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Globally, each year an estimated 1.4 million new patients are diagnosed with
colorectal cancer, of which approximately one third accounts for rectal cancer. A
large variation exists in colorectal cancer incidence across the globe with many
cases in Europe.1 In the Netherlands, each year approximately 14.000 new cases are
discovered of which 4.000 are rectal cancer.2 Five year survival in patients with
rectal cancer strongly depends on the disease stage, varying from approximately
95% in stage I disease to 15% in stage IV disease.3
D-0./',-,%
The majority of rectal cancer patients is diagnosed after the onset of symptoms.
Clinical presentation associated with rectal cancer consists of abdominal pain,
rectal blood loss and changes in bowel habits.4,5 In more advanced disease patients
may present with abdominal distention, nausea and vomiting as indicators of
obstruction. The diagnosis can also follow after screening methods such as faecal
occult blood test, or screening colonoscopy. Screening of asymptomatic individuals
has led to the detection of the disease at an earlier stage with beneficial impact on
treatment and health-related outcome.6,7
Endoscopy is the preferred modality for the detection of rectal cancer with a
sensitivity rate of 96%.8 It provides information on the (intra)-luminal presence and
extent of the tumour and it enables to obtain tissue for pathological diagnosis.9,10
An alternative for endoscopic evaluation is CT-colonography with similar accuracy
for detection of the tumour, but without the possibility of obtaining tissue.11 The
diagnosis rectal cancer is confirmed with histopathological examination, which
most often (85-90%) reveals an adenocarcinoma.12 Mucinous adenocarcinomas,
squamous cell and signet cell carcinomas are less frequently diagnosed.
&10,,-E-?04-'/%'E%47)%43@'3*%
Rectal cancer is classified using the universal TNM cancer staging system.13 It is
used for both clinical (e.g. radiological) and histological staging. The T-stage
provides information on the progression of the tumour through the rectal wall into
the surrounding mesorectal fat and/or potential invasion into nearby organs.
Involvement of lymph nodes that are located in the mesorectum are described in the
N-stage (N0 = no suspicious lymph nodes, N1 = 1-3 suspicious lymph nodes, N2 =
more than 3 suspicious lymph nodes). Lymph node metastases in the internal iliac
and superficial inguinal region are not regarded as distant metastases and can be
involved in more advanced mid or lower rectal cancer.
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Metastatic lymph nodes located near the obturator and external iliac artery are
considered as distant metastases.14,15 The presence of distant metastases (e.g.
liver, lung, lymph nodes) is described in the M-stage.

*+$+)#,-+(&'!.%&,-(,!
Essential information on locoregional as well as distant disease is important for
treatment planning. Computed Tomography (CT) is considered not accurate for
locoregional rectal cancer staging, and its use is merely focused on diagnosing
distant metastases.16,17 The preferred imaging modality in visualizing and
locoregionally staging rectal cancer is Magnetic Resonance Imaging (MRI). With its
superior soft-tissue contrast, MRI can provide a high resolution depiction of pelvic
structures and the relationship of the tumour to key surgical landmarks.18-20 MRI can
obtain anatomical (T2-weighted imaging) as well as functional (diffusion weighted
imaging, DWI) information of the rectum non-invasively. T2-weighted MRI is used
for primary staging and also enables the radiologist to differentiate between
mucinous and solid tumours.21,22
&1-/-?01%FG,40.)%0/+%)H4)/,-'/%-/4'%,3**'3/+-/.%,4*3?43*),%
According to the TNM classification system for rectal cancer, T1 and T2 stage
tumours are limited to the bowel wall. T3 tumours invade through the muscularis
propria into the serosa or into the mesorectum without invasion of the mesorectal
fascia (MRF). The MRF is considered threatened or involved when the distance
between the tumour and MRF is less than 1mm. An involved MRF is associated with
increased risk of local recurrence due to a higher chance of incomplete resection
margins.23 T4 rectal cancers invade into surrounding structures (T4a into peritoneal
reflection; T4b into surrounding organs). A schematic overview of tumour invasion
is shown in Figure 1"
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Figure 1.!"!#$%&'()*$!+,&-,*&.!+/!)%&!-&$)0'!.*)%!*)#!1*//&-&2)!3(4&-#5!60'+0-!#)(7&#!(-&!8(#&1!+2!)%&!
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)+!)%&!8+.&3!.(33<!(!6=!)0'+0-!*2,(1&#!)%&!'&#+-&$)(3!/())4!)*##0&<!(21!(!6>!)0'+0-!*2,(1&#!)%&!2&(-84!
+-7(2#!+-!#)-0$)0-&#5!

MRI is an adequate imaging technique for staging T2 tumours and beyond, but
cannot accurately distinguish between tumour extension into the superficial layers
of the rectal wall.24 Sensitivity and specificity for diagnosing T1 tumours using MRI
are 58% and 97% and for T2 tumours 62% and 81%, respectively. Therefore, patients
with a suspicion of a T1 or T2 tumour on MRI may undergo additional endorectal
ultrasonography (ERUS) for staging.25,26 ERUS is especially accurate in assessing
tumour invasion through the rectal wall with a pooled sensitivity of 88-95% and
specificity of approximately 99% for differentiating between T1-2 stage.26 Accuracy
of MRI, however, improves with increasing T stage with a sensitivity and specificity
of 80% and 74% for T3 tumours, and 71% and 97% for T4 tumours.27 Involvement of
the MRF can be predicted with a sensitivity of 78% and specificity of 94% using
MRI.18,27
&1-/-?01%$G,40.)%
Lymph node involvement is an important prognostic factor, and the risk of having
lymph node metastases increases with higher T stage.28-30 The assessment of
potential lymph node metastases is performed on T2-weighted MRI by evaluating
nodal size together with morphological features. There are no optimal cut-off
thresholds for suspicious lymph nodes, although nodes larger than 9mm often are
considered malignant with risk of tumour invasion up to 93%.31,32 Lymph nodes with
a size 5mm or less still have a risk of 50% of harbouring tumour metastases.
Therefore, for lymph nodes sized <9mm three morphological aspects are taken into
account: (1) an irregular border, (2) a heterogenous signal intensity and (3) a round
shape.
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Although difficult to evaluate morphology in these small lymph nodes, general
consensus is that morphological features combined with size of the lymph node is
the best known predictor of nodal involvement.33 Reported sensitivity and specificity
rates for lymph node staging vary from 40-48% and 73-76%, respectively.18,34
Accuracy for assessing the presence of lymph node metastasis by using ERUS is
similar with reported pooled sensitivity of 57% and specificity of 80%.35

Figure 2!!?,&-,*&.!+/!(2!(@*(3!6;A.&*7%)&1!B(2()+'*$(3C!DEF!*'(7&!+/!)%&!-&$)0'9!*2!.%*$%!)%&!-&$)0'9!
'&#+-&$)(3!/()!(21!'&#+-&$)(3!/(#$*(!#G&$*/*$(334!(-&!%*7%3*7%)&15=H!

/#0-$&%#0!1"!-2&,-(,!3)+%+$+'!
A dedicated MR protocol consists of high resolution T2-weighted imaging in three
planes: sagittal, coronal and axial. These images should include the entire
mesorectum (Figure 3) to allow for accurate assessment of the primary tumour as
well as the lymph nodes. The European Society of Gastrointestinal and Abdominal
Radiology (ESGAR) provided recommendations for a dedicated MRI protocol that
should be applicable for every clinic treating rectal cancer.20 Despite these
recommendations for an optimal MRI examination, there is room for improvement
for better staging of the disease to prevent under- or overtreatment.
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There are multiple MRI protocol approaches to improve the diagnostic accuracy of
rectal cancer staging. Filling of the lumen of the rectum with e.g. ultrasound gel has
been suggested to improve the localization and staging of the primary tumour (Tstage), predominantly aiding in the recognition of the tumour.37
The use of ultrasmall superparamagnetic iron oxide (USPIO) particles as a contrast
agent has been reported to improve the accuracy for detecting lymph node
metastasis. USPIO particles are superparamagnetic and locally disrupt the
magnetic field, influencing MRI signal attenuation. This effect can be used to detect
the presence of USPIO particles. The particles are intravenously infused in patients,
where they become lymphotropic and accumulate in healthy lymph nodes. As a
result, these USPIO particles attenuate the MR signal in T2*-weighted MRI causing
a hypo-intense appearance. On the contrary, in metastatic parts of lymph nodes,
USPIO particles do not accumulate, resulting in hyper-intense lesions. This
information can be used to distinguish healthy from metastatic lymph nodes (Figure
4).
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Clinical results for USPIO-enhanced MRI are promising and showed a pooled
sensitivity of 90% and specificity of 96% for multiple solid tumours, in which also
rectal cancer was included.38

)
"#$%&'(*!!"2!+,&-,*&.!+/!)%&!0G)(J&!+/!KILF?!G(-)*$3&#5!6%&!KILF?!G(-)*$3&#!(-&!*2)-(,&2+0#34!*2/0#&1!(21!
&@)-(,(#()&! *2)+! )%&! *2)&-#)*)*(3! #G($&5! M&-&! )%&! G(-)*$3&#! (-&! G%(7+$4)*N&1! 84! '($-+G%(7&#9! .%*$%!
)-(2#G+-)!)%&!G(-)*$3&#!*2)+!)%&!34'G%!2+1&5!KILF?!G(-)*$3&#!+234!($$0'03()&!*2!%&(3)%4!34'G%!2+1&!)*##0&9!
2+)!*2!)%&!'&)(#)()*$!$+'G+2&2)#!+/!34'G%!2+1&!'&)(#)(#*#5!6%&!2+2A'&)(#)()*$!G(-)!+/!)%&!34'G%!2+1&!
#%+.#!#*72(3!1&$(4!+2!6;OA.&*7%)&1!DEF9!*21*$()*27!%&(3)%4!)*##0&9!.%&-&(#!'&)(#)()*$!G(-)!+/!)%&!34'G%!
2+1&#!-&)(*2#!#*72(3!*2)&2#*)45!

4)#&%2#(%!
Treatment of rectal cancer patients has been subject to change over the past thirty
years. The cornerstone of treating rectal cancer has been resection according to the
principle of total mesorectal excision (TME), which consists of excision of the rectal
tumour together with the surrounding fatty tissue.39 Nowadays, patients with a small
rectal tumour restricted to the submucosa without evidence of lymphatic disease
(cT1N0) are safely treated with local excision, such as transanal endoscopic
microsurgery (TEM).40 The vast majority of rectal cancer patients have larger
tumours (cT1 with high risk features, or cT2-3N0, MRF-) and these tumours are
treated with total mesorectal excision (TME) alone. Tumours with obvious
suspected lymph node metastases on MRI are treated with a combination of
17
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preoperative radiotherapy (RT) followed by immediate TME. Preoperative RT
consists of a total dose of 25 Gray (Gy) administered in 5 fractions and concentrates
on the mesorectum, and internal iliac and presacral lymph nodes.41 The benefit of
RT in operable, lymph node positive tumours is the 12% absolute risk reduction of
developing a local recurrence.42 RT did not improve overall survival in the various
prospective trials.43
Locally advanced rectal cancer (LARC) is defined as a cT3 tumour with an involved
MRF, as cT4 and/or cN2 tumour, or any tumour with extra-mesorectal suspicious
lymph node(s). Due to its extend, the risk of a local recurrence or of an incomplete
resection is higher. Tumours of this stage are usually treated with neoadjuvant
chemoradiotherapy (CRT), 25 fractions of 2 Gy combined with capecitabin daily,
followed by (beyond) TME after a prolonged interval.44 The radiation field is similar
to short course RT, aiming to downsize the tumour to increase the likelihood of
achieving complete resection margins. Meta-analyses show that LARC treated with
this regimen have significantly better oncological outcome with lower local
recurrence and survival rates.45 Initial response assessment of the tumour is
performed 6 to 8 weeks after completing CRT knowing that optimal response is
expected 10-12 weeks after CRT.46 Most recent developments in neoadjuvant
treatment for LARC patients demonstrated that the combination of short course
radiotherapy (5x5 Gy) followed by systemic therapy improves locoregional control
of the primary tumour as well as (disease-free) survival.47,48 This regimen will be
implemented in future guidelines as another approach to treat rectal cancer. Even
more extensive combinations of induction systemic treatment followed by
chemoradiation, called total neoadjuvant treatment (TNT) is subject of many recent
studies and results of larger trials are to be awaited before this will be implemented
as a standard treatment option.45
9),40.-/.%0E4)*%/)'0+:3(0/4%4*)04@)/4!
Assessment of the tumour response following neoadjuvant treatment is essential
for surgical planning and focuses on downsizing and -staging of the tumour as well
as of suspicious lymph nodes. Accuracy for response assessment is lower than for
primary assessment of the tumour. For clinical T stage after neoadjuvant treatment,
sensitivity is 50% and specificity 91% using T2-weighted MRI. Sensitivity improves
significantly with the addition of DWI. Nodal re-assessment has a sensitivity of 76%
and specificity of 60%. Estimation of an involved MRF can be made with a sensitivity
and specificity of 76% and 86%, respectively.49 Optimal reassessment relies on the
combination of digital rectal examination, endoscopy and locoregionally restaging
using T2-weighted as well as DWI-MRI.50 With this multimodality approach, a clinical
complete response can be seen in up to 40% after neoadjuvant therapy, depending
on the primary stage before (C)RT.51,52
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TME surgery results in good long-term oncological outcome, but is also associated
with significant morbidity.53,54 The addition of neoadjuvant chemoradiotherapy prior
to surgery has not only shown to improve survival and local control, but can lead to
a pathological complete response in rectal cancer patients. In locally advanced
rectal cancer the chance on a complete response is approximately 15%, but this is
higher and up to 40% for patients with lower stage disease.55 This raises questions
regarding the necessity for subsequent radical surgery after neoadjuvant treatment
of rectal cancer patients. After careful patient selection local excision and wait-andsee approaches are explored, aiming to improve quality of life without
compromising oncological outcome.56-59 A multimodality diagnostic approach for
optimal staging is crucial in determining the appropriate neoadjuvant treatment
regimen. Adequate restaging of rectal tumours after multimodality treatment will
aid in selecting patients who are eligible for an organ preserving approach. The role
and accuracy of imaging in the detection of the primary tumour, residual rectal
cancer or local recurrence seems vital. Alternative treatment regimens can be
explored to support organ preserving approaches.

7-2.!+8!%9-.!%9#.-.!
1.! To investigate the feasibility of organ preservation treatment in rectal
cancer patients.
2.! To evaluate the diagnostic performance rectal cancer staging with MRI in
daily clinical practice.
3.! To evaluate several imaging methods to further improve the performance
of MRI in primary tumour staging, lymph node staging and restaging rectal
cancer after chemoradiotherapy

5:%'-(#!+8!%9#!%9#.-.!
This thesis discusses some important aspects in the diagnosis and treatment of
rectal cancer. The studies described in this thesis aimed to explore the long term
results of organ preservation in early rectal cancer, to investigate how to select and
re-assess patients eligible for organ preservation as well as exploring different
methods for (re-)staging rectal cancer. In Chapter 2 the ongoing developments and
advances in organ preservation in rectal cancer patients are reviewed. As a
continuation on organ preservation in rectal cancer, outcomes of an organ
preserving treatment in selected patients with an early tumour are described in
Chapter 3. In this analysis of the CARTS study, the long-term oncological outcome
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together with health related quality of life and functional outcomes of patients after
an experimental organ preserving treatment are evaluated.
After this, the content of the thesis will focus on what information is needed for the
selection of a patient who desires an organ preserving treatment. In Chapter 4, the
response assessment after neoadjuvant treatment is explored. Patients with a
clinically staged early rectal tumour are evaluated with a multimodality approach.
The aim of this chapter is to give insight in the diagnostic performance of imaging
modalities solely and combined in this patient cohort. Chapter 5 investigates the
influence of endorectal filling during MRI examination and its effect on
locoregionally staging rectal cancer.
The importance of lymph node staging is known as a prognostic factor and as in
guidance in clinical decision-making. In Chapter 6 an overview of daily practice is
provided of the diagnostic performance in colorectal cancer patients. Changes over
time in diagnosing and staging the disease is taken into account in this overview.
The accuracy of clinical lymph node staging of both colon and rectal cancer in a
nationwide cancer registry database was determined based on the guidelines used
at the time.
New techniques in diagnosing lymph node metastases are then evaluated. Chapter
7 investigates the prediction of lymph node metastasis in rectal cancer after the
infusion of USPIO particles using USPIO-enhanced MRI sequences. Lymph nodes
discovered on MRI are aimed to match on a node-to-node basis with histopathology.
An intermediate step of an &U@S/S$ MRI scan of the surgical specimen is used as a
guidance for node-to-node matching. Chapter 8 describes the protocol that was
developed for the use of 7 Tesla &U@S/S$ high resolution MRI scans of TME
specimens to determine the number and size of mesorectal lymph nodes, thereby
aiming to increase the pathological lymph node harvest with MRI-guided pathology.
Finally, the results of these studies are reviewed in Chapter 9, summarizing most
relevant outcomes and discussing future perspectives. Summaries of the thesis are
provided in English (Chapter 9) and in Dutch (Chapter 10)
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The treatment paradigm of rectal cancer is slowly shifting towards organ preserving
treatment. This review describes promising organ preserving regimens in all stages
of rectal cancer and provides insight into future studies.
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Treatment of rectal cancer patients has been subjected to change over the past
thirty years. Total mesorectal excision is considered the cornerstone of rectal
cancer treatment, but is also associated with significant morbidity resulting in an
impaired quality of life. The addition of neoadjuvant chemoradiotherapy to surgery
has shown to improve survival and local control and may lead to a partial or even
complete response (CR). This raises questions regarding the necessity for
subsequent radical surgery. After careful patient selection local excision and waitand-see approaches are explored, aiming to improve quality of life without
compromising oncological outcome. A multimodality diagnostic approach for
optimal staging is crucial in determining the appropriate neoadjuvant treatment
regimen. Adequate endoscopic restaging of rectal tumours after multimodality
treatment will aid in selecting patients who are eligible for an organ preserving
approach. The role and accuracy of imaging in the detection of the primary tumour,
residual rectal cancer or local recurrence seems vital. Alternative neoadjuvant
regimens are currently explored to increase the rate of clinical CRs, which may
support organ preserving approaches. This review aims to generate insight into the
advances in diagnostics and treatment modalities in all stages of rectal cancer and
will highlight future studies that may support further implementation of organ
preservation treatment in rectal cancer.
!
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One third of patients diagnosed with colorectal cancer has a tumour located in the
rectum.1 Surgical resection is the cornerstone of curative treatment for rectal cancer
and several surgical treatment options are available, dependent upon stage, size,
and location of the tumour.2 The vast majority of patients is treated with total
mesorectal excision (TME) in which the rectal tumour, together with the surrounding
fatty tissue is removed.3-6
Patients with superficial (cT0/cT1) and small (<3 cm) rectal cancer without
evidence of lymphatic spread, can be treated with limited surgery.7 Transanal
excision (TAE) and transanal endoscopic microsurgery (TEM) are commonly used
surgical procedures for small localized tumours in which resection of surrounding
lymphatic tissue is not needed. In tumours beyond T1 the chance of lymph node
involvement is approximately 15% and organ preserving is generally not considered
a safe option.8
Larger tumours in which nodal involvement is suspected are usually treated with a
combination of preoperative radiotherapy (RT) and TME surgery, which mainly
decreases the risk of a local recurrence.9-11 Locally advanced rectal cancer (LARC),
defined as a rectal tumour with an endangered or involved mesorectal fascia, is
usually treated with neoadjuvant chemoradiotherapy (CRT) followed by TME.
Downsizing and downstaging of the tumour is aimed for to increase the likelihood
of achieving complete resection margins.12 Tumour regression following
neoadjuvant treatment regimens may pave the way for organ preserving treatments:
if a good response is achieved, alternative and less extensive surgical options may
be feasible.13 Complete responders could even be eligible for a wait-and-see policy
in which surgery is omitted completely.14,15
This review describes the state of the art rectal cancer treatment and the shift
towards organ preservation. It aims to provide insight into the most recent
diagnostic tools, surgical management and neoadjuvant approaches in patients
with different stages of rectal cancer.
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Computed Tomography (CT) is considered insufficient for locoregional rectal
cancer staging.16 Magnetic resonance imaging (MRI) is the preferred modality for
locoregional staging since it provides the best anatomical depiction of the pelvic
structures for surgical planning.17 MRI shows the relationship of the tumour to key
surgical landmarks and predicts the presence of nodal disease with highest
accuracy.18,19
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Moreover, T2-weighted images enable the radiologist to differentiate between
histological subtypes.19-22 Positron emission tomography/computed tomography
(PET/CT) has been suggested as an imaging modality for response evaluation in
patients undergoing neoadjuvant CRT, but is considered to have more impact in
restaging after neoadjuvant treatment.23,24

!
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Patients with cT1 or cT2 rectal cancer on MRI may undergo additional endorectal
ultrasonography (ERUS) for definite staging. ERUS increases the accuracy in
differentiating cT1 from cT2 tumours resulting in a sensitivity and specificity rate of
88% and 98%, respectively.25,26
MRI is the superior modality of choice for staging T2 tumours and beyond.27 A metaanalysis in 2012 found a sensitivity for T-stage of 87% and a specificity of 75% using
MRI. Involvement of the MRF could be predicted with a sensitivity rate of 94%.18
%
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Nodal involvement is an important prognostic factor.28,29 Sensitivity and specificity
rates for the detection of involved nodes using MRI are 77% and 71%, according to
the meta-analysis of Al-Sukhni et al.18 Potentially involved lymph nodes are
predominantly located in the mesorectal fat and the internal iliac and superficial
inguinal nodes which are not regarded distant metastases, can also be involved in
mid or lower rectal cancer. Lymph nodes located near the obturator and external
iliac artery are considered as M1, if suspect for metastasis.30,31
Lymph nodes are usually considered suspect when (1) the border is irregular, (2)
signal intensity is heterogeneous and (3) have a round shape. Size is also reviewed,
but there are no optimal cut-off thresholds for involved nodes, although nodes larger
than 9mm often are malignant.17,32 General consensus is that morphological
features combined with size of the lymph node is the best predictor of nodal
involvement.33
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When organ preservation is aimed for, response monitoring is important. Tumour
response is usually assessed by a combination of digital rectal examination,
endoscopy and MRI 6 to 8 weeks after finishing neoadjuvant treatment (Figure 1).
Endoscopic evaluation focuses on the degree of ulcer healing, scarring,
teleangiectasia and erythema of the rectal wall.34,35 Residual mucosal abnormality
is related to the likelihood of a pathological complete response, but it remains
challenging to accurately predict a complete response purely on endoscopy.36
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Although primary rectal cancer staging with MRI shows high levels of accuracy,
restaging following CRT can be difficult. A systematic review showed a T-stage
sensitivity of 50% and a specificity of 91% for restaging rectal cancer after CRT.37
New functional modalities in imaging have been developed to improve evaluation of
tumour response after CRT. Diffusion weighted imaging (DWI) is one of the currently
used functional techniques that uses differences in extracellular movement of water
protons to improve discrimination of different tissues. DWI has shown that it
benefits in the MR evaluation of patients treated with CRT in (complete) response
monitoring.38,39 A meta-analysis showed an improved sensitivity of tumour restaging
with DWI of 84% with comparable specificity.37 DWI can also aid in the prediction of
lymph node status after neoadjuvant CRT.40
An MRI grading scheme for rectal tumour regression has been introduced aiming to
improve the systematic approach for restaging (Table 1).19,41 It has been
demonstrated that good tumour regression grades are associated with good longterm disease free survival (DFS) and overall survival (OS).41,42
Grade
1

Degree of response
Complete

2
3

Good
Moderate

4
5

Slight
None

Decription
No evidence of treated tumour
Dense fibrosis or mucin; no obvious residual tumour
>50% Fibrosis or mucin and visible intermediate
signal intensity
Little areas of fibrosis or mucin; mostly tumour
Same appearance and signal intensity as original
tumour
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PET/CT is able to illustrate metabolic features of tumours and could be of help in
response monitoring. The standardized uptake values (SUV) can be lowered
because of CRT, which may illustrate downstaging of the primary tumour.43 The
relative change between pre- and post-CRT PET/CT seems to be a promising
predictor for downstaging and even for predicting a pathological CR, however it is
not yet considered as standard care.44
Identification of mesorectal lymph nodes in rectal cancer patients remains
challenging. The use of ultra-small superparamagnetic iron oxide (USPIO)-enhanced
MRI has already been explored for distinguishing benign and malign nodes.45 USPIO
is an MR lymphographic contrast medium that consists of iron particles.
The iron containing substance causes signal intensity loss of benign lymph nodes
on T2*-weighted (iron sensitive) images in contrast to malignant nodes, which retain
their high signal intensities.
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This enables the radiologist to distinguish malignant lymph nodes from benign
lymph nodes resulting in a more accurate prediction of involved lymph nodes.46,47
However, the use of these agents in primary staging as well as response after CRT
is still to be distinguished.
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Low risk clinical stage (c)T1 rectal cancer is associated with a good prognosis and
cT1 tumours can be completely removed locally with preservation of the rectum. T1
rectal cancer can be classified according to the invasion into the submucosa (Sm),
which can be subdivided into three levels: Sm1 (tumour invasion to the upper third
of the submucosal layer), Sm2 (tumour invasion up to the middle third of the
submucosa) and Sm3 (tumour invasion of the submucosa up to the lower third).48
Sm1 lesions are associated with a lower risk of nodal metastases and recurrence
than Sm2 and subsequently Sm3 lesions. 49-51 The risk of recurrence after local
excision depends on various tumour factors such as size, submucosal invasion
depth, presence of lymphangio-invasion, poor differentiation and tumour
budding.52,53 Strong independent predictors for lymph node metastases are
pathological findings such as lymphatic invasion, submucosal invasion >1 mm and
poor histological differentiation.50,53 Several studies have been performed to
compare local excision with TME surgery and revealed that local excision leads to
more local recurrences compared with TME. On the other hand, local excisions have
roughly similar DFS and OS compared with conventional TME, making it a generally
safe procedure (Table 2). 54-60
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Study
Lee et al.,
2003[55]

Bentrem et
al.,
2005[54]
Endreseth
et al.,
2005[56]
Ptok et al.,
2007[57]

De Graaf et
al.,
2009[58]
Palma et
al.,
2009[59]
Nash et al.,
2009[60]
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No. of
patients
174 (74
TEM vs.
100
TME)
319 (151
TAE vs.
168
TME)
219 (35
TAE vs.
256
TME)
479 (85
TAE +
35 TEM
vs. 359
TME)
155 (80
TEM vs.
75 TME)
51 (34
TEM vs.
17 TME)
282 (137
TAE vs.
145
TME)

Primary
TN stage
cT1M0 &
cT2M0

Intervention

LR-Free

DFS

DSS

OS

96% vs.
100% &
80% vs.
91%
77% vs.
94%

96% vs.
94% &
81% vs.
83%
93% vs.
97%

NM

100% vs.
93% &
95% vs.
96%
89% vs.
93%

cT1M0

TAE vs.
TME

48 vs. 58

cT1M0

TAE vs.
TME

60

88% vs.
94%

64% vs.
77%

NM

70% vs.
80%

cT1M0

TAE + TEM
vs. TME

44

94% vs.
98%

91% vs.
92%

NM

84% vs.
92%

cT1M0

TEM vs.
TME

42

76% vs.
100%

NM

75% vs.
77%

cT1M0

TEM vs.
TME

86 vs. 93

94% vs.
100%

88% vs.
82%

90%
vs.
87%
NM

cT1M0

TAE vs.
TME

67

87% vs.
97%

87% vs.
96%

NM

NM

TEM vs.
TME

Follow-up
(months)
NM

NM

82% vs.
82%
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Local excision is increasingly used in the treatment of patients with >T1 rectal
cancer. A major increase from 12% to 21% in local excision for cT2 rectal cancers
has been demonstrated in the United States between 1989-2003.7,61 Unfortunately,
cT2 rectal cancers have a recurrence rate which is twice as high when compared
with cT1 rectal cancers. The higher recurrence rate is most likely due to a higher rate
of occult nodal metastases.7,62,63 Neoadjuvant therapy could improve local control
and survival of patients with higher risk staged rectal cancer when opting for organ
preservation.64 Based on the results of the Dutch TME trial and the MRC CR07 trial
short course 5 x 5 Gray radiotherapy improves local control significantly.9,11
Consecutively, the Stockholm III trial revealed that delaying the interval to 4-8 weeks
between short course radiotherapy and surgery led to a pathological complete
response rate of 12% with similar oncological outcome.65,66 An increased interval
after short course radiotherapy may even lead to (near) pathological complete
responses in cT1-2N0 tumours, as described by Smart et al.67
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The shifting paradigm towards less extensive surgery led to combinations of
intensive neoadjuvant regimens with organ preservation in numerous studies.67-73
Patients without residual tumour on MRI and/or endoscopy were selected for
treatment with local excision or even a wait-and-see policy. Promising DFS and OS
rates were achieved with high numbers (71-97%) of successful organ preserving
prospective treatment regimens (Table 3). It seems that TEM after CRT may be an
equivalent to TME in selected patients with rectal cancer as far as long term
oncological outcome is concerned.71 In the GRECCAR 2 study patients with a good
or complete response were randomized after CRT (cT2-3N0 at primary staging) for
local excision or TME.74 The 2-years follow-up revealed no differences in diseasefree and overall survival between both groups, suggesting that local excision after
neoadjuvant treatment is generally a safe procedure.
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No. of
patients
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)*+,'-../0123'

100
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62
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35
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63

cT23N0
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15

cT2N0
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47

cT13N0-1
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79

cT2N0

Primary
TN
stage
cT2N0
cT12N0
cT2N0

Intervention

RT 50.4 Gy
+ TEM
RT 25 Gy +
TEM
RT 50.4 Gy
+ 5FU +
TEM
RT 50.4 Gy
+ 5-FU +
TEM
RT 50.4 Gy
+ 5-FU +
TEM
RT 50.4 Gy
+ 5-FU +
TEM
RT 54 Gy +
CAPOX +
TEM

Followup
(months)
90

LRFree

DFS

DSS

OS

Organ
preserved

95%

NM

89%

72%

97%

24

89%

77%

NM

84%

95%

84

94%

94%

NM

97%

94%

36

97%

91%

NM

92%

82%

22

83%

NM

NM

NM

73%

17

93%

NM

NM

96%

71%

60

90%

80%

NM

91%

91%
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Rectal tumours in which the MRF is endangered (distance less than 1mm) or that
are primarily inoperable are eligible for neoadjuvant treatment.76 Pathological CR
rates following CRT in LARC patients vary between 15-20% in the literature.77 HabrGama et al. reported long-term results of patients with T2-4N0-2 rectal cancer with
a clinical CR after CRT followed by a wait-and-see policy.14 Incomplete responders
treated with TME showed 5-year DFS and OS rates of 83% and 88% compared with
92% and 100%, respectively, in the wait-and-see group. It was found that a clinical
CR after CRT was associated with good long-term results regardless of additional
surgery.78 These outcomes paved the way for other studies on organ preserving
treatments in LARC (Table 4). Although numbers are still small and the follow-up
periods are short, results suggest that a wait-and-see policy on strict selection and
follow-up appears to be safe. Patients with a pathological CR tend to achieve good
DFS and OS ) rates and a low local recurrence rate.12
Local regrowth is one of the concerns in patients and is estimated to be
approximately 16%.79 Although salvage surgery or a TEM procedure can be
performed in case of local regrowth after a wait-and-see approach, studies
describing salvage surgery are sparse. One study evaluating the pathological
reports of salvage TME specimens for local recurrences showed that salvage
surgery was associated with more frequently involved resection margins which led
to a re-recurrence free survival rate of 60%.
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An increase in pathological CR rates due to a prolonged interval beyond 6-8 weeks
in patients with primary T3-4N0-2 rectal cancer has been demonstrated.83 A metaanalysis showed an increased pathological complete response rate from 13.7% to
19.5%. The Lyon R90-01 trial and a population-based cohort study from the
Netherlands revealed that these increased pathological CR rates did not result in
significant differences in long term survival.84,85 In order to determine the optimal
treatment interval after CRT, the GRECCAR 6 trial randomized between a 7- or 11week interval, without a difference in pathological CR rates.86 Until now, convincing
evidence is lacking that prolonging the interval results in an increased survival, but
it may lead to an increased use of organ preservation surgery.
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Ongoing studies aim to improve pathological CR rates by the addition of other
therapeutic agents to 5-fluorouracil (5-FU) based chemotherapy. Systemic agents
such as irinotecan and oxaliplatin may aid in achieving improved complete response
although good evidence is lacking. It has been demonstrated that the addition of
irinotecan can result in pathological complete responses in up to 24%.87 A metaanalysis comparing 5-FU alone with 5-FU with oxaliplatin showed a slightly higher
complete response rate for the combination with oxaliplatin.88,89 Unfortunately, this
was also accompanied by increased toxicity without increasing surgical
complications or post-operative mortality in the first 60 days.89
Bevacizumab is an angiogenesis inhibitor that is used for the treatment of
metastatic colorectal disease.90,91 It has been suggested that combining
bevacizumab with 5 FU based CRT may have an increased effect.92-95 Bevacizumab
in combination with 5 FU based CRT in LARC patients, showed to lead to a
pathological CR rate of 36%, according to the AVACROSS group. 96 Although
promising, the long term results of bevacizumab in non-metastatic rectal cancer
patients has to be awaited before it can be used as a standard additional drug. An
observational study revealed that angiotensin converting enzyme (ACE) inhibitors
also may have an effect in achieving a pathological CR without additional toxic
effects. The use of ACE inhibition next to neoadjuvant CRT seemed to increase the
rate of pathological CR by 2-3-fold.97 The biological mechanism has not yet been
unravelled, but theories suggest an angiogenesis remodelling effect, improving
tumour perfusion and chemotherapeutic delivery to the tumour together with the
suppression of vascular endothelial growth factor production.98-100
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A systematic review quantified the pCR rate after neoadjuvant (C)RT with doses
exceeding 60 Gy in LARC patients. Increasing the dose beyond 60 Gy resulted in pCR
rates ranging up to 44% with acceptable early toxicity.101 However, a review
exploring the effect of RT intensification did not find improved local control or OS.102
The response rate obviously relates to the radiation dose and significant tumour
regression in LARC patients is suggested with dose levels in the range of 50.4-70
Gy.103 Further increase of the radiotherapy dose without exceeding the tolerance of
the surrounding tissue may be acquired using intracavitary irradiation or
brachytherapy.
External beam RT in the combination with additional high-dose-rate endorectal
brachytherapy (HDR) might be feasible for patients unfit for chemotherapy or a
surgical approach.
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Appelt et al. showed that a wait-and-see approach was feasible in 40 of 51 patients
after HDR chemoradiotherapy with primary cT2-3N0-1 rectal cancer patients. Local
recurrence was observed in 15.5% after 1 year of follow up, without any unexpected
serious adverse effects, The HERBERT study showed that in unfit LARC patients
radiotherapy followed by HDR resulted in an 88% response rate with 61% of the
patients achieving a clinical CR with acceptable overall survival.104 These promising
results were, unfortunately, accompanied with high rates of severe late toxicity.
Nevertheless, elderly, co-morbid patients might be candidate for local
radiotherapeutic options combined with external beam RT alone or with CRT instead
of primary surgical intervention.105
X-ray endocavitary brachytherapy (EBRT) already showed to improve local control
in T1-2 rectal tumours.106,107 In recent years it regained interest for organ
preservation strategies. In the Lyon R 96-02 randomized trial survival benefit did not
improve by EBRT, but it lead to significantly increased sphincter and organ sparing
rates after 10 years of follow-up.108 Other reports described that the addition of
EBRT enabled rectum preservation in up to 89% of patients staged cT1-3N0 and led
to successful sphincter preserving therapy in 89% of the studied LARC
patients.109,110 With a reduction of the radiotherapeutic field, higher radiation doses
(combined with chemotherapy) can potentially be achieved without severe long
term effects for the healthy tissue.111-113
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Although TEM may be used for resection of small rectal tumours, TEM might not be
sufficient in high risk pT1 rectal cancer, given the high risk of local recurrence.114
The TESAR trial is a study for patients who underwent a local excision of an early
rectal tumour with a higher risk on lymph node involvement. Eligible patient are
subsequently randomized between adjuvant CRT or additional TME.115 The option
of organ preserving treatment will also be further evaluated for clinical T2-3N0 rectal
cancers. In the STAR-TREC protocol patients are randomized into three treatment
groups: (1) standard TME surgery, (2) neoadjuvant treatment followed by TEM in
case of good response with residual disease or (3) neoadjuvant treatment followed
by wait-and-see in case of clinical CR. Organ preservation in LARC patients with a
major or clinical complete after neoadjuvant CRT are also being evaluated in an
Italian observational organ sparing study and in the Spanish PRONAR trial.116,117
Patients are also being recruited for a phase II trial to test the efficacy of tailored
operative or non-operative management for MRI defined low-risk rectal cancer
following neoadjuvant CRT.118 Currently, patients with a clinical CR after any
neoadjuvant treatment can also be carefully monitored in specialized centers
participating in a wait-and-see database with an extensive follow-up regime.15
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Several international trials are currently enrolling patients to optimize neoadjuvant
treatment aiming for organ preservation. Optimizing neoadjuvant treatment to
increase complete responders is being explored by the GRECCAR 12 study by
adding systemic folfirinox prior to neoadjuvant CRT.119 The combination of 5
fractions of radiotherapy followed by FOLFOX chemotherapy may also be feasible
for non-operative or less extensive surgery.120 Dose-escalation RT by using HDR
brachytherapy and EBRT aiming to increase the amount of pathological CR without
increasing toxicity levels could also be a feasible option to increase the response.121124
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Rectal cancer treatment is gradually moving from extensive surgery towards organ
preserving procedures. Optimal staging of rectal cancer pre and post CRT using
multimodality imaging approach is of utmost importance in selecting patients for
these regimens. To distinguish patients with a clinically poor, good or complete
response remains challenging and thus the need for more accurate prediction is
growing. Implementation of innovative techniques may aid in monitoring the
response to neoadjuvant treatment.
Improved responses to neoadjuvant treatment enable an increase in wait-and-see
approaches or local excisions. Strategies with multiple chemotherapeutical agents,
biologicals and radiotherapy dosages are being investigated and will lead to an
optimized regimen for obtaining a complete response. Furthermore, a standardized
follow-up scheme after an organ preserving approach has not yet been described. It
seems that close monitoring for local recurrence with digital rectal examination,
endoscopy and (diffusion weighted) MR evaluation on a frequent base is the current
standard. However, this seems to be based on empirical arguments instead of broad
research.
Ultimately, improvement in quality of life is aimed for using these organ preserving
procedures, without comprising oncological results. Especially, further improving
bowel function and reducing the colostomy-free survival is being pursued. Data of
randomized trials studying organ preserving modalities versus standard surgery will
have to be awaited prior to broad implementation of these treatment strategies.80,82
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Treatment of rectal cancer is shifting towards organ preservation aiming to reduce
surgery-related morbidity. Short-term outcome of organ preserving strategies are
promising, but long-term outcomes are scarce in literature.
AB:)?4-()%
To explore long-term oncological outcome and health-related quality of life (HRQL)
in cT1-3N0 rectal cancer patients who underwent neo-adjuvant chemoradiotherapy
(CRT) followed by transanal endoscopic microsurgery (TEM) in case of good
response.
D),-./;%,)44-/.;%0/+%60*4-?-60/4,%
The study was a phase II, multicentre, feasibility study. Patients with cT1-3N0 rectal
cancer were prospectively included between 2011-2013. These patients were to be
treated with neo-adjuvant CRT followed by transanal endoscopic microsurgery in
case of good response. An intensive follow-up scheme was used to detect local
recurrences and/or distant metastases. Validated HRQL questionnaires and Low
Anterior Resection Syndrome (LARS) questionnaires were collected.
>0-/%A34?'@),%0/+%>)0,3*),%
Chemoradiotherapy for cT1-3N0 distal rectal cancer followed by local excision in
good responders is associated with an acceptable long-term oncological outcome.
In the 64% of patients in whom the rectum was preserved, 78% of patients
experienced a certain degree of bowel dysfunction.
9),314,%
Fifty-five patients were included with a median follow-up period of 53 months (IQR
39 – 57). Two patients died during CRT, one stopped CRT and one was lost to followup. Following CRT, 47 patients underwent TEM of whom 35 were successfully
treated with local excision alone. Total mesorectal excision was performed in 16
patients (4 inadequate responses, 8 completion after TEM, and 4 salvage for local
recurrence). The actuarial 5-year local recurrence rate was 7.7%, with 5-year
disease-free and overall survival rates of 81.6% and 82.8%, respectively. HRQL
during follow-up was equal to baseline, with improved emotional wellbeing in
patients treated with local excision (P=0.001). Major, minor and no LARS was
experienced in 50%, 28% and 22% of patients with successful organ preservation,
respectively.
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In early stage rectal cancer (cT1-3N0M0), CRT enables organ preservation with
additional TEM surgery in approximately two thirds of patients with good long-term
oncological outcome and HRQL. This multimodality treatment triggers a certain
degree of bowel dysfunction and one third of patients still undergo radical surgery
and are overtreated by CRT.
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Curative local treatment of rectal cancer consists of surgery following the principle
of total mesorectal excision (TME).1 However, TME is related to high morbidity rates
and impaired functional outcomes. After a sphincter preserving low anterior
resection, approximately 60% of the patients suffer from specific bowel disorders,
known as low anterior resection syndrome (LARS).2,3 Complaints of LARS consist of
clustering stools, soiling and faecal incontinence. Patients who cannot undergo
sphincter preserving surgery require a definite colostomy which might affect body
image and health-related quality of life (HRQL).4-6
Local excision is considered a valid treatment option for very early tumours (pT1)
without lymphatic spread.7 More advanced tumours have a higher risk of recurrence
after a local excision compared to TME due to occult lymph node metastasis and
intraluminal recurrences.8,9 This implies that most intermediate risk rectal cancers
need some form of neo-adjuvant or adjuvant treatment if local excision is
preferred.10 Neo-adjuvant chemoradiotherapy (CRT) has shown to reduce the risk of
local recurrences by increasing the chance of a radical resection in locally advanced
rectal cancers.11 Patients undergoing this treatment can achieve a partial response
in approximately 54 - 75% and a pathological complete response is achieved in 8 –
27%.12-14
The absence of viable tumour after neo-adjuvant CRT led to a growing interest in
alternative strategies for treating rectal cancer. Organ preserving treatment options
aim for improving the HRQL with similar oncological outcome. Several retrospective
studies describe the impact of transanal endoscopic microsurgery (TEM) in patients
who respond well to neo-adjuvant treatment for clinical T1-3N0 rectal cancer.15-19
Preservation of the rectum could be achieved in 73 - 95% of patients with acceptable
local control. Unfortunately, these studies were limited rather short follow-up
periods. Long-term oncological outcome data as well as HRQL data is scarce with
only three other series presenting long-term outcome.20-22
The Dutch Colorectal Cancer Group (DCCG) conducted a prospective, multicentre
study (CARTS) exploring the feasibility of local excision after neo-adjuvant CRT in
patients with distal cT1-3N0 rectal cancer. The feasibility and short term oncological
outcomes have already been reported.23 The study was also designed to analyse
long-term HRQL together with functional outcomes of these patients. In this report
long-term oncological outcome together with HRQL are described.
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The study design of the CARTS study has previously been published.24 It was a
phase II feasibility study in which patients were enrolled with cT1-3N0M0 rectal
cancer. The tumour had to be located within 10 cm of the anal verge requiring
treatment with abdominoperineal resection or low anterior resection with coloanal
anastomosis. The study was approved by the medical ethics committee of Radboud
University Medical Centre and registered in clinicaltrials.gov in 2011
(NCT01273051). All patients provided written informed consent. All patients
underwent digital rectal examination, abdominal and pelvic CT, chest radiography or
CT and an MRI of the pelvis. The fifth edition of the American Joint Committee on
Cancer criteria was used for tumour staging.
5*'?)+3*),%
Neo-adjuvant treatment consisted of a total dose of 50 Gy or 50.4 Gy given in 25
fractions of 2 Gy or in 28 fractions of 1.8 Gy, respectively combined with
capecitabine 825 mg/m2 twice daily on all days. The clinical target volume of the
radiotherapy consisted of the tumour with mesorectal fat, internal iliac, obturator
and presacral nodes. The upper field border was at the level of the promontory.25
Patients with significant downsizing of the tumour (ycT0-2) 8 – 10 weeks after the
last CRT treatment were eligible for local excision. Local excision was performed
using TEM surgery, which consisted of full-thickness excision of the tumour with a
!2 mm margin. When histological examination revealed insufficient pathological
downstaging (ypT2-3), patients were advised to undergo completion TME within 4
– 6 weeks after TEM. Patients who showed a poor response on clinical evaluation
(ycT3-4) were scheduled to undergo TME 8 – 10 weeks after CRT.
K'11'JG36%
An intensive follow-up schedule for 36 months was designed for patients who
underwent TEM, intended for early detection of possible local recurrence and/or
distant metastases. Carcinoembryonic antigen (CEA) levels were measured every
three months, together with rectal examination which included digital rectal
examination, rectoscopy and endorectal ultrasound. Every six months an MRI of the
pelvis and a CT scan of the thorax and abdomen were required. After two years, CEA,
digital rectal examination, rectoscopy and endorectal ultrasound were performed
every 6 months and the MRI pelvis and CT scan of thorax and abdomen every 12
months.
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Primary end-point of the study was the number of patients with minimal residual
(ypT0-1) disease, which has been published previously.23 Secondary end-points of
the study were the number of local recurrences of patients treated with TEM or TME
surgery as events in the time-to-event Kaplan-Meier analysis, together with faecal
continence and HRQL in all patients.26 HRQL was assessed according to EORTC QLQ
core 30 (C30) and colorectal 38 (CR38) questionnaires.27 Prior to the start of
treatment, HRQL questionnaires were filled in by patients and collected at the
participating hospitals. Subsequently, EORTC QLQ-C30 and CR38 questionnaires
were sent to patients 6, 12, 24 and 36 months after surgical treatment. Additionally,
LARS questionnaires were sent to patients treated with successful organ
preservation after a minimum follow-up period of 48 months to objectify bowel
function.3 The LARS questionnaire is a validated scoring system to evaluate bowel
function after a low anterior resection. Five questions regarding incontinence for
flatus and liquid stools, and frequency, clustering and urgency for defecation are
taken into account. The score ranges from 0 to 42 and is divided into no LARS (0 –
20 points), minor LARS (21-29 points) and major LARS (30 – 42 points).
Data management was done by registered clerks of the Netherlands Cancer
Registry. Information from participating hospitals was collected on case report
forms that were sent to the central office.
"404-,4-?01%0/012,-,%
Five-year local recurrence, distant metastasis, disease-free survival and overall
survival rates from the start of CRT were calculated with Kaplan-Meier curves.
Outcomes of the HRQL questionnaires were described using means and standard
deviations. Nominal and ordinal values are presented in two-way contingency
tables. Differences in the outcomes of the EORTC QLQ-C30 and CR38
questionnaires within patients were compared using the Wilcoxon signed rank test.
The level of statistical significance was set at a p value of <0.01 to correct for
multiple testing. Outcomes of the LARS questionnaires were displayed in a
histogram. Statistical analyses were performed using IBM Statistical Package for
the Social Sciences (SPSS) (SPSS Inc., version 22, Chicago, Illinois).
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A total of 55 patients were included in 9 DCCG centres of whom 30 were male and
25 female. After MRI revision, 50 patients were diagnosed with a clinically
resectable cT1-3N0 adenocarcinoma of the rectum and 5 with cT1-3N1. All tumours
were located in the distal part of the rectum (Table 1) and no patients had
extramural venous invasion, lymphovascular invasion or poor differentiation. During
neo-adjuvant CRT, two patients died from sepsis and possible arrhythmia,
respectively. Two other patients were unable to continue CRT due to toxicity, of
whom one was lost to follow-up. Forty-seven patients subsequently underwent TEM
surgery, and 4 patients underwent primary TME as a result of insufficient response
to CRT. Resection margins of the TEM specimens were all but one free. The patient
with an incomplete margin as well as seven other patients with ypT2-3N0-1 tumours
after local excision underwent completion TME surgery (Supplementary Figure 1).23
The TME specimens were all with free circumferential resection margins.
Patients (N = 55)
Age (years)

64 (39 – 82)

Sex ratio (M : F)

30 : 25

Tumour size (cm)

3.4 (3.0 – 5.0)

Clinical tumour category

Clinical node category

cT1

10

cT2

29

cT3

16

cN0

50

cN1

5

Distance to anal verge

3.5 (2.0 – 6.0)

(
,-./'(+!!W(#&3*2&!$%(-($)&-*#)*$#!+/!*2$301&1!G()*&2)#5!

59

Chapter 3

55 patients
(analysed as a
cohort)
Allocated to study
treatment:
Chemoradiation

Lost to follow up (N=1): Dementia
Discontinued allocated intervention
(N=3): 2 patients died;
1 stopped due to toxicity

Allocated to subsequent
study treatment (N=47):
TEM surgery

30 patients treated
sufficiently (stage ypT01N0)

Not allocated to subsequent
study treatment due to
insufficient response (N=4):
TME surgery

17 patients treated
insufficiently
(stage ypT2-3 or ypN1):
completion TME

8 patients underwent
completion TME

9 patients refused
and started a
wait and see
approach

!
(
0%11/'2'34-/("#$%&'(+!!V?TI?E6!1*(7-('!+/!)%&!V"E6I!#)0145!

I'/.G4)*>%'34@'>)%
After a median follow-up of 53 months (IQR 39 – 57 months), 4 patients in the organ
preservation group developed an intraluminal local recurrence. All occurred within
12 months after local excision and were treated with salvage TME. The local
recurrences occurred in one patient with a ypT1 tumour and in another 3 patients
with a ypT2 tumour who initially refused completion TME. None of the patients
undergoing primary TME developed a locoregional recurrence. This resulted in an
actuarial 5-year local recurrence rate of 7.7% (Figure 1A).
The actuarial 5-year disease-free survival was 81.6% (Figure 1B). Three of the 4
patients who were diagnosed with a local recurrence also developed distant
metastases. Despite treatment of both the recurrence and the metastases, all three
eventually died. Metachronous distant metastases occurred in 4 other patients, of
whom 3 patients developed lung metastases and 1 patient liver metastases. These
patients underwent local and/or systemic therapy of whom one is alive without
disease. The actuarial 5-year overall survival rate of all included patients was 82.8%
(Figure 1C).
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After a follow-up period of 6, 12, 24 and 36 months the EORTC QLQ C30 and CR38
questionnaires were completed by 22, 32, 19 and 24 patients, respectively. It was
assumed that symptoms and bowel function generally would stabilize 12 months
after surgical intervention28, therefore the outcomes with the largest interval from
baseline with a minimum follow-up period of 12 months were selected for
evaluation. Forty-three patients, of whom 33 TEM and 10 TME patients, completed
the questionnaires. Of those TME patients, 6 were treated with TME after TEM
surgery.
Outcomes of the EORTC QLQ-C30 revealed an improved emotional functioning
score (%) = 0.001) for TEM patients (Table 2). For TME patients, no significant
differences were revealed (Table 2). The outcomes of the EORTC QLQ-CR38
questionnaires for the TEM patients showed a significant reduction of blood and
mucus in stools (%)= 0.001), but also revealed an increased anxiety (% = 0.005).
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Sub analyses between pathological complete and incomplete responders after TEM
showed a significant difference for anxiety scores (58.9 versus 79.5, respectivelyV)<%
= 0.040)). No significant differences were discovered between baseline and follow
up within the group of patients treated with TME after CRT (Table 3).
LARS scores were retrieved from 32 of 35 patients who underwent successful organ
preserving treatment. These scores were retrieved 48 – 68 months after surgical
treatment. Twenty-two per cent of those patients did not have LARS, 28% had minor
LARS, and 50% suffered from major LARS (figure 2). Six patients who underwent
subsequent TME surgery had bowel continuity. LARS scores were only available in
one patient and therefore could not be analysed as a subgroup.
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Baseline

Follow

(mean)

up

P-value*

Baseline

Follow

(mean)

up

(mean)

P-value*

(mean)

Global health score

75.5

74.4

0.727

81.7

73.1

0.170

Physical functioning score

89.7

83.3

0.057

92.0

83.0

0.026

Role functioning score

86.7

84.4

0.586

91.7

85.2

0.180

Emotional functioning score

72.0

86.9

0.001

76.7

80.6

1.000

Cognitive functioning score

88.4

88.9

0.723

93.3

90.7

0.705

Social functioning score

88.4

89.4

0.597

98.3

88.9

0.102

Fatigue score

20.2

21.9

0.601

12.2

18.7

0.028

Nausea and vomiting score

4.0

2.5

0.673

5.0

24.7

0.027

Pain score

8.1

12.7

0.064

6.7

3.7

0.157

Dyspnoea score

15.2

12.8

0.478

10.0

18.5

0.285

Insomnia score

22.2

14.4

0.157

16.7

11.1

1.000

Appetite loss score

5.1

17.8

0.023

3.3

25.9

0.038

Constipation score

8.1

5.6

0.564

6.7

7.4

0.655

Diarrhoea score

13.1

7.8

0.361

10.0

14.8

0.655

Financial difficulties score

7.1

13.3

0.166

10.0

7.4

0.785

,-./'(8!!?0)$+'&!+/!)%&!S?E6V!e\e!V=U!X0&#)*+22(*-&#!()!8(#&3*2&!$+'G(-&1!(/)&-!(!'*2*'0'!/+33+.!0G!
+/! :! 4&(-! /+-! ==! G()*&2)#! )-&()&1! .*)%! 6SD! (21! :U! G()*&2)#! )-&()&1! .*)%! 6DS! (/)&-! $%&'+-(1*+)%&-(G45!
OV(3$03()&1!0#*27!b*3$+@+2!#*72&1!-(2J!)&#)5!
!

65

Chapter 3

TEM

TME

Baseline

Follow up

P-

Baseline

Follow up

P-value*

(mean)

(Mean)

value*

(mean)

(mean)

Body Image

95.5

88.1

0.076

97.2

79.0

0.109

Anxiety

49.4

69.0

0.005

58.3

74.1

0.317

Weight loss

97.5

98.8

0.317

91.7

96.3

0.564

Sexual interest

56.9

59.0

0.442

48.9

66.7

0.157

Urinary frequency

24.1

29.2

0.263

35.4

33.3

0.496

Blood and mucus in stool

29.5

2.7

0.001

41.7

0

0.317

Stool frequency

20.0

21.3

0.717

22.2

27.8

0.317

Dysuria

1.3

8.3

0.129

8.3

11.1

0.564

Abdominal pain

11.1

13.1

0.454

16.7

14.8

1.000

Buttock pain

13.6

22.6

0.118

8.3

25.9

0.197

Bloating

11.1

15.5

0.190

20.8

11.1

0.083

Dry Mouth

8.6

8.3

0.317

16.7

11.1

0.414

Hair loss

4.9

9.5

0.408

0

0

1.000

Taste

1.2

2.4

0.317

0

3.7

0.317

Flatulence

34.6

38.3

0.327

37.5

11.1

0.234

Faecal incontinence

10.3

18.7

0.248

16.7

33.3

0.317

Painful Stools

8.3

4.7

0.157

20.8

50.0

0.317

Sore skin

-

16.7

Not

.

16.7

Not calc

.

35.2

Not calc

.

66.7

Not calc

63.3

0.180

calc
Embarrassment

-

16.7

Not
calc

Stoma care problems

-

-

Not
calc

Impotence

18.2

37.9

0.783

20.8

Dyspareunia

4.2

21.4 (n=7)

0.180

0

(n=4)

Not calc
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Neo-adjuvant CRT followed by TEM for resectable early rectal cancer seems to be a
feasible approach for patients who desire organ preservation. In this prospective,
multicentre study, the rectum could be preserved in 64% of patients with cT1-3N0
rectal cancer. Local recurrences were observed in one patient with stage ypT1 after
TEM and in three patients who initially refused completion TME for ypT2 stage
during a median follow-up period of 53 months. The actuarial 5-year disease-free
and overall survival rate was 81.6% and 82.8%, respectively. Despite these
favourable oncological outcomes, functional results revealed that 50% of the
patients in whom the rectum was preserved experienced major symptoms similar
to LARS. Furthermore, it should be emphasized that two patients died due to CRTrelated complications, and that one third of the initially included patients with low
risk rectal cancer end up with TME surgery, and underwent radiotherapy that would
not have been given outside a trial setting.
Despite the optimization of rectal cancer treatment the past decades, the demand
for less extensive surgery renewed the discussion on how to treat patients with early
rectal tumors.29 Studies investigating organ preservation after neo-adjuvant
treatment for cT1-3 rectal cancer showed pathological complete response rates
varying from 4 to 49%, depending on various factors such as size and location of the
tumor.15,17,20 Complete response rates from these studies were based on local
excision specimens, which can only be conclusive on T stage. Lymphovascular
invasion, lymphatic spread, and tumour budding are strongly related to malignant
nodal involvement and local recurrences after neo-adjuvant treatment for early
rectal cancer and still can be demonstrated in up to 20% of patients.30-32
Nevertheless, promising local control and long-term survival rates have been
described for this relatively new treatment regimen.15,17,20,32-34 Martens et al.
described a series of patients who were offered organ preservation after neoadjuvant CRT by a watch and wait procedure (24 patients) or TEM in case of residual
tumour (15 patients). They reported a local recurrence-free and disease-free survival
of 84.6% and 80.6%, respectively, after a median follow-up period of 41 months.35
Creavin et al. published prospective results of 60 out of 362 locally advanced rectal
cancer patients who were treated with an organ preserving intention after CRT. Fifty
patients underwent local excision of whom 15 patients (30%) had to undergo
salvage TME and 10 patients (20%) underwent a watch and wait procedure. There
were no significant differences in disease-free and overall survival for the organ
preservation groups compared to the 302 patients treated with TME surgery after
CRT.36
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Pucciarelli et al. showed that successful organ preservation by TEM surgery after
CRT could be achieved in 43 of 63 good responding cT2-3 rectal cancer patients.
Local recurrence-free survival and disease-free survival in all patients was 96.9%
and 91.0%, respectively.17 The feasibility of TEM after CRT was also supported by
the ACOSOG Z6041 trial, showing successful organ preservation in cT2N0 tumours
with a disease-free survival of 88.2%, and proposed this regime as an alternative for
good responding patients.20
Until now, the only published randomized controlled trial comparing conventional
TME with local excision after CRT is the GRECCAR 2 trial.22 In this trial, good
responding cT2-3 distal rectal cancer patients were randomly assigned to one of the
surgical intervention, but it did not demonstrate superiority of local excision over
TME regarding morbidity, long-term effects and oncological outcomes. This may be
explained because a substantial proportion of patients, analysed in the local
excision group, eventually underwent a completion TME. These patients
experienced major morbidity or side effects in 78%, compared to 29% of patients
who underwent local excision alone and 38% of patients who underwent only TME
surgery after CRT.
In the current study, the EORTC QLQ-C30 and EORTC QLQ-CR38 questionnaires were
used to evaluate HRQL, treatment specific symptoms and side-effects.27,37 These
questionnaires revealed an improved emotional functioning, but a worsened anxiety
score after organ preservation. An increased anxiety was more prominent in
patients with an incomplete pathological response after TEM surgery. Bowel
dysfunction was common with 50% of patients suffering from major LARS after CRT
followed by TEM. On the other hand, outcomes of the EORTC QLQ-C30 could not
demonstrate a difference in constipation scores and even demonstrated a reduction
in diarrhoea scores for patients with successful organ preservation. Therefore, LARS
outcomes might have to be interpreted with caution, since LARS questionnaires are
not validated for the treatment regimen of the current study.
Equivalent LARS scores are reported in the literature for upper or middle rectal
tumours after a curative anterior resection.28,38-40 Only few studies report on HRQL
and bowel function after organ preservation. Pucciarelli et al. described better
overall HRQL, constipation score and bowel function after local excision versus TME
following CRT using similar questionnaires.21 Martens et al. used the Vaizey
incontinence and demonstrated that watch and wait patients generally had good
functional outcome compared to 7 TEM patients with moderate outcomes. Major
incontinence was seen in 42.8% of the TEM patients, which seems in concordance
with the results of the present study.35
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Defecation problems may be less prominent if local excision can be omitted after
neo-adjuvant CRT, since radiotherapy as well as local excision itself are risk factors
for bowel dysfunction.39,41 In a matched-controlled study of Hupkens et al. bowel
function and HRQL of 41 watch and wait patients were to be compared with 41 TME
patients after CRT.42 Although defecation problems and an impaired HRQL were
present in both study cohorts, the watch and wait group reported substantially better
functional outcome and HRQL in several domains.
A limitation of the present study is the fact that HRQL questionnaires were not
consequently filled in by patients. As a consequence, baseline HRQL had to be
compared with only one single moment during follow-up more than one year after
treatment. Moreover, patients did not receive the LARS form at baseline.
This prospective trial clearly confirms that neo-adjuvant CRT followed by TEM is
feasible for primarily resectable cancer. It should be further unravelled whether
organ preservation is an acceptable alternative to standard surgery without neoadjuvant CRT, which is still standard treatment. Since 40% of patients were
diagnosed with a complete pathological response and local recurrence rate was low,
local excision was not necessary in a substantial number of patients. New organ
preserving studies should therefore include a watch and wait strategy in patients
with a clinical complete response, potentially resulting in a further improved HRQL
and bowel function. Several randomized trials are now ongoing exploring different
neo-adjuvant treatment regimens.43-47
In conclusion, neo-adjuvant CRT followed by a full thickness local excision can lead
to preservation of the rectum in two third of the patients with low risk distal rectal
cancer. Long-term oncological outcome is good and HRQL does not seem to be
impaired, but incontinence and defecation problems are not unambiguous.
Randomized trials comparing organ preserving strategies with standard TME
surgery should give further answers in how to treat resectable rectal cancer patients
in order to optimize long-term results and HRQL.
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Chemoradiotherapy has great potential to downstage rectal cancer. Response
assessment has been investigated in locally advanced rectal cancer, but not in early
stage rectal cancer. The aim is to characterize the diagnostic accuracy of
endoscopy performed by surgical endoscopists and diffusion-weighted MRI
with/without endoscopic information analysed by an abdominal radiologist for
response assessment in early rectal cancer after neoadjuvant chemoradiotherapy.
>04)*-01,%0/+%@)47'+,%
Patients treated with neoadjuvant chemoradiotherapy for early distal rectal cancer
(cT1-3N0) followed by transanal endoscopic microsurgery were included. Response
assessment was analysed for endoscopic evaluation, diffusion-weighted MRI, and
the combination of endoscopy with diffusion-weighted MRI with focus on sensitivity
and specificity and analysis using receiver operating characteristic curves.
)
9),314,%
Two cohorts (N=36 and N=25) were analysed for response assessment. Of the
endoscopy cohort, 47% of the 36 patients had a complete response. Areas under
the curve were 0.69 (0.66-0.74; pooled sensitivity 55.3%, pooled specificity 80.0%).
Agreement for scoring separate endoscopic features was poor to moderate. Of the
(DWI-)MRI cohort, 44% of the 25 patients had a complete response. Area under the
curve for DWI-MRI alone was 0.55 (sensitivity 72.7%, specificity 42.9%) and
improved to 0.68 (sensitivity 90.9%, specificity 75.0%) when combined with
endoscopic information. Most accurate response assessment was made by
combining endoscopy and diffusion weighted MRI with high negative predictive
value (90.9%).
)
&'/?13,-'/%
Good and complete responders after chemoradiation of early stage rectal cancer
can be well assessed using a multimodality approach combining endoscopy and
diffusion weighted MRI.
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Neoadjuvant chemoradiotherapy (CRT) in rectal cancer treatment has proven to
significantly downstage locally advanced rectal cancer (LARC).1,2 The downstaging
effect varies between patients, with the potential to lead to a pathological complete
response (pCR; ypT0N0) in 15-25% of LARC as observed in total mesorectal excision
(TME) specimens.3 Although oncological outcomes are good, TME surgery causes
substantial morbidity and occasionally mortality.4-6 These findings have led to the
exploration of organ preserving approaches in good or complete responding
patients aiming to reduce the morbidity of conventional rectal cancer treatment
whilst maintaining oncological outcome and quality of life (QoL).
A watch-and-wait strategy instead of TME surgery in this specific group have been
the subject of many studies.7,8 Also, resection of the residual tumour mass after
chemoradiation can be performed safely with local excision techniques, such as
transanal excision (TAE), transanal endoscopic microsurgery (TEM) or transanal
minimally invasive surgery (TAMIS).9-11 Long term follow-up with close clinical
follow-up reveals that this strategy also is a safe alternative for TME.8,12-16
Key in selecting patients for an organ preserving approach is a dedicated diagnostic
work-up with a high accuracy rate. For restaging rectal cancer after CRT, digital
rectal examination (DRE) and endoscopy are essential.17,18 However, these
examinations only provide information on the (intra)-luminal presence of the
tumour. T2-weighted (T2W) MRI is the superior modality for (re)staging rectal
cancer, providing the best anatomical relationship of the tumour to key surgical
landmarks.19,20 Together with diffusion-weighted imaging (DWI) a strong indication
can be made whether there is remaining residual tumour and/or lymph node
involvement. The combination of DRE, endoscopy and (DWI)-MRI has proven to
provide the most accurate assessment of the response in LARC.21
Most publications on the accuracy of restaging rectal cancer after neoadjuvant CRT
has focused predominantly on LARC treated with neo-adjuvant chemoradiation.
Nowadays, organ preserving treatment is studied for less advanced stages such as
early stage (cT1-3N0) rectal cancer. So far, the performance of (DWI)-MRI and its
additional value to endoscopy for the assessment of good and complete responding
early rectal cancer patients are unknown and therefore the subject of the present
study.
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This study was approved by the institutional review board of the participating
hospitals. Patients who participated to the CARTS study (registered at
clinicaltrials.gov; NCT01273051)15,22 and patients treated with a similar organsparing regime at the Laurentius hospital (a tertiary referral centre for local excision)
were included. Informed consent for re-evaluation of the clinical examinations was
obtained at initial inclusion of the CARTS study. Patients included at the Laurentius
hospital provided their written informed consent separately.
)
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This study was performed in nine Dutch referral centres for rectal cancer treatment
with an expertise in TEM surgery. Patients with a histologically proven rectal cancer,
staged cT1-3N0 and located within the distal 10 cm of the rectum were evaluated
for inclusion. All patients were treated between December 2010 and June 2017 and
were scheduled for an organ preserving treatment consisting of neoadjuvant CRT
with a prolonged interval. Patients were included if initial as well as re-staging
endoscopy images and/or reports and MRI examinations were available. Exclusion
criteria were: (1) no availability of clinical investigations, (2) no TEM resection, (3)
no DWI at restaging MRI, (4) use of endorectal gel as MRI intraluminal contrast or
(5) insufficient image quality. Patients were analysed prospectively with standard
investigations according to the guidelines for rectal cancer treatment.23
F*)04@)/4%*).-@)/%
CRT consisted of a total dose of 50 or 50.4 Gy given in 25 fractions of 2 Gy or in 28
fractions of 1.8 Gy, respectively, with concomitant capecitabine 825 mg/m2 twice
daily on all days. Restaging examinations were performed with a preferred interval
of 6 to 16 weeks after completion of (C)RT. Residual tumour or scar tissue was
removed by performing a TEM procedure with a preferred maximum interval of 8
weeks after restaging.
&1-/-?01%0,,),,@)/4%
In this study, the main outcome was the predictive value of endoscopy alone, (DWI)MRI alone and a combined approach for response assessment after neoadjuvant
CRT. For all evaluation reassessments, all pre- and post-CRT images had to be
available. Two different cohorts were analysed since not all clinical data were
retrospectively available for all eligible patients. For the endoscopic re-assessment,
the images of the restaging endoscopy had to be available from the treating
hospitals. For the MRI only and MRI plus endoscopy, at least the MR images had to
be available from the treating hospitals.
For the multimodal approach, endoscopic images OR endoscopic reports had to be
available, so unavailable endoscopic images was not an exclusion criterion for this
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analysis. In case of incomplete data, patients could not be included for (one of the)
cohort analysis. As a result, some patients were included for endoscopic evaluation
only, for MRI +/- endoscopy only or in case of all available data for both evaluations.
)
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Endoscopy was used in the clinical setting to determine the location of the tumour,
reveal residual tumour, white scar, erythematous ulcer or any form of irregular wall
thickening. Endoscopic ultrasound was not a standard part of the evaluation.
Available endoscopy images that could be retrieved were used for a response
assessment after CRT. Endoscopic images were presented to five colorectal
surgeons with endoscopic experience (SB, GB, AB, EdG, HdW). The surgeons
performed a re-evaluation masked to histopathological data by using a score form
including the following tumour characteristics: (1) elevated tumour tissue, (2)
residual ulcer, (3) flat scar, (4) telangiectasia and (5) adenomatous residual tissue.
Response assessment to neoadjuvant treatment was performed with the following
five point confidence level scores: (1) complete response, (2) complete response is
likely, (3) not sure to be a complete response, (4) complete response is not likely,
and (5) not a complete response.
)
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MRI was clinically used for locoregionally (re)staging the tumour, nodal status and
potential involvement of the mesorectal fascia. All MR examinations were
performed according to local clinical protocols, using a 1.5 or 3 Tesla MRI scanner.
MRI consisted of axial, coronal and sagittal T2W images with additional axial DWI.
The para echo planar imaging sequence was acquired in an axial plane,
perpendicular to the tumour bed identical to the angle of the T2W axial scans at b
values of 0, 800, 1000 sec/mm and 5 mm thickness. Patients received
antispasmodic medication prior to the MRI examination unless a contraindication
was present. No enema was given prior to MRI examination.
All MRI images, primary as well as the re-staging datasets, were separately reviewed
and revised by an expert radiologist (R.B.T.) with 20 years of experience in
abdominal MRI. The reader was blinded to clinical, histopathological data and to
endoscopic findings of both the local surgeon as well as that of the surgeons in the
study. A standardized scoring form, based on ESGAR guidelines, was used for
revision of available primary and restaging MR datasets.24 The re-evaluation
focused on clinical T and N staging, tumour size diameter, location and
morphological characteristics as well as extramural depth. On restaging (DWI)-MRI,
the percentage of tumour size regression, absence or presence of residual tumour
and/or fibrosis were evaluated, using the confidence level scores.
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During the same session and immediately hereafter the restaging endoscopy
reports of the local hospitals including endoscopic images were shown to the expert
radiologist while the (DWI)-MRI restaging images were still at disposal to evaluate
the additional value of (DWI-)MRI to endoscopy.
N-,4'6047'1'.2%%
Histopathology of the TEM resection specimens was used as reference standard
for the clinical re-assessments. TEM specimens were evaluated by colorectal
pathologists from participating centres according to the method described by
Quirke et al.25 A tumour regression grading scale was not consistently used. Since
only TEM resections were available for histological evaluation, only T stage was
used as a reference for response evaluation. A ypT0 tumour was considered a
complete response, any other ypT stages as residual tumour.
)
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Statistical analyses were performed using IBM SPSS Statistics Version 22. Main
outcome was the predictive value of endoscopy alone, (DWI)-MRI alone and (DWI)MRI plus endoscopy. Sensitivity and specificity rates were provided for all three
approaches. Sensitivity and specificity were presented with the areas under the ROC
curve (AUC) based on the used five-point confidence interval. A dichotomous
parameter of the assessment was then used to calculate sensitivity, specificity,
positive and negative predictive values, dividing the response assessment in clinical
CR and no CR (score 1-2 versus score 3-4-5 of the five-point confidence interval,
respectively). Baseline data were retrieved for all patients. Nominal data were
presented as absolute frequencies and percentages. Nominal and ordinal values are
presented in two-way contingency tables, with P-values "0.05 considered to be
statistically significant. Discrepancy regarding T- and N staging of the tumours
between the data of the treating hospitals and the findings of the expert radiologist
could occur, but had no influence on the in- or exclusion of patients. Agreement in
evaluating endoscopic images was calculated using the Fleiss’ kappa value
(agreement was: poor if # " 0.20, fair if 0.21" # " 0.40, moderate if 0.41" # " 0.60,
substantial if 0.61" # " 0.80, good if # > 0.80). Pathological complete response rates
were given to provide insight in the potential of downstaging of (C)RT in early rectal
cancer.
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Seventy-seven patients were identified as potentially eligible for either endoscopic
evaluation, (DWI)-MRI evaluation or for both. Thirty-six patients were finally included
for endoscopic evaluation and 25 patients for radiological and multimodal
assessment. The patient flow-chart is displayed in Supplemental figure 1. Thirtythree patients were excluded for the following reasons: non-available endoscopic
images (26), incomplete MRI datasets (35), LARC (10), initial watch-and-wait
strategy (3), recurrent disease (2), or use of endorectal gel (2). A total of 44 patients
were included for one or both of the re-evaluations, of whom 36 patients eligible for
endoscopic re-evaluation and 25 patients eligible for (DWI)-MRI re-evaluation.
Clinical data of the local hospitals and baseline patient characteristics are shown in
Table 1, in which both assessment groups are separately described. All patients
received neoadjuvant CRT prior to TEM surgery. Histopathological findings of the
TEM specimens are presented in Table 2.
77 Patients screened for inclusion

Excluded:
- 26 unavailable endoscopic images
- 10 locally advanced disease
3 initial wait and see approach
2 recurrent rectal cancers

36 patients included with
available endoscopic images

Excluded:
- 35 unavailable DWI or incomplete MRI Datasets
- 10 locally advanced disease
3 initial wait and see approach
2 recurrent rectal cancers
2 use of endorectal gel

25 patients included with
complete (DWI)-MRI data

Evaluation of (DWI)-MRI by
radiologist

Evaluation of endoscopy by
surgical endoscopists

Evaluation of (DWI)-MRI +
endoscopy by radiologist

Comparison with
histopathology

Comparison with
histopathology

!
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Patients with available endoscopy
images
Baseline characteristics

Sex

Patients
(N=36)

cN stage

Neoadjuvant therapy

Patients
(N=25)

Male

19

Male

12

Female

17

Female

13

cT1-2

26

cT1-2

18

cT3a,b

10

cT3a,b

7

cT3c,d

0

cT3c,d

0

cT4

0

cT4

0

Mean age (sd)
cT stage

Patients with available MRI datasets
and endoscopy reports

66 (46 – 83)

64 (45 – 82)

cN0

36

cN0

25

cN1

0

cN1

0

Short course
radiotherapy (25
Gray)
Chemoradiotherapy
(50.0 – 50.4 Gray)

0

Short course
radiotherapy (25 Gray)

0

36

Chemoradiotherapy
(50.0 – 50.4 Gray)

25

Type of chemotherapy (%)

Capecitabin

36 (100%)

Capecitabin

25 (100%)

Surgical procedure

Transanal
endoscopic
microsurgery

36 (100%)

Transanal endoscopic
microsurgery

25 (100%)

Interval neoadjuvant Tx –
restaging (weeks)

6 (4 – 10)

6 (4 – 12)

Interval restaging –
surgery (weeks)

3 (1 – 9)

3 (1 – 11)

!
,-./'(+!!W(#&3*2&!$%(-($)&-*#)*$#!+/!)%&!G()*&2)#!8(#&1!+2!)%&!).+!#087-+0G#!&21+#$+G*$!(21!BPbFCADEF!
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Endoscopic cohort
Pathology findings

Histology

Differentiation
grade
Mean size of
specimen (sd)
Mean size of lesion
(sd)
ypT stage

ypN stage
Lymph nodes
harvested
Radical TEM
resection

(DWI-)MRI cohort

Specimens
(N=36)

Specimens
(N=25)

No tumour found
Villous adenoma
Adenocarcinoma
Well differentiated

13
3
20
23

No tumour found
Villous adenoma
Adenocarcinoma
Well differentiated

7
4
14
15

No malignant cells

13
3.8 (1.2)

No malignant cells

11
3.7 (1.2)

1.0 (0.8)

1.4 (1.3)

ypT0
ypT1
ypT2
ypN0
ypN1

16
7
13
35
1
2

ypT0
ypT1
ypT2
ypN0
ypN1

11
8
6
25
0
2

R0

36

R0

25

R1

0

R1

0

,-./'(85!M*#)+G()%+3+74!$%(-($)&-*#)*$#!+/!)%&!).+!#087-+0G#!

Endoscopy images available of 36 patients were performed with a median interval
of 6 (range 4-10) weeks after the final dose of (C)RT. TEM resection in this cohort
was performed with a median 3 (range 1-9) weeks after endoscopy. Table 3 shows
the parameters scored during endoscopic re-evaluation of the five surgeons.
Agreement for scoring the endoscopic features between all readers was: moderate
for elevated residual tumour (#=0.551), fair for residual ulcer (#=0.281), fair for flat
scar (#=0.225), poor for telangiectasia (#=0.170), fair for adenomatous residual
tissue (#=0.305), poor for overall response assessment (#=0.198) and moderate for
complete response assessment (#=0.581). Endoscopic evaluation performed by
each of the five surgeons was accurate for assessing the response in 24(67%),
22(61%), 25(69%), 26(72%) and 26(72%) of the total of 36 patients, respectively. The
ROC curves together with AUC for assessing a cCR are displayed in Figure 1A
together with all diagnostic accuracy parameters.
Restaging MRI examinations of the 25 patients were performed with a median
interval of 6 (range 4-12) weeks after neoadjuvant treatment. TEM resection was
performed a median 3 (range 1-11) weeks interval after MRI examination. At initial
pre-treatment staging, the mean tumour diameter was 2.6x2.4 mm measured in two
dimensions (sagittal-axial).
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All MRI datasets were re-evaluated by the radiologist, primary as well as response
assessment. Tumours were initially staged by the radiologist as follows: 21 cT12N0, 3 cT1-2N1 and 1 cT1-2N2. All patients had a non-involved/non-threatened
MRF. The restaging MRI datasets showed a tumour volume reduction of >75% in
23/25 of the tumours with mean tumour diameter after CRT of 0.3x0.4 cm (sagittalaxial; W<0.001). Residual tumour on T2W-MRI was detected in 5/25 of the patients,
with visible fibrosis in all but one patient. Fifteen tumours were restaged as ycT0N0
and 10 tumours as ycT1-2N0 (Table 4). Sensitivity and specificity rates of assessing
a cCR using (DWI)-MRI only was 72.7% and 42.9% (PPV 50.0%, NPV 66.7%) and
improved to 90.9% and 75.0% (PPV 71.4% and NPV 90.9%) using (DWI)-MRI together
with clinical endoscopy findings, respectively. ROC curves together with AUC for
(DWI)-MRI with and without endoscopy findings are displayed in Figure 1B.
Examples of a clinical complete response on MRI and at endoscopy, a clinical
response on MRI but not at endoscopy, and an incomplete response on (DWI-)MRI
as well as at endoscopy are displayed in Figure 2A-B.
As a result of the intentional organ preserving approach, 43 out of the total evaluated
46 patients underwent TEM after CRT. In case of a pT2, an irradical resection or
presence of risk factors a completion TME was recommended. Four patients with a
ypT2 tumour underwent completion TME without evidence for residual tumour.
Eleven patients refused completion TME. Based on pathological staging, 67% of the
patients (31 of the 46 included patients with a ypT0-1 after TEM) was successfully
treated with the organ preserving approach.
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Endoscopic feature

Elevated residual tumour

Residual ulcer

None
Small amount of residue
Big amount of residue
None
Small ulcer
Big ulcer

Flat scar

Ulcer with elevated edges
None
White scar
White scar
with fair amount of redness
Red scar

Telangiectasia

No
Yes

Adenomatous residual tissue

None
Possible

Overall response assessment

Evident
A complete response
A complete response is likely
Maybe a compete response
A complete response is not likely
No complete response

Surgeon

!
value*

1

2

3

4

5

22
10
4
27
7
2
0
20
8
7

20
8
8
32
1
2
1
22
5
0

17
12
7
29
3
3
1
17
6
8

23
9
4
26
4
2
4
12
5
9

16
12
8
12
12
9
3
26
7
1

1
14
22
20
10
6
6
11
7
8
4

9
16
20
22
6
8
4
7
4
4
17

5
31
5
13
20
3
4
6
10
9
7

10
27
9
24
7
5
9
8
11
4
4

2
29
7
14
19
3
6
5
2
13
10

0.551

0.281

0.225

0.170
0.305

0.198

!
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A
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AUC (95% CI)
0.714 (0.545-0.882)
0.656 (0.475-0.838)
0.672 (0.493-0.851)
0.701 (0.526-0.877)
0.741 (0.578-0.905)

PPV
64.7%
63.6%
80.0%
70.6%
81.8%

NPV
68.4%
60.0%
65.4%
73.7%
68.0%

Sensitivity
64.7%
41.2%
47.1%
70.6%
52.9%

Specificity
68.4%
78.9%
89.5%
73.7%
89.5%

B

!
&
MNOPDQIRP'$K*S'
MNOPDQIRP'T*;@'"KB$@%$TS'

AUC (95% CI)
0.552 (0.322-0.782)
0.682 (0.471-0.893)
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MRI 1 – pre-CRT

Patients
(N=25)

MRI 2 – post-CRT

Patients
(N=25)

P
value

Mean
sagittal
tumour diameter
(sd)
Mean axial tumour
diameter (sd)

2.6 (1.1)

Mean
sagittal
tumour diameter
(sd)
Mean axial tumour
diameter (sd)

0.3 (0.6)

0.5 (0.8)

<0.001
(Ttest)
<0.001
(Ttest)
NA

25

1.000

Mean distance to
anorectal junction

2.4 (1.0)

!

MRF free
Location
tumour

of

the

Anterior

2.5 (1.8)

Mean distance to
anorectal junction

25

MRF free

8

Location
tumour

of

the

0.4 (0.7)

Not
consequently
scored
Anterior

8

Posterior

7

Posterior

7

Right lateral

2

Right lateral

3

Left lateral

1

Left lateral

1

Anterolateral
right
Anterolateral left

1

1

1

Histology

Posterolateral
right
Posterolateral
left
Adenocarcinoma

Anterolateral
right
Anterolateral
left
Posterolateral
right
Posterolateral
left
Yes
No

20

Morphology

Mucinous
carcinoma
Annular

12

Yes

24

Polypoid

12

Sessile

1

cT stage

cN stage

Number of nodes

2

2
24

Residual
T2

tumour

1

Ulcerative

0

Perforated

0

Fibrosis
Volume reduction

ycT stage

2
1
2
5

No

1

>75%

23

<75%

2

cT0

0

ycT0

15

cT1-2

25

ycT1-2

10

cT3a,b

0

ycT3a,b

0

cT3c,d

0

ycT3c,d

0

ycN stage

-

-

-

0.444
(!2)

cN0

23

cN0

25

cN1

2

cN1

0

cN2

0

cN2

0

-

Suspicious

4

Suspicious

0

Total

85

Total

41

0.078
(Ttest)
0.05
(Ttest)

Number of nodes

5)
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A

A

B

B
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In the present study, both a single and multi-modality approach were evaluated for
the assessment of response after a median interval of 6 weeks after completing
neoadjuvant CRT in early rectal tumours (cT1-3N0). Great interobserver variations
were shown in assessing endoscopic specific features alone. Endoscopy on itself
performed by 5 expert colorectal surgeons was with an AUC of 0.66-0.74 superior
to (DWI)-MRI by an expert radiologist for the assessment of complete response, but
the highest accuracy can be achieved with the combination of (DWI-)MRI with
endoscopy. In almost all cases, the two modalities complemented each other. The
main pitfall was false-negative assessments due to microscopically residual
disease within the irradiated tumour bed without any visible residual disease at
endoscopy or MRI.
Literature on response assessment in rectal cancer patients after CRT using
endoscopy alone or endoscopy combined with other modalities is scarce and
focuses predominantly on LARC after chemoradiation. For restaging LARC patients,
most reliable information on response evaluation is obtained by combining (DWI)MRI, endoscopy and DRE with diagnostic AUC of 0.89.21 Recent studies showed
similar diagnostic performances for the assessment of pCR in LARC patients with
diagnostic accuracy of 90% when combining both modalities.26,27 When comparing
these accuracies with the current study outcomes, these good diagnostic outcomes
can be translated to tumours of an earlier stage which are treated with similar
neoadjuvant treatment regimens.
Endoscopic assessment by five surgical endoscopists after CRT resulted in a mean
sensitivity and specificity rate of 54.5% and 79.1%, respectively. Comparing with
(DWI-)MRI assessed by an expert radiologist, endoscopic evaluation by experienced
surgeons performs equally well.28 Endoscopic information is essential for detection
of mucosal abnormalities, which can vary widely after CRT. White scar tissue (with
or without telangiectasia) or normalized mucosa after irradiation has been
suggested to represent a complete response. Other residual superficial ulceration
or mucosal irregularity must alarm the observer for potentially viable tumour, but
can still be a good responder with a tumour in remission.29,30 Moreover, according
to the current study there is variation in interpretation of endoscopic findings.
Despite of certain variations in interpretation, endoscopic evaluation by expert
surgical endoscopists in the current study was able to select good responding
tumours after CRT sufficiently when accepting an underestimation of complete
responders.
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The complementary effect of the two modalities was well demonstrated in the
present study. (DWI-)MRI misdiagnosed tumours after CRT in 8 out of 27 cases, but
accuracy was considerably enhanced by the addition of endoscopic information of
the local surgeon mainly by upstaging the tumour remnant. In only one case, the
(DWI-)MRI was negatively influenced by the addition of endoscopy. (DWI-)MRI
evaluation by an expert radiologist is supplemented by local endoscopic findings,
resulting in the most accurate post-CRT assessment of pCR with good positive and
high negative predictive value. (DWI-)MRI is known to be most reliable in confirming
residual tumor.31 In some cases, both endoscopy and (DWI-)MRI missed residual
disease but these were cases with only microscopical disease scattered in the
fibrosis within the irradiated rectal wall. Whether these residual lesions are tumours
in remission or residual disease that will progress into a recurrent disease remains
to be seen at long term follow up.
An adequate interval between neoadjuvant treatment and restaging the disease
plays an important role in determining adequate treatment. It has been shown that
pCR rates increase when exceeding the classical interval 6 to 8 weeks after
neoadjuvant treatment, without compromising surgical nor oncological
outcomes.32,33 Translating this to multi-modality re-assessment, residual mucosal
abnormalities 6 to 8 weeks after CRT may still evolve and eventually turn into a
complete response.34 Therefore, when restaging early tumours after neoadjuvant
treatment, one should not focus on a single observation, but consider clinical
findings in relation to initial staging and its time interval.
In general, early rectal tumours in the present study responded well to neoadjuvant
CRT with a pCR rate of 42%. This is in line with available literature showing pCR rates
after neoadjuvant treatment in early rectal cancer patients varying from 18 –
48%.14,22,35,36 These patients would have been eligible for a watch-and-wait strategy,
which was not chosen for in the present series. The majority of the tumours showed
a reduction of tumour volume on MRI of more than 75%, which hints on the fact that
good response to treatment is occurring. Based on the results of this study, the
combination of endoscopy and (DWI-)MRI enables to assess tumour regression and
complete response and can be used to select a group in which it appears safe to
wait. Although it was not the goal of the current study, the results of our study
suggest that multidisciplinary team approach of a team consisting of experts would
lead to the most reliable performance for selecting patients with a complete
response.
This pushes the discussion further on what to do after re-assessment of the
irradiated early rectal cancer with a clinical good or complete response.
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One may choose for immediate local excision thereby saving the rectum and
harvesting more (histological) information about the tumour, but probably also
causing discomfort and some loss of function.15,16 Previous rectal preserving
studies demonstrated good oncological outcomes after local excision, but
functional outcomes might be better when local surgery can be omitted.8,37
Therefore, time can also be a good diagnostic tool, and good responders can be
followed up and re-assessed at a later stage3) The non-responding tumours can
usually be identified in time for TME surgery. This suggests that, when aiming for a
rectal preserving strategy in early rectal cancer patients, a restaging protocol with
standard evaluation interval after 6 to 8 weeks post-neoadjuvant treatment can also
be performed merely to distinguish good from bad responders. When a good
responder or a potential complete responder is identified, no direct (local)
intervention is needed and further response can be awaited.38 A second restaging
moment at least 6 weeks later may then be used to definitely opt for either watchand-wait, local excision or completion TME which should be endorsed by an expert
multidisciplinary team.39
The current study has some limitations. It was a challenge to collect available
clinical examinations from patients treated with this organ preserving treatment,
due to the long inclusion period. Fortunately, two overlapping cohorts were available
for the evaluation of response assessment. The external validity of the study needs
confirmation: the (DWI-)MRI images were evaluated by an expert in the field of
restaging rectal cancer. It is unclear whether the performance of these evaluations
can be extrapolated to any other radiologist who works in the field of abdominal or
colorectal imaging. For endoscopic evaluation, not all primary endoscopy images
were available, which made it more difficult to evaluate the response after
neoadjuvant treatment. The endoscopic data was assessed by surgeons looking at
images of lesions instead of a real-time which would be more accurate. As with the
radiological evaluation, the external validity is to be confirmed.

E+($':.-+(.!
To conclude, the current study shows that a multimodality approach in expert hands
combining endoscopy for intraluminal and (DWI-)MRI for extraluminal evaluation of
any residual disease is able to identify good and complete responders after
irradiation of early stage rectal cancer. The addition of (DWI-)MRI to endoscopy was
especially helpful to improve the selection of patients who are potential eligible for
organ preserving treatment.
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To assess the influence of endorectal filling (EF) on rectal cancer staging.
>)47'+,%
Forty-seven patients who underwent a staging MRI of rectal cancer in the period
from 2011 to 2014 were included. The MRI protocol included T2W FSE sequences
without and with EF at 3 Tesla (EF-MRI). Images were scored by 2 readers for T
stage, distance of the lower pole of the tumour to the anorectal junction, distance
to the mesorectal fascia (MRF), number of (suspicious) lymph nodes Agreement
in T-staging was calculated using the Cohen’s kappa value. Comparison of
continuous variables was performed using Wilcoxon matched pairs signed rank
test.
9),314,%%
The inter-observer agreement for T staging with and without EF-MRI showed a poor
agreement between both readers (weighted # = 0.156, weighted # = 0.037,
respectively). Tumours tended to be overstaged more prominently with EF-MRI. The
accuracy of predicting the pathological T-stage slightly improved from 55% with EF
to 64% without EF for reader 1 and from 59% to 68% for reader 2, respectively. The
distance of the tumour to the anorectal junction increased from 33.9 to 49.3 mm (P
< 0.001) after EF for reader 2. EF-MRI did not significantly influence the number of
(suspicious) lymph nodes and distance to the MRF.
&'/?13,-'/%
EF-MRI did not lead to an improved tumour staging and it has the potential to
influence the distance to a key anatomical landmark. EF-MRI is therefore not
recommended in primary staging rectal cancer.
O+(0/?),%-/%P/'J1)+.)%
EF-MRI may not be used as an additional tool to stage rectal cancer patients, as it
does not seem to facilitate in locoregionally staging the disease.
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In rectal cancer, the treatment of choice is surgical resection of the primary tumour
according to the principle of total mesorectal excision (TME).1 Tumour bulkiness,
the presence of lymph nodes, extramural vascular invasion (EMVI) and
“threatened/involved” mesorectal fascia (MRF) are well known risk factors for local
recurrence and distant spread of the disease.2,3 The role of magnetic resonance
imaging (MRI) in the primary work-up of rectal cancer is well established and by
identifying these risk factors with non-invasive imaging, MRI stratifies locally
advanced rectal cancer into a preoperative treatment.4
The recently published revision of the ESGAR rectal cancer consensus guidelines
dictates that a state of the art MR protocol should consist of high resolution T2
weighted (T2W) fast spin echo (FSE) sequences in three planes, sagittal, coronal
and axial. The axial planes should be perpendicular to the tumour axis to allow for
accurate assessment of the extension of tumour outside the bowel wall within the
mesorectal fat and accurate measurement of the shortest distance between the
tumour and MRF. The T2W FSE sequences should include the entire mesorectum
from promontorium level to pelvic floor including the anal sphincter complex, to
allow for accurate assessment of the nodes. That is to evaluate the total number of
lymph nodes and the number of suspicious lymph nodes. Although there is general
consensus on the recommended MR sequences and planes, there is no consensus
regarding the use of endorectal filling (EF-MRI) in a standard protocol and the
evidence for its benefit is very weak.5,6
Many centres favour the use of EF-MRI in the standard MR protocol. It is reported to
improve the accuracy of localizing the tumour on rectal MRI and to enable a better
overview of intraluminal lesions.7 It is also reported to reduce susceptibility
artefacts on diffusion-weighted imaging caused by bowel gas by replacing the gas
with gel.5,8. Others claim that EF-MRI results in distension of the rectal wall that
could stretch the tumour and especially in lower rectal cancer could lead to
overestimation of an involved MRF anteriorly as a result of thinning of the
mesorectal fat. Furthermore it is hypothesized that evaluation of the nodes may be
difficult because of compression of the mesorectal fat.9
In the current study we aim to evaluate the influence of the use of EF-MRI in an MR
rectal staging protocol.
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Patients who underwent a clinical MRI scan of the rectum with and without EF-MRI
and subsequent surgery in the period between July 2011 and September 2014 were
retrospectively included in this study. The use of EF-MRI was standard clinical care
at the institution during this time period. All patients had a biopsy proven
adenocarcinoma of the rectum and underwent a primary staging MRI scan with and
without EF-MRI within one session. Patients were clinically diagnosed with stage I IV rectal cancer. Treatment of the patients varied from straight surgery to various
neoadjuvant treatment schemes followed by surgery. All patients were evaluated for
an initial comparison between the MR images with and without EF-MRI. Patients
with straight surgery and patients with neoadjuvant short course 5x5 Gray
radiotherapy followed by immediate TME were included for a comparison with
pathological T staging. All patients who underwent an MRI for primary rectal cancer
staging were included for a comparison of the height of the tumour, the distance to
mesorectal fascia and the number of (suspicious) nodes. In case of insufficient
quality of the MR examination or because of incomplete MR sequences, the scans
were excluded for evaluation. This retrospective study was approved by the
institutional review board with a waiver of informed consent.
>0./)4-?%9),'/0/?)%!@0.-/.%
MRI imaging was performed at 3 Tesla (Siemens Magnetom® Trio, Erlangen,
Germany) using a spine coil and a phased array body coil. Patients were placed in a
supine, feet first position and received antispasmodic medication prior to the MRI
examination unless a contraindication was present. The standard protocol started
with an axial T2W pulse sequence: turbo (fast) spin echo (TSE), TR/TE 36003850/93 ms, 3.0-mm slice thickness, two signal averages, FOV 200x200, matrix
448x448. After this sequence, approximately 100cc ultrasound gel (Aquasonic®
100 ultrasound transmission gel) was endorectally administered to the patient on
the MRI table in a lateral decubitus position with the knees towards the chest. After
gel administration, the patient was re-positioned in the MRI scanner to continue the
clinical examination. The axial T2W TSE scan was repeated and 3D T1W VIBE and
T2W SPACE sequences were performed. As only the axial T2W TSE sequence was
performed with and without EF, this was the only sequence that could be used for a
comparison. The three-dimensional MR sequences unfortunately could not be used
for an evaluation.
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The MR images were evaluated by two experienced radiologists specialized in
abdominal imaging. Reader 1 and reader 2 have 7 and 20 years of experience in
reading rectal MRI, respectively.
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Reader 1 is experienced in evaluating MR images using EF-MRI. Reader 2 has no
experience with this approach. The readers were blinded to the clinical data,
histology and each other’s findings.
EF-MRI data-sets were read first independently for all patients by both radiologists.
After reading all EF-MRI images, the non EF-MRI data-sets were evaluated. All MR
images were read on the same day, but due to the number of cases and the order of
reading (EF-MRI first), it was unlikely that the non EF-MRI reading was
influenced by the previous EF-MRI reading of the same patients.
A standardized scoring form was used including the distance of the lower pole of
the tumour to the anorectal junction, the shortest distance of the tumour to the MRF,
the number of suspicious lymph nodes, the total number of lymph nodes, location
of the tumour and the T and N stage. The distance to the MRF was only measured
for patients with invasive growth through the rectal wall (cT3-4 tumours). The
distance of the lower pole of the tumour to the anorectal junction was measured by
the sum of the thickness of all axial MR slices from the anorectal junction to the
lower pole of the tumour. An additional inter-slice distance of 10% for the transverse
T2 weighted MR images was taken into account.
)
N-,4'6047'1'.-?01%)H0@-/04-'/%
Resection specimens were evaluated according to the method described by Quirke
et al.10 The circumferential resection margin was considered positive when the
distance of the resection margin to the tumour was " 1 mm.11 The resected
specimens were classified according to the Fifth American Joint Committee on
Cancer TNM staging. Clinical and pathological T stages were eventually compared
in patients who were treated with straight surgery or with short course radiotherapy
followed by immediate surgery.
"404-,4-?01%0/012,-,%
The measurements of both radiologists regarding the distance of the tumour to the
MRF and to anorectal junction and the number of (suspicious) nodes with and
without EF-MRI were first analysed separately. Differences between these variables
were calculated using the Wilcoxon signed rank test. The MR T-stages of the rectal
tumours for both readers with and without EF-MRI were assessed in multiple cross
tabulations. The agreement of the T stages of the tumour between MR with and
without EF-MRI and between readers was measured by calculating the Cohen’s
Kappa (#) value (agreement was: poor if ICC or # " 0.20, fair if 0.21" ICC or # " 0.40,
moderate if 0.41" ICC or # " 0.60, substantial if 0.61" ICC or # " 0.80, good if ICC or
# > 0.80). Statistical analyses were performed using IBM SPSS Statistics (SPSS Inc.,
version 22, Chicago Ill.).
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The MR examinations of 65 patients were retrieved. MRIs of 18 patients were
excluded because of an incomplete MRI examination or because of insufficient
quality of either the MRI with or without EF-MRI. Ultimately 47 patients were eligible,
who had MRI examinations both with and without EF-MRI. Twenty-five patients
underwent immediate TME, 8 patients had a short course (5 x 5 Gy) of radiotherapy
followed by TME, 3 patients had a short course radiotherapy followed by TME after
a prolonged time interval and 11 patients underwent neoadjuvant
chemoradiotherapy followed by surgery. Surgery consisted of an anterior resection
(32), abdominoperineal excision (9) or local excision (5). One patient underwent a
wait and see approach after chemoradiotherapy.
&1-/-?01%60*0@)4)*,%
Table 1 shows the outcomes of the radiological assessment using the standardized
score form. For reader 1, there was no significant difference in the mean MR
distance from the lower pole of the tumour to the anorectal junction with or without
EF. There was no difference for the mean MR distance from the tumour to the MRF
with EF-MRI as well as without EF-MRI. For reader 2 a similar trend was observed,
but with reader 2 the mean MR distance of the lower pole of the tumour to the
anorectal junction was significantly larger with EF-MRI as compared to without EFMRI (p < 0.001). An example of this displacement is seen in figure 1. The number of
suspicious nodes and total number of nodes did not differ in the 2 different
protocols and for both readers in 43 patients (reader 1) and 42 patients (reader 2),
respectively. Reader 2 detected significantly more (suspicious) lymph nodes than
reader 1 with and without EF-MRI (p < 0.001).
"40.-/.%47)%6*-@0*2%43@'3*%
The agreement between the two readers for T staging without EF-MRI was 46%
(weighted # 0.156) and the agreement between the two readers with EF-MRI was
41% (weighted # 0.037). The intra-observer agreement for evaluating MRI with and
without EF-MRI was good for reader 1 (89% agreement, weighted # 0.828) and fair
for reader 2 (63% agreement; weighted # 0.346).
The accuracy of predicting the pathological T stage for reader 1 with EF-MRI was
55% (weighted # 0.101) and the figures without EF-MRI were accurate in 64%
(weighted # 0.259). The accuracy for T-staging for reader 2 with EF-MRI was 59%
(weighted # 0.208). Without EF-MRI, accuracy was 68% (weighted # 0.528) with
frequent overstaging seen for both readers. The 2 x 2 table for the comparison of
clinical staging and the comparison with pathological staging with and without EFMRI are given in table 2 and 3.
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Reader 1

Reader 2

Without gel

With gel

P-value*

Without gel

With gel

Pvalue*

Distance to anorectal
junction (mm)

41,6
97,5)

43,7
93,6)

0.313

33,9
101,4)

49,3
(0–
113,1)

<0.001

Distance to MRF (mm)

5,3 (0–18)

4,0 (0–13)

0.115

4,4 (0–15)

4,1 (0–15)

0.109

Suspicious nodes

1,8 (0–7)

1,9 (0–18)

0.691

4,8 (0–23)

4,5 (0–29)

0.512

Total nodes

7,0 (0–25)

7 ,0 (1–22)

0.850

11,0 (1–33)

10 (0–15)

0.308

(0–

(0–

(0–

!
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Reader 1

Clinical T
stage with
gel

Pathological T
stage

cT1 cT2
cT3
cT4

Total

Pathological T
stage

pT1T2
4

pT3

Total

3

7

10
0
14

13
0
16

23
0
30

Clinical
T stage
without gel

Total

cT1T2
cT3
cT4

pT1T2
5

pT3

Total

2

7

8
0
13

13
0
15

21
0
28

!
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Reader 2

Clinical T
stage with
gel

cT1 cT2
cT3
cT4

Total

Pathological T
stage
pT1pT3
T2
3
0

11
0
14

13
0
13

Total
3

24
0
27

Clinical
T stage
without gel

Total

cT1T2
cT3
cT4

Pathological T
stage
pT1pT3
T2
7
0

6
0
13

12
0
12

Total
7

18
0
25
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This study investigated the influence of EF-MRI of rectal cancer on radiological
staging of the disease. Two experienced readers evaluated multiple variables,
leading to quite some heterogeneity in results. EF-MRI showed a significant
difference towards an increased distance from the lower pole of the tumour to the
anorectal junction in the reader without any previous experience in evaluating EFMRI. EF-MRI showed no differences for the distances from the tumour to the MRF.
There was also no difference in the number of (suspicious) lymph nodes between
the two protocols, but the number of detected nodes varied significantly between
the two readers. The accuracy for the assessment of the pathological T stage was
lower with than without EF-MRI. Overstaging of the tumour frequently occurred with
EF-MRI, and was most prominent in the reader without experience in evaluating EFMRI. Because of the reading order (all EF-MRI data first), overstaging was not
influenced by the MRI data without EF.
Of interest is that EF-MRI caused a longer distance of the tumour to the anorectal
junction for one of the two readers. An explanation for an enlarged distance could
be that due to EF, gel accumulates distally from the tumour. This could cause the
rectum to stretch and the tumour to be pushed upwards. Also, at the proximal part
of the rectum the mesorectal fat is more abundant, which spatially allows the rectum
to expand. In the current study, the distances were measured by the sum of the axial
slice thickness from the anorectal junction to lower pole of the tumour. Generally,
this distance is measured on sagittal images (figure 2), on which the curvature of
the rectum can be taken into account. Therefore the true distance may be even
longer than when deducing this from axial slices. This means that EF-MRI can
potentially overestimate the distance of distal rectal tumours with potential effect
on treatment.12 The resected part of the rectum in TME surgery is, among other
things, dependent on the distance of the lower pole of the tumour to the anorectal
junction.13 Proximal or middle rectal tumours are preferably treated with an anterior
resection and distal rectal tumours with an abdominoperineal excision.14-18 The use
of EF-MRI may therefore have implications for clinical decision-making and thus a
proper estimation is desirable.
The results of our study also revealed that the use of EF-MRI did not significantly
shorten the distance from the tumour to the MRF compared to without EF-MRI.
Literature is controversial to perform filling of the rectum because of possible
overestimation of involvement of the MRF.9 Ye et al.19 observed a shortened
distance of the rectal wall to the MRF, but at the site of the tumour the distance
towards the MRF was not reduced. This could be explained by possible fibrotic
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changes and desmoplastic reactions at the site of the tumour which may lead to a
stiffened environment and thus may not have an effect on the expansion.
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A frequently used argument propagating for EF, is that it aids in detecting and
delineating the tumour and consequently could aid in assessment of the pT stage.20
In our study the admission of EF in this study negatively impacted the accuracy of T
staging for the reader with inexperience in scoring EF-MRI, of which an example is
displayed in figure 3. Reader 1 tended to overstage 71% of the pT1-2 tumours
without EF-MRI and in 62% of the pT1-2 tumours with EF-MRI. For reader 2, not using
EF-MRI led to overstaging pT1-2 tumours in 46% and this percentage increased to
79% of the tumours when staged with EF-MRI. The use of EF-MRI led to a more
frequent overstaging for this reader in early tumours, which are in general more
difficult to stage using MRI.21 The current results could not confirm other’s
observations of an improved T staging,19 potentially due to the expansion of the
rectum together with compression of the mesorectal fat. This expansion and
compression can lead to a closer positioning of the rectum tumour towards
surrounding structures, which can hypothetically induce overstaging especially in
early tumours.9 Moreover, the filling may cause the rectal wall to be stretched
suggesting the rectal wall to be thinner which may lead to an exaggeration of the
invasive growth.
The rectal distention by EF-MRI in our series did not affect the visualization and
detection of the nodes independent of size and location, which was in line with other
studies.19,22 Lymph node staging on MRI remains challenging and this is again
reflected in the current study by the difference in detected lymph nodes between the
two readers.
The revised recommendations of the ESGAR consensus meeting establised new
guidelines including the evaluation of the total number of suspicious versus total
number of visible nodes as a criterion for metastatic nodes together with
morphological and size features.6 In our study reader 1 detected a lower total
number of nodes than reader 2. We hypothesize that the performance of nodal
staging may be dependent on the reader’s experience, however this was not
validated in our study.
This study had some limitations. One limitation is that only axial images were used
for the comparison between the two protocols.5 Therefore, the distance of the lower
pole of the tumour to the anorectal junction could be underestimated. Another
limitation is that the scanned region of the (meso)rectum varied. The proximal
margin of the field of view was not consistently set to a specific anatomical
landmark. This varied not only between the patients, but could also vary within the
same patient. As a result the comparison for the lymph nodes could not be
performed in 4 patients. Nor did we include the influence of EF on diffusion weighted
MRI.
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In conclusion, the admission of EF in a standard MR protocol of rectal cancer could
influence the measured distances of tumour to the anorectal junction and MRF. Our
small study suggests a tendency towards overestimation of the height of a tumour
for the reader with inexperience in evaluating EF-MRI, which not affected the
experienced reader. Furthermore the use of EF could not improve T staging.
Although validation is needed in a larger cohort, our study does not generate
stronger arguments for the use of endorectal filling in a standard MR protocol.
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This study aims to provide insight in the quality of current daily practice in clinical
lymph node staging in colorectal cancer (CRC) in the Netherlands.
>)47'+,%
Data of the nationwide population-based Netherlands Cancer Registry between
2003-2014 were used to analyze lymph node staging for cM0 CRC patients.
Accuracy of clinical lymph node staging was calculated for the period 2011-2014.
Analyses were performed for patients without preoperative treatment or treated
with short-course radiotherapy (SCRT) followed by resection.
9),314,%
100,211 patients were included for analysis. The proportion clinically positive lymph
nodes increased significantly between 2003-2014 (6% to 22% for colon cancer; 7%
to 53% for rectal cancer). The proportion histological positive lymph nodes remained
stable (±35% colon, ±33% rectum). Data from 2011-2014 yielded a sensitivity,
specificity, positive and negative predictive value of 41%, 84%, 59% and 71% for
colon cancer, respectively (n=21,629). This was 38%, 87%, 56%, 76% for rectal
cancer without SCRT, (n=2,178) and 56%, 67%, 47% and 75% for rectal cancer with
SCRT (n=3,401), respectively.
&'/?13,-'/%
Accuracy of clinical lymph node staging in colorectal cancer patients is about as
accurate as flipping a coin. This may lead to overtreatment of rectal cancer patients.
Acceptable specificity and NPV limit the risk of undertreatment.
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Different therapeutic approaches in colorectal cancer are based on staging of the
disease, highlighting the importance of accurate diagnostics.
Accurate
preoperative staging of lymph nodes is currently not essential in patients with colon
cancer.1 Most patients will be treated with resection of the colon including the
draining lymph nodes. Postoperative pathological assessment will then identify
those patients with nodal disease who are candidates for adjuvant systemic
therapy.2 Recently, neoadjuvant treatment studies, such as the FOxTROT-study, are
conducted in locally advanced colon cancer3. This potentially beneficial treatment
regimen has renewed interest in preoperative nodal staging and its diagnostic
accuracy in colon cancer.4
In rectal cancer, nodal staging is much more important because clinically node
positive rectal cancer patients are usually treated with neo-adjuvant radiation based
therapies. In Western Europe, Magnetic Resonance Imaging (MRI) is considered the
standard modality for preoperative locoregional staging.5 Lymph node status is
examined according to size and morphological features (shape, heterogeneity and
irregularity of border of the lymph node), with reported sensitivity of and specificity
of approximately 75% in a meta-analysis6. Endoscopic ultrasound appears to have
similar accuracy for locoregional staging rectal cancer, but MRI is considered
superior for nodal staging.7 Inadequate staging may result in both under- or
overtreatment. Given the accuracy of the current imaging modalities, it is inevitable
that some patients may be misdiagnosed. Moreover, reported sensitivities and
specificities of the imaging modalities are merely based on evaluations done by
experts in the field, which may not reflect the accuracy of CRC staging in routine
daily practice. We therefore aim to determine the accuracy of clinical lymph node
staging of both colon and rectal cancer in a nationwide cancer registry database
with changes over time, and evaluate current practice.
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Population-based data on CRC diagnosed in the Netherlands from 2003 onwards
were obtained from the nationwide Netherlands Cancer Registry (NCR). The digital
pathology archive (PALGA), and the National Registry of Hospital Discharge
Diagnoses (LMR), are the main notifiers of the NCR. Once notified, trained data
managers gather patient, tumour and treatment characteristics from the medical
records.
All cases of primary CRC diagnosed in the period 2003-2014 were selected for this
study (n=146,540). Since the objective of this study was investigating possible
discrepancies between clinical (cN) and pathological (pN) lymph node status, and
to achieve a homogenous patient selection regarding the diagnostic process and
therapy, patients in whom no lymph nodes were resected (i.e. polypectomy, local
excision, no resection), and stage IV patients, were excluded, resulting in 100,211
patients for the current study.
Topography of the tumour was coded according to International Classification of
Diseases for Oncology (ICD-O).8 The TNM (tumour-node-metastasis) classification
was used for stage notification of the primary tumour, according to the edition valid
at time of cancer diagnosis (TNM-6 for 2003-2009 and TNM-7 for 2010-2014).9,10
Patients were stratified by tumour localization: colon (C18) and rectum
(rectosigmoid and rectum, C19-C20). Both cN and pN were divided into three
categories; positive (cN+/pN+), negative (cN-/pN-) or unknown (cNx/pNx). The
proportions of pNx in the data were negligible (i.e. less than 1%) and therefore not
presented in the tables.)
)
"404-,4-?01%0/012,),%
The trends in patient and tumour characteristics, cN and pN, the proportion of cases
with examined lymph nodes, and the number of investigated nodes over time were
analysed based on data from 2003-2014. The significance of these trends was
analysed by conducting $2-test.
The type of radiotherapy and time-interval between radiotherapy and resection have
been registered from 2011 onward in the NCR. Firstly, diagnostic accuracy of
imaging without neo-adjuvant treatment was analysed for the period 2011-2014.
Sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) were calculated for cN status, using pN as the gold standard, after excluding
cNx. Separate cross tables were composed for different patient groups.
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Secondly, diagnostic accuracy for N-stage was determined for rectal cancer
patients who underwent short course radiotherapy (5x5 Gy) and a short time-interval
until resection (0-10 days), assuming that downstaging does not occur using this
schedule.11
Lastly, rectal cancer patients, diagnosed between 2011-2014, who were staged as
cN-, cN1 or cN2 were analysed for type of preoperative radiotherapy, stratified to
short course radiotherapy (SCRT) with short interval to resection,
chemoradiotherapy and other types of preoperative therapy, per year of diagnosis.
Analyses were performed in SAS/STAT® statistical software (SAS system 9.4, SAS
Institute, Cary) and SPSS Statistics for Windows (version 22.0).)
)
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During the study period, the Dutch guideline on rectal cancer was revised several
times. The first guideline on rectal carcinoma (2003) defined a clinically suspect
lymph node based on a diameter >3 mm by MRI. In this guideline, both CT and MRI
were recommended techniques for local staging.12 The revised guideline (2008,
version 2) recommended only MRI for local staging of rectal cancer, and used a
diameter of >=5 mm to define a clinically positive lymph node.13 In the present
edition (2014, version 3), morphological characteristics (i.e. round shape, irregular
border and heterogeneous texture) were added to size for defining a clinically
positive lymph node on MRI. Mesorectal lymph nodes are staged as positive when
the diameter is <5 mm and all three morphological characteristics are present, when
the diameter is 5-9 mm and at least two out of three characteristics are present, or
when the diameter is >=9 mm independent of morphological criteria.14
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Between 2003-2014, a total of 61,066 patients were diagnosed with colon cancer
and 30,161 patients with rectal cancer, with an increasing proportion of colon cancer
diagnoses. In both colon and rectal cancer, the age-distribution remained fairly
stable over time, whereas the male:female ratio increased. The proportion of rectal
cancer patients that received preoperative radiotherapy increased from 66% in
2003-2006 to 78% in 2011-2014 (table 1).
)
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The proportion of cNx decreased between 2003 and 2014 from more than half of
the cases to 12% in colon cancer and 3% in rectal cancer (p<0.001). A significant
increase was observed for the proportion of cN+, most prominently for rectal cancer
(from 7% in 2003 to 53% in 2014). For both colon and rectal cancer, the proportion
cN0 remained stable over time, apart from a sudden increase in 2010, explained by
a change in registration by the NKR; prior to 2010 there were strict coding
regulations on the diagnostics that had to be performed to be able to register a cN0
or cN+, since 2010 the coding regulations for cN are less strict, resulting in far fewer
cNx registrations, which is more in line with the clinical practice (table 2).
The proportion of both pN0 and pN+ remained reasonably stable over time for colon
cancer. Since local excisions were excluded, pNx was absent during the whole
study-period. Correspondence between cN and pN staging, including patients who
received preoperative treatment, is presented in table 3. The concordance between
cN and pN decreased; from 74% in 2003 to 69% in 2014 for colon cancer and from
70% in 2003 to 58% in 2014 for rectal cancer. For both colon and rectal cancer,
cN0&pN0 decreased and cN+&pN+ increased over time, most significantly for rectal
cancer, from 60% to 36% and from 9% to 22% respectively. The proportion of
cN0&pN+ remained stable over time for colon cancer and decreased for rectal
cancer. The proportion of cN+&pN0 increased for both colon and rectal cancer, but
more pronounced for the latter (from 5% in 2003 to 33% in 2014).
)
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Between 2003 and 2014, the proportion of patients with examined lymph nodes after
resection increased from 98% to 100% for colon cancer and from 95% to 99% for
rectal cancer respectively. The median number of examined lymph nodes in the
resection specimen increased from 8 in 2003 to 17 in 2014 for colon cancer, and
from 7 in 2003 to 14 in 2014 for rectal cancer.
)
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In the period 2011-2014, of the 3,425 patients staged as cNx, 1913 (56%) patients
were staged as pN0 and 1509 (44%) as pN+. Table 4 shows the correlation between
cN and pN staging for patients who did not receive preoperative treatment. For colon
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cancer, the proportion of patients staged as cN+ that were truly positive (pN+) was
59% (PPV), and the proportion of patients staged as cN0 that were truly negative
(pN0) was 71% (NPV). The sensitivity was 41%, and the specificity was 84%. For
rectal cancer, calculations yielded a PPV of 56%, NPV of 76%, sensitivity of 38% and
specificity of 87% (table). For rectal cancer patients who received SCRT with short
interval to surgery, a PPV of 47%, NPV of 75%, sensitivity of 56% and specificity of
67% were found (table 5).
5*)'6)*04-()%4*)04@)/4%*)?401%?0/?)*%
Figure 1 shows what type of preoperative treatment rectal cancer patients received
who were staged as cN-, cN1 or cN2. The use of radiotherapy in cN- patients
decreased in the most recent years, mostly in 2014. At first, the administration of
chemoradiotherapy increased in cN1 patients, but since 2009 the administration of
chemoradiotherapy decreased. In 2008-2014, chemoradiotherapy was
administered in more than 80% of the cN2 patients.
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Clinical lymph node staging matched with pathological lymph node staging*
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4
6
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Lymph nodes examined*
No
53
91
77
73
54
48
48
46
52
42
30
31

(2)
(3)
(2)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(0)

Number of examined lymph nodes
Yes
2294
3470
4570
4811
4980
5275
5409
5478
5759
5826
5714
6788

(98)
(97)
(98)
(99)
(99)
(99)
(99)
(99)
(99)
(99)
(99)
(100)

Median and 5th, 95th percentiles
8
(2-20)
8
(2-21)
10
(3-23)
11
(3-25)
12
(4-25)
12
(4-27)
13
(5-29)
14
(5-30)
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(6-32)
16
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17
(8-37)
17
(8-38)
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Lymph nodes examined*
No
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(99)

Median and 5th, 95th percentiles
7
(1-18)
7
(2-19)
8
(2-20)
9
(2-23)
10
(2-23)
10
(3-24)
11
(3-24)
11
(3-24)
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(4-25)
13
(5-27)
14
(5-29)
14
(6-31)
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= 41%
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=
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= 84%
Specificity
=
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PPV =
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= 59%
PPV
=
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Pathological lymph node diagnosis
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Clinical staging of CRC with imaging techniques such as CT and MRI is considered
standard of care, with specific importance for local staging (cT) and for determining
cM status.14 The current study analysed the accuracy of preoperative imaging for
clinical lymph node staging in CRC patients in the Netherlands in daily practice. A
significant increase in the proportion of CRC patients staged as cN+ was
demonstrated between 2003-2014, with the most striking increase for rectal cancer
patients. Despite improvements in diagnostic imaging, nodal understaging and
overstaging was 41% for colon cancer patients staged as cN- and 29% for patients
staged as cN+ respectively. For rectal cancer patients without preoperative
treatment, nodal understaging and overstaging occurred in 24% of patients staged
as cN- and in 44% of patients staged as cN+ respectively, and of rectal cancer
patients treated with SCRT this was 53% of patients staged as cN- and 25% of
patients staged as cN+ respectively.
While the proportion of CRC patients staged as cN+ increased significantly during
the study period, the proportion of patients staged as pN+ remained stable, despite
an increase in the number of pathologically examined lymph nodes. This indicates
that overstaging regarding lymph node status increasingly occurred during the study
period. Nodal overstaging in rectal cancer has likely to do with the use of MRI that
has become routine preoperative imaging in the Netherlands during the last
decade.15 MRI has shown to be the best technique available for visualizing tumour
depth, and predicting the involvement of the mesorectal fascia.16-18 However, it is
known that MRI has an inherent limitation in the capacity to detect lymph node
metastases; meta-analyses reported a sensitivity and specificity of approximately
75%.6,19 A node-by-node analysis found an even worse performance, with a
sensitivity of 58% and specificity of 62%.20 Another reason for nodal overstaging in
rectal cancer were the recommendations in the Dutch CRC guidelines. Until 2014,
only lymph node diameter was used for examining mesorectal lymph nodes; in the
first guideline nodes >3 mm were considered cN+, and in the second version all
nodes >5 mm. During the revision of the guideline in 2014, morphological features
were therefore added in nodal staging.14 The addition of morphological
characteristics seems to increase the specificity from 63% in 2013 to 73% in 2014,
but the long-term effect is still to be awaited.21
To analyse the parameters for clinical lymph node staging, the present study
combined all imaging modalities in the staging of rectal cancer, with the knowledge
that the vast majority of rectal cancer patients is staged using MRI in the
Netherlands. Data from the rectal cancer patients who did not undergo preoperative
therapy in our country demonstrated a sensitivity of 38% and PPV of 57%.
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Patients staged as cN+ were overstaged in 43% of the cases. The NPV was 76%,
which leaves 24% of patients staged as cN- understaged, and refrained from
adequate treatment according to Dutch guidelines.
The sensitivity of clinical lymph node staging was higher for rectal cancer patients
who received SCRT with short interval to surgery. This can be explained, because
this group of patients is more likely to have lymph node metastases a priori. The
PPV of clinical lymph node staging in this group was 47%, which means that more
than half of the patients staged as cN+ were overstaged. Following the
recommendations of the Dutch Colorectal Guidelines, a positive nodal status would
be the sole implication for SCRT in case of a cT1-3N1 rectal cancer with >5 mm to
the MRF until 2014, and >1 mm afterwards. The same recommendation for RT in
case of cN+ is made by the EURECA-CC2 and NICE guidelines.22,23 Others, such as
the NCCN guideline, even recommend CRT in all cases of cN+24,25, which is
associated with more short-term complications and morbidity.
Also for colon cancer, the proportion of patients staged as cN+ increased over time,
although this increase was more moderate than for rectal cancer. This might be
related to more standardized use of CT for preoperative staging of colon cancer.
The difficulty in predicting lymph node status using CT is well known. Several
morphological criteria such as shape and signal intensity can be examined, but
nodal size is most frequently used with different criteria in the literature.26-28 Nerad
et al. performed a meta-analysis and found a sensitivity of 71% and specificity of
67% for lymph node staging in colon cancer patients using CT.29 Recently, Rollvén
et al. showed in a retrospective study that morphological criteria are superior to size
criteria when clinically assessing lymph nodes using CT.1 Data from the present
study yielded a sensitivity of only 41% and a PPV of 59%, which is significantly worse
than one would expect based on the literature, but a specificity of 84%, which is
better than expected.
This might become of more importance in when preoperative chemotherapy for
colon cancer patients is being introduced in various study protocols, such as the
FOXTROT trial, which uses CT as a staging tool.3
This study focused on clinical lymph node staging, since it traditionally has been
considered as one of the important factors in treatment stratification for colorectal
cancer. It is important to note that other prognostic factors have been identified in
recent years, most importantly the presence of tumour deposits and extramural
vascular invasion.30,31 Although these factors could become increasingly important
in treatment decision making in the future, they are currently not fully included in
TNM-staging and as such not registered in the NCR.10
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In conclusion, the accuracy of clinical lymph node staging in daily practice in the
Netherlands was insufficient in the period 2003-2014. This led to overstaging, which
in turn caused significant overtreatment with preoperative therapy in rectal cancer
patients. The impact of adding morphological criteria to lymph node size in nodal
staging in the most recent Dutch guideline is to be awaited. In the absence of
preoperative treatment for colon cancer, there seems to be no direct clinical effect
of clinical lymph node staging by CT. However, the accuracy of CT could become
important in the future if preoperative treatment would be implemented for specific
indications. The sensitivity and PPV of clinical lymph node staging in this
population-based study appear to be not much better than a flip of the coin and
differ significantly from the accuracy of both CT and MRI in clinical lymph node
staging in the literature. This poses the question whether other techniques for
clinical lymph node staging are to be implemented such as ultrasmall
superparamagnetic iron oxide32, diffusion-weighted MRI or 18F-FDG-PET/CT.33
Since lymph node status is associated with local recurrence and will therefore
continue to play a part in the decision-making process for preoperative therapy,
developments to a safe differentiation between positive and negative nodes are of
importance and need thorough evaluation before and after implementation in daily
practice.
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To evaluate the initial results of predicting lymph node metastasis in rectal cancer
patients detected /(@S/S$)with USPIO-enhanced MRI at 3T compared on a node-tonode basis with histopathology.
>)47'+,%
Ten rectal cancer patients of all clinical stages were prospectively included for an
/(@S/S$ 0.85mm3 isotropic 3D MRI after infusion of Ferumoxtran-10. The surgical
specimens were examined &U@S/S$ with an 0.29mm3 isotropic MRI examination. Two
radiologists evaluated /(@S/S$ MR images with a classification scheme to predict
lymph node status. !U@S/S$ MRI was used for MR-guided pathology and served as a
key link between /(@S/S$ MRI and final histopathology for the node-to-node analysis.
)
9),314,%
138 lymph nodes were detected by reader 1 and 255 by reader 2 (%=0.005) on /(@
S/S$ MRI with a median size of 2.6 and 2.4mm, respectively. Lymph nodes were
classified with substantial inter-reader agreement (# = 0.73). Node-to-node
comparison was possible for 55 lymph nodes (median size 3.2mm; range 1.2 - 12.3),
of which 6 were metastatic on pathology. Low true-positive rates (3/26, 11% for both
readers) and high true negative rates were achieved (14/17, 82%; 19/22, 86%).
Pathological re-evaluations of 20 lymph nodes with high signal intensity on USPIOenhanced MRI without lymph node metastases (false positives) did not reveal tumor
metastasis but showed benign lymph node tissue with reactive follicles.
)
&'/?13,-'/,%
High resolution MRI visualizes a large number of mesorectal lymph nodes. USPIOenhanced MRI was not accurate for characterizing small benign versus small
tumoral lymph nodes in rectal cancer patients. Suspicious nodes on /(@S/S$ MRI
occur as inflammatory as well as metastatic nodes.
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The presence of lymph node metastases in rectal cancer is a key factor in
determining prognosis and treatment.1 Diagnostic lymph node staging, however, is
still a major challenge.2-4 Over the past decade multiple imaging approaches have
been assessed as a biomarker to differentiate between benign and malignant lymph
nodes.5-10 The size and shape of a lymph node as sole criteria are unreliable
measures to predict lymph status, since metastatic lymph nodes in rectal cancer
are often smaller than 5mm.11,12 Moreover, variation in interpreting MR images leads
to predominantly upstaging with potential effects on treatment.4,13 Therefore, there
is a need for a more accurate prediction of the presence of lymph node metastases.
Ferumoxtran-10, consisting of ultrasmall superparamagnetic iron oxide (USPIO)
particles that become lymphotropic after intravenous administration, has previously
proven to be a valuable MRI-contrast agent for detecting lymph node metastases.1416
Promising clinical results for USPIO-enhanced MRI were shown with a pooled
sensitivity of 90% and specificity of 96% for multiple solid tumors.17 USPIOenhanced MRI also showed reproducible results in differentiating lymph node
metastases in rectal cancer patients.18-20 These studies were performed in clinical
trials during the phase of clinical development of the product. However, high
accuracy was described by detecting relatively large lymph nodes which have a
higher probability of harboring metastases. Moreover, most studies were performed
on 1.5 Tesla MR systems with 2-dimensional (2D) multi-slice acquisitions, with
known restrictions in resolution. It was demonstrated that especially the diagnostic
accuracy for the detection of small lymph node metastases (<5mm) dropped
substantially.21 By using 3-dimensional (3D) USPIO-enhanced MRI on a 3 Tesla MR
system, it is possible to increase the spatial resolution to small isotropic voxels,
thereby potentially increasing the sensitivity for the detection of small (<5mm)
suspicious lymph nodes.22 Identifying small lymph nodes that are suspicious for
tumor metastases prior to surgery will contribute in planning for adequate treatment.
However, whether the smallest lymph nodes that retain MR signal intensity after
administration of USPIO nanoparticles indeed contain metastases requires a
meticulous node-to-node validation. To provide more insight in the potential accuracy
of predicting small lymph node metastases by using 3D USPIO-enhanced MRI, /(@S/S$
detected suspicious lymph nodes have to be evaluated up to final histopathological
analysis of the identical nodes after resection.
Therefore, in this study, we aim to present the initial results of the histopathological
node-to-node validation of lymph nodes that are detected /(@S/S$ with sub-mm
resolution on 3D USPIO-enhanced MRI at 3T in rectal cancer patients.
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The authors had full control of the data and information submitted for publication.
The study was approved by the institutional review boards of the two participating
hospitals (NL51335.091.14 & NL58295.091.16) and written informed consents were
obtained from all patients. The study was registered in clinicaltrials.gov
(NCT02751606). Ferumoxtran-10 (SPL Medical B.V., Nijmegen, The Netherlands) is
an USPIO contrast agent currently undergoing a multicenter registration study in
Germany, Switzerland and the Netherlands. The contrast agent is currently not
commercially available.
)
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In a prospective, two center, diagnostic cohort study in the period March 2017 to
January 2018 patients from two referral centers with biopsy-proven rectal cancer
were included. According to clinical endoscopic findings, rectal tumors were located
within 15 cm from the anorectal junction. All patients had to undergo a surgical
resection according to the principle of a total mesorectal excision (TME).23 In case
of locally advanced rectal cancer (LARC; cT3-,MRF+ or cT4), neoadjuvant
chemoradiotherapy (nCRT) was admitted with an increased interval to surgery.24
nCRT consisted of 25 fractions of 2 Gray combined with capecitabine 825 mg/m2.
Five patients underwent neoadjuvant treatment. Lymph nodes of (non)irradiated
patients were compared for radiological and histological differences. The workflow
of the study and number of patients asked for inclusion are shown in a STARD flowdiagram (Supplemental figure 1). Exclusion criteria were previous allergic reaction
to contrast agents, contra-indication for MR investigation and the presence of a
malignancy other than rectal cancer.
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Potentially eligible patients (N=34)
Not included
N=23: No interest in participation
Eligible participants (N=11)
No in-vivo MRI:
N=1: withdrawn after conclusion
USPIO-enhanced <KDA<A$ MRI (N=10)

WXDA<A$ MRI of the surgical specimen
(N=10)
No MR-guided pathology
N=1: specimen already examined
MR-guided pathology (N=9)

Total included patients (N=10)
Conclusive: 10

0%11/'2'34-/( 9#$%&'( +!! I6"EP! /3+.! 1*(7-('! +/! )%&! #)014! 1&#*72! .*)%! (2! +,&-,*&.! +/! )%&! &3*7*83&! (21!
*2$301&1!G()*&2)#5!

139

Chapter 7

Q"5!A%0.)/4%-/E3,-'/%0/+%Q"5!AG)/70/?)+%>9!%
The in-vivo USPIO-enhanced MRI was performed within 2 weeks prior to surgery. 2436 hours prior to the examination, patients were slowly intravenously infused with
the USPIO particles (Ferumoxtran-10, 2.6 mg/kg body weight diluted in saline). MR
imaging was performed at 3T (Siemens Magnetom® Prisma, Erlangen, Germany)
using a spine coil and a phased array body coil. Patients were supine, feet first
positioned and received antispasmodic medication intramuscularly (1 ml
Scopolamine Butyl Bromide, Sanofi-aventis Netherlands B.V.) unless a
contraindication was present. The MR-protocol consisted of a 3D T1-weighted
volume-interpolated gradient echo sequence (VIBE-DIXON) for anatomical imaging
and a 3D T2*-weighted multi-gradient echo (mGRE) sequence for recognition of
uptake of the contrast agent in the lymph nodes. From the VIBE-DIXON sequence 4
image sets were generated: in-phase, opposed-phase, water-only and fat-only. The
in-phase images were used for in vivo lymph node selection. Multiple mGRE images
were condensed into one T2*-weighted computed echo time (TE = 12 msec) image
for interpretation of the USPIO presence within the identified lymph nodes.25 No nonenhanced MRI examinations were performed. Details of the specific pulse
sequences are shown in Table 1.
3 Tesla MRI protocol
T1 DIXON VIBE

3D Multi GRE

Plane

3D

3D

Repetition time (msec)
Echo time (msec)

5.8
1.2, 2.5

21.0
3.6 - 17.2

Matrix

384*384*192

384*384*224

Flip angle

10

10

Resolution (mm3)

0.85 x 0.85 x 0.85

0.85 x 0.85 x 0.85

7 Tesla ex vivo MRI protocol
Lipid excitation GRE

Water excitation GRE

Plane

3D

3D

Repetition time (msec)

15.0

30

Echo time (msec)

3.0

6.2

Matrix

320*320*256

320*320*256

Flip angle

10

14

0.29 x 0.29 x 0.29

0.29 x 0.29 x 0.29

Resolution

(mm3)

!
,-./'(+!!F'(7*27!G(-('&)&-#!+/!)%&!=!(21!g!6&#3(!DEF!#$(2!G-+)+$+35!]-+'!)%&!PFa?T!kFWS!#&X0&2$&!>!
*'(7&!#&)#!.&-&!7&2&-()&1R!*2AG%(#&9!+GG+#&1AG%(#&9!.()&-A+234!(21!/()A+2345!6%&!*2AG%(#&!*'(7&#!.&-&!
0#&1!/+-!*2!,*,+!34'G%!2+1&!#&3&$)*+25!
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In-vivo images were evaluated separately by two experienced abdominal
radiologists (JF/R1 10 and PZ/R2 15 years, respectively), of whom one had
experience with USPIO-enhanced MRI. The readers were blinded to clinical data,
histology and each other’s findings. All discovered lymph nodes and their locations
were annotated in different datasets for both readers. Information regarding a lymph
node that could be selected by one reader and not by the other, was not shared. Only
mesorectal lymph nodes were selected on T1-weighted MR images and annotated
by both readers, since these nodes could be compared with the ex-vivo MRI.
Annotation of the detected lymph nodes was done using an annotation tool of the
software package MeVisLab (MeVis Medical Solutions, Fraunhofer MEVIS). Short
axis size of the lymph nodes was measured in the transverse plane of the "in phase"
T1-weighted MR images. The appearances of lymph nodes on T2*-weighted MR
images were classified for suspicion on containing metastases using a modified
classification scheme based on nodal signal intensity and architecture (Table 2).26
In case of discrepancies between the classification of the readers (high signal
intensity type 1-2 versus attenuated signal intensity type 6-7), they were asked to reevaluate that lymph node resulting in a consensus read.
Nodal type

Post Dose

Description

1

No blackening of node or node is hyperintense to surrounding
tissue; heterogeneous or homogeneous achitecture

2

Node has central high signal with darkening along the peripheral
rim; heterogeneous architecture

3

Partial darkening whereby more than 50% of the node has area of
high signal intensity; heterogeneous architecture

4

Less than 50% of node has high signal intensity; heterogeneous
architecture

5

Node having an overall dark signal other than central or hilar area
of fat seen on T1 sequence

6

Node having an overall dark signal with speckles of subtles
granulairities, homogeneous architecture

7

Node having an overall dark signal intensity; homogeneous
architecture

%

,-./'(8!!T+1(3!)4G&#!8(#&1!+2!)%&*-!$%(-($)&-*#)*$#!+2!KILF?A&2%(2$&1!DEF9!1&-*,&1!/-+'!)%&!$3(##*/*$()*+2!
#$%&'&!G083*#%&1!84!M(-*#*27%(2*!&)!(35B;`C!
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After surgery, all TME specimens were fixated in 10% buffered formalin for at least
24 hours. MR imaging of the fixated specimens was performed on a horizontal 7
Tesla preclinical MR system (ClinScan, Bruker® BioSpin, Ettlingen, Germany). The
ex vivo MRI examinations were performed 1-2 weeks after Ferumoxtran-10 infusion,
thus were not USPIO-enhanced. Ex-vivo images were evaluated by the coordinating
physician (not one of the radiologists) by annotating lymph nodes located in the
mesorectum detected on lipid and water selective GRE images.27 Lymph nodes were
defined as such in case of a spherical structure visible in three dimensions with low
signal intensity on lipid and high signal intensity on water selective GRE images.
When in doubt whether a structure could be a lymph node, it was not annotated.
Sizes of the lymph nodes were measured in the transverse plane on water selective
GRE images. Surgical specimens were further processed after lymph node
recognition was completed. The ex-vivo images of the specimens were used as a
key link between in-vivo MRI and histopathology.
5047'1'.-?01%)(01304-'/%
Pathological evaluation was performed by two experienced colorectal cancer
pathologists (IN 22 and CW 25 years, respectively), one at each including center,
according to the method described by Quirke et al.28 During macroscopical
evaluation, TME specimens were sliced into 5 mm thick transverse tissue lamina.
Each transverse tissue slice was evaluated for harboring lymph nodes. The
coordinating physician together with one of the pathologists used ex-vivo MR data
of the TME specimen during macroscopical examination as a guidance for lymph
node harvesting.27 Whenever a lymph node could not be detected in the specimen,
but was likely a lymph node on ex-vivo MRI, samples of fatty tissue of that section
were separately enclosed. Additionally, immunohistochemical CD68 staining could
be performed to objectify the presence of macrophages that are responsible for
macrophage-linked accumulation of USPIO particles.29
$'+)G4'G/'+)%0/012,-,%
All lymph nodes were annotated on in-vivo MRI, ex-vivo MRI and the corresponding
tissue cassettes. Node-to-node matching was achieved by manually matching
nodes from in-vivo MRI to ex-vivo MRI, and subsequently from ex-vivo MRI to
pathology of the corresponding cassette. Lymph nodes visible on in-vivo MRI, but
could not be matched to ex-vivo MRI were not included analysis. This also held for
lymph nodes detected during pathology, but could not be matched to a lymph node
on ex-vivo MRI. From this node-to-node analysis and a binary distinction in in-vivo
MRI nodal scores (type 1-2-3 is positive, type 4-5-6-7 is negative) true/false positives
and negatives could be extracted with histopathology as ground truth.
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The goal of the study was to compare in-vivo detected lymph nodes on USPIOenhanced MRI with histopathology on a node-to-node basis. Numbers, largest
diameter and percentages of detected lymph nodes were measured from all three
modalities. Numbers and sizes were displayed in histograms (GraphPad Software,
Inc). The results of the USPIO-enhanced MRI interpretations for both readers were
assessed in cross tabulations. Inter-reader variability for all in-vivo scored lymph
nodes was calculated using nodal types documented and by using a dichotomous
parameter of the nodal types, dividing lymph nodes in two cohorts with (1)
predominantly high-signal regions (type 1-2-3, no iron uptake) and (2) predominantly
attenuated signal regions (type 4-5-6-7, iron uptake). Lymph nodes detected by only
one of the radiologists were discarded for the inter-reader variability. The agreement
of the nodal typing of the lymph nodes by the readers was measured by calculating
the Cohen’s Kappa (#) value (poor if # " 0.20, fair if 0.21" # " 0.40, moderate if 0.41"
# " 0.60, substantial if 0.61" # " 0.80, good if # > 0.80).
Only lymph nodes that could be matched from in-vivo to histopathology were used
in the validation analysis, of which the endpoint was the diagnostic performance of
the USPIO-enhanced MRI. T-tests, $2 tests and Mann Whitney-U tests were used to
determine the statistical significance of differences for ordinal and categorical
variables (IBM SPSS Statistics, version 22). A p value of less than 0.05 was
considered as statistically significant.
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Ten patients were included, of whom 2 female and 8 male patients with a mean age
of 64 years (SD 7.7). 5 patients were scheduled for TME surgery only (staged 4
cT2N0, 1 cT3N0) and 5 patients for nCRT followed by TME (staged: 1 cT3N1, MRF+,
2 cT3N2 and 2 cT4N2). Surgery consisted of a low anterior resection (5) or
abdominoperineal resection (5). Pathology revealed moderate to well differentiated
adenocarcinomas in all patients. The TME specimens were of a mean size of 21.4
cm (SD 4.0). Ten complete /(@S/S$ and &U@S/S$ datasets were retrieved. An example
of /(@S/S$) MRI is given in Figure 1. No allergic reactions to the infusion of
ferumoxtran-10 were observed.

Type 1
Type 2
Type 3
Type 4
Type 5
Type 6
Type 7
Total

Nodal type described by reader 1
Frequency (%)

Nodal type described by reader 2
Frequency (%)

33 (24%)
2 (1,5%)
14 (10%)
10 (7%)
0 (0%)
2 (1,5%)
77 (56%)
138 (100%)

48 (19%)
39 (15%)
6 (3%)
18 (7%)
1 (1%)
31 (12%)
112 (43%)
255 (100%)

,-./'( )!! ?,&-,*&.! +/! 1*//&-&2)! 2+1(3! )4G&#! )%()! .&-&! #$+-&1! 84! )%&! ).+! -&(1&-#! (GG+*2)&1! )+! )%&! 34'G%!
2+1&#!1&)&$)&1!)%()!.&-&!1&)&$)&1!+2!*2A,*,+!=P!DEF!1()(#&)#!

R1 detected a total of 138 lymph nodes with a median size of 2.6 mm (range 1.2–
12.3). R2 detected 255 lymph nodes with a median size of 2.4 mm (range 0.9–12.3).
Per patient, this was a median number of 13 (7–24) lymph nodes for R1 and 23 (15–
54) lymph nodes for R2. The total number of detected lymph nodes per patient
differed between the two readers (%) = 0.005). No peritumoral deposits were
described. All nodal enhancement types were described of which type 1 (23.9% and
18.8%, reader 1 and 2) and type 7 (55.8% and 43.1%; R1,R2) most frequently. An
overview of all classified nodes is shown in Table 3. Sixteen lymph nodes were
scored with large discrepancies by the readers and were re-scored as a type 1 (N=7)
and as a type 7 (N=9). Nodal classification for the nodes detected by the two
observers was performed with moderate agreement (#=0.433), which improved to
a substantial agreement with the subdivision nodal type 1-2-3 versus 4-5-6-7
(#=0.732).
On &U@S/S$ images, 428 lymph nodes within the 10 specimens were annotated with
a median size of 2.1 mm (range 0.7–8.9). During pathological examination, 216
lymph nodes, of which 19 metastatic, were discovered with a median size of 2.9 mm
(range 0.7–16.9).
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This means that &U@S/S$ MRI revealed more lymph nodes than that could be
discovered during pathological examination. One specimen was macroscopically
evaluated without &U@S/S$ MR guidance. Size distribution of all lymph nodes
separately detected on all three modalities are displayed in Figure 2 A-D.
%
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After comparing /)@S/S% with 'U@S/S% MR datasets, a node-to-node match from /)@S/S%
to 'U@S/S% was possible for 70 lymph nodes. An example of correlating a lymph node
from /)@S/S%! MRI to! 'U@S/S% MRI to final histopathology is given in Figure 3. MRguided pathology enabled a correlation from 'U@S/S% MRI to histopathology for 88 of
the 216 lymph nodes. By combining these matching results, a match from /)@S/S%
MRI to final histopathology was possible for a total of 55 lymph nodes, of which 43
(out of 138) lymph nodes scored by R1 and 49 (out of 255) lymph nodes scored by
R2, respectively. The median size of the lymph nodes with a complete node-to-node
match was 3.2 mm (range 1.2–12.3; size distribution displayed in Figure 2E).
High signal intensity versus predominantly attenuated signal intensity regions was
used for a comparison between USPIO-enhanced MRI appearance and pathologic
diagnosis. For R1 and R2 respectively, the following rates were calculated: true
positive rate of 11% and 11%; false positive rate of 89% and 90%; true negative rate
of 82% and 86%; false negative rate 18% and 14% (Table 4). Sub-analysis comparing
irradiated versus nonirradiated lymph nodes and lymph nodes harvested from low
anterior versus abdominoperineal resection revealed no differences in false positive
rates. Lymph nodes with predominantly high signal intensity appeared as lymph
node metastases on pathology in a minority of the cases (example shown in Figure
4). Lymph nodes with attenuated signal on USPIO-enhanced MRI! "ppeared
frequently as normal lymph nodes (Figure 5).
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Twenty lymph nodes with high signal intensity on USPIO-enhanced MRI without
lymph node metastases on initial histological evaluation were analyzed in further
detail. Histological slides were reviewed for potentially missed tumor cells. Multiple
new histological subsections were taken to detect metastasis throughout all
compartments of the lymph nodes. These re-evaluations did not reveal tumor
metastasis but showed benign lymph node tissue with reactive follicles. Additional
staining immunohistochemistry with CD68 showed a normal distribution of
macrophages throughout 6 selected lymph nodes (an example shown in Figure 6).
Iron deposits could also not be discovered during histopathological evaluation.
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The current study showed the first results of 3D USPIO-enhanced MRI on a 3 Tesla
MR-system. It was technically feasible to perform high-quality MR images of the
mesorectum showing many detectable lymph nodes from 1 mm and larger in size.
High-resolution 3D MRI enhanced with USPIO nanoparticles allowed the detection
of small lymph nodes /(@S/S$, which required a renewed validation. The workflow
with an intermediate &U@S/S$ MRI scan of a surgical specimen enabled a node-tonode validation in only 31% and 19% of the lymph nodes detected by two
independent readers. Variations were seen in the number of detected lymph nodes
on both /(@ and &U@S/S$ MRI and on histopathology. With &U@S/S$ MR imaging as a
reference, 16.3% of the lymph nodes could be related to /(@S/S$ MRI and 20.6% to
definite histopathology, respectively.
Since the introduction of the USPIO nanoparticles, studies have shown high
accuracy for malignant lymph node detection.30 These results could not be
reproduced. Where high signal intensity regions on iron-sensitive MRI were
previously reported as highly predictive for tumor metastasis 19, suspicious lymph
nodes in our cohort retained high MR signal intensity without a pathological
substrate. Metastatic changes were seen on pathology in only a 6 of our evaluated
suspicious lymph nodes (type 1-2-3). Apart from 3 lymph nodes that consisted
predominantly of acellular mucin, most lymph nodes had a preserved, nonmetastatic architecture with reactive lymph nodal follicles and macrophages
present within the lymph nodes.
The high signal intensity in non-metastatic lymph nodes indicates a lack of USPIOloaded macrophages or insufficient accumulation of iron particles in lymph nodes
to cause a drop in signal intensity. This may be explained by an inflammatory
response within these lymph nodes, either caused by the presence of the tumor, or
as a consequence of nCRT. Although sub-analysis comparing irradiated versus
nonirradiated lymph nodes revealed no differences, this observation might be due
to the number of included patients. It is conceivable that an increased immune
response with reactive lymphoid follicles could mimic a higher density of cells and
limit the accumulation of iron particles. Two studies reporting on USPIO appearance
in inflammatory lymph nodes described both signal reduction as well as reduced
USPIO particles in macrophages.20,31 A reduced uptake of USPIO particles in
macrophages could have led to higher signal intensities within nonmetastatic,
inflammatory lymph nodes, but this was not investigated in further detail.
Histological investigation in all dimensions of a subset of lymph nodes could not
reveal small tumor deposits within the node which could have been an explanation
for the remaining high signal intensity.
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The exact cause is of these high signal intensity lymph nodes on USPIO-enhanced
MRI without tumor metastasis found on histology remains unclear.
The standardized classification scheme was used with substantial interobserver
agreement between the two readers. Mainly lymph nodes with either high signal
intensity or without signal were described, meaning that intermediate nodal
appearances were not frequently seen. A large discrepancy was seen between the
number of lymph nodes detected. Differences in numbers of detected mesorectal
lymph nodes may be reader-dependent based on the experience of the radiologist
or on the time that was invested in lymph node evaluation.32 The evaluation time for
each of the two MRI readers was not measured, but the time spent could partly
account for the difference. Another reason could be the relative inexperience with
the MRI sequences used for imaging lymph nodes located in the mesorectum.
Although the number of detected lymph nodes differed, the classification of the
nodes by both readers was very similar.
)
A final node-to-node match was not possible for many nodes detected by the
readers. Challenges were found in both translations from /(@S/S$ to &U@S/S$ MRI as
well as from &U@S/S$ MRI to pathology. Firstly, due to differences in spatial resolution,
not all nodes discovered on &U@S/S$ MRI could be discovered /(@S/S$. Secondly, lymph
nodes scored /(@S/S$) were located throughout the whole mesorectum and distal
mesocolon and part of those could have remained in situ after surgery. Thirdly,
formalin fixation could have interfered with the translation from /(@S/S$ to &U@S/S$
MR, since it can lead to shrinkage and may alter anatomical references compared
to the /(@S/S$) situation.33,34 Fourthly, the challenging part in linking &U@S/S$ MRI to
pathological examination was the translation from 3D to a 2D pathological workup.27
Previous studies of similar node-to-node comparisons of lymph nodes showed
better outcomes without using an intermediate MRI scan.18,19 However, spatial
resolution of the 1.5 T MRI images was lower, and the number of detected lymph
nodes per patient was much lower (333 nodes in pathology of 28 patients19, versus
216 nodes in 10 patients in our study), indicating a bias towards larger nodes. With
that study design, 62-65% of the lymph nodes could be matched with a mean size
diameter of 4.6-4.7 mm compared to our median 2.4-2.6 mm. In line with other
studies, larger lymph nodes could also be more successfully linked to pathology.
New imaging techniques with concomitant higher spatial resolution will visualize
smaller structures, which will lead to challenges in translating imaging findings to
the reference standard. Therefore, the size of lymph nodes plays a substantial role
in the success of node-to-node matching.
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A few limitations should be discussed. First, the translation from /(@S/S$ to pathology
had remaining challenges as described above, which led to a selection bias for
larger lymph nodes included in the node-to-node analysis. Second, the size of the
study cohort ideally would have been larger with a greater harvest of lymph nodes
on imaging as well as on pathology. Despite the small number of included patients,
a large number of lymph nodes could still be examined. Third, our study contained
a limited number of matched lymph nodes that contained tumor metastases which
might be due to the inclusion of non-locally advanced or LARC treated with nCRT.
To conclude, the current study is the first to present 3-dimensional 3T USPIOenhanced MRI in rectal cancer patients correlated to histopathology. Lymph nodes
with high signal intensity on in-vivo MRI were either benign with high immunologic
activity or contained metastases. There are challenges to overcome regarding to
improve node-to-node matching from clinical MRI to pathology. Further prospective
studies are needed to provide more insight into the function and behavior of lymph
nodes in rectal cancer and improvements are to be made to correlate smaller lymph
nodes to histopathological findings.

155

Chapter 7

"#8#)#($#.!$9&3%#)!I!
1.
Brouwer NPM, Bos A, Lemmens V, et al. An overview of 25 years of
incidence, treatment and outcome of colorectal cancer patients. International
journal of cancer 2018;143:2758-66.
2.
Beets-Tan RGH, Lambregts DMJ, Maas M, et al. Magnetic resonance
imaging for clinical management of rectal cancer: Updated recommendations from
the 2016 European Society of Gastrointestinal and Abdominal Radiology (ESGAR)
consensus meeting. European radiology 2017.
3.
Elferink MA, Siesling S, Lemmens VE, et al. Variation in lymph node
evaluation in rectal cancer: a Dutch nationwide population-based study. Annals of
surgical oncology 2011;18:386-95.
4.
Brouwer NPM, Stijns RCH, Lemmens V, et al. Clinical lymph node staging in
colorectal cancer; a flip of the coin? European journal of surgical oncology : the
journal of the European Society of Surgical Oncology and the British Association of
Surgical Oncology 2018;44:1241-6.
5.
Cerny M, Dunet V, Prior JO, et al. Initial Staging of Locally Advanced Rectal
Cancer and Regional Lymph Nodes: Comparison of Diffusion-Weighted MRI With
18F-FDG-PET/CT. Clin Nucl Med 2016;41:289-95.
6.
Doyon F, Attenberger UI, Dinter DJ, Schoenberg SO, Post S, Kienle P. Clinical
relevance of morphologic MRI criteria for the assessment of lymph nodes in patients
with rectal cancer. Int J Colorectal Dis 2015;30:1541-6.
7.
Heijnen LA, Lambregts DM, Mondal D, et al. Diffusion-weighted MR imaging
in primary rectal cancer staging demonstrates but does not characterise lymph
nodes. European radiology 2013;23:3354-60.
8.
van Heeswijk MM, Lambregts DM, Palm WM, et al. DWI for Assessment of
Rectal Cancer Nodes After Chemoradiotherapy: Is the Absence of Nodes at DWI
Proof of a Negative Nodal Status? AJR American journal of roentgenology
2017;208:W79-w84.
9.
Zhang H, Zhang C, Zheng Z, et al. Chemical shift effect predicting lymph
node status in rectal cancer using high-resolution MR imaging with node-for-node
matched histopathological validation. European radiology 2017;27:3845-55.
10.
Koh DM, George C, Temple L, et al. Diagnostic accuracy of nodal
enhancement pattern of rectal cancer at MRI enhanced with ultrasmall
superparamagnetic iron oxide: findings in pathologically matched mesorectal lymph
nodes. AJR American journal of roentgenology 2010;194:W505-13.
11.
Langman G, Patel A, Bowley DM. Size and distribution of lymph nodes in
rectal cancer resection specimens. Diseases of the colon and rectum 2015;58:40614.
12.
Wang C, Zhou Z, Wang Z, et al. Patterns of neoplastic foci and lymph node
micrometastasis within the mesorectum. Langenbecks Arch Surg 2005;390:312-8.

156

USPIO-enhanced MRI of lymph nodes in rectal cancer: a node-to-node comparison with histopathology

13.
Gietelink L, Wouters M, Marijnen CAM, et al. Changes in nationwide use of
preoperative radiotherapy for rectal cancer after revision of the national colorectal
cancer guideline. European journal of surgical oncology : the journal of the European
Society of Surgical Oncology and the British Association of Surgical Oncology
2017;43:1297-303.
14.
Fortuin AS, Bruggemann R, van der Linden J, et al. Ultra-small
superparamagnetic iron oxides for metastatic lymph node detection: back on the
block. Wiley interdisciplinary reviews Nanomedicine and nanobiotechnology 2017.
15.
Weissleder R, Elizondo G, Wittenberg J, Lee AS, Josephson L, Brady TJ.
Ultrasmall superparamagnetic iron oxide: an intravenous contrast agent for
assessing lymph nodes with MR imaging. Radiology 1990;175:494-8.
16.
Frija G, Clement O, Le Guen O, Cuenod CA, Siauve N, Benderbous S.
Experimental investigation of the delivery pathway of ultrasmall superparamagnetic
iron oxide to lymph nodes. Academic radiology 1996;3 Suppl 2:S299-300.
17.
Wu L, Cao Y, Liao C, Huang J, Gao F. Diagnostic performance of USPIOenhanced MRI for lymph-node metastases in different body regions: a metaanalysis. European journal of radiology 2011;80:582-9.
18.
Lahaye MJ, Beets GL, Engelen SM, et al. Locally advanced rectal cancer: MR
imaging for restaging after neoadjuvant radiation therapy with concomitant
chemotherapy. Part II. What are the criteria to predict involved lymph nodes?
Radiology 2009;252:81-91.
19.
Lahaye MJ, Engelen SM, Kessels AG, et al. USPIO-enhanced MR imaging for
nodal staging in patients with primary rectal cancer: predictive criteria. Radiology
2008;246:804-11.
20.
Koh DM, Brown G, Temple L, et al. Rectal cancer: mesorectal lymph nodes
at MR imaging with USPIO versus histopathologic findings--initial observations.
Radiology 2004;231:91-9.
21.
Harisinghani MG, Barentsz J, Hahn PF, et al. Noninvasive detection of
clinically occult lymph-node metastases in prostate cancer. The New England
journal of medicine 2003;348:2491-9.
22.
Heesakkers RA, Futterer JJ, Hovels AM, et al. Prostate cancer evaluated
with ferumoxtran-10-enhanced T2*-weighted MR Imaging at 1.5 and 3.0 T: early
experience. Radiology 2006;239:481-7.
23.
Heald RJ, Ryall RD. Recurrence and survival after total mesorectal excision
for rectal cancer. Lancet 1986;1:1479-82.
24.
Glynne-Jones R, Wyrwicz L, Tiret E, et al. Rectal cancer: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Annals of oncology :
official journal of the European Society for Medical Oncology 2018;29:iv263.
25.
Philips BWJ, Stijns RCH, Rietsch SHG, et al. USPIO-enhanced MRI of pelvic
lymph nodes at 7-T: preliminary experience. European radiology 2019;29:6529-38.

157

Chapter 7

26.
Harisinghani MG, Saksena MA, Hahn PF, et al. Ferumoxtran-10-enhanced
MR lymphangiography: does contrast-enhanced imaging alone suffice for accurate
lymph node characterization? AJR American journal of roentgenology
2006;186:144-8.
27.
Stijns R, Philips B, Wauters C, de Wilt J, Nagtegaal I, Scheenen T. Can Ex Vivo
Magnetic Resonance Imaging of Rectal Cancer Specimens Improve the Mesorectal
Lymph Node Yield for Pathological Examination? Invest Radiol 2019;54:645-52.
28.
Quirke P, Palmer T, Hutchins GG, West NP. Histopathological work-up of
resection specimens, local excisions and biopsies in colorectal cancer. Digestive
diseases (Basel, Switzerland) 2012;30 Suppl 2:2-8.
29.
Salmi S, Siiskonen H, Sironen R, et al. The number and localization of CD68+
and CD163+ macrophages in different stages of cutaneous melanoma. Melanoma
Res 2019;29:237-47.
30.
Harisinghani MG, Saini S, Weissleder R, et al. MR lymphangiography using
ultrasmall superparamagnetic iron oxide in patients with primary abdominal and
pelvic malignancies: radiographic-pathologic correlation. AJR American journal of
roentgenology 1999;172:1347-51.
31.
Xue HD, Lei J, Li Z, et al. [Lymph node image with ultrasmall
superparamagnetic iron oxide and comparison with pathological result]. Zhongguo
Yi Xue Ke Xue Yuan Xue Bao 2009;31:139-45.
32.
Stijns RC, Scheenen TW, de Wilt JH, Fütterer JJ, Beets-Tan RG. The influence
of endorectal filling on rectal cancer staging with MRI. Br J Radiol
2018;91:20180205.
33.
Lam D, Kaneko Y, Scarlett A, D'Souza B, Norris R, Woods R. The Effect of
Formalin Fixation on Resection Margins in Colorectal Cancer. Int J Surg Pathol
2019;27:700-5.
34.
Kawai K, Morikawa T. The effect of formalin fixation on the size of pelvic
sidewall lymph nodes. Int J Colorectal Dis 2018;33:1493-5.

158

USPIO-enhanced MRI of lymph nodes in rectal cancer: a node-to-node comparison with histopathology

159

160

Chapter 8

Can ex-vivo MRI of rectal cancer
specimens improve the mesorectal
lymph node yield for pathological
examination?
R.C.H. Stijns, B.W.J. Philips, C.A.P. Wauters, J.H.W. de Wilt, I.D. Nagtegaal,
T.W.J. Scheenen
Investigative Radiology 2019 Oct;54(10):645-652

161

Chapter 8

7>.%)&$%!
53*6',)%
To use 7 Tesla ex-vivo MRI scans to determine the size of lymph nodes (LNs) in total
mesorectal cancer (TME) specimens and to increase the pathological yield of LNs
with MR-guided pathology.
>04)*-01%0/+%@)47'+,%
Twenty-two fixated TME specimens containing adenocarcinoma were scanned on
a 7 Tesla pre-clinical MRI system with a T1-weighted 3-dimensional gradient echo
(GRE) sequence with frequency-selective lipid excitation (repetition time/echo time
-TR/TE- 15/3 ms, resolution 0.293 mm3) and a water-excited 3-dimensional multiGRE (TR 30 ms, computed TE 6.2ms, resolution 0.293 mm3) pulse sequence.
The first series of 11 TME specimens (S1) revealed the number and size of LNs on
both ex-vivo MRI and histopathology. The second series of 11 TME specimens (S2)
was used to perform MR-guided pathology. The number, size and percentages of
yielded LNs of S1 and S2 were compared.
9),314,%
In all specimens (22/22), a median number of 34 LNs (IQR 26–34) was revealed on
ex-vivo MRI compared to 14 LNs (IQR 7.5–21.5) on histopathology (p = 0.003). Mean
size of all LNs did not differ between the two series (ex-vivo MRI: 2.4 vs. 2.5mm, p =
0.267; pathology: 3.6 vs. 3.5mm, p=0.653). The median percentages of harvested
LNs compared to nodes visible on ex-vivo MRI per specimen for both series were
not significantly different (40% versus 43%, p = 0.718). By using a size threshold of
>2mm, the percentage improved to 71% (S1) and to 78% (S2, p = 0.895). The median
number of harvested LNs per specimen did not increase by performing MR-guided
pathology (S1 14 LNs, S2 20 LNs; p = 0.532).
&'/?13,-'/%
Ex-vivo MRI visualizes more LNs than (MR-guided) pathology is able to harvest.
Current pathological examination was not further improved by MR-guidance. The
majority of LNs or lymph node like structures visible on ex-vivo MRI below 2 mm in
size remain unexplained, which warrants a 3-dimensional approach for pathological
reconstruction of specimens.
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The presence of lymph node (LN) metastases determines the treatment regimen in
rectal cancer patients. Magnetic Resonance Imaging (MRI) is known to be the
superior 3-dimensional imaging modality to identify and characterize the tumor as
well as LNs in-vivo with a high spatial resolution.1 T2-weighed fast-spin echo
sequences in particular enable detailed visualization of the anatomy of the pelvis.
LNs that are likely to be involved in rectal cancer are located in the mesorectum. The
fatty tissue surrounding the rectum with an outer border defined as the mesorectal
fascia (MRF), which forms an important anatomical barrier for tumor spread.
Metastatic LNs are a strong risk factor for local recurrence and for (disease-free)
survival, also after curative treatment.2 The cornerstone of curative treatment of the
disease is resection according to the principle of a total mesorectal excision (TME).3
Neoaduvant (chemo)radiotherapy is given prior to surgery in case of suspected LN
metastases or in case of locally advanced disease on clinical MRI.4
The approach for surgical resection in TME surgery depends on the height of the
lower pole of the tumour to the anorectal junction.5 Proximal or middle rectal
tumours are treated with an anterior resection and distal rectal tumours with an
abdominoperineal excision.6-10 Both approaches have significant morbidity and can
result in an impaired quality of life.11,12 The current clinical histopathological
evaluation of TME specimens focuses on tumor staging according to the TNM
criteria of the American Joint Cancer Committee.4,13 Next to assessing the extent of
the primary tumor, LNs are detected by inspection and palpation of thin axial tissue
slices. International guidelines prescribe a minimum pathological yield of 12 LNs.1416
National guidelines may deviate from this, such as in the Netherlands where 10
evaluated LNs are considered to be sufficient.17 There are many factors that can
influence LN yield such as age, surgery, systemic diseases and preoperative
treatment.18,19 Especially preoperative treatment in the form of (chemo)radiotherapy
can lead to a reduced LN yield potentially leading to understaging.18,20 High quality
pathological assessment of a TME specimen is therefore crucial.
Multiple studies have aimed to improve LN yield of pathological evaluation
investigating LN markers, such as methylene blue staining.21-24 Until now, no
research focused on the use of ex-vivo magnetic resonance imaging (MRI) to
visualize LNs in a TME specimen. Clinical MR systems for in-vivo staging of the
disease normally have a magnetic field-strength of 1.5 or 3 Tesla. Surgical
specimens can be examined with pre-clinical MR systems with a smaller magnet
bore size, higher magnetic field strength, and stronger magnetic field gradients.
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By applying dedicated ex-vivo MRI to rectal specimens, 3-dimensional imaging at a
high spatial resolution can be obtained with visualization of all LNs present in a
rectal specimen.25 Subsequently, these images can be used to guide the pathologist
towards the visible LNs during pathological work-up.
In this study, we developed a protocol for the use of 7 Tesla ex-vivo MRI scans of
TME specimens to determine the number and size of mesorectal LNs thereby
aiming to increase the pathological LN harvest after MR-guided pathology.
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A prospective, observational study to evaluate two series of rectal cancer
specimens was conducted in two referral centers for rectal cancer treatment. The
first series of rectal specimens (S1) was examined to establish the number and size
of LNs separately on ex-vivo MRI and on standard histopathology. Histopathology
of the first series was performed in a standard work-up with normal duration by
pathologists unaware of this study. LNs detected on ex-vivo MRI of the second
series (S2) were used to guide the pathologist during pathologic examination of the
specimen. Pathological work-up for S2 was an extensive search with a maximum of
two hours. The number, size and percentages of yielded LNs of S1 and S2 were then
compared. The number of LNs visible on clinical in-vivo T2-weighted MRI scans was
also assessed (repetition time (TR) and echo time (TE) of 3680-4980 ms and 93-95
ms, resolution 0.5x0.5x3.0 mm3). The study design is illustrated in supplemental
figure 1. This study was approved by the institutional review board of the medical
ethical research committee of the Radboud university medical centre with a waiver
of informed consent (registration number 2016-2490).
504-)/4,%
Twenty-two surgical specimens from patients with biopsy-proven rectal cancer who
were treated with a total mesenteric excision (TME) were included in the study. The
admission of neoadjuvant treatment according to Dutch clinical guidelines – short
course radiotherapy or long course chemoradiotherapy – was no exclusion
criterion.
CHG(-('%>9%-@0.-/.%
MR imaging of fixated rectal cancer specimens was performed on a horizontal 7
Tesla preclinical MR system (ClinScan, Bruker® BioSpin, Ettlingen, Germany) using
a volume coil. Next to a localizer, the MR protocol consisted of two parts: one part
focused on imaging lipids, and the other part focusing on imaging of water, similar
to in-vivo MRI of LNs at ultra-high field strength.26 MRI of lipids was performed with
a T1-weighted 3-dimensional gradient echo (GRE) sequence with frequencyselective lipid excitation at a high isotropic spatial resolution of 0.29x0.29x0.29 mm3
TR and TE of 15 and 3 ms, excitation flip angle of 10 degrees. MRI of water consisted
of a 3-dimensional multi-GRE pulse sequence of 5 acquired echoes and frequencyselective water excitation at the same spatial resolution (TR 30 ms, multiple TEs of
3.0, 7.6, 12.1, 16.6, 21.2 ms, combined into one computed TE image of 6.2ms,
excitation flip angle of 14 degrees).26 All TME specimens were of a size larger than
10 cm and were scanned in multiple sections. These were merged to one composed
lipid and one inherently co-registered water 3-dimensional MR image dataset.
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11 &U@S/S$ MRI (375 LNs)
vs.

Normal duration

Pathology (168 LNs)
22 TME
specimens
11 &U@S/S$ MRI (432 LNs)
vs.

Extensive search

11 x MR-guided pathology (193 LNs)
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To evaluate the &U@S/S$ MR images, annotations were drawn around the LNs on
composed lipid and water selective GRE images. Two datasets were used
simultaneously in search of spherical structures suggested to be a LN. A lymph
node, or a lymph node like structure, was defined as: a spherical structure visible in
three dimensions with low signal intensity on lipid and high signal intensity on water
selective GRE images, respectively. The assessment and differentiation between
small blood vessels and LNs was performed by simultaneously evaluating
transverse, sagittal and coronal cross-sections through the datasets. All &U@S/S$ MR
images were evaluated by a trained researcher to assess the number and size of
LNs or LN-like structures present in the TME specimen. The reader was able to make
thin maximum intensity projections.
>9G.3-+)+%6047'1'.2%
LNs detectable on &U@S/S$ MRI of S2 were annotated using the software package
MeVisLab (MeVis Medical Solutions, Fraunhofer MEVIS). The annotations were
shown to the pathologist during the macroscopic specimen examination. The
trained researcher who evaluated the &U@S/S$) MR images was present during the
specimen examination and provided a laptop with MR datasets with annotated
structures to provide navigation during pathology. Every spherical structure in three
dimensions detected on MRI was supposed to be harvested. The pathologist and
trained researcher used the MR images and annotations together to locate and yield
LN-like structures present in the surgical specimen. Conventional pathological
examination (S1) took approximately 30 minutes per specimen to stage the primary
tumor and harvest the LNs. A timeslot of 120 minutes was reserved for MR-guided
pathological evaluation (S2) per TME specimen.
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All specimens were fixated in 10% buffered formalin for at least 48 hours before &U@
S/S$ MRI. Macroscopic evaluation was done by slicing the specimen from the distal
resection margin to the proximal margin in serial transverse tissue lamina at a 5 mm
interval. Each transverse tissue slice was evaluated by inspection, palpation and
perpendicular slicing. Detected LNs or fatty tissue thought to contain LNs were then
embedded in paraffin. Subsequently, sections of 4-%m thickness were sliced from
each embedded paraffin tissue block, mounted on glass slides (6&2 cm) and stained
with hematoxylin–eosin.) In case of absence of LNs during microscopy, multiple
cross-sections of the paraffin-embedded tissue block were prepared to verify the
presence of LNs. Additionally, D2-40 en CD34 immunohistochemistry was
performed on a selection of fragments to expose lymphatic and/or vascular
structures.27
"404-,4-?01%0/012,-,%
The LN harvest by using MR-guided pathology compared to standard pathologic
work-up was evaluated. Baseline characteristics of the included patients were
compared using the unpaired T-test. The median number of LNs examined in both
series were calculated for explanatory variables across all stages. The number, size
and percentages of detected LNs of the two series were compared. T-tests, $2 tests
and Mann Whitney-U tests were used to determine the statistical significance of
differences for ordinal and categorical variables, respectively. A % value of less than
0.05 was considered to be statistically significant. The data were analyzed with the
SPSS Statistics V22.0 (SPSS Inc, Chicago, Illinois, USA). Sizes and frequencies were
additionally displayed in histograms made with Graphpad Prism 5.03 (GraphPad
Software, Inc).
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Twenty-two TME specimens with biopsy-proven adenocarcinoma of the rectum
were included in the study. All 22 specimens were successfully scanned with our
protocol designed for &U@S/S$ 7 Tesla lipid and water selective MR imaging. The
composed lipid and water selective datasets were used for the detection of roundshaped structures and all structures visible could be evaluated in three dimensions.
An example of the 3-dimensional MR datasets is displayed in figure 1 and 2.
Relevant patient-related baseline and pathology characteristics did not reveal
significant differences, except for the mean age (table 1).
In general, more LN-like structures were discovered on MRI than lymph nodes were
harvested during pathological examination. On clinical, /(@S/S$ MR images a median
number of 14 LNs for S1 (IQR 8 – 16) and 12 LNs for S2 (IQR 8 – 16) were visible,
without statistical significant difference (% = 0.899). Overall,)a median number of 34
(IQR 26 – 43) and 14 (IQR 7,5 – 21,5) LNs per specimen were revealed on &U@S/S$
MRI and histopathology, respectively. This median difference in yield was significant
for both series (S1 %)= 0.003; S2 %)= 0.004 – calculated with Mann-Whitney U test).
For each individual specimen the total number of LNs or LN-like structures that was
detected on &U@S/S$ MRI was the largest over /(@S/S$ or histopathologically detected
nodes (figure 3A-B). Numbers and size for detected LNs on &U@S/S$ MRI and during
pathological examination for both series are presented in table 2. The mean size of
all LNs did not differ between the two series (&U@S/S$ MRI: 2,4 mm vs. 2,5 mm, %)=
0.267; pathology: 3.6 mm vs. 3.5 mm, %)= 0.653; calculated with one-sample T-test).
The admission of neoadjuvant chemoradiotherapy did not lead to a mean size
difference between harvested LNs. The size distribution of harvested LNs appeared
similar between the two series (figure 4). Final pathological assessment showed no
differences between both series for the median number of LNs harvested during
pathological examination (14 LNs for S1, range 4 – 30; and 20 LNs for S2, range 5 –
29, % = 0.532).
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Mean age (year)
Sex
Neoadjuvant treatment

Surgery

Pathological T stage

Pathological N stage

Malignant
nodes
(median)
Total nodes (median)

Male
Female
None
Short course radiotherapy
Chemoradiotherapy
Low anterior resection
Abdominoperineal
excision
pT0
pT1
pT2
pT3
pT4
pN0
pN1
pN2

Series 1 (N=11)
62
5
6
5
3
3
8
3

Series 2 (N=11)
68
9
2
6
1
4
5
6

1
1
3
6
0
6
3
2
1.0
(0 – 7)
14.0
(4 – 30)

2
4
1
4
0
8
3
0
0.0
(0 – 2)
20.0
(5 – 29)

P value
0.024 (T-test)
0.076 (c2)
0.540 (c2)

0.193 (c2)

0.316 (c2)

0.319 (c2)

0.284 (Mann)
0.532 (Mann)
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Series 1

Series 2

P-value of
% LN
harvest

EY'E**'*S5T&'K$B"@'($F"(&"6'''''''''''''
'
Ex vivo MRI
Pathology
(N=11)
(N=11)

Total %
harvested

Ex vivo MRI
(N=11)

Pathology
(N=11)

Total %
harvested

,*"-.&+*$)/&&

375

168

44.8%

432

193

44.7%

0)-+&/12)&
3445&&

2.4 (0.7 –
8.0)

3.6 (0.5 –
10)

2.5 (0.5 –
8.9)

3.5 (1.0 –
13.0)

'
ZY'U$'T6"D$T"6)(<A"'(6")(5"K('$6'@&$6('%$;6@"'6)B<$(&"6)TS'
''
Ex vivo MRI
Pathology
%
(N=8)
(N=8)
harvested
,*"-.&+*$)/&&
302
133
44%

Ex vivo MRI
(N=7)

Pathology
(N=7)

%
harvested

267

122

52.2%

0)-+&/12)&
3445&&

3.7 (0.5 –
10.0)

2.6 (0.1 –
6.2)

3.7 (1.0 –
13.0)
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''
Ex vivo MRI
Pathology
(N=3)
(N=3)

Ex vivo MRI
(N=4)

Pathology
(N=4)

%
harvested

135

49

36.3%

2.0 (1.1 –
5.1)

2.3 (1.0 –
5.0)

2.6 (0.7 –
8.0)

,*"-.&+*$)/&&

73

35

0)-+&/12)&
3445&&

2.3 (0.8 –
4.1)

3.2 (1.0 –
8.0)

47.9%

0.636

-

0.306

-

0.459

-
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Distribution of nodes on ex vivo MRI S1

Distribution of nodes on ex vivo MRI S2
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Ratios of LN yield compared to the number of LNs detected on &U@S/S$ MRI were
calculated to provide further insight in the potential benefit of MR-guided pathology.
A median 40% (range 13-95%) of the nodes visible on &U@S/S$ MRI were
pathologically harvested for S1 and 43% (range 27-73%) for S2. By using a size
threshold for nodes > 2 mm, the median percentage of harvested LNs improved to
71% (range 20 – 150%) and 78% (range 38 – 250%) for S1 and S2, respectively.
Statistical significance was tested by using the Mann-Whitney U test.
The paraffin-embedded tissue blocks of 34 tissue fragments in which initially no
LNs were found, were cross-sectioned multiple times.) This sub-analysis revealed
two additional LNs (an example is illustrated in supplemental figure 2). The crosssections of the 32 other tissue blocks revealed nerve branches and blood vessels.
The D2-40 and CD34 immunohistochemistry was also performed on these tissue
samples. The immunohistochemical analysis using D2-40 and CD34 did not expose
any additional lymphatic structures in these fragments.
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In this work we evaluated the use of ultra-high field MRI of surgical TME specimens
to guide pathology for extensive LN staging. Our MR protocol enabled obtaining
isotropic, high spatial resolution images of good quality. This 3-dimensional MR
visualization of a surgical specimen is, to our knowledge, a novel approach to
interpret and use ex-vivo ultra-high field MR imaging for pathological support. By
performing lipid and water selective imaging on a specimen that consists of a
substantial proportion of lipid tissue, LNs and blood vessels, recognition of LNs or
small water-containing spherical structures could be done in a straightforward way.
Unfortunately, the current study did not show an effect of MR-guidance on the
number and size of LN harvested from a rectal specimen. A remarkable finding was
that ex-vivo MRI visualized significantly more and significantly smaller LNs than
those yielded during pathological examination. Even with additional effort
consisting of multiple sectioning and immunohistochemistry of excised tissue
fragments, an increased pathological LN yield could not be verified. No histological
substrate was detected for small structures that were clearly visible on ex-vivo MRI,
which leaves us in nescience on the exact anatomy of these radiological structures.
The hypothesis that these LN-like structures could be found using MR-guided
pathology, was not confirmed. The question arises what those < 2 mm MR
structures could be, apart from LNs. It could be that these structures are LNs, but
are missed during pathological evaluation. If not seen or palpated, it is challenging
to incorporate the correct corresponding tissue fragments for further histological
work-up. Moreover, in 4 patients minor differences between the number of LNs on
ex-vivo MRI and pathology were seen, without any specimen- or scanning-specific
explanation for this observation. These specimens did show a relatively large
proportion of LNs > 2 mm on ex-vivo MRI (59-88%), which are theoretically more
easy to find during pathological evaluation.
Multiple microscopic cross sections of tissue fragments not immediately revealing
LNs that were visible on ex-vivo MRI, revealed vascular structures, nerve branches,
or only lipid tissue on microscopic evaluation. On a simultaneous evaluation of
transverse, sagittal and coronal MR images these representations of tubular
structures such as vessels and nerves can be easily differentiated from the
appearance of LNs. The 3-dimensional visualization with high spatial resolution
makes it unlikely to mistake LNs for tubular structures. The application of MRguided pathology can be suffering from a learning curve, as a result of which the
effect of MR-controlled pathology is not yet visible. It seems plausible that the
translation from a 3-dimensional MR dataset to a 2-dimensional approach such as
current pathological evaluation is even more challenging than presumed, which
might have resulted in missing LNs below a certain size.
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Perhaps, a 3-dimensional pathological approach of TME specimens may improve
the anatomical correlation of 3-dimensional MRI with pathology.
Optimizing pathologic LN staging and LN yield has previously been investigated.
Zhang et al. aimed to predict the presence of LN metastases by evaluating chemical
shift effects on ex-vivo images with promising results.28 Although the prediction of
the LN status was not investigated in the current study, a combination of in-vivo and
ex-vivo ultra-high field MRI and LN prediction would be interesting.26,29 Recent
literature regarding pathological improvements mainly focused on the postoperative use of methylene blue staining.21,22,24,30-33 Methylene blue injection into the
superior rectal artery significantly increased the mean number of LN harvest in
rectal cancer patients treated by TME surgery with and without neoadjuvant
chemoradiotherapy. Also LN revealing solutions such as glacial acetic acid, ethanol,
water and formalin (GEWF), and acetone have been investigated to enhance the
total LN retrieval from rectal specimens.34 Not only more, but also smaller LNs were
retrieved using these solutions. However, not only the quantity of evidence is limited,
also usage of these solutions involves health risks for people working with these
substances. Thus, although these pathology preparations identify the presence of
more and smaller nodes, they are not widely integrated in standard pathological
work-up.
The accuracy for the prediction of involved mesorectal LNs using MRI in-vivo is
approximately 75-80%.1 Morphological features such as irregular border, signal
heterogeneity and a round shape combined with size is the best predictor of nodal
involvement, but is subject to inter-reader variability, and accuracy drops
significantly for small LNs.35 There is increasing evidence that small LNs (" 3mm)
can contain tumor metastases.25 Wang et al.36 described a series of 31 rectal
specimens that were examined for patterns of tumor spread and metastasis.
128/972 examined LNs in this study contained tumor metastases, of which
approximately 93% of the metastatic nodes were of a size 0.5 – 5 mm. Märkl et al.37
showed that in colon cancer, where neoadjuvant treatment has no role, LN
metastases were discovered in nodes with a size of 1 – 5 mm. These results imply
that the detection of small LNs in rectal cancer is also relevant to prevent
pathological understaging, especially since neoadjuvant (chemo)radiotherapy is
thought to further reduce the number and size of LNs.18
The mean number of LNs examined in literature varies from 14 – 20 nodes per
specimen, which is in line with current international standards.33,38-40 Variations
between pathology laboratories are known regarding the number of LNs that are
evaluated in rectal cancer. This variety may be dependent on the biology of the
tumor, but is also related to the effort of the surgical and pathology team.41,42
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Academic and teaching hospitals with different resources and workload are thought
to produce and examine a larger number of LNs.43-45 The current study was
performed in academic and/or teaching centers for rectal cancer treatment. This
might explain why LN yield did not increase by the additional MR-guidance. On the
other hand, it can be stated that current standard pathologic examination is
sufficient in harvesting the number of LNs as subscribed by international
guidelines.4
This study has some limitations. First, the study cohort of 22 specimens may not be
large enough to prove a significant difference in median LN harvest between the two
approaches. Second, a large proportion of the ex-vivo MRI annotated LNs could not
be detected during pathology. Although we were able to obtain high-quality lipid and
water selective MR imaging which enabled a more or less straightforward
recognition of LN-like structures in three dimensions, the question whether all these
structures are indeed LNs remained unanswered. A 3-dimensional pathological
analysis of the whole specimens could provide further insight in future studies.

E+($':.-+(!
In conclusion, ex-vivo 7T MRI at a high spatial resolution visualized structures that
were challenging to harvest during (MR-guided) pathology. The current study design
with MR-guidance was not able to further improve standard pathological work-up to
increase the LN yield. The histological origin of the majority of spherical structures
below 2 mm in size on MRI remained unconfirmed, which warrants a 3-dimensional
approach for pathological reconstruction of specimens.
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Rectal cancer treatment has evolved in the past decades with perhaps as the most
important factor the development of standardized surgical treatment by total
mesorectal excision (TME). TME surgery significantly improved overall survival.
However, it is related to substantial morbidity and impaired functional outcome.1,2
The multidisciplinary treatment of rectal cancer is dependent upon stage, size, and
location of the tumour, but also on patient preference, expected functional
outcomes and predicted quality of life.3,4 Small superficial tumours without evidence
of lymphatic spread do not need TME surgery, and can be treated with limited local
excision.5 Unfortunately, the majority of rectal cancer patients present with larger
tumours for which TME surgery is required with or without neoadjuvant
(chemo)radiotherapy. Multimodal treatment has demonstrated to decrease the
local recurrence risk and to improve disease-free survival by increasing the
likelihood of achieving complete resection margins.6-10 Downsizing and
downstaging of the tumour can enhance surgical treatment, but could also lead to
organ preservation regimes.11 Nowadays organ preserving strategies and
improvements in response assessment receive increasing attention in all stages of
rectal cancer.
In case of a good but incomplete response, less extensive surgical options such as
local full thickness excision of the tumour and rectal wall may be feasible.12
Complete responding tumours could be eligible for watchful waiting with intensive
follow-up in which surgery is completely omitted.13,14 The Dutch Colorectal Cancer
Group (DCCG) conducted a prospective, multicentre study (CARTS) exploring the
feasibility of local excision after neo-adjuvant chemoradiotherapy (CRT) in patients
with distal early rectal cancer. In this thesis, long term follow-up analysis of the
CARTS study showed that CRT followed by transanal endoscopic microsurgery
(TEM) for cT1-3N0 rectal cancer patients appears to be an oncologically safe
alternative to TME with overall good health-related quality of life.15 Organ
preservation could be successfully achieved in 64% of the study cohort and local
recurrence and disease-free survival rates were similar to those of conventional
TME surgery.16 Patients who experienced recurrence of disease were almost all
identified in the first 2 years after treatment. Patients at risk were those with an ypT2
tumour after TEM who had refused a completion TME. Unfortunately, this organ
preserving treatment was accompanied with functional disorders, known as the Low
Anterior Resection Syndrome, although the patients did not undergo a low anterior
resection. These impaired functional outcomes were also seen in similar organ
preserving studies, suggesting that any form of neoadjuvant treatment or surgery
for the rectum is a potential risk factor for bowel dysfunction.17-19
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One of the learning points of the CARTS study is that adequate response monitoring
is important in choosing the appropriate subsequent treatment.
A treating surgeon must be aware of the risk of undertreatment when organ
preservation is pursued, but also overtreatment can occur. Proper response
assessment after neoadjuvant treatment is therefore crucial in detecting patients
who could be eligible for less extensive treatment. This assessment should focus
on the tumour bed as well as on the locoregional lymph nodes. As in many organ
preserving studies, selection for less extensive treatment after CRT is performed by
using MRI and/or endoscopy.20-26 Maas et al. already showed that the multimodal
approach was most appropriate for re-assessing locally advanced rectal cancer, but
only limited data existed regarding non-locally advanced disease.27
We studied the re-assessment after neoadjuvant treatment in early tumours from
the data of patients in the CARTS study added with patients treated in the Laurentius
Hospital. It was demonstrated that re-assessment with diffusion weighted imaging
(DWI-) MRI was less accurate as with endoscopy as a single modality. (DWI-)MRI
and endoscopy are complementary to each other and the combination results in the
highest accuracy for assessment of complete response. Both modalities focus on
different aspects of the tumour extent. Endoscopy evaluates the tumour bed with
respect to ulcer healing, scarring, telangiectasia and erythema of the rectal wall.28,29
Absence of any residual mucosal abnormality on endoscopy is related to a clinical
complete response, but for an accurate response assessment of a good or complete
response, MRI is needed.30 (DWI-)MRI combines information on morphological
changes associated with tumour response with information on functional changes
related to underlying tissue architecture. 31 Hence, DWI-MRI is able to distinguish
fibrosis from viable tumour. A typical clinical complete response is seen as a flat
white scar on endoscopy and no diffusion signal in the fibrotic tumour bed on DWIMRI. DWI-MRI is accurate to identify residual disease, although microscopic residual
disease remains difficult to detect.32 Combining this information from both
modalities, key information can be provided in a multidisciplinary meeting to decide
whether local excision or watchful waiting instead of TME surgery can be performed
for a good responding tumour.
Guidelines dictate a standard MRI (re)staging protocol without the use of endorectal
filling (EF) with air, water or ultrasonography gel. Yet, EF is used in many centres to
better detect the location of small intraluminal rectal lesions. Filling of the rectum
however creates distention, which can potentially influence staging and alter
distances between anatomical structures. Especially the distance of the tumour to
the anorectal junction or mesorectal fascia can differ on MRI with or without EF.33
Our analysis on the use of EF-MRI suggests that inexperience in reading EF-MRI data
will lead to larger variation in the evaluation and staging or rectal cancer.
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We also showed that the visibility of lymph nodes is not necessarily impaired by
compression of the mesorectal fat.33,34 The use of EF-MRI is therefore not
recommended for readers without relevant experience and it is advised to follow
clinical guidelines and efforts should be made to avoid incorporating local
variations.35,36
Lymph node staging is essential in the selection of patients eligible for organ
preservation. From the Dutch national cancer registry we extracted data on the
accuracy of lymph node staging with MRI in daily clinical practice.37 Analysis of this
national database showed that lymph nodes were increasingly staged as clinically
positive, whereas pathology could not confirm this. The high rate of positive lymph
nodes may have caused overtreatment in the period that was analysed. This period
ran from 2003 to 2014 in which lymph node staging predominantly was dependent
on size criteria.38 In 2014, MR morphological criteria for nodal disease were
introduced resulting in less overstaging and reduction of preoperative treatment, but
there is still room for further improvement.39
The increase of clinically positive lymph nodes may have been a result of the
implementation of MRI with its unique visualization of soft tissue, thereby revealing
more lymph nodes. In case of assessment for organ preservation, not only positive
but also negative predictive value is indispensable. Reported predictors of negative
node status after neoadjuvant treatment are short axis size less than 2.5 mm, 70%
decrease in size compared to pre-treatment size and absence of lymph nodes on
DWI.40 MRI enhanced by ultra-small superparamagnetic iron oxide particles (USPIO
MRI) may further improve nodal staging especially in the smaller nodes"!"!So far,
USPIO-enhanced MRI was studied on 1.5 Tesla MR systems in 2-dimensional multislice examinations with limitations in spatial resolution.42 Until now, USPIO has not
yet been incorporated in current daily practice, since more clinical data that supports
its additional value in lymph node staging is needed. Current advanced imaging
technology allows USPIO-enhanced MRI to be performed on 3 Tesla MR systems
with three dimensional imaging at a high spatial resolution revealing lymph nodes
down to 1 mm in size.43 We investigated this in a study cohort consisting of 5
patients treated with TME surgery only and 5 patients treated with CRT followed by
TME surgery. The initial results showed that nodes with lack of iron uptake were
associated with metastatic as well as inflammatory lymph nodes. It did not result in
high positive predictive value for metastatic lymph nodes, but showed good true
negative values for non-metastatic lymph nodes. Previous work of USPIO-enhanced
MRI in rectal cancer patients showed that the estimation of white – high signal
intensity – regions in lymph nodes provided high sensitivity and specificity rates.44,45
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For the selection for e.g. local excision as a treatment option, a high negative
predictive value is important to rule out lymph node metastasis and confirm
eligibility for organ preservation. Further research must be done to investigate this
renewed approach of 3D high spatial resolution USPIO-enhanced MRI in the (re)assessment of rectal cancer.
High resolution MRI may not only be of use in the clinical assessment of rectal
cancer, but also aid in the pathological evaluation of rectal cancer surgical
specimens. By obtaining high resolution images of rectal cancer specimens at a
high magnetic field strength (7 Tesla), <1mm sized anatomical details of the TME
specimens are visible. Utilizing these MRI images as a guidance for pathological
work-up may increase the pathological lymph node yield and provide more certainty
on pathological N stage. The ex-vivo MRI images from our series revealed many
lymphoid structures and the main challenge was to harvest them during
pathological evaluation.46 With further development of current pathological work-up,
these MRI datasets could be able to guide the pathologist to all lymph nodes with
prognostic information. Moreover, ex-vivo imaging as an intermediate modality can
be of use as a diagnostic tool to compare radiological in-vivo findings to the ground
truth, histopathology.
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Organ preservation seems to be a safe treatment option in cT1-3N0 rectal
cancer, but should still be limited to clinical trials.
When organ preservation is pursued, re-assessment with both (DWI-)MRI
and endoscopy is compulsory.
Endorectal filling should not be part of the standard MR protocol both in
staging and restaging of rectal cancer.
Overstaging the lymph node status in rectal cancer is still common
USPIO-enhanced MRI might help in the selection of patients eligible for
organ preservation, but its use should be limited to clinical studies.
MRI can be used for guidance of histopathological evaluation
MRI is versatile, and can, apart from in vivo examinations, also be used as
an intermediate diagnostic tool from in vivo imaging to pathology
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Surgical treatment of rectal cancer treatment is moving from extensive surgery
towards organ preservation. Small very early staged rectal tumours can be treated
safely with local excision. However, for intermediate risk patients, such as high risk
T1 or low risk T2N0 rectal cancer, this is considered an inadequate treatment, given
the high risk of local recurrence.47 As a standard and oncologically safe treatment
option, these patients are advised to undergo radical TME surgery. Whether adjuvant
treatment with chemoradiation in these patients can lead to similar results is
studied in in the TESAR trial. Eligible patients are randomized between adjuvant CRT
or additional TME with a non-inferiority design and primary focus on local recurrence
rate.48 It is hypothesized that for tumours with intermediate risk for recurrence local
excision followed by adjuvant treatment may have similar oncological outcome with
improved morbidity, function and quality of life compared to conventional radical
TME surgery. Next to these study arms, there is also a registry for patients who are
randomized for radical surgery but do not want to be operated on. This study will
provide important information on patients treated with local excision for
intermediate risk rectal tumours and will potentially increase the number of future
rectal cancer patients treated with local excision with or without adjuvant treatment.
)
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Organ preserving treatment is also evaluated for primary resectable tumours
without nodal involvement. The STAR-TREC study, emerged from the CARTS and the
TREC trials, assigns patients to one out of two treatment groups based on patient
preference: (1) standard TME surgery group, or (2) organ preservation group. By
choosing for the organ preservation strategy, the patient will be randomized
between neoadjuvant RT or CRT with subsequent response assessment. In case of
good response with minor residual disease neoadjuvant treatment is followed by
TEM or in case of a clinical complete response by wait-and-see. The preoperative
treatment, radiotherapy versus chemoradiotherapy, will also be prospectively
compared regarding tumour response. Preoperative RT is investigated with specific
interest as a result of the TREC trial that showed good organ preservation outcomes
when combined with TEM with pathological complete response rate of 30%.49
Follow-up will show what the effects of these different treatment regimens are on
quality of life and bowel function.
Organ preservation in locally advanced tumours with a clinical complete response
after neoadjuvant CRT are also being evaluated in a wait-and-see registry consisting
of specialized rectal cancer centres with an extensive follow-up regime .50 Several
observational organ preserving studies are also open for inclusion in other European
countries.51-53
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Incorporated in these organ preservation studies is a strict follow-up scheme for
detecting local regrowth or distant evidence of disease. Generally, these follow-up
regimens consist of close monitoring with digital rectal examination, endoscopy and
(diffusion weighted) MRI evaluation. This is endorsed by previously published
clinical trials and are based on empirical arguments instead of broad research.54,55
Next to optimization of patient selection after a good or complete response,
neoadjuvant treatment itself is subject to continuous improvement. Strategies with
different systemic agents and radiotherapeutic dosages are being investigated in
several international trials. The GRECCAR 12 study explores the addition of systemic
folfirinox prior to neoadjuvant CRT.56 Five fractions of radiotherapy followed by
FOLFOX chemotherapy may also be feasible for non-operative or less extensive
surgery.57,58 The RAPIDO and STELLAR trial investigated the effect of short course
radiotherapy followed by systemic treatment (CAPOX or FOLFOX) and subsequent
TME surgery.59,60 This regime was proposed to reduce the risk of distant metastasis
and improve survival. The risk of the occurrence of distant metastasis within 3 years
was similar or even slightly reduced with no differences in locoregional recurrence
rate. As a secondary outcome measure, pCR rates were higher for the experimental
RT plus systemic therapy cohort (30% and 22.5%) compared to conventional CRT
(17% and 12%). Although not yet incorporated in clinical guidelines, this intensified
approach will also be relevant when aiming for organ preservation due to its higher
probability of achieving a good or complete response. Similarly, even more
extensive combinations of induction systemic treatment followed by
chemoradiation, called total neoadjuvant treatment (TNT) demonstrated high
number of complete response rates and this might also become a future option to
further increase the organ preservation rate in rectal cancer patients.61
Dose-escalation RT by using HDR brachytherapy and EBRT aiming to increase the
amount of pathological CR without increasing toxicity levels could also be a feasible
option to increase the response.62-65 The OPERA study coordinated in Denmark, and
the OPAXX trial coordinated in the Netherlands, are enrolling patients for different
techniques of radiotherapy (contact) boost following neoadjuvant CRT aiming for
organ preservation without non-salvageable local pelvic recurrence.66 The ultimate
goal of these organ preservation studies is to improve quality of life, without
comprising oncological outcome. For patients who can be successfully treated with
preservation of the rectum, satisfying bowel function and a reduced colostomy-free
survival is being pursued. More data of currently open randomized trials will have to
be awaited prior to broad clinical implementation.
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Optimal staging of rectal cancer before and after chemoradiation is crucial for the
selection of organ preserving regimens. Differentiation between a good or complete
response, which is decisive for additional (local) excision or wait-and-see, remains
challenging and thus the need for more accurate prediction is growing.
Implementation of innovative techniques may aid in monitoring the response to
neoadjuvant treatment. Examples of these innovative techniques in tumour
response assessment are dynamic contrast enhanced (DCE) MRI and radiomics.
DCE analyses the vascularisation of the tumour that can help in identification of the
tumour and which may be a derivative of tumour angiogenesis and aggressiveness.
Visualization of tumour vasculature can also provide guidance in response
assessment.67 Radiomics is based on large imaging datasets in which extraction of
quantitative features are mathematically analysed, converted to data and can be
correlated to MR images in addition to the radiologist's assessment.68 The addition
of PET-CT, circulating tumour DNA and microarray analysis next to MRI may have
beneficial impact on further improving response assessment. 69,70
Current MRI quality already reveals many lymph nodes within the mesorectum, and
further development of imaging quality will lead to visualization of even more,
smaller lymph nodes.71 With increase of these visible structures and still no clear
identification tool of lymphogenic spread, the need for further investigation of
diagnostic tools remains. The traditional black-and-white assessment of images
acquired with an USPIO contrast agent does not yet differentiate sufficiently
between inflammatory response and metastasis. However, it may aid as a research
tool to mark lymph nodes with heterogenous appearance. USPIO may provide
information on lymph node morphology and immune response after a node-to-node
match with histopathology. Subsequent immuno-staining might reveal more
information on cell type distribution, the presence of specific cells of the immune
system responsible for iron accumulation in healthy lymph nodes and may guide
clinicians in refining the criteria for lymph node evaluation.72 Further investigation of
USPIO-enhanced MRI at an ultra-high magnetic field strength of 7 Tesla MRI with its
increased iron susceptibility effects may provide more insight in the working
mechanism of USPIO accumulation. An elaborate node-to-node validation with
pathology as the ground truth could lead the way to interpret these high resolution
images.73
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The treatment of rectal cancer has continuously been subject to change. TME
surgery is the current standard-of-care, but the introduction of neoadjuvant
treatment has resulted in a rapidly growing interest in less extensive treatment
regimens. Patients with a strong desire to avoid a colostomy or the morbidity of
TME surgery can be offered such an approach. Organ preservation now mainly takes
place in scientific studies or in patients who are not fit for radical surgery, but the
future is promising for rectal preserving therapy. The selection of eligible patients is
challenging due to difficulties in the identification of a good or complete responding
tumour. With the available evidence known so far, we have an optimized multimodal
assessment of response to neoadjuvant therapy. Studies in this thesis show that
MRI is essential at (re)staging moments and must be interpreted together with
endoscopic findings for a proper assessment. Variation in rectal cancer assessment
is not desirable and difficulties in lymph node staging have to be overcome. Finally,
long term follow-up of organ preserving strategies are to be awaited with respect to
oncological outcome, bowel function and quality of life.
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The best available treatment for patients with rectal cancer is surgery according to
the principles of a total mesorectal excision (TME). This treatment has resulted in
excellent oncological outcomes for patients with rectal cancer. However, it is
accompanied with substantial morbidity and occasionally mortality. The
introduction of neoadjuvant radiotherapy and chemoradiotherapy has paved the
way for a shift towards less extensive treatment in case of a good or complete
response.
Short-term outcomes of such organ preserving approaches are promising but less
is known regarding long-term follow-up and quality of life (QoL). The identification
of patients who respond well to neoadjuvant therapy is difficult which makes
selection of patients for less extensive surgery challenging. The radiological and
clinical (re)assessment of patients with rectal cancer is under continuous
improvement. To further improve and expand the knowledge on rectal cancer
treatment, we investigated organ preservation in early rectal cancer and
(radiological) assessment before and after neoadjuvant therapy in this thesis.
In all stages of rectal cancer, options exist to treat the tumour without the need for
a complete resection of the rectum. In Chapter 2, we reviewed current rectal
preserving options for different stages of rectal cancer and the variations in
neoadjuvant treatment that could lead to an increased response. In the earliest
rectal cancers (T1 with low risk for nodal involvement) local excision is generally
accepted and considered a safe treatment. Intermediate, cT1-3N0, rectal tumours
seem to be safely treated with neoadjuvant (chemo)radiotherapy followed by
transanal endoscopic microsurgery (TEM). However, guidelines state to follow such
treatment only in the context of a clinical trial. Larger, locally advanced tumours with
a complete response after neoadjuvant chemoradiotherapy can be registered in an
international wait-and-see registry with close follow-up when organ preservation is
desired. To increase the complete response rate, radiotherapy dose escalation,
multiple combinations of systemic treatment or other therapeutic agents can be
performed. The balance between optimal response and (potential) side effects of
the treatment still needs to be sorted out.
In Chapter 3 the long-term follow-up data of patients who participated in the CARTS
study for neoadjuvant therapy followed by TEM were described. Fifty-five cT1-3N0
distal rectal cancer patients were enrolled and underwent chemoradiotherapy. After
clinical and radiological reassessment of tumour response, 47 out of 55 patients
were treated with TEM. Of those patients treated with TEM, 35 patients were
successfully treated with local excision alone. TME surgery was advised and
performed for 16 patients with inadequate clinical or pathological response, or for
patients with local recurrence.
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After 5 years of follow-up, a local recurrence rate of 7.7%, a disease-free survival of
81.6% and overall survival of 82.8% was observed. QoL with a minimum of 1 year
after treatment showed similar results when compared with baseline with improved
emotional wellbeing in patients treated with TEM (P=0.001). Bowel function was
impaired in the organ preserving group, resulting in a form of Low Anterior Resection
Syndrome in up to 78%. This corresponds to reported functional outcomes after a
curative anterior resection without neoadjuvant treatment for rectal cancer patients.
Assessment of early rectal cancer patients after neoadjuvant treatment with
pathological comparison of the TEM resection was described in Chapter 4. Two
cohorts were analysed separately in this study. One cohort underwent endoscopic
re-evaluation after neoadjuvant treatment performed by five expert surgical
endoscopists (N=36). The other cohort (N=25) underwent complete MRI evaluation
alone and MRI evaluation combined with endoscopic information for a multimodal
reassessment. These three reassessment strategies for assessment of a complete
response were compared. Areas under the curve (AUC) were calculated based on a
five-point confidence scale ranging from (1) complete response to (5) no complete
response. Sensitivity and specificity rates were calculated using a dichotomous
parameter, whereas score 1-2 and 3-4-5 of the confidence interval were considered
complete or no complete response, respectively. The endoscopic evaluation
showed an AUC of 0.69, with a pooled sensitivity of 55.3% and pooled specificity of
80.0%. Agreement for separate endoscopic features between the readers was poor
to moderate. The AUC for MRI evaluation was 0.55 with sensitivity of 72.7% and
specificity of 42.9%. The best reassessment was performed with a combination of
endoscopic information and complete MRI evaluation, resulting in an AUC of 0.68
with sensitivity of 90.9% and specificity of 75.0%. Most important conclusion was
that good responding patients to neoadjuvant chemoradiotherapy can be best
identified by a multimodality approach.
The value of MRI in rectal cancer staging is undisputed. However, the use of
endorectal filling is still under debate whether better tumour localization outweighs
potential disadvantages. In Chapter 5, we aimed to provide more insight in the
(dis)advantages of endorectal filling by evaluating 47 rectal cancer patients who had
a staging MRI with and without filling of the rectum. Two experienced radiologists,
one with and one without experience in endorectal filling MRI, scored the MRI data.
Tumours tended to be overstaged with endorecal filling. Both readers were more
accurate without than with endorectal filling in T-staging (accuracy of 64% and 68%).
The distance of the tumour to an anatomical landmark, the anorectal junction,
increased with MRI with endorectal filling (P<0.001). We concluded that MRI with
endorectal filling showed no great advantages in tumour staging, it may lead to
overstaging of the tumour and that there are no strong arguments to include it in an
MR protocol.
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Lymph node staging is important for decision making in rectal cancer treatment,
however it is difficult to accurately predict the actual nodal stage. In Chapter 6 the
daily practice in colorectal lymph node staging was evaluated based on data of the
Netherlands Cancer Registry. A cohort of 100,211 colorectal patients treated with
surgery alone or short course RT with immediate surgery between 2003-2014 were
included for the analysis. Data on pathological lymph node stage remained stable
(approximately 35% for colon cancer and 33% for rectal cancer). From the period
2011-2014 sensitivity and specificity rates for the detection of lymph node
metastasis could be extracted, which were 41% and 84% for colon cancer, 38% and
87% for rectal cancer without short course RT and 56% and 67% for rectal cancer
with short course RT, respectively. Inadequate lymph node staging was common,
based on these retrospective data, with potential impact on treatment.
Although not part of standard radiological work-up for lymph node staging, an MRI
specific lymph node marker with the potential to improve clinical lymph node
staging is ultrasmall superparamagnetic iron oxide (USPIO). USPIO particles were
investigated in Chapter 7 in a series of 10 rectal cancer patients who underwent a
preoperative USPIO-enhanced MRI examination. Interpretations of the USPIO data
were compared one a node-to-node basis to histopathology by using an additional
high resolution MRI scan of the surgical specimen. These initial results showed that
in-vivo high resolution MRI visualizes a large number of lymph nodes, but with great
variation in detection between the two experienced radiologists (P=0.005). Nodes
that were detected by the two readers had a median size of 2.6 and 2.4 mm,
respectively. The two radiologists were able to score a level of suspicion for the of
nodal metastases on USPIO-enhanced MRI with substantial agreement (# = 0.73). A
node-to-node comparison was possible in only 55 detected lymph nodes, which
revealed a low true-positive rate for both radiologists of 11% and a high true negative
rate of 82% and 86%, respectively. Lymph nodes with high signal intensity on MRI
appeared as metastastic as well as immune-active on histopathology. Further
research must be performed to improve node-to-node matching and to provide
further insight in the working mechanism of USPIO-enhanced MRI.
An experimental use of high resolution MRI of surgical specimens was evaluated in
Chapter 8, in which ex-vivo MRI scans were made, aiming to improve pathological
lymph node yield. Twenty-two rectal cancer specimens were scanned on a 7 Tesla
pre-clinical MRI system for visualisation of lymph nodes located in the mesorectal
fat. The 22 specimens were divided into two series: an observational series without
MR-guided pathology and a series with MR-guided pathology. High resolution MR
revealed a median 34 lymph nodes (IQR 26-34) per specimen compared to 14 lymph
nodes (IQR 7.5-21.5) per specimen with pathological work-up, which did not improve
with MR-guided pathology.
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Using a size-threshold, it showed that with current pathological work-up, up to 80%
of the lymph nodes larger than 2 mm could be found.
Overall, the treatment of rectal cancer is subject to change and organ preservation
will become a standard treatment strategy. Further research will focus on long-term
oncological safety and health-related QoL and bowel function after such a
treatment. Developments of MRI applications in rectal cancer staging and
reassessment of the tumour after chemoradiotherapy is essential to be more
accurate in the selection of patients eligible for such an approach. The content of
this thesis contributes to improving the assessment of rectal cancer, supports the
development to organ preserving strategies and hopefully stimulates further
research on this topic.
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De best beschikbare behandeling voor patiënten met rectum carcinoom is een
resectie volgens de principes van de totale mesorectale excisie (TME). Deze
behandeling heeft geresulteerd in de best mogelijke oncologische resultaten voor
patiënten met rectum carcinoom, maar gaat gepaard met significante morbiditeit
en zelfs mortaliteit. De introductie van neoadjuvante radiotherapie en
chemoradiotherapie heeft de weg vrijgemaakt voor een verschuiving naar een
minder uitgebreide chirurgische behandeling bij tumoren met een goede of volledige
respons.
De korte termijn uitkomsten van orgaan sparende behandelingen zijn veelbelovend,
maar er is minder bekend over de lange termijn follow-up en over de kwaliteit van
leven. Het identificeren van patiënten die goed reageren op neoadjuvante therapie
is lastig wat de selectie voor minder ingrijpende chirurgie uitdagend maakt. De
radiologische en klinische (her)beoordeling van patiënten met rectum carcinoom
wordt continu verbeterd. Om de kennis over het rectum carcinoom uit te breiden,
werden in dit proefschrift orgaan preservatie bij vroege rectumkanker en
(radiologische) beoordeling voor en na neoadjuvante therapie onderzocht.
In alle stadia van het rectum carcinoom bestaan er mogelijkheden om de tumor te
behandelen zonder de noodzaak voor een volledige rectum resectie. In Hoofdstuk 2
werden de huidige rectum sparende opties voor alle verschillende stadia van het
rectum carcinoom besproken en de ontwikkelingen in neoadjuvante therapie die
kunnen leiden tot een nog betere tumor respons. Bij de vroegste vorm van het
rectum carcinoom (T1 met een laag risico op lymfeklier uitzaaiingen) is lokale
excisie al een algemeen aanvaarde en veilige behandeling. Intermediaire, cT1-3N0,
rectum tumoren lijken veilig te kunnen worden behandeld met neoadjuvante
(chemo)radiotherapie gevolgd door transanale endoscopische microchirurgie
(TEM). Het wordt tot op heden echter wel aanbevolen een dergelijke behandeling
enkel in studieverband uit te voeren. Grotere, lokaal uitgebreide tumoren met een
complete respons na neoadjuvante chemoradiotherapie kunnen worden vervolgd in
een internationaal wait-and-see register. Daarin wordt nauwkeurige follow-up
verkozen in plaats van een resectie wanneer het behoud van het rectum gewenst is.
Om de kans op een volledige respons te verhogen, wordt in studieverband
dosisescalatie in geval van radiotherapie, verschillende combinaties van
systemische behandeling of andere therapeutische co-medicatie uitgezocht. De
balans tussen een optimale respons en (potentiele) bijwerkingen van de
behandeling wordt nog onderzocht.
In Hoofdstuk 3 werden de lange termijn follow-up data beschreven van patiënten die
deelnamen aan de CARTS studie. Hierin werd gekozen voor neoadjuvante therapie
gevolgd door TEM in plaats van TME chirurgie.
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Vijfenvijftig cT1-3N0 patiënten met een distaal rectum carcinoom werden
geïncludeerd en ondergingen chemoradiotherapie. Na klinische en radiologische
herbeoordeling van de tumor werden 47 van de 55 patiënten behandeld met TEM.
Van de patiënten die met TEM werden behandeld, bleken 35 patiënten succesvol
behandeld met alleen een lokale excisie. TME chirurgie werd geadviseerd en
uitgevoerd bij 16 patiënten met onvoldoende klinische of pathologische respons, of
bij patiënten met een lokaal recidief. Na een follow-up duur van 5 jaar werd een
lokaal recidiefpercentage van 7.7%, een ziektevrije overleving van 81.6% en een
totale overleving van 82.8% gezien. Kwaliteit van leven na minimaal 1 jaar na de
volledige behandeling toonde vergelijkbare resultaten in vergelijking met baseline
met verbeterd emotioneel welzijn bij patiënten die werden behandeld met TEM
(P=0.001). Functionele klachten werden geobserveerd in de orgaan sparende groep,
wat resulteerde in klachten gelijk aan het Low Anterior resection Syndrome. Dit werd
gezien in 78% van de patiënten die orgaan sparend werden behandeld. Dit is
vergelijkbaar met functionele klachten die worden gezien na een curatieve
behandeling zonder neoadjuvante therapie for patiënten met rectum carcinoom.
Hoofdstuk 4 beschreef de analyse naar restadiering van vroege rectum tumoren na
neoadjuvante behandeling welke werd vergeleken met de pathologische uitslag van
de TEM resectie. In dit onderzoek werden twee cohorten afzonderlijk geanalyseerd.
Eén cohort onderging een endoscopische her-evaluatie na neoadjuvante
chemoradiotherapie uitgevoerd door vijf ervaren chirurgische endoscopisten
(N=36). Het andere cohort (N=25) onderging zowel een volledige MRI her-evaluatie
als een multimodale her-evaluatie bestaande uit de MRI data gecombineerd met
endoscopische informatie. Deze drie herbeoordeling strategieën voor het inschatten
van een complete respons werden met elkaar vergeleken. Hiervoor werden areas
under the curve (AUC) berekend op basis van een vijf-punt betrouwbaarheidsschaal
reikend van (1) complete respons tot (5) geen complete respons. Sensitiviteit en
specificiteit werd berekend door middel van een dichotome uitkomstmaat: score (12) een complete respons en (3-5) geen complete respons. De endoscopische
evaluatie toonde een AUC van 0.69, met een gepoolde sensitiviteit en specificiteit
van 55,3% en 80,0%, respectievelijk. De overeenstemming tussen de lezers over
afzonderlijke endoscopische kenmerken was slecht tot matig. De AUC voor de MRI
evaluatie was 0.55 met een sensitiviteit van 72,7% en een specificiteit van 42,9%. De
beste inschatting kon worden gemaakt met een combinatie van zowel de
endoscopische als de MRI data, resulterend in een AUC van 0.68 met een
sensitiviteit en specificiteit van 90,9% en 75,0%, respectievelijk. De belangrijkste
conclusie was dat goed reagerende patiënten op neoadjuvante chemoradiotherapie
het best geïdentificeerd kunnen worden door gebruik te maken van een multimodale
benadering.

207

Chapter 11

Er is geen discussie over de essentie van MRI bij de stadiëring van het rectum
carcinoom. Het gebruik van endorectale vulling echter staat nog ter discussie, met
name of een betere tumorlokalisatie door endorectale vulling opweegt tegen de
mogelijke nadelen. In Hoofdstuk 5 wilden we meer inzicht verschaffen over de vooren nadelen van endorectale vulling door 47 rectum carcinoom patiënten te
evalueren die een stadiërings-MRI hadden met en zonder endorectale vulling. Twee
ervaren rectum radiologen, één met en één zonder ervaring in MRI met endorectale
vulling, scoorden de MRI gegevens. De radiologen hadden de neiging om de tumoren
te overschatten met endorectale vulling. Beide readers waren nauwkeuriger zonder
dan met endorectale vulling in tumor stadiering (nauwkeurigheid van 64% en 68%).
De afstand van de tumor tot een anatomisch oriëntatiepunt, de anorectale overgang,
nam toe met MRI met endorectale vulling (P<0.001). We concludeerden dat MRI met
endorectale vulling geen grote voordelen liet zien bij tumorstadiëring, dat het kan
leiden tot overstadiëring van de tumor en dat er geen sterke argumenten zijn om het
te incorporeren in een MRI protocol.
Lymfeklierstadiëring bij het rectum carcinoom is belangrijk voor de besluitvorming
voor de juiste therapie, maar het is moeilijk dit nauwkeurig te voorspellen. In
Hoofdstuk 6 werd de dagelijkse praktijk van de colorectale lymfeklierstadiëring
geëvalueerd op basis van gegevens van de Nederlandse Kankerregistratie. Een
cohort bestaande uit 100.211 patiënten met colorectaal carcinoom die tussen 20032014 werden behandeld met een chirurgische resectie of kortdurende radiotherapie
met direct daaropvolgende chirurgische resectie werden geanalyseerd. Uit de
analyses bleek dat de pathologische lymfeklierstadiëring stabiel bleef in deze
periode (ongeveer 35% voor colon carcinoom en 33% voor rectum carcinoom). Uit
de periode 2011-2014 konden de sensitiviteit en specificiteit worden afgeleid, welke
respectievelijk 41% en 84% waren voor colon carcinoom, 38% en 87% voor rectum
carcinoom zonder preoperatieve radiotherapie en 56% en 67% voor rectumkanker
met preoperatieve radiotherapie. Op basis van deze retrospectieve data bleek dat
inadequate lymfeklierstadiëring vaak voor kwam met mogelijke gevolgen voor de
behandeling.
Hoewel het geen standaard plek heeft in de radiologische work-up voor lymfeklier
stadiering, bestaat er een MRI-specifieke lymfekliermarker met de potentie om de
klinische lymfeklierstadiëring te verbeteren, namelijk het ultrasmall
superparamagnetic iron oxide (USPIO). De toepassing van USPIO partikels bij het
rectum carcinoom werd onderzocht in Hoofdstuk 7 in een serie van 10 patiënten.
Deze patiënten ondergingen een USPIO-versterkt MRI onderzoek voorafgaand aan
de operatie. De USPIO-versterkte MRI werden op klier-tot-klier basis vergeleken met
de histopathologie door gebruik te maken van een additionele hoog-resolutie MRIscan van het chirurgische preparaat.
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De eerste resultaten van de toepassing van USPIO partikels toonden aan dat in-vivo
hoog resolutie MRI een groot aantal lymfeklieren visualiseert, maar met grote
variatie in detectie tussen twee radiologen (P=0.005). Lymfeklieren die werden
ontdekt door de radiologen hadden een mediane grootte van respectievelijk 2,6 en
2,4 mm. De radiologen waren in staat om gedetecteerde lymfeklieren op
vergelijkbare manier (# = 0,73) te scoren op het vermoeden van aanwezigheid van
lymfeklier metastase. Een klier-tot-klier vergelijking was mogelijk in slechts 55 van
de gedetecteerde lymfeklieren. Dit toonde een laag terecht-positief percentage van
11% en een hoog terecht-negatief percentage van respectievelijk 82% en 86%.
Lymfeklieren met een hoge signaalintensiteit op MRI bleken zowel metastase te
bevatten als immuun-actief te zijn op histopathologie. Verder onderzoek zal moeten
plaatsvinden om het klier-tot-klier vergelijk te verbeteren en om meer inzicht te
verkrijgen in het werkingsmechanisme van USPIO-versterkte MRI.
Een experimentele toepassing van hoog resolutie MRI werd geëvalueerd in
Hoofdstuk 8. Hierbij werden ex-vivo MRI scans van TME preparaten gemaakt, met
als doel MR-gestuurde pathologie te realiseren voor een vergrote lymfeklier oogst.
Tweeëntwintig TME preparaten werden gescand op een preklinische, 7 Tesla MRI
systeem voor de visualisatie van mesorectale lymfeklieren. De 22 preparaten
werden verdeeld in twee series: een observationele serie zonder MR-geleide
pathologie en een serie met MR-geleide pathologie. Met behulp van hoog resolutie
MRI beelden konden een mediane 34 lymfeklieren (IQR 26-34) per preparaat
gedetecteerd worden vergeleken met 14 lymfeklieren (IQR 7,5-21,5) per preparaat
gevonden tijdens de pathologische werkwijze. De oogst verbeterde niet met MRgeleide pathologie. Aan de hand van analyses op basis van lymfekliergrootte bleek
dat de huidige pathologische werkwijze in staat is tot 80% van de lymfeklieren groter
dan 2 mm te oogsten.
Samenvattend is de behandeling van het rectum carcinoom aan verandering
onderhevig en orgaanpreservatie zal een standaard behandeloptie worden in de
toekomst. Verder onderzoek zal zich richten op de oncologische veiligheid en op de
kwaliteit van leven samen met functionele klachten na een dergelijke behandeling.
Ontwikkelingen van MRI toepassingen in de stadiëring van rectum carcinoom en
herbeoordeling van de tumor na chemoradiotherapie zijn essentieel in de selectie
van patiënten die in aanmerking komen voor een dergelijke benadering. De inhoud
van dit proefschrift draagt bij aan het verder verbeteren van de klinische beoordeling
van het rectum carcinoom, ondersteunt de ontwikkeling van orgaan sparende
strategieën en stimuleert hopelijk tot verder onderzoek over dit onderwerp.
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Daar is ie dan, waarschijnlijk het meest gelezen onderdeel van het proefschrift. In dit
belangrijke hoofdstuk moet ik de nodige mensen bedanken die een belangrijke rol
hebben gehad in de aanloop naar de afronding van mijn boekje.
Geachte prof. dr. De Wilt, beste Hans. Wat een bijzondere jaren zijn dit geweest. Als
student geneeskunde kwam ik lang geleden op jouw kantoor om te vragen of je
misschien wat onderzoek op de plank had over het colorectaal carcinoom. Uiteraard
had je wel wat liggen, en ik ging ermee aan de slag niet wetende dat ik jaren later op
het punt zou staan dit met een promotie te mogen bekronen. Je bent een
inspiratiebron geweest met jouw aanstekelijke energie, vele ideeën, en bovenal jouw
scherpe en kritische blik op alle projecten die de revue zijn gepasseerd. Ik heb mooie
herinneringen aan onder andere de ESCP congressen en de pastaparty’s in jouw
achtertuin. Bovenal dank ik jou voor de schop onder mijn kont die ik af en toe nodig
had tijdens het begin van mijn opleiding Heelkunde om het onderzoek in het zicht te
houden. Enorm veel dank voor al het moois van de afgelopen jaren en hopelijk tot
snel op de OK waar ik andere dingen van je hoop te leren.
Geachte prof. dr. ir. Scheenen, beste Tom. Voor mij was de MRI voordat ik bij jouw
BioMR groep aansloot maar een traag apparaat die heel mooie plaatjes kon maken.
Inmiddels weet ik wel beter en dat is mede doordat ik zoveel geleerd heb over de
techniek die daar achter schuil gaat. Wat een rijkdom dat ik de chirurgische
(onderzoeks-)wereld kon combineren met de technische achtergrond van jouw
onderzoeksgroep. Jouw deur stond altijd (letterlijk) open om te sparren over het
onderzoek, te praten over zaken buiten het werk en over de mooie dingen van het
leven. Ik heb bewondering voor je geweldige ondersteuning tijdens mijn PhD, jouw
vermogen om moeilijke materie makkelijk verteerbaar te maken en jouw
constructieve en opbouwende feedback die al mijn onderzoeken tot een hoger
niveau hebben gebracht. Ik wil jou enorm bedanken voor de begeleiding van dit
mooie traject.
Geachte prof. dr. Beets-Tan, beste Regina. De vele bezoeken aan het AvL voor onze
besprekingen waren enorm waardevol en leerzaam. De lange beoordelings-sessies,
waarin honderden patiënten casus er doorheen zijn gevlogen, zorgden er altijd voor
dat ik met nieuwe energie en kennis terug naar het Nijmeegse kon gaan. Het was
een waar genot om van jouw expertise en enthousiasme gebruik te kunnen maken.
Met zoveel passie en bevlogenheid heb jij mij geleerd hoe belangrijk de
multidisciplinaire benadering is in het bepalen van beleid bij rectum patiënten. Ik
hoop jouw bezieling over te hebben genomen en ik hoop dat ik met dezelfde plezier
en passie door kan gaan in mijn verdere carrière.
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Wat een eer dat ik jou als promotor aan mijn promotieteam toe kon voegen.
Ontzettend bedankt voor jouw steun die heeft geleid tot de totstandkoming van dit
boekje.
Geachte leden van de manuscriptcommissie, beste prof. dr. Verheij, prof dr. Rutten
en dr. de Vries, veel dank voor uw tijd en beoordeling van mijn proefschrift. Ook veel
dank voor de overige leden van de commissie die deel hebben genomen aan de
oppositie. Ik kijk uit naar de verdediging.
Beste collega’s van de colorectal pastaparty: Anouk, Niek, Seyed, Fortuné, JanMarie, Joost en Tijmen. Bijna elke ESCP hebben we mee kunnen maken en vooral
de Hollandse avonden waren prachtig. Dank voor jullie input en lol tijdens de
waardevolle avonden bij de prof thuis. Beginnen met stapels papier en wetenschap,
eindigen met sterke verhalen.
Bart en Andor, aan jullie een woord apart. Dank voor jullie uitleg en het wegwijs
maken binnen de MRI wereld. Jullie hulp was meer dan welkom voor het opstarten
en analyseren van onder andere de USPIO studie. Wat hebben jullie me vaak uit de
brand geholpen om die MRI scanners aan de praat te krijgen. Bovenal dank voor de
memorabele ritten naar Essen.
Alle onderzoekers van de Heelkunde: wat een fijne club om onderzoek mee te
hebben gedaan. Koffietje in de ochtend, cola zero in de middag, op vrijdag als eerste
beginnen aan de vrijmibo en als laatste naar huis vanuit Ruygh. Het was hard werken
met groot plezier. Ik kijk uit naar alle promoties die nog gaan volgen.
Linda, Thiele, Mark en Marnix, op onze kamer hing altijd de perfecte werksfeer. Veel
humor, kneiterharde discipline en het vermogen om mijn geklaag aan te horen. Een
betere werkplek was er niet! Dank voor alle gezellige momenten.
Aan iedereen van de BioMR, wat bijzonder dat ik deel hebben mogen uitmaken van
deze unieke onderzoeksgroep binnen de Radiologie. Op veel verschillende vlakken
heb ik me mede dankzij jullie kunnen ontwikkelen en heb ik sturing gekregen wat
heeft geleid tot onder meer de presentaties op de ISMRM en de hoofdstukken in dit
boekje.
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Beste Chirurgen uit het Radboudumc en uit het Canisius-Wilhelmina ziekenhuis, in
het bijzonder Bas en Fatih. Bij jullie heb ik mijn eerste stappen kunnen zetten op weg
naar mijn jongensdroom, chirurg worden. Dank voor jullie vertrouwen in mij.
Gelukkig zijn jullie gedurende de opleiding mij blijven stimuleren om het onderzoek
naast de opleiding te kunnen uitvoeren en afronden. Waarschijnlijk was ik anders nu
nog steeds bezig geweest.
De afdelingen van de Pathologie van het Radboudumc en Canisius-Wilhelmina
ziekenhuis verdienen een lofzang voor al jullie effort. Ik heb jullie gigantisch veel
extra werk bezorgd met al die rectum preparaten die uitgesneden moesten worden
en tientallen microscopie coupes per patiënt die apart moesten worden beoordeeld.
Al het werk is niet voor niets geweest, we hebben er mooie publicaties van kunnen
maken. Carla en Iris, maar zeker ook alle analisten van de Pathologie, enorm veel
dank voor jullie medewerking!
Mijn dank gaat ook uit naar de CARTS studie groep en de medewerkers van het
Integraal Kankercentrum Nederland (IKNL). Samen hebben we hebben op een
mooie manier vorm kunnen geven aan de lange termijn resultaten van de CARTS
studie.
De dames van de GIO poli, Jolanda en Linda, zonder jullie was ik niet aan de
patiënten gekomen die ik wilde includeren in mijn studies. Dank daarvoor.
Lieve papa, mama en Aadje, als enige niet-jurist ben ik altijd in ondertal geweest
wanneer wij met zijn vieren samen waren, maar dat deed er nooit toe. Jullie hebben
mij altijd gesteund en zijn altijd oprecht geïnteresseerd geweest in mijn opleiding en
in mijn promotieonderzoek. Bijna konden we uitkijken naar een gezamenlijke
promotie-dag en dat zal het toch een klein beetje zijn. Bedankt voor alle vrijheden en
steun die jullie mij hebben gegeven, zonder jullie steun en liefde had ik het niet zo
ver geschopt.
Martha en Stef, mijn paraniffo’s. Dank voor de afleiding de afgelopen jaren, de
verplichte vraag naar hoe het met mijn onderzoek was en uiteindelijk voor het
toeleven naar de bekroning op mijn werk. Alle drie zijn we op eigen wijze onze
carrières aan het najagen en daar horen feestelijke momenten bij. Mooie dingen
moet je vieren. Op naar nieuwe mijlpalen. Fantastisch dat jullie als mijn paranimfen
naast me zullen staan tijdens mijn verdediging.
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Lieve Hellie, misschien heb jij nog wel het meest uitgekeken naar dit moment. Je
bent voor mij een onvoorwaardelijke steun en toeverlaat geweest en eigenlijk heb ik
het meest gehad aan jouw kritische blik en motiverende woorden. Tot jouw ergernis
gebruikte ik elk moment om toch even nog dat laatste zinnetje te typen. Elke keer
weer was het “bijna klaar”. Vijf jaar lang “bijna klaar” is nu écht klaar! Klaar voor
nieuwe dingen, klaar voor nieuwe hoofdstukken, klaar voor ónze datum! Dank je wel,
lief.
Lieve Philou en Nine, het boekje moest af zijn voordat jullie er zouden zijn, maar ik
heb op jullie gewacht. Dit boekje is voor jullie.
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Endoscopy and MRI for restaging early rectal cancer after neoadjuvant
treatment
"#$#%#!&'()*+!'L!(+3!-#9J/LL'A!L%!M%+%$'0L(+!N/E'(E'!4546!

•!

Poor response at restaging MRI and high incomplete resection rates of

•!

•!

locally advanced mucinous rectal cancer after chemoradiation therapy
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USPIO-enhanced MRI of lymph nodes in rectal cancer: a node-to-node
comparison with histopathology
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Validation of in vivo nodal staging of solid malignancies with USPIOenhanced MRI: a workflow protocol
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Safety of hospital discharge before return of bowel function after elective
colorectal surgery
,-./&-.0!$/1123/.2'(453!O$/L/EP!*%#$)(+!%,!-#$.'$23!4545!G&$:65F<I=>II4@
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Safety and efficacy of non-steroidal anti-inflammatory drugs to reduce
ileus after colorectal surgery.
,-./&-.0!$/1123/.2'(45V!O$/L/EP!*%#$)(+!%,!-#$.'$23!456?!10L!?3!A%/>!
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Can Ex-Vivo MRI of Rectal Cancer Specimens Improve the Mesorectal
Lymph Node Yield for Pathological Examination?
"#$#%#!&'()*+!'L!(+3!R)S'EL/.(L/S'!Q(A/%+%.23!456?!10L:I;<65=>B;I@BI4!
!
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Chemoradiation followed by organ-sparing transanal endoscopic
microsurgery for distal rectal cancer: long term oncologic and functional
outcome of the CARTS study
"#$#%#!&'()*+!5'!213!*GHG!-#$.3!456?!*()!6:6I;<6=>;F@I;3!A%/>!
6536556CD(J(E#$.345673KFI43!
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USPIO-enhanced MRI of pelvic lymph nodes at 7-T: preliminary experience.
"3]3*3!WP/+/&EV!"#$#%#!&'()*+!'L!(+3!"#$%&'()!Q(A/%+%.23!456?!
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!
Body mass index and complications following major gastrointestinal
surgery: A prospective, international cohort study and meta-analysis
,-./&-.0!$/1123/.2'(453!M%+%$'0L(+!N/E3!4567!*#)!6K3!A%/>!
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!
The influence of endorectal filling on rectal cancer staging with Magnetic
Resonance Imaging
"#$#%#!&'()*+!'L!(+3!O$!*!Q(A/%+3!4567!*#)!6;>4567545I3!
!
Clinical lymph node staging in colorectal cancer; a flip of the coin?
^3W3H3!O$%#\'$!V!&'()*+!"#$#%#!'L!(+3!"#$!*!-#$.!1)0%+3!4567!G&$!6F3!&//>!
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!
Advances in organ preserving strategies in rectal cancer patients
"#$#%#!&'()*+!'L!(+3V!"#$!*!-#$.!1)0%+3!4567!8'9:;;<4=>45?@46?3!

•! Eurosurg: a new European student-driven research network in surgery.
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The primary and secondary data obtained during my PhD at the Radboud university
medical center (Radboudumc) have been captured and stored on the local archive
of the department of Radiology, Nuclear medicine & Anatomy. Data is stored
anonymized and coded, uncoding can be performed by the third party Trial bureau
of the department of Radiology, Nuclear medicine & Anatomy. All human studies
were approved by the medical and ethical review board Committee on Research
Involving Human Subjects Region Arnhem Nijmegen, Nijmegen, the Netherlands.
Anonymized clinical and other patient data from chapter 3, 4 and 6 is stored securely
by the first author of the paper on the local server of the Surgery department. Digital
data of chapter 3 and 4 is also stored at the Dutch Cancer Registry, location
Nijmegen. Data from chapter 5, 7 and 8 is stored securely on the local Radboudumc
server (BioMR) of the Radiology, Nuclear Medicine & Anatomy department. Paper
data were stored in the local archive of the BioMR group of the Radiology, Nuclear
Medicine & Anatomy department (Radboudumc, room M330.02.110).
To ensure interpretability of the data, all filenames, primary and secondary data,
metadata, descriptive files and program code and scripts used to provide the final
results are documented along with the data. Published data generated or analysed
in this thesis are part of published articles and its additional files are available from
the associated corresponding or last authors upon reasonable request. The data will
be saved for 15 years after publication of the individual studies. Using these patient
data in future research is only possible after a renewed permission by the patient as
recorded in the informed consent.
!
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Rutger C.H. Stijns was born on May 3, 1989 in Groningen, the Netherlands. After
graduating Gymnasium at the Canisius College in Nijmegen, he studied Biology in
Utrecht in 2007. One year later he started medical school at the Radboud
University Nijmegen. He engaged in many extracurricular activities and played field
hockey in the National competition.
!
During his surgical internship in 2014 his interest grew in surgical research which
were his first steps towards rectal cancer research. What started as a master
thesis, resulted in this PhD thesis with a collaboration between the Surgery and
Radiology & Nuclear Medicine departments. Under the inspiring supervision of
Prof. J.H.W. de Wilt, Prof. T.W.J. Scheenen and Prof. R.G.H. Beets-Tan he worked
as a PhD Candidate from 2016 until 2021, which has led to the realization of this
PhD thesis
In 2019 Rutger started as a Surgical trainee in the Radboudumc under the
supervision of dr. B.H. Verhoeven. In 2020 he continued as a Surgical trainee in the
Canisius-Wilhelmina hospital under the supervision of drs. F. Polat.
Rutger currently lives in Nijmegen together with his fiancé Hellen and his
daughters Philou and Nine.

220

Appendices

221

Organ
preservation
in rectal
cancer and
improvements
in the primary
staging
and response
assessment.
in the primary staging and response assessment.

Rutger C.H. Stijns

