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Introduction
and thesis outline

Colorectal cancer is the third most common localization of cancer in both women and men.
The incidence is strongly variable throughout the world, with peak incidence in Europe and
North America. Worldwide approximately 1.8 million patients are diagnosed with colorectal
cancer each year, of which approximately 700.000 patients with rectal cancer.1 Sociodemographic risk factors for colorectal cancer include older age and male sex.2 It is more prevalent
in patients with inflammatory bowel disease, or with a family history of colorectal cancer. In
addition, western lifestyle and dietary factors such as high consumption of red meat, smoking,
excessive alcohol consumption and low-fiber diet have been associated with an increased risk
of colorectal cancer.
The incidence of colorectal cancer is increasing in the Netherlands due to aging of the population and earlier detection.3, 4 Most patients present with a change in bowel habits, complaints
of lower gastrointestinal bleeding, anemia or weight loss, although many patients with early
cancer are asymptomatic. Approximately one-third of all tumours is located in the rectum,
associated with complains of obstruction or rectal blood loss. In the Netherlands, a national
screening program for colorectal cancer was gradually implemented since 2014 for all adults
aged 55 to 75 years (immunologic fecal occult blood test, iFOBT). This may have caused a
steep increase in incidence in colorectal cancer as well as rectal cancer alone in the past years,
which seems to be stabilizing now (figure 1).5 It is expected that the screening program will
enable better curative options when tumours are detected in an early, asymptomatic stage, and
thereby eventually improve survival.

Figure 1. Incidence of colorectal cancer in the Netherlands, Dutch Cancer Registry (IKNL)5

Because of differences in anatomy and tumour biology, resulting in different diagnostic procedures and treatment, colon cancer and rectal cancer are generally distinguished as different
entities when considering curative treatment. A strict definition of the anatomical borders of
the rectum was long lacking, but recently an expert-based Delphi consensus concluded that
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all tumours with a lower limit below the radiological land-mark “the sigmoid take-off ”, which
can be identified as the junction of the sigmoid mesocolon with the mesorectum, are considered rectal cancer.6 The rectum is enveloped by the mesorectal fascia including fat tissue,
blood vessels and the locoregional lymph nodes and has a close relation to the surrounding
structures in the pelvis (figure 2).7
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Improvements in treatment for rectal cancer
The outcomes of patients with rectal cancer were inferior to patients with colon cancer for
decades, mainly due to high local recurrence rates in rectal cancer patients after surgery
(approximately 30%-40%). 8 For colon cancer patients, the outcomes have been improving
slowly over the years. For patients with rectal cancer, a steep improvement in long-term
outcomes was achieved. Survival outcomes are nowadays at least equal to outcomes of colon
cancer patients. 9 Several factors have contributed to major improvements in local control
and survival since the 1980s. The first and probably most substantial development was the
standardization of a surgical technique based on embryonic planes by Professor Heald, the
‘total mesorectal excision’ (TME) in 1986.10 The main principle of this technique is a sharp
circumferential resection between the visceral and parietal layers of the mesorectal fascia
(MRF), including the rectum, tumour and lympho-vascular fatty tissue surrounding the
rectum to enable radical resection and nerve preservation. Shortly after the introduction of
the TME technique, the Dutch TME trial showed that pre-operative radiotherapy has the
potential to reduce local recurrence with 50% in rectal cancer patients undergoing TME. 11
However, this did not result in improved survival. 12 It was also shown that patients treated
with preoperative radiotherapy and TME have a higher risk of bowel dysfunction compared
to patients treated with TME alone. 13 The third major improvement was the implementation
of preoperative clinical staging and risk stratification with high resolution magnetic resolution
imaging (MRI), which enabled a more accurate preoperative assessment of the location of the
tumour and locoregional disease extent. 14
It is now known that the risk of local recurrence is mainly determined by the locoregional
tumour stage, the involvement of the circumferential margin and the involvement of the

resection margins. Through implementation of risk-adapted radiological classification as
described below, current local recurrence rates are less than 10%.2, 15, 16

Nowadays, multidisciplinary decision making and treatment is indispensable. As it is known
from previous studies that preoperative (chemo-)radiotherapy can lead to inferior functional
outcomes and does not lead to a survival benefit in all patients, the risks and benefits of preoperative treatment should be well balanced for each individual patient. Surgery according to
TME principle remains the golden standard for rectal cancer. The indications for preoperative
and adjuvant treatment are variable throughout the world. In the Dutch guidelines, preoperative treatment is recommended according to a risk stratification, predominantly based on
MRI findings (Table 1). In addition to MRI, full clinical staging of rectal cancer should include
at least conventional imaging of the chest and abdomen for detection of distant metastasis and
serum carcinoembryonic antigen (CEA) for its added value in the posttreatment follow-up of
patients. Although CEA is less reliable as a diagnostic tool, a persistent increase after treatment may indicate disease recurrence. Finally, digital rectal examination is the best diagnostic
tool in patients with distal rectal tumours to assess the fixation and distance of the lesion to the
anorectal sphincter, to estimate the possibility of a resection with primary anastomosis. After
full clinical staging, the best treatment approach is generally discussed in a multidisciplinary
team meeting, at least including a surgeon, gastroenterologist, oncological radiotherapist,
medical oncologist, radiologist and pathologist. 17, 18
Patients are generally classified into four groups based on the clinical staging (table 1). For
patients with low-risk rectal cancers in whom radical resection is feasible, TME surgery alone
without neoadjuvant treatment is the preferred treatment. In addition to inferior functional
outcomes in patients treated with preoperative radiotherapy, the TME trial did not show a
survival benefit for this subgroup. In patients with very early cancers without high risk features endoluminal local resection is considered a sufficient treatment option. For intermediate
risk, primary resectable rectal cancers, neoadjuvant radiotherapy is added to reduce the risk
of local recurrence.

Locally advanced rectal cancer
The third group includes patients with more advanced tumours, generally referred to as ‘locally
advanced’ or ‘high risk’ rectal cancer, in whom the feasibility of radical surgery is uncertain
because of involvement of the mesorectal fascia or extended nodal involvement. In literature,
variable definitions for locally advanced rectal cancer are used, generally including cT3N2,
cT3 tumours with close involvement of the MRF or cT4N0-2 (table1). Patients with locally
advanced disease at diagnosis have a higher chance of pelvic or distant recurrence compared
to patients with early tumours. The most important prognostic factor is the feasibility of a
radical TME resection, which can be difficult because of the close involvement of adjacent or-
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gans in in the small pelvis. In patients with stage III rectal cancer in whom the circumferential
margin was > 1 mm (R0), survival was superior in patients treated preoperative radiotherapy
compared to surgery alone in the TME trial. 12 In the Netherlands, nowadays pre-operative
long-course radiotherapy with concurrent capecitabine (chemoradiotherapy, CRT) is adopted
as the standard of care, especially with the aim of initiating tumour downstaging to increase
the chances of R0 resection. 19, 20 The German Rectal Cancer Study group trial has showed
that better compliance, local control and survival can be achieved with preoperative CRT
compared to postoperative treatment. 21 However, long-course (chemo-)radiotherapy can
induce acute toxicity and has long-term effects on anorectal function compared to patients
treated with surgery alone. 22, 23 In addition, it is not yet clear if long-term survival in patients
treated chemoradiotherapy is superior to patients treated with radiotherapy alone. 23, 24
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Clinical TNM stage

Neoadjuvant treatment

Surgical
treatment

Low risk

Stage I

cT1-3N0M0

none

TME

Intermediate
risk

Stage II

cT1-3N1M0
≤ 5 mm extramural invasion
≥ 1 mm margin to MRF

Short course radiotherapy
5x5 Gy

TME

High risk

Stage III cT1-3N2 or suspect extra mesorectal nodes
cT3 with < 1 mm distance to MRF
cT4 tumour

Chemoradiotherapy
25-28x 1.8-2.0 Gy with
concomitant capecitabine

TME

Metastasized
disease

Stage IV Any cT stage
Any cN stage
≥M1

For primary potentially resectable
disease, M1 schedule can be considered
For unresectable disease, depending on
patient characteristics, extend of disease
and complaints

Reassessment after neoadjuvant treatment
Reassessment after long-course chemoradiotherapy in patients with locally advanced rectal
cancer is generally performed to evaluate the treatment effect and determine the surgical approach. Another argument to perform reassessment after neoadjuvant therapy with growing
relevance, is to identify patients with a clinical complete response (cCR). In about 15-20% of
all patients treated with long-course neoadjuvant CRT, the tumour and pathological lymph
nodes will be completely resolved after neoadjuvant treatment and a 6-10 week waiting interval. A pooled-analysis of Maas et al. has shown that patients with a pathological complete response (pCR) after neoadjuvant therapy have a favorable prognosis compared to patients with
residual tumour.25 Although a cCR does not always correspond to a pathological complete
response, Professor Angelita Habr-Gama was the first to suggest omitting surgery in patients
with a cCR at the reassessment phase. In 2004, she reported the remarkable oncological results
of the “Watch-and-wait” approach, which is similar to the active surveillance strategy com-

monly used in patients with squamous cell anal carcinoma. This approach has gained much
attention from patients and clinicians in the last years, as avoiding surgery sounds appealing
to many. However, evidence on the risks of this approach were largely unknown, as well as
the functional outcomes of definitive chemoradiotherapy. In addition, the percentage of
patients who achieve a cCR is large variable, depending on the tumour stage at baseline and
preoperative treatment strategy. With the conventional neoadjuvant therapy schedules that
are nowadays used, a complete response of the tumour and pathological lymph nodes only
occurs in a minority of patients. Most patients with locally advanced rectal cancer will have
obvious residual tumour after neoadjuvant therapy and for those, the only chance of curative
treatment is radical surgery.

In contrast to the remarkable improvements in local recurrence rates over the last decades,
the incidence of distant metastasis remained similar. Distant metastases are now the most
common cause of uncontrollable disease, which occur in about 30% of patients with rectal
cancer after curative treatment. 12, 26, 27 Even in patients with a pCR, distant metastases occur
in 10-20%. 25, 28 In patients with high-risk colon cancer, the use of adjuvant chemotherapy
after curative resection has a beneficial effect on overall survival and disease-free survival .29, 30
For rectal cancer patients with a high risk of local recurrence, multiple randomized trials
have been performed, but a survival benefit for the use of postoperative chemotherapy after
neoadjuvant treatment and radical surgery has not been shown. There are several possible
explanations for the difference in systemic effect of adjuvant chemotherapy in colon and rectal
cancer patients, including the use of neoadjuvant treatment (which is uncommon for colon
cancer) and the time between diagnosis and surgery (a few weeks in colon cancer versus a
few months in rectal cancer). Furthermore, the compliance for postoperative treatment in
rectal cancer patients is considerably low, and a proportion of patients will not be fit enough
to receive postoperative adjuvant chemotherapy due to surgical complications or morbidity.
Although a clear survival benefit is not shown up to today, adjuvant chemotherapy is still
advised for rectal cancer patients with a high risk of systemic recurrence in many international
guidelines. In the Netherlands, this is not advised, although postoperative chemotherapy is
sometimes applied because of strong preference of a patient, or at discretion of the treating
physician. In an experimental setting, systemic therapy is added to preoperative treatment
(total neoadjuvant therapy). 31, 32 Theoretically, giving systemic therapy before surgery has
several benefits, but the exact effects are still unknown.

Treatment for metastasized colorectal disease
In addition to the 30% of patients with rectal cancer who will develop metachronous distant
metastasis after curative treatment, approximately 15-20% presents with metastasized disease.33, 34 Liver and lungs are mostly affected in patients with metastasized rectal cancer. The
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chances of cure in patients with metastases are mainly determined by the chances of radical
resection of all tumour deposits. For patients with limited liver or lung metastases, curative
treatment options have expanded over the last years and criteria for ‘resectability’ of colorectal
liver metastasis have involved, although there is still considerable variability between assessors.35, 36 In addition to resection, local therapeutic options for lung- and liver metastases such
as stereotactic-radiotherapy and radio frequent ablation (RFA) have improved. For patients
with primary stage IV rectal cancer, a Dutch phase II study has shown excellent results in
terms of radical resection and survival.37, 38 The approach used in this study, including shortcourse radiotherapy followed by six courses of chemotherapy, is now frequently used in the
Netherlands for curatively intended treatment for rectal cancer patients with limited distant
metastasis at diagnosis.
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The implementation of preoperative therapy has improved local control and enabled better
curative option, although it also involves the risk of overtreatment and inferior functional outcome in some patients. Preoperative radiological staging has improved considerably, although
the accuracy of high-resolution MRI is still insufficient, especially for nodal staging.39 Recent
developments in surgical techniques are focused on minimal invasive techniques, laparoscopic and transanal resections, robotics, mostly with the goal to increase nerve preservation,
improve functional outcomes and postoperative recovery and reduce colostomy rates. The
options for personalized treatment are expanding, but patient selection remains problematic
based on currently available modalities. In addition, little is known about patient values and
preferences.

Driven by the improvements in local control and oncological outcomes for patients with
rectal cancer, the focus on long-term functional outcomes and quality of life is increasing.
For implementation of personalized treatment for rectal cancer, the risks and benefits should
be well balanced for each patient, taking the preferences of the patient into account. In this
thesis, several challenges are addressed with the overall aim to provide knowledge to improve
shared decision making and facilitate the implementation of an individualized approach for
treatment of rectal cancer.
In chapter 2, the results of watch wait in rectal cancer patients with a clinical complete
response after neoadjuvant therapy are described. Because little evidence is available on the
watch & wait approach and the feasibility of a randomized trial is questionable for both practical and ethical reasons, data was collected from international expert centers in a collaborative
registry study.
Despite the described improvements in local control, the incidence of distant metastasis
remained unchanged over the last 20 years. The rationale to improve disease-free survival with
adjuvant chemotherapy is proven with a survival benefit in high-risk colon cancer patients, but
in rectal cancer patients this is still unclear. Despite the inconclusive or negative results from
multiple trials involving patients with rectal cancer, postoperative adjuvant chemotherapy
after curative resection is still advised in large parts of Europe and the United states. Although
it is not advised in the Dutch guidelines, some patients request additional chemotherapy even
though a survival benefit is uncertain. In chapter 3, we have examined the effect of postoperative chemotherapy after neoadjuvant treatment and surgery on health-related quality of life.
A new alternative to include full dose chemotherapy in the treatment regimen of high-risk
rectal cancer patients, is to give chemotherapy preoperatively in the waiting period before
surgery. The compliance and safety of short-course radiotherapy followed by preoperative
chemotherapy and subsequent TME surgery compared to standard chemo-radiotherapy are
described in chapter 4.
Although new therapeutic strategies have been developed and are being implemented
with the aim to improve quality of life, little is known about the preferences of patients who
underwent treatment, and to which extend this is congruent with perception of their treating
physician. In chapter 5, we report the results of a conjoint choice experiment, in which we
have examined which outcome-measures are most important to patients, and to physicians
who are involved in the treatment of patients with rectal cancer.
The studies described in this thesis call for future research on the risk and benefits to adopt
a personalized approach to rectal cancer. However, the feasibility of clinical trials is depending
on several practical and financial challenges. Although the ultimate endpoint to assess any
treatment effect is survival, using survival as a primary endpoint in clinical trials is unfavorable because years of follow-up are required until the treatment effect can be evaluated. This
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Chapter 1

has practical, ethical and financial consequences. Therefore, there is a need for a surrogate
endpoint for survival. In chapter 6 we have examined the validity of a previously proposed
surrogate endpoint for overall survival, the “neoadjuvant rectal cancer score”.
Finally, chapter 7 includes a summary on the previous chapters, general discussion and
future perspectives.
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ABSTRACT
Background
The strategy of watch and wait (W&W) in patients with rectal cancer who achieve a complete clinical response (cCR) after neoadjuvant therapy is new and offers an opportunity for
patients to avoid major resection surgery. However, evidence is based on small-to-moderate
sized series from specialist centres. The International Watch & Wait Database (IWWD) aims
to describe the outcome of the W&W strategy in a large-scale registry of pooled individual
patient data. We report the results of a descriptive analysis after inclusion of more than 1000
patients in the registry.
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Participating centres entered data in the registry through an online, highly secured, and
encrypted research data server. Data included baseline characteristics, neoadjuvant therapy,
imaging protocols, incidence of local regrowth and distant metastasis, and survival status. All
patients with rectal cancer in whom the standard of care (total mesorectal excision surgery)
was omitted after neoadjuvant therapy were eligible to be included in the IWWD. For the
present analysis, we only selected patients with no signs of residual tumour at reassessment (a
cCR). We analysed the proportion of patients with local regrowth, proportion of patients with
distant metastases, 5-year overall survival, and 5-year disease-specific survival.

Findings
Between April 14, 2015, and June 30, 2017, we identified 1009 patients who received neoadjuvant treatment and were managed by W&W in the database from 47 participating institutes
(15 countries). We included 880 (87%) patients with a cCR. Median follow-up time was 3·3
years (95% CI 3·1–3·6). The 2-year cumulative incidence of local regrowth was 25·2% (95%
CI 22·2–28·5%), 88% of all local regrowth was diagnosed in the first 2 years, and 97% of local
regrowth was located in the bowel wall. Distant metastasis were diagnosed in 71 (8%) of 880
patients. 5-year overall survival was 85% (95% CI 80·9–87·7%), and 5-year disease-specific
survival was 94% (91–96%).

Interpretation
This dataset has the largest series of patients with rectal cancer treated with a W&W approach,
consisting of approximately 50% data from previous cohort series and 50% unpublished data.
Local regrowth occurs mostly in the first 2 years and in the bowel wall, emphasising the importance of endoscopic surveillance to ensure the option of deferred curative surgery. Local
unsalvageable disease after W&W was rare.

Funding
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European Registration of Cancer Care (EURECCA) financed by European Society of Surgical
oncology (ESSO), Champalimaud foundation Lisbon, “Bas Mulder Award” granted by the
Alpe d’Huzes foundation and Dutch Cancer Society, European Research Council Advanced
Grant.
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The standard treatment for locally advanced rectal cancer is neoadjuvant (chemo-)radiotherapy followed by major resection surgery, based on the principles of total mesorectal excision (TME).1 However, this strategy is associated with perioperative mortality of 1-2%, which
increases with old age, frailty and comorbidity.2,3 Additionally, it can lead to temporary or
permanent colostomy, and serious long-term morbidity, such as urinary and sexual dysfunction in more than 60% of patients.4 Over the past two decades focus has gradually shifted
towards a more individualized approach with the aim of improving long-term quality of life
and functional outcomes. This approach has led to a growing interest in organ preserving
strategies in a strictly selected population.
The combination of neoadjuvant chemotherapy and radiotherapy has proven to be effective
to downstage the primary tumour and it leads in about 20% of patients, to complete disappearance of the tumour and tumour positive lymph nodes - a pathological complete response
(pCR), which is associated with favourable long-term outcomes compared with those without
complete response.5,6
Since the first introduction of the watch and wait (W&W) strategy for patients with rectal
cancer with a clinical complete response (cCR) after neoadjuvant chemoradiotherapy by
Habr-Gama and collegues,7 multiple cohort series are now available in which surgery has been
omitted.8-11 The diagnosis of a cCR based on the results of conventional imaging modalities
does not perfectly correspond to a true complete response, as local regrowth rates within 2
years of follow up range from 7% to 33%.8,12,13 Despite the incidence of local tumour regrowth,
the results so far are promising in terms of survival since most local regrowths are amenable
to salvage resection.12
Several factors might have contributed to a limited adoption of such a strategy so far and
its absence in most surgical oncology guidelines. Most available cohort series are small and
have heterogeneous study populations and, therefore, are not adequate to define the individualised oncological risk. Furthermore, international consensus has not been reached on
imaging strategies and timing to identify a cCR, or follow-up protocols for timely detection
of tumour regrowth. Also, neoadjuvant treatment schedules and choice of chemotherapy and
radiotherapy dosage are considerably variable across studies, subsequently resulting in a wide
range of cCR rates (10 - 78%).9,10 Finally, data on long-term survival, such as functional and
quality of life results are still scarce.
In this setting, more evidence supporting organ-preserving strategies is needed to implement W&W as a safe treatment option for selected cases. Randomised controlled trials for
this indication are challenging for both practical and ethical reasons: patients are likely to
prefer avoiding surgery, especially when they are facing permanent colostomy. The International Watch & Wait Database (IWWD) was established in February 2014.14 This database was
initiated by a collaboration of high-profile clinical experts, under the umbrella of EURECCA

(European Registration of Cancer Care) and the Champalimaud Foundation Lisbon. The aim
of this database is to collect all available data to expand knowledge on the benefits, risks,
and oncological safety of organ-preserving strategies in rectal cancer. For the present study,
the primary aim was to describe the pooled information after collection of patient data from
more than 1000 patients in our network, which consists of data from previously published
cohort series and about 50% of unpublished data from smaller W&W centres. Furthermore,
we aimed to explore the local regrowth-rate and survival in this population.

METHODS

This was an international multicentre registry study. On April 14, 2015, the web-based database was opened for patient data registry. Clinical experts on W&W strategies were invited
to participate. Additionally, clinicians could join the network via our website or contact addresses. Participating centres agreed to enter information on all patients in their institute
who had organ-preservation treatment after neoadjuvant therapy for rectal cancer, whether
or not patients had been part of previously published studies. Data were entered online at
the centre under supervision of the participating investigator, and stored in a highly secured
NEN7510 certified and encrypted research data server (ProMISe).15 The IWWD contains
information on patient and tumour characteristics at the time of diagnosis, the reason for
organ-preserving treatment, type of neoadjuvant therapy, results of imaging modalities at
diagnosis, reassessment after neoadjuvant therapy and follow-up, details of the treatment for
disease recurrence, and survival status. The indication for neoadjuvant therapy, the decision
for W&W, and all restaging and follow-up assessments were done according to local protocol
of the participating institutions. We encouraged completeness of the data by using mandatory
fields. The central data centre performed additional data quality checks in case of missing
data, irregularities or lag in follow-up time. All participating centres retain full ownership of
their data and responsibility for accuracy in the information provided.

Patient selection
All patients with rectal cancer in whom the standard of care (TME surgery) was omitted
after neoadjuvant therapy were eligible to be included in the IWWD. We asked participating
investigators to include all patients who did not have surgery after reassessment. For the present analysis, we only included patients with a cCR, defined as no signs of residual tumour at
reassessment after neoadjuvant therapy. We also included patients who had a local excision to
confirm the clinical diagnosis of a cCR. Reassessment consisted of digital rectal examination
(DRE), endoscopy, and various imaging modalities according to each institution’s policy. We
excluded from our analysis patients who were included in the IWWD for other reasons, and
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patients who were diagnosed with distant metastasis at baseline. This was an observational
registry study. Data were entered into the online data server in a coded format. Ethical approval was handled according to local authorities per participating institute.

Outcomes
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At the start of the initiative, the IWWD executive board decided to do a descriptive analysis
after inclusion of 1000 patients in the database. The primary outcome measure was the cumulative incidence of local regrowth. Since the 2014 Champalimaud consensus meeting (Lisbon,
Portugal, Feb 14, 2014), it is agreed that local tumour regrowth after an initial cCR should be
distinguished from local recurrence after TME surgery, which is known for its poor prognosis,
whereas local regrowth after a cCR is usually readily salvageable.16 Therefore, we classified any
local regrowth of rectal cancer at the local tumour location or regional lymph nodes detected
with DRE, endoscopy or imaging was indicated as local regrowth in the present study. We
defined the absence of signs of tumour regrowth up to the date of the last assessment as a
sustained cCR. Secondary endpoints were the incidence of distant metastasis, overall survival
(OS) and disease-specific survival (DSS).
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Statistical analysis
We did statistical analysis using IBM SPSS Statistics version 23.0 and Stata/SE version 12.0.
We calculated descriptives for the whole registry without comparisons. For baseline clinical
tumour stage, we combined data of all performed radiological imaging modalities at baseline.
If MRI was done, we considered it the leading imaging modality. We calculated the median
follow-up according to the reverse Kaplan-Meier method. We used Kaplan-Meier survival
methods for survival analysis. We calculated the time to diagnosis of local regrowth from the
date of decision for W&W. We considered the date of diagnosis as the baseline timepoint for
survival analysis and the incidence of distant metastasis. If the date of diagnosis was unknown,
we estimated it using the dates of endoscopy and imaging at baseline. If the date of distant metastasis was unknown, we estimated it based on the date of clinical assessments. For analysis
of DSS, deaths due to the primary malignancy (local disease and/or distant metastasis of rectal
cancer) or related to treatment were considered as an event.

Role of the funding source
The funders had no role in the study design, data collection and analysis or writing the report.
The members of the academic committee had access to all the data and shared the responsibility for the final decision to submit the report for publication.

RESULTS
Patient characteristics

Table 1. Baseline characteristics of clinical complete responders in the total registry and difference between
the three largest centres
Data are n (%), unless otherwise specified. BMI=body-mass index.
Total
N=880
Country

Argentina

46 (5%)

Other partipating
institutes

3 largest participating institutes
A&J Gama AvL/MUMC
n = 192
n= 239

OncoRe
n =149

n=300

-

-

--

46 (15%)
27 (9%)

Belgium

27 (3%)

-

-

-

Brazil

201 (23%)

192 (100%)

-

-

9 (3%)

Germany

25 (3%)

-

-

-

25 (8%)

Denmark

40 (5%)

-

-

-

40 (13%)

France

42 (5%)

-

-

-

42 (14%)

United Kingdom

150 (17%)

-

-

149 (100%)

1 (0%)

Ireland

35 (4%)

-

-

-

35 (12%)

Netherlands

252 (29%)

-

239 (100%)

-

13 (4%)

Poland

15 (2%)

-

-

-

15 (5%)

Portugal

21 (2%)

-

-

-

21 (7%)

Russia

5 (2%)

-

-

-

5 (2%)

Sweden

15 (2%)

-

-

-

15 (5%)

Turkey

6 (1%)

-

-

-

6 (2%)

Age

Mean (SD) 63·6 (11·7)

59·7 (12·6)

63·5 (9·92)

65·9 (9·4)

65·0 (13·0)

BMI

Mean (SD)

26·7 (4·9)

26·1 (3·9)

26·3 (5·4)

27·5 (6·2)

26·4 (4·3)

Male

603 (69%)

126 (66%)

161 (67%)

110 (74%)

206 (69%)

Female

277 (32%)

66 (34%)

78 (33%)

39 (26%)

94 (31%)

Yes

252 (29%)

58 (30%)

74 (31%)

0 (0)

120 (40%)

No

337 (38%)

131 (68%)

103 (43%)

17 (11%)

86 (29%)

Unknown

291 (33%)

3 (2%)

62 (26%)

132 (89%)

94 (31%)

Sex
Comorbidity
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Between April 14, 2015, and June 30, 2017, 1009 patients were included in the database from
47 participating institutes and 15 countries (appendix). Of these, 880 patients had a cCR as
defined by the criteria of participating institutes and were included for the present analysis,
with a median follow-up time of 3·3 years (3·1–3·6; table 1). Other reasons for inclusion in
the database but exclusion from this analysis were clinical near complete response or patientrelated factors such as refusal of surgery by patient or inoperability due to comorbidity (figure
1). Patient and tumour characteristics at baseline varied between centres (table 1). These baseline differences were also present across the three largest participating institutes, partly due
to inclusion of patients, for example, by Instituto Angelita e Joaquim Gama, Brazil, as early as
1991, when MRI was not yet routinely done and thus T-stage was not available in the database.

27

Table 1. Baseline characteristics of clinical complete responders in the total registry and difference between
the three largest centres (continued)
Total
N=880
Year of decision for
W&W
Median follow-up time
Clinical T stage
baseline*
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Other partipating
institutes

A&J Gama AvL/MUMC
n = 192
n= 239

OncoRe
n =149

n=300

10 (4%)

11 (7%)

43 (14%)
151 (50%)

Before 2010

177 (20%)

113 (59%)

2010-2014

450 (51%)

73 (38%)

95 (40%)

131 (88%)

2015- present

253 (29%)

6 (3%)

134 (56%)

7 (5%)

106 (35%)

2·1 (1·9-2·3) 3·7 (3·4-4·1)

2·8 (2·4-3·3)

Years (95%CI) 3·3 (3·1-3·6) 7·1 (6·3-8·0)
cT1

14(2%)

5 (3%)

1 (0·4)

0 (0)

8 (3%)

cT2

226 (26%)

21 (11%)

50 (21%)

36 (24%)

119 (40%)

cT3

451 (51%)

26 (14%)

170 (71%)

104 (70%)

151 (50%)

cT4

30 (3%)

0 (0)

15 (6%)

7 (5%)

8 (3%)

Unknown

159 (18%)

140 (73%)

3 (1%)

2 (1%)

14 (5%)

cN0

309 (35%)

59 (31%)

62 (26%)

47 (32%)

141 (47%)

cN1

271 (31%)

22 (12%)

79 (33%)

63 (42%)

107 (36%)

cN2

167 (19%)

2 (1%)

96 (40%)

37 (25%)

32 (11%)

Unknown

133 (15%)

109 (57%)

2 (1%)

2 (1%)

20 (7%)

Local regrowth

Yes

213 (24%)

70 (37%)

35 (15%)

59 (40%)

49 (16%)

No

667(76%)

122(64%)

204 (85%)

90 (60%)

251 (84%)

Distant metastasis

Yes

71(8%)

27 (14%)

9 (4%)

14 (9%)

21 (7%)

No

809 (92%)

165 (86%)

230 (96%)

135 (91%)

279 (93%)

Clinical N stage
baseline
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3 largest participating institutes

Last study status

In FUP

660 (75%)

98 (51)

202 (85%)

127 (85%)

233 (78%)

FUP completed

57 (7%)

28 (15%)

17 (7%)

0 (0)

12 (4%)

Lost to FUP

64 (7%)

28 (15%)

14 (6%)

1 (1%)

21 (7%)

Deceased

99 (11%)

38 (20%)

6 (3%)

21 (14%)

34 (11%)

*Clinical T stage based on radiological imaging is displayed. If patients were assessed with endoscopy or endorectal ultrasound, the baseline T stage was not documented in the database.

Imaging modalities used at baseline and reassessment for local staging are listed in table 2.
Almost all patients had endoscopy at baseline. An MRI was done in three-quarters of all
patients, and in 631 (90%) of 703 patients who were selected for W&W after 2010.
For identification of a cCR after neoadjuvant therapy, endoscopy was done in 779 (89%) of
cases. Biopsy samples were taken in 325 (42%) of the 79 patients who had endoscopy for reassessment. Restaging MRI was done in 620 (71%) of all 880 patients. Most patients who did not
have a reassessment MRI were included before 2010. An MRI was done in 536 (83%) of the
703 patients selected for W&W after 2010. In most patients (621 [71%] of 880) two or more
imaging modalities were combined for local restaging. Both endoscopy and MRI were done
in 563 (64%) of 880 patients. A combination of DRE, endoscopy and MRI was performed in
398 (45%) of 880 patients. In 44 patients (5%) of 880 a diagnostic local excision was done to
confirm a cCR – of these, 39 (89%) had no residual adenocarcinoma.

1009 patients included in the
IWWD
880 patients with a
clinical complete
response

213 patients with
local regrowth

129 patients included for
other reasons

83 patients with a near complete
response

667 patients with a
sustained complete
response

4 patients included because no
surgery was possible
(comorbidity/age)

26 patients included because of
patient preference for nonsurgical treatment

14 patients with a clinical
complete response and distant
metastasis at baseline

Figure 1. Patients included in the IWWD and in this study
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2 patients in whom the reason
for inclusion was unknown

Table 2. Diagnostic procedures at baseline and at reassessment after induction therapy
Data are displayed as n (%). CEA= carcinoembryonic antigen
Baseline (n=880)

29

Reassessment

Endoscopy

848 (97%)

779 (89%)

MRI pelvis

678 (77%)

620 (71%)
261 (30%)

CT pelvis

378 (43%)

Endorectal ultrasound

146 (17%)

67 (8%)

PET scan

116 (13%)

39 (4%)

CEA

540 (61%)

196 (22%)

-

45 (5%)

Local excision
ypT0

40

ypT+

5

Chemoradiotherapy was most commonly used (804 [91%] of 880 patients), most frequently
with schedules of 45 gray (Gy; n=173), 50 Gy (n=354), 54 Gy (n=102), or 60 Gy (n=40). In most
patients, capecitabine (396 of 804) or fluorouracil (188 of 804) was used. The compliance of
chemoradiotherapy was high: 791 (98% of all 804 patients completed all radiotherapy, and 756
(94%) of 804 patients completed the chemotherapy component. The different combinations
of neoadjuvant therapy are displayed in table 3. In seven patients, the details of neoadjuvant
therapy were unknown.

Table 3. Different types and combinations of induction therapy
Induction therapy

n
Chemo-radiotherapy (CRT)

738

Brachy radiotherapy (BRT)

5

External beam radiotherapy (EBT)

35

Chemotherapy(CT)

3

Total for single therapy

781

57

CRT+ CT

7

BRT+ EBT

19

EBT+ CT

7

CRT+ BRT+ EBT

2

Total for combinations

92

Missing

7

Total

880

Local regrowth occurred in 213 of 880 patients, with a 2-year rate of 25·2% (95% CI 22·228·5%). Local regrowth was diagnosed in the first year after the decision for a new W&W
regimen in 136 (634%) of the 213 patients diagnosed with local regrowth. Local regrowth was
diagnosed within 2 years in 188 (88% of 213 patients (figure 2). Local regrowths were located
in the bowel wall in 97% (206 of 213) patients. In 11 patients, local regrowth was located in
the regional lymph nodes; four of whom simultaneously had tumour regrowth in the bowel
wall. Only seven (3%) patients were diagnosed with tumour regrowth in the regional lymph
nodes only.

0.50

0.75

1.00

Distant Metastasis free period

0.00

0.25

0.50

0.75

1.00

Local regrowth

0.25

30

CRT + BRT

0.00
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Different combinations

0
Number at risk
880 (0)

1
2
3
4
Follow-up since W&W decision (years)
594 (150) 417 (125)

308 (97)

224 (76)

5

152 (70)

0
Number at risk
880 (0)

1
2
3
4
Follow-up since diagnosis (years)
777 (95)

Figure 2. Local tumour regrowth (A) and distant metastasis free-period (B)
W&W=watch and wait.

581 (166) 415 (151) 302 (106)

5

223 (75)

0.25

0.50

0.75

1.00

Disease Specific Survival

0.00

0.00

0.25

0.50

0.75

1.00

Overall Survival

0
Number at risk
880 (0)

1
2
3
4
Follow-up since diagnosis (years)
785 (87)

609 (160) 445 (145) 322 (103)

5

234 (76)

0
Number at risk
880 (0)

1
2
3
4
Follow-up since diagnosis (years)
785 (95)

Figure 3. Five-year overall survival (A) and disease specific survival (B)

609 (176) 445 (153) 322 (116)

5

234 (81)
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For 148 (69%) of 213 patients with local regrowth, details of surgical treatment for regrowth
were available. For the remaining 65 patients the treatment details were not documented in
the registry mainly because many patients were referred back to their primary hospital for
salvage therapy and, therefore, the participating centres did not have access to this information. 46 (31%) of 148 these patients were treated with local excision, of whom 13 underwent
subsequent TME surgery. In total, 115 (78%) had TME resection for local regrowth, 114 (99%)
of 115 with curative intention. In 101 (88%) of all 115 surgical resections for local regrowth,
the resection margins were tumour negative (R0 resection), in 6% (seven of 115) tumour
Distant metastasis were diagnosed in 71 (8%) 880 patients during follow-up, with a 3-year
rate of 8·1% (95% CI 6·2-10.5; figure 2B). Only eight (11%) of all71 distant metastases were
diagnosed in the first year after diagnosis, 38 (54%) of 71 patients were diagnosed within 2
years, and 53 (75%) of 71 patients within 3 years. Distant metastases were most frequently
located in lungs (44 [62%] of 71), followed by liver (29 [41%] of 71). 13 (18%) patients were
diagnosed with lung and liver metastases simultaneously. Other locations of distant metastasis
were distant lymph nodes (eight [11%] of 71) and peritoneum (four [6%] of 71). In patients
with local regrowth, the proportion of patients with distant metastasis was 18% (38 of 213),
whereas the proportion of patients sustained complete response was 5% (33 of 634634). Of
the patients with both distant metastasis and local regrowth, the distant metastases were
diagnosed before the local regrowth in two (5%) patients, simultaneously in 12 (32%) patients
within 3 months, and in 24 (63%) patients more than 3 months after the local regrowth.
Five-year disease-specific survival was 93·8% (95%CI 90·9 - 95·9) and 5-year overall survival
was 84·7% (95%CI 80·9 - 87·7) (figure 3). For patients with a sustained cCR, the 5-year diseasespecific survival was 97·3% (95%CI 94·5-98·7) and 5-year overall survival was 87·9% (95%CI
83·8-91·0). For patients who were diagnosed with local regrowth, the 5-year disease-specific
survival was 84·0% (95%CI 75·0-89·9) and 5-year overall survival 75·4% (95%CI 66·2-82·4).
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In 33 (4%) of 880 patients the cause of death was related to rectal cancer. Ten patients died of
metastatic disease in the presence of a sustained local cCR. 14 patients who died of rectal cancer were diagnosed with both distant metastasis and local regrowth, and five patients only had
local residual disease at the time of death. Of these five patients, two had surgical resection for
regrowth with curative intention, one had refused surgery, and in two patients the details were
unknown. In the four remaining patients, the sites of rectal cancer at death were unknown.
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This is the largest series of pooled individual data of patients with rectal cancer and a cCR after
neoadjuvant therapy, treated with W&W. The main aim of this study was to provide insight in
the W&W strategies worldwide and oncological outcome of W&W patients. The registry has
collected data of more than 1000 patients, approximately 50% from published cohort studies,
and 50% of unpublished data.7,8,10,11,13,17,18
In the registry, 25% of patients with a cCR after neoadjuvant therapy and treated with a
W&W approach developed a local regrowth in the 2 two years of follow-up, with regrowths
nearly always located in the bowel wall (97%). The local regrowth rate is considerably higher
than the pooled 2-year local regrowth rate of 16% reported by Dossa and colleagues.12 This
difference is probably related to the strict inclusion criteria in the studies of the meta-analysis,
whereas the registry is more based on a so-called all-comers strategy, without narrow selection
criteria. Most likely this result reflects the outcome of a W&W strategy on a more populationbased level.
The registry represents a period of two and a half decades in which W&W evolved from the
first W&W patient to an adopted treatment strategy in dedicated centres. Our data shows that
imaging strategies, selection of patients and follow-up protocols have evolved accordingly. The
current standard of care for rectal cancer includes high-resolution MRI for both primary staging and restaging after neoadjuvant therapy, and MRI is now also considered essential in the
selection and follow-up of W&W patients.19,20 All centres agree that the identification of a cCR
is best done with a combination of DRE, endoscopy, and high-resolution imaging. A typical
cCR is seen as a flat white scar on endoscopy, with only signs of fibrosis on DRE and MRI.21,22
The value of biopsy samples and additional imaging, such as PET-scanning, is still unclear,
and not recommended.23-25 Surveillance in W&W regimens should focus on early detection
and treatment of regrowth. Although a uniform protocol has not yet been established, all
experts agree that it should include intensive surveillance with DRE, flexible endoscopy and
MRI in the first 2 years, and decreasing intensity in subsequent years (appendix).
Survival in this registry is excellent: a 5-year overall survival of 84·7% and a 5-year diseasespecific survival of 93·8%. Ideally, outcomes of W&W patients and outcomes of patients with
a cCR who underwent surgery should be compared. However, such a comparative population
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is not available. The main concern about implementation of W&W strategies remains whether
survival and the chance of curative treatment are compromised in patients who experience
a regrowth. Patients with a sustained cCR clearly have no oncological disadvantage from a
W&W policy, because surgery could not have improved their 100% local control rate, and
could only have contributed operative mortality and morbidity. The overall survival of patients
with a sustained cCR should be in the same range as patients with pCR after TME surgery.
The 5-year overall survival of 87·9% in sustained clinical responders in the present study is
similar to the 5-year overall survival of 87·6% in patients with pCR in the pooled analysis of
Maas and colleagues.5 Patients with a regrowth should be considered different from those with
pCR because patients with residual tumour have Inherently lower survival than patients with
no residual tumour because of the inherent increased risk of distant metastasis. In our data,
5-year overall survival was 75·4% for patients with local regrowth, and distant metastasis occurred in 17·8% of these patients. In the study of Maas and colleagues, 5-year overall survival
for non-pCR patients was 76·5%, and 22·7% of these patients developed metastasis.5 Although
the two populations are somewhat different, these numbers are within the same range. We
hypothesise that the risk of metastases and rectal-cancer specific death in these patients is
more related to the biology of the tumour rather than to the omission of immediate surgery.
Five of the 33 patients that died because of rectal cancer were diagnosed with local disease
only. When we take into account the missing information on disease salvage and the missing
sites of rectal cancer in four patients, the risk of locally unsalvageable disease is estimated to be
1% at the most. This estimate is congruent with the 0·2% reported in the meta-analysis of Dossa
and colleagues.12 With the inclusion of 50% unpublished patients in the registry, this figure is
likely to be a reliable reflection of the true population risk. Although detailed information on
treatment for local regrowth is scarce, in some patients salvage surgery was not done because
of various reasons, such as patient refusal, high operative risk, and synchronous metastatic
disease. The standard salvage therapy is TME surgery. Local excision can be considered an
alternative strategy in specific cases of minimal tumour regrowth or frail patients, but inferior
oncological outcomes have been reported with tumours greater than ypT1.26
This study has several limitations. First of all, this is a database-based registry study. As
expected, we found considerable variability between participating centres in baseline characteristics, neoadjuvant therapy, and imaging strategies. Some strategies, such as the use of
MRI, changed over time. Furthermore, the criteria for a cCR might have been variable across
centres. This variability might have influenced the proportion of cCR and the number of
regrowths. Although all participants entered data with the same instructions, and multiple
quality checks were done to detect entry errors, items could have been interpreted and filled
in differently. Some details of imaging and treatment strategies were missing because the
original patient reports could not be accessed centrally. Furthermore, part of the data was
prospectively collected at the participating institutes, and entered at a later date in the IWWD.
All patients who initially were selected for W&W strategies might not have been included
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in the database, potentially leading to selection bias. We did not have access to the complete
population of patients with rectal cancer treated with chemoradiotherapy at each institute,
precluding a good estimate of the proportion of patients with a cCR and the proportion followed in a W&W regimen. A last and highly important issue with regard to applicability of
the results in other settings is that patients in the present study were generally treated in high
volume centers with experience and dedicated facilities for W&W.
Despite these limitations, we feel that the results of this study are valuable and increase the
knowledge on the risks and benefits of W&W for individual patients. The data collected so far
provide information on the location and incidence of local regrowth and distant metastasis,
and the small risk of incurable disease in strictly selected and monitored patients with a cCR
after neoadjuvant therapy. The study shows the importance of frequent surveillance in W&W
patients in the first 2 years of follow-up. The main question, however, is whether W&W is
ready for clinical practice. Although demand is high from patients and our data suggest the
W&W approach is a good alternative to TME resection in patients with a cCR, there are
several caveats. W&W regimens should preferably be done in centres that have sufficient
volume and a dedicated programme for W&W, with state-of-the-art flexible endoscopy and
MRI to enable accurate selection and intensive surveillance. Patients should be involved in the
shared-decision process, considering all the benefits, risks and uncertainties of both standard
TME resection and the W&W approach. The results of this study can be used in a trade-off
discussion with a patient when reassessment after neoadjuvant therapy shows a cCR. However, this study does not address the issue of whether or not neoadjuvant therapy with the goal
of organ preservation is justified in patients with small distal tumours who can be treated with
TME surgery without neoadjuvant therapy. Although early tumours have a higher chance for
a cCR than more advanced tumours, the non-responders may be more disadvantaged when
they still require major surgery.18
Many other clinical challenges and questions remain. What is the optimal selection and
follow-up protocol? What is the best approach for a near-complete clinical response? Who
are the best candidates to pursue organ preservation? Importantly, long-term quality-of-life
outcomes, and effects of (chemo-)radiotherapy on bowel function in W&W patients are still
unknown.
This study shows that in strictly selected patients with a clinical complete response, W&W
can be a good alternative to major surgery with very little oncological risk. At least at present,
selection and surveillance of these patients should be done in dedicated centres. Through
the ongoing collaborative effort, the IWWD consortium will address a number of remaining
questions regarding W&W in the future, to the benefit of patients with rectal cancer.
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The watch and wait (W&W) strategy is gaining more attention as a treatment option for
patients with rectal cancer with a clinical complete response after neoadjuvant therapy. Up to
today, no evidence from randomised trials is available. Although several cohort studies and
extensive reviews have been done, concerns remain about the oncological safety in patients
who experience tumour regrowth. We did a PubMed search without date or language restrictions with the terms, “rectal neoplasms” as a major mesh term and the terms, “watchful waiting” (or variations, such as “watch-and wait” or “wait-and-see”) and “neoadjuvant therapy”
for studies in human beings. The search yielded 110 hits, of which several were cohort studies
and 33 were review articles published since 2004. The first report was published in 2004 by
Habr-Gama and colleagues, and included 71 patients. Several reports from the Habr-Gama
research group are now available, in which 5-year overall survival is reported ranging from
85·9% to 100%. The largest cohort study available is from the northwest of England cohort,
and includes 129 patients. In this study, the outcomes of W&W patients were compared with
patients who had surgery using a propensity matched cohort analysis. 34% of the patients developed local regrowth. Nonetheless, no differences were found in non-regrowth disease-free
survival and overall survival (3-year overall survival was 96%). Other cohort studies report
similar survival, though they are generally small, mostly retrospective, and the inclusion
criteria are variable across studies. A meta-analysis was published by Dossa and colleagues. In
this study, a pooled 2-year local regrowth rate of 15·7% was reported, ranging from 5% to 33%
in the studies included in the meta-analysis. Although this meta-analysis found no survival
benefit for surgical resection in patients with a clinical complete response, this conclusion was
based on two studies only, including 48 patients on the W&W strategy.

Added value of this study
This is the first large registry-based study on international W&W strategies for patients with
rectal cancer, consisting of pooled individual patient data of approximately 50% patients from
previously published series and 50% unpublished data. Despite the heterogeneity, this study
provides a reliable reflection of the real-world risks and benefits of W&W. Local regrowth was
most frequently diagnosed in the first 2 years of follow-up and was located in the bowel wall
in most patients. Nodal local tumour regrowth was very uncommon. This indicates that strict
endoscopic surveillance in W&W protocols is essential and enables early detection followed
by curative treatment. In this series, survival was excellent and the risk of local unsalvageabe
disease was small.

Implications of all the available evidence
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This study provides a valuable insight into W&W strategies worldwide. However, further
expansion of the network and prospective data collection are essential to learn more on longterm outcomes of W&W, including functional outcomes. The IWWD Consortium will focus
on the development of uniform protocols for selection and follow-up of patients on the W&W
strategy. All interested clinicians who perform organ-preserving strategies on patients with
rectal cancer are welcome to join our network.
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Appendix A. Participating investigators and contributors
The number of patients in the database and number of patients with a clinical complete response (cCR) per
participating institute.
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# patients
(cCR)

Participating Investigators

Institute

Location

1

H. Rutten, M. Kusters

Catharina Ziekenhuis

Eindhoven, the
Netherlands

2

A. D’Hoore, A. Wolthuis, I. Terrasson

Universiteits Ziekenhuis Leuven

Leuven, Belgium

32 (27)

3

K. Matzel, M.T. Bär, M. Langheinrich

Universitätsklinikum Erlangen

Erlangen,
Germany

28 (25)

4

D. Winter, B. Creavin

St. Vincent’s University hospital

Dublin, Ireland

35 (35)

5

R. Gonçalves Barroca, I. Rosa

IPO Francisco Gentil

Lisbon, Portugal

6

A. Martling, M. Ahlberg

Karolinska Universitetssjukhuset

Stockholm,
Sweden

7

S.M. Murad Regadas

Universidade Federal do Ceará

Fortaleza, Brazil

9 (9)

8

K. Bujko

Maria Sklodowska Curie
Memorial Cancer Centre

Warswa, Poland

24 (15)

9

A. Jakobsen, A.L. Appelt

Danish Colorectal Cancer Centre
South

Vejle, Denmark

40 (40)

10 J.P. Gerard, R. Schiappa

Centre Antoine-Lacassagne

Nice, France

45 (42)

11 C. Vaccaro, M.L. Morici, G. Rossi

Hospital Italiano

Buenos Aires,
Argentina

30 (25)

12 F. Sanchez Loria

Instituto Alexander Fleming

Buenos Aires,
Argentina

35 (20)

13 S. Iseas

Hospital Udaondo

Buenos Aires,
Argentina

1 (1)

14 Z.Z. Mamedli

Russian Cancer Research Centre

Moskow, Russia

6 (5)

15 C. Cunningham, E. WorthingtonChapman

Oxford University Hospitals

Oxford, United
Kingdom

1 (1)

16 O. Asoglu, H. Tokmak

Istinye üniversitesi

Istanbul, Turkey

9 (6)

17 A. Keshvari

Imam Khomeini Hospital
Complex

Tehran, Iran

1 (0)

18 K.C.M.J. Peeters, F.A. Holman, A.L.
Vahrmeijer, D.E. Hilling, M.J.M.
van der Valk, A.G.H. Roodvoets,
E. Bastiaannet, E.Meershoek-Klein
Kranenberg, C.J.H. van de Velde

Leiden University Medical Center Leiden, The
Netherlands

5 (5)

19 N. Figueiredo, C. Carvalho

Champalimaud Clinical Center

Lisboa, Portugal

20 J. Melenhorst, S. Breukink, B.J.P.
Hupkens

Maastricht University Medical
Center

Maastricht, the
Netherlands

142 (126)

21 G.L. Beets, R.G.H. Beets-Tan, M.
Maas, M.E.van der Sande

Antoni van Leeuwenhoek
multicenter cohort

Amsterdam, The
Netherlands

122 (113)

14 (8)

7 (7)
21 (15)

57 (14)

Appendix A. Participating investigators and contributors (continued)
# patients
(cCR)

Institute

Location

C. Hoff, S.A. Koopal

Medical centre Leeuwarden

Leeuwarden

H.L. van Westreenen, H. van der Sluis

Isala Hospital Zwolle

Zwolle

D.D.E. Zimmerman, D.K. Wasowicz

Elisabeth TweeSteden Hospital

TIlburg

A.K. Talsma, R.J.I. Bosker

Deventer Hospital

Deventer

22 A. Habr-Gama, R.O. Perez, G.P. São
Julião

Instituto A& J Gama

Sao Paolo, Brazil

196 (192)

23 A.G. Renehan, L. Malcomson, S.
Gollins, A. Sun Myint, M. Saunders,
N. Scott, S.T. O’Dwyr

North west Rectal cancer registry
(OncoRe)

United Kingdom

149 (149)

The Christie NHS Foundation

Manchester

Clatterbridge Cancer Centre

Bebbington

Royal Blackburn Hospital

Blackburn

Blackpool Victoria Hospital

Blackpool

Royal Bolton Hospital

Bolton

Countess of Chester

Chester

Harrogate District Hospital

Harrogate

Leighton Hospital

Leighton

Royal Liverpool Hospital

Liverpool

Macclesfield District General
Hospital

Macclesfield

University Hospital South
Manchester

Manchester

Manchester Royal Infirmary

Manchester

North Manchester General
Hospital

Manchester

Royal Oldham Hospital

Oldham

Royal Preston Hospital

Preston

Glan Clwyd Hospital

Rhyl

Salford Royal NHS Trust

Salford

Stepping Hill Hospital

Stockport

Tameside Hospital

Tameside

Warrington Hospital

Warrington

Royal Albert Edward Infirmary

Wigan

Total
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1009 (880)

Appendix B. Follow-up schedules in patients with a clinical complete response of the 3 largest participating institutes
Instituto A&J Gama, Sao Paulo cohort; Antoni van Leeuwenhoek and Maastricht UMC (AvL/MUMC); OncoRe
Research Database (UK).
DRE=Digital rectal examination; MRI=Magnetic Resonance Imaging; CEA= carcinoembryonic antigen;
CT=Computed Tomography
Surveillance strategies
Number of assessments/ year
Year 1

Chapter 2
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Year 4-5

OncoRe

6-8 weeks

4x

3x

Endoscopy

6-8 weeks

4x

3x

2x

3x

3x

6-8 weeks

4x

Min. 2x

CT-thorax/ abdomen*

2x

2x

2x ( incl. CT pelvis)

DRE

4x

2x

2-3x

Endoscopy

4x

2x

2-3x

MRI

2x

2x

2-3x

Serum CEA

4x

4x

Min. 2x

CT-thorax / abdomen*

2x

1x

2x ( incl. CT pelvis)

DRE

2x

2x

2x

Endoscopy

2x

1x

2x

MRI

2x

2x

2x

Serum CEA

2x

2x

Min 2x

CT-thorax/ abdomen*

2x

1x

2x ( incl. CT pelvis)

DRE

2x

2x

-

Endoscopy

2x

2x

-

MRI

1x

2x

-

Serum CEA

2x

2x

-

CT-thorax/ abdomen*

2x

1x

2x ( incl. CT pelvis)

Serum CEA

Year 3

AvL/MUMC

DRE
MRI

Year 2

Instituto
A&J Gama

* The surveillance regimen is equal to the protocol for patients who underwent surgical resection for rectal
cancer
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ABSTRACT
Background
Adjuvant chemotherapy after curative resection for rectal cancer is the standard of care in
several American and European guidelines.

Objective
The aim of this study was to examine the differences in health-related quality of life over
time between patients with rectal cancer who were treated with adjuvant chemotherapy or
observation.

Design
This is a randomized controlled phase III trial.

Settings
Chapter 3

Health-related quality-of-life assessments were conducted in Dutch patients from 43 institutes.

46

Patients
Patients with stage II or III rectal cancer who underwent preoperative (chemo-)radiotherapy
followed by curative surgery (the SCRIPT trial) were included.

Interventions
Patients were randomly assigned to adjuvant capecitabine monotherapy for 8 cycles or observation. Health-related quality of life was assessed using the European Organization for
Research and Treatment of Cancer C30 and CR38 questionnaires at 1 month after surgery
(before the start of chemotherapy), and 3, 6, and 12 months after surgery.

Main outcome measures
The primary outcome measure was the difference in quality of life at 6 months after surgery,
just after completion of adjuvant chemotherapy for patients in the treatment group. Second,
the difference in health-related quality of life at 12 months after surgery was examined. A
statistically significant difference of 5 points was considered clinically relevant.

Results
Health-related quality-of-life results of 226 out of 233 patients were available. At T3, overall quality of life (C30 summary score) was worse for patients treated with chemotherapy
compared with observation (mean 82.3 versus 86.9, p=0.006) but the difference was not
clinically relevant. Patients treated with adjuvant chemotherapy reported clinically relevant
worse physical functioning (mean 78.3 versus 87.0, p<0.001) and more reports of fatigue and

dyspnea (35.7 versus 21.0 and 17.1 versus 6.7, p<0.001). All differences were resolved at 12
months postsurgery.

Limitations
A selection of relatively fit patients willing to be randomly assigned may limit generalizability
of the results.

Conclusions
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Although inferior health-related quality of life was reported just after completion of adjuvant
chemotherapy, no persistent deterioration in quality of life was detected.

47

Chapter 3

INTRODUCTION

48

Up to today, surgical resection remains the cornerstone of treatment for rectal cancer. Despite
the fact that local recurrence rates for rectal cancer have improved significantly since the
introduction of preoperative (chemo)radiotherapy and standardization of total mesorectal
excision (TME(surgery, distant metastasis remain one of the main causes of death after treatment for rectal cancer. Up to 30% of all patients who have stage II-III rectal cancer treated with
curative intent will develop distant metastases.1 The added value of adjuvant chemotherapy
(ACT) for stage II or III colon cancer to reduce micrometastases after curative resection has
been demonstrated by several clinical trials,2,3 but its role in rectal cancer is still under debate.
The results of the Dutch Colorectal Cancer Group randomized phase III PROCTOR-SCRIPT
trial were presented in 2015.4 In this trial, no statistically significant survival benefit in patients
treated with ACT after preoperative (chemo-)radiotherapy and curative resection was shown.
However, this trial did not complete the planned accrual, because of the strong preference
of patients and clinicians for either observation or chemotherapy. Although the survival
benefit of ACT for this patient population remains unclear, it is still the standard of care in
many European and American guidelines, including the National Comprehensive Cancer
Network guidelines.5 Besides survival, self-reported health-related quality of life (HR-QOL)
is an important outcome in cancer treatment. Little is known about the influence of adjuvant
capecitabine monotherapy on quality of life (QOL) in patients with rectal cancer. The present study aims to assess the patient-reported HR-QOL of patients with rectal cancer in the
first year after curative surgery treated with 6 months of adjuvant capecitabine compared to
observation only.

MATERIALS AND METHODS
The study design and inclusion criteria of the SCRIPT trial have been described previously.4
The SCRIPT (Simply Capecitabine in Rectal cancer after Irradiation Plus TME) trial is a
multicenter randomized controlled phase III trial conducted by the Dutch Colorectal Cancer Group between 2004 and 2013. Patients aged ≥18 years with a rectal adenocarcinoma
confirmed by histological examination, who underwent preoperative (chemo-)radiotherapy
followed by surgical resection with curative intent, and ypTNM stage II or III rectal cancer as
defined by postoperative pathological examination, were eligible for this study. Furthermore,
no preexistent contraindications for chemotherapy were allowed, and patients were required
to start chemotherapy within 6 weeks after surgery. After confirmation of a pathological R0/
R1 resection specimen, and being fit for chemotherapy as evaluated by a medical oncologist,
computer-generated randomization was performed at the datacenter of the Department of
Surgery at Leiden University Medical Centre. Patients were randomly assigned (1:1) to receive

postoperative chemotherapy or observation with stratification according to center, residual
tumor, time between last irradiation and surgery, and type of preoperative treatment.
Postoperative chemotherapy consisted of oral capecitabine monotherapy, administered in
8 courses of 21 days. Within 1 course, patients were scheduled to receive 1.250 mg/m² twice
daily on days 1 to 14, followed by 7 days of no treatment. For practical reasons, dosing was
rounded up to the nearest dose that could be administered in 150- and 500-mg tablets.

All 233 Dutch patients included in the SCRIPT trial (79.5%) were eligible for HR-QOL assessments. The first assessment was completed 1 month after surgery and before the start of
ACT in the patients in the treatment arm (T1, baseline assessment). The second assessment,
at 3 months after surgery, was completed after 4 courses of chemotherapy (T2). At 6 months
after surgery, patients in the treatment group would have just completed the ACT according to
study protocol (T3). The last assessment was completed at 12 months after surgery, 6 months
after completion of ACT for patients in the treatment group (T4). Patients in the control group
were asked to fill in the QOL questionnaires at the same moments, at 1, 3, 6, and 12 months
after surgery (T1 to T4). If patients were diagnosed with metastatic or recurrent disease
during follow-up, or if the study medication was terminated for other reasons, no additional
questionnaires were sent from this point onward.

Questionnaires
The questionnaires included the European Organization on the Research and Treatment of
Cancer Quality of Life questionnaire (EORTC QLQ-C30) and the EORTC colorectal cancer
module (QLQ-CR38). Both questionnaires are translated and validated into Dutch.6,7 The
QLQ-C30 questionnaire was developed to assess QOL of patients with cancer, and consists
of 30 questions from which 5 functioning scales, 3 symptom scales, and 6 single-item scales
are constructed. The QLQ-CR38 colorectal cancer module consists of 38 disease-specific
questions that are translated into 2 functioning scales and 6 symptom scales. The items on
sexual functioning were not taken into consideration for this study because of low compliance
and no expected difference. The scores were converted into a 0 to 100 scale according to the
EORTC scoring manual.8 For the functional and global QOL scales, a higher score corresponds to better patient-reported function. For symptom scales, the opposite applies: a lower
score corresponds to fewer reports of the assessed symptom and thus better QOL. The scores
were reported as mean and SE unless indicated otherwise. A difference of 5 points on the 0
to 100 scale between the treatment and observation group was considered to be the minimal
clinically relevant difference based on the strict threshold as recommended by Osaba et al. 9
for the EORTC C30 scale and further supported by a previous study that showed a clinically
relevant difference to generally correspond to half a SD.,10
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The difference in HR-QOL as measured by the EORTC QLQ-30 questionnaire at 6 months
after surgery (T3) was defined as the primary outcome for the present study, because patients
at that point have just completed ACT, but may still have symptoms or are not yet completely
recovered. After 6 months of chemotherapy, the treatment effect was expected to be most
pronounced; hence, the difference between patients in the treatment and observation groups
was expected to be most distinct. In addition, we hypothesized, based on the known side
effects of capecitabine that no difference in HR-QOL would remain between the treatment
and observation groups at 12 months after surgery (6 months after completion of ACT, T4).
The EORTC QLQ-C30 summary score (C30 SUM) was calculated to test for a difference
in overall QOL between the treatment and observation groups.11 In this previously validated
summary score, all items except the 2-item “global health status” scale and the single-item “financial difficulties” are included. For the single-item financial difficulties no specific clinically
relevant differences were expected in this study. The global health status scale is considered to
be less reliable to detect a difference between 2 groups.11,12
The differences in the EORTC QLQ-CR38 disease-specific module were assessed as a secondary outcome. A difference in HR-QOL was expected in the symptom scales GI symptoms
(bloated feeling in the stomach, abdominal pain, pain in buttocks, flatulence, belching),
chemotherapy side effects (dry mouth, thin or lifeless hair, different taste) and weight loss
(a single item scale),6 based on the known side-effects of capecitabine monotherapy (fatigue,
weight-loss, nausea, vomiting, diarrhoea and stomatitis). Because all patients included in this
randomized trial were diagnosed with rectal cancer and underwent surgery with curative
intention, no differences were expected in the other scales of the EORTC QLQ-CR38.
The mean scores of the EORTC QLQ-C30 questionnaire were compared to the available reference
values for Dutch patients with a history of any type of cancer.13 No suitable reference values were
found for the disease specific EORTC QLQ-CR38 questionnaire and EORTC QLQ summary score.

Statistical analysis
Differences in clinical and demographic characteristics at baseline between patients in the
treatment and in the control groups were compared using t test for continuous data and a X2
for nominal data. Although patients were randomly assigned, it was not known whether the
responders to QOL questionnaires were well balanced between groups.
Because QOL was a secondary outcome in the SCRIPT trial, this trial was not powered
to detect a specific difference in HR-QOL. For the QOL outcomes of interest, the data was
nonnormally distributed. Several methods to transform the data were tested, but unsuccessful. Therefore, the generalized estimated equations approach was used with an unstructured
variance-covariance matrix to test the treatment effect at T3 and T4.14 Missing items (<10%
for all scales) of the questionnaires could not be assumed to be missing completely at random,
because it is presumable that patients consciously skipped certain questions. Multiple imputa-

tion was performed; thereby, the reported inference was valid under the less strong missingat-random assumption.15 A p value of <0.01 was considered statistically significant to avoid
any false-positive results attributable to multiple testing. Statistical analysis was performed
using IBM SPSS Statistics (version 23.0). In addition, we have performed an exploratory post
hoc subgroup analysis separating patients with a stoma versus without a stoma at T3.

Between October 2004 and December 2012, 233 Dutch patients were included in the SCRIPT
trial, of which 5 were excluded because they did not receive the assigned study treatment and 2
did not give consent for QOL assessments. In total, 226 patients (115 in the treatment group and
111 in the observation group) were invited to complete questionnaires at 1, 3, 6, and 12 months
after surgery (Fig. 1). At 12 months postsurgery, 17 patients in the chemotherapy group and 6
patients in the observation group were deceased or lost to follow-up. Seventy-seven percent of
patients in the treatment group and 88% of patients in the control group completed questionnaires at all 4 time points, and 96% and 99% of patients completed at least 2 questionnaires.
No statistical differences were found in baseline characteristics between the groups (Table 1).
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Patients included in
the SCRIPT-trial:
n=293

Excluded:
Swedish patients
n=60

Invited for HR-QOL
questionnaires
n=233

Adjuvant
chemotherapy
n=115
T1:
T2:

T3:

T4:

n=113
n=108
n=103
n=096

Excluded
n=7

Observation
n=111

T1:

T2:

T3:

T4:

n=110
n=107
n=106
n=104

Figure 1. Study flow chart
HR-QOL = health-related quality of life.
T1= 1 month after surgery
(baseline)
T2= 3 months after surgery (after 4 cycles of chemotherapy in the treatment group)
T3= 6 months after surgery (after completion of chemotherapy in the treatment group)
T4= 12 months after surgery (6 months after completion in the treatment group)

Table 1. Patient characteristics for patients randomized to adjuvant chemotherapy or observation
Patient characteristics data are displayed as n (%).
APR = abdominoperineal resection; CRM = circumferential resection margin; LAR = low anterior resection;
TME = total mesorectal excision.
ᵅ t test, ᵇ χ2 test.
Chemotherapy (n=115)

Observation (n=111)

p-value

60.68

61.13

0.70ᵅ

Male

67 (58%)

76 (68%)

Female

48 (42%)

35 (32%)

Variable
Age (mean)
Gender

0.112ᵇ

Neoadjuvant therapy
5x5 immediate TME

80 (70%)

77 (69%)

5x5 delayed TME

10 (9%)

13 (12%)

Chemoradiation

25 (22%)

21 (19%)

LAR

65 (57%)

72 (65%)

APR

43 (37%)

32 (29%)

6 (5%)

6 (5%)

1 (1%)

1 (1%)

None

24 (21%)

24 (22%)

Ileostomy

35 (30%)

38 (34%)

Colostomy

55 (48%)

47 (42%)

1 (1%)

2 (2%)

0.70ᵇ

Type of resection

Chapter 3

Hartman

52

Other

0.42ᵇ

Stoma

Missing

0.73ᵇ

CRM
Negative

107 (93%)

101 (91%)

Positive

6 (5%)

8 (7%)

unknown

2 (2%)

2 (2%)

2 (2%)

0

Stage II

18 (16%)

16 (14%)

Stage III

94 (82%)

95 (86%)

Stage IV

1 (1%)

0

0.82ᵇ

(y)pTNM stage
Stage I

0.38ᵇ

EORTC QLQ-C30
The mean scores at T1, T3, and T4 are reported in Table 2. The reported C30 summary
score for patients treated with ACT was on average -4.6 points lower at T3 than in patients
in the observation group; this was statistically significant but did not meet the criteria of a
clinically relevant difference. At T3, a clinically relevant difference was found in the scores in
the functioning scales: physical functioning (mean 78.3 versus 87.0 for patients treated with
ACT and patients in the observation group, p<0.001) and role functioning (mean 66.9 versus

76.2 (1.8)
54.1 (2.8)
80.1 (1.7)
86.6 (1.6)
71.6 (2.2)
64.2 (1.79)

Physical function (PF)

Role function (RF)

Emotional function (EF)

Cognitive function (CF)

Social function (SF)

Global quality of life

6.8 (1.6)
29.3 (2.8)
17.2 (2.6)
4.46 (1.84)
8.9 (1.84)
11.3 (2.25)

Appetite loss

Constipation

Diarrhoea

Financial difficulties

27.3 (2.7)

Pain symptoms (PS)

Insomnia

5.5 (1.3)

Nausea and vomiting (NV)

Dyspnoea

39.7 (2.2)

Fatigue (FA)

Symptom scales

79.2 (1.2)

ACT

9.4 (1.83)

10.0 (2.18)

4.80 (1.40)

13.5 (2.2)

30.3 (3.0)

8.5 (1.6)

30.3 (3.0)

3.7 (1.1)

37.0 (2.3)

64.5 (1.65)

68.6 (2.4)

86.6 (1.7)

80.3 (2.0)

51.0 (2.7)

75.9 (1.6)

78.8 (1.2)

Observation

Mean score baseline T1

C30 SUM Score

Functional scales

Scales

9.0 (2.0)

16.0 (2.3)

3.2 (1.0)

7.9 (1.7)

23.8 (2.9)

17.1 (2.4)

17.3 (2.5)

4.1 (0.9)

35.7 (2.4)

71.4 (1.8)

82.9 (2.1)

82.4 (2.1)

84.6 (1.9)

66.9 (3.1)

78.3 (2.0)

82.3 (1.2)

ACT

19.6 (2.0)
2.4 (0.9)
10.2 (2.2)
8.3 (1.8)
17.8 (2.5)
3.7 (1.7)
7.3 (2.0)
11.4 (2.4)
12.1 (2.6)

<0.001*
0.754
0.142
<0.001*
0.418
0.016
0.105
0.260
0.701

21.0 (1.8)
3.7 (1.1)
12.7 (2.0)
6.7(1.6)
20.7(2.4)
3.1(1.1)
6.2(1.5)
12.1(2.6)
10.1(1.9)
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87.4 (1.9)

85.0 (1.9)

0.226

86.0 (1.9)

79.2 (1.9)

86.1 (2.0)

0.956

84.8 (1.9)
0.683

82.8 (2.3)

0.005*

0.034

86.6 (1.6)

<0.001*

87.0(1.5)
76.7 (2.4)

76.6(1.7)

88.4 (1.0)

0.006

86.9 (1.2)

81.7 (2.2)

ACT

p

Observation

Mean score T3

10.2 (2.0)

12.2 (2.1)

9.0 (1.9)

5.5 (1.6)

17.0 (2.5)

10.2 (1.7)

12.1 (2.0)

3.7 (1.0)

21.4 (2.2)

75.6 (2.1)

84.8 (2.2)

87.2 (1.7)

85.3 (2.1)

79.3 (2.7)

85.4 (1.7)

87.2 (1.3)

Observation

Mean score T4

0.515

0.684

0.869

0.266

0.761

0.469

0.454

0.280

0.389

0.818

0.380

0.979

0.950

0.411

0.901

0.809

p

6.0

6.5

9.4

7.0

18

9.1

19

3.3

23

73

90

87

88

83

86

N.A.

Dutch patients ever
diagnosed with cancer

Reference values

Table 2. Mean scores of functioning and symptom scales for EORTC QLQ-C30
Displayed are the mean score and standard error (SE) at baseline (one month after surgery, T1); six months after surgery (T3); and 12 months after surgery (T4); and reference
values of the Dutch population ever diagnosed with any kind of cancer. For functional scales, a higher score corresponds to better function; for symptom scales, a higher score
corresponds to more complaints.
p values are displayed for the difference between the chemotherapy (ACT) and the observation arm, taking the change from T1 to T3, and T3 to T4 respectively into account.
ACT=adjuvant chemotherapy; NA= not available
*clinically relevant and statistically significant differences between patients in the ACT and the observation group
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76.7, p=0.005). The scores on these scales for patients treated with ACT were also inferior
compared to the Dutch reference values of patients with a history of any type of cancer. As
shown in Figure 2, the scores of the chemotherapy and observation group for all functioning
scales were similar at one year after surgery (T4).
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75
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Cognitive Functioning
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T1

T4

80
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T4
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T2

T1

70

85

T2

75

90

T1

80

90

T4

85

100

T3
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Role Functioning
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T2

95

T1
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100

Emotional Functioning

T3

Physical Functioning

C30 Summary score

54

T2

40
T1

T4

90

T3

100

T2

95

T1

95

Social Functioning

Figure 2. Changes over time in the C30 summary score and functional scales.
The dashed line represents reference values of the Dutch population that were treated for any kind of cancer. No
reference values were available for the C30 summary score.

With regard to the C30 symptom scales, patients treated with ACT reported more reports of
fatigue and dyspnoea (both significant and clinically relevant; 35.7 versus 21.0 p<0.001, and
17.1 versus 6.7, p<0.001; Table 2, Fig. 3). No differences in the reported scores for nausea/
vomiting and diarrhoea were detected, although the scores for diarrhoea of both groups were
higher than the reference population. Patients treated with ACT reported more complaints
of appetite loss, although thresholds for a clinically relevant or statically significant difference
were not met (7.9 versus 3.1 p=0.016). At T4, no differences were detected on any of the symptom scales between patients in the treatment and the observation arm (figure 3). Furthermore,
all scores except for diarrhoea and pain symptoms were within the same range as the Dutch
reference values. For pain symptoms, patients of both groups reported lower scores than the
reference population, whereas the scores for diarrhoea were higher in both groups.

40

50
40

30

30

20

20

10

10

0

T1

0

T4

10

0

0

0

Diarrhoea

Financial difficulties

Figure 3. Changes over time in the C30 symptom scales and single items
The dashed line represents reference values of the Dutchpopulation that were treated for any kind of cancer.

EORTC QLQ-CR38
At T3, a higher score (corresponding to more symptoms) was expected in patients treated
with ACT for the symptom scales GI symptoms, chemotherapy side-effects and the singleitem scale weight loss.
Patients treated with ACT did not report more complaints of GI symptoms than patients in
the observation group (table 3). More complaints of chemotherapy side-effects were reported
by patients in the treatment group, which was clinically relevant (Mean scores 18.2 versus
7.8, p<0.001, Table 3). At T4, the difference was resolved (Fig. 4). Patients treated with ACT
did not report more complaints of “weight loss” than patients in the observation group at T3
or T4. As shown in Figure 4, a steep improvement from the baseline measurement (1 month
after surgery for rectal cancer) was seen in both groups. No clinically relevant differences were
found in any of the other scales (Table 3).

HR-QOL in patients with a stoma versus without a stoma at 6 months after surgery
At T3, 59% of all patients in the ACT group reported to have a stoma, compared with 45%
in the observation group (p<0.01). Although there were more patients with a stoma at T3,
an exploratory subgroup analysis showed similar clinically relevant differences within both
groups (Supplementary appendix).
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37.4 (2.4)
67.1 (1.8)
76.5 (1.6)
12.6 (1.5)
72.3 (0.7)
74.8 (1.8)
25.7 (2.8)

Micturition problems (MI)

Gastrointestinal tract (GI)

Chemotherapy side-effects (CT)

Problems with defaecation (DF)

Stoma-related problems (STO)

Weight loss (WL)

Symptom scales

78.5 (2.2)

Future perspective (FU)

24.5 (2.9 )

69.1 (2.3)

72.1 (0.9)

9.9 (1.2)

77.2 (1.3 )

69.0 (1.7)

35.2 (2.7)

73.9 (2.4)

Observation

Mean score T1
ACT

Body image (BI)

Functional scales

Scales

6.7 (1.4)

72.1 (2.2)

76.7 (1.0)

18.2 (1.6)

82.4 (1.6)

76.7 (1.8)

28.7 (2.7)

81.1 (2.1)

ACT

4.0 (1.2)

71.2 (3.6)

75.2 (1.0)

7.8 (1.1)

82.5 (1.5)

80.5 (1.6)

32.4 (2.8)

79.3 (2.4)

Observation

Mean score T3

0.135

0.833

3.2 (1.4)

79.5 (1.1)

77.2 (1.0)

8.1 (1.4)

<0.001*
0.300

82.8 (1.4)

79.7 (1.6)

29.7 (2.5)

81.8 (2.2)

ACT

0.982

0.113

0.337

0.562

p

5.0 (1.5)

78.3 (1.2)

77.1 (1.2)

9.2 (1.3)

82.8 (1.4)

79.7 (1.6)

33.6 (3.1)

79.7 (2.3)

Observation

Mean score T4

0.772

0.057

0.845

0.148

0.737

0.450

0.541

0.151

p

Table 3. Mean scores of functioning and symptom scales for EORTC QLQ-CR38
Displayed are the mean score and standard error (SE) at baseline (one month after surgery, T1), six months after surgery (T3) and 12 months after surgery (T4). For functional
scales, a higher score corresponds to better function; for symptom scales, a higher score corresponds to more complaints.
p values are displayed for the difference between the chemotherapy (ACT) and the observation arm, taking the change from T1 to T3, and T3 to T4 respectively into account.
ACT= adjuvant chemotherapy
*clinically relevant and statistically significant differences between patients in the chemotherapy and the observation group
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Figure 4. Changes over time in the relevant CR38 disease-specific symptom scales.

To our knowledge, this is the first study to assess the difference in HR- QOL in patients treated
with adjuvant capecitabine compared with observation after neoadjuvant (chemo)radiotherapy and curative resection for rectal cancer. We hypothesized to find inferior HR-QOL
in patients treated with 6 months of ACT, most visible as lower scores in the C30 summary
score and physical functioning functional scale. A difference of 4.5 points was found in the
C30 summary score just after completion of ACT. Although this difference was statistically
significant, this is probably not clinically relevant and was completely resolved 6 months later.
The scores for physical functioning were significantly worse in patients treated with ACT just
after completion of the study treatment (T3). Correspondingly, the scores for fatigue were
higher in the treatment arm. Despite the difference in proportion of stomas at T3, it is unlikely that the presence of a stoma would explain our findings, given the similar results of the
exploratory subgroup analysis (Supplemental Appendix). Adjuvant chemotherapy treatment
possibly delayed the reversal of temporary colostomies, whereas stoma closure was probably
routinely performed 3 months after TME surgery for patients in the observation group. Adjuvant chemotherapy probably also delays recovery from major surgery and postpones patients
resuming work or hobby-related activities, thereby also explaining the differences found for
role functioning. We anticipated finding a difference in emotional functioning caused by a
feeling of “extra safety” by chemotherapy treatment, but this was not detected.
More complaints of GI symptoms, chemotherapy side-effects and weight loss were expected
because of treatment with capecitabine. A difference in GI symptoms was not detected, and
we found similar results in the C30 symptom scales nausea/vomiting, appetite loss and diarrhoea. It is likely that preoperative (chemo)radiotherapy and TME surgery have such a major
impact on bowel function, that the addition of postoperative chemotherapy does not cause a
further deterioration of these symptoms in terms of HR-QOL, or that the observation group
still struggles with these complaints as well. We did not find a corresponding difference with
the scores reported by the Dutch reference population to support this hypothesis, although
this might be caused by adaptation of patients with colorectal cancer to the adverse events of
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their disease.16,17 This probably also applies for appetite loss and weight loss, because patients
in both groups are likely to have experienced similar complaints attributable to the disease,
the preoperative treatment and the surgery itself. Furthermore, the high scores for diarrhoea
in both groups and low scores for constipation we found, compared with the Dutch reference values, are known direct consequences of rectal cancer surgery and probably even more
pronounced in patients without a stoma, because these patients evidently have more reports of
low anterior syndrome (LARS). The difference in the reported scores for dyspnoea at T3 was
not anticipated, but might reflect the poor physical fitness due to chemotherapy treatment,
as also expressed in inferior physical functioning and higher scores for the symptom scale
fatigue. As expected, complaints of chemotherapy side-effects such as dry mouth, and different taste, were reported more by patients treated with ACT at T3 but did not persist 6 months
after the completion of treatment.
For all investigated scales, the deficit in HR-QOL of patients in the treatment group compared with patients in the observation group was completely resolved at 1 year after surgery,
indicating that adjuvant therapy with capecitabine does not cause persistent deterioration in
QOL in this population of curatively treated patients with rectal cancer.
We found no previous reports on HR-QOL of patients with rectal cancer treated with ACT
versus observation. In 1 study of Andersson et al.18 the HR-QOL results of patients undergoing laparoscopic or open surgery were compared. Similar to our study, the authors found a
deterioration of the scores for physical functioning, role functioning, social functioning and,
fatigue after surgery for rectal cancer, which were all recovered at 12 months after surgery.
This is in line with other previous reports on HR-QOL in curatively treated patients with
rectal cancer.19,20 The present study once more confirms that the combination of neoadjuvant
(chemo-) radiotherapy and surgery for rectal cancer causes deterioration in HR-QOL, regardless of the adjuvant treatment. Nevertheless, no persistent major differences were found in the
scores at 12 months after surgery compared with the reference values of Dutch patients with
a history of cancer.
Adjuvant chemotherapy for patients with high-risk stage II/III colon cancer is known to
reduce the risk of recurrence. Although there is no obvious biological reason other than the
difference in preoperative treatment to explain that systemic effects of ACT in colon cancer
would be different in rectal cancer, a survival benefit of postoperative chemotherapy for patients with rectal cancer has not been shown in several clinical trials.4,21 Also in the PROCTORSCRIPT trial, the primary objective to detect a significant benefit of adjuvant capecitabine in
terms of overall survival was not met. Carvalho and Glynne-Jones22 recently concluded that
there are not sufficient data to support the use of ACT, and a definitive large trial including
approximately 2000 patients with modern staging and (pre)operative treatment is needed.
However, the feasibility of the proposed protocol is expected to be problematic for practical
and ethical reasons. The SCRIPT trial, as well as the PROCTOR trial and CHRONICLE trial
were all closed prematurely due to poor patient accrual, which confirms that randomization

for ACT is complicated in this population.4,23 Furthermore, it is known that compliance to
ACT is usually low in rectal cancer treatment trials. In the PROCTOR-SCRIPT trial, the
compliance was 73.6%, which is considerably higher than in most studies (42.9-58%).4
Recently, new treatment schedules have been proposed including neoadjuvant radiotherapy
followed by chemotherapy before surgery (total neoadjuvant therapy, TNT), such as used in
the RAPIDO-trial24. It is likely that more patients are eligible for neoadjuvant treatment than
for postoperative chemotherapy, when patients may be unfit due to complications of major
surgery. Although compliance for neoadjuvant chemotherapy can be challenging, an observational study in Spain reported 100% adherence to neoadjuvant chemotherapy according
to clinical history, 83.2% according to patient self-reports and only 67.9% after pill count, in
patients undergoing neoadjuvant concurrent chemo-radiotherapy. 25

This study is limited by potential selection bias due to the inclusion of relatively fit patients
in the SCRIPT trial willing to be randomly assigned to either chemotherapy treatment or
observation. Because QOL was a secondary outcome in the SCRIPT trial, the study was not
powered to show a specific difference. Not all patients underwent the same neoadjuvant
therapy, possibly causing heterogeneity in the study population, although we found no statistically significant differences between patients in the ACT or observation group. The QOL
analyses were performed in an explorative fashion, which is why we applied a more strict p
value than usual and placed emphasis on the presence of a clinically relevant difference. We
did not find any differences at any unexpected scales (eg, financial difficulties, micturational
problems), which supports the validity of our results.
Furthermore, it is likely that symptoms caused by capecitabine are underreported in this
population, considering the far more severe complaints they have probably experienced
previously. It is known that patients adapt to the effects of their disease and (pre)operative
treatment.16 However, there is no reason to assume that the response shift would be different
in patients treated with adjuvant therapy than in patients undergoing observation; consequently, the symptoms would be equally underestimated in both groups. Although adjuvant
therapy might have delayed the reversal of colostomies, this did not seem to explain clinically
relevant differences between patients in the treatment or observation arm, as shown by the
exploratory subgroup analysis. Finally, adjuvant therapy regimens including oxaliplatin might
be more effective, but also more toxic than capecitabine monotherapy, which is usually quite
well tolerated, even in elderly and frail patients. Therefore, the results of this study cannot be
extrapolated to other treatment schedules.
In the absence of a clear survival benefit, patient-reported outcomes are of substantial importance in shared decision making between patients and doctors. Future studies are needed
to assess the oncological benefit of adjuvant capecitabine monotherapy for rectal cancer. If the
benefit would be limited, this study suggests that capecitabine monotherapy could be omitted
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based on the decelerated recovery of HR-QOL after curative surgery for rectal cancer. If there
would be added benefit or there are other reasons (eg, patient preference) to give capecitabine
monotherapy, we have shown that this at least does not lead to a persistent deterioration of
HR-QOL.
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Supplementary tables
Mean scores of patients with a stoma versus patients without a stoma at T3
A: Raw mean scores of functioning and symptom scales for EORTC QLQ-C30. The mean scores at T3 for
the total study population are displayed in blue.
Mean score T3
patients without stoma
Functional scales

ACT

Obs

Mean score T3
patients with stoma

Mean scores T3
(total)

difference ACT Obs difference

difference

ACT

Obs

C30 SUM Score 83.89 87.92

4.03

83.05

87.27

4.22

82.3 86.9

4.6

Physical function (PF) 77.85 89.48

11.63

79.61

85.36

5.75

78.3 87.0

8.8

Role function (RF)

67.2

78.79

11.59

67.39

75.49

8.1

66.9 76.7

9.8

Emotional function (EF)

87.9

87.7

-0.02

84.84

82.19

-2.65

84.6 84.8

0.2

Cognitive function (CF) 87.63 89.09

1.46

80.71

83.33

2.62

82.4 86.0

3.6

Social function (SF) 81.72 81.82

0.10

83.57

82.03

-1.54

82.9 81.7

-1.2

Global quality of life 72.85 77.73

4.88

70.89

75.98

5.09

71.4 76.6

5.2

-17.19

35.59

23.75

-11.84

35.7 21.0

-14.7

3.94

0.18

4.05

2.94

-1.11

4.1

-0.4

Pain symptoms (PS) 20.97 12.73

Fatigue (FA) 34.77 17.58
Nausea and vomiting (NV)

3.76

3.7

-8.24

14.05

12.75

-1.3

17.3 12.7

-4.6

3.64

-6.04

18.36

9.80

-8.56

17.1

6.7

-10.4

Insomnia 21.51 20.61

-0.9

23.67

19.61

-4.06

23.8 20.7

-3.1

Dyspnoea

9.68

Appetite loss

4.30

4.76

0.46

9.18

2.00

-7.18

7.9

3.1

-4.8

Constipation

5.56

6.06

0.50

0.95

5.88

4.93

3.2

6.2

3.0

Diarrhoea 22.58 16.36

-6.22

11.43

7.19

-4.24

16.0 12.1

-3.9

2.37

9.05

12.42

2.92

9.0

1.1

Financial difficulties

4.30

6.67

10.1

B: Raw mean scores of functioning and symptom scales for EORTC QLQ-CR38. The mean scores at T3 for
the total study population are displayed in blue.
Mean score T3
Patients without stoma
Functional scales

ACT

Obs

Mean score T3
Patients with stoma

difference ACT

Obs

Mean score T3
(total)

difference ACT Obs difference

Body image (BI)

88.53 87.47

-1.06

78.42

71.11

-7.31

81.1 79.3

-1.8

Future perspective (FU)

23.66 27.88

4.22

31.37

35.33

3.96

28.7 32.4

3.7

Micturition problems (MI)

76.34 83.03

6.69

76.89

77.78

0.89

76.7 80.5

3.8

Gastrointestinal tract (GI)

79.14 82.61

Symptom scales
3.47

86.06

83.37

-2.69

82.4 82.5

7.88

-10.04

18.20

7.33

-10.87

18.2

Problems with defaecation (DF) 77.73 74.60

-3.13

n.a.

n.a.

Chemotherapy side-effects (CT) 17.92

0.1

7.8

-10.4

-

76.7 75.2

-1.5

Stoma-related problems (STO)

n.a.

n.a.

-

77.46

73.71

-3.75

72.1 71.2

0.9

Weight loss (WL)

8.60

3.03

-5.57

5.31

4.00

-1.31

6.7

-2.7

4.0
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ABSTRACT
Background
Preoperative chemoradiotherapy (CRT) followed by total mesorectal excision is widely
accepted as the standard of care for high-risk rectal cancer. Adjuvant chemotherapy is advised in several international guidelines, although the survival benefit remains unclear and
compliance is poor. The current multidisciplinary approach has led to major improvements
in local control, yet the occurrence of distant metastases has not decreased accordingly. The
combination of short-course radiotherapy (SCRT) and chemotherapy in the waiting period
before surgery might have several benefits, including higher compliance, downstaging and
better effect of systemic therapy.
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This is an investigator-initiated, international multicentre randomized phase III trial. Highrisk rectal cancer patients were randomized to SCRT followed by chemotherapy (6 cycles CAPOX or alternatively 9 cycles FOLFOX4) and subsequent surgery, or long-course radiotherapy
(25-28 x2-1.8 Gy) with concomitant capecitabine followed by surgery and optional postoperative chemotherapy (8 cycles CAPOX or 12 cycles FOLFOX4) according to local institutions’
policy. The primary endpoint is time to disease-related treatment failure. Here, we report the
compliance, toxicity and postoperative complications in both study groups.

Findings
Between June 2011 and June 2016, 920 patients were enrolled. Of these, 901 were evaluable
(460 in the experimental arm and 441 in the standard arm). All patients in the experimental
arm received 5x5 Gy radiotherapy, and 84% of all patients received at least 75% of the prescribed chemotherapy. In the standard arm, the compliance for CRT was 93% and 58% for
postoperative chemotherapy. Toxicity ≥ grade 3 occurred in 48% of patients in the experimental arm, compared to 25% of patients in the standard arm during preoperative treatment and
35% of patients during postoperative chemotherapy. No statistically significant differences in
surgical procedures or postoperative complications were observed.

Interpretation
High compliance (84%) of preoperative systemic treatment could be achieved with the experimental approach. Although considerable toxicity was observed during preoperative therapy,
this did not lead to differences in surgical procedures or postoperative complications. Longer
follow-up time is needed to assess the primary endpoint and related outcomes.

Funding
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Over the past decades, preoperative radiotherapy has been integrated as an essential part of
the treatment of intermediate and high-risk rectal cancer. Long-course radiotherapy with
concomitant 5FU-based chemotherapy (chemoradiotherapy, CRT), and total mesorectal excision (TME) after a period of 6-10 weeks is currently widely accepted as the standard of care
for high-risk rectal cancer. Although this approach has led to remarkably low rates of local
recurrence, the occurrence of distant metastases has not decreased accordingly.
In high-risk colon cancer, adjuvant chemotherapy has a beneficial effect on the risk of recurrence and survival.1,2 For high-risk rectal cancer patients, the role of adjuvant chemotherapy
after preoperative radiotherapy and curative resection is still under debate since several clinical trials have reported negative or inconclusive results. 3 Multiple possible explanations for
the absence of a clear survival benefit have been suggested, including poor compliance, and
postoperative complications causing delay or omission of adjuvant treatment.4 Although the
exact benefit remains unclear, adjuvant chemotherapy is advised for high-risk rectal cancer in
several guidelines.5,6
The rationale for preoperative long-course CRT in patients with high-risk rectal cancer, in
addition to reducing the risk of local recurrence, is to induce locoregional tumour downsizing and thereby increase the chance of radical (R0) total mesorectal excision.7,8 Short-course
radiotherapy (SCRT) followed by immediate surgery is currently generally indicated to
reduce the risk of local recurrence in intermediate risk resectable rectal cancer, where tumour
downsizing is not required. However, similar downsizing effects as compared to CRT can
be expected if a prolonged waiting period before surgery is handled. The recently reported
Stockholm III trial suggests that the chances of a radical resection and risk of postoperative
complications are not compromised by delaying surgery after SCRT.9-11 Moreover, oncological
outcomes after SCRT and delayed surgery were not inferior to long-course radiotherapy.12
In the RAPIDO-trial, the rationale of the experimental treatment was to achieve better
compliance and systemic effects by giving full-dose chemotherapy prior to surgery, after
SCRT has been applied to induce locoregional tumour cell kill. The goal is to reduce the risk of
distant metastases and improve survival while maintaining locoregional control. For the present report, we examined the safety of the experimental treatment, expressed as compliance,
treatment-induced toxicity and postoperative complications compared to standard treatment
and optional postoperative chemotherapy.

METHODS
Study design
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Experimental arm

The ‘RAPIDO’-trial (Rectal cancer And Preoperative Induction therapy followed by Dedicated Operation, ClincialTrials.gov identifier NCT01558921) is an investigator-initiated, international multicentre phase III two-arm randomised study. The details of the study protocol
have been published previously. 13 In short, patients diagnosed with rectal cancer, less than 16
cm from the anal verge at endoscopy and with high-risk features on MRI were randomised
with a 1:1 ratio to either the experimental treatment consisting of SCRT (5x5 Gy in one week),
followed by 18 weeks of chemotherapy and subsequent TME; or the standard treatment arm,
consisting of long-course radiotherapy (25-28 x 2-1.8 Gy) with concomitant capecitabine
followed by TME after a 6-10 week waiting period, and subsequently optional 24 weeks of
postoperative chemotherapy according to the local institutions’ policy (Figure 1).

6-8 weeks

Figure 1. Study protocol for the experimental arm and standard arm per week

Chemotherapy

(24 weeks, optional)

Participants were recruited in the participating hospitals directly after diagnosis and before
the start of any treatment. Inclusion criteria were histologically proven rectal adenocarcinoma
with at least one of the following high-risk criteria on pelvic MRI: cT4a/b, cN2, extramural
vascular invasion, involved mesorectal fascia and enlarged lateral lymph nodes considered
to be metastatic. Additional criteria were age ≥ 18 years; ECOG performance score ≤ 1; staging within 5 weeks prior to randomisation; mentally and physically fit for chemotherapy;
adequate potential for follow-up and written informed consent. Main exclusion criteria were
extensive tumour growth into the sacrum above S3 or tumour involvement of the lumbosacral
nerve roots; distant metastases at baseline; recurrent rectal cancer, active inflammatory bowel
disease or known syndrome with predisposition for colorectal cancer, concomitant active
other malignancy; known DPD deficiency and contraindications for MRI.

69

Randomisation and masking
Randomisation was performed centrally through the ProMISe randomisation program with
stratification for institution, performance status (0/1), clinical T-stage (cT3/cT4) and clinical
nodal status (cN-/cN+) (Clinical Research Center, Dept. of Surgery, Leiden, The Netherlands). Treatment groups were not masked throughout the trial. As advised by the data safety
monitoring board after an interim analysis in 2017, the investigators and outcome adjudicators
remain blinded for the primary outcome and all related outcomes until the data has matured.
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In the experimental arm, radiotherapy consisted of a total dose of 25 Gy in 5 daily fractions
to the pelvis including the gross primary tumour volume with a margin and mesorectal and
pre-sacral lymph nodes. The lateral obturator and internal iliac nodes were included in the
target volume for rectal tumours below the peritoneal reflection. Subsequent chemotherapy
consisted of 6 cycles of capecitabine 1000mg/m2 twice daily on day 1-14; and oxaliplatin 130
mg/m2 I.V. on day 1 (CAPOX); or alternatively 9 cycles of oxaliplatin 85 mg/m2 I.V. on day 1,
leucovorin 200mg/m2 I.V. on day 1 and 2; followed by a loading dose of 5-fluorouracil (5-FU)
400mg/m2 I.V. bolus; and 5-FU 600 mg/m2 for a period of 22 hours on day 1 and day 2 every
2 weeks (FOLFOX4). In case of radiation-induced toxicity, the start of chemotherapy could be
delayed by a maximum of 4 weeks. In case of chemotherapy-related ≥ grade 3 toxicities, the
dose of oxaliplatin and/or capecitabine was adapted for the next cycle according to protocol.
Surgery was scheduled after a 2-4-week recovery period after the last chemotherapy cycle, at
approximately 22-24 weeks after the start of radiotherapy (Figure 1).
In the standard arm, patients received 28 fractions of 1.8 Gy or 25 fractions of 2.0 Gy
(total 50-50.4 Gy), with similar target volumes as in the experimental group. Concomitant
capecitabine 825 mg/m2 was given twice daily on day 1 to 33-38, depending on the number
of fractions. Approximately 8 weeks (±2 weeks) after the last radiotherapy fraction surgery
was scheduled. Postoperative chemotherapy was optional and given according to the policy
of individual institutions at the start of the institute’s participation (either 8 cycles of CAPOX
or max. 12 cycles FOLFOX4, Figure 1). Toxicity was evaluated weekly during (chemo-)radiotherapy, and per cycle (2 or 3 weeks) during preoperative and postoperative chemotherapy.

Outcomes
After a protocol amendment in 2016, the primary endpoint of the RAPIDO-trial was changed
from disease-free survival (DFS) to ‘Disease-related Treatment Failure’ (DrTF), which is a more
appropriate endpoint for this neoadjuvant study setting, as some patients will never become
disease free. DrTF is defined as the time between randomisation and either local or distant
relapse, disease progression, resection with macroscopically involved margins (R2), rectal
cancer-specific or treatment-related death, or diagnosis of a new colorectal cancer. Secondary
endpoints are overall survival, the rates of R0 resection and negative circumferential margins,

Statistics
Sample size calculations were based on the expected difference of 10% in the primary endpoint.13 After a protocol amendment in June 2019, the difference was changed to 7.5%. For the
secondary endpoints toxicity, compliance and postoperative complications, no formal power
calculations were made. Data was used as available after a data lock January 16th 2020. In the
current manuscript, it was our aim to describe the compliance and toxicity in both groups. We
also examined if there were any differences in surgical procedures and postoperative complications. For these analyses, chi-square tests were used to compare proportions, whereas t-tests
or Mann-Whitney U tests were used for comparison of continuous parameters, depending on
the distribution of the data. A two-sided p-value of <0.01 was considered statistically significant. All analyses were performed in IBM SPSS Statistics (version 24.0).

Role of the funding source
The funders were not involved in the study design, data collection, data analysis, interpretation and writing of the report. MV, CM, GH, EM, AR had full access to the raw data. All
authors have seen and approved the final manuscript and share responsibility for the decision
to submit for publication.
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pathological complete response (pCR) rate, quality of life and functional outcomes. For the
current compliance and safety analyses, all eligible patients who started the allocated treatment
were included. Compliance for radiotherapy was defined as at least 25 Gy for patients in the experimental arm, and ≥ 45 Gy for patients in the standard arm with concurrent capecitabine for
at least 25-28 days (depending on the number of radiotherapy fractions). Based on the results
of previous studies, the definition of compliance for chemotherapy was met when a patient
received at least 75% of the prescribed courses.14,15 In case of toxicity, dose reductions were
allowed as described in the protocol. When one of the study drugs was discontinued due to
toxicity, this was considered a course modification. For patients in the experimental arm, this
means at least 5 courses of CAPOX, 7 courses of FOLFOX4 or alternatively at least 4 courses
of CAPOX and ≥1 capecitabine or at least 7 courses of chemotherapy in total in case of switch
from CAPOX to FOLFOX4. For postoperative chemotherapy, the same definition was used.
The Common Terminology Criteria of Adverse Events classification (CTCAE, version 4.0)
was used to report the highest grade of adverse events per patient during preoperative treatment and postoperative chemotherapy. Postoperative complications were classified according
to the Clavien-Dindo classification.16 In analyses regarding postoperative complications, all
patients who underwent surgery with curative intent within 26 weeks of the last chemotherapy
were evaluated. Surgical complications included surgical site-infections, intra-abdominal
infections, wound dehiscence, anastomotic leak, postoperative bleeding, or other surgeryrelated complications. The occurrence of complications and death during pre- and postoperative therapy and within 30 days of surgery or postoperative admission were reported.
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RESULTS
Between June 21th 2011 and June 2nd, 2016, 920 patients were randomised from 7 countries
and 54 institutions. Of these, six patients were considered ineligible, because of a concurrent
active malignancy (n=2), no rectal cancer (n=1), not mentally and physically fit (n=2) or
distant metastases before randomisation (n=1) (Consort). Four patients had withdrawn their
consent before the start of the allocated treatment; and 9 patients were excluded from the
analyses since the allocated treatment was never started. In total, 901 patients were included
in the safety and compliance analyses, of whom 460 in the experimental arm and 441 in the
standard arm. Patient characteristics are reported in Table 1.
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The compliance for radiotherapy in the experimental arm was 100%. All patients started
chemotherapy, of whom 455 started with CAPOX and five with FOLFOX4. Twenty patients
switched from CAPOX to FOLFOX4 during treatment. In 48 patients oxaliplatin was omitted
for one or more courses and capecitabine monotherapy was given (10%). Three hundred and
five patients completed all six courses of CAPOX and four patients completed nine cycles
of FOLFOX4 (67%). In total, chemotherapy was delivered for at least 75% of the prescribed
courses in 84% of all patients (387/460, Figure 2).
In the standard arm, 62% of patients (n=275) received fractions of 1.8 Gy, 37% (n=165)
received fractions of 2.0 Gy and the fraction dose was unknown in 1 patient. In total, 98% of
all patients received a total irradiation dose of at least 45 Gy (433/441). Seven patients received
less than 45 Gy and in one patient the total dose was unknown. Reasons for discontinuation
radiotherapy before the threshold of 45 Gy were precordial pain (n=2), ventricular fibrillation
(n=1) and colonic obstruction (n=3), and one patient died during CRT. Capecitabine was
started in 440 out of 441 patients and one patient started 5-FU. Capecitabine was continued
for at least 5 weeks in 94% (413/441, Figure 3A), with dose reductions due to toxicity in 25
patients (5.7%). In total, 93% (412/441) completed CRT according to protocol.
Two hundred and forty two out of 400 (60%) patients who underwent surgery with curative
intent within 26 weeks were from an institution with a local policy for postoperative chemotherapy. Of these, 23% (n=55) never started postoperative chemotherapy for various reasons:
pathological node negative disease (ypT+N0, n=17), pathological complete response (n=6),
patient refusal (n=5), toxicity during CRT (n=7), progressive disease (n=8) and postoperative
complications (n=7) or patients not fit to receive chemotherapy (n=5). Eventually, 187 patients
(77%) started postoperative chemotherapy of whom 47% (89/187) completed at least 6 full
cycles of CAPOX (Figure 3B). In total, 58% (108/187) received at least 75% of the protocolled
chemotherapy courses. The main reasons for stopping chemotherapy were toxicity or patientreported poor compliance.

CONSORT diagram

426 surgery with
curative intention

460 started allocated
treatment

400 surgery with
curative intention

441 started allocated
treatment

452 allocated to
chemoradiotherapy

158 local policy
no postoperative chemotherapy

Excluded (n=41)
18 distant metastasis before
surgery
3 irresectable tumour
3 died before surgery
5 refused surgery
11 W&W
1 consent withdrawn

Excluded (n=11)
3 ineligible
1 consent withdrawn
7 did not started allocated
treatment

Chapter 4

441 included in safety and compliance analyses
400 included in surgical outcome analyses

187 started postoperative
chemotherapy

242 local policy for postoperative chemotherapy

460 included in safety and compliance analyses
426 included in surgical outcome analyses

Excluded (n=34)
6 distant metastasis before surgery
4 irresectable tumour
1 died before surgery
2 not fit for surgery < 26 weeks
5 refused surgery
15 W&W
1 lost to follow-up

Excluded (n=8)
3 ineligible
3 consent withdrawn
2 did not start allocated treatment

468 allocated to 5x5
Gy followed by
chemotherapy

920 patients randomly
assigned
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Table 1. Baseline characteristics
Data are presented as number of patients (%), unless indicated otherwise. BMI: body mass index; ECOG: Eastern Cooperative Oncology group; T-stage: Tumour stage; N-stage: Nodal stage; EMVI: Extramural vascular
invasion; MRF: Mesorectal fascia; MRI: Magnetic Resonance Imaging
Experimental arm (n=460)

Standard arm (n=441)

61 [31 – 83]

61 [23 – 84]

299 (65)

304 (69)

26.2 [4.4]

26.2 [4.4]

0

368 (80)

358 (81)

1

92 (20)

83 (19)

Age at randomisation
[mean, range]
Gender
Male
BMI
[mean, SD]
ECOG performance status
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cT2-3N0

24 (5)

19 (4)

cT2-3N+

289 (63)

278 (63)

cT4N0

23 (5)

23 (5)

cT4N+

124 (27)

121 (27)

cT4 disease

151 (33)

144 (33)

cN2 disease

312 (68)

299 (68)

65 (14)

64 (15)

EMVI +

147 (32)

122 (28)

MRF +

284 (62)

263 (60)

< 5 cm

103 (22)

114 (26)

5-10 cm

180 (39)

148 (34)

≥ 10cm

145 (32)

148 (34)

32 (7)

21 (5)

2011

7 (2)

10 (2)

2012

34 (7)

29 (7)

2013

95 (21)

106 (24)

2014

128 (28)

101 (23)

2015

148 (32)

139 (32)

2016

48 (10)

56 (13)

High-risk criteria

Lateral nodes

Distance from anal verge (endoscopy)

Unknown
Year of randomisation

Country
Denmark

16 (3)

11 (2)

180 (39)

179 (41)

Norway

11 (2)

11 (2)

Slovenia

18 (4)

16 (4)

57 (12)

57 (13)

168 (37)

157 (36)

10 (2)

10 (2)

The Netherlands

Spain
Sweden
United States

Toxicity
During preoperative therapy, grade ≥3 adverse events occurred in 48% of patients in the
experimental arm, and in 25% of the standard arm (Table 2). Diarrhoea was the most common adverse event during preoperative therapy in both groups. During postoperative chemotherapy in the standard arm, 35% of patients experienced a grade > 3 adverse event. Vascular
disorders and neurological toxicity were the most commonly observed side-effects during
systemic treatment with oxaliplatin (preoperative chemotherapy in the experimental arm and
postoperative chemotherapy in the standard arm). In total four patients died (grade 5) during
preoperative treatment. In the experimental arm, one patient died of a cardiac arrest in the
presence of electrolyte disturbances. In the standard arm, one patient died due to neutropenic
Table 2. Toxicity
Toxicity was graded according to the Common Terminology Criteria for adverse events (CTCAE) version 4.0.
Experimental arm

Standard arm

During
preoperative
therapy (n=460)

During
preoperative
therapy (n=441)

During
postoperative
therapy (n=187)

Highest grade adverse event reported by patient
Grade 1-2

238 (52)

323 (74)

119 (65)

Grade 3

191 (41)

98 (23)

58 (31)

Grade 4

30 (7)

10 (2)

7 (4)

Grade 5

1 (<1)

3 (<1)

0

Adverse events ≥ CTCAE Grade 3
General
Febrile neutropenia

5 (1)

2 (<1)

1 (<1)

Mucositis

3 (<1)

-

-

Weight loss

3 (<1)

1 (<1)

10 (5)

Fatigue/Lethargy

14 (3)

6 (1)

Hand-foot syndrome

8 (2)

5 (1)

4 (2)

Neurological toxicity

20 (4)

1 (<1)

16 (9)
4 (2)

Blood and lymphatic system

5 (1)

4 (<1)

Cardiac disorders

7 (2)

10 (2)

-

Infections and infestations

18 (4)

7 (2)

6 (3)

Vascular disorders

39 (8)

18 (4)

1 (<1)

Nausea or vomiting

19 (4)

5 (1)

5 (3)

Diarrhoea

13 (7)

Gastro-intestinal toxicity
81 (18)

41 (9)

Obstruction/ constipation

15(3)

5 (1)

2(1)

Proctitis, rectal bleeding

8(2)

14(3)

1 (1)

15 (3)

4 (1)

3 (2)

20(4)

11(2)

3(2)

Abdominal pain
Other
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Figure 2. Compliance of preoperative treatment in the experimental arm
The percentage of patients receiving chemotherapy per course. In case of a dose reduction, the dose of one or
more medications within one course were reduced. In case of course modification, one medication was discontinued (e.g. courses with capecitabine only).
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sepsis, one died of aspiration after a fall and one patient developed severe depression and
committed suicide. No treatment-related deaths were reported during postoperative therapy.
The total number of reported serious adverse events was similar in both arms (Appendix A).

Surgical procedures and postoperative complications
In total, 826 patients (90%) went for curative intent surgery within 26 weeks according to
protocol, 426 (91%) in the experimental arm and 400 (88%) in the standard arm. Reasons
for exclusion from the analyses of surgical procedures and postoperative complications were
progressive disease, watch and wait policy, and patients who refused surgery or who were unfit
to undergo surgery (CONSORT). In the experimental arm, 6 patients (1%) were diagnosed
with progressive disease in the time before surgery, compared to 18 (4%) patients in the
standard arm (p<0.01). Details of the surgical procedures are reported in Table 3. Surgery was
performed at median 3.4 (IQR 2.3-5.1) weeks after the final chemotherapy cycle and median
23.6 weeks after the last radiotherapy in the experimental arm. Eight weeks after the final chemotherapy cycle and 27.5 weeks after the last radiotherapy, 90% of all patients had undergone
surgery. In the standard arm, surgery was performed at median 8.9 (IQR 8.0 – 10.4) weeks
after the last dose of capecitabine and radiotherapy, and after 12 weeks 90% of patients had
undergone surgery.
Postoperative complications occurred in 50% and 47% of patients in the experimental arm
and the standard arm, respectively (p=0.411, Table 3B), with major postoperative complications (Clavien-Dindo grade III or higher) in 15% and 14% of patients, respectively (p=0.670).
In total, four patients died in-hospital or within 30 days after surgery. In the experimental
arm, one patient died of a pulmonary embolism, five days postoperatively and two patients
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died of infectious complications 16 and 41 days after surgery, respectively. One patient in the
standard arm died of a pulmonary embolism 11 days post-surgery.
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Figure 3. Compliance of preoperative capecitabine per week and postoperative postoperative chemotherapy in the standard arm per course
The percentage of patients receiving capecitabine per week (A), and the percentage of patients from a hospital
with a policy for postoperative chemotherapy, receivingchemotherapy per course. In case of a dose reduction,
the dose of one or more medications within one course were reduced. In case of a course modification, one
medication was discontinued (e.g. courses with capecitabine only).

dISCuSSION
The RAPIDO-trial was initiated to investigate the role of SCRT followed by 18 weeks of preoperative chemotherapy and surgery for patients with rectal cancer at high risk of systemic
disease. Here, we report the compliance, toxicity and details of surgical complications in both

Table 3A. Surgical procedures
Surgical procedures in patients undergoing standard surgery with curative intention. Data are presented as n
(%) or median (IQR). *Irresectable tumour or distant metastasis detected at surgery
Experimental arm
(n=426)

Standard arm
(n=400)

Type of approach

0.310

Laparoscopic

178

(42%)

182

Laparoscopic converted to open

42

(10%)

29

(7%)

Open

206

(48%)

189

(47%)

(46%)

Type of resection

0.562

No resection*

3

(<1%)

2

Hartmann procedure

22

(5%)

12

(3%)

Abdominoperineal resection

147

(34%)

157

(39%)

(Low) Anterior resection

246

(58%)

219

(55%)

25

(10%)

27

(12%)

9

(2%)

10

(3%)

of which without stoma
Other type of resection

(<1%)
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Duration of surgery
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in minutes (median, IQR)

0.607
245 (198-330)

245 (185-324)

n=27

n=21

300 (150-650)

250 (100- 500)

n=83

n=89

missing
Blood loss
in ml (median, IQR)

p

0.007

missing
Mesorectal plain as assessed by surgeon

0.032

Intact

334

(78%)

342

(85%) (6%)

Breached

40

(9%)

23

(9%)

missing

52

(12%)

35

study groups. We hypothesised that the experimental treatment would result in higher compliance of systemic treatment compared to postoperative treatment, without compromises in
surgical procedures. Nearly all patients received the full dose of radiotherapy; 100% and 98%
in the experimental and standard treatment arm respectively, with concurrent capecitabine
in concordance with the protocol in 93% of patients receiving CRT. The compliance for
oxaliplatin-containing chemotherapy before surgery was 84% for patients in the experimental
arm, compared to only 58% postoperatively in the standard arm.
The occurrence of distant metastases is now the most common cause of uncontrollable
disease in rectal cancer.17 While it is established that adjuvant chemotherapy after curative
resection improves disease-free and overall survival in patients with high-risk colon cancer,
several trials and meta-analyses have failed to show a similar effect in rectal cancer patients
who have already undergone neoadjuvant (chemo-)radiotherapy and curative surgery.3,18
One of the possible explanations for the absence of a clear benefit is the low compliance rates
reported for postoperative treatment in rectal cancer (43-74%), while compliance in patients

Table 3B. Surgical complications
Surgical complications within 30 days of surgery were reported, and graded according to the Clavien-Dindo
classification. Data are displayed as n (%) or median (IQR).
*Highest grade reported per patient. ** Postoperative death < 30 days or in-hospital death.
Experimental arm
(n=426)

Standard arm
(n=400)

p

Hospital admission after surgery in days
(median, IQR)

9 (7-14)

8 (7-12)

Readmissions after surgery

58 (14%)

61 (15%)

0.504

0.023

Total hospital admission, including readmissions
(median, IQR)

10 (7-15)

9 (7-14)

0.091

Any postoperative complication

215 (50%)

189 (47%)

0.411
0.224

CD classification*
Grade I

58 (14%)

58 (15%)

Grade II

84 (20%)

67 (17%)

Grade III

62 (15%)

61 (15%)

Grade IV-V

11 (3%)

3 (1%)

79 (19%)

60 (15%)

13 (3%)

10 (3%)

Patients with 1 or more general postoperative complication

0.174

Cardiovascular
Neurological

8 (2%)

4 (1%)

Urological

10 (2%)

13 (3%)

Pneumonia

23 (5%)

10 (3%)

Sepsis

14 (3%)

6 (2%)

Other infection

29 (7%)

18 (5%)

Other

6 (1%)

8 (2%)

63 (15%)

55 (14%)

Patients with 1 or more surgical complication

Chapter 4

≥ CD grade II

79

0.670

≥ CD grade III
Intra-abdominal infection

21 (5%)

18 (5%)

Wound complications

13 (3%)

17 (4%)

Ileus

17 (4%)

7 (2%)

Anastomotic leakage

14 (3%)

9 (2%)

(out of n patients with a primary anastomosis)
Stoma related problems
(out of n patients with a stoma)
Other surgical complication
Reoperations

246

219

3 (1%)

8 (2%)

400

372

11 (3%)

7 (2%)

42 (10%)

31 (8%)

0.286

Reasons
Intra-abdominal infection / wound dehiscence

13 (3%)

13 (3%)

Anastomotic leakage

10 (2%)

5 (1%)

Bleeding

2 (<1%)

2 (<1%)

Stoma complications

3 (<1%)

2 (<1%)

Ileus

9 (2%)

6 (2%)

Other reason

5 (1%)

3 (<1%)

3 (<1%)

1 (<1%)

Postoperative mortality**

0.347
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with colon cancer is reported to be 70-86%.4 Additionally, a large meta-analysis including
mostly colon cancer patients, showed that the effect of systemic therapy appears to diminish
if adjuvant chemotherapy is postponed.19 By administering chemotherapy before surgery,
significantly more patients received adequate systemic therapy compared to the conventional
approach.
In addition, recent evidence has changed the views on the optimal duration of adjuvant
therapy for patients with stage III colon cancer. A pooled analysis of four trials has shown
very similar DFS at least in low risk patients (pT1-3N1) treated with 3 versus 6 months of
oxaliplatin-containing chemotherapy.20 Based on these findings, it appears that 3 months
adjuvant therapy may be sufficient. For patients with high risk disease (cT4 and/or N2), this
is less clear. In our data, 84% of all patients received at least 3 months of oxaliplatin-based
chemotherapy in the preoperative setting, compared to 57% receiving this as postoperative
treatment. However, it is uncertain whether these results and recommendations can be extrapolated to rectal cancer patients.
Some observational studies initially reported on the feasibility of 5x5 Gy and delayed
surgery.9,10 The Dutch “M1” study, including primary stage IV rectal cancer patients, was
the first to incorporate preoperative chemotherapy after SCRT. In this phase II study, 90%
of patients received at least 4 courses of preoperative CAPOX and bevacizumab after SCRT,
and 84% received the full dose of 6 courses.15 No tumour progression was observed in the
interval between radiotherapy and surgery, and a R0 resection could be accomplished in 72%.
Bevacizumab was added to CAPOX in the “M1” study, but since there is no evidence that
bevacizumab improves oncological outcome in stage II-III colon cancer, this was omitted in
the RAPIDO-protocol. 21 It is widely accepted that preoperative CRT is superior to postoperative CRT in terms of local control, compliance and survival.7 However, systemic treatment
is still deferred until patients have recovered from surgery. Given the known limitations of
postoperative chemotherapy, others have suggested to intensify CRT by adding oxaliplatin
to preoperative CRT. The German CAO/ARO/AIO-04 study showed that the addition of
oxaliplatin improved pCR rates and DFS, but an overall survival benefit was not detected.22
Other trials have failed to reveal any gain.23-25 A different strategy is to combine CRT and chemotherapy in the preoperative setting,26 either by adding preoperative chemotherapy in the
waiting period between CRT and surgery, or alternatively start with chemotherapy followed
by CRT and subsequent surgery.27,28 The Spanish GCR-3 trial showed that with this approach,
the compliance of systemic therapy is superior when delivered preoperatively compared to
postoperatively. Although the rationale for these approaches is clear, the aforementioned trials demonstrated that the summed toxicity of CRT and chemotherapy can be extensive. To
replace CRT by SCRT when full-dose systemic chemotherapy is administered preoperatively
may therefore be a good alternative. The Polish II trial comparing CRT with concomitant
oxaliplatin and SCRT followed by 3 courses of preoperative FOLFOX reported lower acute
toxicity in the SCRT arm, and no differences were found in R0 resection rates and oncological
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outcomes between the treatment arms in this study.29 Other benefits of SCRT include logistic
simplicity, it is less demanding for patients and a reduction of the number of fractions can lead
to cost-savings.30
In the present study, the preoperative toxicity was higher in the experimental group
compared to the standard arm, yet comparable to the toxicity of oxaliplatin-containing
chemotherapy in the postoperative setting. Furthermore, the toxicity of the preoperative
therapy did not lead to an increase in postoperative complication rates. It was observed that
surgery could be performed within 8 weeks after the last course of chemotherapy in more than
90% of patients in the experimental arm. More importantly, there was no indication that the
preoperative toxicity had any impact on resection rate, choice of surgical approach or type of
surgery. No statistically significant differences between the two study arms with respect to rate
or severity of postoperative complications were observed. Furthermore, treatment-related and
postoperative mortality was low in both groups.
Another concern of replacing CRT by SCRT in locally advanced rectal cancer patients is
related to the efficacy of 25 Gy in one week compared to more than 45 Gy with chemotherapy
(CRT) in 5-6 weeks, and the impact on local control. The two RCTs comparing SCRT to
long-course CRT did not show differences in surgical procedures or local control, despite a
difference in pCR rates in favour of the CRT arm.31,32 The absence of downstaging after SCRT
in these two studies can be explained by the short interval between SCRT and surgery. Several
other studies have demonstrated that 5x5 Gy induces downstaging and downsizing when the
interval between RT and surgery is prolonged.9,10,33 In the Stockholm III trial, the downstaging effect was more pronounced after 5x5 Gy with delayed surgery than after long-course
radiotherapy (25x2Gy) without chemotherapy,11 giving an indication that the cell kill effect
of SCRT should not be a major concern even for locally advanced cancers, particularly not
if effective systemic chemotherapy is added. In the SCRT with delay group of the Stockholm
III trial, surgery was performed 4-8 weeks after termination of radiotherapy, and this did
not lead to inferior local control or more postoperative complications compared to longcourse radiotherapy or SCRT and immediate surgery.12 An interval of more than 20 weeks
between radiotherapy and surgery in the experimental arm in the present study did not lead
to differences in the details of surgical procedures or postoperative complications. Moreover,
progressive disease was observed less frequently than in the standard arm with an interval of
only 6-10 weeks.
Due to an unexpected overall low event rate, a protocol amendment has been approved
for the event-driven primary endpoint of the RAPIDO trial. As the aim of the present report
was to describe the tolerability of the experimental treatment rather than to detect or exclude
any differences between the study groups, no pairwise comparison of the toxicity rates was
performed. Moreover, as postoperative chemotherapy was optional for patients randomized
to the standard arm, there were considerable differences in the denominator of preoperative
and postoperative therapy and the latter group is possibly influenced by selection of patients
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fit for chemotherapy after surgery. Furthermore, we did not collect patient-reported outcomes
for toxicity, which could have led to underestimation of the toxicity profiles. However, the
use of the CTCAE classification makes underestimation of the incidence of ≥ grade 3 toxicity
unlikely. With regards to the generalisability of the results, the median age of 61 year and
exclusion of patients with ECOG performance score >1 indicate a study population of young
and fit patients, while toxicity profiles may be more serious in elderly or frail patients.
In conclusion, high compliance of systemic therapy could be achieved with the experimental
schedule of SCRT followed by preoperative systemic chemotherapy. Although considerable
preoperative toxicity was reported compared to CRT, no differences were found in the details
of surgical procedures, the proportion of patients undergoing surgery and the rate or severity
of postoperative complications. The final results of the RAPIDO-trial on the oncological and
health-related quality of life outcomes of this approach are awaited.
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Supplementary tables
Appendix A Serious adverse events per study period in both study arms
Experimental arm

Standard arm

61%

(281/460)

No SAE

Short-course radiotherapy

3%

(14 / 460)

Chemoradiotherapy

12%

(54 / 441)

Preoperative chemotherapy

21%

(99 / 460)

Postoperative chemotherapy 11%

(21 / 187)

After surgery

15%

(62 / 426)

After surgery

(75 / 400)

SAE during

65%

(288/441)

SAE during

19%
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Country

Location

Institute

Department

Investigator

Policy for
postoperative
chemotherapy

Denmark

Aalborg

Aalborg Universitets
Hospital

Clinical oncology

Laurids Ø Poulsen

Yes

Odense

Odense University
Hospital

Clinical oncology

Per Pfeiffer

Yes

Alkmaar

NorthWest Clinics
Alkmaar

Medical oncology

Mathijs P. Hendriks

No

Amsterdam

Amsterdam University
Medical Centers, loc
AMC

Surgery

Pieter J. Tanis

No

Amsterdam

Amsterdam University
Medical Center, loc.
VUMC

Radiation oncology Anna M.E. Bruynzeel No

Amsterdam

Netherlands Cancer
Institute – Antoni van
Leeuwenhoek Hospital

Gastroenterology
Radiology

Mnique E. van
Leerdam

No
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Appendix B Participating institutes and collaborative investigators
Including the predefined policy for postoperative chemotherapy per institute (per country, in alphabetical order).

Amsterdam

OLVG Hospital

Medical oncology
and Hematology

Emile D. Kerver

No

84

Assen

Wilhelmina Hospital

Medical oncology

Peter Nieboer

No

Breda

Amphia Ziekenhuis

Medical oncology

A.J. (Bert Jan) Ten
Tije

No

Delft

Reinier de Graaf
Hospital

Medical oncology

Addy C.M. van
Luijtgaarden

No

Den Haag

Haga Hospital

Medical oncology

Patricia Quarles van
Ufford-Mannesse

No

Den Haag

Haaglanden Medical
Centre

Radiation oncology Heleen M. Ceha

No

Deventer

Deventer Ziekenhuis

Medical oncology

No

Eindhoven

Catharina Hospital

Radiation oncology Hetty van den Berg

No

Gouda

Groene Hart Hospital

Medical oncology

Wendy M. van der
Deure

No

Groningen

University Medical
Center Groningen

Medical oncology

Geke A.P. Hospers

No

Groningen

Martini Hospital

Medical oncology

Johan M. van Rooijen No

Heerenveen

Tjongerschans Hospital

Medical oncology

Jaap de Boer

No

Hengelo

Ziekenhuisgroep
Twente

Medical oncology

Esther J.M.
Siemerink

No

Hoofddorp

Spaarne Hospital

Medical oncology

Bart de Valk

No

Medical oncology

Marco B. Polée

Yes*

Netherlands

Leeuwarden Medical Center
Leeuwarden

Alexander L.T.
Imholz

Country

Investigator

Policy for
postoperative
chemotherapy

Leeuwarden Radiotherapy Institute
Friesland

Radiation oncology Annerie Slot

Not applicable

Leiden

Leiden University
Medical Center

Radiation oncology Corrie A.M.
Medical oncology Marijnen
H.W. (Ellen)
Kapiteijn

No

Leiderdorp

Alrijne Hospital

Surgery

Peter A. Neijenhuis

No

Nijmegen

Radboud University
Medical Center

Medical oncology
Pathology

Sandra A. Radema

No

Sneek

Antonius Hospital

Medical oncology

Gert Jan Veldhuis

No

Tilburg

Dr. Bernard Verbeeten
Institute

Radiation oncology Tom Rozema

Not applicable

Utrecht

Diakonessenhuis

Medical oncology

No

Zwolle

Isala Klinieken

Medical oncology Metin Tascilar
Radiation oncology Onne Reerink

No

Kristiansand Sørlandet Sykehus
Kristiansand

Clinical oncology

Christian Kersten

No

Oslo

Oslo
Universitetssykehus HF
Ulleval

Clinical oncology

Marianne Grønlie
Guren

No

Slovenia

Ljubljana

Institute of Oncology
Ljubliana

Surgical oncology

Ibrahim Edhemovic

Yes

Spain

Barcelona

Vall d’Hebron Institut
d’Oncologia

Medical oncology

Jaume Capdevila

Yes

Barcelona

ICO Hospitalet.
Hospital Duran I
Reynals

Medical oncology

Ramon Salazar

Yes

Madrid

Hospital Ramón y Cajal

Medical oncology

Vanessa Pachón

Yes

Valencia

Hospital Clínico
Universitario de
Valencia

Medical oncology

Andrès M.R.
Cervantes

Yes

Valencia

Consorcio Hospital
General
Universitario Valencia

Medical oncology

Maria José Safont

Yes

Valencia

Hspital Universitari i
Politècnic la Fe

Medical oncology

Jorge Aparicio

Yes

Borås

Södra Älvsborgs
Sjukhus

Clinical oncology

Lena Malmberg

Yes

Eskilstuna

Mälarsjukhuset

Clinical oncology

Helene Hörberg

Yes

Falun

Falu Lasarett

Clinical oncology

Ake Berglund

Yes

Gävle

Gävle Sjukhus

Clinical oncology

Katalin Kovacs

Yes

Norway

Sweden

Location

Institute

Department

Daan ten Bokkel
Huinink
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Location

Institute

Department

Investigator

Policy for
postoperative
chemotherapy

Göteborg

Sahlgrenska
Universitetssjukhuset

Clinical oncology

Susanne Ottosson

Yes

Kalmar

Kalmar Hospital

Clinical oncology

Charlotte Bratthäll

Yes

Karlstad

Centralsjukhuset i
Karlstad

Clinical oncology

Britta L. Lödén

Yes

Linköping

Linköpings Universitet

Clinical oncology

Maria Albertsson

Yes

Lund

Universitetssjukhuset
i Lund

Clinical oncology

Anders Johnsson

Yes

Örebro

Universitetssjukhuset

Clinical oncology

Kenneth Villman

Yes

Skövde

Skaraborgs Sjukhus
Skövde

Clinical oncology

Johan Haux

Yes

Stockholm

Karolinska
Universitetssjukhuset,
Solna

Clinical oncology
Radiology

Tone Fokstuen

Yes

Sundsvall

Sundsvalls Sjukhus

Clinical oncology

Petra Flygare

Yes
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Appendix B Participating institutes and collaborative investigators (continued)
Country

Umeå

Norrlands
Universitetssjukhus

Radiation oncology Brigitta Lindh

Yes

Uppsala

Akademiska Sjukhuset

Radiation oncology Bengt Glimelius

Yes
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Västerås

Västmanlands Sjukhus

Clinical oncology

Andrzej Piwowar

Yes

Växjö

Central Hospital Växjö

Clinical oncology

Ulrika Palenius

Yes

Washington University
Medical School

Radiation oncology Hyun Kim

United States Saint Louis

*Changed from yes to no to comply to Dutch guidelines.
Not applicable=Radiation institute. Patients included in other hospital

Yes
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7.
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12.

13.
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ABSTRACT
Introduction
Several factors are included in decision making for treatment of patients with locally advanced
rectal cancer, including a trade-off between risks and gains of both clinical and functional
outcomes. However, it is largely unknown which outcomes are most important to patients and
whether this differs between patients and clinicians.

Methods
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Both clinicians and patients treated for locally advanced rectal cancer were invited to fill out
an online questionnaire, including a choice-based conjoint experiment. Participants were
presented 14 comparisons of two hypothetical case presentations, characterized by different
treatments and outcomes of care (6 attributes) and were asked to select the case with the best
outcome at that moment. Hierarchical Bayes Estimation was used to calculate the relative
importance (RI) of each of the six attributes.
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Results
In total, 94 patients and 128 clinicians completed the questionnaire. For patients, avoiding
surgery with permanent stoma was most important (RI 24.4, 95%CI 21.88-26.87) and a 2-year
difference in disease-free survival was least important (RI 5.6, 95%CI 4.9-6.2%). Clinicians
assigned highest importance to avoiding severe and daily worries about cancer recurrence
(RI 30.7, 95%CI 29.1-32.4), while this was ranked 4th by patients (RI 17.9, 95%CI 16.5-19.4,
p<0.001).

Conclusion
When confronted with different outcomes within one case description, patients find the duration of disease free survival the least important. In addition, considerable differences were
found between the importance assigned by patients and clinicians to clinical and functional
outcomes, most notably in avoiding surgery with permanent stoma and worries about recurrence.

The standard of care for patients with high-risk rectal cancer includes preoperative chemoradiotherapy and surgery. Several factors have contributed to major improvements in local
recurrence rates and survival in the last decades, resulting in increased attention for long-term
functional and patient reported outcomes. Unfortunately, treatment for rectal cancer is still
associated with considerable morbidity, including a temporary or definitive colostomy, fecal
incontinence, urinary incontinence and sexual dysfunction.1, 2 For patients without detectable
residual tumour after neoadjuvant chemoradiotherapy, a ‘clinical complete response’, watch
and wait (W&W) is increasingly adopted as a treatment option.3 The benefits of W&W are
clear, as patients potentially avoid the risk of surgical morbidity, and the oncological risks of
W&W seem to be very small for strictly selected clinical complete responders.4 Several studies
are now focusing on achieving organ preservation in more patients by increasing complete
response rates. This can be done either by intensifying neoadjuvant therapy;5 expanding the
waiting period between radiotherapy and surgery;6 or adding preoperative (chemo-)radiotherapy in patients with less advanced tumours.7, 8 However, for patients who still require
surgery these approaches may lead to inferior outcomes, because the risk of complications
and morbidity is higher in patients who have received preoperative (chemo-)radiotherapy and
surgery compared to patients undergoing surgery alone. In addition, some patients still prefer
surgery above frequent surveillance and the risk of tumour regrowth, even if the oncological
outcome is equal.9
It is therefore essential to know the patients’ preferences when deciding on the best approach for an individual patient. However, little is known about the reasoning leading to
treatment choices; which outcomes are considered most important by patients? Both clinical
outcomes like survival and patient reported outcomes on worries about cancer recurrence
or fecal, urinary or sexual dysfunction will undoubtedly play a role to a certain extent. In the
present study, we aim to examine the tradeoffs between different clinical and patient reported
outcomes by patients, and the extent to which clinicians value the same outcomes.

MATERIAL AND METHODS
Study design
A questionnaire study was conducted containing a choice-based conjoint experiment among
patients and clinicians. Patients were eligible if they had completed curative treatment for
locally advanced rectal cancer with long course chemoradiotherapy or a comparable longcourse neoadjuvant treatment schedule between 6 and 18 months before inclusion. This
period was chosen to balance between emotional burden for patients still undergoing treatment and recall bias if treatment was longer ago. Patients who had surgery (any type) were
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eligible as well as W&W patients. Other inclusion criteria for patients were: age > 18 years,
good command of Dutch language and no signs of residual or recurrent disease. Patients from
six participating institutions were invited, including three general hospitals, two academic
hospitals and one tertiary referral center. All participating hospitals have expertise in surgical
treatment for rectal cancer and W&W strategies. Patients were invited to fill out an online
questionnaire via mail, and in case of no response after 2 weeks, they received a one-time
reminder by telephone. The questionnaires were filled out anonymously and the researchers
did not collect any personal data from the hospital records.
Clinicians directly involved in the decision making and treatment of patients with rectal
cancer were invited to participate, including surgeons, gastroenterologists, radiation oncologist and medical oncologists. Clinicians were approached by e-mail via their professional association and scientific conferences. No personal reminders were sent. The questionnaires
were filled out anonymously. This study was approved by the Medical Ethics committee of the
Netherlands Cancer Institute, Amsterdam (METC18.939), and by the board of directors of all
six participating institutions. Patients nor clinicians received any compensation for participation.
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Questionnaire
An online questionnaire was developed using Sawtooth Software SSI Web 8.2.4 (Sequim, WA,
www.sawtoothsoftware.com), following a similar design as a previous study among breast
cancer patients.10 The first part of the questionnaire consisted of general questions about the
respondent. For patients, this included general questions on their age, family situation and
the type of received treatment. For clinicians, this included general questions about their age,
position and experience. In the second part, we asked all participants to rank seven different
aspects of the treatment for rectal cancer from most important to least important to them (1
being the most important and 7 the least important): “to live longer” (disease-free survival,
DFS); “to have no colostomy”; “to have no surgery”; “ “to have no fecal incontinence”, “to have
no urinary incontinency”, “to have no sexual dysfunction”; “to have no worries about cancer
recurrence”.
The third part of the questionnaire included the choice-based conjoint (CBC) experiment,
consisting of 14 tasks to compare the treatment outcomes of two hypothetical case descriptions. An example of such a task is displayed as figure 1A. Participants were asked to choose
which of two cases had, in their opinion, the best outcome of rectal cancer treatment. Each
profile was characterized by six attributes containing both treatment given for rectal cancer
and possible outcomes, where each attribute could vary from the worst to best possible
outcome across 3 or 4 levels. (e.g. between no complaints and severe complaints, see Table
1). We chose to limit the experiment to six attributes, as participants are known to switch
to simplification strategies to deal with the difficulty of a comparison when faced with too
much information in a choice experiment.11 Relevant attributes were selected based on litera-

ture regarding adverse outcomes known to influence long-term influence on quality of life.
Subsequently, relevant levels for each attribute were decided after consultation with clinical
experts. Tasks with impossible or clinically irrelevant combinations of attributes within one
profile were prohibited. The questionnaire was pilot tested among professionals and patients
for language and inconsistencies.
Eventually ten versions of the questionnaire were generated, including 12 random tasks and
two ‘fixed’ tasks that were identical in all versions. These versions were randomly distributed
over all respondents. The order of attributes was also randomized across respondents, to prevent biased importance for the first mentioned attribute. We used the exact same hypothetical
case profiles for patients and medical professionals, with only textual modifications from
layman’s language to medical terminology. All case descriptions were presented in the third
person to prevent hindsight bias in patients.

Only participants who completed the entire questionnaire were included for analysis. Descriptive analyses were used to describe the characteristics of respondents. First, we assessed
the mean ranking of the participants prior to the CBC experiment, including the percentage of
participants who put the attribute at that rank as a measure of consensus between participants.
Subsequently, Hierarchical Bayes estimation was used to calculate the importance of each
attribute based on all answers given by the respondent within one questionnaire, expressed as
the mean utility (standard deviation) and relative importance (RI +95% confidence interval).
For each attribute, the RI is calculated using the maximum difference in utilities within that
attribute relative to the total across all attributes, which is set to 100.12 In other words, a higher
RI of one attribute reflects that on average more participants assign a stronger preference for
the best compared to the worst level of this specific outcome. The RI assigned to an attribute
by patients versus clinicians were compared using an independent t-test. If the confidence
intervals were not overlapping and the p-value was <0.01, this was considered a statistically
significant difference. The Root likelihood (RLH) indicates the goodness of the fit of the total
model, where the best possible RLH is 1.0, and the worse possible is the ‘null RLH’ expected
by chance, calculated as 1/the number of alternatives (0.5 in the current study). A higher RLH
thus indicates higher consistency of the respondent throughout the questionnaire. To investigate differences in the priorities of patients who underwent different treatment, a subgroupanalysis was performed comparing between preferences for patients with a colostomy, patients
without a colostomy and W&W patients (who did not undergo surgery). A second subgroup
analysis was performed among physicians, based on their clinical specialty. All analyses were
performed in Sawtooth Lighthouse Studio Version 9.6.1 and SPSS statistics 25.
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Table 1. Attributes, levels and explanation for patients
The questionnaire was conducted in Dutch; the descriptions are translated into English for the purpose of this
report. TME: Total mesorectal excision.
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Attribute

Levels

Description

Disease-free
survival

1.	7 years
2.	8 years
3.	9 years

The years a patients is alive without any signs of cancer recurrence.

Type of
treatment

1.	TME with permanent
colostomy
2.	TME with temporary
colostomy
3.	TME without
colostomy
4.	Watch and wait

After neoadjuvant chemoradiotherapy, there are several therapeutic
options. The options included in this questionnaire were: surgery
with a permanent stoma; surgery with temporary stoma; or surgery
without a stoma. The fourth option is to “watch and wait”. This is
an option for patients in whom the tumour and lymph nodes are
completely resolved after neoadjuvant therapy. Instead of surgery,
active surveillance is then performed with frequent endoscopy, MRI
and clinical examinations, because there is a chance that the tumour
regrows, in which case surgery has to be performed anyway.

Fecal
incontinence

1.	Severe complaints

Weekly unintended loss of stools after which change of clothes is
required

2.	Mild complaints

Incidental loss of mucus or stool, wearing a pad

3.	No complaints

No complaints of fecal incontinence

Urinary
dysfunction

1.	Severe complaints
2.	Mild complaints
3.	No complaints

Urinary incontinence, or self-catherization necessary
Impaired sense of urgency, toilet use at fixed times
No complaints of urinary dysfunction

Sexual
dysfunction

1.	Severe complaints

Impotence (male) or pain during intercourse (female)

2.	Mild complaints

Retrograde ejaculation; semen enters the bladder instead of emerging
through the penis during orgasm (male) or vaginal dryness (female)

3.	No complaints

No complaints of sexual dysfunction

1.	Severe, daily worries
2.	Mild worries
3.	No worries

Daily difficulty sleeping due to worries about cancer recurrence
Weekly difficulty sleeping due to worries about cancer recurrence
No complaints of worries about cancer recurrence

Worry
about cancer
recurrence

RESULTS
Participants
In total, 174 patients were invited from 6 participating institutes, of whom102 (59%) patients
responded and eventually 94 (54%) patients completed the questionnaire. Mean age was 62
years and 43% of patients were female (Table 2). 55% of patients underwent surgical resection
according to TME principle, 7% underwent transanal endoscopic microsurgery (TEM) and
37% were enrolled in a W&W program. Out of 176 clinicians who responded to the invitation,
128 (72%) completed the questionnaire. Most respondents were surgeons (n=71), followed by
radiation oncologists (n=24), medical oncologists (n=17) and gastroenterologists (n=16). No
significant differences in characteristics were found between the participants who completed
the questionnaire and those who did not complete the questionnaire (Suppl. Table A).

Table 2. Responder characteristics
Data are presented as n (%), unless indicated otherwise. TME: Total mesorectal excision; W&W: Watch and
wait. SD: Standard deviation.
Age (mean, SD)

(n=94)
62

(9)

Sex

Clinicians
Age (mean, SD)

(n=128)
49

10

Female

50

39,1%

Male

78

60,9%

71

55,5%

Sex

Female

40

42,6%

Male

54

57,4%

Marital status

Specialty

Married

69

73.4%

Unmarried

12

12,8%

Gastroenterologist

16

12,5%

6

6,4%

Radiation oncologist

24

18,8%

Medical oncologist

17

13,3%

106

82,8%

8

6,3%

14

10,9%

Single

Surgeon

Widowed

3

3,2%

Divorced

4

4,3%

Open TME

25

26,6%

Senior staff

Laparoscopic TME

27

28,7%

Fellow

Surgical approach

TEM
No surgery (W&W)

Current position

7

7,4%

35

37,2%

Colostomy

Resident in training
Years of experience

Permanent colostomy

28

29,8%

< 5 years

13

10,2%

Temporary colostomy

4

4,3%

5-10 years

27

21,1%

Temporary colostomy, reversed

13

13,8%

11-20-years

49

38,3%

None

49

52,1%

>20 years

39

30,5%

Hospital of employment
Academic hospital

33

25,8%

General hospital

86

67,2%

9

7,0%

Tertiary referral hospital

Direct ranking exercise
In the direct ranking exercise prior to the CBC experiment, most patients (80%) as well as
clinicians (64%) ranked “to live longer” as the most important outcome in the ranking exercise,
followed by having “no worries about cancer recurrence” (Table 3). Patients ranked the attribute “to have no surgery” considerably higher (5th) than clinicians, of whom 51% ranked this
as the least important outcome. The subgroup analysis showed some differences in preferences
between patients who underwent different treatment (supp. Table B): W&W patients especially
ranked “to have no colostomy” and “to have no surgery” higher than patients who underwent
surgery and have a colostomy themselves. Correspondingly, patients with a colostomy ranked
having “no fecal incontinence” as more important than W&W patients and patients without
a colostomy, who have a higher risk to have experienced postoperative fecal incontinence
themselves. Between clinicians with a different specialty, no major differences were found.
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Table 3. Mean ranking by patients and clinicians prior to choice-based conjoint experiment
Mean ranking of the attributes, with the percentage of patients who put the attribute at that rank in parentheses
Patients (n=94)

Clinicians (n=128)

1

To live longer (80%)

To live longer (64%)

2

No worries about cancer recurrence (48%)

No worries about cancer recurrence (39%)

3

No colostomy (34%)

No fecal incontinence (37%)

4

No faecal incontinence (27%)

No colostomy (17%)

5

No surgery needed (18%)

No urinary dysfunction (29%)

6

No urinary dysfunction (31%)

No sexual dysfunction (27%)

7

No sexual dysfunction (44%)

No surgery needed (51%)
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Figure 1.
A) Example CBC task presented to all participants and response of patients and clinicians.
B) Response of W&W patients, patients who underwent surgery and clinicians

In the choice-based conjoint experiment, participants were asked to choose which hypothetical patient had the best outcome of treatment for rectal cancer in their opinion. Figure 1A
shows one of the fixed tasks presented to all respondents. Notably, most patients preferred
the first profile (Figure 1B), independent of the (surgical or non-surgical) treatment they had
received, whereas the opinion of clinicians was evenly distributed (48% chose profile 1 versus
52% for profile 2).
The mean utility and relative importance of the attributes in relation to each other are
reported in Table 4. For patients, in contrast to the results of the direct ranking exercise prior
to the choice-based experiment, a difference of 2 years in DFS was considered least important
(RI 5.59, 95%CI 4.94-6.23) and type of treatment was on average 4 times more important
(RI 24.38, 95%CI 21.88-26.87), with particularly strongly negative utility for TME with permanent colostomy. The subgroup analysis showed that DFS was considered least important,
independent of the surgical treatment received by patients (Figure 2A). On average, fecal
incontinence and urinary incontinence were equally important (Table 4, RI 20.48 95%CI
18.65-22.32 and RI 20.36, 95%CI 18.93-21.80). However, as shown in Figure 2A, surgically
treated patients assigned higher importance to not having any fecal incontinence than W&W
patients, whereas urinary dysfunction was similarly important in all subgroups. For W&W
patients, the type of treatment was considered more important (i.e. avoiding surgery with a
permanent colostomy), whereas patients who had a colostomy assigned higher importance to
avoiding fecal incontinence.
For clinicians, the CBC-experiment showed they considered DFS and the type of treatment
least important (RI 10.30, 95%CI 9.00-11.60 and RI 10.85, 95%CI 10.12-11.57 respectively).
Not having to worry about cancer recurrence was considered the most important attribute
by clinicians. The subgroup analysis comparing clinicians of different specialties showed that
their opinions were remarkably consistent, despite the small sample size (figure 2B). There
were considerable differences in the preferences between patients and clinicians. The importance of DFS and worries about cancer recurrence were statistically significantly lower in
patients compared to clinicians, whereas the importance of the type of treatment and urinary
incontinence were statistically significant higher in patients than in clinicians (Table 4, all
p<0.001).

DISCUSSION
In this study, patients on average ranked “to live longer” as the most important outcome in
the direct ranking exercise. Surprisingly, this turned out to be the least important outcome in
the conjoint analysis when simultaneously confronted with multiple other outcomes, showing
that patients are not willing to accept inferior functional outcome against all costs to have
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Mean (range)

Levels

7 years
8 years
9 years

TME with perm. colostomy
TME with temp. colostomy
TME without colostomy
Watch and wait

Severe complaints
Mild complaints
No complaints

Severe complaints
Mild complaints
No complaints

Sever complaints
Mild complaints
No complaints

Severe, daily worries
Mild worries
No worries

RLH

Attributes

Disease-free survival

Type of treatment

Fecal incontinence

Urinary dysfunction

Sexual dysfunction

Worry
about cancer recurrence
-57,90
14,37
43,54

-27,51
-8,60
36,11

-71,35
24,466
46,88

-66,83
18,17
48,66

-82,61
13,78
28,108
40,738

-4,73
-4,25
8,98

27,43
23,28
23,90

13,49
15,07
17,53

28,21
14,96
22,37

43,36
25,91
22,74

47,098
20,768
29,428
48,09

16,58
9,84
17,90
(4,94 - 6,23)

Overall RI
(95% CI)

(0.62-0.95)

17,94 (16,49 - 19,40)

11,25 (10,34 - 12,16)

20,36 (18,93 - 21,80)

20,48 (18,65 - 22,32)

24,38 (21,88 - 26,87)

5,59

Patients (n=94)
Mean overall utility
per level (SD)

0.86

-106,25
31,01
75,25

-40,32
-6,68
46,99

-40,28
11,63
28,66

-73,44
19,02
54,42

-31,98
0,74
15,23
16,01

-19,59
-1,90
21,50

34,20
21,17
28,97

15,71
11,69
13,64

14,71
13,40
12,33

23,45
17,42
14,03

15,83
18,34
17,63
22,03

32,44
18,18
30,32

(9,00-11,60)

30,72 (29,08 -32,35)

14,79 (14,11-15,46)

11,95 (11,28 -12,61)

21,40 (20,39 -22,41)

10,85 (10,12-11,57)

10,30

Overall RI
(95% CI)

(0.61-0.94)

Clinicians (n=128)
Mean overall utility
per level (SD)

0.85

<0.001*

<0.001*

<0.001*

<0.001

< 0.001*

< 0.001*

p-value

Table 4. Mean overall utility and relative importance for patients and clinicians
Independent t-tests were used to compare the relative importance in the patient and clinicians group. A p-value <0.01 and non-overlapping confidence intervals indicates a
statistically significant difference (*) SD: Standard deviation; RI: Relative Importance; Perm: permanent; temp: temporary
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one or two years longer survival. Patients valued the attribute “the type of treatment” at least
4 times more important than DFS, whereas clinicians evaluated these attributes equally and
least important. Figure 1 clearly illustrates the disagreement in preferences of patients and
clinicians. It was hypothesized that participants would be 50-50 divided on this task given to
all participants, which turned out to be true only for clinicians whereas 80% of all patients
preferred the first profile. In addition, patients considered “worries about cancer” far less important than clinicians but assigned higher importance to urinary dysfunction. Undoubtedly,
the choices patients make are motivated by the treatment they have undergone and toxicity
they have experienced (Figure 2A)
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Figure 2. Relative importance of attributes in subgroup analyses
A) Relative importance of patients per group based on the type of treatment and
B) Importance of clinicians based on clinical specialty

As there are various treatment approaches available, shared decision making (SDM) is essential to choose the best strategy for an individual patient. However, in clinical practice this
is not always easily executed, mainly due to lack of time and differences in understanding
between patients and clinicians.13 A study examining SDM for preoperative radiotherapy in
rectal cancer patients reported that in 46% of the audio-taped pretreatment consultations the
patients’ values and preferences were not discussed at all.14 In only half of the consultations
patients expressed their values at their own initiative. Most frequently mentioned values were
related to sexual dysfunction and fecal incontinence. However the presence of a colostomy
and W&W as a treatment option were not included in this study. The present study indicates
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that after undergoing treatment, sexual dysfunction may be considerably less important
compared to other attributes.
Focusing on patient preferences for organ preserving strategies, three previous studies
examined the preferences for a specific rectal cancer treatment. One study included patient
interviews and a questionnaire among clinicians, and reported that the preference of patients
for W&W was stronger than physicians expected. On average, patients were willing to accept
a 20% risk of regrowth and a 20% decrease in overall survival to achieve organ preservation,
while 38% still preferred surgical treatment even if survival was equal.15 Similar to our results,
clinicians in this study underestimated the value that patients place on functional outcomes
and quality of life compared to survival. A recent study reported that a considerable proportion of patients (51%) place W&W as their first preferred treatment, while in 39% of patients
W&W was the least preferred treatment.16 Consistently, a recent study reported that 16% of
the included patients could not imagine to ever choose for W&W.9 In the last study, almost half
of all patients (45%) would not accept a potentially more toxic chemoradiotherapy regimen in
order to increase the chances of a clinical complete response. All studies conclude that there is
large variety in patient preferences, including patients who would accept an oncological risk
(if there is any) for better functional outcomes, and patients who reject the idea of W&W even
if all outcomes are similar.
In the present study, we chose to examine the relative importance of different treatment
outcomes to give a more comprehensive overview of patient preferences, rather than a strict
comparison between different treatment options. Unexpectedly, all groups of patients appear
to prioritize functional outcomes over one or two years longer DFS. The subgroup analysis
showed that patients considered the adverse outcomes associated with the treatment they
received as being less important, which can be explained by cognitive dissonance: patients
cope with their decisions and post-treatment morbidity, whether this is a colostomy or fecal
incontinence.
CBC experiments are used to examine the importance of attributes relative to each other.
The results provide understanding of the factors that determine the preference and decisions
of a patient. As patients are forced to make a tradeoff with each task, this method provides
more information than simply asking participants to rank attributes. Illustrative are our results
regarding DFS, which was considered the most important in the simple ranking exercise yet
turned out to be the least important in the CBC experiment when simultaneously confronted
with other treatment outcomes. Evidently, patients want to live as long as possible, but not at
the expense of inferior functional or patient reported outcomes.
A limitation of this design is that the RI of an attributes depends on the choice and definitions
of the levels per attribute. For example, the RI of “worries about cancer recurrence” was high in
clinicians, and some clinicians responded that “daily worries about cancer recurrence” rarely
occurs in daily practice. Although the levels were determined in collaboration with clinical
experts, it is possible that the RI is overestimated due to the extremity of this level. Nonethe-
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less, the same definitions were used in the patient questionnaire, and patients considered this
less important. Other possible explanations for the high importance clinicians assigned to the
attribute worries about cancer recurrence compared to patients, could be that there are limited
therapeutic options for a physician to improve this; or that patients with a history of cancer
have presumably learnt to deal with this more than the average physician. This study is also
limited by the relatively small sample size and heterogeneity of the study groups. On the other
hand, the broad inclusion criteria have enabled a comprehensive overview of patient priorities. The study is susceptible for response bias, and no clinical information of non-respondents
was available due to Dutch privacy legislation. However, the attrition rate for patients was low
(8 out of 102). As it was possible to broadly invite clinicians anonymously via professional
associations, the study population of professionals was considerably larger than the patient
group. It is possible that this has influenced our results. It was also noticed that the response
of surgeons was higher than clinicians of other specialties. In the Netherlands, surgeons are
usually responsible for pretreatment consultations with patients. This may be the reason that
the study attracted more surgeons, as they are frequently confronted with dilemmas of shared
decision making. However, we showed that the opinion of clinicians with different specialties
are considerably similar. Moreover, it is possible that the clinicians who responded to the
questionnaire were predominantly W&W minded (selective response). However, even if this
is true, W&W minded clinicians appear to overestimate the importance of DFS compared to
all patients. Despite these limitations, the results indicate that patients can have completely
different values than clinicians expect.
Shared decision making can be a true challenge, as clinicians and patients per definition
speak a different language. A patient will be confronted with these considerations only once
in their lifetime; while clinicians take their experience of ten - maybe hundreds of cases before
into account. Yet, with multiple treatment options available, a choice needs to be made. Results
from the current study may help to clarify the differences in perspectives between patients and
clinicians.
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Supplementary tables
Table A. Baseline characteristics of clinicians who filled out the questionnaire complete versus incomplete
Clinicians

Completes
(n=128)

Incomplete
(n=48)

Age (mean, SD)

49

10

47

10

Female

50

39,1%

18

37,5%

Male

78

60,9%

30

62,5%

Surgeon

71

55,5%

25

52,1%

Gastroenterologist

16

12,5%

7

14,6%

Radiation oncologist

24

18,8%

5

10,4%

Medical oncologist

17

13,3%

11

22,9%

P-value

Sex

0.85

Specialty

0.30

Current position

0.46

Senior staff

106

82,8%

40

8

6,3%

1

2,1%

14

10,9%

7

14,6%

< 5 years

13

10,2%

7

14,6%

5-10 years

27

21,1%

12

25,0%

11-20-years

49

38,3%

15

31,3%

>20 years

39

30,5%

14

29,2%

Fellow
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Resident in training

83,3%

Years of experience

104

0.61

0.72

Hospital of employment

0.57

Academic hospital

33

25,8%

10

20,8%

General hospital

86

67,2%

36

75,0%

9

7,0%

2

4,2%

Tertiary referral hospital

Table B. Subgroup analysis - Mean ranking of patients (n=94)
Ranking Surgically treated patients
with colostomy (n=45)

Surgically treated patients
without colostomy (n=14)

W&W (n=35)

1

To live longer

To live longer

To live longer

2

no worries about cancer recurrence No worries about cancer recurrence No colostomy

3

No faecal incontinence

No colostomy

No worries about cancer
recurrence

4

No colostomy

No faecal incontinence

No surgery needed

5

No urinary dysfunction

No urinary dysfunction

No faecal incontinence

6

No sexual dysfunction

No sexual dysfunction

No urinary dysfunction

7

No surgery needed

No surgery needed

No sexual dysfunction

1.

2.
3.

4.

5.

6.

7.

8.

9.
10.

11.
12.
13.
14.

15.
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ABSTRACT
Background
The neoadjuvant rectal (NAR) score was developed as a surrogate endpoint for overall survival
in patients with rectal cancer after neoadjuvant treatment. In this study we aimed to validate
the NAR score in patients from the Netherlands Cancer Registry database.

Patients
Patients with rectal cancer treated with long-course neoadjuvant therapy followed by surgery
in the Netherlands between 2007 and 2014.

Methods
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The probability of concordance with overall survival and the ‘goodness of fit’ of several models
were evaluated using Harrell’s concordance (c)-index and Akaike’s Information Criterion
(AIC), which is used to compare the quality of statistical models to each other.
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Results
The NAR score resulted in a c-index of 0.665. We found that single pathological parameters
(pT or pN) have similar concordance as the NAR formula (c-index of 0.663 and 0.655 respectively). A combination of pT and pN resulted in even better concordance with the true
endpoint overall survival (c-index 0.684), and a simple Cox regression model with the 3 parameters included in the NAR formula (cT, pT and pN) improved the concordance even more
(c-index 0.689). When the AIC index was compared for all models, the NAR score model
showed the worst fit to the true endpoint.

Conclusion
This study shows no additional value for using the NAR formula as a surrogate endpoint for
overall survival in rectal cancer patients treated with neoadjuvant therapy.

Rectal cancer treatment has evolved over the last decades. Total mesorectal excision (TME)
surgery is still the standard of care for invasive rectal cancer, and the implementation of preoperative (chemo-)radiotherapy has led to a significant improvement in local control.1 While
adjuvant chemotherapy can be beneficial for colon cancer, there is no evidence of a survival
benefit of adjuvant treatment for rectal cancer patients. Moreover, compliance for postoperative chemotherapy in patients recovering from major surgery is low. Therefore, neoadjuvant
treatment has become the standard of care for locally advanced rectal cancer. Multiple ongoing
clinical trials are now focusing on improving neoadjuvant treatment protocols, the RAPIDO
trial and the PROSPECT trial as examples. 2, 3
Although the true clinical benefit of neoadjuvant treatment should be expressed in terms of
improved survival, the use of overall survival (OS) or disease-free survival (DFS) as a primary
endpoint in clinical trials can be challenging. For neoadjuvant treatment in patients treated
with curative intent, a clinically relevant treatment effect will only be visible in 3- or 5-year
survival rates. As multiple years of follow-up are required, financial and practical issues are
not uncommon. More important, the use of 3- or 5-year overall survival as a primary endpoint
is also undesirable for ethical reasons, since it may delay implementation of new treatment
protocols. For these reasons, there is a need for an outcome measurement that is readily available after neoadjuvant treatment and a surrogate for long-term prognosis in terms of survival.
The use of surrogate endpoints enables clinicians and researchers to use initial clinical
and pathological data to predict long-term outcome parameters such as overall survival and
disease-free survival. A short-term clinical trial surrogate endpoint, the Neoadjuvant Rectal
(NAR) score, was developed by George et al. This score is based on the Valentini nomogram
to predict overall survival in rectal cancer patients after neoadjuvant treatment.4, 5 The score,
a number ranging from 0 to 100, indicates poorer prognosis when closer to 100. The NAR
formula includes the clinical tumor (cT) stage, pathological tumor (pT) and nodal (pN) stage
according to the TNM classification for colorectal cancers (Figure 1).

Figure 1. NAR Score Formula
cT = clinical tumor stage; NAR = neoadjuvant rectal score; pN = pathologic lymph node stage; pT = pathologic
tumor stage.

It was our primary objective to validate the NAR score using data of 6596 patients from the
Netherlands Cancer Registry (NCR) database. Second, we aimed to investigate the prognostic
value of the NAR score specifically in patients with a pathological complete response after
neoadjuvant therapy.
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METHODS
Patients
Data was acquired in an anonymized dataset from the Netherlands Cancer Registry (NCR or
IKNL), the Dutch quality institute for oncological and palliative research and practice, which
covers data collection of > 95% of all cancer patients within the Netherlands. For the present
study, all patients diagnosed with rectal cancer and treated with neoadjuvant therapy between
2007 and 2014 were included. Patients treated with short-term radiotherapy followed by immediate surgery were excluded from this study, as no tumor downstaging is expected in these
patients. Patients diagnosed with synchronous distant metastasis (stage IV) or in which the
tumor stage was unknown were excluded. The database included data on age, gender, type of
neoadjuvant therapy, duration of neoadjuvant therapy, clinical and pathological tumor stage,
date of last follow-up and survival status.
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For each subject, the NAR score was calculated as suggested by George et al. (Figure 1). In this
formula pN can range from 0-2; cT from 0-4 and pT from 0-4. As previously suggested, the
data was categorized in 3 risk groups based on the NAR score; low (NAR <8), intermediate
(NAR 8-16) and high risk (NAR >16).4 A subgroup analysis was performed in ypT0N0 patients
(pathological complete responders). Categorical variables were presented as frequencies and
percentages, numerical variables as mean and standard deviation or median and interquartile
range (IQR) based on the distribution.

Statistical analysis
Statistical analysis was performed using SPSS version 23 (SPSS, Chicago, IL) and software
package ‘’R’’ version 3.4.2 (the R-project, statistics department of the University of Auckland,
NZ). Differences in baseline characteristics between patients were tested with Pearson’s ChiSquare test for categorical data and Kruskal-Wallis test for continuous data. Median follow-up
was calculated using the reverse Kaplan-Meier method. Survival analysis was performed using
Kaplan-Meier methods, and a log-rank test was used to test the differences between NAR
categories. Cox-proportional hazard models were used to calculate hazard ratios (HR) for the
single elements of the NAR formula (cT, pT and pN). Subsequently, combinations of these
factors were tested. Harrell’s concordance (c)-index was calculated to assess the probability of
concordance between the observed and the predicted outcome. A higher c-index corresponds
to better discrimination. Akaike’s Information Criterion (AIC) was used to assess the ‘goodness of fit’ of the model on the database, where lower values indicate better fit. The bootstrap
method was used to obtain 95% confidence intervals (CI) of the differences between c-indices
of different models, using 999 resamples. P <0.05 was considered statistically significant.

An exploratory subgroup-analysis was performed, comparing the outcomes in two historical
subgroups (2007-2010 and 2011-2014 respectively) to investigate whether our results were
influenced by changes in patient selection for chemoradiotherapy over the years.

Patients
Data of 18275 patients was retrieved from the NCR,
of which 6596 met the inclusion criteria. The final
database included 178 (2.7%) patients with Stage I
disease, 1393 (21.1%) patients with Stage II disease
and 5025 (76.2%) patients with Stage III disease
(Table 1). NAR scores were calculated and based on
the NAR formula, patients were categorized into
low, intermediate and high-risk categories. Overall,
the mean age was 64 (+10.2). The median followup period was 5.33 (IQR 3.69-7.27) years. The duration of follow-up was longer in the intermediate
and high NAR category (median 5.17 years in low
NAR category; 5.35 years in the intermediate NAR
category and 5.43 years in the high NAR category).

Survival predictions
The observed 5-year overall survival in this patient
cohort was 75%. The intermediate and high NAR
score categories were associated with worse overall
survival compared to the low NAR score category
(p<0.001, Figure 2A). Five-year overall survival
was 86%, 76% and 60.1% for the low, intermediate
and high NAR categories respectively. Multivariate
analysis showed similar results (Table 2). cT, pT
and pN were tested as continuous and categorical
variables. Because these showed similar results, the
results of cox-regression analysis with continuous
variables are displayed only.

Table 1. Patient characteristics
Data are presented as frequency and (%), unless indicated otherwise. cT=clinical tumor
stage; cN=clinical lymph node stage; pT=
pathological tumor stage; pN=pathological
lymph node stage.
n (%)
Age

64 (10.2)

Mean (SD)
Gender
Male

4186 (63.5%)

Female

2410 (36.5%)

Follow-up (years)

5.33 (3.69-7.27)
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43 (0.7%)
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2

655 (9.6%)

3

4651 (70.5%)

4

1247 (18.9%)

Median (IQR)
cT

cN
0

1243 (18.8%)

1

2404 (36.5%)

2

2290 (34.7%)

Missing

659 (10.0%)

pT
0

1175 (17.8%)

1

409 (6.2%)

2

1742 (26.4%)

3

2915 (44.2%)

4

355 (5.4%)

pN
0

4594 (69.6%)

1

1858 (28.2%)

2

144 (2.2%)
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Figure 2. Overall Survival According to 3 Categories of the NAR Formula (A), and Combined Model (B)
A) Green, Orange, and Red Lines Represent Low (NAR < 8), Intermediate (NAR 8-16), and High (> 16) Risk
Categories, Respectively.
B) Data are Divided Into Tertiles Based on Outcome of the Combined Model

Model comparison
The concordance (c-index) of the original NAR score model and overall survival (adjusted for
age and gender) was 0.665 (Table 2). First, we compared this to the separate elements used in
the NAR score, pathological T and N stage (c-indices 0.663 and 0.655 respectively) and the
clinical T stage (0.615). Second, the NAR model was compared to a simple Cox proportional
hazards regression model including only pathological parameters (pT and pN, further referred
to as the ‘pathological model’), which resulted in a c-index of 0.684. Finally, the NAR score
model was compared to a combined Cox proportional hazards regression model including cT,
pT and pN stage as continuous variables, without any mathematical terms (further referred to
as the ‘combined model’). This resulted in the highest c-index (0.689). The superior correlation to overall survival of this model compared to the NAR model is also visualized in Figure
2. In the Kaplan-Meier curves, overall survival is plotted for tertiles representing the highest,
intermediate and lowest score as proposed by George et al (Figure 2A). Subsequently, Figure
2B shows overall survival of tertiles with highest, intermediate and lowest score according to
the combined model.

Table 2. Overview HR (univariate and multivariate cox regression) and quantitative measurements of the
models for their concordance to overall survival (OS)
NAR: neoadjuvant rectal score; cT: clinical tumor stage; pT: pathological tumor stage; pN: pathological lymph
node stage; AIC: Akaike’s Information Criterion; c-index: Harrell’s concordance-index. * all models included
age and gender as a variable.
Univariate analysis

Cox regression analysis

AIC*

C-index*

HR

95% CI

P value

HR

95% CI

P value

Age

1.034

1.029-1.039

<0.001

1.035

1.030-1.041

<0.001

Gender

1.112

1.017-1.238

0.021

1.277

1.157-1.411

<0.001

cT

1.511

1.388-1.644

<0.001

1.488

1.270-1.743

<0.001

0.615

pN

1.996

1.846-2.158

<0.001

1.398

1.048-1.866

0.023

0.655

pT

1.574

1.498-1.654

<0.001

1.273

1.130-1.433

<0.001

NAR score

1.035

1.032-1.039

<0.001

1.016

0.998-1.035

0.081

0.663
28571.48

0.665

pT and pN (pathological model)

28386.63

0.684

cT, pT and pN (combined model)

28349.32

0.689

For the NAR formula, the pathological model and the combined model, the AIC index was
calculated (Table 2). Since lower values indicate better fit of the model to the true endpoint
(overall survival), the NAR score showed the worst fit to the true endpoint.
Bootstrapping of 999 resamples indicated that the combined and the pathological model were,
both without exceptions, superior to the NAR score model in predicting overall survival with a
mean difference in c-index of 0.020 (95% CI: 0.014-0.024) for the pathological model and 0.025
(95% CI: 0.017-0.032) for the combined model. As all out of 999 resamples revealed both models
to be superior to the NAR formula, this can be interpreted as a significant difference of p < 0.001.
An exploratory subgroup analysis was performed, comparing patients included in 20072010 with patients included in 2011-2014. The second group included relatively more patients
with cT3 tumors (74% versus 66%) and more patients with cN2 disease at baseline (21% versus
45% respectively). In both subgroups the NAR formula showed to have the lowest c-index and
the highest AIC compared to the pathological model and the combined model, indicating the
worst fit to the endpoint OS.

Pathological complete response
A pathological complete response of the tumor (pCR, ypT0N0) was seen in 1071 patients
in the database (16%). Of these, 12.1% were diagnosed with a cT4 tumor, 74.3% with cT3
tumor, and 13.5% with cT2 or smaller tumors. All, except 9 patients, had a NAR score < 8 (low
risk). These 9 patients were categorized as intermediate risk (0.8%, NAR 8-16), and were all
diagnosed with cT1 or cT0 tumors. In pCR patients, no difference in survival was detected
between the low and intermediate NAR categories (p=0.874). No patients were categorized as
having a high NAR score, since this is not possible when pT and pN equal zero in the formula.

Chapter 6

Factor

115

Chapter 6

DISCUSSION

116

In this study we intended to validate the Neoadjuvant Rectal (NAR) score as a surrogate
endpoint for overall survival using data from the Netherlands Cancer Registry.4 We have confirmed that the 3 proposed NAR score categories correlate to overall survival. However, when
using only pT or pN, we found similar c-indices as for the NAR formula. Moreover, using a
simple Cox-regression model including only pathological data (pT and pN) we found a better
correlation with overall survival (c-index 0.684 versus 0.665 for the NAR formula). Finally,
when using cT, pT and pN together in a Cox regression model as continuous variables, we
found a much better correlation (c-index 0.689 versus 0.665) and a lower AIC (28349.32 versus 28571.48). Based on these two results, it was concluded that the combined model provides
superior prognostic information compared to the NAR formula. It seems that the mathematical terms and relative weights not only unnecessarily complicate the NAR formula for use in
clinical practice, but also degrade the correlation to the true endpoint overall survival.
For implementation of a meaningful surrogate endpoint, there are two criteria to which
the surrogate endpoint must comply.6 First of all, the surrogate endpoint must correlate to the
true endpoint. Secondly, a correlation between treatment effect on the surrogate endpoint and
treatment effect on the true endpoint should be confirmed. George et al. described the found
correlation between the surrogate endpoint and the true endpoint, but omit evaluating the
correlation between the treatment effect on the surrogate endpoint (NAR) and the treatment
effect on the true endpoint (overall survival). In other words, overall survival in patients with
tumor downstaging should have been compared to overall survival in patients without tumor
downstaging (e.g. in whom no neoadjuvant treatment was applied).
Considering the NAR score formula, a few aspects remain unclear. First, the reasoning
behind the stratification into specifically 3 risk categories is not defined. Second, the given
relative weights used for the elements in the NAR score lack specific reasoning. Finally, the
NAR formula follows the assumption that the prognosis gets better with more tumor regression independent of the clinical tumor stage at diagnosis (cT).
This last assumption was not tested by the developers of the formula, and its ambivalence
becomes more clear in the subgroup analysis of the validity of the NAR formula in pCR
patients. Since pT and pN equal 0 in pCR patients, the score is purely based on the clinical
T stage, and the NAR formula results in higher scores with lower cT stages (Figure 1). This
would indicate that pCRs of smaller tumors have worse prognosis than pCRs from larger
tumors (e.g. patients with initial cT2 tumors that show complete tumor regression have a
worse prognosis according to the NAR score, than initial cT3-4 tumors with complete tumor
regression). However, the contrary is generally accepted in patients with a clinical complete
response treated with Watch&Wait: smaller tumors are associated with lower rates of tumor
regrowth and better overall survival.7 Our data included 9 patients with a pCR that were
diagnosed with early tumors at diagnosis (cT0-1), these were all categorized as having an

Table 3. Overview of literature
All patients included in the studies received neoadjuvant treatment followed by TME resection. Results are
summarized in this table. NAR = neoadjuvant rectal score; DFS = disease free survival; OS = overall survival;
pCR = pathologic complete response; ypTNM = pathologic tumor, nodal and metastatic status; TRG = tumor
regression grade; VPN = Valentini prediction nomogram; AIC = Akaike’s information criterion; c-index = Harrell’s concordance index.
Author

Patients

Findings

Yothers (2014)8
George (2015)4

1479

NAR categories were significantly correlated with 5-year OS.
Continuous NAR score showed better correlation with OS than pCR. Continuous
NAR score showed lower AIC than pCR.

Raissouni (2014)9

1172

NAR categories significantly correlated with 5-year OS.
NAR score showed lower AIC index than pCR for OS.

Hong (2014)10

111

Higher NAR score was associated with worse DFS.

80

Mean NAR score was significantly higher in patients who developed recurrent
rectal cancer compared to recurrence-free patients.

Roy (2016)12

706

Mean NAR score was significantly higher in patients who developed recurrent
rectal cancer compared to recurrence-free patients. The NAR formula showed
stronger correlation with DFS and OS than pCR.

Yothers (2016)13

4705

NAR score showed better prognostic value for OS than pCR.

Sun (2017)14

522

NAR score categories significantly correlated with DFS.
Higher NAR scores were associated with fewer pCR, lower TRG, and higher
ypTNM stage. A novel nomogram showed a c-index of 0.701.

Rosello (2017)15

158

NAR score and VPN correlated with OS.

6596

Comparison of the 3 models indicated that the NAR formula had worse correlation
to OS than simpler regression models (c-index 0.665 versus 0.689, AIC 28571
versus 28349).

Weiner (2014)

This study
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intermediate NAR score, but showed excellent 5-year overall survival (88%). Furthermore,
as organ preserving strategies such as Watch-and-Wait in patients with a clinical complete
response are gaining interest, development of a surrogate endpoint for overall survival that
does not include pathological tumor stage is highly desirable.
Following the original publication by George et al., several studies have been published on
validation of the score, which are summarized in Table 3. All studies agree upon the NAR
score being significantly correlated with overall survival or disease-free survival. As expected,
the Valentini nomogram remains preferred over the NAR score since it incorporates more
clinical variables and thus results in better prognostic information. Interestingly, neither one
of the before mentioned studies has evaluated the correlation between the treatment effect on
the surrogate endpoint and the treatment effect on the true endpoint. It is commonly accepted
that the threshold for a strong model is a c-index of > 0.8. None of the studies on the NARscore, including the present study, found a c-index exceeding this threshold.
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Limitations
Data for this study was assembled by a national data institution. Although regular quality
checks are performed, entry errors might have occurred. The database did not contain detailed information on patient factors such as comorbidity, medical history and details of neoadjuvant therapy schedules were not specified. This could potentially have biased our results.
Furthermore, this study only included patients treated with long-course chemoradiotherapy,
possibly leading to heterogeneity in the study population over the years and treatment allocation bias. Lastly, we did not have data on disease-related events such as local recurrence and
distant metastasis. As treatment for recurrent disease has improved over the last years, it is
possible that this has influenced our results. An exploratory subgroup-analysis confirmed that
despite variety in the historical data and expected improvements in the selection of high-risk
patients and treatment of recurrent disease, the NAR score remained invalid as a surrogate
endpoint in this population.
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The need for a surrogate endpoint for patients with rectal cancer treated with neoadjuvant
therapy is eminent. However, the NAR score proves to be insufficient as a surrogate endpoint
and simpler cox regression models, using the same variables, provide a more precise correlation to overall survival. The authors of this manuscript therefore advise against using the NAR
score as a clinical surrogate endpoint in clinical trials.
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Summary and
general discussion

Organ preservation
Watch and wait (W&W) is nowadays increasingly adopted as a treatment option for patients
who appear to have a clinical complete response after neoadjuvant therapy. In chapter 2, we
have shown that W&W strategies, including neoadjuvant therapy protocols, imaging strategies and follow-up protocols are still heterogeneous throughout the world. Despite this heterogeneity, the oncological outcomes of strictly selected patients are excellent and comparable
to outcomes of patients who underwent surgery. The possible benefits of W&W for patients
who have undergone neoadjuvant therapy are beyond dispute: by avoiding surgery, they are
spared the risk of postoperative complications and morbidity, including the possibility of a
colostomy.
It is known that a pathologically confirmed complete response (pCR) is associated with
favourable prognosis. However, it is not certain that patients with a clinical complete response would have had a pCR if surgery would have been performed. Based on selection
with conventional imaging strategies, a proportion of approximately 25% of patients with an
initial clinical complete response develops tumour regrowth in the first two years of followup. Importantly, we found that local regrowth was almost exclusively located at the original
tumour location within the bowel wall (97%). This emphasizes the importance of endoluminal
surveillance in addition to high-resolution MRI in W&W patients. It is assumed that these
patients who develop regrowth were “false-negative” at reassessment imaging after induction
therapy and would not have had a pCR if they would have undergone surgery. The high variety
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The treatment for rectal cancer is evolving. By implementation of MRI-based staging, selective pre-operative radiotherapy and surgery according to TME-principle, the outcomes for
patients with rectal cancer have improved substantially over the last decades. Local recurrence
rates are now reported to be 5-10%, and five-year survival of patients with locally advanced
rectal cancer treated with preoperative chemoradiotherapy (CRT) is approximately 75%.1, 2
Multidisciplinary decision making and treatment of patients with locally advanced rectal cancer in high volume centres is nowadays indispensable. Through transparent clinical auditing
teams, continuous improvements in the quality of care are achieved in the Netherlands over
the last years.3 However, multimodal treatment is still associated with considerable morbidity, including colostomy, bowel dysfunction and urinary- and sexual dysfunction caused by
nerve damage. The improvements in local control have given way for an increased focus on
these long-term functional outcomes and quality of life. New treatment options have emerged,
including new chemo- and/or radiotherapy schedules, de-intensified treatment for selected
patients with favourable prognosis, and minimal invasive surgical and endoscopic techniques.
The indications for radiotherapy for smaller tumours are being re-evaluated due to increased
interest in organ preservation. In this thesis, the risks and benefits of different therapeutic
approaches for the treatment of locally advanced rectal cancer are examined, with the aim of
providing information to guide the shared decision-making process.
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in local regrowth between institutes and heterogeneity in imaging strategies contributes to
this hypothesis. In the Dutch cohort, a combination of clinical examination, endoscopy and
diffusion-weighted MRI is exclusively used, and exceptional low local regrowth rates of 15%
are reported. 4
A major concern of W&W was related to the question if we are harming our patients by
deferred surgery, if they develop tumour regrowth. In the GRECCAR 6 trial, where patients
were randomized to an interval of 7 or 11 weeks between chemoradiotherapy and surgery,
the latter approach was associated with a higher chance of surgical morbidity. 5 The data from
the registry reported in chapter 2 was incomplete on the details of salvage surgery, but recent
studies do not confirm the observation that delayed or salvage surgery after local regrowth
compromises surgical outcomes. In the Dutch and Portuguese series, it was reported that
delayed surgery after CRT does not lead to inferior surgical procedures, more postoperative
complications or more R1 resections. 6-9
Another concern of organ preserving strategies is whether omitting or delaying surgery
increases the risk of distant metastasis. In chapter 2, we have reported a metachronous distant
metastasis rate of 8%, and distant metastases occurred more frequently in patients who were
also diagnosed with local regrowth. Consistently, in the pooled analysis of Maas et al. distant
metastasis free survival was 89% for patients with a pCR, compared to 75% in patients with
residual tumour.10 It is our hypothesis that the difference in distant metastasis can be attributed to differences in tumour biology rather than deferred surgery. If patients with a complete
response could be identified with more accuracy, the population of W&W patients will be a
more precise selection of patients with favourable prognosis. Consequently, as the population
will consist of more patients with an actual pCR, lower local regrowth and distant metastasis
rates will be found.

Distant metastases
Regardless of the (pre-)operative treatment, distant metastases are now the main cause of incurable disease in patients with rectal cancer. In patients with stage III colon cancer, adjuvant
chemotherapy after curative resection reduces the risk of metachronous distant metastases
with approximately 30%. 11 Although an evident biological explanation is lacking, no clear
survival benefit of postoperative chemotherapy has been shown for patients with rectal cancer
who have already undergone neoadjuvant therapy and radical surgery. 12 In addition to the absence of a survival benefit for patients treated with fluorouracil-based monotherapy compared
to observation alone, in the randomized SCRIPT trial, 13 we have described in chapter 3 that
health-related quality of life of patients treated with postoperative capecitabine is inferior to
patients who underwent surgery alone. Even in a selected population of patients fit enough to
start adjuvant chemotherapy after surgery, HR-QOL is inferior up to 6 months after surgery.
Oxaliplatin containing combination therapy might be more effective, but is also expected to
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be more toxic, and presumably combination chemotherapy after surgery would have an even
more detrimental effect on quality of life, postoperative recovery and compliance.
From previous studies, it is known that compliance of postoperative chemotherapy is low
in rectal cancer patients and in addition, surgical morbidity and the risk of postoperative
complications may hinder or delay the start of postoperative therapy. Moreover, the time
from diagnosis to the window to start adjuvant chemotherapy is more than twice as long in
rectal cancer patients undergoing neoadjuvant therapy followed by surgery compared to colon
cancer patients, possibly diminishing the effect of chemotherapy on the proliferation of micro
metastases. 14, 15 Since the improvements in local control so far have not led to a decrease in
distant metastases, it is unlikely that any further modifications to local treatment will lead to
a reduction in systemic recurrence. Therefore, a novel total neoadjuvant therapeutic strategy
to achieve adequate systemic therapy to patients with a high risk of distant recurrence was
proposed in the RAPIDO-trial. In chapter 4 we have reported the compliance and tolerability
of this experimental approach including short-course radiotherapy (SCRT) followed by preoperative chemotherapy and surgery, as examined in the international randomized RAPIDOtrial. The compliance of preoperative chemotherapy was high, 84% of all patients received
sufficient preoperative chemotherapy, compared to 58% with the same regimen after surgery.
It is our hypothesis that besides higher compliance, preoperative systemic chemotherapy will
also result in better systemic effects and ultimately improved disease free survival; besides
high compliance, the time from diagnosis to the start of chemotherapy is only 1-3 weeks
compared to several months when given in the postoperative setting in patients treated with
preoperative (chemo)radiotherapy and surgery, facilitating early treatment of any possibly
present micro metastases.15
Very promising preliminary results of the Rapido trial were recently reported at the ASCO
2020 conference; The pCR rate was higher in the experimental arm (27.7% vs 13.8% for
patients in the standard arm OR 2.40 [1.70 – 3.39]; p < 0.001), and DrTF and the incidence
of distant metastasis were significantly lower in the experimental arm (DrTF 23.7% versus
30.4%, HR 0.76 [0.60 – 0.96]; p = 0.0;, 3-year distant metastasis rate 19.8% vs 26.6%, HR 0.69
[0.53 – 0.89]; p = 0.004). The local recurrence rate was 8.7% vs 6.0% (HR 1.45 [0.93 – 2.25];
p = 0.10), for patients in the experimental and the standard arm respectively. 16 The final
oncological results of the RAPIDO-trial are awaited.
With regard to the effectiveness of SCRT compared to CRT for local control in patients
with locally advanced tumours, a few previous studies have been performed. In the Polish II
study of Bujko et al. patients were randomised between short-course radiotherapy followed
by chemotherapy and surgery or oxaliplatin-based chemoradiotherapy followed by surgery,
comparable to the RAPIDO design. No differences in local control were detected in this
study. Acute toxicity was lower in patients treated with short-course radiotherapy followed
by chemotherapy, however, in the Polish study both arms included preoperative oxaliplatin chemotherapy, which is known to cause especially neurotoxicity. In the Rapido trial, the
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standard arm consisted chemoradiotherapy without oxaliplatin, which explains the lower
acute toxicity in the standard arm of the Rapido trial. Two other RCT’s have been performed
comparing SCRT to CRT, both reporting similar local recurrence and survival rates in the
study groups.17, 18
In the Dutch guidelines, chemoradiotherapy is advised for locally advanced rectal cancer,
mainly because of its down-staging effect after a waiting period of 6-8 weeks before response
evaluation. It is now known that similar, or even accelerated down-staging effects can be
achieved by SCRT if the interval between irradiation and surgery is prolonged 19-21: In the
Rapido trial, the pCR rate was significantly higher in the experimental arm. 16 Also the Stockholm III trial showed that SCRT followed by a 4-8 week delay induces tumour downstaging,
and does not lead to more surgical morbidity and postoperative complications. 22 In chapter 4,
we have shown that more than 20 weeks between surgery and SCRT does not lead to inferior
surgical outcomes or more postoperative complications. Moreover, it was shown that postoperative mortality is nowadays very rare (<1% in both groups).
Nonetheless, surgery is still associated with considerable morbidity, and postoperative complications occurred in half of all patients undergoing surgical resection for locally advanced
rectal cancer. As indicated in chapter 2, W&W can safely be adopted in patients with no signs
of residual tumour on endoscopy and MRI. Previous studies suggest that by prolongation of
the interval between radiotherapy the radiotherapy effect can be maximized and more clinical
complete responders can be identified.23-25 In the RAPIDO-approach, the interval between
radiotherapy and surgery is used to give full-dose chemotherapy, to maximize the systemic
effects shortly after diagnosis. If organ preservation is the upfront goal, this approach could
be considered as an alternative for chemoradiotherapy to maximize the irradiation effect and
at the same time ensure adequate systemic treatment. However, it is not clear if improving
pCR rates should be set as an upfront goal: As it is likely that distant metastasis develop from
micro-metastasis already present at the time of diagnosis, increasing rates of clinical complete
responders does not necessarily also improve disease-free survival.
In Chapter 5 the results of a conjoint-based choice experiment in patients and clinicians
are described. We have examined the preferences of patients in the outcomes of treatment
for rectal cancer, and subsequently compared this to the perception of physicians directly
involved in the decision making and treatment of patients. As expected, patients as well as
medical professionals ranked the disease-free survival as the most important outcome prior
to the choice experiment. Surprisingly, the conjoint choice experiment showed that in relation
to other functional outcomes, one or two years longer disease-free survival was considered the
least important, independent of the treatment they underwent. The type of treatment (W&W,
or surgical resection without, or with a temporary/definitive colostomy), faecal incontinence,
and also urinary-, sexual dysfunction and worries about cancer recurrence were more important for patients. This indicates that patients want to live as long as possible, but not at the
expense of inferior functional outcomes. Although the concept of organ preservation sounds

Endpoints
Clinical trials with survival as primary outcome are often delayed or underpowered if patients
live longer than expected and the number of events is insufficient. Paradoxically, better outcomes can thereby delay the analysis and clinical implementation of new strategies, of which
the RAPIDO-trial is a striking example. Moreover, the years of follow-up that are required
before analyses can be done also have financial and practical disadvantages. In an attempt to
resolve these drawbacks, the Neo-Adjuvant Rectal (NAR) score was previously developed as
a surrogate endpoint for overall survival which can be used directly after surgery.30 Unfortunately, the study described in chapter 6 shows that the NAR score provides no additional
prognostic information to the pathological tumour stage, which is routinely available within
days after surgery. The NAR score can be useful in a research setting to categorize postoperative
patients in risk-groups, but a formal validation as a surrogate endpoint is lacking. In addition,
the NAR formula depends on the unconfirmed assumption that more tumour downstaging
is associated with better survival outcome. For these reasons, it would be unwise to use the
score as a surrogate endpoint for overall survival in clinical trials. The NAR score was derived
from the original Valentini’s nomogram, for which acceptable predictive information has been
reported.31 However, this tool is not frequently used in clinical practice due to its complexity.
Also the presence of a (p)CR is not reliable as a surrogate endpoint for survival.32 Moreover,

Chapter 7

appealing, there are downsides, including uncertainty about local regrowth and the risk of
delayed surgery. Some patients therefore prefer certainty of radical surgical treatment.26, 27 A
recent study reported only half of patients (55%) was willing to accept a more toxic neoadjuvant therapy schedule to in order to increase the chances of a clinical complete response.27 In
clinical practice there are some pitfalls to the execution of shared-decision making, including
lack of time at clinical encounters, and differences in understanding between clinicians and
patients. 28 In addition, patients may be overwhelmed by all information shortly after diagnosis. A previous study of Pieterse et al. examined the value of a choice-based experiment in new
patients before starting any treatment.29 In this study, half of new diagnosed patients found it
distressing to think about treatment options and consequences (including potential harms).
However, patient who completed the choice-experiment before treatment, experienced less
regret over their treatment decision after 6 months, and reported less impact of fecal and
sexual disfunction. Although making benefit/harm trade-offs may be very hard for patients
who are just confronted with their disease, thinking about treatment options and their consequences may help them to deal with the consequences of treatment later. In chapter 5, we used
a slightly different choice experiment in patients who already had undergone treatment. It was
shown that patient preferences are variable, but also that the importance of some aspects are
generally underestimated by clinicians. This emphasizes once more the importance of careful consultation with patients on the risks and benefits of certain treatments, and their own
preferences, before deciding on a treatment approach.
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given the attention for organ preserving strategies in a selection of patients, a nomogram to
be used prior to surgery to estimate the risk of locoregional (lymph node) recurrence and
systemic disease would be more valuable, to determine the best approach for the individual
patient.

Future perspectives
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For patients with locally advanced rectal cancer with a clear indication for long-course neoadjuvant chemotherapy, the gain of a W&W approach instead of major surgery is obvious if
they turn out to have a clinical complete response after neoadjuvant therapy. Driven by the
excellent outcome in patients with an opportunistic complete response as reported in chapter
2, others have proposed to add neoadjuvant treatment for early rectal cancer with the upfront
aim of organ preservation. For patients with early rectal tumours, in whom direct surgery
without neoadjuvant therapy is the treatment of choice according to the current guidelines,
the risk-benefit balance is substantially different. The results of the TME trial already showed
that the risk of bowel dysfunction is increased in irradiated patients compared to patients
undergoing surgery alone, and no survival benefit from preoperative radiotherapy is expected
in patients with stage I-II disease.33 Although the clinical complete response rates are higher
in patients with early cancer compared to more advanced tumour stages, approximately half
of all patients will be overtreated and at risk for inferior functional outcome if they still require
surgery.34
The chances of a primary anastomosis as well as the postoperative functional outcome are
largely depending on the location of the tumour. It is presumable that some patients with
very distal tumours who would otherwise require an abdominoperineal resection are willing to take a greater risk to achieve a clinical complete response than patients with higher
tumours and a low risk of colostomy or surgical nerve damage, in whom reasonable bowel
function is expected after primary resection. To make this decision adequately, it is essential
that patients are carefully informed. The Pre-Operative LAR score (POLARS) is developed
as a nomogram to predict the risk of bowel dysfunction preoperatively, based on age, gender,
tumour characteristics and preoperative radiotherapy.35 This can be used in clinical practice to
assess the risks of alternative treatment plans in an individual patient. However, little is known
about the risk of bowel dysfunction in patients treated with neoadjuvant therapy followed by
active surveillance instead of surgery. A recent study shows that after a median follow-up of
3 years, one third of W&W patients still experienced major low-anterior resection symptom
(LARS) complaints.36
The implementation of a national screening program in the Netherlands, will likely result
in a rectal cancer population involving more patients with early stage rectal cancer and lo-

Imaging
Although the use of MRI-imaging has improved the assessment of locoregional disease stage
compared to endorectal ultrasound (EUS) or CT-scanning, the overall accuracy of conventional imaging is still not sufficient for clinical staging and response evaluation. 43-45 For W&W
patients, the results of chapter 2 emphasize the importance of MRI and endoscopic surveillance in W&W patients. Also for identification of complete responders, endoscopy seems to
be the most valuable diagnostic tool.46 In addition, we found that in postoperative patients
without residual tumour (ypT0), the presence of tumour positive lymph nodes is very rare
(9%).47 It can therefore be argued that for patients with an interest in W&W, endoscopy should
routinely be added to response assessment with MRI.
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cally advanced disease at diagnosis will become less common. In the United Kingdom, the
proportion of early cancers increased with 30% after implementation of a national screening
program.37 The options for organ preservation by expanding indications for (chemo)radiotherapy will be further explored in several ongoing trials. For small tumours, the options for
endoscopic treatment are increasing through increased expertise and technical improvements.
For some patients with small early tumours, endoscopic resection with adjuvant (chemo-)
radiotherapy might be an alternative to preserve the rectum. This is investigated in the ongoing TESAR-trial, in which patients with early tumours and prognostic high-risk features who
underwent radical endoscopic resection are randomised between completion TME or adjuvant chemoradiotherapy.38 The randomized STAR-TREC study will provide knowledge on the
feasibility and outcomes of intentional organ preservation by irradiation of early tumours. In
the phase III study, patients with cT1-3N0M0 rectal cancer can choose the standard treatment
of immediate TME resection, or opt for randomization between short-course radiotherapy or
chemoradiotherapy, followed by W&W, transanal endoscopic resection or TME, based on the
response after (chemo-)radiotherapy.39
Through aging of the population and increase in complex chronic disease, the percentage of
elderly and frail patients with rectal cancer will also increase. Especially in frail patients with
complex morbidity, the risks of additional surgical morbidity may not outweigh the oncological safety of preoperative radiotherapy and surgery. For inoperable patients, high-dose definitive radiotherapy can be considered as an alternative to achieve a local (complete) response
and treat complaints of obstruction and bleeding.40 However, considerable late toxicity was
observed in this study. In operable patients, upfront surgery with a permanent colostomy
might be the most convenient option for postoperative recovery. Recent data show that the
risk of postoperative mortality in elderly is no longer seriously increased, indicating that
preoperative assessment of frailty has improved.41 Rather than a strict age limit or ASA classification, the geriatric sum score can be used to determine the risk of postoperative geriatric
morbidity, and mortality after colorectal cancer surgery.42
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Also with endoscopy, it is sometimes difficult to identify complete responders in clinical practice, especially for the non-expert eye.48 In addition, endoscopic biopsies after neoadjuvant
therapy are frequently inconclusive.49 Some have proposed to increase the interval between
preoperative therapy and reassessment to identify patients with a clinical complete response
better. In clinical practice, a two-step reassessment might be more appropriate to identify nonresponders timely, rather than a protocolled increased interval for all patients. A first response
evaluation after 6-8 weeks will identify non-responders to undergo surgery and minimize the
oncological risk of tumour progression and distant metastasis in the waiting period. Patients
with a good response at first reassessment who are interested in W&W can undergo a second
reassessment including MRI and endoscopy 6-8 weeks later to identify most (near) complete
responders.
An emerging imaging technique which can be of added value to white light endoscopy
in rectal cancer patients is tumour-targeted near-infrared fluorescence imaging. In combination with a tumour-specific contrast agent, this technique can be used to identify residual
tumour cells in patients with an ulcer or with submucosal residual tumour cells. Nowadays,
tumour-targeted fluorescence imaging is increasingly used in clinical studies for intraoperative visualization of tumour. Especially for rectal cancer patients, promising results are
recently reported using a CEA-targeting antigen (SGM-101). 50 The development of a flexible
fluorescence imaging endoscope with high specificity can be of added value for endoluminal
response evaluation. Near-infrared light has a depth penetration of approximately 10 mm,
which would allow detection of any submucosal residual tumours. Depending on the contrast
agent used, this technique may be useful to distinguish scar tissue, adenoma or radiation
ulcer from vital tumour cells. Initial studies with near-infrared fluorescence endoscopy show
promising results for other indications.51, 52 Especially at the second reassessment in patients
with an initial response, the use of fluorescence endoscopy could improve the identification of
clinical complete responders. In addition to white light endoscopy and MRI imaging, fluorescence endoscopy would be of most value combined with a contrast agent with high specificity
(and little false positive fluorescent signal), so that the absence of fluorescent signal adds to
the probability of absence of residual vital tumour cells. Another form of tumour-targeted
imaging which could be of added value to identify tumour positive lymph nodes or distant
metastasis in patients with rectal cancer, as well as response monitoring in patients with a
clinical complete response, is tumour-targeted positron emission tomography (PET/CT).
It is known that the accuracy of (DWI-)MRI is variable, and currently mainly depending on
the expertise eye of the assessor. Especially for preoperative assessment of locoregional lymph
node involvement, there is room for improvement.43 A promising technique for objective
response-evaluation is computer generated data-driven analysis of MRI images, “radiomics”.
By combining tumour characteristics and automatic modelling of quantitative features, an
objective tumour profile can be generated. These objective radiomics parameters can be

integrated with conventional MRI-image assessment by radiologists. In a feasibility study,
comparable accuracy could be achieved between experts and non-expert radiologists.53

For implementation of individualised treatment, development of objective prediction tools to
inform patients and guide shared-decision making is essential However, currently available
tools are not very useful due to their complexity and limited prognostic value. It would be
of major added value to estimate the responsiveness to radiotherapy at diagnosis. For radiosensitive tumours with a high chance of major response, high-dose radiotherapy could be
discussed depending on the personal preferences of the patient, whereas for patients with
tumours unlikely to respond to irradiation, upfront resection might be more reasonable. In
addition, for patients with a high risk of local or systemic recurrence, chemotherapy might be
added in the pre- or postoperative setting. Improving accuracy of the pre-treatment tumour
stage and biological tumour behaviour would thereby reduce the risk of overtreatment In
theory, automatic modelling of quantitative features on the MRI (radiomics) at diagnosis can
also provide a tumour profile to predict the irradiation sensitivity of the tumour.54 However,
this is still experimental and clinical implementation may be years away, because standardization and external validation of the logarithms are lacking. Other promising techniques to
predict biological tumour behaviour and responsiveness to radiotherapy are genetic profiling
or sequencing of immunological features, although little progress in these techniques has been
made over the last two decades. It is likely that the rather simplistic TNM classifications will
be replaced by a combination of information from imaging, endoscopy and biomarkers or
tumour DNA, to provide a more detailed risk classification.

Total neoadjuvant therapy
For patients with locally advanced rectal cancer, the known pitfalls of poor compliance of postoperative treatment, unimproved incidence of distant metastasis and the trend to postpone reassessment to enable organ preservation options, are reasons to include systemic therapy prior
to surgery: the total neoadjuvant therapy approach (TNT). Some have proposed to combine
chemoradiotherapy and full-dose systemic therapy before surgery, either by giving chemotherapy followed by CRT and eventually surgery, or alternatively CRT and chemotherapy in
the waiting period before surgery. A third TNT approach is the RAPIDO-regimen of SCRT
followed by chemotherapy and in case of residual tumour, surgery, of which the compliance
and safety are described in chapter 4, and recently promising results are reported.16 Since the
effect on local control of SCRT and CRT seems equal based on currently available evidence,
and SCRT is better tolerated than CRT; the RAPIDO-approach would be a good option. In
addition, five days irradiation are obviously less demanding for patients than 25 days; SCRT
is cheaper than CRT and logistically straight forward, theoretically this would lead to costssaving and reduction of waiting lists.55, 56 In addition to the goal to eradicate distant metastases
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and thereby improve survival, current challenges in the treatment of rectal cancer include
improving functional outcomes and quality of life, without compromises in local control.
The RAPIDO-approach combines the benefit of giving systemic therapy before surgery and
maximizing irradiation effects without consequences for elective surgical resection. Also if
organ preservation is the goal, the RAPIDO-approach will address the concern of systemic
spread of vital tumour cells in the extended observation period.
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In the past years, the paradigm for treatment of rectal cancer is slowly shifting from an aggressive, radical approach to cure at all costs, to a more tailored approach depending on the
tumour characteristics and patient preferences. The time for a “one fits all” approach has
passed, and the preferred treatment for each patient should be decided in a multidisciplinary
meeting and more importantly, in consultation with the patient. Surgery remains the cornerstone of curative treatment for rectal cancer, although the indications for organ preservation
are expanding as the evidence of oncological safety increases. Along with the developments
in therapeutic options, the decisions a patient must make shortly after their diagnosis, have
increased. Some patients will express their preferences crystal clear from day one, but others
will be overwhelmed by their diagnosis and need more time to decide, or simply want the
doctor to decide for them. Although treatment should be tailored to the patients’ preferences,
oncological safety should also be warranted. Therefore patients should be carefully informed
about their options and any possible risks. The complexity of multiple treatment options
increases, and at the same time locally advanced disease will occur less frequently, due to the
screening program. It is therefore essential that patients with locally advanced rectal cancer
continue to be treated in high-volume centres with sufficient expertise.
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Door verbeteringen in de stadiëring en met name de lokale behandeling, zijn de uitkomsten
voor patiënten met een rectumcarcinoom over de afgelopen decennia sterk verbeterd. Hierdoor is er naast overleving, ook toenemend aandacht voor kwaliteit van leven en functionele
uitkomsten. Voor patiënten met een lokaal gevorderd rectumcarcinoom bestaat de standaard
behandeling uit chemoradiatie gevolgd door chirurgische resectie volgens het “totaal mesorectale excisie” principe. Door deze combinatie treedt een lokaal recidief in minder dan
10% van de patiënten op, en is de vijfjaarsoverleving van patiënten met een lokaal gevorderd
carcinoom 75%. De ziekte specifieke overleving van rectumcarcinoom patiënten wordt nu
met name bepaald door het optreden van afstandsmetastasen.
In ongeveer 15-25% van alle patiënten die worden behandeld met chemoradiatie blijkt er bij
herbeoordeling na chemoradiatie (en voorafgaand aan resectie) geen tumor meer zichtbaar,
een zogenaamde klinisch complete response. Eerder onderzoek heeft aangetoond dat patiënten met een pathologisch complete respons (pCR) na resectie een gunstige prognose hebben.
Daarom is er steeds meer aandacht in actieve surveillance, oftewel het Watch & Wait (W&W)
beleid, in plaats van resectie bij patiënten met een klinisch complete respons na neoadjuvante
therapie. Echter, het is niet met zekerheid te zeggen dat een klinisch complete respons op basis
van endoscopie, MRI en rectaal toucher, overeenkomt met een pCR als deze patiënten een
resectie zouden ondergaan. Hoewel er veel interesse vanuit patiënten is voor het W&W beleid,
zijn er alleen een aantal kleine studies beschikbaar. Gerandomiseerde studies waar W&W
wordt vergeleken met operatie zijn niet verricht, en vanwege praktische en ethische bezwaren
ook moeilijk haalbaar. Daarom is er een internationale registratie studie verricht, waarbij data
uit expertise centra op gebied van W&W zijn verzameld. De resultaten hiervan worden in
hoofdstuk 2 beschreven. Er werden aanzienlijke verschillen gevonden tussen centra in de
keuze voor neoadjuvante therapie en beeldvorming. Daarnaast bleek dat deselectie en followup criteria voor W&W nog erg heterogeen zijn. . In 25% van de gevallen werd er in de eerste
twee jaar tumor hergroei gediagnosticeerd, waarna een uitgestelde operatie alsnog nodig was.
Opvallend was dat tumor hergoei bijna uitsluitend in de darmwand werd gevonden (97%). Dit
bevestigd het belang van endoscopische surveillance. Ondanks de heterogeniteit in selectie en
follow-up, was de overleving van W&W patiënten hoog, en vergelijkbaar met geopereerde patiënten uit eerdere literatuur. Mits patiënten strikt geselecteerd en vervolgd worden; idealiter
met een combinatie van endoscopie, MRI en rectaal toucher, zijn de oncologische uitkomsten
erg goed en lijkt het risico van W&W in plaats van resectie klein.
Hoewel de lokale controle van patiënten met een rectumcarcinoom sterk is verbeterd, heeft
dit tot op heden niet geleid tot een afname van metachrone afstandsmetastasen. Voor patiënten met een hoog-risico coloncarcinoom blijkt dat postoperatief aanvullend chemotherapie
na curatieve resectie leidt tot een reductie van de incidentie van afstandsmetastasen. Helaas
hebben meerdere studies eenzelfde effect bij patiënten met een rectumcarcinoom tot op heden
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niet kunnen aantonen. Een eenduidige biologische verklaring ontbreekt. Er zijn tot op heden
meerdere mogelijke oorzaken beschreven, waaronder lage postoperatieve compliance; postoperatieve complicaties waardoor patiënten überhaupt niet kunnen starten met chemotherapie;
en de lange tijd tussen de diagnose en start van postoperatieve chemotherapie. In hoofdstuk
3 wordt beschreven dat de kwaliteit van leven bij patiënten met een rectumcarcinoom die na
neoadjuvante (chemo)radiotherapie en een radicale resectie worden behandeld met postoperatieve chemotherapy (capecitabine), tot en met 6 maanden na operatie slechter is dan patiënten in de controle groep. Zelfs capecitabine monotherapie, wat weinig toxiciteit veroorzaakt,
blijkt een nadelig effect op de kwaliteit van leven en het postoperatief herstel van curatief
behandelde patiënten te hebben. Na twaalf maanden na resectie was er geen verschil meer
aantoonbaar in kwaliteit van leven tussen de groepen. Collega A. van Breugom et al. beschreef
al eerder dat postoperatieve capecitabine na curatieve resectie niet leidt tot betere overleving
in deze studie.1 Ook in een meta-analyse werd er geen overlevingswinst aangetoond. 2
Als alternatief voor postoperatieve chemotherapie zou systemische therapie ook in de preoperatieve setting gegeven kunnen worden. Mogelijke voordelen van deze aanpak zijn dat de
compliance en systemische effecten naar verwachting beter zijn, en de wachttijd na radiotherapie om het lokale downstaging te bereiken kan op deze manier nuttig gebruikt worden om
het risico op afstandsmetastasen te verkleinen. In de RAPIDO trial wordt de effectiviteit van
kortdurend radiotherapie gevolgd door preoperatieve chemotherapie en operatie vergeleken
met de standaard behandeling van neoadjuvante chemoradiatie gevolgd door operatie, en
optioneel postoperatieve chemotherapie. In hoofdstuk 4 worden de compliance, toxiciteit en
postoperatieve complicaties van beide behandelstrategieën beschreven. De compliance van
preoperatief kortdurend radiotherapie gevolgd door chemotherapie was inderdaad hoog:
84% van de patiënten in de experimentele groep heeft adequate systemische therapie kunnen
ondergaan voorafgaand aan operatie, vergeleken met 58% van de patiënten uit de controlegroep die dezelfde chemotherapiekuren ontvingen na chemoradiatie en chirurgische resectie.
Hoewel preoperatieve chemotherapie gepaard ging met aanzienlijke toxiciteit, resulteerde dit
níet in meer uit- of afstel van de operatie, verschillen in operatieduur of conversie, of meer
postoperatieve complicaties. De postoperatieve mortaliteit was in beide groepen <1%. Het
uiteindelijke doel is om, door betere systemische behandeling in een vroeg stadium van het
behandeltraject, het risico op metachrone afstandstandmetastasen te verkleinen en daarmee
de ziektevrije overleving te verbeteren. Langere follow-up is nodig om uitspraken te kunnen
doen over de oncologische resultaten.
In hoofdstuk 5 worden de resultaten van een vragenlijst onderzoek met een keuzeexperiment beschreven, waarin we patiënten en medisch specialisten hebben gevraagd welke
uitkomsten van de behandeling van het lokaal gevorderd rectumcarcinoom zij het belangrijkst
vinden. Deelnemers werd eerst gevraagd om verschillende uitkomsten, zoals overleving, het
type operatie en functionele uitkomsten zoals fecale- en urine incontinentie, te rangschikken
van meest naar minder belangrijk. Zowel patiënten als artsen gaven hierbij aan dat “langer
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overleven” de belangrijkste uitkomst was. Daarna werd een keuze-experiment uitgevoerd,
waarin deelnemers steeds het scenario met de beste uitkomst van de behandeling moesten
kiezen. Uit het keuze experiment bleek dat patiënten overleving niet het belangrijkst vinden als
dat ten koste gaat van ander uitkomsten. Wanneer zij tegelijkertijd werden geconfronteerd met
uitkomsten zoals het type behandeling (operatie met of zonder stoma; W&W), fecale incontinentie, urine incontinentie, seksuele dysfunctie en zorgen over recidief, werd 1-2 jaar langere
ziektevrije overleving zelfs het minst belangrijk gevonden. Daarnaast werden er aanzienlijke
verschillen gevonden tussen het belang wat patiënten gaf aan de verschillende uitkomsten,
en de inschatting van medisch specialisten: Medisch specialisten hechten aanzienlijk meer
waarde aan de mate van zorgen om een recidief dan patiënten zelf. Daarnaast onderschatten
zij het belang dat patiënten gemiddeld hechten aan het type behandeling (waaronder operatie
met of zonder stoma of W&W) en urine incontinentie. In de spreekkamer is het essentieel dat
medisch specialisten zich bewust zijn van deze verschillen.
Goed uitgevoerde gerandomiseerde studies kunnen over het algemeen het hoogste niveau
van wetenschappelijk bewijs leveren. Echter, door de goede lange-termijn prognose van
patiënten met een lokaal gevorderd rectumcarcinoom, is er voor studies met overleving als
primaire eindpunt een lange follow-up tijd nodig. Dit kan leiden tot hoge kosten, lagere
compliance voor controle-bezoeken; en daardoor de uitvoerbaarheid bemoeilijken. Het zou
daarom praktisch zijn om de overleving postoperatief al te kunnen voorspellen, met een zogenaamd surrogaat eindpunt voor overleving. De Neo-Adjuvante Rectum (NAR) score werd
eerder voorgesteld als surrogaat eindpunt voor overall survival bij patiënten na neoadjuvante
chemoradiatie en operatie. Helaas hebben wij in hoofdstuk 6 beschreven dat deze score niet
valide is, en geen additionele prognostische waarde levert ten opzichte van het pathologisch
tumor stadium. Omdat deze score uitgaat van de onbevestigde hypothese dat méér tumor
downstaging ook leidt tot een betere prognose, raden wij ten zeerste af om deze score te
gebruiken als surrogaat eindpunt. Met het oog op de aandacht voor orgaansparing, zou de
ontwikkeling van een alternatief surrogaat eindpunt waarvoor het pathologisch stadium niet
noodzakelijk is, de voorkeur hebben.
In hoofdstuk 7 word een algemene samenvatting gegeven van de voorgaande hoofdstukken. Daarnaast worden de toekomstperspectieven voor de behandeling van lokaal gevorderd
rectumcarcinoom besproken.
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