence and associations with overuse of follow-up care
The vast majority were comfortable with their current follow-up schedule. A small
percentage of patients in long-term follow-up prefered to receive less follow-up (7.9%),
while 9% preferred to receive more follow-up. Figure 2 shows the percentage of survivors
that received less than, according to, or more care than recommeded, according to followup year. Around 29-47% received more follow-up than recommended by the guidelines.
In the first three years, around 4-14% of the CRC survivors received less follow-up care
than recommended.

3.5. Associations
Logistic regression analysis demonstrated no statistically significant association between
sex, follow-up year, number of comorbidities, marital status, educational level, BMI, and
cancer-related GP and cancer-related medical specialist visits. Multivariable logistic
regression analysis showed that survivors with stage III disease treated with or without
chemotherapy were more likely to receive more (cancer-related) follow-up care by the
medical specialist than recommended by the guidelines. In addition, survivors with lower
SES, the presence of a stoma, and having clinically significant fatigue symptoms were
more likely to receive more follow-up care. [Table 4]
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Table 2: Sociodemographic and patient-related outcome measures of participants according
to each follow-up (FU) year. (N=2.450).
N (%) or mean (SD)
Sex
Males
Females
Age (at time of survey)
Males
Females
Marital status
Married/cohabiting
Divorced/separated
Widowed
Never married/never cohabitated
Comorbidity
None
1
2 or more
General health/QoL (SF-12)
Symptoms (EORTC QLQ-CR38)
Gastrointestinal
Chemotherapy-related
Stoma-related
HADS
Anxiety (mean)
Clinically significant anxiety
No
Yes
Depression (mean)
Clinically significant depression
No
Yes
FAS (mean)
Physical
Mental
Total
Clinically significant fatigue
No
Yes

FU 1-2 yrs
N=789

FU 3-4 yrs
N=488

FU 5-11 yrs
N=1,173

P value

445 (56)
344 (44)

276 (57)
212 (43)

616 (53)
557 (47)

68.7 (9.8)
69.5 (9.9)

69.5 (8.6)
69.4 (9.6)

69.9 (9.2)
70.2 (9.5)

620 (80)
39 (5)
95 (12)
25 (3)

369 (77)
24 (5)
74 (15)
15 (3)

858 (73)
70 (6)
197 (17)
42 (4)

196 (26)
222 (30)
325 (44)
76 (19)

125 (28)
131 (30)
185 (42)
77 (19)

251 (23)
305 (27)
551 (50)
78 (19)

15.4 (14.5)
11.4 (17.0)
25.7 (22.7)

14.8 (13.7)
11.0 (15.4)
24.8 (20.8)

14.6 (14.4)
11.0 (16.1)
23.8 (22.4)

.53
.88
.69

4.6 (3.9)

4.7 (3.7)

4.5 (3.7)

.63

610 (80)
156 (20)
4.4 (3.8)

362 (78)
101 (22)
4.6 (3.9)

898 (80)
226 (20)
4.2 (3.5)

.13

624 (81)
150 (19)

366 (79)
98 (21)

942 (83)
195 (17)

11.6 (4.1)
9.2 (3.7)
20.9 (7.1)

11.6 (4.1)
9.2 (3.4)
20.9 (6.8)

11.3 (3.9)
8.9 (3.4)
20.2 (6.6)

480 (62)
294 (38)

279 (60)
185 (40)

731 (65)
401 (35)

.15

.09

.10

<.001*

.06

.11
.08
.06

*P values report comparison between follow-up groups, according to ANOVA and chi-square tests. p<0.05
# A higher score represents a higher quality of life or a higher burden of symptoms or problems

HADS: Hospital Anxiety and depression scale. FAS: Fatigue Assessment Scale
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Table 3: General and cancer-related visits to the medical specialist and GP according to followup year.
N (%)
Number of visits to medical specialist in the past
12 months
0 times
1-2 times
3-5 times
> 5 times
Number of cancer-related visits to medical
specialist in the past 12 months
0 times
1-2 times
3-5 times
> 5 times
Currently in follow-up
Yes
No
Follow-up care schedule
Every 3 months
Every 4 months
Every 6 months
Every year
Every 2 years
Less than 2 year
Comfortable with schedule
Yes
No, I would like more follow-up
No, I would like less follow-up
No, I do not want any follow-up
Currently receiving cancer-related care from GP
Yes
No
Number of visits to GP in the past 12 months
0 times
1-2 times
3-5 times
> 5 times
Number of cancer-related visits to GP in the past
12 months
0 times
1-2 times
3-5 times
> 5 times

FU 1-2
yrs

FU 3-4
yrs

FU > 5
yrs

P value
<.001*

36 (5)
261 (33)
273 (35)
216 (27)

34 (7)
219 (45)
144 (30)
88 (18)

239 (21)
495 (42)
260 (22)
174 (15)
<.001*

65 (8)
347 (45)
237 (31)
128 (16)

71 (15)
260 (55)
95 (20)
49 (10)

436 (40)
470 (43)
121 (11)
70 (6)

726 (93)
54 (7)

433 (90)
49 (10)

715 (62)
434 (38)

135 (18)
43 (6)
386 (53)
93 (13)
11 (2)
61 (8)

57 (13)
17 (4)
222 (51)
89 (21)
21 (5)
28 (6)

58 (7)
21 (3)
173 (22)
238 (30)
131 (17)
170 (21)

709 (92)
39 (5)
11 (1)
14 (2)

428 (91)
29 (6)
8 (2)
5 (1)

899 (81)
99 (9)
19 (2)
87 (8)

128 (64)
73 (36)

68 (62)
42 (38)

136 (66)
71 (34)

100 (13)
252 (32)
261(33)
172 (22)

68 (14)
177 (36)
153 (32)
88 (18)

182 (15)
371 (32)
397 (34)
219 (19)

<.001*
<.001*

<.001*

.78

.47

<.001*
440 (59)
184 (25)
69 (9)
51 (7)

336 (72)
85 (18)
31 (7)
17 (3)

855 (79)
148 (13)
58 (5)
28 (3)

*P values report comparison between follow-up groups, according to ANOVA and chi-square tests. N=2.438
(medical specialist), and N=2440 (GP).
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Figure 1
6

Mean number of visits

5

4

No comorbidities
1 comorbidity

3

2 comorbidities
3 comorbidities

2

4 or more comorbidities

1

0

GP

GP cancer

MS

MS cancer

Figure 1: General and cancer-related visits to the general practitioner (GP) and medical
specialist (MS) by comorbidity number.
Note: Number of visits expressed as mean. Comorbidity number was associated with number of GP/medical
specialist visits (both P<.001).

Figure 2
> 5 years 0

71

29

Year 5 0

72

28

Year 4 0

32

59

9
4

22

64

14

Year 2
Year 1

32

68

Year 3

47

49
Less than the guidelines

6

According to the guidelines

More than the guidelines

Figure 2: Follow-up care adherence to the Dutch CRC guidelines (%).
Notes: According to guidelines: 2-3 times a year during follow-up years 1 and 2, and 1-2 times a year during years
3-5.
For this comparison an upper and lower margin of 1 visit was used, meaning 1 visit more than the guidelines
was allowed.
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Table 4: Factors associated with overuse of follow-up care using multivariable logistic
regression analysis.
N (%)
Age at time of survey
<60 years
≥60 years
Disease stage
I
II
III
Radiotherapy
No
Yes
Chemotherapy
No
Yes
Stoma
No
Yes
Socioeconomic status
High
Moderate
Intermediate
Low
Unknown
HADS Anxiety
No
Yes
Unknown
HADS Depression
No
Yes
Unknown
FAS
No
Yes
Unknown
Mean (SD)
General health/QoL~
Symptoms~
Gastrointestinal
Chemotherapy-related

Overuse
(N=501)

According to guidelines└
(N=959)

Odds ratio – 95% CI

96 (19)
405 (81)

133 (14)
826 (86)

Ref
0.9 (0.6-1.2)

117 (23)
169 (34)
215 (43)

329 (34)
385 (40)
245 (26)

Ref
1.2 (0.9-1.6)
1.8 (1.2-2.6)**

327 (65)
174 (35)

695 (72)
264 (28)

Ref
1.3 (1.0-1.7)

299 (60)
202 (40)

733 (76)
226 (24)

Ref
1.7 (1.3-2.3)**

367 (73)
134 (27)

776 (91)
183 (19)

Ref
1.4 (1.1-1.9)*

85 (17)
213 (43)
177 (35)
9 (2)
17 (3)

212 (22)
369 (38)
334 (35)
12 (1)
32 (3)

Ref
1.4 (1.0-1.9)*
1.5 (1.0-2.1)*
1.6 (0.6-4.3)

349 (70)
127 (25)
25 (5)

745 (78)
182 (19)
32 (3)

Ref
1.1 (0.8-1.6)

363 (72)
114 (23)
24 (5)

771 (81)
167 (17)
21 (2)

Ref
1.0 (0.7-1.4)

254 (51)
230 (46)
17 (3)

603 (63)
329 (34)
27 (3)

Ref
1.3 (1.0-1.8)*

78 (18)

73 (21)

1.0 (1.0-1.0)

17 (15)
14 (18)

14 (13)
10 (15)

1.0 (1.0-1.0)
1.0 (1.0-1.0)

Sex, FU year, comorbidity, marital status, educational level, and BMI were not statistically significant factors in
univariable logistic regression models and therefore excluded from multivariable analysis. N=1.460. Definitive
multivariable model based on 1.367 subjects due to missing values in continuous variables (BMI, general health/
QoL, and symptoms).
Note: The numbers do not always add up to 100 due to rounding off to whole numbers. HADS: Hospital Anxiety
and depression scale. FAS: Fatigue Assessment Scale.
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*p<0.05
**p<0.01
~ A higher score represents a higher quality of life or a higher burden of symptoms or problems
└ According to guidelines: 2-3 times a year during follow-up years 1 and 2, and 1-2 times a year during years 3-5.

4. Discussion
In the current Dutch study, most CRC survivors received (self-reported) follow-up care.
Patients visited their GP throughout follow-up, most often for reasons that were not
cancer-related. The medical specialist was consulted primarily for cancer care. Patients
longer in follow-up sought less general and cancer-related medical specialist care. The
vast majority of patients received follow-up care according to the guidelines or even more
than recommended. Despite that, there was substantial variation in follow-up practice
existed, with both under and overuse of care. Around one-third received (or sought)
follow-up care more often than recommended, even >5 years after diagnosis. Only a
smaller percentage, especially in the first three years, received less follow-up visits than
recommended. Nonetheless, more than 80% of survivors were comfortable with their
follow-up schedule. Advanced disease stage, receipt of chemotherapy, low socioeconomic
status, the presence of a stoma, and fatigue were factors associated with follow-up care
overuse.
The results from the present study suggest that more intensive follow-up practice is
common in the Netherlands, despite limited evidence for intensive follow-up schedules.
(5, 10) Comparable results regarding variation in follow-up practice and overuse are
reported elsewhere. (7, 31, 32) The variation in follow-up care utilization observed may be
explained by the following reasons. First, Dutch national guidelines are not stringent and
allow broad interpretations. Second, regional and local protocols derived from the national
guidelines can cause differences in practice. Third, survivors might receive care for longterm consequences of CRC treatment such as neuropathy, anxiety, depression, fatigue, or
stoma-related care. Moreover, approximately 20% of survivors develop recurrent disease
during the initial 5 years post-treatment. (33) In that case, patients undergo palliative
treatment or curative resection of oligometastatic disease. In case of for instance, liver
surgery for colorectal cancer metastases, follow-up is usually extended with another 5
years. Unfortunately, we did not have information regarding disease recurrence within
our cohort. Lastly, endoscopic follow-up extends after surgical follow-up where patients
undergo colonoscopies every 3-5 years until at least 75 years of age.
Most patients were comfortable with their current follow-up schedule. A reasonable
number of patients more than 5 years in follow-up felt less comfortable in comparison
with patients in previous follow-up years, and these patients preferred no follow-up care
at all. From clinical experience it is known that a percentage of patients desires longer
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follow-up than recommended, even if they are symptom and cancer free. This group of
patients seeks continuing (positive) assurance by the medical specialist or GP. Shareddecision making, and tailored counseling is needed to reduce overuse within this group
of patients. (32) At the same time, a smaller percentage received less than recommended
follow-up care. Important patient’s perceived needs are support for psychosocial, physical
and information and health system-related needs. (34) Access to care, time and adequate
follow-up care, among other factors, are required for addressing patient care needs and
providing supportive care. (35)
General health/QoL, anxiety, depressive symptoms, and fatigue scores did not differ
between patients in short, mid, to long-term follow-up. Comparable results have been
found in other studies wherein quality of life levels seems to return to pre-operative levels
after one year. (36) Previous studies identified these symptoms as major factors impairing
cancer patient’s lives. (15, 37, 38) In our study, fatigue was also associated with overuse
of follow-up care. Holla et al. have shown that (supportive) care use was associated with
patient-perceived needs such as low physical health, and symptoms such as anxiety,
depression, and fatigue. (17)
In our study, deprived patients, patients with advanced disease who received
chemotherapy, patients who had a stoma or experienced fatigue were more likely to
receive more follow-up care. In an equitable healthcare system, follow-up care use
should be mainly explained by patient needs and clinical need factors. (39) Since lower
SES is also associated with more comorbidities and lower survival after CRC surgery (40,
41), and these patients require more care. Factors such as low education, living alone,
and advanced disease stage (and therefore more likely to undergo chemotherapy) are
associated with persistent low QoL and high psychological distress during follow-up. (42)
Patients undergoing chemotherapy are also more likely to develop fatigue(43) and those
with stoma may have a lower QoL (44) and therefore need more follow-up care. Apart
from these associations, follow-up care is standardized in the Netherlands with a broad
and extensive guideline available, encompassing also various screening methods and
treatment of long-term consequences after CRC treatment and provision of supportive
care. (6) Some of the factors can be modified through early screening, adequate
counseling, and (supportive) therapy. Also, better and tailored information might relieve
(psychological) distress since earlier studies have proven that uncertainty and lack of
information leads to distress and dissatisfaction towards follow-up care. (35, 45, 46)
Various strategies exist to provide more patient-centered follow-up care. (35) At our
university medical center, a remote follow-up plan was introduced for stage I-III CRC
survivors. (47) Within remote follow-up, survivors have access to test results, and are
empowered by self-management information. Moreover, survivors have access to
telemedicine applications such as video-consultation, text messaging, and telephone
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services to contact their doctor or nurse practitioner. The results of the current study are
informative and can be used in the process and design of such initiatives.
The present study has some limitations that should be mentioned. First, although baseline
characteristics of non-respondents are known, it remains unclear why non-respondents
did not participate. Secondly, the cross-sectional data used in this paper limits the
understanding of course over time of certain variables within patients. Third, recall bias
can have led to less accurate answers. Patients were asked to report health care use in
the past 12 months. Therefore, it is possible that patients that had more recent follow-up
remembered their visits more accurately compared to those who had follow up a longer
time ago. Lastly, since follow-up utilization was reported by the patient, it is unclear how
much follow-up care was precisely provided to patients.
Regardless of the limitations noted, the results contribute to the current debate about
frequency of follow-up care of CRC survivors by demonstrating the state of follow-up
care utilization and identifying the factors associated with follow-up care utilization. Our
results can provide health care professionals information to better organize follow-up
care. The study was carried out in a population-based setting providing real-world results
and representing daily practice. The high response rate, large number of participants and
large range in time since diagnosis enhance the generalization of the results to a broader
population of CRC survivors in the Netherlands as well as to countries with similar health
care systems.
In conclusion, CRC survivors visited their GP throughout follow-up, often for reasons
that were not cancer-related. The medical specialist was consulted primarily for cancer
care. Long-term survivors sought less general and cancer-related medical specialist care.
CRC survivors were predominantly followed according to national guidelines. However,
substantial variation in follow-up practice existed. Follow-up overuse is still practiced in
one-third of the patients and is driven by advanced disease stage, receipt of chemotherapy,
low socioeconomic status, the presence of a stoma, and fatigue. Proactive screening,
adequate counseling, and therapy of long-term consequences according to guidelines
is important. Future studies should investigate how overuse can be reduced, while still
addressing patients’ needs.
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Appendices
Additional file 1. Short outline of the Dutch follow-up guidelines
Latest updated in 2014, the Dutch colorectal cancer guidelines recommends a half-yearly outpatient clinic visit
for 2-3 years postoperative and yearly hereafter up to 5 years. CEA measuring is recommended 3-6 monthly up
to 3 years and half-yearly hereafter. Furthermore, abdominal ultrasound, CT-abdomen and chest X-ray (rectal
cancer only) are recommended every half-year up to three years and yearly hereafter. The Dutch Colonoscopy
Surveillance guideline recommends colonoscopy at 1, 3- and 5-years post-operative. In case of incomplete preoperative colonoscopy, this should be done within 3 months postoperatively.
Weblink reference of the complete guidelines: https://www.oncoline.nl/colorectaalcarcinoom
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Abstract
Background: Risk-stratification of patients with colorectal cancer (CRC) is required to provide
tailored follow-up. The aim of this nationwide cohort study was to examine the course of symptoms
and trajectories of health-related quality of life (HR-QoL) and psychological distress during followup and to identify vulnerable patients.
Methods: Patients diagnosed with pathological stage I-III CRC between 2013-2018 and being
<6-months in follow-up at study enrollment (baseline), were included. Baseline characteristics
were collected from the Netherlands Cancer Registry and patients completed the EORTC QLQ-C30/
CR29, Hospital Anxiety and Depression Scale (HADS) and Low Anterior Resection Syndrome (LARS)
questionnaires at baseline and subsequently at 3-6-12-18-24 months. Latent class growth and
multinomial logistic regression analyses were performed to outline 24-month trajectories in HRQoL and distress, and to identify predictive factors.
Results: A total of 1,535 patients with colon (CC) or rectal cancer (RC) were included. Median age of
patients with CC and RC was respectively 66 (IQR 14) and 65 (IQR 13) years. Trajectory analysis of HRQoL identified three patient classes: High HR-QoL (62.7%), improving HR-QoL (29.0%), and low HRQoL (8.3%). Likewise, the following patient groups were identified with having low distress (64.0%),
moderate distress (26.9%), and high distress (9.1%). Around 13% of the total cohort had either
persistent low HR-QoL or high psychological distress throughout follow-up. Patients belonging to
this vulnerable group were significantly more likely to be female, younger aged, have disease stage
II-III or major LARS.
Conclusions: Although most patients treated for stage I-III CRC fared well, a small but significant
proportion of around 13% did not recover during follow-up and reported low HR-QoL and/or high
psychological distress levels throughout. This study’s findings should be taken into account when
organizing and selecting patients for tailored follow-up.
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1. Introduction
Due to earlier diagnosis and improved treatment, the number of colorectal cancer
(CRC) survivors increased.1-3 Relative survival five year after surgery for stage I, II, III is
approximately 95%, 90% and 75%, respectively.3 After treatment, patients are followed
to allow adequate screening and treatment of complications, but also to detect and
treat disease recurrence or long-term morbidity.4 In the Netherlands, CRC follow-up
occurs according to the national guidelines and usually consists of biannual clinical visits,
laboratory and imaging tests. [Appendix 1]
The diagnosis and treatment of CRC has a high burden on patients’ wellbeing. This includes
physical as well as psychological distress.5-8 Symptoms such as abdominal pain, fatigue,
diarrhea, flatulence, changed stool and urinary frequency and sexual impairment have
been reported during the first postoperative year and thereafter.9 Psychological distress
on the other hand, also affects CRC patients.10,11 Fortunately, most symptoms diminish
during follow-up, and it has been shown that health-related quality of life (HR-QoL)
normalizes after one year.9 Nonetheless, enduring symptoms long after initial (surgical)
treatment impair patients’ HR-QoL.12
Previous studies found that, overall, HR-QoL of CRC survivors was comparable to
the normative population, but that deficits in functional scores and various physical
symptoms were reported.13,14 In a systematic review, good overall HR-QoL, but worse
depression scores, distress, and bowel problems were demonstrated.15 Psychological
distress was prevalent in up to 44% of all participants and trajectories with high distress
were, among others, differentiated by gender, age, education and disease stage.10 Many
of these results were based on data from more than a decade ago.13,16 Over the years,
earlier diagnosis, improved (neo)-adjuvant therapies, minimal invasive surgery and more
accurate detection of disease recurrence have improved recovery and survival.1 Moreover,
personalized care improved due to availability of case-managers and specialized nurses
and better information provision.17,18
Because adequate identification of patients with persisting symptoms or psychological
distress is needed to provide patient-centered, tailored follow-up care, the aim of this
study was to determine the course of symptoms and trajectories of psychological distress
and HR-QoL during follow-up of patients with CRC, and to identify patient groups that
might require additional care.
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2. Material and methods
2.1 Study design and data collection
Data from the ongoing, prospective population-based Prospective Dutch cohort CRC
(PLCRC) study, were analyzed. The PLCRC study population was found representative
for the general Dutch CRC population.19 Details of the data collection were published
previously.20 The Netherlands Cancer Registry (NCR) registers all newly diagnosed cancer
patients in the Netherlands.21 Briefly, all patients diagnosed with CRC are eligible for
participation in the PLCRC study. Patients received information about the study and
written consent was obtained. Participants were asked to complete questionnaires at
study enrollment, and subsequently at 3-6-12-18-24-months. Ethical approval for the
PLCRC study was obtained from the Medical Ethics Committee of Utrecht (number 12510). PLCRC is registered at Clinicaltrials.gov (NCT02070146).

2.2 Patient selection and measures
Patients diagnosed with pathological stage I-III CRC who underwent curative surgical or
endoscopic treatment between 2013-2018, were selected. For this study, patients who
were <6-months in follow-up at enrollment (baseline), and had at least filled in one
subsequent questionnaire were included (N=1,535).
Sociodemographic and clinical characteristics
Patients’ sociodemographic and clinical information were retrieved from the
NCR. Comorbidity was assessed with the adapted Self-administered Comorbidity
Questionnaire.22 Questions on marital status, educational level, body mass index (BMI),
and stoma information were added. Higher educational level was defined as having
at least a college or a university degree. Tumor localization was categorized using the
International Classification of Disease for Oncology (ICD-O) into colon (C18.0-18.9) and
rectum (C19.9-20.9).23 Disease stage was based on the pathological Tumor Lymph Node
Metastasis (TNM-7 and 8-editions) classification.
Patient-reported outcomes
HR-QoL was assessed by the European Organization for Research and Treatment
of Cancer (EORTC) questionnaire QLQ-C30 (general HR-QoL) and QLQ-CR29 (colorectal
specific QoL).24 The QLQ-C30 has five functioning scales (cognitive, role, physical, emotional
and social), a global health/QoL scale and several symptom scales. EORTC-C30 values
from a general population sample were used for comparison.25 The QLQ-CR29 submodule
specifically assesses CRC symptoms.26 Raw scores for each scale were linear transformed
into a 0-100 outcome. A higher functioning score indicated better functioning or global
health/QoL while higher symptom scores indicated a higher level of symptom severity. A
minimum important clinically difference of 5-10 points (small), 10-20 (moderate) and ≥20
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(large) was used for interpreting group differences and changes in the EORTC-QLQ-C30
and QLQ-CR29 scores.27 In addition, the EORTC QLQ‐C30 summary score was calculated as
the mean of the combined 13 C30 scale and item scores (excluding global health/QoL and
financial impact), with a higher score indicating better HR-QoL.28
Total scores of the Low Anterior Resection Syndrome (LARS) questionnaire were used
to assess to what extent patients experienced bowel dysfunction.29 It classifies patients
into no LARS (0-20 points), minor LARS (21-29 points) or major LARS (30-42).
The Hospital Anxiety and Depression Scale (HADS) was used to assess psychological
distress. It includes 14-items divided into two subscales Depression and Anxiety, both
7-items. A total score of 11 or higher indicated psychological distress.30,31 Reference HADS
scores from a general population sample were used for comparison.32

2.3 Statistical analysis
Descriptive statistics:
Continuous variables are depicted as means and standard deviations, and categorical
variables as frequencies and percentages. Differences in characteristics were examined
using chi-square, t-test or ANOVA’s.
Trajectory analyses:
Latent class growth analysis (LCGA) in MPlus was conducted to identify trajectories
(classes) for the EORTC-C30 summary score and HADS total scores, according to Jung and
Wickrama.33 LCGA estimates individual differences (variability) in parameters reflecting
participants’ change in outcome over time. Individuals are classified into latent classes
based upon similar patterns in the outcome of interest (i.e. HR-QoL, distress). LCGA
assumes no within-class variation on the growth factors. Thus, all individual longitudinal
trajectories within a subgroup are considered to be homogeneous, leading to a clearer
identification of classes. MPlus’ full information maximum likelihood estimation for
handling missing data was applied. The number of trajectories was determined based on
fit indices, model parsimony and clinical interpretability. Methodological details on the
determination of the best fit number of trajectories are available in Appendix 2A.
Hereafter, predictors for class membership were identified using multinomial logistic
regression analysis. First, sociodemographic, treatment-related and patient-reported
variables were tested individually for significance. The significant variables were then
included in two separate models for HR-QoL and distress. The ratio of the probability for
class membership (in comparison with the reference), is referred as relative risk ratio (RRR).
Regression results were displayed in terms of RRRs.
Analyses were performed using Stata software (Stata Statistical Software: Release 15.
College Station, TX: StataCorp LLC) and MPLUS (Version 6.11, Los Angeles, CA: Muthén &
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Muthén). Two-sided analyses with P<0.05 were considered as significant. We adhered to
the STROBE checklist for observational cohort studies.34

3.Results
3.1 Sociodemographic information
A total of 825 patients with colon (CC) and 710 patients with rectal cancer (RC) were
included. Median age at diagnosis was respectively 66 (IQR 14) and 65 (IQR 13) for CC and
RC. Most patients were living together (CC 78%, RC 63%) and 68% of the CC and 78% of
the RC patients had at least finished secondary education. Baseline questionnaires were
filled in at a median follow-up of 1.3 (IQR 1.3) months from diagnosis. The corresponding
median follow-up from treatment was 1.0 (IQR 1.0) months. Baseline characteristics and
PROMs at baseline are presented in Tables 1-2.

3.2 Symptom burden, psychological distress and HR-QoL at baseline and
follow-up
Compared to baseline, global health/HR-QoL and all functioning scales except cognitive
and physical functioning improved slightly-moderately within 24-months follow-up.
The latter two remained stable. In the first 6-months, RC patients reported a slightly
deteriorated (5-10 points) role, social, cognitive and physical functioning. Concerning the
same scales, CC patients showed a faster recovery than RC patients (within 12-months).
For CC patients, global health/HR-QoL, role and social functioning normalized to healthy
individuals reference levels within 12-months, while RC patients needed more time.
[Figure 1] From baseline on, emotional scores of CRC patients were better than in the
healthy population. Cognitive and physical scores, on the other hand, were similar to the
reference population. The mean EORTC summary score for CC and RC patients at baseline
was 82.2 (SD 14.9) and 84.5 (SD 13.6). [Table 2] These scores increased slightly (>5 points)
during the course of follow-up.

Trajectories of Quality of Life and Psychological Distress

| 157

Table 1: Characteristics of patients with stage I-III colon or rectal cancer at study enrollment
(baseline). (N = 1,535)
N (%) or median (IQR)
Gender
Male
Female
Age at diagnosis
Year of diagnosis
2013-2014
2015-2016
2017-2018
Time from diagnosis (months)
Pathological stage
I
II
III
Surgical resection
Yes
No
Type of resection
Colectomy~
Sigmoid resection
LAR
APR
Subtotal or proctocolectomy
Local excisions#
Missing
Chemotherapy
No
Neo-adjuvant
Adjuvant
Pre-and post-operative
Yes, no surgery
Radiation therapy
No
Neo-adjuvant
Adjuvant
Pre-and post-operative
Yes, no surgery
Stoma
No
Yes

Colon cancer (N=825)

Rectal cancer (N=710)

510 (62)
315 (38)
66 (14)

492 (69)
218 (31)
65 (13)

3 (<1)
157 (19)
665 (81)
1.4 (1.6)

117 (17)
144 (20)
449 (63)
1.2 (0.9)

229 (28)
252 (30)
344 (42)

158 (22)
128 (18)
424 (60)

814 (99)
11 (1)

664 (94)
46 (6)

466 (56)
249 (30)
46 (6)
1 (<1)
26 (3)
37 (4)

1 (<1)

504 (61)
8 (1)
312 (38)
1 (<1)
0 (0)

374 (52)
282 (40)
45 (6)
5 (1)
4 (1)

819 (99)
5 (1)
0 (0)
1 (<1)
0 (0)

231 (33)
461 (65)
6 (1)
8 (1)
4 (1)

763 (92)
62 (8)

366 (52)
344 (48)

* Statistically significant using t-test or Chi-2 test
~ Hemicolectomy/right or left (extended) colectomy.
# Local or endoscopic excision.

P value
<0.01*

<0.07
N/A

0.10
<0.01*

<0.01*

<0.01*

442 (62)
198 (28)
2 (<1)
65 (9)
2 (<1)
<0.01*

7
<0.01*

<0.01*

N (%) or mean (SD)
Age
Functional scales EORTC QLQ-C30
Global health/QoL
Emotional functioning
Social functioning
Cognitive functioning
Role functioning
Physical functioning
Summary score EORTC QLQ-C30
Symptom scales EORTC QLQ-C30
Fatigue
Nausea and vomiting
Pain
Dyspnea
Insomnia
Appetite loss
Constipation
Diarrhea
Financial difficulties
Symptom scales EORTC-CR29
Micturition
Defecation
Gastrointestinal
Chemotherapy side-effects
Stoma-related
Weight loss
N=710
64.4 (9.7)
73.9 (19.4)
79.1 (19.4)
83.6 (21.5)
88.9 (16.3)
79.3 (28.6)
89.2 (16.0)
84.5 (13.6)
24.1 (24.3)
5.1 (13.0)
15.3 (23.7)
7.2 (16.3)
23.9 (29.3)
10.5 (21.1)
11.9 (22.0)
19.8 (25.6)
4.5 (14.1)
18.8 (14.9)
24.7 (18.1)
20.2 (16.1)
7.8 (11.9)
20.6 (15.5)
11.3 (20.2)

N=825
65.5 (9.6)
71.9 (20.0)
81.6 (18.9)
81.4 (23.2)
86.3 (18.3)
73.3 (31.9)
86.6 (17.0)
82.2 (14.9)
29.1 (25.3)
7.3 (16.7)
17.2 (23.5)
12.6 (21.3)
24.0 (29.0)
14.2 (25.7)
10.1 (20.1)
17.6 (25.4)
4.7 (14.5)
18.0 (13.2)
15.8 (14.9)
12.6 (13.8)
10.7 (14.9)
17.2 (13.2)
12.2 (20.8)

Study enrollment
Colon
Rectum

16.0 (13.0)
14.8 (14.0)
7.8 (10.3)
14.1 (16.5)
16.0 (10.3)
12.3 (20.5)

27.4 (24.5)
6.5 (14.8)
13.1 (20.1)
13.4 (22.9)
18.7 (24.9)
12.3 (24.0)
8.7 (17.7)
12.9 (22.9)
4.7 (13.7)

75.2 (19.2)
85.0 (17.5)
83.2 (21.0)
85.3 (18.7)
75.9 (26.5)
84.8 (16.6)
84.2 (13.9)

N=712
65.8 (9.7)

3-months
Colon

19.6 (14.2)
26.8 (19.7)
13.9 (13.9)
10.3 (13.6)
19.4 (15.6)
13.3 (20.9)

29.0 (24.4)
3.7 (10.8)
17.8 (24.6)
9.7 (18.4)
23.8 (28.8)
10.2 (21.7)
9.8 (21.1)
13.7 (24.7)
6.1 (17.2)

72.9 (18.7)
83.7 (18.7)
78.3 (24.1)
85.9 (18.0)
71.1 (29.2)
83.1 (18.3)
82.8 (14.2)

N=590
64.5 (9.4)

Rectum

15.3 (12.9)
13.4 (13.3)
6.1 (9.7)
10.3 (13.9)
17.2 (10.2)
13.4 (21.9)

22.7 (22.3)
3.3 (10.4)
10.2 (18.8)
11.9 (20.5)
18.3 (25.1)
5.3 (15.4)
6.8 (15.4)
11.2 (20.4)
4.5 (14.1)

79.7 (15.9)
87.8 (16.2)
88.8 (17.9)
86.2 (18.5)
82.6 (23.3)
87.1 (15.6)
87.5 (12.2)

N=684
65.5 (9.6)

6-months
Colon

18.8 (15.1)
28.2 (19.9)
11.9 (13.4)
9.4 (13.2)
17.7 (13.3)
14.4 (21.6)

27.2 (24.5)
3.6 (11.4)
17.3 (25.0)
9.0 (17.7)
22.5 (27.4)
10.2 (22.0)
7.7 (17.8)
10.1 (21.3)
6.3 (17.0)

73.3 (18.4)
85.0 (18.2)
78.4 (23.4)
86.7 (17.2)
72.6 (29.7)
83.4 (18.2)
83.8 (14.5)

14.4 (12.9)
12.6 (11.8)
6.3 (9.8)
6.6 (10.6)
16.4 (15.3)
13.4 (21.3)

18.7 (19.8)
2.5 (8.9)
9.1 (17.5)
10.7 (19.9)
16.8 (23.9)
4.7 (15.6)
6.9 (16.1)
9.0 (19.4)
4.6 (14.3)

81.3 (16.4)
87.6 (16.6)
91.9 (15.5)
87.3 (16.5)
88.5 (19.8)
89.2 (15.1)
89.4 (11.4)

17.0 (14.0)
26.5 (17.5)
9.3 (11.0)
8.2 (12.3)
14.2 (11.5)
13.7 (20.6)

20.6 (19.9)
2.7 (9.4)
11.5 (20.3)
9.5 (17.5)
18.8 (25.5)
4.3 (14.3)
7.7 (17.1)
10.8 (20.2)
6.7 (17.6)

77.8 (16.9)
87.5 (16.4)
84.2 (21.0)
88.4 (16.8)
82.0 (23.6)
87.3 (14.9)
87.6 (11.6)

N=549
65.0 (9.3)

12-months
Colon
Rectum

N=583
N=624
64.7 (9.6) 65.6 (9.5)

Rectum

Table 2: Course of patient-related outcome measures over time in patients treated for stage I-III colon or rectal cancer.

14.8 (12.7)
11.8 (12.0)
4.5 (7.5)
7.0 (11.1)
19.2 (11.8)
11.4 (20.0)

17.5 (19.7)
2.0 (6.6)
7.9 (16.6)
9.1 (18.2)
16.3 (22.7)
3.5 (11.9)
6.7 (15.5)
8.6 (18.4)
4.9 (14.6)

82.4 (15.4)
88.7 (15.6)
92.5 (15.4)
89.1 (15.5)
88.7 (19.6)
89.5 (14.3)
90.3 (10.4)

N=303
66.0 (8.6)

17.2 (14.5)
25.0 (16.6)
7.4 (10.1)
8.2 (13.1)
11.1 (8.8)
14.0 (20.2)

18.8 (19.8)
2.4 (8.8)
9.6 (18.1)
8.8 (16.8)
16.6 (23.3)
4.0 (14.3)
5.9 (14.9)
8.9 (18.9)
5.0 (14.7)

80.4 (16.2)
89.4 (14.6)
88.0 (18.6)
89.3 (15.1)
83.6 (23.3)
87.4 (16.0)
89.0 (11.3)

N=339
64.9 (9.2)

24-months
Colon
Rectum
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22.8 (12.9)
207 (41)
113 (22)
191 (37)
7.6 (6.5)
4.3 (3.7)
3.3 (3.5)

15.7 (12.2)
515 (66)
151 (19)
120 (15)
7.4 (6.3)
4.1 (3.6)
3.4 (3.4)

25.3 (12.4)
116 (33)
70 (20)
167 (47)
6.8 (6.1)
3.4 (3.2)
3.4 (3.5)

15.9 (12.1)
434 (65)
121 (18)
111 (17)
6.4 (5.8)
3.2 (3.1)
3.1 (3.4)

95 (36)
59 (22)
111 (42)
6.0 (5.7)
3.1 (3.1)
2.9 (3.2)

424 (71)
96 (16)
74 (13)

200 (71)
49 (17)
33 (12)

14.1 (11.4)

76 (38)
35 (18)
89 (44)

24.8 (11.9)

6.1 (5.6) 3.1 5.6 (5.3) 2.9 5.6 (5.2)
(3.1) 3.0
(2.9) 2.7
2.7 (2.9)
(3.1)
(2.9)
2.9 (3.0)

109 (35)
64 (20)
142 (45)

24.9 (12.1) 14.3 (11.4) 25.1 (12.0)

6.0 (5.7)
6.9 (5.9)
3.1 (3.1) 2.9 3.3 (3.1)
(3.2)
3.5 (3.3)

446 (69)
107 (16)
96 (15)

15.1 (11.7)

Baseline <6-months follow-up.
* 0-20: no LARS, 21-29: mild LARS, 30-42: severe LARS. Numbers do not always add up to 100% because of rounding to whole numbers.

LARS score
LARS classification*
No
Minor
Major
Anxiety and depression HADS
Total
Anxiety
Depression
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N
Colon
Rectum

Baseline
825
710

3-months
712
590

6-months
684
583

12-months
624
549

18-months
486
457

24-months
303
339

Figure 1: Mean HR-QoL function scale scores (EORTC-QLQ-C30) over time (scale 0Figure 1: Mean HR-QoL function scale scores (EORTC-QLQ-C30) over time (scale 0-100).
100).
A higher functioning score indicates better functioning or global health/HR-QoL
A higher functioning score indicates better functioning or global health/HR-QoL

Regarding symptom severity scores, a slight-moderate decline in gastrointestinal
and stoma-related symptoms was reported by RC patients at 3-6-months (compared to
baseline). After 12-months follow-up, the majority of symptom scores improved compared
to baseline, except for defecation problems for RC and weight loss for both RC and CC.

1
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After an initial worsening of LARS severity 3-months after baseline in RC patients, no
further changes were noted. At 24-months, 44% reported major LARS. [Figure 2A] Mean
LARS scores of CC patients did not improve or deteriorate over time. In comparison to
baseline, the proportion of no LARS increased in CC patients and decreased in RC patients
over time. [Figure 2B]
(A) LARS score

Colon
Rectum
Cut-off minor LARS
Cut-off major LARS

40

Score (mean)

35
30
25
20
15
10
5
0

Baseline

3

6

12

18

24

Follow-up (months)
(B) Presence of LARS syndrome among patients with rectal cancer
100%
90%

Percentage

80%
70%
60%
50%

Major LARS

40%

Minor LARS

30%

No LARS

20%
10%
0%
Baseline

3

6

12

18

24

Follow-up (months))

N
Colon
Rectum

Baseline
825
710

3-months
712
590

6-months
684
583

12-months
624
549

18-months
486
457

24-months
303
339

Figure 2: LARS scores among patients with colon and rectal cancer (A) and presence
Figure
2: LARS
scores among
with
colon
and
rectal (B).
cancer (A) and presence of LARS
of LARS
syndrome
amongpatients
patients
with
rectal
cancer
syndrome
among
patients
with
rectal
cancer
(B).
A higher score indicates more LARS
A higher score indicates more LARS
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Mean scores of HADS total and subscale scores of anxiety and depression of the
healthy reference population were 10.3 (SD 6.6), 4.9 (SD 3.4) and 5.5 (SD 3.7), respectively.
32
HADS total and subscale values reported here were lower than in the healthy reference
population.
Compared to baseline, both HADS total and subscale scores of anxiety and depression, as
well as the proportion of patients with high distress, were lower at subsequent follow-up
moments. [Figure 3]
Presence of high distress
100%

90%

80%

Percentage

70%

60%

50%

40%

30%

20%

10%

0%
Baseline

3

6

12

18

24

Follow-up (months)
Low distress (colon)

N
Colon
Rectum

Distress (colon)

Baseline
825
710

3-months
712
590

Low distress (rectum)

6-months
684
583

12-months
624
549

Distress (rectum)

18-months
486
457

24-months
303
339

Figure 3: Presence of psychological distress (HADS total score ≥11) over time.
Figure 3: Presence of psychological distress (HADS total score ≥11) over time.
Colon cancer: dotted, rectal cancer: striped.

Colon cancer: dotted, rectal cancer: striped.
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At baseline, no difference in global health/HR-QoL was found between CC and RC
patients (71.9 vs. 73.9). Role functioning was slightly better (6-points) in RC patients, but
these patients reported more defecation and gastro-intestinal symptoms within the range
of small to moderate clinical significance. CC patients reported slightly more fatigue and
dyspnea (≥5 points). Mean LARS scores were respectively 15.7 (SD 12.2) and 22.8 (SD 12.2)
for CC and RC patients (P<0.01), with respectively 15% and 37% major LARS for CC and RC
patients. Mean HADS scores did not differ between groups.
During follow-up, patient numbers declined. [Table 2] We analyzed baseline
characteristics, HR-QoL and psychological distress scores of those having completed
two-year follow-up (N=612) and those having incomplete two-year follow-up (N=923)
and did not find significant differences with regard to age, sex and stoma. Patients who
completed two year follow-up were significantly more frequently rectal cancer patients
and had higher disease stages and received more often neoadjuvant therapy. They had a
statistically significant, not clinically relevant, higher baseline HR-QoL (85 vs. 82, P<0.001),
lower baseline HADS total score (6.7 vs. 7.9, P<0.001) compared to those with incomplete
follow-up. No differences in mean LARS score were noted between the groups.

3.3 Trajectories of HR-QoL and predictors for low, improving and high
HR-QoL
Using trajectory analysis, clusters of patients with similar HR-QoL were assessed over a
24-months period.
For HR-QoL, a three-class model was identified as best fit. [Table 3, Appendix 2B]. The
first subgroup (n=962, 62.7%) was defined as “High HR-QoL”, with an intercept of 89.44
(95% CI 88.4-90.5) and a slope of 1.37 (95% CI 1.2-1.5, significant). The second subgroup
was defined as “Improving HR-QoL”, as the 446 (29.0%) participants in this group showed
moderate to high baseline QoL scores (intercept 76.32; 95% CI 74.9-77.8) and the slope
was 1.6 (95% CI 1.1-2.1, significant). The third subgroup (n=127, 8.3%) was defined as “Low
HR-QoL”, as participants reported low baseline HR-QoL scores (intercept 63.5; 95% CI 59.267.9) and the slope was 0.03 (95% CI -0.9 to 0.9, non-significant).
Compared to patients in the “High HR-QoL class” (reference), patients in the improving
and low HR-QoL classes were significantly more likely to be female, have lower educated
or major LARS. Those in the improving class were also more likely to have disease stage
II-III or underwent radiotherapy. Undergoing an APR (Improving class), sigmoid resection
or a LAR decreased the chance of belonging in the low class. [Table 4]

3.4 Trajectories of psychological distress and predictors for low, moderate
and high distress
Likewise, classes of patients with similar psychological distress were assessed over
24-months follow-up resulting in a three-class model. [Table 3, Appendix 2B]

7

3

3

HR-QoL

Psychological
distress

LMR-LRT

34007.5 0.0011

51579.1 0.0147

BIC

0.0000

0.0000

BLRT

0.848

0.796

0.919

127
(8.3%)
920
(64.0%)
0.887
0.941

387
(26.9%)
130
(9.1%)

0.943

0.838

Posterior
probabilities
0.930

446
(29.0%)

962
(62.7%)

Entropy N (%)

-0.11 (-0.28; 0.07)

-0.27 (-0.34; -0.2)*

0.03 (-0.88; 0.94)

1.60 (1.09; 2.12)*

Slope linear
(95% CI)
1.37 (1.20; 1.54)*

18.55 (16.95 – 20.15)* -0.12 (-0.47; 0.23)

9.98 (9.05;10.91)*

4.00 (3.65;4.35)*

63.52 (59.15; 67.9)*

76.32 (74.87; 77.76)*

Intercept
(95% CI)
89.44 (88.40; 90.48)*

HR-QoL: health-related quality of life.
BIC, Bayesian Information Criterion; LMR-LRT, Vuong-Lo-Mendell Rubin Likelihood Ratio Test; BLRT, Bootstrap Likelihood Ratio Test; CI, confidence interval
*P<0.001

No. of classes

Variable

Table 3: Fit indices and class characteristics of HR-QoL and distress trajectories.
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The first subgroup (n=920, 64.0%) was defined as “Low distress”, with an intercept
of 4.0 (95% CI 3.7-4.4) and a slope of -0.3 (95% CI -0.3 to -0.2, significant). The second
subgroup was defined as “Moderate distress”, as the 387 (26.9%) participants showed
moderate baseline HADS total scores (intercept 10.0; 95% CI 9.1-10.9) and the slope was
-0.1 (95% CI -0.3-0.1, non-significant). The third subgroup (n=130, 9.1%) was defined as
“High distress”, as participants reported high baseline HADS scores (intercept 18.6; 95% CI
17.0-20.2) and the slope was -0.1 (95% CI -0.5-0.2, non-significant).
Compared to patients in the low distress class (reference), patients in the moderate
and high distress classes were more likely to be younger, have lower educated or major
LARS. [Table 4]
Of the total cohort of 1,535 patients, 200 (13%) belonged either to the low HR-QoL class
or high distress class. A total of 57/127 (45%) patients belonging to the low HR-QoL class,
also belonged to the high distress class.

7

Ref.

1.60 (1.02;2.50)*
0.99 (0.97;1.01)
0.75 (0.44;1.28)
0.24 (0.13;0.46)**
0.70 (0.38;1.28)
1.18 (0.59;2.38)
1.30 (0.59;2.86)
0.46 (0.23;0.94)*
0.40 (0.19;0.87)*
0.17 (0.05;0.53)**
0.57 (0.20;1.67)
N/A
1.85 (0.97;3.51)
1.99 (0.91;4.34)
3.78 (2.32;6.15)**

1.67 (1.27;2.19)**
0.99 (0.98;1.01)
0.73 (0.52;1.03)|
0.59 (0.42;0.82)**
0.79 (0.55;1.15)
1.87 (1.26;2.77)**
1.78 (1.14;2.80)*
1.03 (0.71;1.50)
0.75 (0.49;1.16)
0.38 (0.20;0.74)**
1.33 (0.76;2.34)
N/A
1.13 (0.78;1.64)
1.70 (1.10;2.63)*
2.26 (1.66;3.08)**

Low HR-QoL
Ref.

1.85 (1.37;2.50)**

1.18 (0.79;1.76)

0.84 (0.58;1.22)

1.10 (0.73;1.64)

0.90 (0.62;1.32)
1.45 (0.94;2.22)
N/A

N/A

1.05 (0.75;1.46)
0.61 (0.43;0.85)**

1.14 (0.87;1.50)
0.98 (0.96;0.99)**

Moderate distress

Low distress

Improving HR-QoL

High HR-QoL

2.07 (1.33;3.22)**

0.80 (0.42;1.53)

1.46 (0.81;2.61)

1.15 (0.62;2.15)

1.36 (0.77;2.39)
1.01 (0.51;2.03)
N/A

N/A

0.70 (0.43;1.16) 0.38
(0.22;0.64)**

1.31 (0.87;1.96)
0.97 (0.95;0.99)*

High distress

Class 3
130 (9.1%)

Ref: Reference. HR-QoL: Health-related qualitfy of life. N/A: Not applicable: These factors were not significant in the independent, univariate models and therefore not
included in the final models.
Statisfically significant with P<0.01** or P<0.05*
Fit characteristics of HR-QoL model: N=1,295, likelihood ratio Chi-square of 168.31 with a P-value of <.00001. (baseline relative risk of each outcome was 0.22 (0.03;1.54))
Fit characteristics of Distress model: N=1,285, likelihood ratio Chi-square of 8.77 with a P-value of <.00001. (baseline relative risk of each outcome was 1.59 (0.57;4.45))

Sex
Female
Age
Educational level
Secondary
Higher/university
Living situation
Together
Disease stage
II
III
Surgical treatment
Sigmoid resection
LAR
APR
Local excision
Stoma
Yes
Chemotherapy
Yes
Radiotherapy
Yes
LARS
Major

Psychological distress
Class 1
Class 2
920 (64.0%)
387 (26.9%)

Relative risk ratio (95% confidence interval)
HR-QoL
Class 1
Class 2
Class 3
962 62.7%)
446 (29.1%)
127 (8.3%)

Table 4: Factors associated with class membership of HR-QoL and distress 24-month trajectories.
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4. Discussion
This large population-based study investigated symptom burden, psychological distress
and HR-QoL among patients treated for stage I-III CRC. Recently diagnosed patients who
were less than 6-months in follow-up were surveyed at enrollment and subsequently up to
24-months. Overall, the vast majority of CRC patients did well and reported high scores on
functional QoL scales at baseline (<6 months follow-up). For this group, scores continued
to improve over time and were comparable to those of the general (reference) population
by 12-months follow-up. Trajectory analyses, however, revealed vulnerable patient groups
who reported severe HR-QoL deteriorations and high psychological distress during followup. Various risk factors for a suboptimal course of HR-QoL and distress were identified
which might facilitate optimization of patient-tailored follow-up.
In the first months of follow-up, consequences of CRC treatment resulted in lower
role, social and physical functioning scores, predominantly in RC patients who also
needed more time to recover compared to CC patients. At 12-months follow-up, global
health/ HR-QoL, as well as other functioning scales, normalized for the majority of
patients13, which is in line with previous studies.9,16,35,36 For instance, from baseline on,
emotional scores of CRC patients were better than in the healthy population. In line with
the ameliorated emotional functioning of CRC patients, also anxiety and depression
symptom score (expressed as HADS total and subscale scores) were better in the CRC
population compared to the reference population. This might indicate that CRC survivors
adapt well to their new situation and successfully cope with possible consequences37. This
can be explained by response-shift.38
In comparison to a large scale study of Arndt et al, especially emotional, social,
physical and global health/ HR-QoL are substantially higher in the present study.39
Ongoing improvements in technical and surgical innovations such as minimal-invasive
surgery could also have contributed to the high levels of HR-QoL.40 Performing trajectory
analyses made it possible to cluster patients with similar HR-QoL or psychological distress
patterns over time and to identify specific groups requiring additional follow-up care.
The aim was to present trajectories for one informative measure of HR-QoL as accurate
global indication of well-being of CRC survivors. The QLQ‐C30 summary score proved
previously to have more prognostic value than the global QoL score, physical functioning
scale, or any other scale within the QLQ‐C30.41 The vast majority of patients fared well
and belonged to the high HR-QoL and low distress classes. They reported improving to
excellent HR-QoL and low psychological distress levels. Another group of around 2940% reported improving HR-QoL and distress initially, but improved rapidly over time.
These patients appear to be resilient, but possess risk factors that make them vulnerable
which emphasizes the importance of early screening and provision of (supportive) care. A
small group of approximately 13% was identified who reported either low, not improving
HR-QoL or stable high levels of psychological distress throughout 24-months follow-up.
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These patients should be monitored carefully and counselled for additional care, with
potentially more frequent contact (face-to-face/remote), support by case-manager or
nurse or referral to supportive care specialists (i.e. psychologists and physical therapists).18
The presence of major LARS, younger age, and female gender were risk factors for
belonging to the poor performing group. Younger age13 and female gender42 have been
reported as prognosticators for poor performance. Disease stage II-III (only significant
in HR-QoL) and receipt of radiotherapy were also associated with an improving HR-QoL
compared to those with a high HR-QoL. Having undergone an APR, sigmoid resection
or a LAR decreased the chance of belonging in the low class. A higher level of education
and older age (only in psychological distress) were found as protective features in
maintaining high QoL and low psychological distress. Psychological distress levels in
this study were lower than reported in previous studies, in which rates up to 42% were
reported.5,10 Improved communication of health information, shared-decision making,
better treatment regimens and supportive care, could have improved self-efficacy
and thereby relieved psychological distress for a substantial part of patients.17,18 Within
24-months follow-up, the proportion major LARS in RC patients ranged from 39-47%.
Other studies found similar rates up to 55% in RC43 and 21% in CC.44 On the other hand,
also CC patients experienced major LARS in approximately 15%, while only a minority of
these patients are operated in the pelvis. This might be explained because similar major
LARS is reported in the general population.45 The percentages of the patients with major
LARS did not diminish over time which is why an improved focus on early screening of
LARS-like complaints is necessary to identify patients in need and provide the necessary
supportive care.
The present study identified patient groups who fared well and appear to be suitable
for a more flexible and dynamic follow-up mode that differs from the traditional hospitalbased follow-up.18,46 Nurse- or GP-led follow-up plans have proven to be cost-effective
alternatives for specialist-led follow-up and could aid to decrease the personal and financial
burden.18 A relatively new alternative is remote follow-up, in which routine outpatient
clinical visits are abandoned. Patients themselves have access to test results and are
supported with self-management information to increase patient empowerment.47,48 The
results from the present study aid in the risk-stratification and identification of patients
that might be suitable for such alternative follow-up programs.
The findings of this large population-based study present valuable and important
information for patients, physicians and policy-makers. Nonetheless, the study has some
limitations. First, the sampling design might have missed ill patients who did not want
to participate, leading to a risk of overestimating patient-reported outcomes. Secondly,
since it is an ongoing registry study, not all patients who enrolled at baseline have
progressed into mid to long-term follow-up. We noted a decline in patient numbers over
time but observed no substantial differences between CRC patients with completed data
and those with incomplete data. Furthermore, there was no indication of bias observed in
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the LCGA analysis. In this study, we used baseline predictors to identify and characterize
specific patients within trajectories in order to screen for the risk factors directly at the
beginning of follow-up. However, for future research it would be interesting to also model
longitudinal predictors, that are subject to change. At last, no disease recurrence data
was available in the NCR which could have biased the levels of psychological distress
and QoL.49 The 3-year 16 cumulative incidence of recurrences for stage I, II and III CRC is
reported to be approximately 0.05, 0.17 and 0.31, respectively.49 The highest recurrence
risk for stage III disease could explain the lower QoL patient group wherein recurrences
and their possible subsequent treatments might have influenced patients’ health status.
In conclusion, the majority of patients treated for stage I-III CRC did well and reported
high HR-QoL, low symptom burden and low psychological distress. A small but significant
proportion of around 13% did not recover during follow-up and reported low HR-QoL
or high psychological distress levels throughout. Female gender, younger age, lower
educational level and major LARS were risk factors for belonging to this poor performing
patient group. Besides focusing on risk of disease recurrence, future changes in followup should also incorporate sociodemographic and patient-reported outcome measures
when personalizing CRC follow-up.
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Appendices
Appendix 1. Dutch CRC follow-up guidelines.
Last update in 2014, the Dutch colorectal cancer guidelines recommends half-yearly outpatient clinic visit for
2-3 years postoperative and yearly hereafter up to 5 years. CEA measuring is recommended 3-6 monthly up
to 3 years and half-yearly hereafter. Furthermore, abdominal ultrasound, CT-abdomen and chest X-ray (rectal
cancer only) are recommended every half-year up to three years and yearly hereafter. The Dutch Colonoscopy
Surveillance guideline recommends colonoscopy at 1-, 3- and 5-years post-operative. In case of incomplete preoperative colonoscopy, this should be done within 3 months postoperatively.
Weblink reference of the complete guidelines: https://www.oncoline.nl/colorectaalcarcinoom

Appendix 2. Latent Class Growth Analysis.
Part A: Methodological details on Latent Class Growth Analysis and the determination of the most
appropriate number of trajectories.
Trajectory analyses
Latent class growth analysis (LCGA) in MPlus was conducted to identify trajectories (classes) for global health/
QoL and HADS total scores, following the guidelines described by Jung and Wickrama. 29 LCGA estimates
individual differences (variability) in parameters reflecting participants’ change in outcome over time. Individuals
are classified into latent classes based upon similar patterns in the outcome of interest (i.e. HR-QoL, distress).
LCGA assumes no within-class variation on the growth factors. Thus, all individual longitudinal trajectories
within a subgroup are considered to be homogeneous, leading to a clearer identification of classes. MPlus’ full
information maximum likelihood estimation for handling missing data was applied.
Following the guidelines, a single-class growth curve model was specified, as well as a three-class model. To
determine the number of classes in the sample, the three-class model was compared with a two-class and
four-class model. In total, the fit of four unconditional latent class models (i.e., models with no covariates) were
estimated, with one to four linear trajectories. The number of trajectories was determined based on fit indices,
model parsimony, and clinical interpretability. The model with the best fit has the smallest Bayesian Information
Criterion (BIC), and significant P-values (P<0.05) for the Vuong-Lo-Mendell Ruben Likelihood Ratio Test (LMRLRT) and the Bootstrap Likelihood Ratio Test (BLRT), which indicate that a model with a k number of classes has a
better fit than a model with k-1 number of classes. Other model fit considerations were a higher entropy statistic
(near 1.0), indicating the degree to which latent trajectories may be clearly distinguished, and higher posterior
probabilities of group membership (near 1.0), indicating the degree to which individuals have been correctly
classified into a class. For clinical interpretability, we also considered the proportion of participants (not less than
5% of total sample) of the identified classes. For each individual patient in the database, the predicted class of
the best fitting model (i.e., with the optimal number of subgroups) was obtained.
Part B: Details on the selection process of a 3-class model as best fit.
For both HR-QoL (EORTC-C30 summary score) and for psychological distress, a three-class model was identified
as most appropriate model based on fit indices, internal reliability and interpretability. [Table 3]
In the three-class model, compared with the two-class model, the BIC was better, but the entropy was lower.
The posterior probabilities were similar for the 2 and 3-class model. Compared with the four-class model, in
the three-class model, the BIC was somewhat lower, whereas other fit indices were highly similar. In the 4-class
model, however, a subgroup of <5% was identified, limiting clinical interpretability
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Abstract
Colorectal cancer is a common disease and patient follow-up can overwhelm outpatient services.
Cancer patients are followed to provide (psychological) support, and to identify and treat disease
recurrence and complications. This Short Report describes our thoughts on, and first experience
with the development and implementation of an alternative, remote follow-up plan for colorectal
cancer patients. Within remote follow-up, patients have access to test results, and are supported
with self-management information. They have access to telemedicine applications such as
video-consultation, text messaging, and telephone services to contact their physician and nurse
practitioner. Routine outpatient clinical visits are abandoned. Currently, 66 patients are being
followed remotely. Application of telemedicine within cancer follow-up has several advantages.
Patients do not have to travel back and forth, sparing time, costs and efforts. Second, telemedicine
applications increase patient empowerment. If applied safely, remote follow-up may become a
viable alternative to clinical follow-up.
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1. Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide. Over the years,
survival has improved significantly in colorectal cancer patients due to several changes
in early diagnosis and better treatment of the primary tumor and of metastatic disease.
[1] Current 5-year relative survival for Dutch stage I, II and III colorectal cancer patients are
approximately 95, 90 and 70% respectively.
After treatment, patients are followed to identify, monitor and treat disease recurrence
and complications. Also, psychological support is provided. Colorectal cancer surveillance
in the Netherlands is performed according to national guidelines. Curatively treated
colorectal cancer patients are being followed at the outpatient clinic at least biannually up
to 5 years with CEA monitoring, abdominal ultrasound, and chest X-ray (in case of rectal
cancer).
The goal, frequency and content of outpatient visits are a subject of debate in many cancer
types and scheduled out-patient visits are generally of limited value. [2] Clinical visits have
costs and may be associated with increased anxiety. [3] Patient organizations, physicians
and the government call for more patient-centered solutions which focus on quality of life
and patient satisfaction. A greater role for the patient himself in follow-up care improves
emotional and social wellbeing and gives patients more autonomy and self-efficacy. [4]
In line with this philosophy, a remote follow-up plan has been developed and implemented
for curatively treated colorectal cancer patients at our university medical center. The
initiation of this plan was sponsored by our hospital and national health insurance
companies through a partnership that supports the design and implementation of
innovative, effective and sustainable health care initiatives. Within remote follow-up,
cancer patients are being followed at distance; patients have access to test results, they
are supported and empowered with self management information, and they have access
to telemedicine applications such as video-consultation, text messaging, and telephone
services to contact their physician and nurse practitioner, all within a clear and safe
framework. Prescheduled outpatient clinical visits are abandoned.
The aim of this Short Report is to share our thoughts on, and initial experience with the
development and implementation of an alternative, remote follow-up plan for colorectal
cancer patients.
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2. Methods
2.1. Patients and eligibility
All stage I-III colorectal cancer patients having completed treatment with curative intent,
both elective and acute, and having completed at least one-year follow-up in our hospital
were considered for enrollment into remote follow-up. This time criterium was chosen
to allow patients process and resolve the initial physical and psychosocial symptoms
related to cancer treatment clinically. Also, patients can be gradually informed about the
transition in care. Equally important, the risk of developing metastasis decreases after one
year. [5, 6] For those already in the follow-up process for more than one year, the schedule
was changed to remote follow-up. Patients receiving adjuvant treatment are enrolled in
remote follow-up one year after treatment completion.
To be eligible, CRC patients 1) are cancer free at time of invitation; 2) have basic internet
and computer skills (i.e. possession of a computer and email address); 3) have access to or
are willing to use the electronic patient record; 4) have reasonable health literacy; and 5)
are literate in Dutch.
Ineligibility criteria include: 1) Participation in clinical trials that require frequent clinical
visits; 2) diagnosis of dementia or other cognitive impairment; and 3) patients leaving the
protocol, commonly because of detection of recurrent disease.

2.2. Patient notification and recruitment
Attending nurse practitioners and surgeons inform patients during the first postoperative
year and provide verbal and written information about the intended change to remote
follow-up. An instruction video explaining the intended change can be viewed online.
The information provided was composed by treating physicians, nurse practitioners and
experts in patient didactics. Patients receive mailed invitation letters for an informative
outpatient visit. During this (final) clinical visit, test results are discussed, symptoms are
evaluated, and the new remote follow-up plan is explained. A personalized follow-up
plan is created summarizing treatment history, course of certain symptoms and providing
an overview of test results. A letter summarizing all test results, together with current
health status is sent to other caregivers such as the general practitioners. In addition, an
instruction video and written information is sent to general practitioners.

2.3. Design of the remote follow-up plan
After enrollment, undergo tests according to the national guidelines. [Figure 1]
Unlike before, outpatient clinic visits, to receive and discuss the results, are abandoned.
Results can be viewed by the patient in an easily accessible and safe electronic patient
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record (MijnRadboud, my Chart, Epic Systems Corp, Wisconsin, USA). The symptom burden
is evaluated digitally with the distress thermometer and problem list (Comprehensive
Cancer Centre, the Netherlands) and the Low Anterior Resection Syndrome score. If
patients score a high symptom burden (distress score >5 and LARS >30) and desire
support, they will either get an appointment or be referred to (supportive) care services.
Imaging test results are reported and presented in simplified language. Results are
reviewed weekly by a physician or nurse practitioner from the department. Patients are
contacted and counseled in case of abnormal results. Normal results are not communicated
actively. A personal follow-up plan within the electronic patient record containing written
contextual and self-management information is made accessible. Patients can send text
messages; schedule video-consultation appointments with their physician or nurse
practitioner. Text messages and video-chats take place within a patient-friendly and safe
environment that guarantees privacy. In addition, a telephone service (hotline) is open
two times a week for all more urgent, incoming questions. Patients who subsequently
develop recurrent disease leave the remote follow-up plan.

8

Figure 1: Timeline remote follow-up in months (mo). FU: follow-up. * In case of rectal cancer
patients. Colonoscopy follow-up continues beyond 5 years and is performed every 5 years
until at least 75 years of age.
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2.4. Prospective, evaluation study
Recently, we obtained approval to conduct a study that aims to investigate patient
experience and satisfaction towards remote follow-up. Also, quality of life, health literacy,
fear of cancer recurrence, and cost-effectiveness will be studied.

2.5. Statistical analysis
In this Short Report, descriptive statistics were used. Data are depicted as frequencies and
percentages. Analyses were done using SPSS. (version 23.0; IBM Corp, Armonk, NY)
Table 1: Baseline characteristics of participants enrolled in remote follow-up. SD: Standard
deviation. IQR: interquartile range. n/a: not applicable. *At time of enrollment in remote
follow-up.
Gender
Male
Female
Age (years, SD)
Localization
Colon
Rectum
Pathologic stage
I
II
III
Neo-adjuvant therapy
No
Yes
Surgical treatment
Hemicolectomy (left/right)
Sigmoid resection
LAR
APR
Subtotal colectomy
Total exenteration
Ostomy
No
Yes
Adjuvant therapy
No
Yes

N

%

39
27
68 (9)

59.1
40.9
n/a

34
32

51.5
48.5

19
22
25

28.8
33.3
37.9

48
18

72.7
27.3

18
14
18
12
3
1

27.3
21.2
27.3
18.2
4.5
1.5

52
14

78.8
21.2

50
16

75.8
24.2
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3. Results
To date, 66 patients have been followed remotely with a median total follow-up length of
31 months (inter quartile range 23-39) at start of remote follow-up. Baseline characteristics
are demonstrated in Table 1. Two-third of the patients was male and mean age was
68 years. Stage III was most common and many patients (73%) did not receive neoadjuvant or adjuvant therapy. Most patients have undergone a low anterior resection,
hemicolectomy, or sigmoid resection. At start of remote follow-up, 21% of the cohort had
a stoma; primarily patients who underwent an abdominoperineal resection.

4. Discussion and perspectives
Colorectal cancer is a common disease and patient follow-up can be a burden to both
patients and outpatient departments, compromising the ability to see new referrals or
reassess patients. The approach to surveillance after cancer therapy is undergoing a
transformation, with an increased focus on patient needs and preferences. Alternative
methods include telephone follow-up, nurse-led, GP-led and patient-led follow-up. [7-9]
Siddika et al. found that remote surveillance is an effective and cost-effective alternative
to traditional follow-up. [10] In 2017, the FURCA trial evaluating remote follow-up versus
clinical follow-up for curatively treated colorectal cancer patients was launched. [9] Driven
by our ambition to offer patient-centered care, remote follow-up was developed. Its
initiation was funded by health insurance companies. Despite fewer clinical visits, hospital
revenues will therefore be maintained. Initial experiences towards remote follow-up are
predominantly positive. Remote follow-up has several advantages. First, patients do not
have to travel back and forth, sparing time, transportation, parking costs and burden on
informal caregivers. Second, the use of telemedicine improves the mobility and autonomy
of patients.
Patients have reported sufficient information and access to care services as important
conditions for good follow-up. Therefore, clear instructions, together with practical and
accessible service are essential for satisfactory results. We optimized an electronic medical
record application in which patients can review their appointments and test results, and
where they are able to read information, and seek help. Monitoring symptoms is another
important aspect of follow-up. Digital questionnaires exploring clinical symptoms and
functional outcomes are sent to patients around their test moments. Furthermore,
interpretation and good communication of test results are important to ensure safety. In
our remote follow-up plan, risk of missing abnormal results is very low.

8

186 | Chapter 8

On the long-term, patients can expect better outcomes as they might have faster access
to specialists. Outpatient services will be used more efficiently which can also result in
lower health care costs.
Because of privacy and data safety issues, a national electronic patient record system in
the Netherlands has not been implemented yet. Nevertheless, it seems that this will be
a matter of time. Strengthening the infrastructure for telemedicine will allow broader
application of remote follow-up. Then, patients will gain freedom by doing their tests at
site of preference without the current logistic, practical and data transfer issues between
different institutions.
Further evaluation of our remote follow-up plan will yield information about acceptability
of remote follow-up and may stimulate similar approaches in the Netherlands and
internationally.
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Abstract
Introduction: Colorectal cancer (CRC) follow-up has a major impact on outpatient services. The aim
was to examine patient acceptability and costs of a new remote follow-up regimen for patients with
CRC.
Material and methods: All patients with stage I-III CRC and having completed at least one-year
of follow-up at Radboud University Medical Center located in Nijmegen, The Netherlands, were
considered for remote follow-up. Enrolled patients received the EORTC-C30 (Quality of Life, QoL),
Cancer Worry Scale (Fear of Cancer Recurrence, FCR), (e)Health literacy and patient satisfaction
questionnaires. Follow-up use and costs were evaluated.
Results: A total of 118 patients with stage I-III CRC have been followed according to the new
remote follow-up regimen. Median length of follow-up at start of remote follow-up was 34 months
(interquartile range of 24-41) and all patients were sufficiently health literate. Overall satisfaction
towards remote follow-up at 6-and 12-months was rated 7.8 and 7.5 out of 10. Satisfaction with the
online self-management information was rated 8 out of 10. Over a one-year period, QoL remained
high and patients experienced low FCR. More than 70% of the patients self-organized their care,
while the others sought contact by telephone, MyChart or hospital visits. Remote follow-up for the
total cohort led to €22,408 cost-savings over one-year compared to standard hospital follow-up.
Conclusions: Implementation of remote follow-up for patients with stage I-III CRC is feasible,
comes with high patient satisfaction and considerable cost-savings. Short-term results did not show
differences in QoL or FCR during the course of remote follow-up.
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1. Introduction
Long-term survival of patients with colorectal cancer (CRC) has improved significantly
due to earlier and better treatment of the primary tumor and of metastatic disease. (1, 2)
Current 5-year relative survival for patients with stage I, II and III CRC is approximately 95,
90 and 70%, respectively. (3)
After treatment with curative intent, patients are followed to identify, monitor and treat
disease recurrence and complications. Also, psychological support is provided. (4) CRC
follow-up is usually performed according to national guidelines and generally consists of
at least biannual follow-up up to 5 years with carcinoembryonic antigen (CEA) monitoring,
abdominal ultrasound or computed tomography (CT) of the abdomen, and chest X-ray
(in case of rectal cancer). [Appendix 1] The goal, frequency and content of outpatient
visits are a subject to debate in many cancer types, because scheduled out-patient visits
have limited impact on survival. (5) Clinical visits come with costs and are associated
with increased anxiety in patients. (6) Patient organizations, physicians and governments
call for more patient-centered solutions that focus on quality of life (QoL) and patient
satisfaction. A more central role for patients in their follow-up care improves emotional
and social wellbeing and gives them more autonomy and self-efficacy. (7) From both
patient and health care provider perspectives, there is willingness to provide alternative
follow-up. (8) A new remote follow-up plan for curatively treated patients with CRC was
implemented at our university medical center (Radboud University Medical Center,
Nijmegen, The Netherlands) in 2019. (9) Within this new regimen, patients have access
to their test results, are supported and empowered with self-management information,
and have access to telemedicine applications such as video-consultation, text messaging,
and telephone services to contact the hospital. [Appendix 2] Standard outpatient clinical
visits were not prescheduled. Remote follow-up is still a relatively new follow-up strategy,
and little is known about patient reported outcome measures (PROMs). Siddika et al. and
Batehup et al. reported high quality of life and high levels of overall patient satisfaction
towards remote follow-up of patients with CRC in the United Kingdom. (10, 11) Remote
follow-up led to cost-savings(10), however, cultural and geographical differences as well
as financing differences of healthcare systems limit generalization to other countries. Also,
previous studies were of limited value because they use relatively old, heterogeneous
data and not using validated questionnaires. (10, 11)
The aim of this study was therefore to examine patient acceptability and costs of a new
remote follow-up plan for patients with CRC. Information regarding patient reported
outcomes (i.e. QoL, fear of cancer recurrence (FCR)) and patient experiences, as well
as data on safety and costs was analyzed Results from this new regimen are important
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considering the changes of digitalization of outpatient services, fast development and
broader use of E-health applications.

2. Methods
2.1 Study design, data collection and patient selection
Patient eligibility and recruitment criteria for remote follow-up were published previously.
(9) Briefly, all patients with stage I-III CRC having completed surgical treatment with
curative intent, and having completed at least one-year follow-up in our hospital, were
considered for remote follow-up.
The new remote follow-up regimen was implemented in February 2019. From that
moment on, the standard of CRC follow-up care in the Radboud university medical center
was remote follow-up. Only if patients were not eligible to participate in a remote followup plan, they received hospital follow-up. All patients who were eligible and willing at
the time of implementation were included in the study. Patients who were enrolled
upwards of May 2019 intro remote follow-up, were asked to participate in this prospective
evaluation study.
Baseline characteristics of ineligible patients were included in the results section
of this study to provide a comprehensive overview of the follow-up situation after
implementation of the remote follow-up at our university medical center. Apart from
baseline characteristics, no data was collected on ineligible patients.
Ethical approval was obtained from the Medical Ethics Committee of the Radboud
university medical center in May 2019 (Approval number 2019-5440). Consent was
provided orally and recorded in the patient record. Data was updated until July 2020.

2.2 Clinical information and patient reported outcomes
Patients’ sociodemographic and clinical information (age, gender, disease stage, tumor
localization, treatment, stoma, (neo) adjuvant therapies, and comorbidities) were
extracted from patient records. Tumor localization was categorized using the International
Classification of Disease for Oncology (ICD-O) into colon (C18.0-18.9) and rectum (C19.920.9). Disease stage was based on the pathological Tumor Lymph Node Metastasis (TNM)
classification currently used (7th edition).
Questionnaires were sent electronically at baseline, 6- and 12-months follow-up using
Castor EDC (Castor Electronic Data Capture, Ciwit BV, Amsterdam, The Netherlands, 2020).
In addition; all patient contacts through the various channels (i.e. telephone calls, MyChart
(Dutch: MijnRadboud) messages, visits) were recorded and categorized.
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Patient-reported outcomes
Health related-QoL was assessed by using the European Organization for Research
and Treatment of Cancer (EORTC) questionnaire (QLQ-C30). (12) The QLQ-C30 has five
functioning scales (cognitive, role, physical, emotional and social) and one global health/
QoL scale. The section on functioning scales includes 15 questions. Patients could answer
these questions with using a four-point scale reaching from ‘not at all’ to ‘very much’.
The section on global health/QoL contained two questions. These questions could be
answered using a seven-point scale reaching from ‘very poor’ to ‘excellent’. The higher a
patient scored, the better their functioning or global health/QoL. Additionally, questions
were asked regarding nine possible symptoms (fatigue, nausea and vomiting, pain,
dyspnea, insomnia, appetite loss, constipation, diarrhea and financial difficulties). The
higher a patient scored, the higher their symptom burden. All scores from the QLQ-C30
questionnaire were linearly transformed into an outcome between 0 and 100.
The six-item cancer worry scale (CWS-6) is a valid and reliable measure to assess fear
of cancer recurrence (FCR). (13) The six items of the CWS-6 are rated on a four-point Likert
scale. Scores range from 6 to 24. A cut-off score of 12 or higher indicates elevated levels
of FCR.
Health literacy skills were assessed by the Dutch validated 16-item derivative of the
European Health Literacy Survey (HLS-EU) (14, 15) The sum of all items yielded a total
score ranging between 0 and 16, which was then categorized as having inadequate (<9),
limited (9-12) or sufficient (13-16) health literacy.
E-Health literacy (eHL) was assessed by using the validated 21-item Digital Health
Literacy instrument (DHLI). (16) DHLI scores were calculated by averaging the total scores
of all items. A higher DHLI score, represented better eHL.
Patient experiences and satisfaction towards remote follow-up were measured by
a self-administered questionnaire with eight open questions and three multiple choice
questions. Open questions were categorized and grouped. The questions from this
self-administered questionnaire are displayed with the corresponding results in table
3. In addition, information about marital status and educational level was collected.
At baseline, patients had already received their personalized follow-up plan and had
received full information on the remote follow-up, so they could answer questions on the
self-administered survey regarding the new remote follow-up.

2.3 Cost overview
Data from electronic patient files was used to assess the use of health care during the
period between February 2019 and July 2020. The cost of the used care was then assessed
using data from the Dutch Health Authority. (17) A cost overview of the remote follow-up
at our university medical center was provided by examining the following factors: costs
of hospital visits or telephone contacts, self-management information, use healthcare
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service channels and modality costs (CEA, abdominal US, chest X-ray, and CT-thorax/
abdomen).
If included patients would have received regular hospital follow-up, the cost overview
would have looked differently. To provide context to the cost overview of the remote
follow-up, a hypothetical cost overview of regular hospital follow-up was added. This
hypothetical cost overview shows the cost of the CRC follow-up for included patients, had
the remote follow-up not been implemented at our university medical center. To estimate
patients’ personal cost, mean parking costs and mean transportation costs (travel distance,
gas prices) were calculated. Societal costs, such as the patient and a relative not being able
to work during the outpatient clinic visit, were not included in this hypothetical overview.

2.4 Statistical analysis
Baseline characteristics and prevalence rates were presented descriptively. Continuous
variables were depicted as means and standard deviations, and categorical variables
as frequencies and percentages. Differences in baseline characteristics and 12-months
follow-up were examined using chi-square tests and t-tests. Data from open questions,
comments and views were qualitatively analyzed. Analyses were performed using Stata
software (Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC). Twosided analysis with p<0.05 considered significant was used. We adhered to the STROBE
checklist for observational cohort studies. (18)

3. Results
3.1 Baseline patient characteristics
From February 2019 until July 2020, 145 consecutive patients with stage I-III colon or
rectal cancer were seen by the lead author at the outpatient clinic. Twenty-seven patients
were found ineligible for remote follow-up based on the following grounds:
•
•
•
•
•
•
•

Lacking a computer or digital skills, N=9 (33%)
Having abnormal test results, N=6 (22%)
Undergoing treatment for (ongoing) physical symptoms or mental distress, N=6
(22%)
Having cognitive impairment, dementia or mental retardation, N=2 (7%)
Insisting on regular follow-up, N=2 (7%)
Being analphabetic, N=1 (4%)
Otherwise (i.e. participating in clinical trials requiring frequent follow-up visits),
N=1 (4%)
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Table 1: Baseline characteristics of patients in CRC follow-up at our university medical center
between February 2019 and July 2020
N (%) or median Eligible for remote
(interquartile range) follow-up
N=118
Gender
Male 68 (58)
Female 50 (42)
Age at diagnosis 68 (63-74)
Follow-up from diagnosis 34 (24-41)
(months)
Localization
Colon 66 (56)
Rectum 52 (44)
Pathological stage
0 3 (2)
I 36 (31)
II 37 (31)
III 42 (36)
Neo-adjuvant therapy
No 88 (75)
Yes 30 (25)
Surgical treatment
Hemicolectomy 36 (31)
Sigmoid resection 24 (20)
LAR 27 (23)
APR 19 (16)
Subtotal colectomy~ 7 (6)
Total exenteration 5 (4)
Stoma
No 91 (77)
Yes 27 (23)
Adjuvant therapy
Yes 93 (79)
No 25 (21)
Comorbidity
None 27 (23)
1 40 (34)
2 26 (22)
≥3 26 (22)
CEA level (mean SD) 2.6 (1.4)

Ineligible for remote
follow-up
N=27
13 (48)
14 (52)
69 (67-76)
37 (25-45)

19 (70)
8 (30)

P value

.37

.39
.27
.17

.041*
2 (8)
9 (33)
16 (59)
22 (81)
5 (19)
15 (56)
3 (11)
3 (11)
3 (11)
2 (7
1 (4)
22 (81)
5 (19)
17 (63)
10 (37)
2 (7)
4 (15)
3 (11)
18 (67)
3.8 (2.9)

.45

.23

.62

.08

<.001*

<.001*

Note: ‘~’ Also includes proctocolectomy with definitive ileostomy (N=2). CEA is expressed as ug/l. Statistically
significant (by chi square test) results were labeled with a *.
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Ineligible patients had significantly more advanced disease stage, a higher number of
comorbidities and higher baseline CEA. [Table 1]
Up to July 2020, the remaining 118 patients have been followed remotely after a
median follow-up length of 34 months ((interquartile range (IQR) of 24-41) at start of
remote follow-up. [Table 1] More than half of the patients were male and mean age at
diagnosis was 68 years (IQR 63-74). At start of remote follow-up, 23% of the cohort had a
stoma. These were mainly patients who underwent an abdominoperineal resection. The
majority (57%) of the patients had less than two comorbidities besides cancer. Mean CEA
level at the start of remote follow-up was 2.6 ± 1.4 ug/l. Most patients lived with a partner
(69%). The majority was in possession of a secondary education diploma (78%). Almost all
patients had sufficient health literacy (92%) and mean digital health literacy was 57.8 on
a scale of 21 to 84.

3.2 Health-related QoL, FCR and patient satisfaction
Mean global health/QoL of remote follow-up patients was scored with 81±22 at baseline.
[Table 2] On a scale of 0 to 100, predominantly reported symptoms were fatigue (19.2),
insomnia (15.4) and diarrhea (10.3). Mean cancer worry score at baseline was 8.4±2.4 on a
scale of 6 to 24. Of all patients, 13, 15 and 13% had elevated FCR levels at baseline, 6 and
12 months, respectively. Function and symptom scales of the EORTC-C30, as well as FCR,
did not differ between baseline, 6- and 12-months. At baseline, overall patient satisfaction
was scored 8.0 on a scale of 0 to 10. [Table 3]
Satisfaction towards delivered care and self-management was scored 8.4 and 7.9,
respectively, on a scale of 0 to 10. Of all patients starting with remote follow-up, 83%
reported their health status as good, very good or excellent. Overall patient satisfaction
at 6 and 12 months was scored 7.8 and 7.5 out of 10, respectively. After one year of
remote follow-up, patients reported the following advantages: less visits to the hospital,
saving time and costs (27%), convenience and efficiency (16%), and access to care and
enhanced communication (2%). Loss of personal contact and less interactive care (29%),
and increased threshold to seek contact (4%), were seen as main disadvantages of the
new remote follow-up plan after one year.
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Table 2: HR-quality of life and FCR among patients in remote follow-up.
N (%) or mean (SD) Baseline
(T0)
N=52
Functional scales EORTC QLQ-C30
Global health/QoL 81.0 (22.3)
Emotional functioning 88.9 (14.8)
Social functioning 95.5 (10.0)
Cognitive functioning 88.8 (17.7)
Role functioning 87.8 (19.8)
Physical functioning 87.4 (14.9)
Symptom scales EORTC QLQ-C30
Fatigue 19.2 (18.0)
Nausea and vomiting 0.3 (2.3)
Pain 9.6 (18.2)
Dyspnea 10.3 (19.3)
Insomnia 15.4 (23.3)
Appetite loss 2.6 (9.0)
Constipation 8.3 (17.3)
Diarrhea 10.9 (22.6)
Financial difficulties 2.6 (11.1)
Cancer worry scale CWS-6 8.4 (2.4)

6-months
(T1)
N=86

12-months
(T2)
N=48

Baseline vs.
12-months
P value

81.0 (15.4)
84.5 (15.9)
91.7 (17.5)
89.3 (16.2)
86.0 (21.5)
86.7 (17.5)

79.7 (17.6)
82.5 (19.1)
92.0 (16.8)
88.9 (16.2)
88.5 (20.7)
88.1 (18.3)

.67
.06
.19
.97
.91
.91

18.1 (18.4)
1.9 (8.3)
14.3 (23.3)
11.6 (23.3)
19.8 (26.3)
3.1 (11.0)
8.1 (16.1)
10.9 (22.6)
3.9 (14.8)
9.2 (2.4)

18.3 (22.2)
1.7 (5.1)
7.6 (16.8)
9.7 (16.8)
18.1 (24.8)
2.8 (11.6)
9.0 (17.9)
7.6 (19.7)
6.3 (24.5)
8.9 (2.5)

.89
.07
.63
.93
.53
.90
.80
.47
.32
.40

Note: SD: standard deviation. No statistically significant differences were found.

3.3 Service use and participation rate
After 12 months, three patients had abnormal test results. [Figure 1, Appendix 3] Two of
them were treated curatively for a lung metastasis and pelvic recurrence, respectively.
Both are being followed in a more intensive follow-up plan. The third patient developed
multiple lung metastases and is being treated palliatively. The vast majority of patients did
not seek contact at 6 and 12 months of follow-up (70 and 84%, respectively). At 6 and 12
months of follow-up, patients sought contact by telephone (19 and 7%), through MyChart
messaging (8 and 5%) or by making physical appointments (3 and 5%). Active participation
rates were 99, 93 and 89% at baseline, 6 and 12 months of follow-up, respectively.
Of note here is that about 30 to 50 patients received their follow-up tests with a delay of
six to eight weeks due to the sudden COVID-19 pandemic of early March 2020. Follow-up
was continued at the end of May 2020.
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Table 3: Patient related experience measures of patients enrolled in remote follow-up taken
from the self-administered questionnaire.
Measures (% or mean (SD)) Baseline 6-months 12-months
N=86
N=48
N=52
How do you value the delivered care regarding your QoL on a scale 8.4 (0.9)
8.0 (1.2)
7.6 (1.5)
of 0-10?
How likely would you recommend this hospital to other patients 8.7 (1.2)
8.8 (1.2)
8.9 (1.1)
with cancer on a scale of 0-10?
Overall patient satisfaction with remote follow-up on a scale of 8.0 (1.1)
7.8 (1.1)
7.5 (1.3)
0-10?
Satisfaction towards self-management content on a scale of 0-10? 7.9 (1.1)
8.0 (1.0)
7.9 (1.0)
What is the status of your health?
Excellent 6 (12)
5 (6)
3 (6)
Very good 7 (13)
27 (31)
15 (31)
Good 32 (62)
42 (49)
22 (46)
Moderate
4 (8)
10 (12)
6 (13)
Bad
1 (2)
1 (1)
0 (0)
Missing
2 (4)
1 (1)
2 (4)
What are the advantages of remote follow-up?
Less visits to the hospital, saving time and costs 22 (42)
26 (30)
13 (27)
Convenience and efficiency 10 (19)
23 (27)
16 (33)
Access to care and enhanced communication 5 (10)
5 (6)
1 (2)
Improved self-efficacy
1 (2)
2 (2)
0 (0)
None
0 (0)
4 (5)
0 (0)
No opinion 7 (13)
18 (21)
12 (25)
Other~
1 (2)
4 (4)
2 (4)
Missing 6 (12)
4 (4)
4 (8)
Where would you like to complement your hospital for?
Overall good health service 32 (62)
42 (49)
23 (48)
Communication 5 (10)
3 (4)
2 (4)
Attention and involvement towards patients 5 (10)
20 (23)
14 (29)
Accessibility and patient navigation
3 (6)
12 (14)
5 (10)
No opinion
1 (2)
6 (7)
0 (0)
Missing 6 (12)
3 (4)
4 (8)
What are disadvantages of remote follow-up?
None 18 (35)
36 (42)
10 (21)
Loss of personal contact, less interactive 7 (13)
21 (24)
14 (29)
Increased anxiety and worries
3 (6)
3 (3)
0 (0)
Increased threshold to seek contact
1 (2)
1 (1)
2 (4)
No opinion 16 (31)
15 (17)
15 (31)
Other~
1 (2)
5 (6)
3 (6)
Missing 6 (12)
5 (6)
4 (8)
What would you see improved in your hospital?
Nothing 17 (33)
31 (36)
17 (35)
Waiting times, logistics and consultation time 9 (17)
22 (27)
8 (17)
Navigation and parking
3 (6)
5 (6)
2 (4)
Visibility of MyChart and Online content
1 (2)
3 (3)
0 (0)
Other~
1 (2)
3 (3)
0 (0)
No opinion 15 (29)
21 (24)
18 (37)
Missing 6 (12)
1 (1)
3 (6)
Note: SD: standard deviation. QoL: Quality of life. ~ i.e. fill in (standard) questionnaires around visits, data can
be used for comparison with other hospitals, Life style advise. Percentages do not add up to 100 because of
rounding up.
Missing observations: baseline (2), 6 months (3), 12 months (4).
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Figure 1: Flow diagram of patients enrolled in remote follow-up and those participating in the
evaluation study. RR: response rate.

Note: Evaluation study was started later than remote follow-up plan, therefore the numbers participating at the
baseline PROM measures are lower. * End of remote follow-up because of elevated CEA levels and detection of
lung metastases (2) and pelvic local recurrence (1)

3.4 Cost overview
Table 4 shows the costs of the remote follow-up at our university medical center between
February 2019 and July 2020. It is presented next to the hypothetical costs of when the
remote follow-up had not been implemented. Remote follow-up for the total cohort of 118
patients led to € 22,408 cost-savings over a one-year period compared to the hypothetical
situation in which no remote follow-up was implemented. [Table 4]
Table 4: Costs (€) related to one-year remote follow-up shown besides hypothetical costs if
remote follow-up had not been implemented.

Modalities
CEA
US
Chest-X ray
CT-thorax/abdomen
Contacts
Physical appointment
Telephone appointment
MyChart
No contact (completely remote)
Transportation & parking
Parking for 1.5 hours
Transport
Total costs
Cost-savings in favor of remote follow-up

Remote follow-up
(actual situation)
Total number Costs
161
1,288
79
7,347
36
1,584
8
3,112

Standard follow-up
(hypothetical situation)
Total number Costs
161
1,288
79
7,347
36
1,584
8
3,112

5
24
11
121

975
480
0
0

107
54*

5
5
14,880
22,408

27.0
67.0

107
107
37,288

20,865
1,080

9
578
1,434

Note: 1-year follow-up comprised two follow-up moments. Physical appointment: €195, telephone appointment:
€20, CEA: €8, US: €93, Chest X-ray: €44, CT thorax/abdomen: €389. Source: Dutch Healthcare Authority.
*Assuming two-third of CEA only results are communicated via telephone appointment.
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5. Discussion
Various clinicians, policymakers and branches undertake attempts to minimize healthcare
and hospital-related costs without compromising high-quality care and patient
satisfaction. The present study evaluated the acceptability and costs of a novel remote
follow-up plan. Patient satisfaction and experiences, health-related QoL and FCR as well
as healthcare use were predominantly positive. Patients reported high patient satisfaction
towards the received remote follow-up care and health-related QoL was equally high as
at baseline. Patients were highly satisfied with the Online self-management content and
valued the delivered care.
Although there is no direct relationship between patients‘ health status and satisfaction,
there seems to be a positive association between ratings of patient care and patient
satisfaction in oncology practice. (19) Possibly, high patient satisfaction, together with
information provision, could have a positive influence on adherence to the follow-up care
plan. (19) On the other hand, our patient selection facilitated the inclusion of low-risk, fit
and adequate patients in remote follow-up. This could also explain the higher QoL and
patient satisfaction. The remote follow-up plan itself and the self-management it offers for
patients were also well perceived. Not having to go to the hospital, time and money savings,
and the convenience of the remote follow-up are considered as advantages of the remote
follow-up by patients. Whereas many patients see no disadvantages to remote follow-up,
loss of personal contact was reported as main shortcoming of the newly implemented
system. Patient friendly self-management information can empower patients, especially
when it includes psychosocial elements (8). The more accessible manner of delivering care
combined with more approachable physicians and nurse practitioners through E-health
applications are other possible explanations.
This study showed equally high levels of self-reported health-related QoL as
previously reported other remote CRC follow-up studies (10, 11). There was no decline
in self-reported health-related QoL after implementation of remote follow-up. Although
health-related QoL of patients with CRC returns to pre-operative levels after as soon as
one year (20), FCR remains an issue in some patients. (21) No studies regarding FCR in the
remote setting had been conducted previously. Mean FCR levels remained low during our
remote follow-up and the proportion of patients with elevated FCR remained stable at
baseline, 6 and 12 months (13 vs. 15 vs. 13%). A possible explanation for the relatively low
FCR could be the absence of appointments with health professionals, as this is a known
trigger for FCR. (21) Patient friendly self-management information and approachable care
might be other factors contributing to the relatively low FCR levels. (8, 22)
The vast majority of patients (70-84%) did not seek contact with their hospital
physician after receiving their test results, whereas they would normally discuss these
results during a physical appointment. Active participation rates were monitored by the
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treating physician and remained high. When contacting their hospital physician, patients
preferred telephone conversations. No video conversations were performed despite
seemingly equivalent patient satisfaction rates compared to physical appointments. (23)
Remote follow-up shows great cost-saving potential, as it decreased the total cost of CRC
follow-up at our university medical center by an estimated two-third. The extent of the
cost-saving has been calculated with some necessary assumptions, thus future research
should clarify the cost-savings of remote follow-up for curatively treated CRC patients to a
further extent. The extent of cost-reduction may be little overestimated since we did not
have information about healthcare use in the primary care setting. It might be possible
that some patients consulted their family physician and that could be of influence on
the total costs. The initiation and development of remote follow-up in our hospital was
funded by health insurance companies. Despite fewer clinical visits, hospital revenues
were maintained in order to assess effectivity of the follow-up plan. Initiatives elsewhere
should consider start-up costs related to developing self-management information,
logistics, applications or personnel. (11) Still, the cost-savings outweigh these costs and
our study noticeably shows that remote follow-up comes with less costs than regular
follow-up.
Another advantage of remote follow-up is that it incorporated great potential
for providing continued care during harsh periods such as the COVID-19 coronavirus
pandemic. Remote follow-up accelerated the restart of standard follow-up in our center
and shortened the waiting lists. It also gained (regional) popularity as other hospitals were
interested to implement remote follow-up in their practice.
The introduction of this novel remote follow-up care plan came with several noteworthy
challenges, as few examples existed to take notice of. Some patients forgot to get their
blood drawn for CEA testing. A possible explanation could be that patients who were
familiar with physical follow-up associated their upcoming physical appointment with
getting their blood drawn, but have not gotten used to the self-dependence of getting
their blood drawn independently of an appointment. Reminding patients to get their
blood drawn, combined with emphasizing the importance of it, could help to decrease
the amount of missing CEA levels. During the course of this study there was a transition
going on from written reminders and appointment letters to digitalized communication.
Some patients expected letters reminding them of their upcoming follow-up test.
Implementing the remote follow-up plan into the digital systems of the university medical
center was another challenge. As there is not an national electronic patient record yet,
synchronization of CEA levels determined outside of our university medical center was
not a possible. These values had to be extracted from medical letters, which harmed the
workflow. Further development and integration of the digital systems used in follow-up
care are needed to further increase productivity.
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As patients nowadays are becoming more independent, the demand for involvement in
their own care rises. This development, combined with the rapid digitalization of medicine,
opens the door for patient-led care. The implementation of eHealth apps could play a
major role herein. This study’s predominately positive outcomes provide hold for possible
upcoming transitions towards remote follow-up for CRC, and possibly other cancers as
well. The evident cost-savings remote follow-up offers could also help to circumscribe
the increasing healthcare costs. Large cluster randomized trials or randomized controlled
trials are needed to further study the effects of this new follow-up regimen and draw
definite conclusion on the acceptability and cost-effectiveness of remote follow-up. (24)
A major strength of this study is the comprehensive evaluation of a patient-centered,
remote follow-up plan it offers. Patient satisfaction, experiences, HR-QoL and FCR, as well
as healthcare use and costs were examined. This has not been reported as such previously.
Nonetheless, the study has some limitations. First, this study only provides short-term
results. Long-term results are needed to examine whether the promising initial outcomes
regarding effectivity and acceptability of remote follow-up hold on the long-term.
Second, most patients enrolled in remote follow-up after already having received hospital
follow-up for two to three years. Since the follow-up guidelines are more intensive in the
first two years postoperatively, it would be interesting to study whether our outcomes
would change when incorporating patients sooner after primary treatment. Third, the
remote follow-up plan was only implemented at our university medical center. This limits
the generalizability of the study. Lastly, results were not based on individual patients but
rather on a (homogenous) group level.
In conclusion, remote follow-up is still an uncommon way of delivering oncological
follow-up care. Loss of personal contact and an increased threshold to seek care are feared
by physicians and patients not being familiar with the principles of remote follow-up. (8)
Disadvantages of standard follow-up, such as time and cost of travel or the increasing
workload for physicians and nurses, are easily forgotten in this discussion. The present
study shows that the implementation of a remote follow-up plan comes with high cost
savings, while not sacrificing quality of life or increasing the fear of cancer recurrence.
Therefore, a transition from standard hospital follow-up towards remote follow-up care
could help to minimize costs without compromising the quality of health care. This study
supports the further implementation of remote follow-up in colorectal oncology practices.
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Appendix 1: Follow-up schedule for patients with stage I-III colorectal cancer in the
Netherlands.
Short outline of the Dutch guidelines
FU guidelines: Latest updated in 2014, the Dutch colorectal cancer guidelines recommend a half-yearly outpatient
clinic visit for 2-3 years postoperative and yearly hereafter up to 5 years. CEA measuring is recommended 3-6
monthly up to 3 years and half-yearly hereafter. Furthermore, abdominal ultrasound, CT-abdomen and chest
X-ray (rectal cancer only) are recommended every half-year up to three years and yearly hereafter. The Dutch
Colonoscopy Surveillance guideline recommends colonoscopy at 1, 3- and 5-years post-operative. In case of
incomplete pre-operative colonoscopy, this should be done within 3 months postoperatively.
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Appendix 2: Example of a patient-friendly abdominal ultrasound (US) test result.
Relevant medical history: Status after sigmoid resection (pT3N0). Currently taking part in efollow-up for
colorectal carcinoma; hence the patient reads and interprets these results through MyChart.
Question: Any sign of liver metastases? Please formulate your conclusions patient friendly.
Findings of your abdominal US
Organ
		Answers			
Comments
Pancreas			Hyperechoic		
Liver parenchyma 		
Steatosis			
Two known cysts
Direction of portal flow
Hepatopetal
Gall bladder					
Gall has been removed
Common bile duct		
Normal
Right kidney length (cm)
11
Right calyx/pelvis		
No abnormalities
Left kidney length (cm)
10,8
10,8		
Shows a cyst
Left calyx/pelvis 		
No abnormalities
Spleen length (cm)		
12,5
Aorta			Aneurysm
Conclusions
Dear sir,
We did not find any signs of cancer spread (metastasis) in the liver during ultrasound examination.
We found some abnormalities though, but these were present on the last ultrasound as well and are no reason
for worrying:
- A ‘white’ liver, which indicates a fatty liver;
- Cysts (vesicles filled with fluid) in the liver;
- The cyst in the pancreas seen on your earlier examinations was not seen on this ultrasound;
- Aneurysm of the aorta of around 39 mm (Last ultrasound: 35 mm).
Yours sincerely,
Mr. X, radiologist
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Appendix 3: Overview of tests, contact moments and participation rate of patients enrolled
in remote follow-up.
N (%) or mean (SD)
Modalities
CEA level
Abdominal US
Normal
Abnormal
Chest X-ray
Normal
Abnormal
CT-thorax/abdomen
Normal
Abnormal
Contacts
No contact (completely remote)
Telephone appointment
Physical appointment
MyChart contact
Video-consultation
Participation
Active participation rate* (%)

Baseline
N=118

6-months
N=105

12-months
N=56

2.6 (1.4)

2.5 (1.4)

2.3 (1.5)

68 (100)
0 (0)

50 (98)
1 (2)

28 (100)
0 (0)

30 (97)
1 (3)

19 (95)
1 (5)

16 (100)
0 (0)

11 (92)
1 (8)

4 (57)
3 (43)

1 (100)
0 (0)

118 (100%)

74 (70)
20 (19)
3 (3)
8 (8)
0 (0)

47 (84)
4 (7)
2 (4)
3 (5)
0 (0)

99

93

89

Note: *Accessed the online content on MyChart. ˜ Contact my regular email or through contact of other health
care providers.
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Survival outcomes of patients with CRC improved during the last decades, primarily due
to earlier diagnosis and better treatment of the primary tumor and of metastatic disease.
(2, 3) This has resulted in more CRC survivors requiring follow-up and comes with a rise of
total health care costs. Governments and ministries will likely try to economize on these
growing health care related costs. Pressure on health services also might compromise the
ability to see new referrals or reassess patients. (4) There are not only financial incentives
for investigating alternative, cost-effective follow-up. An important trend driving further
attempts to improve CRC follow-up is the call for patient-centered care. Patients would
like to be involved more into their follow-up care. (4, 5) In consequence of changes such
as earlier diagnosis through screening programs and minimal invasive treatments, the
growing CRC survivor population nowadays is younger and wants to rehabilitate faster.
(2) Further optimization and improvements are warranted to provide and maintain highquality follow-up care.

Prognostic information: Importance of communicating specific and understandable
survival outcomes
The increasing number of CRC survivors require information on their survival prospects
and life expectancy. Communicating such information can be challenging, because
patients often find it difficult to understand probabilities. Survival estimates of patients
with cancer based on data collected by population-based cancer registries are commonly
determined using relative survival or overall survival measures, with survival reported as
a function of time since diagnosis. Due to postoperative, in hospital and up to 90-day
mortality, excess mortality resulting from CRC is highest in the first year after diagnosis,
especially in the geriatric population. (6, 7) Thus, published estimates of survival provide
an overly pessimistic prognosis for patients who have survived an initial period after
treatment. Alternative approaches to report patient survival, such as conditional survival,
cure models, and loss in expectation of life (LEL) have recently been applied in the field of
CRC. (7-11) In two population-based studies based on the nationwide Netherlands Cancer
Registry (Chapters 2-3), specific estimates of relative survival, conditional survival, cure
proportions, time-to-cure and loss in expectation of life due to diagnosis of CRC in the
Netherlands were presented. (12, 13)
According to the study about conditional survival (Chapter 2), five-year relative survival
as well as conditional survival improved substantially over the years. (12) The increments
were highest in more advanced disease stages. Outcomes of patients with colon cancer
were better compared to those with rectal cancer. In general, cure proportions have
increased substantially over the past two decades, illustrating improved survival and cure
after CRC surgery. Moreover, median survival of the metastatic (stage IV) population has
also increased. Reasons for this could be decreased all-cause mortality due to repetitive
resection (i.e., metastasectomy such as liver surgery), systemic treatment and possibly
improved supportive care services (i.e., palliative care). (14) In line with the ameliorated
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survival of patients with non-metastasized CRC, broader performance of treatment
strategies for patients with metastasized disease led to better survival. For instance,
selected patients can be (repetitively) treated with surgical resection, radiotherapy or
ablation of metastases as well as combinations with systemic therapy. (15, 16)
Loss in expectation of life expectancy (LEL) in patients with CRC decreased over the
years, and the decline was highest in more advanced disease stages. (Chapter 3) (17)
Similar decreasing LEL were reported previously in the literature. (7, 26-28) Compared
to traditional 5-year relative or overall survival, LEL is a more intuitive measure that
can be easily interpreted and communicated to patients. (18) LEL can be a meaningful
lifetime measure to understand how much cancer affects the patient’s future lifespan.
(19, 20) Above results demonstrate a continuous improvement of CRC care. In an era
of multidisciplinary treatment strategies and emphasis on shared-decision making, the
results of the above mentioned two studies provide recent, meaningful and clinically
relevant survival outcome information that can be used during outpatient appointments.
Also, physicians and policy-makers are reassured of the positive effect of their efforts and
attempts to improve CRC care.

Disease recurrence: Who is at risk?
A major threat to patient survival and quality of life is recurrence of the disease. In a recent
and large population-based study using recurrence information of patients diagnosed
with stage I-III CRC in 2015 (Chapter 4), the cumulative incidence (CI) of recurrence was
studied and the pattern and distribution of metachronous metastases were determined.
(21) The 3-year CI of recurrence for stage I, II and III right-sided and left-sided colon cancer
was 0.03 vs. 0.03, 0.12 vs. 0.16 and 0.31 vs 0.24, respectively. The 3-year CI of recurrence
for stage I, II and III rectal cancer was 0.08, 0.24 and 0.38. The 3-year CI of recurrences
were lower than in the literature and anatomical sublocations of CRC seemed to influence
the metastatic pattern and risk of recurrence considerably. The findings of this and other
studies may have implications for clinical practice. First, First, these data can be used as
indicators of CRC prognosis in the Netherlands and other (Western) countries with similar
healthcare systems. Second, results of this study can be used to help inform patients
about their risk of developing recurrences. Although based on this study we cannot tailor
follow-up frequency and length, the data may be used to provide up-to-date stage- and
tumor site–specific information regarding recurrence risk. Together with the patients’
health status and wishes, accurate shared decision-making can be facilitated. Patients
with stage I colon cancer in our cohort had a CI of recurrence of 0.03 at 3 years followup. Considering the excellent 5-year conditional relative survival of patients with stage I
colon cancer (Chapter 2) , this low-risk patient group could be eligible for less-intensive,
personalized follow-up. (12)
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Follow-up care use and patient needs; consultation of health care professionals
According to our study regarding follow-up care utilization and guideline adherence
(Chapter 6) among 2,450 patients with stage I-III CRC that had undergone endoscopic or
surgical treatment with curative intent between 2000-2009 and completed questionnaires
in 2010, most CRC survivors received some form of follow-up care. Although patients
were predominantly followed according to guidelines, substantial variation in follow-up
practice existed, with both under and overuse of care. Advanced disease stage, receipt
of chemotherapy, low socioeconomic status, the presence of a stoma, and fatigue were
factors associated with overuse of follow-up care. Comparable studies conducted among
endometrial cancer and lymphoma survivors found living alone, higher levels of worry
and distress, and increased number of comorbid conditions as correlates of more health
care use. (16, 29, 30)
Another, smaller group, received less follow-up visits than recommended. In our study,
we did not study the factors associated with underuse of care. However, literature
demonstrated older age and lower levels of unmet needs to be predictors for less followup-care utilization. (22)
The results of this study (Chapter 6) suggest that more intensive follow-up practice is
rather common in the Netherlands, despite limited evidence for intensive follow-up
schedules. (4, 8) Comparable results regarding variation in follow-up practice and overuse
are reported in the literature. (5, 29, 30) Most patients were comfortable with their current
follow-up schedule. A reasonable number of patients more than 5 years in follow-up
felt less comfortable in comparison with patients in less years in follow-up, and these
patients preferred no follow-up care at all. From clinical experience it is known that a
percentage of patients desires longer follow-up than recommendation, even when they
are symptom free or do not have any sign of recurrence. This group of patients seeks
continuing (positive) reassurance by the medical specialist or GP. Better information
provision, shared-decision making, and tailored counseling regarding length of follow-up
is needed to reduce overuse within this group of patients. (30) At the same time, a smaller,
but significant percentage received less than recommended follow-up care. Access to
care, time and adequate follow-up care, among other factors, are required for addressing
and meeting patient needs. (33)
According to a survey among colorectal cancer surgeons in 2018 in the Netherlands
about follow-up care practice (Chapter 5), reported adherence to minimal guideline
recommendations was high (99%). This meant biannual clinical visits, CEA sampling and
abdominal ultrasound during the first follow-up year. It was interesting to note that there
was variation in content and frequency of follow-up modalities. Around 61% and 78%
of the surgeons performed a more intensive regimen, consisting of four clinical visits
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and CEA tests, and a smaller percentage of 11% of the participants performed a CT-scan
instead of abdominal US. (23) The variation in follow-up care utilization observed between
surgeons and hospitals may be explained by the following reasons. First, Dutch national
guidelines were not stringent and allow broad interpretations. Second, regional and
local protocols can differ. These protocols are derived from national guidelines, but can
be formulated differently based upon different interpretation of evidence, local practice
and availability and expertise of physicians. Another factor contributing to the variation
in follow-up intensity could be additional care for additional care for metastatic disease.
Approximately 20% of stage I-III CRC survivors develop recurrent disease during the initial
5 years post-treatment. (31) Also, more intensive follow-up at the outpatient clinic could
consist of additional or supportive care for long-term consequences of CRC treatment
such as neuropathy, anxiety, depression, fatigue, or stoma-related care. Our survey study
(Chapter 5) was therefore limited by the lack of information about recurrences and
supportive care use.

Symptom burden during follow-up
Besides risk-stratification by recurrence risk (Chapter 4), information about symptom
burden is required to stratify patients who might need more intensive monitoring,
treatment or supportive care. In a large-scale nationwide cohort study (Chapter 7), we
found that the vast majority of CRC patients did well and reported high scores on functional
QoL scales and their scores were comparable to the normative population by 12-months of
follow-up. These patients appear to be suitable for a more flexible and dynamic follow-up
mode that differs from the traditional hospital-based follow-up. Perhaps, a less intensive,
remote follow-up plan (Chapter 8-9) would suffice for them. However, our study described
in Chapter 7 also revealed a vulnerable patient group of approximately 13% who reported
either low, not improving QoL or high levels of psychological distress throughout
24-months follow-up. Female patients, patients with younger age, lower educational level,
disease stage II-III and major LARS were at risk for belonging to this patient group. Early
pre and postoperative screening on these factors may identify these vulnerable patients
and they should be counselled for personalized (tailored) follow-up, with potentially more
frequent contact (face-to-face/remote), support by case-manager or nurse or referral to
supportive care specialists (i.e. psychologists and/or physical therapists).

Setting, manner and provider of CRC follow-up
Studies included in our review on physician and patient perspectives towards setting,
manner and provider of follow-up (Chapter 10) (1), have reported regarding CRC patient
follow-up in the hospital, primary care and home setting [Table 1]. Hospital-based followup has been provided by both physicians as well as nurses. Physicians primarily performing
CRC cancer follow-up included surgeons, medical oncologists, and gastroenterologists.
[Figure 1] In many countries, nurse practitioners (NPs) or specialized nurses are primarily

General discussion and future perspectives

| 217

responsible for hospital-based follow-up. Studies have also investigated follow-up in
the primary care setting, wherein follow-up was provided by general practitioners (also
primary care physicians) or nurses. According to our survey among colorectal cancer
surgeons in the Netherlands about follow-up care practice (Chapter 5), CRC follow-up is
primarily performed by surgeons. The vast majority agreed that follow-up can be done
by specialized nurses, although in daily practice only 10% of the follow-up was done by
nurses. Although most hospital- or primary care-based follow-up care requires patients to
visit the clinic, telephone-based care has proven to be a feasible alternative for traditional
clinical follow-up. In the literature, telephone-based follow-up by nurses is most common.
Due to the growing number of CRC survivors and the digitalization of healthcare services,
alternative settings of follow-up have been examined. Remote follow-up, that allows
the patient to remain at home, is an example of such an alternative setting. Patient care
can be provided through either telephone follow-up or technology aided follow-up by
electronic patient records (i.e. MyChart, applications, video-consultations, or e-mailing).
The use of or addition of so-called dedicated survivorship care plans (SCPs) to follow-up
care, aiming to empower cancer patients has been studied in countries as Australia, New
Zealand, and the United States. These studies show predominantly positive results of the
addition of SCPs. Although experiences with SCPs in CRC follow-up were predominantly
positive, use of SCPs in gynecological cancers was associated with increased anxiety and
an overall negative impact on QoL. (24-26) Besides the setting and provider of follow-up,
the manner of follow-up differs across the world. To cover large geographical distances,
reduce health care costs, or to comply with patient-friendly care and to avoid unnecessary
clinical visits, alternative follow-up strategies have been implemented. These strategies
include telephone follow-up or patient-led follow-up. Self-management, survivorship
care plans, and self-referral play an important role in patient-led follow-up.
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Table 1: Randomized controlled trials (N=8) regarding optimal setting and manner of followup. QoL: quality of life; GP: general practitioner; SCP: survivor care plan; UC: usual care.
Author,
year
Wattchow,
2006

Country

Study
Setting
population
N=203
Hospital
vs.
primary
care

Manner

Strand,
2010

Sweden

N=110

Hospital

Visits

Beaver,
2012

UK

N=65

Hospital Telephone
vs. home vs. visits

Nurse

Augestad,
2013

Norway

N=110

Visits

Surgeon
vs. GP

Jefford,
2016

Australia

N=221

Hospital
vs.
primary
care
Hospital

Telephone
vs. visits

Nurse

Hovdenak,
2017
ongoing
Jefford,
2017
ongoing

Denmark

N/A

Hospital Technology Nurse
vs. home vs. visits

Australia

N/A

Primary
care

Visits

GP

Perfors,
2018
ongoing

Netherlands N/A

Primary
care

Visits

GP &
nurse

Australia

N/A: not applicable

Visits

Provider Outcome
measures
Surgeon QoL
vs. GP
Anxiety &
depression

Surgeon
vs. nurse

Satisfaction
Satisfaction
Costs
Safety
Needs
Satisfaction
Costeffectiveness
QoL
Costeffectiveness
Distress
Needs
QoL
Symptom
burden
QoL
QoL
Satisfaction
Needs
Continuity of
care
Costeffectiveness
Satisfaction
Costeffectiveness

Conclusion
No differences
in outcomes

No differences
in satisfaction
and safety
Telephone
follow-up is
feasible
GP-led follow-up
was associated
with no decline
in QoL
No benefit of
the addition of
SCPs to UC
N/A

N/A

N/A
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Figure 1: Overview of setting, manner, and provider of follow-up for patients with colorectal
cancer.

Patient and health care provider perspectives towards setting, manner and provider
of follow-up
Overall, patients and health care providers viewed follow-up generally as valuable. (1)
Hospital-based follow-up performed by the medical specialist or NPs was most commonly
performed and was highly preferred by patients and health care providers. [Figure 2]
Specialist-led follow-up was mostly preferred by patients and health care providers due to
its efficiency and the specialized knowledge of medical specialists. GP-led and nurse-led
follow-up in the primary care setting were both more cost-effective ways of conducting
follow-up. Nurse-led follow-up had similar patient satisfaction rates compared to specialistled follow-up and GP-led follow-up offered a great variety of advantages compared to
hospital-based follow-up. These advantages included unsolicited contact by GPs, more
emphasis on psychosocial problems, easy access to care and continuity of care. On the
contrary, GPs and nurses were considered to have less specialized knowledge. Remote
follow-up (e.g. patient-led) was an even more cost-effective alternative to conduct followup and could improve patient enhancement in their own care. Loss of personal contact
with the health care provider was seen as a disadvantage of remote follow-up. Previous
studies have explored the potential of alternative ways to conduct cancer follow-up.
Davies and colleagues reviewed all studies and initiatives taken towards patient centered
follow-up care in the UK for various types of cancer up. (4) They found a shift towards
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patient empowerment through individualized and educative programs during follow-up
of patients with breast, urological, lung and colorectal cancer. In addition, they emphasized
the central role of NPs in providing supportive care. Moreover, there was already a move
towards telephone-based or technology-based follow-up. Another review of Berian and
colleagues examined patient perspectives regarding follow-up setting. (5) The authors
found that patient perceptions towards follow-up were mainly positive, but that further
improvements in satisfying unmet needs and providing psychosocial support are needed.
These factors, among others, are important targets for further improvements in follow-up
care delivery. Even tough specialist-led follow-up was preferred in five studies, patients
demonstrated willingness to have alternative follow-up care by NPs or GPs in nine studies.
The latter providers were better in satisfying care needs and providing psychosocial
support, while the medical specialist was praised for thorough specialized knowledge
and skills that might satisfy certain disease specific care and information needs. Further
improvements in communication, information provision and a more dynamic approach
on follow-up care delivery might satisfy more needs without compromising quality of
care.
Another important aspect during follow-up is the coordination of care between
health care providers. Patients valued the length of patient-physician relationship, the
information exchange, the affective behavior of the physician and their knowledge of the
patient. They understated the importance of promoting patient centered communication
and coordination, health promotion discussions and treating patients holistically.
Although transition of CRC follow-up between providers is complex and variable, patients
followed by GPs evaluate their transition of care after treatment as favorably. According
to GPs, transition between hospital and primary care based follow-up care could be
facilitated by using strict protocols. Most of them felt that items assisting them in assuming
responsibility for follow-up care included patient-specific letters from the specialist,
guidelines, expedited routes of re-referral, and access to tests for suspected recurrent
disease. Other GPs emphasized the potential of oncology meetings to fulfill the need
for information and communication. These represented periodic meetings with hospital
specialists in which patients, their treatment and survivorship care were discussed. (27)
Close cooperation between GPs and oncology specialists appears to be an essential factor
for GPs to value GP-led survivorship care positively.
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Figure 2: Valued and less valued (red) characteristics of health care providers, according to
patients. GP: general practitioner. Medical specialist included oncologists, surgeons and
gastroenterologists.

Future perspectives and implications for clinical practice
The introduction of more patients into CRC follow-up puts greater pressure on the followup system.
Initiatives wherein non-physicians or GPs take over follow-up have proven to be costeffective. (1) [Table 2] Besides, patient themselves would like to be involved more into their
follow-up care. Combined, this might affect future follow-up. Fortunately, the following
developments in follow-up care could provide fitting solutions. In order to provide and
maintain, cost-effective, high-quality follow-up care for the increasing number of CRC
survivors, risk-stratification is required. Stratification by recurrence risk could provide
solutions. For instance, patients with stage I CRC could be, considering their excellent
5-year relative survival and low risk of recurrence, counselled for less intensive, remote
follow-up. Various methods or applications for stratification upon recurrence risk exist or
are in development. First, predicting individual risk of recurrence by using nomograms has
proven to be useful. (28) Nomograms provide an easy-to-use prediction model to define
risk groups and tailor follow-up, and they are feasible during outpatient appointments,
supporting physicians while informing patients. Second, other ways to predict and
evaluate individual risk of recurrence and survival are simulation-based modelling
and big data driven modelling. (29, 30) Survival and recurrence simulation models can
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retrieve recurrence rates by using population-based data (31), but are also able to assess
cost-effectiveness of specific treatment regimens. (32) Third, artificial intelligence (AI) or
machine (deep) learning have proven to be viable tools for modelling and predicting risks
and survival large CRC populations. (33-36) Although the latter techniques are still under
development and not yet used in clinical practice, their further optimization and clinical
applications are promising. Besides stratification upon recurrence risks, stratification upon
symptom burden could assist in identifying specific patient groups who may require less
or more follow-up care. According to our study described in Chapter 7, the vast majority
of CRC patients did well and reported high scores on functional QoL scales. These patients
appear to be suitable for a more flexible and dynamic follow-up mode that differs from
the traditional hospital-based follow-up. However, our study also revealed a vulnerable
patient group of approximately 15% who reported either low, not improving QoL or high
levels of psychological distress throughout 24-months follow-up. Patients with younger
age, lower educational level, living alone, disease stage II-III and major LARS were at risk
for belonging to this patient group. Surgical resection types highly influence the incidence
of (major) LARS. (37) Early pre and postoperative screening on these factors may identify
these vulnerable patients and they should be counselled for personalized (tailored),
perhaps more intensive, follow-up.
To decrease the financial burden of follow-up care, it is likely that hospital follow-up will
become less dominant in the future. A more acceptable, flexible and dynamic follow-up
care model should be introduced, in which intensified communication and role definitions
among clinicians are clearly accounted for. (38) Out of hospital follow-up led by GPs is an
adequate alternative for hospital follow-up but requires a major transformation of the
current system. The current, relatively modest, role of GPs in CRC follow-up might thus
change in the near future. GPs should be aware about cancer care transition and should
anticipate more direct and indirect involvement in cancer follow-up. (39) GPs insist on,
amongst other appeals, clear protocols, faster referral and better communication. (40,
41) Currently, two ongoing RCTs in Australia and in the Netherlands, are examining GPled colorectal follow-up . (42, 43) Perhaps, their future results will provide more definitive
evidence on the role of GP-led follow-up. Improvements in surveillance at multiple levels
(patients, providers, and clinics), and measurement tools that focus on multispecialty
involvement in the changing practice and policy environment offer a perspective for
the future. [Figure 3] Remote follow-up could also obtain a more prominent role in CRC
follow-up in the near future. It can lead to enhanced patient involvement in their own
care. Moreover, it stimulates patients to structure their own survivorship care. This can be
a useful addition for a specific group of patients (i.e., young and highly-educated patients)
(44) Most patients that were followed remotely were comfortable with the technology
and appreciated that the system was not time consuming. Its cost saving potential
combined with its enhanced patient involvement make remote follow-up a worthy
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alternative for hospital and out of hospital follow-up, especially when the regulation of the
rising health care cost is taken into account. Besides, home-based care with less hospital
visits was found convenient during the currently evolving and difficult circumstances
under the ongoing COVID-19 pandemic. (45) At Radboud university medical center, an
incorporated remote follow-up plan was found acceptable and cost-effective, and has
been implemented as regular care now. (45) It also led to a multicenter stepped wedged
clustered implementation study (DISTANCE trial) in several large peripheral hospital in
the Netherlands which started in early 2021. This study will investigate whether remote
follow-up can be implemented throughout the Netherlands and whether remote followup is found acceptable by both physicians and CRC survivors. Moreover, among other
outcomes, it will examine cost-effectiveness. Another ongoing Danish study among
patients with rectal cancer is investigating remote follow-up as well, focusing on symptom
burden and quality of life. (46) The results are expected in 2021-2022.
The incorporation of eHealth applications or SCPs to CRC follow-up could further enhance
patients’ grip on their own follow-up trajectory; this would make remote follow-up safer
and more feasible. (47, 48) Video-consultation is another method by which remote followup care can be delivered. It is associated with equal patient satisfaction and perceived
quality of care in patients with CRC. (49) Disadvantages of remote follow-up, according
to patients, were the expected loss of personal contact with health professionals and that
it may not be suitable for all patient groups. Vulnerable patients should be counselled
for personalized follow-up, with potentially more frequent contact, support by casemanager or nurses, and in case of severe psychological problems referral to supportive
care specialists such as medical psychologists. Psychological interventions including
blended cognitive behavioral therapy might be indicated in order to reduce psychological
distress, improve QoL and enhance personalized supportive care for CRC survivors. (50, 51)
More and more biomarkers having potential diagnostic and prognostic value are
identified nowadays. (52) For instance, detection of circulating tumor DNA (ctDNA) after
primary resection provides insight on the degree of residual disease, can be used to
identify patients at risk for recurrence and may individualize adjuvant therapy regimens.
(53, 54) If in line with recent insights, future follow up care might become more relying on
testing for (bio) markers instead of imaging, there may be greater scope for incorporating
this care into alternative follow-up settings (i.e. home, primary care). Altogether, there are
many improvements made in CRC care with positive effects on patient survival and QoL.
Above mentioned efforts to improve and personalize the care of patients with CRC are
inspiring and promising for future studies.
At time of writing this thesis, The Dutch national CRC follow-up guidelines, updated in
2014 were in practice. Early 2021, these guidelines were revised and updated. (55) In
comparison to the 2014 version, the new guidelines no longer recommend imaging using
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abdominal US and also do not recommend periodic imaging from the second follow-up
year. Rather CT-thorax/abdomen is recommended at one-year follow-up.
Table 2: Studies examining cost-effectiveness of follow-up setting (N=8). RCT: randomized
controlled trial; GP: general practitioner.
Author,
year
Strand,
2010
Beaver,
2012
Augestad,
2013

Country Type of
study
Sweden RCT

Study
Setting
population
N=110
Hospital

Manner

Provider

UK

RCT

N=65

Norway

RCT

N=110

Knowles,
2007

UK

Cohort

N=60

Surgeon
vs. nurse
Hospital vs. Telephone vs. Nurse
home
visits
Hospital vs. Visits
Surgeon
primary
vs.
care
GP
Hospital
Visits
Nurse

Jeyarajah,
2011

UK

Cohort

N=193

Hospital

Visits

Nurse

Blakely,
2015

New
Zealand

Cohort

N=600~

Hospital

Visits

Nurse vs.
usual care

Siddika,
2015

UK

Cohort

N=900

Home

Technology & Nurse
telephone

Batehup,
2017

UK

Cohort

N=251

Hospital vs. Technology
home

Visits

Nurse

Conclusion
No cost differences
No cost differences
GP-led follow-up
was associated with
cost savings
Nurse-led follow-up
was associated with
cost savings
Nurse-led follow-up
was associated with
cost savings
Nurse-led follow-up
was associated with
cost savings
Remote follow-up
was associated with
cost savings
Remote follow-up
was associated with
higher costs*

*The study reported 1-year follow-up wherein initial implementation costs of remote follow-up were higher;
however, cost-savings were expected. ~ Results of 600 patients modelled in a discrete event simulation model
(DES; microsimulation).
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Figure 3: Points requiring improvement or action in order to provide patient-centered followup care, according to patients and health care providers

Concluding remarks
Survival outcomes of patients treated for colorectal cancer continuously improve and
therefore more patients require follow-up. To provide and maintain high-quality followup that meets patient needs and is cost-effective at the same time, further changes in
CRC follow-up are warranted. This comprehensive thesis examined important aspects of
this and included the presentation of more understandable survival outcome information
which benefits information provision. This enables more detailed information on which
patients are at risk for recurrence, follow-up care use, symptom burden and quality of life,
and patient and health care provider attitudes towards setting, manner and provider of
CRC follow-up.
To decrease the personal and financial burden of follow-up care for a growing number
of CRC survivors, it is likely that hospital follow-up will become less common in the near
future. A more acceptable, flexible and dynamic care follow-up care mode consisting
of enhanced communication and role definitions among clinicians is warranted. This
thesis supports further personalization of follow-up through as remote follow-up and
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demonstrated it to be cost-effective and acceptable. Future large-scale multicenter
studies will investigate whether remote follow-up schedules can be implemented on a
national level.
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Colorectal cancer (CRC) is the third most common cancer worldwide. In the Netherlands,
more than 14,000 new patients are diagnosed with CRC annually and the majority of them
undergo (surgical) treatment. After curative CRC treatment, patients are followed to detect
and treat early disease recurrence or metastases. Also, follow-up is designed to consult
patients regarding complications, adverse effects and long-term consequences, and to
provide outcome data. The continuous improvement of CRC care and survival resulted
in more CRC survivors requiring follow-up care. This puts more pressure on the followup system and comes with a rise of total health care costs. Besides, current guidelines
are rather “one size fits all” than “which size fits who”, lacking patient-centeredness. The
provider, setting and manner of follow-up is subject to debate. Changes and improvements
are required to provide and maintain high-quality follow-up care. The aim of this thesis
was to study various aspects of follow-up care from different perspectives and hereby
provide a comprehensive overview on how follow-up after treatment for stage I-III CRC
can be reorganized.
Part I includes three chapters about survival and recurrence outcomes following
treatment for stage I-III CRC. The increasing number of CRC survivors require adequate and
up-to-date information on their survival prospects and life expectancy. Communicating
such information can be challenging, because patients often find it difficult to understand
probabilities. Moreover, traditional survival estimates provide an overly pessimistic
prognosis for patients who have survived an initial period after diagnosis. Therefore,
alternative measures for reporting patient survival such as conditional survival, cure
modelling and loss in expectation of life were examined in Chapter 2 and 3. In Chapter 2,
a large-scale population-based study using data of the Netherlands Cancer Registry (NCR)
was presented. Conditional survival, time-to-cure and cure fractions were determined
for more than 175,000 patients diagnosed with stage I-III CRC between 1995-2016 and
followed up to 2019. Current survival estimates of patients with cancer are commonly
determined using relative survival or overall methods, with survival reported as a function
of time since diagnosis. Due to postoperative, in hospital and up to 90-day mortality, excess
mortality resulting from CRC is highest in the first year after diagnosis, especially in the
geriatric population. Thus, published estimates of survival provide an overly pessimistic
prognosis for patients who have survived an initial period after treatment. Conditional
survival on the other hand, provides up-to-date and specific survival outcome information
relevant for (long-term) CRC survivors. In our study, conditional survival improved
substantially, and the increments were highest in more advanced disease stages. Having
survived 5-years, the conditional survival of those with stage III colon and rectal was 92%
and 85%. Moreover, cure proportions increased as well, illustrating improved survival and
cure after CRC surgery.
In Chapter 3, another population-based study quantified the impact of CRC diagnosis
on patient’s life expectancy. Using data from the NCR, estimates of loss in expectation
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of life (LEL) among over 200,000 patients diagnosed with stage I-III CRC between 19902016 were presented and discussed. Compared to traditional 5-year relative or overall
survival, LEL is a more intuitive measure that can be easily interpreted and communicated
to patients. Moreover, LEL can be a meaningful lifetime measure to understand how much
cancer affects the patient’s future lifespan. In our study, LEL decreased and the decline was
highest in more advanced disease stages. In 2010, LEL for 60-year old male and female
patients was 7 vs. 8 years for colon cancer, and 7 vs. 8 years for rectal cancer, respectively.
These findings reflect the increased survival and therefore, decreasing impact of cancer
on life expectancy. In an era of multidisciplinary treatment strategies and emphasis on
shared-decision making, the results of the above mentioned two studies provide up-todate, meaningful and clinically relevant survival outcome information that can be used
during outpatient appointments. Also, physicians and policy-makers are reassured of the
positive effect of their efforts and attempts to improve CRC care.
Another important aspect for patients in follow-up is disease recurrence. At the end of
the day, patients would like to know about the risk of disease recurrence. In a recent
and large population-based study using recurrence information of over 5,400 patients
diagnosed with stage I-III CRC between January and July 2015 (Chapter 4), the cumulative
incidence (CI) of recurrence was studied and the pattern and distribution of metachronous
metastases were determined. Patients were followed up to December 2020. The 3-year CI
of recurrences were lower than described in the literature and anatomical sublocations of
CRC seemed to influence the metastatic pattern and risk of recurrence considerably. This
information can be used to risk-stratify and identify patients requiring personalized and/
or close surveillance.
Part II includes three chapters regarding the organization of follow-up care in the
Netherlands, care utilization, adherence to national guidelines, and symptom burden
during follow-up. Since the number of follow-up patients increased over the years due to
improved outcome and increased incidence, more patients are challenged and impaired by
the psychosocial and physical side-effects of cancer diagnosis and subsequent treatment.
In Chapter 5, the results of a cross-sectional survey held among 106 CRC surgeons in
the Netherlands in 2019 regarding the frequency, content and provider of follow-up
were presented. Also, adherence to guidelines and differences in clinical practice were
examined. The findings of this survey demonstrated that adherence to minimal guideline
recommendations (biannual clinical visits, CEA sampling and abdominal ultrasound (US)
during the first follow-up year) was high (99%), but that there was variation in content
and frequency of follow-up modalities. Around 61% and 78% of the surgeons performed
a more intensive regimen, consisting of four-yearly clinical visits and CEA tests, and a
smaller percentage of 11% of the participants performed a Computed Tomography (CT)scan instead of abdominal US. In Chapter 6, cancer-related follow-up in both primary
care and hospital, and adherence to national guidelines were evaluated in a cohort of
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2,450 with stage I-III CRC that had undergone endoscopic or surgical treatment with
curative intent between 2000-2009 and completed questionnaires in 2010. Moreover,
risk factors for increased follow-up care use were discussed. According this cohort study,
most CRC survivors received follow-up care and the majority was comfortable with their
current follow-up schedule. Although patients were predominantly followed according
to guidelines, substantial variation in follow-up practice existed, with both under and
overuse of care. Advanced disease stage, receipt of chemotherapy, low socioeconomic
status, the presence of a stoma, and fatigue were factors associated with overuse of followup care. Another, smaller group, received less follow-up visits than recommended. Future
studies should investigate how overconsumption can be reduced, while still addressing
patients’ needs.
In Chapter 7, the results of a large-scale population-based study among 1,535 patients
diagnosed with stage I-III CRC between 2013-2018 regarding quality of life (QoL),
psychological distress, and symptom burden after CRC treatment were presented. The
vast majority of CRC patients did well and reported high scores on functional QoL scales
and their scores were comparable to the normative population by 12-months follow-up.
These patients appear to be suitable for a more flexible and dynamic follow-up mode that
differs from the traditional hospital-based follow-up. However, our study also revealed a
vulnerable patient group of approximately 13% who reported either low, not improving
QoL or high levels of psychological distress throughout 24-months follow-up. Female
patients, patients with younger age, lower educational level, disease stage II-III and major
LARS were at risk for belonging to this patient group. Early pre and postoperative screening
on these factors may identify these vulnerable patients and they should be counselled for
personalized (tailored) follow-up.
Part III includes two chapters regarding experiences with the development and
implementation of and initial results of remote follow-up. To provide more patientcentered follow-up, decrease costs, and overcome restrictions due to (future) global
pandemics such as the current COVID-19 pandemic, it is likely that hospital follow-up will
become less dominant in the future. In Chapter 8, the experiences with the development
and implementation of a novel remote follow-up plan for patients treated for stage
I-III CRC at the Radboud university medical center in Nijmegen, the Netherlands were
discussed. Among these patient group, a prospective questionnaire study was performed
regarding patient satisfaction, QoL, care utilization and costs. The findings of this study
were presented in Chapter 9. A total of 118 patients have been followed according to the
new remote follow-up regimen. Overall satisfaction towards remote follow-up at 6-and
12-months was rated 7.8 and 7.5 out of 10. Satisfaction with the online self-management
information was rated 8 out of 10. Over a one-year period, QoL remained high and
patients experienced low FCR. More than 70% of the patients self-organized their care,
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while the others sought contact via telephone, MyChart or hospital visits. Remote followup for the total cohort led to €22,408 cost-savings over one-year compared to standard
hospital follow-up. The present study shows that the implementation of a remote followup plan comes with high cost savings, while not sacrificing QoL or increasing fear of cancer
recurrence (FCR). Therefore, a transition from standard hospital follow-up towards remote
follow-up care could help to minimize costs without compromising the quality of health
care. This study supports the further implementation of remote follow-up in colorectal
oncology practices.
In Chapter 10, a state-of-the-art review of the literature evaluating setting, manner and
provider of CRC follow-up and patient and health care attitudes towards standard and
alternative follow-up regimens, is outlined. The findings of this review were used and
adapted in the general discussion. Overall, this comprehensive thesis examined important
aspects of follow-up. To decrease the personal and financial burden of follow-up care for
a growing number of CRC survivors, it is likely that hospital follow-up will become less
common. Remote follow-up was found cost-effective and acceptable. This thesis supports
further personalization of follow-up. Future large-scale multicenter studies should
investigate whether remote follow-up schedules can be implemented on a national level.
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Het colorectaal carcinoom (CRC, darmkanker) is de derde meest voorkomende kanker ter
wereld. In Nederland krijgen jaarlijks meer dan 14.000 personen de diagnose darmkanker
en het merendeel van hen ondergaat een (chirurgische) behandeling. Na een curatieve
behandeling worden patiënten gevolgd om vroegtijdig recidief of metastasen op afstand
(uitzaaiingen) op te sporen en te behandelen. Deze zogenaamde follow-up is ook bedoeld
om patiënten te controleren op complicaties, bijwerkingen, en langetermijngevolgen en
om gezondheidsinformatie te verstrekken. Betere zorg voor en overleving van patiënten
met darmkanker heeft geresulteerd in toename van het aantal patiënten die worden
gecontroleerd. Dit legt meer druk op het follow-up systeem en heeft mede bijgedragen
aan de stijging van de totale zorgkosten. Bovendien zijn de huidige follow-up richtlijnen
uitgebreid en niet altijd afgestemd op de individuele patiënt. De precieze invulling,
intensiteit, duur en locatie van follow-up is mede onderwerp van discussie. Veranderingen
en verbeteringen zijn daarom nodig om hoogkwalitatieve follow-up zorg te kunnen
verlenen voor nu en in de toekomst. Het doel van dit proefschrift was om verschillende
aspecten van de follow-up te bestuderen en hierbij een uitgebreid overzicht te geven
over hoe de follow-up na behandeling van het stadium I-III darmkanker verbeterd kan
worden.
Deel I bevat drie hoofdstukken over overleving en metastasering na chirurgische
behandeling voor stadium I-III darmkanker. Patiënten met darmkanker hebben behoefte
aan adequate en actuele informatie over hun overlevingskansen en levensverwachting.
Het communiceren van dergelijke informatie kan uitdagend zijn, omdat patiënten het vaak
moeilijk vinden om kansen en percentages goed te begrijpen. Bovendien zijn traditionele
overlevingscijfers niet altijd van toepassing op patiënten die een eerste periode na
behandeling hebben overleefd. Daarom zijn in hoofdstuk 2 en 3 alternatieve methoden
onderzocht voor het berekenen en rapporteren van de overleving van patiënten met
darmkanker, waaronder conditionele overleving, genezingsmodellering en verlies van
jaren levensverwachting. In hoofdstuk 2 werden de resultaten gepresenteerd van een
grootschalig onderzoek met behulp van gegevens van de Nederlandse kankerregistratie
(NKR). Relatieve overleving, conditionele (voorwaardelijke) overleving, tijd tot genezing
en genezingsfracties werden bepaald voor meer dan 175.000 patiënten met stadium
I-III darmkanker die tussen 1995-2016 zijn gediagnosticeerd. Momenteel worden
overlevingscijfers van patiënten uitgedrukt door middel van de relatieve overleving of de
algemene overleving (Engels: Overall survival), waarbij overleving gerapporteerd wordt als
functie van de tijd sinds de diagnose. Als gevolg van postoperatieve sterfte is de sterfte het
hoogst in het eerste jaar na de diagnose, vooral bij de oudere populatie. Gepubliceerde
overlevingscijfers bieden daarom een te pessimistische weergave van de prognose voor
patiënten die een eerste periode na de behandeling hebben overleefd. Conditionele
overleving daarentegen, biedt actuele en specifieke informatie over overlevingsresultaten
die relevant is voor patiënten met darmkanker die al een tijd in een follow-up programma
zitten. Onze studie toonde aan dat de conditionele overleving aanzienlijk was gestegen
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over de laatste twee decennia. Dit gold met name voor patiënten met hogere ziektestadia.
Patiënten met stadium III colon- of rectumcarcinoom die 5 jaar na diagnose nog in leven
waren hadden respectievelijk een 5-jaarsoverleving van 92% en 85%. Daarnaast nam de
proportie patiënten die (statistisch gezien) genezen waren nam ook toe, van 0.88, 0.70 en
0.46 voor patiënten met respectievelijk stadium I, II en III coloncarcinoom in 1995 tot 0.96,
0.88 en 0.78 in 2016. Voor patiënten met respectievelijk stadium I, II en III rectumcarcinoom
namen deze cijfers toe van 0.86, 0.67 en 0.42 in 1995 tot 0.95, 0.87 en 0.73 in 2016.
In hoofdstuk 3 werd een landelijke studie beschreven die de impact van darmkanker
op de levensverwachting van patiënten kwantificeerde. Aan de hand van gegevens van
de NKR werd het verlies van het aantal jaren van de levensverwachting gepresenteerd
voor meer dan 200.000 patiënten met stadium I-III darmkanker die gediagnosticeerd
waren tussen 1990-2016. In vergelijking met de traditionele 5-jaars relatieve of algemene
overleving, is LEL een meer intuïtieve maat voor overleving die gemakkelijk kan worden
geïnterpreteerd en beter te begrijpen is voor patiënten. Bovendien kan LEL een zinvolle
maat zijn om te begrijpen hoeveel invloed kanker heeft op de (toekomstige) levensduur
van de patiënt, zowel op individueel als op populatieniveau. In onze studie nam de LEL
af over de periode 1990-2016 en de afname was het hoogst in de hogere ziektestadia, er
gingen dus minder levensjaren verloren. In 2010 was de LEL voor 60-jarige mannelijke en
vrouwelijke patiënten respectievelijk 7 en 8 jaar voor het coloncarcinoom en 7 en 8 jaar
voor het rectumcarcinoom. Deze bevindingen weerspiegelen de betere zorg en overleving
en daarmee de afnemende invloed van kanker op de levensverwachting. In een tijdperk
van multidisciplinaire behandelingen en de nadruk op gedeelde besluitvorming, bieden
de resultaten van de bovengenoemde twee onderzoeken actuele en klinisch relevante
overlevingsinformatie die gebruikt kan worden tijdens poliklinische afspraken. Daarnaast
biedt het artsen en beleidsmakers inzicht in de positieve effecten van hun inspanningen
om de CRC-zorg te verbeteren.
Een ander belangrijk aspect voor patiënten in follow-up is het vroegtijdig opsporen van
eventuele terugkomst van de ziekte, ook wel ziekterecidief genoemd. Voor patiënten is
informatie over de kans op ziekterecidief één van de belangrijkste zaken. In een grote,
recente landelijke studie met meer dan 5400 patiënten met stadium I-III darmkanker die
gediagnosticeerd waren tussen januari en juli 2015 (hoofdstuk 4), werd de cumulatieve
incidentie (CI) van ziekterecidief bestudeerd. Daarnaast werd het metastaseringspatroon
en lokalisaties van metastasen onderzocht. De 3-jaars cumulatieve incidentiecijfers waren
lager dan beschreven in de literatuur en het metastaseringspatroon van coloncarcinoom
en rectumcarcinoom verschilde aanzienlijk. De resultaten van deze studie kunnen
gebruikt worden voor informatievoorziening op maat en om te bepalen welke patiënten
wellicht nauwlettender in de gaten moeten worden gehouden gedurende follow-up.

Samenvatting

| 241

Deel II omvat drie hoofdstukken met betrekking tot de organisatie van de nazorg in
Nederland, zorggebruik, het naleven van landelijke richtlijnen en symptoombelasting
tijdens de follow-up. Het aantal follow-up patiënten in de loop der jaren is toegenomen
als gevolg van hogere incidentie en betere uitkomsten van behandelingen. Hierdoor
worden meer patiënten geconfronteerd met de psychosociale en fysieke bijwerkingen
van darmkanker. In Hoofdstuk 5 worden de resultaten gepresenteerd van een crosssectionele enquête gehouden in 2019 onder 106 darmkanker-chirurgen in Nederland
over frequentie, inhoud en aanbieder van follow-up. Ook werd geanalyseerd in hoeverre
chirurgen zich hielden aan richtlijnen en werden verschillen in klinische praktijk in kaart
gebracht. De resultaten van deze enquête toonden aan dat de naleving van minimale
richtlijnaanbevelingen (tweejaarlijkse klinische bezoeken, CEA-bloedonderzoek (tumor
marker)en echografie van de buik tijdens het eerste follow-up jaar) hoog was (99%).
Desondanks bestond er een grote variatie t.a.v. de inhoud en frequentie van followup modaliteiten. Twee derde van de chirurgen voerden een intensiever schema uit,
bestaande uit vierjaarlijkse klinische bezoeken en CEA-tests, en 11% van de deelnemers
verricht standaard een Computed Tomography (CT) -scan uit in plaats van echografie
van de buik. In Hoofdstuk 6 werden de resultaten beschreven van een cohortstudie
onder 2450 patiënten met stadium I-III darmkanker die een curatieve behandeling
hadden ondergaan tussen 2000-2009. Zij kregen in 2010 vragenlijsten toegestuurd over
zorggebruik bij de huisarts en medisch specialist en dit zorggebruik werd vergelijken met
de richtlijn aanbevelingen. Bovendien werden factoren in kaart gebracht die geassocieerd
waren met toegenomen zorggebruik. Uit deze studie bleek dat de meeste patiënten met
darmkanker in overeenstemming met de richtlijn zorg aangeboden kreeg. De meerderheid
was tevreden met het huidige follow-up frequentie. Hoewel patiënten grotendeels
volgens richtlijnen werden gevolgd, bestond er grote variatie in het aantal follow-up
afspraken bij de medisch specialist. Hierbij werd zowel af- als toegenomen gebruik van
zorg gerapporteerd. Factoren als hogere ziektestadia, behandeling met chemotherapie,
lagere sociaaleconomische status, het hebben van een stoma en vermoeidheid waren
geassocieerd met toegenomen zorggebruik. Een veel kleinere groep ontving juist
minder zorg dan aanbevolen. Toekomstige studies zouden moeten onderzoeken hoe
toegenomen zorggebruik kan worden teruggedrongen, terwijl anderzijds toch in de
behoeften van de patiënt wordt voorzien.
In Hoofdstuk 7 werden de resultaten gepresenteerd van een grote landelijke studie
onder 1535 recent gediagnosticeerde patiënten met stadium I-III darmkanker. Hierbij
werden kwaliteit van leven, psychosociaal functioneren alsmede symptoombelasting
gedurende 2-jaar follow-up onderzocht. De meerderheid van de patiënten rapporteerde
hoge kwaliteit van leven scores die na een jaar ongeveer vergelijkbaar waren met die
van de algemene (gezonde) populatie. Deze groep patiënten lijkt geschikt te zijn voor
een meer flexibel en dynamisch follow-up-schema dat verschilt van de traditionele
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ziekenhuis follow-up. Onze studie bracht echter ook een kwetsbare patiëntengroep van
ongeveer 13% aan het licht die ofwel een lage, niet verbeterende kwaliteit van leven
ofwel persisterend hoge niveaus van psychosociale stress rapporteerde na 2 jaar followup. Vrouwelijke patiënten, jongere patiënten, patiënten met een lager opleidingsniveau,
patiënten met ziektestadia II-III en/of ernstige LARS behoorden vaker tot deze kwetsbare
patiëntengroep te behoren. Vroege pre- en postoperatieve screening op deze factoren
kan deze kwetsbare patiënten identificeren zodat ze tijdig en aangepast (op maat)
begeleid worden gedurende follow-up.
Deel III bevat twee hoofdstukken over ervaringen met de ontwikkeling en
implementatie van follow-up op afstand (Engels: remote follow-up). Tevens werden
de eerste resultaten hiervan besproken. Om meer patiëntgerichte follow-up te
bieden die ook kosteneffectief is, is het waarschijnlijk dat ziekenhuis follow-up in de
toekomst minder zal worden. In Hoofdstuk 8 werden de ervaringen besproken met
de ontwikkeling en implementatie van een nieuw plan voor follow-up op afstand voor
patiënten behandeld voor stadium I-III darmkanker in het Radboudumc in Nijmegen,
Nederland. Onder deze patiëntengroep is een prospectieve vragenlijststudie uitgevoerd
over patiënttevredenheid, kwaliteit van leven, zorggebruik en -kosten. De bevindingen
van deze studie zijn gepresenteerd in Hoofdstuk 9. In totaal zijn er gedurende een jaar
118 patiënten gevolgd volgens het nieuwe follow-up op afstand schema. De algemene
tevredenheid over follow-up op afstand werd beoordeeld met een 7,5 na 12 maanden.
Tevredenheid over de online zelfmanagement informatie werd beoordeeld met een 8.
Gedurende de periode van de studie bleef de kwaliteit van leven hoog en de patiënten
rapporteerden een laag niveau van angst voor ziekteterugkomst. Meer dan 70% van de
patiënten organiseerde zelf hun zorg, terwijl de resterende patiënten contact zochten via
telefoon of online via ‘mijnRadboud’. Een enkeling bezocht toch de polikliniek. Followup op afstand voor het totale cohort leidde tot een kostenbesparing van €22,408 in
een jaar in vergelijking met standaard ziekenhuis follow-up. De huidige studie toonde
aan dat de implementatie van een follow-up op afstand hoge kostenbesparingen met
zich meebrengt, zonder dat dit ten koste gaat van patiënt-tevredenheid, kwaliteit van
leven of toegenomen angst voor ziekteterugkomst. Daarom zou voor een grote groep
patiënten met darmkanker een transitie van standaard ziekenhuis follow-up naar followup op afstand kunnen helpen om de alsmaar stijgende zorgkosten te verminderen zonder
verlies van kwaliteit van zorg. De bevindingen uit deze studie ondersteunen de verdere
implementatie van follow-up op afstand in de colorectaal chirurgische praktijk.
In Hoofdstuk 10 werd middels een state-of-the-art overzichtsartikel (review) van de
huidige literatuur de locatie, manier en aanbieder van darmkanker follow-up beschreven.
Ook werd onderzocht hoe zowel patiënten als zorgverleners dachten over huidige followup en werd de bereidheid voor alternatieve follow-up in kaart gebracht. De bevindingen
van deze review zijn gebruikt en aangepast in de algemene discussie.

Samenvatting

| 243

In dit proefschrift werden belangrijke aspecten van darmkanker follow-up onderzocht.
Om ook in de toekomst hoogkwalitatieve follow-up zorg te kunnen bieden zullen er
kosteneffectieve en patiëntgerichte follow-up schema’s ontwikkeld moeten worden.
Periodieke ziekenhuis follow-up zal waarschijnlijk minder worden. Volgens dit proefschrift
werd follow-up op afstand kosteneffectief en acceptabel bevonden. Dit proefschrift
ondersteunt verdere personalisatie van darmkanker follow-up. Toekomstige grote
multicenter studies zullen moeten onderzoeken of follow-up op afstand op nationaal
niveau kan worden geïmplementeerd.
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Data management
The data retrieved and collected during the course of this thesis (August 2018 until April
2021) were stored and archived according to active guidelines and protocols.

Data archiving and registration
Retrospective databases were provided after formal applications; the research proposals
have been reviewed by the Scientific Committee of the Netherlands Comprehensive
Cancer Network (IKNL) or the Medical Ethical Committee of the Radboud university
medical center. Data files contained primarily anonymous data that could not be traced
back to actual individuals. The few prospectively studies carried semi-anonymous data;
the data could be traced back by the main researcher(s) who were members of the treating
team of the patient.
Datafiles and derivatives were stored and held in the secured repository of the Radboud
university medical center or the Netherlands Comprehensive Cancer Network. Only
researchers involved in the corresponding studies had access to these files and were
granted specific rights. Files were stored in a structured fashion on departmental servers
(Radboudumc, IKNL), and files were backed-up regularly. Access can be requested through
the senior authors from the department of Surgery and Research & Development (IKNL).
Hard-ware and software
Microsoft Office documents (Excel, PowerPoint or Word) were used to keep log information
as well as descriptive data. Stata and SPSS statistical programs were used to analyze data,
and produce results.

Registration of publications
All manuscripts or articles included in this thesis were submitted to international, peerreviewed journals. Besides individual registration by the journals themselves, publications
were registered in Research Gate. Most publications were published Open Access.
All research published in this thesis was performed considering the ethical and juridical
regulations that were active. These includes the Declaration of Helsinki, Consort guidelines,
national Dutch regulations (CMO/CCMO). The thesis candidate was in possession of a
Good Clinical Practice certificate (BROK).

Data management
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S.M. Qaderi
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Radboud Institute for Health
Sciences

PhD duration:
Promotor:
Copromotors:

06-08-2018 t/m 21-05-2021
prof. dr. J.H.W. de Wilt
dr. R.H.A. Verhoeven
dr. J.A.E. Custers

Courses
RIHS PhD introduction course
Scientific Integrity for PhD candidates
Digital Tools
Presentation Skills
Management voor Promovendi
Scientific Writing for PhD candidates
Statistiek voor promovendi met SPSS (opfriscursus)
Statistical methods for population-based cancer survival analysis (Karolinska Institutet,
Cison di Valmarino, Italy)
Pubmed I-II workshop & Endnote workshop (Radboudumc)
Science & Skills: Adobe Illustrator course (RIHS PhD Councel)
Basiscursus Regelgeving en Organisatie voor Klinisch onderzoekers (BROK®)
(Nederlandse Federatie van UMC’s)
Introduction day (Radboudumc, Nijmegen)
Teaching
Verpleegkundig netwerk GE-tumoren (IKNL, Nijmegen)
Coassistentenonderwijs (Radboudumc, Nijmegen)
Meet-the-PhD onderwijsweek (Radboudumc)
Reviewer for BMC Cancer and International Journal for Gastrointestinal Cancer
Student supervisor of medical students (Radboudumc, Nijmegen)
Weekly research meetings of the department of Surgery (Radboudumc)
Vrijdagmiddag research bespreking GE-ONCO (Radboudumc, Nijmegen)
Woensdagochtend onderwijs Vaatchirurgie (Radboudumc, Nijmegen)
ANIOS onderwijs, maandelijks (Radboudumc, Nijmegen)
Attended PhD defenses (4) (Radboudumc)
Coassistentenonderwijs 2 (Radboudumc, Nijmegen)
Congresses, meetings and seminars.
RIHS PhD retreat (RIHS, Den Bosch)
Radboud New Frontiers 2018 (Radboudumc, Nijmegen)
Science day RIHS theme “Tumors of the Digestive Tract” (RIHS)
IKNL dag netwerk GE-tumoren. Presentatie voor verpleegkundigen (IKNL/Radboudumc)
IKNL GE Keten regionaal seminar (IKNL, Nijmegen)
European Society of Coloproctology Annual meeting 2019 (ESCP, Vienna)
European Society of Surgical Oncology Annual meeting 2019 (ESSO, Rotterdam)
European Society of Coloproctology Annual meeting 2018 (ESCP, Nice)
American Society of Colon and Rectal Surgeons Annual meeting 2020 (cancelled due to
COVID-19) (ASCRS, Boston)

Year
2018
2019
2018
2019
2018
2019
2019
2019

ECTS
0.75
1
0
1.5
2
3
2
5

2018
2018
2019

0.5
0.1
3

2018
Year
2018
2019
2020
2019
2020
2020
2021
2021
2021
2019
2020
Year
2018
2018
2019
2019
2020
2019
2019
2018
2020

0.5
ECTS
0.5
0.5
2
0.5
2
1
0.1
0.1
1
0.2
0.3
ECTS
0.5
0.5
0.1
0.1
1
1
1
1
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Portfolio
European Society of Coloproctology Annual meeting 2020 (cancelled due to COVID-19)
(ESCP, Vilnius)
European Society of Surgical Oncology Annual meeting 2020 (cancelled due to COVID-19)
(ESSO, Lissabon)
Chirurgendagen 2020 (cancelled due to COVID-19) (NVVH, Veldhoven)
Chirurgendagen 2019 (NVVH, Veldhoven)
Chirurgendagen 2021 (NVVH, Digitaal)
Mondelinge presentatie WCP-symposium
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Curriculum Vitae
Seyed Mohammad was born on the 29th of May 1990 in Herat,
Afghanistan. On the age of 8, he fled to the Netherlands
together with his parents and siblings 1998 due to the ongoing
war in Afghanistan. After initially starting at VMBO, he soon
finished secondary school (VWO) in 2008 at ‘’Thorbecke
Scholengemeenschap’’ in Zwolle. He then studied Biomedical
Sciences at the University of Amsterdam from 2008 until 2012.
In 2010, he started Medicine at the Vrije Universiteit Amsterdam.
During his studies he spent time teaching anatomy lessons and
being active board member of the VU student anatomy project wherein extra-curricular
anatomical dissection and surgical skills were provided for talented students. Furthermore,
he came early into contact with clinical research during his bachelor’s degree working on
atherosclerotic disease of the aorta. This also led to a 6-month research internship at the
department of Vascular Surgery at Harborview Medical Center in Seattle, USA (Supervisor:
Prof. Benjamin Starnes). During that internship, he investigated the aortic wall morphology
by measuring the aortic diameter after fenestrated endovascular treatment of abdominal
aortic aneurysms. After finishing his medical degree, Seyed started working as a surgical
resident (not in training) at the Spaarne Gasthuis Hospital in Hoofddorp and Haarlem. In
2018, he moved to Radboud university medical center to conduct fulltime clinical research
concerning post-operative follow-up of patients with colorectal cancer (Supervisor: Prof.
Hans de Wilt). During his PhD (2018-2021), he and colleagues performed several studies
regarding various aspects of colorectal cancer follow-up and initiated a patient-centered,
remote follow-up plan. He was co-writer and member of the advisory committee of a
grant application to the Netherlands Organization for Health Research and Development
(ZonMw) regarding personalized follow-up care. The grant was obtained successfully in
2020.
Seyed is currently working at Radboudumc and lives together with his wife Yalda in Kleve
(Germany).
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Dankwoord
Leermeesters, collega’s, patiënten en familie & vrienden hebben allen een rol gespeeld
in het gehele promotie proces. Graag wil ik allen, en een aantal mensen in het bijzonder
bedanken.
Mijn onderzoek zou onmogelijk geweest zijn zonder de hulp van alle patiënten en hun
families. De diagnose darmkanker heeft een enorme impact op het leven van mensen.
Maar zoals ook uit dit proefschrift blijkt, zijn patiënten veerkrachtig en overwegend
positief ingesteld!
Professor de Wilt, beste Hans, we hebben veel en intensief samengewerkt. Jouw
makkelijke omgang en doelgerichtheid hebben mij enorm gemotiveerd en geïnspireerd.
Hard werken loont bij jou! We hebben samen jouw Betaalbaar Beter project omgezet
in een nieuw zorgplan op de polikliniek en een grote landelijke ZonMw-gefinancierde
studie opgezet. Je investeert veel tijd en energie in je promovendi; dat bleek uit het feit
dat ik 2 weken na het tekenen van mijn contract mee op congres mocht en een prijzige,
maar zeer waardevolle statistiek cursus in Italië kon volgen. Je zei destijds ‘’Als jij denkt dat
dit goed is voor je ontwikkeling, komt de rest goed’’. Niet te vergeten zijn verder de pasta
party’s bij jou thuis (waar ik overigens nooit pasta heb gegeten) en je aanwezigheid op
mijn bruiloft. Mijn dank is groots!
Dr. Verhoeven, beste Rob, de epidemioloog en spin in het web in vele chirurgische studies
in het Radboudumc. Je hebt mij vanaf het begin geholpen, we hebben samen meerdere
onderzoeksvoorstellen geschreven en meerdere projecten uitgevoerd. Jouw nuchtere en
secure blik op de zaken blijven mij bij. Succes in het Amsterdam UMC!
Dr. Custers, beste Jose, dank voor de andere en vaak verfrissende kijk op de zaken. We
hebben samen een paar mooie studies uitgevoerd. Je bent een fijne copromotor.
Leden van de manuscriptcommissie: Prof. Broeders, prof. Siersema en prof. van de
Poll-Franse, dank voor het beoordelen van mijn proefschrift. De overige leden van de
commissie, prof. Verhoef, prof. Tanis en dr. Coupé, dank voor het deelnemen aan de
oppositie.
Dr. André Bremers, dr. Martijn Stommel, drs. Heleen Dekker, dr. Floor Mols, dr.
Nicole Ezendam, prof. Kees Verhoef, prof. Miriam Koopman, dr. Gerrit Slooter, dr.
Niels Wijffels, Boris Galjart, dr. Felice van Erning, drs. Joost van der Heijden en Hidde
Swartjes; Het was fijn met jullie te werken aan onze gezamenlijke studies.
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Prof. Paul Dickman and dr. Therese Andersson: Our collaboration started at the
Advanced Statistics Summer School in Veneto, Italy (2019). I still pick the fruits of that
course. Thanks for your in-depth and thorough feedback regarding our joint projects and
fruitful collaboration!
Colorectale onderzoeksgroep en externe begeleiders: Pasta party maten: Anouk,
Tijmen, Nelleke, Joost, Rutger, Fortuné, Jan Marie en Lindsey. Dank voor de gezelligheid!
Ook een woord van dank voor alle stafleden en arts-assistenten van de afdeling
Heelkunde van het Radboudumc voor enerzijds de gastvrijheid, gezellige borrels en
afdelingsuitjes en anderzijds voor de opbouwende feedback bij de researchvergaderingen.
Speciale dank gaat uit naar dr. Bas Verhoeven en dr. Otmar Buyne voor de goede
(loopbaan) begeleiding.
Prof. Wim Morshuis, beste Wim, onze mentorgesprekken waren erg verhelderend.
Bedankt!
Polikliniek Heelkunde: Ik ben alle medewerkers van de polikliniek dankbaar voor de
samenwerking om het follow-up plan op te zetten. Specifiek dank aan Helene, Luc en
Henriette.
Heleen Vromen, het was fijn om samen met jou medeverantwoordelijk te zijn voor de
follow-up zorg. Dank voor de mooie samenwerking en de waarneemdiensten voor als ik
op vakantie of congres was!
Onderzoekscollega’s van het Radboud: In de afgelopen twee jaar heb ik velen van
jullie mogen leren kennen en hebben we mooie ervaringen gedeeld. Joost, Daan, Wouter,
Carmen, Pepijn, Elise, Annemiek, Didi, Frédérique, Kim, Larsa, Janienke, Machteld, Kim,
Floris, Melissa, Edwin, Sander, Linda, Merlijn, Moniek, Yassin, Roger, Willem, Erik en Hidde.
Dank voor de mooie gesprekken, de pubquiz, squash, breek de week borrels, de spareribs
etentjes, BBQs, waterski uitjes en de ski-ervaringen in Winterberg en Oostenrijk. Marjan,
Linda en Tjarda: Bedankt voor de praktische tips om een goede start te kunnen maken.
Ook ben ik Hans van de Noort en Marrit Siebers dankbaar voor de planning.
Studievrienden en de “glucoos”: Zekeriya, Mitchell en Elsemieke, Judith, Karin, Lisanne,
Marcella en Natalia; dank voor de jaren vriendschap en leuke reünies!
Drs. Arjan van der Elst, beste Arjan, je kent mij al sinds mijn junior coschappen in het
Spaarne Ziekenhuis en daarna zag je mij voorbijkomen als coassistent, semiarts en ANIOS
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Heelkunde. Je hebt altijd interesse getoond in mij als persoon en hebt mij gestimuleerd
door te knokken!
Prof. Blankensteijn en dr. Yeung, beste Jan en Kakkhee, jullie hebben mij kennis
laten maken met klinisch (vaatchirurgisch) onderzoek. Ik wil jullie bedanken voor de
tijd en energie die jullie in mij hebben gestoken!
MCAN-vrienden door de jaren heen, Parweez, Safir, Hogaei, Razma, Tahmina, Zahir en
Zubeer. Wat is het fijn om mij samen met jullie in te zetten voor betere medische zorg in
Afghanistan!
Vrienden voor het leven: Fereidun en Farouk, dank voor jullie eeuwige vriendschap.
Ooms en tantes, neven en nichten: Dank voor steun en gezelligheid door de jaren heen.
Suheel en Jasem, bedankt!
Schoonfamilie, dank voor jullie liefde en steun.
Lieve oma, u brengt mij altijd aan het lachen. Moge u nog lang leven!
Maria, Amena en Khaled, zusjes en broertje die ik altijd ‘’lala’’ noem. Als grote broer ben
ik niet altijd de makkelijkste geweest. Ik wil onze hechte familieband blijven koesteren.
Dank voor jullie aanmoedigingen.
Liefste ouders, vader en moeder, jullie onvoorwaardelijke steun, liefde en vrijgevigheid
is groots. Als ouders hebben jullie de moeilijke keuze gemaakt om te vluchten en jullie
carrières opzij te zetten voor ons. Jullie staan altijd klaar en weten hoe ik écht ben. Mogen
jullie nog lang en gezond bij ons blijven.
Yalda, je hebt mij altijd gesteund in mijn keuzes en bewandelde paden. Ik kijk met veel
vreugde uit naar onze toekomst samen. Ik houd van jou!

