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INTRODUCTION
The evolution in cancer surgery, more than in any other medical field, has been characterised by ongoing
technological developments. Before the mid-1800s there was hardly any place for surgery in cancer
treatment. By that time tumours were mostly diagnosed at late clinical stages and primitive attempts
at radical resection most have been inhumanely due to excruciating pain and high mortality. At the
end of the nineteenth century the introduction of anesthesia, blood transfusion and antisepsis made
the development of radical cancer surgery possible.1 Initially the principles of William Halsted stating
that cancer was a local-regional disease that spread in an orderly fashion, dominated cancer surgery.
Large radical en-bloc resections improved the survival of cancer patients significantly which made the
downsides (mutilation and extensive tissue damage) acceptable. It was in the mid twentieth century
when clinical and laboratory research showed that cancer is a systemic disease instead of a local-regional
disease. It became clear that against the collateral damage, the extend of resection did not contribute
to improved oncological outcomes. This opened the door for laparoscopic surgery for malignant disease,
which would not have stood a change in a world dominated by Halstedian principles. However even in
the 90tees there was still resistance against laparoscopic cancer surgery by many surgeons who could
not disassociate from the concept of radical en-bloc surgery. Their resistance grew even stronger when
concerns raised after reports about port side metastases.2,3 From that time laparoscopic colorectal
cancer was only performed in a trial setting such as the European multicentre COlon cancer Laparoscopic
or Open Resection (COLOR) trial.4 In the COLOR trial 1248 colon cancer patients were randomly assigned
to laparoscopic or open surgery. The primary endpoint of the COLOR trial is disease-free and overall
survival. Results from the COLOR trial, published in 2009, show that laparoscopic surgery is a safe option
for conventional open surgery leading to short-term benefits as in lower complication rate and shorter
hospital stay. The radicality of resection did not differ between laparoscopic and open surgery.5 After the
COLOR trial proved the oncological safety of laparoscopic colon cancer surgery several questions raised:
1.

Is laparoscopic surgery for rectum cancer oncologically safe?

2.

How can we further reduce surgical trauma in colorectal cancer surgery?

Laparoscopic surgery is considered to be an alternative to open surgery for curative treatment of patients
with rectal cancer. Various studies6-8 have been performed to determine whether advantages for minimal
invasive resection of rectal cancer exist. The highest level of evidence comes from the Conventional
versus Laparoscopic-Assisted Surgery in Colorectal Cancer (CLASICC) trial.9
In the CLASICC trial a total of 794 colorectal cancer patients were included. Of the 794 recruited
patients 381 had rectal cancer, 253 (48%) patients were randomly assigned to laparoscopic surgery
and 128 patients (48%) were randomised to open surgery. Within the rectal cancer cohort an overall
of 57% laparoscopic procedures were converted. The conversion rate did decrease every year during
the accrual period suggesting that the learning curve could have an influence on conversion. Another
reason for this high conversion rate is the inclusion of patients with advanced tumours in the CLASICC
trial. Also alarming were the results from patients undergoing an anterior resection. They showed a
positive circumferential resection margin of 12% after laparoscopic surgery versus 6% after open surgery
(p=0.19), which suggest laparoscopic rectal cancer surgery is likely being associated with a slightly higher
13
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risk for local recurrences. Even though the CLASICC trial showed that laparoscopic-assisted surgery for
colon cancer is safe, the impaired outcomes after anterior resection for cancer of the rectum did not
justify its routine use. Therefore an adequate powered multicentre randomised controlled trial is needed
to show if laparoscopic rectal cancer is oncological safe.
The development of ways in which we can further reduce surgical trauma, aiming for less discomfort and
faster rehabilitation of the patient, is ongoing. Due to screening, colorectal carcinomas are expected to
be diagnosed in an earlier stage. Standard therapy as in laparoscopic segmental resection en bloc with
adjacent lymph nodes could be overtreatment of small early stage carcinomas. The uncertainty about
undetected lymph node metastases is a major drawback to perform a local resection for colon cancer.
Laparoscopic sentinel-lymph-node mapping could be of benefit in the future reducing the extension of
surgical resection. Even more important, sentinel-lymph-node mapping could help with proper pathological
assessment, which is crucial for selecting patients who may benefit from adjuvant chemotherapy. The
introduction of adjuvant chemotherapy contributed to an increase of relative survival in case of colon
cancer. In the Netherlands the relative 5-year survival rates increased from 47% (1989-1993) to 60%
(2004-2006) for stage III colon cancer.10 Today, up to 30% of patients with stage I or II disease (who
are node negative with absent distant metastases by definition) will develop locoregional recurrence or
distant metastases and will eventually die from CRC. A substantial portion of these patients will develop
recurrences due to inadequate lymph node resection or missed nodal metastases during histological
examination which suggests that current staging protocols are inadequate.11 With the conventional
haematoxylin and eosin (H&E) staining, micrometastases are not detected. When using techniques
such as multisectioning in combination with immunohistochemistry or reverse transcriptase (RT)-PCR,
micrometastases can be detected, unfortunately these techniques are labour and cost intensive, so
it’s highly impractical to ultrastage all the nodes in a given specimen. Several studies indicate that
micrometastases are correlated with a significantly worse prognosis.12-15 The sentinel-lymph-node
procedure could improve accurate staging by providing the pathologist with one or two lymph nodes for
detailed evaluation.
AIM AND OUTLINE OF THIS THESIS
In the first part of this thesis, short-term outcomes after laparoscopic versus open rectal cancer surgery
is being studied. Short-term outcomes of the Colorectal cancer Laparoscopic or Open Resection (COLOR
II) trial including operative findings, complications, results at pathological examination and mortality are
the scope of Chapter 3. Factors leading to a higher conversion rate will be studied in more detail in
Chapter 4.
The scope of the second part of this thesis is the feasibility of the sentinel-lymph-node procedure in
patients with colon cancer. In Chapter 5 the diagnostic performance of the sentinel-lymph-node
procedure in colon cancer patients using world literature is being studied. In Chapter 6,7 and 8 a new
technique, using fluorescent dyes, for minimal invasive sentinel-lymph-node mapping was studied aiming
to increase the sensitivity of the sentinel-lymph-node procedure.
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Colorectal cancer is a major health problem in the world. Approximately worldwide 500.000 patients
a year will die due to colorectal malignancy. The standard therapy is an adequate segmental resection
en bloc with the adjacent lymph nodes. This can be performed by conventional open surgery or by
laparoscopic resection. Sufficient evidence has shown equal results in terms of lymph node harvesting,
resection margins and survival for both techniques. Local resection for rectal cancer in the early stages
has been shown to be safe, despite the fact that the lymph node status cannot be established. Transanal
endoluminal microsurgery (TEM) is an effective treatment for early rectal cancer. However, there has
always been concern about the nodal status and the need for secondary surgery in case of lymphatic
dissemination. Nodal involvement in T1 tumours has been reported in up to 10%. With (neo-) adjuvant
radiochemotherapy, local resection and tumour control has been proven to be efficient. Some authors
even consider local resection in early rectal cancer to be a superior therapy because of the huge impact
on quality of life in case of rectal resection. Imaging modalities, such as the USPIO MRI technique and
PET scan technology, have improved the resolution to establish nodal involvement and preoperative
staging, but pathological examination remains the “gold standard.” Colon cancer is diagnosed by
endoscopic biopsies or polyp removal. In case of invading tumours additional adequate segmental colon
resection with en bloc resection of lymph nodes is common, facilitated by tattooing. Today local resection
for colon cancer is less attractive because of the restricted possibilities in neoadjuvant treatment
modalities, such as local radiotherapy, and the minor implications in loss of functionality. Although the
submucosal resection of colonic neoplasia is being proposed as a sufficient therapy in selected cases,
the uncertainty about the possible undetected concomitant lymph node metastases remains a serious
drawback of the submucosal resection technique. The sentinel node concept has been proven to be
valid in many solid tumours. Since Morton et al. showed the validity of the concept in melanoma’s1 and
the subsequent identification of the sentinel lymph node by lymphatic mapping in breast cancer by
Krag et al.2 and Giuliano et al.3, the use of sentinel-lymph-node mapping in the therapeutic strategy has
altered profoundly the treatment of these cancers. Similar to melanoma and breast cancer surgery with
sentinel-lymph-node biopsy, we speculate that local resection with sentinel-lymph-node biopsy in early
colon cancer might change the therapeutic and surgical strategy in colon cancer. It has been shown that
patients who are operated on with curative intent but with lymph node metastases benefit from adjuvant
chemotherapy in contrast to those without metastases. Stage I and II colorectal cancer implies no lymph
node involvement; however up to 30% of patients with stage I or II disease will develop locoregional
recurrence or distant metastases and will eventually die from CRC. Therefore, standard surgery might
not be sufficient in 30% of these patients. Some of these patients may recur because of haematogenous
metastases, but a significant portion of these recurrences may occur due to the lack of detecting lymph
node metastases, or aberrant lymphatic drainage beyond surgical margins. The UICC recommend that a
minimum of 12 lymph nodes must be evaluated in all surgically treated colon cancers.4 The evaluation of
12 or more lymph nodes has been demonstrated to improve 5-year survival.5 Variability of both surgical
technique and pathologic harvest makes it difficult to standardise adequate lymph node identification.
Furthermore, advanced examination techniques will increase the likelihood of detecting occult tumour
cells (OTC) or micrometastasis, such as serial sectioning, step sectioning, immunohistochemistry,
polymerase chain reaction and reverse transcriptase polymerase chain reaction.
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The disadvantages of these techniques are that they are time consuming and expensive. The detection
of the sentinel lymph node could be a solution for these problems by demonstrating the ability to
increase lymph node harvesting and providing a limited number of sentinel lymph nodes in which OTC
can be assessed. Despite the progress in recent years in the use and knowledge of sentinel-lymph-node
procedure in patients with colorectal cancer, we still face some problems that limit common use of the
sentinel-node-node procedure.
Good results of sentinel-lymph-node mapping in colorectal cancers have been shown by large studies.
In 2005 Saha et al. 6 published a multicentre trial that included 500 patients. In sentinel-lymph-node
mapping, patients’ success, accuracy, sensitivity, and negative predictability values were 98%, 96%, 90%
and 93%, respectively. For future studies it will be necessary to stratify patients according to their T stage.
The sentinel-lymph-node procedure is likely less reliable in advanced tumour stages. Another issue is the
fact that a learning curve is probably necessary to obtain good results for sentinel-lymph-node mapping.
Also, the technique for the localisation of the sentinel node differs between the studies and with that
the definitions which are used for the sentinel node (table 1). The following techniques have been used;
only blue dye (in or ex vivo), radioactive dye, and a combination of radioactive and blue dye or fluorescent
dye (indocyanine green). To our knowledge, a comparative study between all these techniques has not
been performed. Using the same definition and standardisation of the sentinel-lymph-node procedure is
mandatory to validate the sentinel-lymph-node procedure for predicting the tumour status of all lymph
nodes. Another problem that we have to overcome is poor visualisation of the tracer. The presence of
mesenteric adipose tissue in patients with colorectal cancer makes is difficult to see the different kinds
of ink. Also blue dye and indocyanine green can readily diffuse through the sentinel node and transverse
multiple nodes. The use of gamma tracers for sentinel-lymph-node mapping in patients with colorectal
cancer was first reported by Kitagawa et al.7; since then this technique has been used in different studies
in combination with ink or as a tracer on itself. Even tough the overall results do not show an additional
value of the use of radioactive tracers we think the combination technique is preferable. Saha et al.8
published data that indicate that a combination of isosulfan blue and a radioactive tracer may improve
the identification, accuracy rate and number of sentinel lymph nodes. In 2006 Terwisscha et al. showed
that in three patients (17%) the positive sentinel lymph node was detected by scintigraphy only and not
with patent blue.9 Using a radioactive tracer alone presents the problem of signal interference of the
injection site and a sentinel lymph node situating near the tumour.
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A sentinel node is:
- lymph node upon which the primary tumour directly drains
- lymph node that is the nearest to the primary tumour
- Radioactive lymph node
- Most radioactive lymph node
- First lymph node found by lymphoscintigraphy
- Lymph node that has a certain factor higher radioactivity than the other lymph nodes
or that of the local normal tissue
- Lymph node that is blue of colour
- Lymph node that is visualised by infrared irradiation
Table 1. Definitions of the sentinel lymph node used in literature

New Horizons
In 2003 Bilchik et al.10 reported the feasibility of laparoscopic intraoperative lymphatic mapping with
blue dye in 30 patients. The sentinel node analysis was shown to be efficient with a 93% accuracy
rate. In 29% of patients unexpected lymph drainage altered the initial surgical procedure. Recently the
group of Marescaux published a study of the sentinel-lymph-node biopsy by Natural Orifice Transluminal
Endoscopic Surgery (NOTES) technique.11 They localised and harvested successfully the sentinel node
in six pigs using submucosal injection of methylene blue. In humans with a fatty mesentery, methylene
blue, as said, might not be the preferred dye because of poor tissue contrast. In 2006 Nagata et al.12
demonstrated successful laparoscopic sentinel-lymph-node mapping using infrared ray laparoscopy
(IRL) with indocyanine green staining. In 48 patients, IRL showed to be five times superior in localising
the sentinel lymph node compared with conventional laparoscopy. As with methylene blue, indocyanine
green also has disadvantages. It has poor penetration in fatty tissues (2-3 mm) and therefore is difficult
to detect. Also, both dyes are small particles (<5 nm) and diffuse easily through lymphatic channels and
(sentinel) lymph nodes. The use of quantum dots (QD, nanocrystals with a metal shell and solubilising
organic coating) as published by Frangioni et al.13, can enhance visibility because QDs are highly
fluorescent, nonradioactive and visible deep within tissue. Because of their size, QDs remain trapped in
the lymph nodes. The unknown toxicity of the metals are restricting human use at present, although the
used doses are far below (acute) toxic levels. The use of a fluorescent dye conjugated with monoclonal
antibodies as published by Gutowski et al.14 could be significant in the future. If we can enhance the
fluorescent properties of the dye and bind them at malignant cells, it may be easier to detect the sentinel
lymph node. Also the intraoperative lymphatic mapping can reveal an aberrant drainage as high as 30%. 10
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Conclusion
Screening programs and increasing awareness of the symptoms of colorectal cancer, will lead to increased
numbers of detection of early-stage colon neoplasia without nodal involvement. The present standard
surgical treatment may over treat substantial numbers of patients who can benefit from local resection
only and under treat those who have lymphatic micrometastases. Despite the present difficulties in
sentinel-lymph-node mapping in patients with colon cancer, minimal invasive detection and harvesting
of the sentinel node will be important in future treatment of colonic neoplasia. The technique that is
the most reliable for sentinel-lymph-node mapping has not yet been validated; however, the fluorescent
technique seems very promising. Development of near-infrared devices for excitation and visualisation
of the fluorescent dyes will be necessary to optimise the potential of this technique. Early colon cancers
may be treated by local resection therapy only with a minimal invasive surgical sentinel-lymph-node
procedure. Similar to breast cancer surgery, these techniques may profoundly alter the way that we treat
colon cancer, but only if the sentinel node can be detected and harvested in an accurate, safe and
reliable manner.
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Appendix I
Reply to: ‘Re: “New Horizons
in Colorectal Cancer
Surgery” ‘
M.H.G.M. van der Pas 1 , W.J.H.J. Meijerink 1
1

Department of Surgery, VU University Medical Centre Amsterdam, The Netherlands
Surg Endosc 2009;23:2861

Note:
This letter was written in response to a comment on our editorial New horizons in
colorectal cancer surgery by Alexander et al. The aim of our response is to emphasize
that the most reliable technique for sentinel-lymph-node mapping in patients with
colon and rectal cancer is still not validated.
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We appreciate the interest shown by Alexander et al. in our editorial. We especially appreciate their
suggested proposal and offer our response.
The authors speculate about an ideal solution using a dye that identifies the primary tumour but also
allows both visual and histologic identification of lymphatic drainage. Such a dye would have contrary
characteristics. For tattooing, a dye is needed that stays localised at the injection site, whereas for
visualising lymphatic drainage, a dye is needed that migrates through the lymphatic system within a
set time. For example, SPOT ink (GI Supply, Camp Hill, Pa USA) is designed for endoscopic marking or
“tagging” of lesions in the gastrointestinal tract. Although SPOT is supposed to stay at the injection site
for a long time, carbon particles wash through the lymph vessels over time. In our clinic we noted that
during surgery, various lymph nodes had a black discoloration after tattooing with SPOT: the longer the
period between tattooing and surgical resection, the more discolored lymph nodes found. For future
local resection therapy for early colorectal cancer (CRC), a sentinel-lymph-node procedure to identify
a limited number of sentinel lymph nodes (1-3) is warranted. A sentinel-lymph-node biopsy using ink,
radioisotope tracers, or both has been validated for patients with breast cancer and melanoma. For
patients with CRC, the results of sentinel-lymph-node mapping with these techniques are less consistent1
due to skipped lesions, poor visualisation, small particle size and the like. The authors reference Haigh
et al.2 to address their suggestion that carbon may spot primary and lymphatic CRC spread. Haigh et
al. mention in their discussion that carbon dye did not improve intraoperative identification of sentinel
lymph nodes in case of cutaneous melanoma. Accurate intraoperative detection of the sentinel lymph
node is crucial for abandoning total lymphadenectomy. Furthermore, SPOT cannot overcome the problem
of poor visualisation in fatty mesenteric tissue. This problem is one of the assumed causes for the high
false-negative rate associated with sentinel-lymph-node biopsy in patients with CRC. As we mentioned
in our editorial, the most reliable technique for sentinel-lymph-node mapping in patients with CRC has
not yet been validated.3 Taking all mentioned considerations into account, we state that the fluorescent
technique eventually combined with monoclonal antibodies could have the upper hand in sentinel-lymphnode mapping in patients with CRC.
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Abstract
Background: Laparoscopic surgery as an alternative to open surgery in patients with rectal cancer has
not yet been shown to be oncologically safe. The aim of the COlorectal cancer Laparoscopic or Open
Resection (COLOR II) trial was to compare laparoscopic and open surgery in patients with rectal cancer.
Methods: A non-inferiority phase 3 trial was undertaken at 30 centres and hospitals in eight countries.
Patients with rectal cancer within 15 cm from the anal verge without evidence of distant metastases
were randomly assigned to either laparoscopic or open surgery in a 2:1 ratio, stratified by centre, location
of tumour, and preoperative radiotherapy. The study was not masked. Secondary (Short-term) outcomes
including operative findings, complications, mortality and results at pathological examination are reported here. Analysis was by modified intention to treat, excluding those patients with post-randomisation
exclusion criteria and for whom data were available. This study is registered with ClinicalTrials.gov, number NCT00297791.
Findings: The study was undertaken between Jan 20, 2004, and May 4, 2010. 1103 patients were
randomly assigned to the laparoscopic (n=739), and open groups (n=364), and 1044 were eligible for
analyses (699 and 345, respectively). Patients in the laparoscopic surgery group lost less blood than did
those in the open surgery group (median 200 mL [IQR 100-400] vs 400 mL [200-700], p<0.0001); however, laparoscopic procedures took longer (240 min [IQR 184-300] vs 188 min [150-240], p<0.0001). In
the laparoscopic surgery group, bowel function returned sooner (2.0 days [IQR 1.0-3.0] vs 3.0 days [2.04.0], p<0.0001) and hospital stay was shorter (8.0 days [IQR 6.0-13.0] vs 9.0 days [7.0-14.0], p=0.036).
Macroscopically, completeness of the resection was not different between groups (589 [88%] of 666 vs
303 [92%] of 331, p=0.250). Positive circumferential resection margin (<2mm) was noted in 56 (10%)
of 588 patients in the laparoscopic group and 30 (10%) of 300 patients in the open group (p=0.850).
Median tumour distance to distal resection margin did not differ significantly between the groups (3.0
cm [IQR 2.0-4.8] vs 3.0 cm [1.8-5.0],respectively, p=0.676. In the laparoscopic and open surgery groups,
morbidity (278 [40%] of 697 vs 128 [37%] of 345, respectively, p=0.424) and mortality (eight [1%] of 699
vs six [2%] of 345, respectively, p=0.409) within 28 days after surgery were similar.
Interpretation: In selected patients with rectal cancer treated by skilled surgeons, laparoscopic surgery
resulted in similar safety, resection margins, and completeness of resection to that of open surgery, and
recovery was improved after laparoscopic surgery. Results for the primary endpoint, locoregional recurrence, are expected by the end of 2013.
Funding: Ethicon Endo-Surgery Europe, Swedish Cancer Foundation, West Gothia Region, Sahlgrenska
University Hospital.
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INTRODUCTION
Rectal cancer afflicts more than 50 women and men per 100,000 individuals per year in Europe and
accounts for more than 80000 deaths per year.1,2 The outcome of surgery for this cancer has improved
substantially during the past two decades because of total mesorectal excision (TME),3 which entails
complete removal of the mesorectum, adipose lymphatic tissue surrounding the rectum, with preservation of the pelvic autonomic nerves. Local recurrence rates of rectal cancer have fallen sharply because
radially spread cancer cells in the mesorectum are removed by complete resection of this tissue. Radiotherapy and chemotherapy are important components of multimodal treatment in patients with more
advanced rectal cancer.4
The introduction of TME in the early 1990s coincided with the progressive use of laparoscopic surgery in
patients with colorectal disease. Laparoscopic resection of colonic cancer has proven to be safe, causing
less postoperative pain, allowing earlier recovery, and is associated with cancer survival similar to that
obtained with traditional open colectomy.5,6
Although the findings of various reports have shown that laparoscopic TME is safe, studies with sufficient
numbers of patients allowing clinical acceptance of laparoscopic surgery in rectal cancer are lacking.7,8
We compared laparoscopic and open surgery in patients with rectal cancer in the COlorectal cancer Laparoscopic or Open Resection (COLOR) II trial and report the short-term (secondary) outcomes.
METHODS
Patients
COLOR II, a non-inferiority, open-label, randomised trial, was undertaken in 30 centres and hospitals in
eight countries (Belgium, Canada, Denmark, Germany, The Netherlands, Spain, South Korea, and Sweden). Patients with a single rectal cancer within 15 cm from the anal verge at colonoscopy, rigid rectoscopy, or barium enema without evidence of distant metastases who were candidates for elective surgery
were eligible for participation in this study. The localization of the tumour was categorised as upper
(distal border of tumour 10 – 15 cm from the anal verge), middle (5 – 10 cm), and lower rectum (<5
cm). Rectal cancer invading adjacent tissues or organs, T4 tumours, or T3 rectal cancers within 2 mm of
the endopelvic fascia, ascertained by use of CT or MRI, were excluded. Other exclusion criteria were T1
tumour treated with local transanal excision, rectal cancer other than adenocarcinoma, history of other
malignancy except basocellular carcinoma of the skin or in-situ carcinoma of the cervix uteri, signs of
acute intestinal obstruction, need for synchronous colorectal surgery, familial adenomatous polyposis
coli, hereditary non-polyposis colorectal cancer, active Crohn’s disease or active ulcerative colitis, absolute contra-indications to general anaesthesia or prolonged pneumoperitoneum, American Society of
Anesthesiologists category greater than III, and pregnancy. Each participating centre or hospital obtained
institutional review board approval. Patients provided written informed consent.
Randomisation and masking
After eligibility had been established and patients provided written informed consent, the local investigator registered patients on the trial’s website to ensure allocation concealment. Patients were then
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randomly assigned in a 2:1 ratio to laparoscopic surgery or open surgery in accordance with a list of randomisation numbers and treatment allocation. This list was computer generated by the trial statistician
with stratification for centre, tumour location, and preoperative radiotherapy. It was implemented by use
of an internet application to allow central randomisation. Patients and individuals assessing outcomes
were not masked to treatment assignment. All case record forms were gathered and stored at Dalhousie
University, Halifax, NS, Canada.
Procedures
The protocol stipulated that perioperative care, eg, antibiotic prophylaxis, bowel preparation, thrombosis
prophylaxis, analgesic care, and postoperative resumption of diet, should be used in accordance with
the local standards without differences between the laparoscopic surgery and open surgery groups.
Data for these variables were not gathered. In terms of radiotherapy and chemotherapy regimens (also
administered as per local standards), use of preoperative radiotherapy and chemotherapy was recorded
in the short-term outcomes and use of postoperative radiotherapy and chemotherapy was recorded at
one year follow-up. Assignment of patients to individual surgeons was according to local practice; in some
centres and hospitals, the surgeon who assessed the patient in clinic would consistently be the on-record
surgeon for the entire surgical treatment whereas in other centres and hospitals patients were assigned
to surgeons by operating room coordinators irrespective of earlier clinic visits.
All procedures had to comply with the principles of total mesorectal excision (TME)9 or partial mesorectal excision (PME). TME requires removal of the entire mesorectum down to the pelvic floor. It was done
with either preservation of the anal sphincter or with excision of the anal sphincter (abdominoperineal
resection [APR]). Rectal cancers located in the upper part of the rectum can be resected with sufficient
margin by transecting the mesorectum at about five cm distally from the lower margin of the tumour,
resulting in PME.
Preservation of the right and left hypogastric nerves was mandatory and the level of transaction of the
inferior mesenteric artery and creation of a diverting (loop) ileostomy was at the discretion of the surgeon.
Completion of laparoscopic dissection of the mesorectum was judged necessary to qualify a procedure
as laparoscopic. All other laparoscopic procedures were judged conversions to open surgery. Surgical
teams that wished to participate in the COLOR II trial were requested to submit unedited recordings of
vife consecutive laparoscopic TMEs for assessment or were observed by one of the five governors (HJB,
EH, MAC, AF and AML) of the COLOR II trial to verify that the procedure was done properly. The pathology
reports of these vife consecutive cases were reviewed to confirm completeness of the specimen. Quality
approval within the COLOR II trial was only done at entry into the trial.
Pathology
Processing and assessment of the pathology specimens are described in detail in the study protocol Surgeons who participated in the COLOR II trial reviewed this description with their respective pathologists.
Central pathology review was not done. The macroscopic and microscopic assessment of the pathology
specimens was done by the pathologists at the participating centres.
All specimens were processed and analysed as described by Quirke. 6 10 The following definitions to mac32
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roscopically assess the quality of the specimen were used: complete, the mesorectal surface showed
only minimal irregularities with a depth less than 5 mm, no coning toward the distal margin and smooth
circumferential margin; partially incomplete, most of the mesorectum had been removed, moderate coning of the specimen toward the distal margin, and moderate irregularity of the circumferential margin; and
incomplete, the mesorectum showed defects as far as the muscularis propria, coning, or very irregular
circumferential margin.
Circumferential resection margins (CRM’s) were defined as positive if malignant cells were found at microscopy at a distance of less than two mm between the outermost part of the tumour11 and the CRM
or between lymph nodes bearing tumour cells and the CRM. Proximal and distal resection margins and
number of resected lymph nodes were recorded.
Primary and secondary outcomes
The primary outcome in the COLOR II trial is the proportion of patients with local recurrence at 3 years after index surgery; these data are not yet mature and will be reported at a later date. Short-term secondary
endpoints were operating time, conversion rate, blood loss, postoperative recovery of gastro-intestinal
function, postoperative pain medication, length of hospital stay, morbidity and mortality within 28 days
after surgery, and histopathological outcomes (including completeness of the resection, circumferential,
proximal, and distal resection margins and number of resected lymph nodes). Another secondary outcome was anastomotic leakage, which was defined as clinical evidence of a defect of the integrity of the
intestinal wall at the anastomotic site or presence of a pelvic abscess adjacent to the anastomosis.12
Statistical analysis
To show non-inferiority, the proportion of patients with local recurrence at 3 years after the index surgery
was assumed to be 10% in the open surgery group and the power was set at 80% with a non-inferior margin of 5 percentage points. The calculations showed that 1000 patients were required for the trial. We
aimed to enrol 1100 patients to allow for post-randomisation exclusions. Between-group comparisons of
categorical outcome data were done with X2 test or Fisher’s exact test; comparison of continuous data
was by use of the Mann-Whitney U test. For this test, we calculated exact p values because of the heavily
tied data for time until first bowel movement, time until intake of more than 1 L of fluid, and length of
hospital stay. Analysis was on a modified intention-to-treat basis, based on all individuals with data for
each particular outcome and excluding patients who had been randomised but met post-randomisation
exclusion criteria. We used two-sided p values. The p values of 0.05 or lower were judged to be significant. Statistical analyses were done with SPSS (version 17.0). This trial is registered with ClinicalTrials.
gov, number NCT00297791.
Role of the funding source
The sponsor of the study had no role in study design, data gathering, analysis, and interpretation, or
writing the report. MHGMvdP, MAC, WCJH, and HJB had full access to all data in the study and had final
responsibility for the action to submit for publication.
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Figure: Trial profile

Laparoscopic surgery
(n=699)

Open surgery
(n=345)

Sex
Male

448/699 (64%)

211/345 (61%)

Female

251/699 (36%)

134/345 (39%)

66.8 (10.5)

65.8 (10.9)

156/678 (23%)

65/338 (19%)

II

386/678 (57%)

211/338 (62%)

II

131/678 (19%)

61/338 (18%)

IV

5/678 (<1%)

1/338 (<1%)

Missing data

21/699 (3%)

7/345 (2%)

26.1 (4.5)

26.5 (4.7)

Age (years)
American Society of Anesthesiologist
category
I

Body-mass index (kg/m2)
Location of tumour (distance from anal verge)
Lower rectum (<5 cm)

203/699 (29%)

93/345 (27%)

Middle rectum (5-10 cm)

273/699 (39%)

136/345 (39%)

Upper rectum (10-15 cm)

223/699 (32%)

116/345 (34%)

I

201/667 (30%)

96/329 (29%)

II

209/667 (31%)

107/329 (33%)

III

257/677 (38%)

126/329 (38%)

32/699 (5%)

16/345 (5%)

Preoperative radiotherapy

412/699 (59%)

199/345 (58%)

Preoperative chemotherapy

196/609 (32%)

99/295 (34%)

90/699 (13%)

50/345 (14%)

Clinical Stage

Missing data

Missing data
Data are n/N (5) or mean (SD
Table 1. Clinical characteristics of patients
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RESULTS
Between January 20, 2004 and May 4, 2010, 1103 patients with rectal cancer were randomly assigned
to either laparoscopic or open surgery. 260 patients were from Dutch hospitals, 475 patients from Scandinavian hospitals, 138 patients from Spanish hospitals and 230 from other European, Canadian and
Asian centres. The median number of patients per centre was 32 (range 1-113). Fifty-nine patients were
excluded after randomisation; reason for exclusion included distant metastases, no malignant tumour
or a T4 tumour (figure). Of 1044 patients who were available for analysis, 699 (67%) were assigned to
laparoscopic and 345 (33%) to open surgery. 12 patients underwent the surgery they were not assigned
to (figure). These patients remained in their allocation group for analyses.
Table 1 shows the clinical characteristics of the patients. The proportions of patients given preoperative
radiotherapy and preoperative chemotherapy were similar in the laparoscopic and open surgery groups
(table 1). In the laparoscopy group, 212 patients had short-course radiotherapy and 166 had long-course
radiotherapy; data were missing for 34 patients. In the open surgery group, 95 patients had short-course
radiotherapy and 87 had long-course radiotherapy; data were missing for 17 patients. Table 2 shows
the operative finding. The distributions of the different procedures were similar in the two groups. In 36
patients in the laparoscopic surgery group and in 25 in the open surgery group, an end colostomy was
created after sphincter preserving (Hartmann) procedures. A diverting ileostomy was created in about
a third of all patients (table 2). Of 338 patients with a tumour located in the upper rectum (data were
missing for one patient in the laparoscopic surgery group), 241 (71%) had a TME (156 in the laparoscopic
surgery group vs 85 in the open surgery group); 90 (27%) had a PME (60 vs 30, respectively); seven (2%)
underwent an APR (six vs one, respectively). Of 403 patients with cancer of the middle rectum (data were
missing for six patients in the laparoscopic surgery group), 340 (84%) had a sphincter-saving TME (218
in the laparoscopic surgery group vs 122 in the open surgery group); 48 (12%) underwent an APR (38 vs
ten), respectively); and 15 (4%) had a PME (11 vs four, respectively); Of 294 patients with a tumour located within 5 cm from the anal verge (data were missing for two patients in the laparoscopic surgery group),
225 (77%) had an APR (156 in the laparoscopic surgery group vs 69 in the open surgery group) and 67
(23%) had sphincter-saving TME (44 vs 23, respectively), and two (<1%) underwent a PME (one vs one,
respectively). Of 339 patients with cancer of the upper rectum, 306 (90%) had a stapled anastomosis
(198 in the laparoscopic surgery group vs 108 in the open surgery group), three (<1%) had a hand-sewn
anastomosis (one vs two, respectively), and 25 (7%) had a colostomy (17 vs eight): data were missing for
five (1%) patients in the laparoscopic surgery group. Of 409 patients with cancer of the middle rectum,
311 (76%) had a stapled anastomosis (203 in the laparoscopic surgery group vs 108 in the open surgery
group), 17 (4%) had a hand-sewn anastomosis (ten vs seven, respectively), 77 (19%) had a colostomy (54
vs 23, respectively); data were missing for four (1%) patients in the laparoscopic surgery group. Of 296
patients with cancer of the lower rectum, 39 (13%) had a stapled anastomosis (25 in the laparoscopic
surgery group vs 14 in the open surgery group), 16 (5%) had a hand-sewn anastomosis (11 vs five, respectively), and 239 (81%) had a colostomy (156 vs 74, respectively); data were missing for two (1%) patients
in the laparoscopic surgery group. Of 574 non-converted laparoscopic patients, 198 (34%) had an APR or
a Hartmann procedure, and therefore these patients did not have an anastomosis.
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Laparoscopic surgery

Open surgery

0.120

Intervention
Resection with partial mesorectal excision

P value

72/690 (10%)

35/345 (10%)

Resection with total mesorectal excision

418/690 (60%)

230/345 (67%)

Abdominalperineal resection

200/690 (29%)

80/345 (23%)

9/699 (1%)

0

36/699 (5%)

25/345 (7%)

0.243

Missing data
Hartmann
Diverting ileostomy
Total group*

243/690 (35%)

131/345 (38%)

0.343

Upper rectum+

74/222 (33%)

44/116 (38%)

0.453

Middle rectum+

135/276 (49%)

73/136 (54%)

0.484

Lower rectum+

34/201 (17%)

14/93 (15%)

0.844

240 (184-300)

188 (150-240)

<0.0001

200 (100-400)

400 (200-700)

<0.0001

Duration of intervention (min)±
Blood loss (mL)
Total group
Conversion

121/695 (17%)

Preoperative

7/695 (1%)

Intraoperative

114/695 (16%)

Missing data

4/699 (<1%)
81/694 (12%)

49/344 (14%)

0.281

22/694 (3%)

11/344(3%)

1.000

Gastrointestinal perforation

6/694 (<1%)

8/344 (2%)

0.102

Hypercapnia

2/694 (<1%)

0/344

0.807

Anastomosis related

9/694 (1%)

8/344 (2%)

0.332

Ureter injury

9/694 (1%)

2/344 (<1%)

0.461

Nerve injury

0/694

3/344 (<1%)

0.036

Intraoperative complications§
Haemorrhage

Perforation of tumour

3/694 (<1%)

4/344 (1%)

0.342

Other

40/694 (6%)

20/344 (6%)

1.000

Missing data

5/699 (<1%)

1/345 (<1%)

Data are n/N (%) or median (IQR).
*Denominator was number of patients who had an anastomosis.
+Denominator was the number of patients who had ileostomies.
±Time between first incision and closure of the surgical incision.
§Each patient could have had more than one complication.
Table 2. Operative findings
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Of 376 (66%) patients in the non-converted laparoscopic surgery group who had an anastomosis of the
bowel (ie, did not have an APR or a Hartmann procedure), 269 (72%) underwent laparoscopy for their
anastomoses and the anastomoses in the remaining 107 (28%) patients were treated with open surgery.
The median duration of laparoscopic surgery was 240 min (IQR 184-300) compared with188 min (150240; p<0.0001) for open surgery. Median blood loss was 200 mL (100-400) during laparoscopic surgery
and 400 mL (200-700; p<0.0001) during open surgery.
Laparoscopic procedures were converted to open surgery in 121 (17%) of 695 patients; data regarding
conversions were missing for four patients; seven (1%) patients were converted because of unavailability
of laparoscopic expertise or equipment; and 114 (16%) were intraoperatively converted to open surgery
for various reasons. These reasons were narrow pelvis (25 [22%]), extensive adhesions (14 [12%]), obesity (11 [10]%), fixation of the tumour (ten [9%]), technical (seven [6%]), anatomical difficulties (seven
[6%]), poor vision (six [5%]), bleeding (six [5%]), large tumour (five [4%]), fibrosis (four [4%]), ureter injury
(two [2%]) and other reason (17 [15%]). Intraoperative complications occurred in 130 patients (table
2). 890 (86%) of 1034 laparoscopic and open procedures were done by surgeons who performed both
laparoscopic and open rectal operations in this trial; data for identification of the surgeons were missing
for ten (1%) patients.
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Laparoscopic surgery

Open surgery

p value

Total group

2.0 (1.0-3.0)*

3.0 (2.0-4.0)*

<0.0001

Missing data

33/699 (5%)

8/345 (2%)

Total group

2.0 (1.0-3.0)+

2.0 (1.0-3.0)+

Missing data

39/699 (6%)

12/345 (3%)

242/676 (36%)

129/338 (38%)

Non-opiates

616/674 (91%)

310/336 (92%)

0.727

Epidural

394/676 (58%)

237/338 (70%)

0.003

Days until first bowel movement

Days until intake of more than 1 L of fluid
0.005

Use of analgesic drugs
Day 1
Opiates

0.504

Day 2
Opiates

238/676 (35%)

126/337 (37%)

0.540

Non-opiates

619/675 (92%)

314/336 (93%)

0.392

Epidural

234/675 (51%)

215/338 (64%)

0.001

Day 3
Opiates

288/676 (43%)

164/338 (49%)

0.085

Non-opiates

605/675 (90%)

309/338 (91%)

0.428

Epidural

200/677 (30%)

129/339 (38%)

0.007

278/697 (40%)

128/345 (37%)

0.424

Morbidity (patients with at least one
postoperative complication)±

17/697 (2%)

11/345 (3%)

0.617

Anastomotic leak§

Cardiac

58/461 (13%)

25/240 (10%)

0.462

Upper rectum

22/205 (11%)

7/108 (6%)

0.288

Middle rectum

32/218 (15%)

17/113 (15%)

0.869

Lower rectum

4/38 (11%)

1/19 (5%)

1.000

2/699 (<1%)

0/345

Respiratory

Missing data

20/697 (3%)

10/345 (3%)

Abscess

51/697 (7%)

22/345 (6%)

0.667

Wound infection

28/697 (4%)

17/345 (5%)

0.604

Ileus

33/697 (5%)

12/345 (3%)

0.437

Other

194/697 (28%)

103/345 (30%)

0.544

Reintervention

113/697 (16%)

52/345 (15%)

0.701

8.0 (6.0-13.0)≠

9.0 (7.0-14.0)≠

0.036

15/699 (2%)

8/345 (2%)

8/699 (1%)

6/345 (2%)

1.000

Hospital stay (days)
Total group
Missing data (Including in-hospital deaths)
Mortality within 28 days¶

0.409

Data are n/N (%) or median (IQR). *Time until first bowel movement: mean 2.9 days (SD 3.8) in the laparoscopic surgery
group versus 3.7 (3.6) in the open group. +Mean time until intake of more than 1 L of fluid: 2.6 days (4.3) in the laparoscopic surgery group versus 2.8 days (3.6) in the open surgery group. ±More than one complication could have occurred per
patient. §The numerator was number of leaks and the denominator was the total number of patients after excluding those
without an anastomosis-ie, abdominoperineal resection or Hartmann’s procedure. ≠Hospital stay: 11.9 days (11.8) in the
laparoscopic group versus 12.1 days (10.6) in the open group. ¶Two additional patients in the open surgery group and one
in the laparoscopic group died in hospital later than 28 days after surgery.
Table 3. Postoperative recovery, morbidity, and mortality within 28 days
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Postoperative course
The postoperative use of opiates or non-opiates did not differ significantly between groups. Epidural analgesics on the first, second, and third days after surgery were used by a greater proportion of patients in
the open surgeryngroup than in the laparoscopic surgery group (Table 3). First bowel movement occurred
on the second day after laparoscopic surgery, 1 day earlier than after open surgery (table 3). Oral intake
of more than 1 L of fluid was tolerated a mean 0.2 days earlier after laparoscopic surgery (table 3). Median hospital stay after laparoscopic surgery was 8 days, 1 day shorter than after open surgery (table 3).
Morbidity (at least one postoperative complication) was reported in 278 (40%) of 697 patients in the
laparoscopic surgery group (with data missing for two patients [<1%]), and 128 (37%) of 345 patients in
the open surgery group (table 3). Anastomotic leaks were noted in 58 (13%) of 461 patients after laparoscopic surgery and 25 (10%) of 240 patients in the open surgery group (table 3).
The proportion of patients who needed reintervention within 28 days after surgery was similar in the two
groups (table 3). The procedures undertaken were relaparotomies or relaparoscopies (42 [6%] of 697 in
the laparoscopic surgery group vs 20 [6%] of 345 patients in the open surgery group), percutaneous or
transrectal drainage of abscesses (21 [3%] vs four [1%]), revisions of ileostomies or colostomies (13 [2%]
vs four [1%]), debridements of wounds (12 [2%] vs 9 [3%]), and other procedures (25 [4%] vs 15 [4%]).
Eight (1%) patients in the laparoscopic surgery group and six (2%) in the open surgery group died within
28 days (difference 0.6% [95% CI -1.0 to 2.2]; p=0.409; table 3). Causes of death in the laparoscopic
surgery group were pulmonary aspiration (two [<1%] of 699), abdominal sepsis (two [<1%])), pulmonary
embolism (one [<1%]), acute respiratory distress syndrome (one [<1%]), myocardial infarction (one [<1%]),
and bleeding from anastomosis (one [<1%]). The causes of death in the open surgery group were pulmonary aspiration (one [<1%]), pneumonia (one [<1%]), multiorgan failure (one [<1%]), mesenteric ischaemia
(one [<1%]), cerebral bleeding (one [<1%]), and abdominal sepsis (one [<1%]).
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Laparoscopic surgery

Open surgery

589/666 (88%)

303/331 (92%)

Partially complete

58/666 (9%)

19/331 (6%)

Incomplete

19/666 (3%)

9/331 (3%)

Missing data

33/699 (5%)

14/345 (4%)

Upper rectum

7/699 (1%)

1/345 (<1%)

Middle rectum
Lower rectum

3/699 (<1%)

4/345 (1%)

0.281

9/699 (1%)

4/345 (1%)

0.994

Total group

56/588 (10%)

30/300 (10%)

0.850

Upper rectum

18/196 (9%)

9/97 (9%)

1.000

Middle rectum

22/228 (10%)

4/115 (3%)

0.068

Lower rectum

15/164 (9%)

17/79 (22%)

0.014

Missing data

78/666 (12%)

26/326 (8%)

Total group

1.0 (0.5-1.8)

1.0 (0.4-1.5)

Upper rectum

1.2 (0.5-2.0)

1.0 (0.5-2.0)

0.510

Middle rectum

1.0 (0.5-2.0)

1.0 (0.6-1.8)

0.545
0.274

Complete

p value
0.250

Completeness of resection

Incomplete resection specimen
0.026

Positive CRM*

Median CRM (cm)

Lower rectum

0.8 (0.4-1.4)

0.6 (0.2-1.0)

Missing data

78/666 (12%)

26/326 (8%)

0.158

Distance to proximal resection margin (cm)
Total group

16.0 (11.0-21.0)

19.0 (14.0-24.0)

<0.0001

Upper rectum

12.4 (8.0-18.0)

16.0 (12.0-20.5)

0.001

Middle rectum

17.0 (12.0-21.0)

19.5 (14.5-24.0)

0.001

Lower rectum

20.0 (16.0-23.8)

22.0 (17.5-27.0)

0.032

Missing data

112/666 (17%)

64/326 (20%)

Total group

3.0 (2.0-4.8)

3.0 (1.8-5.0)

0.676

Upper rectum

3.5 (2.0-5.0)

3.5 (2.1-5.0)

0.644

Middle rectum

2.5 (1.5-40)

2.5 (1.5-4.0)

0.733

Lower rectum

3.8 (2.0-5.0)

3.5 (1.5-5.0)

0.617

Missing data

48/666 (7%)

16/326 (5%)

Total group

13.0 (10.0-18.0)

14.0 (10.0-19.0)

Upper rectum

15.0 (11.0-20.0)

15.0 (12.0-22.0)

0.359

Middle rectum

14.0 (10.0-18.0)

14.0 (11.0-19.0)

0.205

Lower rectum

12.0 (7.0-16.0)

13.0 (7.0-16.0)

0.724

Missing data

16/699 (2%)

4/345 (1%)
107/342 (31%)

Distance to distal resection margin (cm)

Number of harvested lymph nodes
0.085

Pathology stage
I

231/681 (34%)

II

180/681 (26%)

91/342 (27%)

III

233/681 (34%)

125/342 (37%)

IV

4/681 (<1%)

0

No residual tumour (complete remission)+

29/412 (7%)

17/199 (9%)

No residual tumour, positive lymph node

4/412 (<1%)

2/199 (1%)

Missing data

18/699 (3%)

3/345 (<1%)

0.660

Data are n/N or median (IQR). CRM=circumferential margin. *Denominator was the number of patients without complete
remission. +Denominator was the number of patients who received preoperative radiation therapy. Table 4. Pathology
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Pathology
Macroscopically incompletely resected specimens were recorded in 19 (13%) of 666 patients after laparoscopic surgery and nine (3%) of 331 after open surgery (table 4). In a subgroup analysis, patients with
upper rectal cancer who underwent laparoscopic surgery had significantly more incomplete resections
than did patients in the open surgery group (table 4).
The median distal resection margin was 3.0 cm in both groups; the proximal resection margins was 16
centimetres after laparoscopic surgery and 19 cm after open surgery (table 4).
There was no difference in the proportion of patients with a positive CRM between groups (difference
0.6% [95% CI -3.5% to -4.7%]; p=0.850; table 4). The proportion of patients with low rectal cancers with
positive CRM was significantly lower in the laparoscopic surgery group (difference 12.4 % [2.1 to 22.7];
p=0.014; table 4). Of 225 patients who had an APR for lower rectal cancer, excluding 12 patients with
complete remission, 11 (8%) of 131 patients in the laparoscopic surgery group had positive CRMs versus
15 (25%) of 59 patients after open surgery (p=0.003); data for CRM were missing for 23 patients. The
median number of lymph nodes harvested after surgery was not significantly different in the two groups
(table 4). The proportion of patients in whom no evidence of tumour was found after preoperative (neoadjuvant) radiation or preoperative chemoradiotherapy did not differ significantly between the two groups
(table 4).
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DISCUSSION
The short-term outcomes of the COLOR II trial show that the radicality of laparoscopic resection (as assessed by pathology report) in patients with rectal cancer is no different to that of open surgery, and that
laparoscopic surgery was associated with similar rates of intraoperative complications, morbidity, and
mortality. Complete removal of the primary tumour and tumour deposits in the mesorectum, is the goal
of surgery in patients with rectal cancer. A resection is judged radical when the circumferential, distal and
proximal edges of the specimen are devoid of tumour cells. Clear circumferential margins are of great
importance because the risk of local recurrence increases three to four times when these margins are
invaded with tumour cells13 More than 90% of patients had clear CRMs in the COLOR II trial. In our study,
circumferential margins were judged positive when tumour cells were present within 2 mm from the lateral edge of the mesorectum. A limit of 2 mm was used because Nagtegaal and colleagues11 concluded that
tumour growth between 1 and 2 mm from the CRM was as relevant as within 1 mm from the CRM based
on a 16.0% risk of a local recurrence at 2 years after surgery in patients with margins smaller than 2 mm
whereas patients with margins greater than 2 mm had a 5.8% risk. However, other investigators7 have
used a distance of 1 mm instead of 2 mm from the edge of the specimen in judging CRMs as positive.
Kang and colleagues7 reported negative lateral margins in more than 95% of patients with cancer in the
middle and lower portions of the rectum that had either open or laparoscopic surgery after preoperative
chemoradiotherapy. Use of a 1 mm margin in the COLOR II trial resulted in free margins in 545 (93%) of
588 patients after laparoscopic resection and in 274 (91%) of 300 after open surgery.
Guillou and colleagues14 noted positive CRM’s in 12% of patients after laparoscopic anterior resection
for cancer whereas only 6% of patients after open surgery had positive margins. However, at 3-years follow-up after surgery, local recurrence rates were similar: 7.8% in the laparoscopic surgery versus 7.0% in
the open surgery group.15 In the COLOR II study, rates of positive CRMs after surgery for cancer located in
the upper portion of the rectum were similar between groups, although at macroscopic assessment seven specimens after laparoscopic surgery were judged incomplete and only one was judged incomplete
after open surgery (table 4). The higher rate of macroscopically incomplete specimens in the laparoscopic surgery group could be due to lacerations caused by grasping the mesorectum with forceps.
In this study, the rate of positive CRMs after laparoscopic resection of rectal cancer located within 5
cm from the anal verge was lower than that with open surgery (table 4). Three-quarters of patients with
lower rectal cancer had an APR, in accordance with an earlier report about Scandinavian data.16 In the
CLASICC trial,14 the occurrence of positive margins was 20% after laparoscopic and 27% after open
APR. Nagtegaal and colleagues17 reported positive CRM’s (defined as tumour within 1 mm of the CRM)
in 26.5% of patients with cancer of the distal 5 cm of the rectum after open surgery. In patients who had
APRs in the COREAN trial7, positive margins were reported in 5.3% in the laparoscopic surgery group and
8.3% in the open surgery group. The lower rate of positive margins after laparoscopic resection of cancer
of the lower rectum in the COLOR II trial could be attributed to improved visualization of the lower pelvis
by the laparoscope, which provides the entire surgical team with a magnified and well illuminated image
of the surgical field, allowing a more radical resection.
The median distal resection margin was 3 cm in both groups, which is well above the minimally required
margin of 2 cm in surgery for rectal cancer.18 Proximal resection margins of 5 cm suffice and, hence, the
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difference that was noted between the proximal margin of 16 cm after laparoscopic resection and that of
19 cm after open surgery is of no clinical relevance.
Few data were missing, with the exception of those for tumour distance from CRM (10%) and proximal
resection margin (18%; table 4), which did not significantly differ between treatment groups. The amount
of missing data differed significantly between centres, but there was no significant association with the
tumour stage (data not shown). Two patients with distal-third cancers had partial mesorectal excisions,
but this was presumably a recording error.
Unplanned intraoperative conversions from laparoscopic to open surgery, conversions, are a measure of
the feasibility of the procedure. Conversion rates of 30% and higher were reported in earlier studies

8,14

in which the role for laparoscopic surgery in patients with rectal cancer was questioned. In the COLOR II
trial, 114 (16%) of 695 laparoscopic surgeries were intraoperatively converted; this percentage is similar
to the most recent data and therefore acceptable.19
In this first report of clinical outcomes of the COLOR II trial, laparoscopic surgery was associated with less
blood loss, a longer operating time, less use of epidural analgesia, earlier restoration of bowel function,
and reduction of the hospital stay. These findings are similar to those in other trials including the COLOR
trial in which the outcomes of laparoscopic and open surgery were compared in patients with colonic
cancer and seem to be associated with reduced surgical trauma.5,13,20,21 Inclusion of pelvic abscesses
in clinically evident anastomotic leakages resulted in a higher rate of leakages than those that did not
include pelvic abscesses (13% in the laparoscopic group and 10% in the open surgery group; table 3).
These percentages are in the same range as those in the CLASICC trial14 (7% and 10%, respectively)
whereas lower frequencies were reported by Kang and Morino and their colleagues.7,21
Hospital stay in the COLOR II trial was similar to that in the COREAN trial and several days shorter than in
the CLASICC trial.7,14 Enhanced recovery protocols were not used routinely. The value of such protocols in
patients after surgery for rectal cancer requires further study.
Urinary continence and sexual function, both dependent on preservation of the autonomic pelvic nerves,
are important aspects of quality of life, These adverse events were recorded in the COLOR II trial 1 year
after the index surgery and will be reported with the long term outcomes.
One of the limitations of the COLOR II trial was the lack of standardisation of perioperative protocols
because it was not feasible in a study undertaken at 30 centres and hospitals in eight countries. Preoperative radiotherapy was administered to almost two-third of patients in both groups, and preoperative
chemotherapy was administered to a third of patients in both groups. These findings indicate that perioperative protocols had been applied equally to both groups. However, other variables –eg, bowel preparation and postoperative dietary measures- were not documented, and, therefore the value of enhanced
recovery programmes cannot be assessed in this study. Another limitation of this study was that MRI,
which is the imaging modality of choice in patients with rectal cancer, was not mandated at the time of
design of the protocol in 2003.
Quality-of-care debates focus on surgical expertise and necessary yearly volumes of specific procedures.
In the COLOR II trial, surgical competency was assessed on the basis of review of recorded images or live
43

3

chapter 3

laparoscopic versus open surger y for rectal cancer (COLOR I I ): short-term outcomes of a randomised, phase 3 trial

observations of laparoscopic TME surgeries. The quality of open surgery was not confirmed. Accreditation
was done by centre instead of by individual surgeon. Surgery requires a team approach generally and certainly in complex disease such as rectal cancer. In all participating centres and hospitals, management
of patients with rectal cancer was discussed and decided by multidisciplinary teams. Most surgeries in
this trial (86%) were done by surgeons who did both laparoscopic and open surgery for rectal cancer.
Therefore, we think that the findings of this trial represent an assessment of laparoscopic versus open
procedures rather than a comparison of surgeons for the two procedures. Numbers patients included in
the COLOR II trial varied substantially between centres because of differences in numbers of patients
with rectal cancer per year per centre and varying times of entry into the trial. Hence, the findings of the
COLOR II trial seem to represent a cross-section of hospitals with expertise in laparoscopic surgery for
rectal cancer. The effects of the amount of surgery on operating time and conversion rate will be analyzed, as will health economics, for later presentation.
COLOR II, to our knowledge, is the largest randomised trial in which laparoscopic and open surgeries were
compared in patients with rectal cancer. However, of note, the patients in this trial do not represent the
entire population with rectal cancer presenting at the participating hospitals because of the exclusion
of patients with T3 rectal cancer within 2 mm from the endopelvic fascia or T4 cancers. Therefore, the
findings in this study are not applicable to all patients with rectal cancer.
In conclusion, in selected patients treated by skilled surgeons, laparoscopic resection of rectal cancer
provided oncologic radicality, using the pathology report as a proxy, similar to open surgery. In-hospital
recovery after laparoscopic surgery was better than after open surgery. Long-term follow-up to assess
local recurrence and survival is necessary to ascertain oncological safety of laparoscopic resection in
patients with rectal cancer. Analysis of local recurrence will be started mid 2013.
Panel. research in context
Systematic review
In 2008, Kuhry and colleagues22 published a Cochrane systematic review of randomised controlled trials
about the long-term outcome of laparoscopic surgery in patients with colorectal cancer. We searched Cochrane Library, MEDLINE, EMBASE and CancerLit for published and unpublished randomised controlled
trials of laparoscopic (or laparoscopically assisted) and open surgery in patients with non-metastasised
colorectal cancer that were undertaken in 1991–2005. Results were reported for six trials in patients
with rectal cancer; however, we concluded that the numbers of available studies and patients included
were too small to draw any reliable conclusions.
Interpretation
Our study is, to the best of our knowledge, the first large randomised trial of the comparison of laparoscopic surgery and open surgery in patients with rectal cancer. Our results show that in selected patients
treated by skilled surgeons, laparoscopic surgery resulted in similar safety, resection margins, and completeness of the resection to those of open surgery, and in-hospital recovery was improved after laparoscopic surgery. Long-term results are necessary to determine the definitive role of laparoscopic surgery
in this group of patients.
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Appendix II
Favorable outcomes with
laparoscopic surgery for
rectal cancer, letter to the
editor

3

M.H.G.M. van der Pas 1 , E.A. te Velde 1 , M.A. Cuesta 1 , H.J. Bonjer 1
1

Department of Surgery, VU University Medical Centre Amsterdam, The Netherlands
Surg Endosc 2011;25(6):2060-1

Note:
This letter to the editor was written as comment on the retrospective study “Favorable
outcomes with laparoscopic surgery for rectal cancer” by Liakakos et al. The aim
was to emphasize the need for long term oncological outcomes from randomised
controlled trials before stating laparoscopic surgery for rectal cancer is save.
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Liakakos and colleagues1 concluded based on a retrospective series of 1057 selected patients
by Miyajima et al.2 that laparoscopic surgery for rectal cancer is safe. Although cohort studies have
shown safety, the most important outcomes such as disease free survival and recurrence rate need to
be demonstrated in prospective randomised controlled trials prior to accept laparoscopic surgery as
standard approach. Laparoscopic resection of colonic cancer is proven to be safe with no difference
in long-term oncological outcome compared to open surgery.3-5 However, long-term outcome data
after laparoscopic surgery for rectal cancer are still not available. Only five years ago, the first series
was published comprising 25 patients concerning the quality of the mesorectal dissection.6 The first
randomisation was done in the Conventional versus Laparoscopic-Assisted Surgery in Colorectal Cancer
CLASICC trial. 253 patients were operated by laparoscopy. The conversion rate at the beginning of the
trial was 34%, decreasing to 16% during the sixth year of the study.5 This high conversion rate in a
relatively small study group was due the experience curve effect. Miyajima et al.2 conclude laparoscopy is
feasible and safe in selected patients with rectal cancer, with favorable short-term and mid-term outcome
after a mean follow-up of 30 months. This retrospective study was not intended to be a comparison
between open and laparoscopic surgery and was reported without long-term outcome data. Therefore,
as stated by Liakakos and colleagues, more data is needed from randomised controlled trials, if feasible,
to support the hypothesis of better oncologic outcomes via closed rather than open surgery for rectal
cancer. Currently, several multicentre randomised controlled trials comparing laparoscopic versus open
surgery for rectal cancer are registered (Clinicaltrials.gov) and recruiting patients (laparoscopic-Assisted
Resection or open resection in Treating Patients with Stage IIA, stage IIIA, or stage IIIB Rectal Cancer,
NCT00726622, American College of Surgeons. Estimated Primary Completion date august 2010 and the
Phase II trial to evaluate Laparoscopic Surgery for Stage 0/1 Rectal Carcinoma (Lap RC), NCT00635466,
Estimated Study Completion date 2016). In addition, the COmparing Laparoscopic and Open surgery
for Rectal cancer (COLOR II) trial, NCT00297791), will fulfil the profound need for a well-designed and
performed randomised trial. Recently this COLOR II trial finished randomisation including 1100 patients.
The short term results will be presented by the The COlorectal cancer Laparoscopic or Open resection
Study group on a short notice. The primary endpoint of the COLOR II trial is the locoregional recurrence
rate three years postoperatively. Until this data becomes available, we believe that open TME must be
regarded the gold standard.
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Abstract
Background: Laparoscopic surgery offers patients with rectal cancer short term benefits. However,
selecting patients who are suitable candidates for laparoscopic surgery is essential to prevent intraoperative conversion from laparoscopic to open surgery. Clinical and pathology variables were studied
among patients who had converted laparoscopic surgeries wiyhin the COlorectal cancer Laparoscopic or
Open Resection (COLOR II) trial.
Methods: Between January 20, 2004 and May 4, 2010, 1044 patients with rectal cancer enrolled in
the COLOR II trial and were randomised to either laparoscopic or open surgery. Of 693 patients who
had laparoscopic surgery, 114 (16%) converted to open surgery. Predictive factors were studied using
multivariate analyses and morbidity and mortality rates were determined.
Results: Factors correlated with intraoperative conversion were: age above 65 years (OR 1.9; 95% CI 1.23.0: p=0.003), BMI>25 (OR 2.7; 95% CI 1.7-4.3: p<0.001) and tumour location above 5 cm from the anal
verge (OR 0.5; CI 0.3-0.9). Gender was not significantly related with the need for conversion (p=0.143).
In the converted group perioperative blood loss was greater (p<0.001) and operating time was longer
(p=0.028) compared with the non-converted laparoscopies. Hospital stay did not differ (p=0.063).
Converted procedures were followed by more postoperative complications compared with laparoscopic
or open surgery (p=0.041 and p=0.042 respectively). Mortality was comparable in the laparoscopic and
converted group.
Conclusions: Age over 65 years, BMI >25 and tumour location 5-15 cm from the anal verge were risk
factors for converting laparoscopic to open surgery. Conversion decreased the benefits of laparoscopic
surgery and resulted in a significantly higher postoperative complication rates.
Funding: Ethicon Endo-Surgery Europe, Swedish Cancer Foundation (2010/593, 2013/497) Region
Västra Götaland, Sahlgrenska University Hospital (ALF grants - agreement concerning research and
education of doctors).
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Introduction
Laparoscopic surgery for colon cancer is oncologically safe and associated with improved postoperative
recovery.1-4 Evidence supporting laparoscopic surgery in patients with rectal cancer has been limited
to two randomised trials (Conventional versus laparoscopic-assisted surgery in colorectal cancer
(CLASICC) trial3 and the Comparison of open versus laparoscopic surgery for mid and low rectal cancer
after neoadjuvant chemoradiotherapy (COREAN) trial.5 The outcomes of the COLOR II trial, a large
randomised controlled trial comparing laparoscopic and open surgery for rectal cancer, demonstrated
less postoperative pain, earlier restoration of bowel function and shorter hospital stay while 3 year
cancer outcomes were similar.6,7 In one out of six patients who had laparoscopic surgery in this trial, the
procedure was converted to open surgery. Although conversions in laparoscopic surgery should not be
considered as failures, prevention of conversions is important because inferior short-term outcomes in
rectal cancer patients after conversion from laparoscopic to open resection have been reported.8,9 The
aim of this study was to identify risk factors for conversion and to report the early outcomes of converted
laparoscopic surgeries for rectal cancer.
Patients and methods
The COLOR II trial is an international multicentre randomised controlled trial comparing curative
laparoscopic surgery with conventional open surgery for rectal cancer. This trial is registered as clinical
trials Identifier NCT00297791. In order to participate in the COLOR II trial surgeons had to submit
unedited recordings of 5 consecutive cases of laparoscopic total mesorectal excision along with
associated pathology reports. A more detailed description of the study design and methods have been
published previously.10 Patients with solitary rectal cancer, staged as cT1, cT2 or cT3 tumours suitable
for curative resection, were eligible for inclusion in the trial. A laparoscopic procedure was defined as
converted to open surgery when dissection of the mesorectum was not completed laparoscopically.
Utilizing the extraction site for open transection of the distal rectum was not considered a conversion.
Analysis included determination of patient-related possible risk factors such as gender, age, previous
abdominal surgery, American Society of Anesthesiologists (ASA) classification and body mass index
(BMI). Other possible risk factors or mediators such as location of the tumour (upper rectum 10-15 cm
from the anal verge, middle rectum 5-10 cm from the anal verge, or lower rectum 0-5 cm from the anal
verge), diameter of the tumour, clinical T-stage, preoperative radiotherapy or chemo-radiotherapy were
included in the analyses. Comparisons between the open surgery group, the converted group and the
laparoscopic group were performed regarding blood loss, operating time, postoperative complications,
length of hospital stay, radicality of resection and mortality.
Statistical analysis
Statistical analysis was performed using the SPSS software package (SPSS 20.00 for Windows;
IBM). Means, standard deviations, medians, interquartile ranges and percentages were computed
separately for the open, completed laparoscopic and converted group. The influence of risk factors for
conversion was examined using cross tabulations and logistic regression models. We examined patient
characteristics (age, gender, BMI, ASA classification), tumour characteristics (diameter, position, location,
cT-stage) and preoperative treatment modalities (radiotherapy and chemo-radiotherapy). Numeric data
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were categorised for application in logistic regression models. The outcomes of the converted group
were compared to the outcomes of the laparoscopic and open groups using cross tabulations and Chi
square tests or exact tests where necessary and One-Way-Anova plus post hoc analyses with Bonferroni
corrections. A P-value <0.05 was considered significant.
Results
In the COLOR II trial 699 patients had been randomised to laparoscopic surgery. Twelve patients were
not operated according to the randomisation; seven patients randomised for laparoscopic surgery were
operated by open surgery and five patients randomised to open surgery by laparoscopic surgery. Data
concerning conversion were missing for four patients. One hundred fourteen patients (16%) had their
laparoscopic surgeries converted to open surgery. Baseline characteristics of all patients included for
Laparoscopic group

Open group

Conversion group

Male

361/579 (62%)

215/347 (62%)

80/114 (70%)

Female

218/579 (38%)

132/347 (38%)

34/114 (30%)

Age (years)

67.0 [59.0-74.0]

67.0 [58.0-74.0]

70.0 [63.8-75.5]

Body-mass Index (kg/m2)

25.5 [23.4-28.3]

25.7 [23.2-28.4]

26.1 [23.6-28.0]

I

134/568 (23.6%)

68/343 (19.8%)

21/111 (18.9%)

II

323/568 (56.9%)

212/343(61.8%)

66/111(59.5%)

III

107/568 (18.8%)

62/343 (18.1%)

23/111 (20.7%)

IV

4/568 (0.7%)

1/343 (0.3%)

1/111 (0.9%)

Missing data

11/579 (1.9%)

4/347 (1.2%)

3/114 (2.6%)

339/579 (59%)

200/347 (58%)

68/114 (60%)

American Society of Anesthesiologists category

Preoperative radiotherapy
Preoperative chemotherapy
Missing
Abdominal surgery in history
Missing

166/498 (33%)

101/299 (34%)

27/106 (25%)

81/579 (14%)

48/347 (14%)

8/114 (7%)

150/538 (28%)

90/330 (27%)

35/109 (32%)

41/579 (7%)

17/347 (5%)

5/114 (4%)

Tumour location
High rectum

181/579 (31%)

116/347 (33%)

41/114 (36%)

Medium rectum

218/579 (38%)

137/347 (39%)

52/114 (46%)

Low rectum

180/579 (31%)

94/347 (27%)

21/114 (18%)

Table 1. Baseline characteristics, Numbers and percentages or median and interquartile range
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Reasons for conversion as documented by surgeon

Conversions n/n total (%)

Narrow pelvis

25/114 (22)

Extensive adhesions

14/114 (12)

Obesity

11/114 (10)

Fixation of the tumour

10/114 (9)

Technical

7/114 (6)

Anatomical difficulties

7/114 (6)

Poor vision

6/114 (5)

Bleeding

6/114 (5)

Large tumour

5/114 (4)

Injury to ureter

2/114 (2)

Other reason

17/114 (15)

Missing data

4/114 (4)

4

Table 2. Reasons for intraoperative conversion as documented by surgeon

analysis in the COLOR II trial are shown in Table 1.
Patient-related factors
There were 80 males and 34 females in the converted group. 80/441 (18%) operations in male patients
were converted versus 34/252 (13%) in female patients which was not a significant difference (OR 1.4;
CI 0.9-2.2). Median age in the laparoscopic non-conversion group was 67 years [IQR 59.0-74.0], whereas
for the converted group this was 70 years [IQR 63.8-75.5]. Age above 65 years increased the risk of
intraoperative conversion (OR 1.9; CI 1.2-3.0). Median BMI for the group of non-converted patients was
25.2 [IQR 23.1-27.8] and for converted patients 26.6 [IQR 25.0-30.5]. BMI above 25 increased the risk
of intraoperative conversion (OR 2.7; CI 1.7-4.3) (Table 2). Other patient-related factors, such as previous
abdominal surgery and ASA-classification, were not independently related to the risk of conversion.
Reasons for intraoperative conversion as documented by the surgeon are shown in Table 2.
Tumour-related factors
Localisation as classified by upper (15-10 cm), middle (10-5 cm) and lower rectum (below 5 cm) showed
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Characteristics

Number

Odds ratio

95% confidence interval of Odds ratio

Age above 65 years

394

1.9

1.2

3.0

Age 65 years and below

299

Reference

Male

441

1.4

0.9

2.2

Female

252

Reference

BMI > 25

384

2.7

1.7

4.3

BMI no data available

15

1.4

0.3

6.7

BMI ≤25

294

reference

Tumour location (10-15 cm)

222

2.0

1.1

3.5

Tumour location (5-10 cm)

269

2.1

1.2

3.7

Tumour location (0-5 cm)

202

reference

Open group

Conversion

Table 3. Odds ratio’s for conversion (n = 693)

Laparoscopic group

group
Tumour related data
Completeness of resection
Missing data
Positive CRM
Missing data
Median distance to distal resection margin (cm)*
Missing data
Number of lymph nodes harvested
Missing data

488/552 (88%)

305/339(90%)

97/110 (88%)

27/579 (5%)

8/347 (2%)

4/114(4%)

45/499 (9%)

31/308 (10%)

10/104 (10%)

80/ (14%)

39/347 (11%)

10/114 (9%)

3.0 [2.0-4.5]

3.0 [1.8-5.0]

3.0 [1.5-5.0]

33/349 (6%)

17/328 (5%)

12/111 (11%)

13 [9-17]

14 [10-19]

16 [12-20]

20/579 (2%)

4/347 (1%)

4/114 (4%)

Table 4. Tumour related data, Numbers and percentages or median and interquartile range,
*patients with complete remission were left out the analysis

a significant correlation with conversion. When used as reference group, laparoscopic surgeries in
patients with low rectal tumours were less likely to be converted as compared to patients with cancer
in the middle or upper rectum (OR 0.5; CI 0.3-0.9). Forty-one of 222 (18.5%) patients with an upper
rectal tumour were converted and fifty-two of 270 (19.3%) patients with cancer in the middle rectum
were converted (Table 3). For patients with cancer in the lower rectum, conversion occurred in 10.4%
(21/201). Previous chemo-radiotherapy was not a risk factor for conversion nor were advanced cT-stages
(p=0.586) or involved circumferential margins, defined as presence of malignant cells within 2 mm of
the circumferential margin and the outermost part of the tumour. The rate of involved circumferential
margins was 9% (45/499) of patients who had completed laparoscopic rectal cancer surgery while this
rate was 9.6% (10/104) in patients who had converted procedures (p=0.847). More detailed data about
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Variable

Converted to open

Laparoscopic surgery

Open Surgery

surgery
Median blood loss in mL [IQR]

450 [300-750]

150 [100-300] (p<0.001)

400 [200-700] (p=0.664)

Median skin to skin time in min. [IQR]

256 [180-337]

233 [184-291] (p=0.028)

190 [151-240] (p=0.013)

Median hospital stay in days [IQR]

11.0 [8-15]

8.0 [6-13] (p=0.063)

9.0 [7-12] (p=0.126)

Median days until first bowel

3.0 [2-5]

2.0 [1-3] (p<0.001)

3.0 [2-5] (0.900)

2.0 [1-4]

1.0 [1-2] (p=0.015)

2.0 [1-3] (p=0.230)

55/114 (48%)

220/579 (38%) (p=0.041)

130/347 (37%) (p=0.042)

Abscesses

11/114 (7%)

41/579 (7%) (p=0.341)

21/347 (6%) (p=0.190)

Ileus

6/114 (5%)

28/579 (5%) (p=0.847)

11/347 (3%) (p=0.304)

Cardiac

6/114 (2%)

12/579 (2%) (p=0.050)

10/347 (3%) (p=0.228)

Respiratory

4/114 (4%)

15/579 (3%) (p=0.583)

11/347 (3%) (p=0.860)

2/114 (2%)

6/579 (1%) (p=0.512)

6/351 (2%) (p=0.377)

movement [IQR]
Median days until oral tolerance of 1
liter fluids [IQR]
Any postoperative complication

4

(percentage)

Death within 28 days (percentage)

Table 5. Operative and postoperative outcomes: converted to open surgery vs laparoscopic and open surgery (p-value
reflects outcomes compared to outcomes of the converted group of patients)

tumour-related outcomes for each group (laparoscopic, open, converted) are shown in Table 4.
Conversion vs laparoscopic surgery
Median operating time was significantly longer in the converted group compared to the open group; 256
minutes vs 233 minutes (p=0.028). Patients had more blood loss during converted surgery than during
open surgery; 450 mL vs 150 mL (p<0.001). Return of bowel function measured by first passage of stool
and oral tolerance of 1 Litre of fluid occured earlier after laparoscopic surgery compared to conversion
(p<0.001 and p=0.015, respectively). Also the number of patients with at least one postoperative
complication was smaller after laparoscopic surgery (p=0.041). Length of hospital stay (p=0.063) and
mortality rate within 30 days after index surgery (p=0.512) were similar in both groups (Table 5).
Conversion vs primarily open surgery
The operating times were significantly longer in the converted group compared with open surgery, 256
min [IQR 180-337] vs 190 min [IQR 151-240] respectively (p=0.013). Median number of days until first
fluid intake and first bowel movement did not significantly differ between the conversion and open group,
p=0.230 and p=0.900 respectively. At least one postoperative complication occurred in 55 out of 114
patients (48%) in the converted group; after primary open surgery this was 37% (130/347), p=0.042.
Length of hospital stay was comparable for the converted and open surgery groups (p=0.126), 11 versus
9 days in favor of open surgery (Table 5).
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Discussion
The risk factors for conversion In this randomised, controlled multicentre trial of laparoscopic versus
open surgery for rectal cancer were: age over 65 years, BMI>25 and tumour location 5-15 cm from anal
verge. In the converted group the postoperative morbidity rate was higher.
Our outcomes suggest that tumour height might be of importance for conversion decision-making.
Laparoscopic procedures in patients with a tumour in the low rectum were less likely to be converted.
This could in part be explained by a high percentage (76.9 %) of patients with tumour level at or below 5
cm being operated by an abdominoperineal resection (APR). With tumours in the mid rectum, operated
by TME, one of the most difficult parts is to complete the TME distally and to transsect the rectum “on
the pelvic floor”. The findings could reflect this technical difficulty which is by most surgeons regarded as
more pronounced with the laparoscopic technique compared with open. This difficulty will not be present
in laparoscopic APR, as the TME dissection often is discontinued 1-2 cm from the pelvis floor during the
laparoscopic part of the procedure, to be completed from “below”, in order to reduce risk of a pronounced
“waist” in the rectal specimen at the level of the pelvic floor. Outcomes about tumour location as predictor
for conversion should be interpreted with caution for this reason.
Body mass index was associated with a higher conversion rate. Mesorectum in the obese will further
reduce the already narrow pelvic space. Laparoscopic colorectal cancer surgery is safe and offers this
group of patients similar short term benefits as non-obese patients.11
In our study, age above 65 years was an independent risk factor for conversion to open surgery in
patients with rectal cancer. Data from large national databases, studying over 43 thousand laparoscopic
cholecystectomies and over 33 thousand appendicectomies, have shown older age to be a risk factor for
conversion after laparoscopic cholecystectomy and appendicectomy.12,13 These higher rates were related
to more comorbidities in the elderly. Tekkes and colleagues showed an increased conversion rate in older
patients after analysing clinical data from 1253 patients undergoing laparoscopic colorectal surgery.14 In
our trial, previous abdominal surgeries were documented. The group of patients over 65 years of age did
not have more previous abdominal surgeries than those below 65 years. Others have reported significant
benefits from laparoscopic surgery in older patients such as less postoperative pneumonia and cardiac
complications.15 The exact impact of age on conversion from laparoscopic rectal cancer surgery to open
surgery remains unclear. More studies are needed to assess age as a risk factor for conversion to open
surgery after laparoscopic rectal cancer surgery.
The male gender as risk factor for conversion has been published earlier.16,17 In our trial 80/441 (18%)
operations in male patients were converted versus 34/252 (13%) in female patients which was not a
significant difference. Interestingly, in 22% (24 male, 1 female) of all converted patients a small pelvis
was noted as the reason for conversion by the surgeon, suggesting that laparoscopic surgery in male
patients could be more demanding.
Debate about a clear definition of conversion continues. In 2008 Shawski and colleagues published
results of a web-based survey conducted among colorectal surgeons on the definition of conversion in
laparoscopic colorectal surgery.18 The conclusion of this survey was that any incision made earlier than
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planned was considered to be a conversion. In the COLOR II trial, a laparoscopic procedure was judged
as converted to open surgery if the dissection of the mesorectum was not completed laparoscopically.
Most studies do not define conversion and several reports of case series use a definition based on
the length of incision, ranging from an incision > 5 cm to >10 cm.18 Multidisciplinary consensus about
the definition of conversion was achieved in a recently published Delphi study19 differentiating between
strategic and reactive conversion. Strategic conversion was defined when the laparotomy was performed
before judgment on the possibility to complete the procedure laparoscopically and before extensive
dissection. When there is a need to convert from laparoscopic to open surgery this was considered
reactive conversion. Reactive conversion has been shown to be associated with increased postoperative
morbidity compared with strategic conversion.20 In the COLOR II trial no such distinction was made.
Future reports addressing conversion in laparoscopic surgery should use the definition as stated in the
mentioned Delphi study20, differentiating between strategic and reactive conversion. Only then proper
assessment of the feasibility of a surgical procedure can be made.

4

The level of surgeon’s experience is believed to be an important factor influencing conversion rate. This
21

was reported in the CLASICC trial reflected by a fall of conversion rate during the recruitment period of
the trial.22 Conversion rates at the start of the COLOR II trial were comparable with the conversion rates
at the end of the trial, a finding that could reflect that the design of five reviewed TME procedures for
each hospital before any patients were included. It has been suggested that the conversion rate can be
reduced to 4% when more than 150 laparoscopic colorectal procedures have been performed by one
surgeon.23 Supervised training in laparoscopic surgery is effective without compromising the outcomes
for the patients subject to these supervised procedures.24-26
Conclusions
Patients with a rectal tumour above 5 cm, BMI>25 or those whom are older than 65 years need to be
informed about the risk of conversion and with that an increased risk of postoperative morbidity. The
use of one clear definition of conversion will contribute to further analyses of causes and sequels of
laparoscopic rectal cancer surgeries, which are converted to open surgeries.
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Abstract
Introduction: No consensus exists on the validity of the sentinel-lymph-node (SLN) procedure for
assessment of nodal status in patients with colorectal cancer. We aimed to assess the diagnostic
performance of this procedure.
Methods: We searched Embase and PubMed databases for studies published before 20 March, 2010.
Eligible studies had a prospective design, a sample size of at least 20 patients, and reported the rate
of sentinel-lymph-node positivity. Individual patient data were requested for localisation and T- stage
stratification. A subset of reports with high methodological quality was selected and analysed.
Results: We identified 52 eligible studies, which included 3767 sentinel-lymph-node procedures (2961
[78.6%] colon and 806 [21.4%] rectal carcinomas). Most tumours 2339 (62.1%) were staged T3 or
T4. 1887 (50.1%) of patients were male, 1880 (49.9%) female. Mean overall weighted-detection rate
was 0.94 (95% CI 0.92-0.95), at a pooled sensitivity of 0.76 (0.72-0.80) with limited heterogeneity (X2
=286.08, degrees of freedom=51; p=0.003). A mean weighted upstaging of 0.15 (95% CI 0.12-0.19) was
noted. Individual patient data were available from 19 studies that included 1168 patients. Analysis of
these data showed no significant difference in sensitivity between colon (0.86 [95% CI 0.83-0.90]) and
rectal cancer (0.82 [0.77-0.88]; p=0.23). Also, there was no dependency of sensitivity on T stage for both
colon (pT1: 0.79 [95% CI 0.73-0.84], pT2: 0.76 [0.62-0.90], pT3: 0.73 [0.59-0.87], pT4: 0.73 [0.53-0.93])
and rectal cancer (T1 or T2: 0.81 [0.52-0.94] vs T3 or T4: 0.80 [0.51-0.93]). The subgroup of eight studies
with high methodological quality showed a mean detection rate of 0.96 (95% CI 0.90-0.99) for colonic
tumours and 0.95 (0.75-0.99) for rectal tumours, and a mean sensitivity of 0.90 (95% CI 0.86-0.93) for
colonic tumours and 0.82 (95% CI 0.60-0.93) for rectal tumours.
Conclusion: The sentinel-lymph-node procedure shows a low sensitivity, regardless of T stage, localisation,
or pathological technique. For every patient diagnosed with colon or rectal cancer without clinical
evidence of lymph-node involvement or metastatic disease, this procedure in addition to conventional
resection should be considered, since the prognostic information provided by this technique could be
clinically significant.
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Introduction
Colorectal cancer is the second most common malignancy in developed countries and is the fourth leading
cause of cancer-related death worldwide, accounting for 610.000 deaths in 2008.1 Diagnosis is made by
endoscopic biopsy or polypectomy. For malignant disease, segmental resection with en-bloc resection
of lymph nodes is standard treatment. Although submucosal resection of early colorectal cancer is now
proposed as a sufficient treatment, the resulting uncertainty about undetected lymph-node metastases is
a serious drawback2. Regional lymph-node metastasis represents one of the most important indications
for adjuvant chemotherapy.3 5-year survival is 90% for patients with stage I disease and 75% for those
with stage II disease. By definition, patients with stage I and II disease are node-negative; however, up
to 30% will develop distant metastases and eventually die from colorectal cancer.4 Understaging during
the initial procedure probably contributes to this mortality. Such understaging is most probably a result
of occult tumour cells (i.e. tumour-cell deposits <0.2 mm) and micrometastasis (i.e. tumour-cell deposits
of 0.2.-2.0 mm) in the lymph nodes, which are easily missed by routine histopathological examination.5
Currently, only one 4 µm thick haematoxylin-and-eosin stained section per 5 mm of each lymph node is
assessed for metastasis. Serial sectioning and additional immunohistochemistry or reverse transcriptase
(RT)-PCR could diagnose lymphatic spread more accurately. Ideally, all regional lymph nodes should be
examined with these techniques, but this would be too expensive and time consuming and therefore
not feasible in daily practice. The sentinel-lymph-node concept could offer a solution. Since Cabañas6
showed the existence of a so-called sentinel lymph node, this concept has been used effectively to detect
lymph-node metastasis on the basis of selective lymph-node biopsy in patients with penile carcinoma. He
confirmed this lymph node to be the first site of metastasis, and showed that in clinically non-suspicious
nodes it was frequently the only lymph node affected. The main advantage of the sentinel-lymph-node
procedure in colorectal cancer is that metastases, occult tumour cells, and micrometastases could
be detected by careful analyses of a restricted number of lymph nodes, thus improving staging.7,8 The
term upstaging is typically used to describe patients with a positive sentinel lymph node identified with
histopathological techniques other than the conventional method (single-section haematoxylin and eosin
staining), in the absence of positive non-sentinel lymph nodes assessed by conventional haematoxylin
and eosin staining. These patients might benefit from adjuvant chemotherapy; however, there is currently
a paucity of evidence to support such tailored treatment because most studies have insufficient followup data. In patients with breast cancer, targeted removal of sentinel nodes in combination with improved
adjuvant therapy leads to low rates of axillary recurrence without a formal axillary dissection.9 We did
a meta-analysis to assess the diagnostic performance of the sentinel-lymph-node procedure in terms
of sensitivity and detection rate. We requested individual patient data from each included study, which
enabled detailed analyses in addition to the main analysis. We stratified for tumour localisation, because
colon and rectal cancer show different biological behaviour, and T stage, because studies of melanoma
and breast cancer suggest that stage is inversely related to the diagnostic performance of the procedure.10
Methods
Search strategy and selection criteria
A comprehensive systematic search for published studies was done independently by MHGMvdP and
IIR, from inception to March 20, 2010, using Embase and PubMed databases. Predefined search terms
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were used to identify reports about the diagnostic performance of the sentinel-lymph-node procedure
in patients with colorectal cancer (supplemental table 1). The main keywords used for the search were
“sentinel node”, “colorectal cancer”, and “lymph nodes”. Additional searches were done by manually
cross-referencing abstracts of eligible studies, reviews, and textbooks. We included studies meeting the
following inclusion criteria: prospective design to assess effectiveness of identification and diagnostic
performance of the sentinel-lymph-node procedure; inclusion of at least 20 patients; and reporting of
positivity rate (ie, a clearly described histopathological analysis and specimen-handling procedure). To
avoid overlapping patient data in duplicate publications, we included the articles with the largest sample
size.
Reference standard and test results
The approach of this report differs from similar studies, because, in accordance with common clinical
practice, the false-positive rate was, by definition, zero. When the sentinel lymph node is the only positive
node identified, the sentinel-lymph-node procedure is judged as successful. The detection rate was
calculated by the number of procedures in which at least one sentinel lymph node was identified, devided
by the total number of procedures undertaken. The sensitivity of the sentinel-lymph-node procedure was
defined as the number of true positives in patients with positive histopathological findings (true positives/
[true positives+false negatives]). A true positive sentinel lymph node was defined as a positive sentinel
lymph node identified with or without ultra-staging (serial-sectioning, immunohistochemistry, or RT-PCR),
independent of regional-lymph-node status (supplemental table 2) Sentinel-lymph-node procedures
yielding tumour-negative sentinel node(s) in combination with tumour positive non-sentinel nodes were
classified as false negative. We classified patients as upstaged if sentinel-lymph-node tumour positivity
was established with histopathological techniques other than the conventional method (single-section
haematoxylin and eosin staining) and in absence of other positive non-sentinel lymph nodes assessed
with single-section haematoxylin and eosin staining. We calculated the percentage of patients who were
clinically upstaged from N0 with conventional staining to N1 using formulae described in supplemental
table 2. Although upstaging is open to debate, because the clinical importance of occult tumour cells
and micrometastases is not yet fully recognised, this definition has been generally accepted. We also
calculated the clinical relevant percentage of patients upstaged from the total number of patients
(supplemental table 2), in which the status of the sentinel lymph node could be converted to positive
after serial sectioning, immunohistochemistry, or RT-PCR.
Data extraction
SM and WJHJM extracted relevant data from all full-text publications using a standardised data
abstraction form. They were blinded to the identity of study investigators and institution. The data
extraction form comprised the following items: number of patients with colon cancer; number of patients
with rectal cancer; stage T1 and T2 disease; stage T3 and T4 disease; investigators definition of sentinel
lymph node; total number of examined lymph nodes; number of sentinel lymph nodes identified during
procedure; number of patients with no sentinel lymph node identified; histopathological technique
used; number of patients included; sex; age (point estimates and distribution); method of sentinellymph node identification (radiotracer or dye, method and mode of injection); and multicentre or singlecentre trial. Furthermore, all first and last authors of the included studies were requested to provide
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individual patient data (initially by mail, and then by email if no response was received). The request was
deemed to have failed if no response was received after email contact. For this analysis, we requested
the following additional data: total number of non-sentinel nodes identified; number of non-sentinel
nodes positive on haematoxylin and eosin staining; and the number of non-sentinel nodes positive with
immunohistochemistry, RT-PCR or serial sectioning; total number of sentinel nodes identified during each
procedure; number of sentinel nodes positive with haematoxylin and eosin staining; number of sentinel
nodes positive with immunohistochemistry, RT-PCR or serial sectioning, disease stage (T1-4); and the
primary site (colon or rectum). To assess the quality and applicability of the studies included in this
report, we used an established quality-rating system for diagnostic studies based on QUADAS.11 SM
and WJHJM independently reviewed each article to extract relevant study characteristics and results
using a standard form. We divided the criteria list into two subgroups: internal and external validity. The
criteria could be scored as yes, no, or not mentioned in the publication. The items scored under internal
validity were valid reference test (histology), consecutive patients, blinded interpretation of pathology
results and prospective studies. The items scored under external validity were stage of disease, range of
diseases, demographic information, and specifications of inclusion and exclusion criteria, sentinel-lymphnode criteria, and detection procedures (ie, whether the use of the reference standard was described in
sufficient detail to permit replication, whether sentinel lymph nodes were harvested in vivo or ex vivo, the
number of pathologists and surgeons involved, the experience of the surgeon undertaking the procedure,
and whether uninterpretable test results were reported (supplemental table 3).
Statistical analysis
Detection rate was defined as the percentage of procedures in which at least one sentinel node was
identifiable. As false-positive sentinel-lymph-node procedures are impossible in this context, we set the
specificity of the procedure at 100%. Therefore, sensitivity was pooled with a random-effect analysis,
without taking specificity into account. Potential heterogeneity of sensitivity results was tested using
the Chi-squared test. The likelihood-ratio test was used to calculate the confidence intervals. Pooled
estimates for sensitivity were calculated with the empirical Bayesian method.12 We fitted the model by
use of maximum likelihood implemented in the NLMIXED procedure of SAS (version 9.1).13 For sensitivity
analysis of individual patient data, we used logistic-regression analysis, and to account for clustering
we applied generalised estimating equations with an independent working correlation matrix. T stage
and localisation (colon or rectum) were used as stratifying variables. All data were processed with the
metan procedure in STATA version 11.0. In all analyses, a p value of 0.05 or less was used as the level
of statistical significance. We selected a subgroup of high-quality studies on the basis of the following
four criteria: (1) at least 20 sentinel-lymph-node procedures every year in each participating centre; (2)
exclusion of patients with clinical signs of lymph-node involvement or metastatic disease; (3) harvest or
marking of sentinel lymph nodes directly after injection of the tracer in fresh material; and (4) separate
presentation of data for colon and rectal cancer. Studies describing the use of indocyanine green or
methylene blue were judged to be experimental and were therefore excluded only for the subgroup
analysis.
Role of the funding source
The sponsor of the study had no role in study design, data collection, data analysis, data interpretation,or
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writing of the report. The corresponding author had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Figure 1: Flow diagram of study selection

Results
We identified 52 eligible studies (figure 1).14-65 We excluded a study by Bilchik and colleagues66 because
of probable overlap of included patients with the study of Saha and colleagues,49 although verification
failed. We could not extract data from 15 articles67-81 because the language could not be translated (three
Chinese, three Czech, one Russian, one Portuguese, two Bulgarian, two Italian, one Polish, one Japanese
and one Hungarian). 3767 procedures (2961 [78.6%] colon and 806 [21.4%] rectal carcinomas) were
included in eligible reports. Most (2339 [62.1%]) tumours were diagnosed as stage T3 or T4. 1887
(50.1%) of patients were male, 1880 (49.9%) female. We received the individual patient data from 19
studies;18,19,21,25,29,32,36,38-42,46,48,52,56,57,59,61 all but one provided all requested data; one report18 provided data
for tumour location only, which we used for our analysis. The final dataset included 31% (n=1168; 912 colon
cancer, 256 rectal cancer) of the total number of patients. Data for age were available for 562 (48.1%) of
patients, (mean age 62.8 years [sd 9.2]). Data for sex were available for 651 patients (306 man and 345
women). 24 of 52 eligible studies14,16,17,20-22,28,33,35,37-40,43,46-50,53,57-59,63 met at least three of the four internal
validity criteria (supplemental table 3). All studies used a valid reference test (histology) and had a prospective
design. 22 publications14,16,17,20-22,28,33,35,37-39,46-50,53,58,59,62,63 reported consecutive patient inclusion. When
assessing the external validity criteria, publications showed more heterogeneity; inclusion or exclusion
criteria were described in 22 studies.14,17,19,23,26,29,31,35,38,40,42-44,46,50-52,54,55,57,61,63 Both inclusion and exclusion
criteria were described in 21 studies.16,18,20-22,27,28,30,32-34,37,39,41,45,49,53,56,59,62,64
The definition of a sentinel lymph node varied between studies. Generally, a node was classed
as sentinel when fluorescent, blue, hot or blue and hot. Stage of disease was described in 39
publications.15,17,19-23,25,28-33,35-39,41-46,48-50,52-55,57-60,62,63,64 The amount of blue dye injected varied from 0.5
ml to 5.0 mL.38,49 The amount of activity (measured in MBq) of 99mTc varied from 10 MBq24 to 222
MBq.56 In 26 studies,14-19,28,29,34-37,41,43,45,48,51,53-56,60,61,62,64,65 the four quadrant method was used; 20
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studies20-23,25-27,30-32,38,39,44,46,47,49,50,57,58,63 did not specify the number of peritumoral injections. In most
studies14-17,19-24,27,29-34,37,39,41,43-49,51-54,56-61,63-65 immunohistochemistry staining was done on the sentinel
lymph node when the haematoxylin and eosin staining result was negative. In two studies only40,43 RT-PCR
was used after a negative haematoxylin and eosin staining result. Sectioning of the (sentinel) node was not
uniformly undertaken. Serial sectioning was used in most of the studies,14-24,26,27,29-32,34,37,39,44-54,56-63 with
intervals ranging from 20-500 µm (table).44,57 The technique used for sentinel-lymph-node identification
and whether it was in vivo or ex vivo was mentioned in all studies. The pooled detection rate was 0.94
(95% CI 0.92-0.95). No significant difference between the tracer used was identified (detection rate: ink
0.94 [0.92-0.96]; radioisotope tracer 0.88 [0.80-0.97]; combination ink and radioisotope tracer 0.88
[0.79-0.98]; indocyanine green 0.88 [0.77-0.99]; and methylene blue 0.84 [0.66-1.00]). For all studies,
the median number of sentinel lymph nodes sampled was 2.71 (range 1.3-5.9) and for lymph node 16.16
(5.3-33.9). The mean weighted sensitivity of the sentinel-node procedure was 0.76 (95% CI 0.72-0.80;
range 0.25-1.00), with a limited heterogeneity (chi-squared = 286.08; degrees of freedom=51, p= 0.003).
Figure 2 shows the weighted sensitivity for each study. No significant difference in sensitivity between the
procedures was identified (likelihood ratio X2 =0.94; degrees of freedom=3, p=0.82). Pooled sensitivity
for each type of tracer was also assessed: ink 0.79 (95% CI 0.73-0.84); radioisotope tracer 0.80 (0.660.94); combination ink and radioisotope tracer 0.78 (0.62-0.95); indocyanine green 0.77 (0.58-0.97); and
methylene blue 0.81 (0.60-1.00). No data for upstaging could be retrieved from seven studies; four did
not use upstaging techniques,

25,35,36,42

and for three studies data could be extracted.

23,26,28

Weighted mean

upstaging was 0.15 (95% CI 0.12-0.19). Thus, in 15% of patients with negative sentinel lymph nodes,
assessed with conventional histopathological techniques, detailed investigation showed micrometastases
or isolated tumour cells. These upstaged patients accounted for 91.5% of all patients who had their sentinellymph-node status converted to positive after application of upstaging techniques. The remaining 8.5%
consisted of patients whose sentinel-node status was converted to positive by the presence of a positive
non-sentinel node. In eight studies17,20,31,32,44,49,54,57 with a high-quality sentinel-lymph-node procedure, the
following results were found: for colon cancer, mean sensitivity was 0.90 (95%CI 0.86-0.93) and mean
detection rate 0.96 (95%CI 0.90-0.99); for rectal cancer, mean sensitivity was 0.82 (0.60-0.93) and mean
detection rate 0.95 (0.75-0.99). The mean upstaging was 0.11 (95% CI 0.06-0.22).
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SLN=sentinel lymph node. HE=haematoxylin and eosin staining. IHC=immunohistochemistry. NR=not reported. * Data are n/N (%)
Table Main characteristics of studies included in the meta-analysis
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Finally, we used the individual patient data to examine outcome of the sentinel-lymph-node procedure
by type and stage of cancer. During 89 procedures (64 [7.0 %] colon cancer, 27 [10.5%] rectal cancer)
sentinel lymph nodes could be identified, resulting in a detection rate of 0.93 (95% CI 0.90-0.95)
for colon cancer and 0.90 (0.89-0.91) for rectal cancer. The mean number of sentinel lymph nodes
identified in patients with colon cancer was 3.43 (SD 2.32) and with rectal cancer 2.63 (SD 2.44). The
mean number of non-sentinel nodes analysed from patients with colon cancer was 14.74 (SD 10.40)
and with rectal cancer 17.38 (SD 10.93). Stratification by cancer stage showed no significant difference
in sensitivity when T1, T2, T3, and T4 tumours were compared: mean sensitivity for colon cancer was
0.79 (95%CI 0.73-0.84) pT1, 0.76 (0.62-0.90) for pT2, 0.73 (0.59-0.87) for pT3, and 0.73 (0.53-0.93) for
pT4. The number of patients with rectal cancer was too small to stratify by individual T stage; however,
pooled sensitivity for T1 and T2 was 0.81 (0.52-0.94) and that for T3 and T4 was 0.80 (0.51-0.93). When
comparing sensitivity for patients with colon (0.86 [95%CI 0.83-0.90]) and rectal cancer (0.82 [0.770.88] no significant difference was identified (p=0.23). No data for T stage could be retrieved from one
study (total of 27 procedures [21 colon cancer, six rectal cancer]).18
Discussion
Our meta-analysis of the sentinel-lymph-node procedure for colorectal cancer shows a low sensitivity
for sentinel-lymph-node detection, regardless of T stage, localisation or pathological technique used.
Analysis of high-quality studies showed that the detection rate and sensitivity of the procedure in patients
with colon cancer were similar to those achieved in patients with breast cancer.82 We suggest that for
every patient diagnosed with colon or rectal cancer without clinical evidence of lymph-node involvement
or metastatic disease, a sentinel-lymph-node procedure, in addition to conventional resection, should
be considered. Sensitivity can be increased from 76% (all studies) to 90% for colon and 82% for rectal
cancer by following the recommendations in this report. The sentinel-lymph-node procedure is very
safe, especially when done ex-vivo, where it cannot harm the patient. The procedure, undertaken by
surgeons, and detailed assessment of sentinel lymph nodes by pathologists, could be part of standard
care in patients with colon and rectal cancer, worldwide. Pathologists’ workload will increase due to
sentinel node assessment, but the prognostic information obtained from this technique could be
clinically significant, with a possible upstaging of 15% of patients. This percentage could even be higher,
if patients in whom positive aberrant sentinel nodes are detected were included. These lymph nodes are
located outside the usual locoregional basins. Prevalence of such aberrant lymph nodes and their status
is poorly documented. Large prospective studies are needed to establish the prognostic significance of
upstaging and consequences for adjuvant therapy. Because of progress in diagnostic technology and
screening programmes, diagnosis of colon and rectal cancer will occur at earlier stages. Currently, colon
cancer is diagnosed by endoscopic biopsies or polypectomy, followed by segmental resection with enbloc resection of lymph nodes in case of invading tumours. Early diagnosis leads to a decreased risk of
tumour spread to local lymph nodes. Despite technological advances, identification of malignant lymph
nodes by computed tomography remains a big challenge.83 As a result, morbidity and mortality due to
unnecessary extensive resection, including mesenteric-lymph-node resection, will increase.84 Morbidity
and possible mortality due to such extensive resection is reported frequently in patients receiving
axillary, groin, or

retroperitoneal dissections for melanoma and breast cancer.85,86 For treatment of

colon cancer, extensive resection includes central structures such as the autonomous nerves around
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Figure 2: Weighted sensitivity for each individual study
The first eight studies are referred to as the high quality studies in the manuscript.
The ﬁrst eight listed studies are referred to as the high-quality studies in the manuscript.
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the inferior mesenteric artery. One of the most important contributions of the sentinel-node concept is
improved staging. New techniques for better lymph-node assessment are being validated. The one-step
nucleic-acid amplification (OSNA) method 88 is believed to be a quick (within 20 minutes) and reliable
technique for perioperative lymph-node assessment, if positive, additional lymph-node resection can be
done in the same surgical session.
Des Guetz and colleagues88 published a meta-analysis using selected studies of the sentinel-lymphnode procedure in patients with colorectal cancer. They compared the diagnostic value of the procedure
with that of conventional histopathological examination. A total of 33 studies (including 1794 patients)
were included resulting in a sensitivity of 70% and specificity of 81%. Since publication of Des Guetz and
colleagues’ report more detailed studies have been done. The availability of individual patient data made
it possible to stratify for colon and rectal cancer and T stage in our study, a distinction not taken into
account by Des Guetz and colleagues.88
Overall treatment decision making based on sentinel-node assessment alone is still not safe, because of
wide variation of reported results due to differences in patient population and methods used for sentinellymph-node identification and definition; our pooled estimates represent only the average overall effect.
Our results show that improved methods of sentinel-lymph-node assessment in patients with colorectal
cancer are needed. Areas of improvement and concern include the tracers used, prognostic value of
micrometastases and occult tumour cells, expertise of the surgeons, and selection of patients. The
techniques used for lymph-node assessment most probably influence the sensitivity of the sentinellymph-node procedure. For example, detailed assessment of non-sentinel lymph nodes should result in
a lower sensitivity than that of single-section haematoxylin and eosin assessment. The most accurate
study protocol should include the same pathological assessment for sentinel lymph nodes and nonsentinel lymph nodes; various pathological techniques were identified in published reports, therefore,
because of the high variability of data we were unable to do a full analysis. We observed no obvious
relation between number of sentinel and non-sentinel lymph nodes and sensitivity (data not shown).
Van Diest and colleagues89 made clear that without step sections and immunohistochemistry of sentinel
lymph nodes, up to 15 to 20% of metastases could be missed. Upstaged patients would otherwise be
excluded for adjuvant chemotherapy when staged with conventional methods. The prognostic value of
micrometastases and occult tumour cells is still unclear. Liefers and colleagues90 showed, by analysing
192 lymph nodes from 26 consecutive patients with stage II colorectal cancer, that micrometastases
corresponded with significant reduction in 5-year survival (50% for patients with metastatic disease vs
91% for those without). Bukholm and colleagues91 reported a reduced relative survival associated with
the presence of isolated tumour cells, after analysing data from consecutive series of 156 patients with
stage II colon cancer. Large randomised controlled trials are needed to prove the clinical significance
of micrometastases and occult tumour cells in lymph nodes and whether adjuvant chemotherapy will
improve survival in these patients. One such trial (EnROUTE; NCT01097265) is currently recruiting
patients.
Sentinel-lymph-node mapping of patients with colorectal cancer is a difficult technique, and a learning
curve of at least five cases has been described.44 Nordgard and colleagues43 have suggested a learning
curve as high as 20-30 cases. Therefore, we only included studies with 20 or more patients. In most
studies, the surgeon who undertook the sentinel-lymph-node procedure differed and the expertise of
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each surgeon was not mentioned. Evidence suggests that once sentinel-node mapping is undertaken
by a skilled team, reasonable levels of accuracy (98%) and sensitivity (96%) are achieved.49 Cahill92
suggests that the sentinel-node procedure might be more effective in early-stage cancers, because in
advanced cancers obstruction of efferent lymph vessels or nodes by widespread tumour growth would
force lymph drainage to take another route. Therefore, the sentinel node would in fact be the second
or third echelon lymph node. Our study showed no significant difference between patients with T1, T2,
T3 and T4 cancer when comparing sensitivity (lymph-node involvement in T1 was 10.6%, T2 31.5%, T3
49.7%, and T4 59.5%). Studies should focus on patients with stage I and II cancer only. For now the
sentinel-node procedure should be used for improved staging of patients. Those with stage III and IV
cancer already meet criteria for adjuvant chemotherapy, so their treatment will not be changed by to the
sentinel-lymph-node procedure in combination with detailed histopathological assessment.
Although we obtained individual patient data for about a third of the total number of patients in the
included studies, we did not receive these data from the two largest studies,16,49 which together accounted
for 22% of the total population. Therefore, results from individual patient data should be interpreted
with caution. Additionally, interpretation of meta-analyses should take into account the possibility of
publication bias. The tremendous diversity across studies in patient selection, sentinel-lymph-node
methods, and pathological techniques, and heterogeneity across institutions and surgeons contributes
to the wide ranging diagnostic performance of the sentinel-node procedure. Our findings should be used
in an epidemiological sense and are not yet adequate to establish criteria for patient selection, because
of the combination of heterogeneous results used for our analyses. To increase the precision of the
pooled estimates of sensitivity, future studies need to be more homogeneous (panel).
Panel: Recommendations for future studies of sentinel lymph nodes in patients with colorectal cancer
At least 20 sentinel-lymph-node procedures should be done by each surgeon in charge of dye injection
to account for the learning curve.
Patients with clinical signs of lymph-node-involvement or metastatic disease should be excluded.
The sentinel lymph node should be identified as the first lymph node to accumulate tracer material by the
person undertaking the tracer-material injection during the procedure in the resected specimen, which
has been freshly harvested and not processed (eg, by fixation in formalin).
Data for rectal and colon cancer should be analysed and reported separately.
When all lymph nodes are haematoxylin and eosin negative, the pathological assessment of the sentinel
node should at least include multi-sectioning. One section of each ribbon should be assessed with
haematoxylin and eosin staining. If no metastases are identified the rest of the sections should be
assessed with immunohistochemistry. Based on published works,93,94 we recommend the use of at least
CAM5.2 (Becton Dickinson, San Jose, CA, USA) at five sections with 250 μm intervals.
All metastases identified by immunochemistry and multi-sectioning should be classified and reported as
done by Hermanek and colleagues5-occult tumour cells <0.2 mm, micrometastases 0.2-2.0 mm, and
metastases >2.0 mm.
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The number of non-sentinel lymph nodes and sentinel lymph nodes identified should be reported. The
pathologist should aim to retrieve a minimum of 12 lymph nodes (including sentinel lymph node).
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Suplemental Table 1. Database search
PubMed search, date 20 March 2010
‘sentinel node’
#1
Sentinel[tiab] AND (lymph[tiab] OR lymphatic[tiab] OR node[tiab] OR nodes[tiab] OR nodal[tiab])
#2
“Sentinel Lymph Node Biopsy”[Mesh]
#3
“Lymph Nodes”[Mesh] AND sentinel[tiab]
‘colorectal cancer’
#4
Colorectal neoplasms[mesh] OR colorectal cancer[tiab] OR colorectal cancers[tiab] OR
colorectal carcinoma[tiab] OR colorectal carcinomas[tiab] OR colorectal tumor[tiab] OR
colorectal tumors[tiab] OR colorectal tumour[tiab] OR colorectal tumours[tiab] OR colorectal
neoplasm[tiab] OR colorectal neoplasms[tiab] OR colonic cancer[tiab] OR colonic cancers[tiab]
OR colonic carcinoma[tiab] OR
colonic carcinomas[tiab] OR colonic tumor[tiab] OR colonic tumors[tiab] OR colonic tumour[tiab]
OR colonic tumours[tiab] OR colonic neoplasm[tiab] OR colonic neoplasms[tiab] OR colon
cancer[tiab] OR colon cancer[tiab] OR colon carcinoma[tiab] OR colon carcinomas[tiab]
OR colon tumor[tiab] OR colon tumors[tiab] OR colon tumour[tiab] OR colon tumours[tiab]
OR colon neoplasm[tiab] OR colon neoplasms[tiab] OR rectum cancer[tiab] OR rectum
cancers[tiab] OR rectum carcinoma[tiab] OR rectum carcinomas[tiab] OR rectum tumor[tiab]
OR rectum tumors[tiab] OR rectum tumours[tiab] OR rectum neoplasm[tiab] OR rectum
neoplasms[tiab] OR rectal cancer[tiab] OR rectal cancers[tiab] OR rectal carcinoma[tiab] OR
rectal carcinomas[tiab] OR rectal tumor[tiab] OR rectal tumors[tiab] OR rectal tumour[tiab] OR
rectal tumours[tiab] OR rectal neoplasm[tiab] OR rectal neoplasms[tiab] OR anus cancer[tiab]
OR anus cancers[tiab] OR anus carcinoma[tiab] OR anus carcinomas[tiab] OR anus tumor[tiab]
OR anus tumors[tiab] OR anus tumour[tiab] OR anus tumours[tiab] OR anus neoplasm[tiab]
OR anus neoplasms[tiab] OR anal cancer[tiab] OR anal cancers[tiab] OR anal carcinoma[tiab]
OR anal carcinomas[tiab] OR anal tumor[tiab] OR anal tumors[tiab] OR anal tumour[tiab] OR
anal tumours[tiab] OR anal neoplasm[tiab] OR anal neoplasms[tiab]
#5

(#1 or #2 or #3) and #4

EMBASE search through Elsevier’s Embase.com, date 20 March 2010
‘sentinel node’
#1
Sentinel:ti,ab AND (lymph:ti,ab OR lymphatic:ti,ab OR node:ti,ab OR nodes:ti,ab OR nodal:ti,ab)
#2
‘Sentinel Lymph Node’/exp OR ‘Sentinel Lymph Node Biopsy’/exp (‘Lymph Node’/exp OR
‘Lymph Node Biopsy’/exp) AND sentinel:ti,ab
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‘colorectal cancer’
#3
‘Large Intestine Cancer’/exp OR ‘Intestine Cancer’/de OR colorectal-cancer:ti,ab OR colorectalcancers:ti,ab OR colorectal-carcinoma:ti,ab OR colorectal-carcinomas:ti,ab OR colorectaltumor:ti,ab OR colorectal-tumors:ti,ab OR colorectal-tumour:ti,ab OR colorectal-tumours:ti,ab
OR colorectal-neoplasm:ti,ab OR colorectal-neoplasms:ti,ab OR colonic-cancer:ti,ab OR
colonic-cancers:ti,ab OR colonic-carcinoma:ti,ab OR colonic-carcinomas:ti,ab OR colonictumor:ti,ab OR colonic-tumors:ti,ab OR colonic-tumour:ti,ab OR colonic-tumours:ti,ab
OR colonic-neoplasm:ti,ab OR colonic-neoplasms:ti,ab OR colon-cancer:ti,ab OR coloncancer:ti,ab OR colon-carcinoma:ti,ab OR colon-carcinomas:ti,ab OR colon-tumor:ti,ab OR
colon-tumors:ti,ab OR colon-tumour:ti,ab OR colon-tumours:ti,ab OR colon-neoplasm:ti,ab
OR colon-neoplasms:ti,ab OR rectum-cancer:ti,ab OR rectum-cancers:ti,ab OR rectumcarcinoma:ti,ab OR rectum-carcinomas:ti,ab OR rectum-tumor:ti,ab OR rectum-tumors:ti,ab
OR rectum-tumours:ti,ab OR rectum-neoplasm:ti,ab OR rectum-neoplasms:ti,ab OR rectalcancer:ti,ab OR rectal-cancers:ti,ab OR rectal-carcinoma:ti,ab OR rectal-carcinomas:ti,ab
OR rectal-tumor:ti,ab OR rectal-tumors:ti,ab OR rectal-tumour:ti,ab OR rectal-tumours:ti,ab
OR rectal-neoplasm:ti,ab OR rectal-neoplasms:ti,ab OR anus-cancer:ti,ab OR anuscancers:ti,ab OR anus-carcinoma:ti,ab OR anus-carcinomas:ti,ab OR anus-tumor:ti,ab OR
anus-tumors:ti,ab OR anus-tumour:ti,ab OR anus-tumours:ti,ab OR anus-neoplasm:ti,ab OR
anus-neoplasms:ti,ab OR anal-cancer:ti,ab OR anal-cancers:ti,ab OR anal-carcinoma:ti,ab OR
anal-carcinomas:ti,ab OR anal-tumor:ti,ab OR anal-tumors:ti,ab OR anal-tumour:ti,ab OR analtumours:ti,ab OR anal-neoplasm:ti,ab OR anal-neoplasms:ti,ab
#4

(#1 OR #2) AND #3 AND [embase]/lim

Supplemental Table 2.
3 x 2 Table.
LN + / LN i+

LN -

SLN +

A

B

SLN -

C

D

SLN i+

E

F

SLN +
SLN SLN i+
LN +
LN i+
LN -

The sentinel lymph node(s) positive confirmed with single section H&E staining
The sentinel lymph node(s) negative for metastases and micrometastases
The sentinel lymph node(s) positive with ultra-staging (Multi-sectioning and/or IHC/RT-PCR) but
negative with single section H&E
Lymph nodes positive confirmed with single section H&E staining
Lymph nodes positive with ultra-staging (Multi-sectioning and/or IHC/RT-PCR) but negative with
single section H&E
Lymph nodes negative for metastases and micrometastases

A: True positive
B: True positive
C: False negative
D: True negative
E: True positive
F: True positive / number of upstaged patients
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Supplemental TABLE 3. Criteria list used to assess methodological quality of the studies
Criteria of validity

Positive score

Internal validity
1.

Valid reference test

Histology

2.

Consecutive patient selection

Mentioned in publication

3.

Blinded interpretation of results

Mentioned in publication (pathology)

4.

Prospective study

Mentioned in publication

External validity
5.

Stage of disease (TNM)

Mentioned in publication

6.

Spectrum of disease

Percentage of stages T1/T/ and T3/T4

7.

Demographic information

Mean age information given

8.

Inclusion criteria described

Mentioned in publication

9.

Exclusion criteria described

Mentioned in publication

10.

Description of SLN criteria

Mentioned in publication

11.

Technique SLN detection described

Mentioned in publication

12.

Execution of the reference standard

Mentioned in publication

5

described in sufficient detail to
permit its replication.
13.

In vivo/ex vivo

Mentioned in publication

14.

Single study pathologist

Mentioned in publication

15.

Number of surgeons involved

Mentioned in publication

16.

Experience surgeon

Mentioned in publication

17.

Uninterpretable test results

Mentioned in publication
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Appendix III
Reply to: ‘SLN mapping in
colorectal cancer’
M.H.G.M. van der Pas 1 , S. Meijer 1 , W.J.H.J. Meijerink 1
1

Department of Surgery, VU University Medical Centre Amsterdam, The Netherlands
Lancet Oncol 2011;12(11):990

5

Note:
In this letter we offer our respond to the comment from Nordgård and Smaaland on
our meta-analysis. The aim of our reply was to confirm the need for more detailed
histopathological examination of non-SLNs equal to histopathological examination of
the SLN in studies aiming to study the sensitivity of the SLN procedure in colorectal
cancer. We suggest a probable solution.
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Nordgård and Smaaland highlight one of the potential weaknesses of our analysis, which we also stated
in our discussion.1 There has been extensive discussion about whether the increased yield of tumour
cells found in SLNs compared with non-SLNSs is attributable to a more detailed examination or to the
biological significance of the sentinel node. Turner and colleagues2 showed that, in 103 patients with
breast cancer, there was a less than 0.1% probability of non-sentinel involvement if the SLNs were free of
metastases by both haematoxylin and eosin (H&E) stain and immunohistochemistry. In colorectal cancer,
Wong and colleagues3 conclude that there should be a focused examination of the SLNs. They state
that if the SLNs are free of metastases by both H&E stain and immunohistochemistry, the probability of
finding metastases in non-SLNs is remote. In the study by Faerden and colleagues,4 which is referred to
by Nordgård and Smaaland as one of the few studies to use enhanced examination for both non-SLNs
and SLNs, SLN identification was done after fixation of the specimen by a pathologist. They defined the
SLNs as the four-coloured nodes closest to the tumour. If more blue nodes were found they were defined
as non-SLNs. Like others,5 we think that harvesting SLNs after fixation could lead to sampling error due
to the elution of dye. Furthermore, identification of the so-called true SLN is impossible without observing
lymph-flow dynamics. Further studies, like the one done by Turner and colleagues,2 could answer the
question whether the SLN is indeed the lymph node most likely to harbour metastases from colon or
rectal cancer. However, one might also ask whether expensive and time-consuming studies are needed
to address this problem. It’s likely that new techniques-e.g analysing all nodes with one-step nucleic acid
amplification-might help to provide answers.
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Abstract
Synopsis: During surgery, a surgeon relies on the vision of his eyes and touch by his hands. While
laparoscopic surgery for colon cancer has proven to be safe and effective, it still remains a technically
difficult procedure. Although it is associated with reduced haptic feedback, by enforcing the power of
visual guidance, the loss of this feedback can be (partly) compensated. Here we describe how the use
of near-infrared dyes and fluorescence laparoscopy could help improving tumour staging and therefore
better selection of patients applying for postoperative adjuvant chemotherapy. More controversially, and
analogous to melanoma and breast cancer surgery with sentinel node biopsy, we speculate that local
resection with sentinel lymph node harvesting in early colon cancer might change the therapeutic and
surgical strategy in colon cancer.
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Introduction
Colorectal cancer is one of the leading causes of cancer related deaths. Standard therapy is an adequate
en-bloc resection. Prognosis is however associated with the radicality of the first surgery achieved either
by a conventional open or laparoscopic approach as this is how the stage of disease is determined.
The 5-year survival is 90% for patients stage I disease and 75% for those with stage II disease. Up to
30% of patients with stage I or II disease will develop loco-regional recurrence or distant metastases
and will eventually die from CRC.1 Understaging during the initial procedure clearly may contribute to
this mortality. Occult tumour cells and micrometastasis in lymph nodes are easily missed by routine
histopathological examination.2 Serial sectioning and additional immunohistochemistry or reverse
transcriptase (RT)-PCR could diagnose lymphatic spread more accurately. Ideally, all regional lymph
nodes should be examined with these techniques but this would be too expensive and time consuming
and therefore not feasible in every day practice. Focused examination of selective lymph nodes could
therefore be a solution. Additionally, in 2013 a national colon cancer screening program will kick-off in
the Netherlands. It is expected thereby that more early stage, node negative colon carcinoma will be
diagnosed. Large en-bloc resections for these small lesions could be considered as being unnecessarily
traumatic. Nowadays however local surgical treatment like submucosal resection of colonic neoplasia
are less applied because of the uncertainty about undetected lymph node metastases. More elegant
would be a local resection in combination with a selective lymphadenectomy analogous to breast cancer
surgery. Both these strategies therefore clearly require a means of identifying the most relevant lymph
nodes with regard to metastatic significance.

6

Sentinel lymph node (SLN) Concept
The sentinel lymph node is the first lymph node in the orderly progression of drainage from the primary
tumour and has the highest risk of harbouring metastases. The sentinel node concept has been proven
to be valid in many solid tumours. Since Morton et al.3 showed the validity of the concept in melanoma’s
and the subsequent identification of the sentinel lymph node by lymphatic mapping in breast cancer by
Krag et al.4 and Giuliano et al.5, the use of sentinel-lymph-node mapping in the therapeutic strategy has
altered profoundly the treatment of these cancers. The conventional pathologic work-up of lymph nodes
is haematoxylin and eosin (H&E) staining.6,7 As mentioned earlier, 30% of patients develop recurrences
or distant metastases while lymph node metastases are supposed to be negative by H&E staining.
Sentinel lymph node biopsy allows the pathologist to perform detailed analysis on the one to four sentinel
nodes to detect micrometastatic disease and improve nodal staging. Several studies indicate that
micro metastases are correlated with a significantly poorer prognosis.8-10 Consequently this will lead to
better selection of patients who likely will benefit from adjuvant chemotherapy. Screening programs and
increasing awareness of the symptoms of colorectal cancer will lead to increased numbers of detection
of early-stage colon carcinoma without nodal involvement. Early detection maybe allows for limited lymph
node harvesting. Extensive lymph node resection will lead to potential overtreatment in node negative
patients but, on the other hand, avoidance of possible undertreatment of false-negative node patients in
cases of limited (sentinel) lymph node harvesting is essential. In these early patients (Tis-T1-T2) therefore
a reliable sentinel-lymph-node mapping technique is especially essential in case of limited resection.
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Sentinel-lymph-node mapping techniques
A substantial amount of studies concerning the feasibility of sentinel-lymph-node mapping in colon
carcinoma have been published. The technique for sentinel lymph node identification varies from blue
dye (in vivo or ex vivo), radioactive dye and a combination of radioactive and blue dye. In 2005 Saha et
al.11 published a multicentre trial including 500 patients. Sentinel-lymph-node mapping was performed by
injecting 0.5 to 3 ml 1% blue dye circumferentially around the tumour in the subserosal layers. Sentinellymph-node mapping was successful in 98% of the patients with an accuracy, sensitivity and negative
predictive value of respectively 96%, 90% and 93%. Des Guetz et al.12 published a meta-analysis of 33
studies, resulting in a sensitivity of 70% and specificity of 81%. Both studies concluded that lymphatic
mapping appears to be readily applicable and it is a useful technique to avoid understaging. They also
noted a wide variation of results shown in the literature. The authors also recommend that for future
studies it will be necessary to stratify patients according to their T stage. The sentinel-lymph-node
procedure is likely less reliable in advanced tumour stages with the current techniques. Recently van der
Pas et al.13 published a meta-analysis to assess the diagnostic performance of the sentinel-lymph-node
procedure in terms of sensitivity and detection. To perform detailed analysis, the authors requested
individual patient data to stratify for colon and rectal cancer and T stages. The meta-analysis of van der
Pas et al. shows a low sensitivity for SLN detection, regardless of T stage, localisation or pathological
technique used in the overall analysis. In selected high quality studies a high sensitivity and specificity
was reached similar to those achieved in patients with breast cancer. Therefore the authors suggest that
for every patient diagnosed with colon cancer without clinical evidence of lymph node involvement or
metastatic disease, a sentinel-lymph-node procedure must be considered because of the great benefit
of improved staging.
Poor visualisation of the tracers used until now is one of the limitations. Blue dye is difficult to detect
in mesenteric adipose tissue. Also blue dye can readily diffuse through the sentinel lymph node and
pass to multiple nodes. Using a combination of blue dye and radioactive tracers could overcome this
problem. The use of gamma tracers for sentinel-lymph-node mapping in patients with colorectal cancer
was first reported by Kitagawa et al.14 Since more data are published which suggest an improvement of
identification, accuracy rate and number of found sentinel lymph nodes by using a combination of blue
dye and radioactive tracer15,16,even though the overall results did not show additional value of the use
of radioactive tracers. Using only radioactive tracer presents the problem of signal interference of the
injection site and a sentinel lymph node situating near the tumour. Besides that, the limitation to visualise
the lymphatic vessels and lymph nodes in real time makes radioactive tracers alone less attractive. Near
infrared dyes may have the characteristics to solve these shortcommings.
Sentinel-lymph-node mapping using Near-Infrared Dyes
Near-infrared dyes have a high peak spectral absorption. Wavelengths in the near-infrared (NIR) range
(700-900 nm) penetrate deeply into living tissue compared with visible light and blue dye. Therefore
sentinel-lymph-node mapping can also be accurately assessed in mesenteric adipose tissue. Today,
multiple near-infrared experimental dyes are available. The choice of a suitable dye for in-vivo imaging
requires consideration of several issues. Most importantly, the dye should exhibit strong excitation and
fluorescence emission in the NIR spectral range, a higher molar extinction coefficient and quantum yield.
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The dyes should have little or no photobleaching and should cause no phototoxic effects. Functional
groups should permit easy conjugates to proteins, antibodies, peptides and other biopolymers, to form
readily fluorescent conjugates. Today, however only Indocyanine Green (ICG) is clinically approved for use.
ICG is rapidly cleared from the blood. ICG is based on its fluorescence at approximately 835 nm with a
particle size of 7.3 nm. In 2006 Nagata et al.17 demonstrated successful laparoscopic sentinel-lymphnode mapping using infrared ray laparoscopy (IRL) with ICG staining. It was shown that IRL was five times
superior in localising the sentinel lymph node compared with conventional laparoscopy.
We have used a newly developed laparoscopic near-infrared fluorescence imaging system (Olympus Corp.,
Tokyo, Japan) optimised for in vivo sentinel-lymph-node mapping with ICG (Pulsion Medical Systems AG,
Germany). For injection we used a solution of 25 mg ICG diluted in 9 ml 0.9% NaCl and 1 ml Albumin
(HSA) (Cealb, Sanquin, Amsterdam, The Netherlands) to prevent the easily passage through the lymph
channels and nodes. After a successful feasibility study in a goat model18, we performed the procedure in
20 colorectal cancer patients. Depending on tumour size, one to four subserosal, peritumoral injections
with 1 ml ICG solution were administered. During the study we improved the injection technique. In first
eight cases, a spinal needle was used and in subsequent cases a flexible endoscope catheter was used.
This catheter gives less spillage of the ICG in the abdominal cavity. After injection, visualisation of lymph
flow and sentinel lymph node was performed by the near-infrared laparoscope. The fluorescent dots
are identified as sentinel lymph nodes and laparosopically harvested. These nodes were analysed by
a pathologist using multisectioning and immunohistochemistry. In 9 of the first 10 cases we found a
sentinel lymph node, which were all negative for micrometastases. In 4 of these cases a positive nonsentinel lymph node was found while the sentinel lymph was negative. All of these cases were in the first
5 patients where we used a spinal needle for ICG injection which gave a lot of spillage. In three out of four
cases these patients also had large tumours (diameter > 6 cm).
Discussion
Strengthened by our personal experience in sentinel-lymph-node mapping in colon cancer patients, we
believe sentinel-lymph-node-mapping could fulfil an important role in future colon cancer treatment.
However before clinical implementation the sentinel-lymph-node procedure needs to be improved.
The fluorescent technique seems to be very promising and may overcome many limitations of current
techniques. But as we experienced in our study there are several issues which have to be improved.
First we observed the problem of dye leakage during the injection of ICG. Our final injection technique
was performed by a flexible endoscope in the subserosal layer around the tumour. Correct positioning
of the needle-tip was found to be very difficult. Spillage of ICG results in a fluorescent abdominal cavity
and makes it impossible to detect sentinel-lymph-nodes. Colonoscopic pre- or peroperative injection
in the submucosal layer could be a solution. As with blue dye, ICG also has disadvantages. Although
the penetration depth in fatty tissue is better than blue dye it is still limited (1.5 cm). We think the
combination of radioactive tracers and a new, more fluorescent dye could solve this problem. These new
dyes should have better fluorescent characteristics compared to ICG. LI-COR IRDye 800 CW seems to be
one of the most promising new dyes. The LI-COR IRDye 800 CW has favourable characteristics compared
to the current available dyes. The fluorescence of this dye is supposed to be many times stronger than
that of ICG making it better visible in fatty tissue. It also has a high labelling density which makes IRDye
800CW easy to conjugate with radioactive tracers or monoclonal antibodies.
99

6

chapter 6

Conclusion
Accurate identification of sentinel lymph node may prove an effective means to ensure appropriate
surgical staging of patients and help in the selection for adjuvant therapies. Additionally, screening
programs and increasing awareness of the symptoms of colon cancer will lead to increased numbers of
early colorectal cancer. Sentinel-lymph-node mapping may therefore also alter the way we treat these
tumours (Tis-T1-T2) similar to breast cancer surgery especially if new technologies prove compelling.
New strategies might make it possible to treat early colon cancer by local resection therapy using only a
minimal invasive surgical sentinel node procedure.
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Abstract
Introduction: The sentinel-lymph-node procedure in patients with colon cancer may alter the strategy of
treatment of colon cancer. New techniques emerge that may provide the surgeon with a tool for accurate
intraoperative detection of the sentinel lymph nodes.
Methods: A sentinel-lymph-node procedure of the sigmoid was utilised in six goats. During laparoscopy
a near-infrared dye, indocyanine green (ICG) was injected in the subserosa of the sigmoid via a
percutaneously inserted long needle during four experiments and in the submucosa during colonoscopy
in two experiments. After injection the near-infrared features of the special developed laparoscope were
used to detect the lymph vessels and sentinel lymph nodes. At procedure end, at two hours after injection,
all goats were sacrificed and autopsy was performed. During post mortem laparotomy the sigmoid was
removed and used for confirmation of ICG node uptake.
Results: In all procedures the lymph vessels were easy to detect by their bright fluorescent emission.
In the first two experiments no lymph nodes were detected. During the final four experiments ICG was
dissolved in a human serum albumin solution before injection for better lymph node entrapment. In all
four experiments at least one bright fluorescent lymph node was found after tracking the lymph vessels
by their fluorescent guidance. The mean time between injection and sentinel lymph node identification
was 10 min (range 8-12 min). In two cases the sentinel lymph nodes were located up to 5 mm into the
fat tissue of the mesentery and were not seen by regular vision of the laparoscope. By switching on the
near-infrared features of the scope a clear bright dot became visible, which increased intensively after
opening the mesentery. Ex vivo examination of the surgical specimens revealed in one case a second
echelon sentinel lymph node which had not been recognised in vivo.
Conclusion: The sentinel-lymph-node procedure of the sigmoid using near-infrared laparoscopy in a goat
is a very promising technique. These results justify a clinical trial on the feasibility of sentinel-lymph-node
procedures in humans using ICG.
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Introduction
Colorectal cancer (CRC) is one of the leading causes of cancer related deaths worldwide. Approximately
500.000 patients each year will die as a result of colorectal malignancy.1 The management of CRC has
not been changed for more than 100 years. The metastatic status of regional lymph nodes remains
one of the most important factors for determining adjuvant chemotherapy. Stage I and II colorectal
cancer implies no lymph node involvement; however, up to 30% of patients with stage I or II disease
will develop locoregional recurrence or distant metastases and will eventually die from CRC. Therefore,
standard surgery might not be sufficient for these patients.2 A substantial portion of these patients
will develop recurrences due to inadequate lymph node resection and/or missed nodal metastases
on histological examination.3 With the conventional H&E staining micrometastases are not detected.
When multisectioning the lymph node micrometastases can be detected by immunohistochemistry and
RT-PCR but these techniques are labour and cost intensive, so it’s highly impractical to ultrastage all
the nodes in a given specimen. Several studies indicate that micrometastases are correlated with a
significantly worse prognosis.4-7 The sentinel-lymph-node procedure could improve accurate staging by
providing the pathologist with one or two lymph nodes for detailed evaluation. Also a reliable sentinel
node harvesting technique may alter the management in colorectal cancer treatment.2 Several studies
concerning the feasibility of sentinel-lymph-node mapping in colon carcinoma have been published.
The conclusion of a meta-analysis published in 2007 is that lymphatic mapping appears to be readily
applicable. The global sensitivity and specificity were, respectively, 70% and 81%.8 Because of the wide
variation of results shown in literature the technique of sentinel-lymph-node mapping should be improved
before using this technique in CRC routinely. The dyes used in almost all of these studies are patent/
isosulfan blue, radioisotope tracers, or a combination of these. There are several problems in the use of
these tracers. Ink (patent/isosulfan blue) for example is difficult to detect in mesenteric adipose tissue
and radioactive tracers have limits when the sentinel lymph node is located near the injection site.
The spatial resolution of systems with radioactive tracers is limited, which is related to the acquisition
method. Besides that, radioactive tracers lack the ability to visualise the lymph vessels and lymph nodes
real time, which gives problems to identify the sentinel lymph node to be removed. Near-infrared dyes
may have the characteristics to solve these problems. Near-infrared dyes have a high peak spectral
absorption. Wavelengths in the near-infrared range penetrate relatively deeply into living tissue compared
to visible light, so sentinel-lymph-node mapping can also be accurately assessed in mesenteric adipose
tissue. The limitation of this technique until now has been the absence of a dedicated device capable
of intraoperative detection of fluorescent dyes in laparoscopic surgery. In this study we investigated the
feasibility of laparoscopic sentinel lymph node detection in the sigmoid by using fluorescence techniques
in an acute goat model. A goat model was chosen because of the fatty mesentery which is analogous to
the human mesentery.
Methods
A near-infrared laparoscope (Olympus Corp., Tokyo, Japan) was developed for this study. The scope
consists of a Xenon light source for excitation and adjusted filters for optimal light selection. The lenses
within the optics were specially coated to allow near-infrared light penetration. A switch positioned at
the end of the optic could be used to change the filters for near-infrared vision. All procedures were
recorded. Six mature female Dutch milk goats (63-90 kg), which were included in a spinal fusion study,
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were used for the present study. All animals were sacrificed immediately after the procedure and autopsy
was performed. For ICG injection we used a long needle in four cases and in the final two cases we used
an R-scope (Olympus Corp., Tokyo, Japan)
Surgical Technique
The operative procedure and animal care were performed in compliance with the regulations of the Dutch
legislation for animal research and the study protocol was approved by the Animal Ethics Committee
of the VU University Medical Center Amsterdam. Premedication by intramuscular injection comprising
1,5 mg atropine and 900 mg ketamine was administered 20 minutes before surgery, while induction
was achieved with intravenous etomidaat 10-20 mg corrected guided by effect. One bolus injection
of 250 µg i.v. fentanyl and 15 mg midozolam i.v. was administered and if needed this was repeated.
Anaesthesia was then maintained with 1.5-2.0% isoflurane after insertion of an endotracheal tube.
Breathing support was adjusted to: pressure 0/15-0/20 cm H2O, Volume ± 8-10 ml/kg, Frequency 1418 breaths/min, Percentage CO2: 4.0-4.5%. Surgery was performed under general anaesthesia with
endotracheal intubation. The goats were placed in a right lateral decubitus position. The abdominal area
of the left site was shaved. Three trocars were used. Percutaneously a urine catheter was placed into
the ruman stomach in order to get rid of the gas produced by the fermentation going on in the rumen.
The sigmoid colon and mesocolon were exposed and studied. During the first two experiments 25 mg
Indocyanine green (ICG-PULSION®) diluted in 5 ml 0,9% NaCl was used. We injected, respectively, 5.0
and 2.5 ml solution through the skin into the wall of the sigmoid using a long needle. During the following
two experiments the sigmoid was fixated to the abdominal wall using three stitches positioning the
mesocolon a vue. This time 2,5 mg ICG in 1 ml 0.9% NaCl containing 10% of human serum albumin (HSA)
(Cealb®, Protein concentration of 200 g/l, of which at least 95% albumin) was injected subserosally in
the wall of the viscera using the long needle transcutaneously. For the final two experiments we used
a R-scope (Olympus Corp., Tokyo, Japan) inserted per ano into the colon and manoeuvred so that the
tip with it’s working channels was positioned at the apex of the exposed sigmoid loop. Under direct
vision (both intraluminal and intraperitoneally), 2.5 mg ICG in 1 ml 0.9% NaCl/10% HSA was injected
submucosally. Before and after the administration of ICG, 1 ml of NaCl was injected. The first injection of
NaCl was used as a control for positioning the needle and the second injection of NaCl was considered
to be helpful against leakage of ICG into the lumen. In all experiments the mesentery was observed with
both normal and near-infrared vision for visualising the efferent lymph vessels and subsequently lymph
node dye uptake.

Figure 1. View obtained during experiment 3 at 12 min after injection
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Results
In all experiments the efferent draining lymph vessels were visualised by their bright fluorescence
immediately after the ICG injection. We didn’t see any autofluorescence of the intra-abdominal structures.
There was a high signal to noise ratio which made it easy to detect ICG in the abdominal cavity. During
the first two experiments no lymph nodes were detected. There was some difficulty to reach for the radix
and have a clear vision of the mesocolon. A handport was made in both cases to assist during the search
for lymph nodes. Besides that, there was some dye spillage into the abdominal cavity. Due to the spilling
the whole abdominal cavity eventually became bright fluorescent especially where the folds of the colon
were positioned and therefore the procedures were adapted (see Methods section). Despite the spillage,
the lymph vessels were easily detected.
A

B

Figure 2. View obtained during experiment 3 at 15 min after injection

A

B

7

Figure 3. View obtained during experiment 3 at 20 min after injection
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During the following two experiments we were able to identify one sentinel node in both cases 12 and 8
minutes after injection. We were able to follow the fluorescent vessels, which ended in a bright fluorescent
spot in the mesentery (figure 1). The sentinel node was not seen in ordinary white light mode, but could
easily be detected by the near-infrared feature of the scope (figure 2). When opening the peritoneum
and the mesenterial fatty tissue, the fluorescent spots became even more bright (figure 3), and the
lymph nodes now could also be identified by normal light. After autopsy at two hours after injection the
sigmoid was examined in a laparoscopic training box. In both specimens the sentinel nodes could be
detected ex vivo. In one case a second echelon lymph node was seen, which had not been observed
during the in vivo experiment. This discoulorated lymph node was located deep at the base of the radix
mesentery. All the fluorescent lymph nodes were harvested. We also compared the fluorescent sentinel
lymph nodes with other regional lymph nodes using the near-infrared futures of the scope. No fluorescent
signal was detected in the regional lymph nodes. Ex vivo experiments showed a penetration depth of at
least 7mm through fat tissue, while also penetration through a 0.5 cm thick skin patch was observed.
During our final two experiments ICG was injected submucosally by colonoscopy (see Methods section).
The concentration used was similar to that of our third and fourth experiment. In both procedures there
was a sentinel node visible after 10 minutes (table 1).
Concentration

Mode of

Technique

injection

Number SLN

Visibility of

found

Efferent
lymphvessels

Experiment 1

25 mg ICG in 5 ml NaCl 0,9%

5 ml

Percutaneously

0

+

Experiment 2

25 mg ICG in 5 ml NaCl 0,9%

2,5 ml

Percutaneously

0

+

Experiment 3

25 mg ICG in 10 ml NaCl 0,9% /2% HSA

1 ml

Percutaneously

1

+

Experiment 4

25 mg ICG in 10 ml NaCl 0,9% /2% HSA

1 ml

Percutaneously

1 and 1 ex vivo

+

Experiment 5

25 mg ICG in 10 ml NaCl 0,9% /2% HSA

1 ml

colonoscopy

1

+

Experiment 6

25 mg ICG in 10 ml NaCl 0,9% /2% HSA

1 ml

colonoscopy

1

+

Table 1. summary results

Discussion
Sentinel lymph node detection could have a future role in the treatment of colon cancer. As a prerequisite
it should be possible to identify and harvest the sentinel lymph node in an accurate, safe, fast and
reliable manner. Previous publications showed this is a point of concern.9,10 The methods employed for
sentinel-lymph node mapping used till today face some difficulties, which could influence their accuracy
in identifying the sentinel lymph node. Like in breast cancer and melanoma, also in patients with colon
cancer both radio-guided and/or dye-guided imaging has been used for sentinel lymph node detection.
The ink based tracers have a poor tissue contrast and tend to diffuse through the lymph nodes because of
their small particle size. On the other hand radio-guided imaging faces the problem of signal interference
of the injection site that is if the sentinel lymph node is located near the tumour. Besides that the lymph
vessels and lymph nodes can not be visualised real time.
Near-infrared dyes may possess the characteristics to solve these problems. Indocyanine green is a
water-soluble tricarbocyanine, which is approved for clinical use. ICG has a peak spectral absorption at
800-810 nm in blood plasma and blood. Wavelengths in the 800 nm range penetrate relatively deeply
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into living tissue compared to visible light. This makes it possible to detect the sentinel lymph node
accurately in mesenteric adipose tissue. The lymphatic collection process is strongly related to particle
size. Nakajima et al. considered the 40 nm beads to be the most appropriate size for sentinel lymph node
detection in rats.11
When ICG was dissolved in a NaCl/HSA solution before administration, the dye stayed entrapped in the
sentinel lymph node in our study. ICG diluted in 0,9% NaCl only seems not suitable for sentinel lymph
node identification in our study. However we still have to do some confirmatory studies on this topic. The
second echelon lymph node found during ex vivo evaluation was located at the radix mesentery. The
presence of four subsequential stomachs and the anatomical properties of the radix of the goat colon
make a proper surgical exposure extremely difficult. On the other hand this lymph node could be clear
from ICG during the procedure but was filled some time later between the termination of the surgical
procedure and the final autopsy. The volume of injection and the concentration of ICG for optimal clinical
use needs to be validated in the future. One of the challenges using a percutaneous injection method is
to avoid leakage of tracer during and after injection. Once there is spillage the whole abdominal cavity
will be contaminated. When spilled it’s very hard to wash it away. The background fluorescence of the
spilled material will complicate the detection of the SLN. An alternative method could be submucosal
injection during colonoscopy. If there is leakage then it would be in the lumen and not into the abdominal
cavity. But even then fluorescence will be seen through the colon wall. The development of intraoperative
photodetection could pave the way to perfect minimally invasive surgery. The group of Marescaux
successfully used the technique of Natural Orifice Transluminal Surgery (NOTES) for sentinel biopsy of
the colon in six pigs.12 Methylene blue was used for the detection of the lymph vessels and sentinel lymph
nodes. Like discussed earlier this may not be the preferred dye in humans with a fatty mesentery and
therefore such positive results are not likely to be expected. In the near future early colon cancers may
be treated by local resection therapy only with a minimal invasive surgical-sentinel-node procedure using
fluorescent dyes.2 New fluorescent dyes are being developed by industries all over the world. Most of
them face toxicology studies and won’t be available for clinical evaluation the coming years. But there
are already a few fluorescent dyes that are commercially available for clinical use. With the development
2

of the near-infrared laparoscope intraoperative visualisation of these dyes now becomes possible. New
applications can be explored for example by using these dyes conjugated to monoclonal antibodies.
Fluorescent imaging may provide the surgeon with a tool for intraoperative detection and diagnostic
methods for cancer eradiation.
Conclusions
Before clinical implementation the sentinel-node-procedure in patients with colon cancer needs to be
improved. The fluorescent technique seems a very promising new method. Intraoperative photodetection
of the sentinel lymph node with the use of fluorescence may overcome many limitations of current
techniques. This study presents the feasibility of the sentinel-lymph-node technique using fluorescence
and a special developed near-infrared laparoscope in a goat model. The next step is to validate this
technique in a clinical trial.
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Abstract
Introduction: After promising results were obtained from studies in large animals, a new technique using
indocyanine green (ICG) is being introduced for sentinel-lymph-node biopsy in colon cancer patients.
Methods: Colon cancer patients without clinical signs of metastatic disease, presenting at the VU University
Medical Center (Amsterdam, The Netherlands) or Kennemer Gasthuis (Haarlem, The Netherlands) were
asked to participate in the study. During laparoscopy, a subserosal injection of 2,5 mg of ICG diluted
in 1 mL 0,9% NaCl plus 2% human albumin was performed using a percutaneously inserted long rigid
or flexible needle. After injection, a near-infrared laparoscope (Olympus Corp., Tokyo, Japan) was used
for lymph flow and sentinel lymph node visualisation. The sentinel lymph nodes were laparoscopically
harvested and analysed by a senior pathologist using multisectioning and immunohistochemistry.
Results: Fourteen patients were included (six women, eight men), with a median age of 75.5 (interquartile
range [IQR], 67.8-81.0) years and a median body mass index of 25.1 (IQR 22.7-26.0) kg/m2. Median
tumour diameter was 4.5 (IQR 3.4-7.0) cm. At least one sentinel lymph node was identified in all patients,
with a median number of 2.0 (IQR 2.0-3.3) sentinel lymph nodes. The median time between injection and
identification of the sentinel lymph node was 15.0 (IQR 13.3-29.3) minutes. Positioning of the needle
tip into the subserosal layer was found to be more effective using the flexible needle. When this flexible
needle was used, less spill of dye was observed. All sentinel lymph nodes were negative. We observed
four false-negative nodes, all after using a rigid needle. None of the patients showed an adverse reaction
to the ICG injection.
Conclusion: Preliminary results of laparoscopic sentinel lymph node identification using a near-infrared
dye show this procedure is safe and feasible. It was possible to detect lymph nodes in all patients. Large
tumour size, drainage to adjacent lymphatic vessels and the use of a rigid needle might contribute to
false -egative nodes.
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Introduction
The concept of sentinel-lymph-node biopsy has been validated in patients with melanoma, breast and
vulvar cancer. Cabanas1 was the first to describe this concept for penile carcinoma. The lymph flow
dynamics were used to identify the first lymph node upon which the tumour drains. When tumour spread
occurs, this sentinel lymph node is most likely the first to be infested by tumour cells. This concept has
been used for optimising surgical treatment for breast cancer and melanoma patients.2,3 The primary
purpose of sentinel-lymph-node mapping in patients with colon cancer is to upstage tumours whose
metastases would remain undetected by conventional pathological examination and to identify aberrant
lymphatic drainage. The gold standard for colon cancer treatment today is a segmental resection including
resection of all regional lymph nodes. For tumour staging, lymph nodes are harvested manually by the
pathologist and are assessed using single-section examination followed by haematoxylin and eosin (H&E)
staining. The outcome of this histopathological examination is the most important indication for adjuvant
chemotherapy. Following this current strategy for colon cancer management, up to 30% of Stage I and II
patients (by definition node negative) will eventually develop metastases and die from colon cancer.4 This
might be caused by a suboptimal pathological examination of the lymph nodes. Using the conventional
single-section H&E staining, only a limited part of the lymph node is investigated, and therefore (micro)
metastases can be easily missed. Identification of the sentinel lymph node, subsequent serial section,
and the use of immunohistochemistry, as used in other forms of cancer, might be of value in upgrading
node-negative colon cancer patients. Until now, tracers currently used for sentinel-lymph-node mapping
in colon cancer patients have shown limitations such as poor tissue penetration of blue dye in case of
a fatty mesentery and signal interference if the sentinel lymph node is located near the tumour when
using radioactive tracers. Here we describe a new minimally invasive technique for sentinel-lymph-node
mapping in patients with colon carcinoma.
Methods
The study protocol was approved by the ethical committee of the VU University Medical Center,
Amsterdam, The Netherlands, and by the local ethical committee of the Kennemer Gasthuis, Haarlem,
The Netherlands (registration number: NL2461302908). Patients at least 18 years old, who gave oral
and written informed consent, were included in this validation study. Right after the sentinel-lymph-node
procedure, each patient received standard surgery. Exclusion criteria were: pre- and per-operatively
gross lymph node involvement, distant metastases, advanced disease with invasion of adjacent
structures, prior colorectal surgery, metastatic or T4 disease discovered during intraoperative staging,
contraindications to laparoscopy, rectal cancer, and allergy to iodine. Main study endpoints were;
identification rate of sentinel lymph nodes, number of false-negative sentinel lymph nodes, number of
patients who are upstaged by ultrastaging techniques, number and status of aberrant lymph nodes, and
accuracy and conformity of the sentinel lymph node status.
Surgical procedure
Patients meeting the inclusion criteria were prepped, draped and placed under general anaesthesia.
Laparoscopic access was obtained in the traditional fashion, and abdominal exploration was performed
to rule out intra-abdominal metastases. Injection of the dye was performed by the same surgeon
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(WJHJM) in all cases. In the first seven patients a rigid spinal needle was used for injection. During the
final seven procedures two different kinds of flexible endoscopic needles were used for transcutanous
injection (sclerosering and Wang needle). During two of the seven procedures a sclerosering needle (FH
Medical BV Veenendaal, The Netherlands) with a tube length of 230 cm, tube diameter 2.35 mm and
needle projection of 5 mm was used. In five patients a Wang transbronchial cytology needle (ConMed
Corp., Utica, New York, USA) with a tube length of 130 cm, tube diameter 1.9 mm and needle projection
of 13 mm was used. The short tube length and small diameter of the Wang transbronchial cytology
needle, allowed for a more controlled way of injecting tracer material. Alternatively, using a longer flexible
needle, makes it easier to place the needle tip in the subserosal layer of the colon and keep it positioned
during tracer administration. The use of indocyanine gren (ICG)/albumine solution was based on previous
results obtained from animal studies.6 First, 1.0 mL of saline was injected in the colon wall to ensure
correct placement of the needle (confirmed by a raising bleb), followed by the injection of ICG (ICGPulsion, Pulsion Medical Systems AG, München, Germany) solution. ICG solution consisted of 25 mg ICG
diluted in 1.0 mL of human albumin (20%) and 9.0 mL NaCl (0.9%). One to three peritumoral injections
were performed depending on tumour size. The maximum injected volume contained 1.0 mL ICG solution
(<2,5 mg). For lymph vessel and sentinel lymph node identification, a newly developed, CE-approved,
near-infrared laparoscope (Olympus Corporation, Tokyo, Japan) was used. The system consisted of a
Visera laparoscopic system equipped with a xenon light source for excitation of ICG and filter sets for
optimal wavelength selection. The optic device used has adjusted coated lenses to allow for optimal
infrared transparency. A more detailed description of this laparoscope was previously published.6 The
first one to four lymph node(s), accumulating tracer material and presenting as bright fluorescent dots
using the near-infrared modes, were defined as sentinel lymph node(s). After identification, the sentinel
lymph node(s) were being harvested laparoscopically. After sentinel lymph node harvesting, conventional
laparoscopic medial to lateral oncologic resection was conducted.
Pathological assessment
A senior pathologist manually searched the fresh resection specimen for lymph nodes. Lymph nodes
found were bisected along the longest axis and embedded in paraffin. All lymph nodes were stained with
H&E. If the sentinel lymph nodes were tumour negative after routine H&E staining, the sentinel lymph
nodes were sectioned (3-4 µm thick) at 150 µm intervals and examined at three levels with H&E as
well as using immunohistochemistry with the epithelial marker CAM 5.2. Metastases between 0.2 mm
and 2.0 mm were referred to as micrometastases. Metastases smaller than 0.2 mm were described as
isolated tumour cells.
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Results
Fourteen patients were included six women and eight men. The median age of the patients was 75.5
(interquartile range [IQR] 67.8-81.0) years. Patients had a median body mass index of 25.1 (IQR 22.726.0) kg/m2. The tumours were located in the sigmoid (n=6), colon transversum (n=1), ceacum (n=5)
and colon ascendens (n=2). The median diameter of the tumours was 4.5 (IQR 3.4-7.0) cm (Table 1).
During all procedures the flow of dye in the lymphatic vessels could be followed in real time by the bright
fluorescent signal (Fig 1.). Proper excitation of the dye occurred almost immediately after ICG injection
(approximately 1 minute). The absence of autofluoresence of intra-abdominal structures and a high
signal-to-noise ratio made lymph vessel and lymph node identification possible. During all procedures at
least one to four lymph nodes could be identified and harvested. The (sentinel) lymph nodes were being
dissected using the white-light modus of the near-infrared system. Guided by the greenish color of the
ICG itself and by switching back to the near-infrared modes, complete removal of the (sentinel) node
could be optimised. There was no need for conversion in any of the procedures. During five procedures
more than one injection was used because of the size of the tumour (Table 2). The median time between
dye injection and sentinel lymph node identification was 15 (IQR 13.3-29.3) minutes. Laparoscopic
harvesting of (sentinel) lymph nodes was successful in all 14 patients (100%). The median number of
sentinel lymph nodes found was 2.0 (IQR 2.0-3.3) and the median number of non-sentinel lymph nodes
found by the pathologist in the resected specimen was 10.5 (IQR 4.8-22.3).
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Patient

Sex

Age

BMI

Tumour site

1

Female

81

25,9

Colon ascendens

2

Male

80

25,9

3

Male

74

24,5

4

Male

84

22,9

5

Male

82

22,2

6

Female

54

Tumour

Stage

diameter (cm)
7,0

T3

Caecum

7,0

T3

Colon transversum

2,5

T2

Sigmoid

10,0

T3

Sigmoid

4,5

T3

31,2

Caecum

4,0

T2

7

Male

81

30,1

Caecum

3,0

T2

8

Female

77

26,4

Sigmoid

9,5

T3

9

Male

81

25,8

Sigmoid

4,5

T3

10

Female

68

21,0

Sigmoid

3,5

T3

11

Male

74

25,1

Colon ascendens

0,8

T3

12

Female

46

22,0

Caecum

6,0

T3

13

Female

74

23,8

Caecum

4,5

T2

14

Male

67

25,1

Sigmoid

3,5

T3

Table 1 Patient and tumour characteristics

Patient

Needle used

Number of injections*

Time between injection and SLN
identification (min.)

1

Rigid

1

29

2

Rigid

1

8

3

Rigid

1

40

4

Rigid

2

30

5

Rigid

1

2.5

6

Rigid

1

15

7

Rigid

1

15

8

Sclerosering needle

2

15

9

Sclerosering needle

1

15

10

Wang needle

3

30

11

Wang needle

1

5

12

Wang needle

1

25

13

Wang needle

3

25

14

Wang needle

3

15

Table 2 procedure charecteristics *Each injection consisted with 1 ml of ICG/human albumine/NaCl solution
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In 10 patients no metastases were found during evaluation of the sentinel lymph node and non-sentinel
lymph nodes. In four patients a positive non-sentinel lymph node was found, whereas the presumed
sentinel lymph node was negative (false-negative node). No adverse events or complications occurred as
a result of laparoscopic sentinel lymph node identification using ICG. The usage of a rigid spinal needle
made the procedure technical more difficult. In particular, correct positioning of the needle tip into the
subserosal layer, for example, depended much on the right angle between colon wall and needle. More
spillage of dye occurred when using the rigid needle in contrast to the flexible (Wang) needle. Intraabdominal spillage of dye made the sentinel lymph node identification difficult in the first five cases,
because of the fluorescent abdominal cavity. Time between injection and lymph node identification
took longer when spillage occurred. During the final seven cases a flexible endoscopic needle was used.
Positioning of the needle tip into the colon wall was found to be much easier especially when using the
Wang transbronchial cytology needle. No spillage was reported during the final seven procedures. We
also observed that near-infrared light is able to penetrate relatively deeply through living tissue. During
our study lymph nodes located 1.5 cm in the fatty tissue could be identified.

Figure 1a and b. Positioning of the needle with (a) rigid needle and (b) flexible needle

8

Figure 2a and b. observation mesentery normal light and b observation mesentery NIR
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Discussion
This study was conducted to describe and assess the feasibility of a new technique using near-infrared
dyes for sentinel lymph node detection and harvesting in colon cancer patients. The major issue in our
current study is occurrence of the false negative (sentinel) nodes in four patients. We believe the following
problems contribute to these findings.
1. Correct placement of the needle close to the tumour is essential for adequate sentinel-lymph-node
mapping. However, if the peritumoral injection of the near-infrared dye is not close enough to the tumour
or in the case of large tumours, this can lead to drainage into adjacent lymph vessels instead of the
vessels draining on the sentinel lymph node. As a result sentinel lymph nodes will be missed.
2. During the first seven procedures a rigid spinal needle was used for dye injection. Correct positioning
of the needle tip was found to be difficult and occasionally lead to spillage of dye. During the final seven
procedures the rigid needle was replaced by a flexible needle. Using a flexible needle, positioning of the
needle tip into the colon wall was found to be easier. Intra-abdominal space is limited and manoeuvring
of a flexible needle was shown to be more manageable, making a correct position easier.
3. Also, the sentinel-lymph-node mapping in large-sized tumours (>7 cm in diameter) seems to show less
favourable results regarding sensitivity. Obliteration of the lymph vessels by ingrowth of tumour tissue or
obstruction by gross metastases in the lymph node, resulting in an alternative route of lymph flow, could
be an explanation.
During animal experiments we observed the problem of dye leakage.6 Spilled ICG will stick to intraabdominal tissues resulting in a fluorescent abdominal cavity. Rinsing the abdominal cavity with saline
after spillage at the injection site does solve this problem only slightly. We addressed this problem
by a pre-injection of saline to assure a correct localisation of the needle. Correct placement of the
needle gives bulging of the colon wall. Other injection startegies could be interesting for future studies.
Preoperative colonoscopic injection, for example could be an alternative.7 When spillage of dye occurs,
the tracer material will leak into the lumen of the colon, making spillage less of a problem. During animal
experiments this approach showed favourable results (data not published). Different injection routes like
intratumoral or submucosal injection by per- or preoperative colonoscopy is a subject of future studies.
Sentinel-lymph-node mapping using patent blue and radioisotope tracers, analogue to breast cancer,
is noted to have limitations when used in colon cancer patients.8,9 Some authors have concluded
that the sentinel-lymph-node mapping concept is not suitable for colon cancer patients because high
false-negative ratios were seen.8,9 However, results from a meta-analysis addressing sensitivity of the
sentinel-lymph-node procedure in colorectal cancer patients showed favourable results when selecting
for high-quality studies. Sensitivities as high as 90% with a detection rate of 96% could be achieved.10 In
addition, recently published studies showed high sensitivity rates when the procedures were accurately
performed.11,12 The type of dye chosen might also have confounded the results of some studies. Ink, for
example, show poor tissue penetration, especially in patients with extensive intra-abdominal fat. When
radioactive tracers are used, the signal from the injection site might interfere when the sentinel lymph
node is localised nearby the tumour. Near-infrared dyes with their unique characteristics could help to
overcome these problems. We clearly show here that lymph nodes in obese patients can be adequately
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identified using ICG up to 1.5 cm in fatty mesentery. During our procedures we diluted ICG with saline
and human albumin. This was based upon previous animal experiments.6 During these experiments we
were not able to detect sentinel lymph nodes when using plain ICG. We could identify lymph vessels, but
it seemed that ICG washed through the lymph nodes and did not accumulate in the nodes. After human
albumin, was added, sentinel lymph nodes could be identified. In addition, human albumin seems to
increase the fluorescent capacities of ICG. Other groups reported good kinetics using only ICG.13,14 The
need for human albumin and its concentration for ICG dilution deserves also further analysis. The period
of time between dye injection and sentinel lymph node identification varied from 2.5 minutes to 40
minutes. Tracer material used was equal during all cases. Intra-abdominal lymph node drainage patterns
are not consistent, and sentinel lymph nodes can be located at different locations. Exploring the abdomen
in search for the sentinel lymph node can be time consuming, especially when spillage of dye occurred,
coloring more intra-abdominal anatomic structures fluorescent. Lymph vessels can be identified within
seconds after dye injection when they are located at the surface. Depending on the depth of localisation,
a solid amount of dye entrapped in the lymph node will be needed to ensure enough tissue penetration
for identification. In the patient in whom the sentinel node was identified after 2.5 minutes, the lymph
node was located near the tumour and at the surface of the mesentery. ICG was used because this dye
is clinical grade. Several companies worldwide are busy developing new near-infrared dyes for clinical
purposes. Toxicological studies are needed, but they are time consuming, and the first clinical grade dyes
are still being awaited. These new dyes are reputed to have better fluorescent characteristics compared
with ICG. Nevertheless, we demonstrated that ICG was capable of sentinel lymph node detection by using
the near-infrared modes of a near-infrared laparoscope.
Conclusion
Laparoscopic sentinel-lymph-node mapping using ICG/albumine/NaCl solution is feasible in patients with
colon cancer. However, this novel technique needs more refinement. In particular, the site of injection,
(subserosal or intramucosal injection and the intra- or peritumoral injection) is a point of discussion.
More studies concerning the concentration and amount of dye to be injected, the additional value of
human albumine, method of injection and validation of the sentinel-lymph-node technique using ICG are
warranted.
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chapter 9

The COLOR II trial shows that laparoscopic resection of rectal cancer in a large selected group of patients
with rectal cancer across Europe, Canada and South Korea, treated by experienced surgeons, provides
similar oncologic radicality as open surgery with similar rates of morbidity and mortality. The COLOR II
trial demonstrates that laparoscopic surgery for rectal cancer is associated with less blood loss, faster
postoperative recovery and shorter hospital stay compared to open surgery which is a confirmation of
findings by previous publications.1,2 The health-related quality of life within one year after surgery did
not differ between laparoscopic and open surgery.3 Similar findings were found by Li and colleagues
in a prospective nonrandomised study including 135 patients with rectal cancer. In the COLOR II most
changes for symptoms and functional scales were seen within 4 weeks after surgery but diminished over
time. Even results with regard to body image did not differ between laparoscopic and open surgery within
1 year after surgery. Although speculative, body image may be interpreted as insignificant compared to the
oncological outcomes. From the short-term COLOR II data, long-term results available from the CLASICC
trial, and single institution data, it can be assumed that the long-term results from the COLOR II will
support the view that laparoscopic rectal cancer surgery is not worse than open rectal cancer surgery.4,5
The long-term follow-up data from the COLOR II trial will be available in 2014. Because the COLOR II trial
only included a selected group of patients several questions remain. In the COLOR II trial patients with T4
and T3 rectal cancers within 2 mm of the endopelvic fascia were excluded. Therefore we still don’t know
if laparoscopic resection is oncological safe in patients with locally advanced rectal cancer. As stated
in the guidelines from the French Society of Digestive Surgery and European Association of Endoscopic
Surgery, locally advanced (T4) colorectal cancer is a contraindication for laparoscopic surgery.6,7 Results
from a small prospective series show that laparoscopic surgery for T4 colorectal cancer is feasible.8
This study included 12 patients with T4 rectal cancer in 4 years and showed only short-term outcomes.
In the COLOR trial, 30 patients had a locally advanced tumour. All of these patients needed conversion
to open surgery resulting in extra anatomical dissection.9 Surgery remains the only curative treatment
and therefore we should focus on how we can improve the outcomes in the group of patients with locally
advanced rectal cancer.
Laparoscopic surgery in obese patients is being known to be associated with increased technical
difficulty. It has been suggested that higher rates of local recurrences occur in patients with a higher
body mass index.10,11 Outcomes presented in Chapter 4 show that BMI is an independent risk factor
for conversion and that conversion is associated with a higher complication rate. In the COLOR II trial
the need for conversion did not resulted in a higher rate of positive circumferential margin. There is one
prospective single institution series published, reporting about the impact of body mass on long-term
outcomes after laparoscopic rectal cancer.12 In this series a total of 490 patients with rectal cancer
suitable for laparoscopic surgery were included in a period of 10.5 years. Patients were divided in 4
groups according to BMI (<20,20-25,25-30 and >30 kg/m2). Even though not significant an increased
5-year local and distant recurrence rates were found in patients with a higher BMI. Like this prospective
series, the COLOR II trial will not provided a high level of evidence about the safety of laparoscopic rectal
cancer surgery in obese patients. This important question should be addressed in future studies. Age
> 65 years was also found to be an independent risk factor for conversion. Older patients are more
likely to have more comorbidity and might have more problems coping with longer operating times and
physiologic changes caused by the high intra-abdominal pressure established by laparoscopy. Age as a
risk factor for conversion in patients undergoing rectal cancer surgery should be focus of further studies.
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In the COLOR II trial13 16% of patients were converted to open surgery, which is a great improvement
compared to findings from the CLASICC trial14 reporting a conversion rate of 34% for patients with rectum
cancer. The higher conversion rate reported in the CLASICC trial probably has to do with an ongoing learning
curve during the inclusion period of the trial. The conversion rates were sharply falling from around 45%
at the beginning of the trial to around 18% in the final year of accrual. As the surgical teams participating
in the COLOR II trial have extensive experience in laparoscopic rectal cancer surgery the reported 16%
conversion rate probably does not reflect a learning curve. This suggests the conversion rate of 16% is
related to technical limitations such as fixed instrument tips and unstable handling of the camera by the
assistant. Robotic surgery can coop with these limitations and may further lower the conversion rate to
1-7%.15 However the data published today come from case series and retrospective case-comparison
series.16-19 Randomised controlled trials are needed to determine if robotic surgery for rectal cancer is
feasible without comprising oncological outcomes. Another new promising surgical approach for total
mesorectal excision is transanal surgery. This can be performed by transanal endoscopic microsurgery
(TEM) and transanal minimally invasive surgery (TAMIS). Transanal endoscopic microsurgery (TEM) for
early stage (T1) rectum carcinoma has been topic of debate in the recent years. It has been shown that
TEM could be used for radical rectal cancer surgery for early stage tumours.20 The largest drawback for
using this technique is the absence of information about lymph node staging. It could be that missed
lymph node metastases contribute to the higher local recurrence rate after TEM compared to TME in
T1 rectum carcinoma.21 With TAMIS a transanal total mesorectal excision can be performed making this
new approach very interesting for radical rectal cancer surgery. A case series of 20 patients published by
Atallah and colleagues show promising short-term oncological outcomes for locally advanced mid- and
distal rectal cancer after TAMIS.22 This novel technique might help to further reduce surgical trauma and
with that improvement of short-term outcomes. The COLOR study group will initiate a new multicentre
randomised controlled trial (COLOR III) to study the feasibility of TAMIS.
Large randomised controlled trials such as the COLOR and COLOR II trial will remain the most precise tool
to estimate the effect of a new procedure. However, these studies are very cumbersome and expensive.
In a comment on the COLOR II short-term results, by Heidi Nelson23, a suggestion is being done to use
data generated by large national databases and to work together towards prospective standardisation.
This way it’s possible to introduce new surgical techniques. Surgeons will always be searching for new and
better techniques to care for their patients and therefore there will always be a need for large randomised
controlled trials.23 But the suggestion by Nelson is a good alternative if there are no resources to execute
such large randomised studies. In 2009 the Dutch Surgical Colorectal Audit (DSCA) was initiated by the
Association of Surgeons of the Netherlands to monitor, evaluate and improve colorectal cancer care.
All Dutch hospitals participate in the audit. Data obtained from this audit show that just over 50% of all
rectum cancer surgeries are being performed laparoscopically resulting in significant better short-term
results as in morbidity and mortality compared to open rectal cancer surgery. Moreover laparoscopic
rectal cancer surgery was associated with improved resection margins compared to open surgery. Data
from the DSCA also showed that patients who have their laparoscopic surgery converted to open surgery
had comparable rates of morbidity and mortality compared to patients who had open surgery initially.
These numbers reflect the importance of high qualtity national and international registries. However
adequately powered randomised controlled trials, such as the COLOR and COLOR II will always be
essential to provide the highest level of evidence.
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Sentinel-lymph-node mapping in patients with colon cancer
Up to this day we are not doing a great job in selecting patients with colorectal cancer who might benefit
from adjuvant chemotherapy (Chapter 6). The most important indication for adjuvant chemotherapy
is the presence of lymph-node metastases.24 With the current used techniques for histopathological
examination, haematoxylin-and-eosin stained single section, lymph node metastases are likely being
missed. When using haematoxylin-and-eosin staining, micrometastases are not detected at all. Patients
with lymph nodes invested with micrometastases have an increased risk of local recurrence and their
survival is significant worse compared to patients with tumour clear lymph nodes.25 By identifying the
lymph nodes most likely being effected, the sentinel node, more detailed examination for micrometastases
becomes possible. Sentinel-lymph-node mapping using a tracer is a tool to identify the sentinel node.
So should we perform a sentinel-lymph-node procedure in every patient diagnosed with colon or rectal
cancer without clinical evidence of lymph-node involvement or metastatic disease? In this thesis we
show that the sensitivity can be increased from 76% (all studies) to 90% for colon and 82% for rectal
cancer by following the recommendations given in Chapter 6 (research penal). The sentinel-lymph-node
procedure is very safe, especially when done ex-vivo, where it cannot harm the patient. The procedure,
undertaken by surgeons, and detailed assessment of sentinel lymph nodes by pathologists, could be
part of standard care in patients with colon and rectal cancer, worldwide. Pathologists’ workload will
increase due to sentinel node assessment, but the prognostic information obtained from this technique
could be clinically significant, with a possible upstaging of 15% of patients. Unfortunately there are
some limitations of the sentinel-lymph-node procedure in colorectal cancer. In case of rectal cancer the
suitability of the sentinel-lymph-node is questionable. Most of the patients with rectal cancer receive
neoadjuvant chemo and or radiation therapy changing the anatomy of the lymph drainage system and
comprising the sensitivity of the sentinel-lymph-node procedure. Moreover, the mesorectum is crucial
for pathological assessment and has to be intact for analysis of the circumferential resection margin.
Manipulation of the mesorectum in search for the sentinel lymph node could jeopardize the quality
of the resection specimen. Intraoperative sentinel-lymph-node procedure in colon cancer is a difficult
procedure especially when being performed laparoscopically. In the abdomen there is limited space to
maneuver the needle in a right position while the needles available are not designed for the purpose
we use them for. The optimal amount of dye to be used as well as location and number of injections,
are subject of current studies. The use of new dyes for sentinel-lymph-node mapping is also subject of
study. In this thesis we studied the use of a near-infrared dye, Indocyanine green. Even though this novel
technique proved to be feasible in patients with colon cancer it is still far from being implemented for
routine clinical use. Indocyanine green can reach a maximal penetration depth of 1.5 cm in fat tissue.
Sentinel lymph nodes located deep in the mesenteric tissue can’t be detected. New dyes with better
near-infrared characteristics providing a higher penetration depth are being subject of study in animals
and hopefully will be available for clinical use in the near-future.26 One of the major procedure related
difficulties is the occurrence of dye spillage. Dye spillage can occur in case of suboptimal needle tip
placement in the colon wall and right after removing the needle. Right after spillage Indocyanine green
will stick to all intra-abdominal organs and laparoscopic instruments resulting in annoying background
fluorescent coloring, making the identification of the sentinel node very troublesome. During our animal
studies and pilot study, we used a solution of Indocyanine green, NaCl 0.9% and human albumin 2%. We
added human albumin to our dye after early test in animals failed to color any lymph node when a solution
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of Indocianine green and NaCl was used. In other studies using Indocyanine green there was no human
albumin added.27,28 The results presented in these studies show clear visualisation of the sentinel nodes.
Human albumin as additive to the dye solution is doubtful and therefore the addition of human albumin
and its advantages should be subject of further studies.
Intra-operative immunophotodetection
For many cancers, prognosis is influenced by the extensiveness of radical resection. In pursuing the most
radical resection, surgeons perform aggressive surgery such as debulking procedures, used, for example,
in peritoneal carcinomatosis induced by colorectal cancers. Peroperative identification of tumour tissue
is one of the problems confronting the surgeon. This difficulty can result in incomplete removal of the
tumour mass. A novel way to avoid these problems is to provide the surgeon with the possibility of
distinguishing tumour tissues from benign ones during surgery. Peroperative cancer detection or imaging
could be an important weapon in the war against cancer. Laparoscopic near-infrared imaging is shown
(this thesis) to be possible. What if we are able to conjugate the fluorescent particles to a tumour specific
monoclonal antibody? This could result in peroperative tumour imaging. And perhaps small tumour
deposits such as peritoneal carcinomatosis can also be detected and resected leading to a more radical
procedure with better survival chances for cancer patients.
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The aim of the work presented in this thesis was to assess the short-term results after laparoscopic
versus open surgical management of rectal cancer, the diagnostic performance of the sentinel-lymphnode procedure in colorectal cancer patients according to literature and to obtain insights in a new
technique for sentinel-lymph-node mapping in colon cancer patients.
Laparoscopic rectal cancer resection
Laparoscopic surgery is considered to be an alternative to open surgery for curative treatment of patients
with rectal cancer. Various studies1,2 have been performed to determine whether advantages for minimal
invasive resection of rectal cancer exist. Although laparoscopic surgery has proven feasible in patients
with rectal cancer, sufficient evidence demonstrating oncological safety is still not available (Appendix
I). In 2004 the colorectal cancer laparoscopic or open resection (COLOR) study group undertook a noninferiority phase III trial (COLOR II) at 30 centres worldwide. A total of 1103 rectal cancer patients were
randomly assigned to either open or laparoscopic surgery. The short-term outcomes of the COLOR II trial
are presented in this thesis (Chapter 3). Morbidity and mortality were similar in both groups. In the COLOR
II trial 16% of laparoscopic surgeries were converted during surgery which is similar to most recent data.3
Patients who had laparoscopic surgery experienced benefits typical for minimally invasive surgery: less
blood loss, les pain reflected by reduced dependence on epidural analgesia, earlier restoration of gastrointestinal function and a shorter length of hospital stay of one day. Adam et al.4 mentioned the importance
considering the relationship between clear resection margins and risk of local recurrence. Results
from the COLOR II show no significant difference in macroscopic completeness of resection and distal
resection margin between laparoscopic and open resection. In 9% of all resection specimens in both
groups a positive circumferential margin was found. Subgroup analysis of patients with low rectal cancer
(within 5 cm of the anal verge) showed circumferential margin involvement in 9% whereas in the open
group this was 21%. Nagtegaal and colleagues5 showed similar results after open surgery for low rectal
cancer. They reported positive circumferential margins in 26.5% of the cases. Tumour involvement within
or less than 1 mm of the circumferential margin was considered positive in the study by Nagetgaal et al.
In accordance with an earlier report on Scandinavian data6 that 70-80 per cent of patients with tumours
in the distal rectum were treated by abdominoperineal resection, three quarters of patients in the COLOR
II trial with cancer of the distal 5 cm of the rectum had an abdominoperineal resection. Laparoscopic
surgery for low rectal cancer appears to be associated with better circumferential mesorectal margins
than open surgery, and our result of positive CRM in 9% without using extralevator excision for all
abdominoperineal resection compares well to others reports. Technical benefits of laparoscopic surgery
such as a magnified view and an improved illumination of the area, as well as, a better exposure of
spaces not readily accessible to the surgeon’s eye, may contribute to the reported results. Long-term
data will show if laparoscopic surgery for rectal cancer localised within 5 cm from the anal verge result in
less local recurrences compared to open surgery. Macroscopically complete mesorectal excisions were
reported by the pathologist in 90% of all cases in the COLOR II trial. Since the first reports on laparoscopic
total mesorectal excision for rectal cancer different rates of conversion have been reported. In Chapter 4
the findings of a multicentre randomised controlled trial (COLOR II) about factors influencing conversion
rate are presented. Results presented in the manuscript (Chapter 4), show that tumour location (>5 cm
from anal verge) plays a role in the potential need to convert. When focussing on patient related factors
several independent indicators were identified. Gender was not found to be an independent predictor
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for conversion. Generally, the male pelvis is assumed to be narrower compared to the female pelvis,
theoretically making the TME procedure more difficult and perhaps prone to conversion. Our data did not
support this assumption. Other factors like age > 65 years and BMI were found to be correlated with the
need for intraoperative conversion to open surgery. BMI in particular was a very strong predictive factor
for conversion.7 BMI being an independent factor influencing conversion has been reported by several
other trials.8,9 The need for conversion diminish the benefits of laparoscopic surgery versus primary
open surgery. Conversion is significant associated with more postoperative complications compared to
open surgery and is associated with longer operating times compared to patients who had their surgery
laparoscopically. Outcomes as presented in Chapter 4 are to be used in preoperative patients informed
consent. Patients with a higher risk: age > 65 years with a BMI>25 and a tumour located between 5-15
cm from the anal verge should be informed about the higher risk of intraoperative conversion and it’s
downside effects.
Comparing different randomised trials regarding conversion rate is still very difficult because no
worldwide accepted definition is accepted. In 2008 Shawski et al. published results of a web-based
survey conducted among colorectal surgeons who represented members of both Society of American
Gastrointestinal and endoscopic surgeons (SAGES) and American Society of Colon and Rectal Surgeons
(ASCRS) to find out how they define conversion for laparoscopic colorectal surgery.10 After this survey it
was concluded that it was considered clear that any incision made earlier than planned was deemed
to be a conversion. But a footnote was made addressing the fact there are still many different views
of conversion regarding incision length. In the COLOR II trial, a laparoscopic procedure was judged
conversion to open surgery if dissection of the mesorectum was not completed laparoscopically.
Sentinel-lymph-node procedure in colon cancer patients
Current staging techniques used for colon cancer are not sufficient and need improvement. Today the
techniques being used for lymph node assessment (singe section and haematoxylin and eosin staining)
are not sufficient to detect micrometastases. A recent meta-analysis showed that the presence of
micrometastases are associated with a poorer prognosis.11 There are techniques that are more accurate
and capable to detect micrometastases (multisectioning and immunohistochemistry). However, these
techniques are expensive and time consuming making it impossible to used for assessment of all lymph
nodes found in a resected specimen. But what if we could identify a limited number of lymph nodes which
are most likely being affected if metastases already occurred? We could use these accurate techniques
to assess a limited number of lymph nodes. The sentinel-lymph-node procedure could offer a solution
by indentifying those lymph nodes that are most likely being affected. Till today no consensus exists on
the validity of the sentinel-lymph-node procedure in colorectal cancer patients. In Chapter 5 a systematic
review and meta-analysis is being presented about the diagnostic performance of the sentinel-lymphnode procedure for nodal status assessment in colorectal cancer. After a search in Embase and PubMed
databases, 52 eligible studies where being identified, which included 3767 sentinel-lymph-node
procedures (2961 [78.6%] colon and 806 [21.4%] rectal carcinomas). Most tumours 2339 (62.1%) were
staged T3 or T4. 1887 (50.1%) of patients were male, 1880 (49.9%) female. Overall analysis showed
a low sensitivity for sentinel-lymph-node detection, regardless T stage, localisation or technique used.
Additional a subset of reports with high methodological quality was selected and analysed. Outcomes
after analysis of the high quality papers showed that the detection rate and sensitivity in colon cancer
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patients reached the same values compared to the sentinel-lymph-node procedure in patients with
breast cancer.14 Because the sensitivity can be increased from 76% (all studies) to 90% and 82% for
colon and rectal cancer, respectively, we state that for every patient diagnosed with colon or rectal cancer
without clinical evidence of lymph node involvement and metastatic disease a sentinel-lymph-node
procedure besides the conventional resection should be considered. The sentinel-lymph-node procedure
is very safe, especially when being done ex-vivo. The sentinel-lymph-node procedure performed by the
surgeon and detailed assessment of the sentinel node(s) by the pathologist could be part of standard
care in patients with colon and rectal cancer worldwide. Due to the detailed assessment of the sentinel
node, workload for the pathologist will increase, but the prognostic information of this technique could
be significant, with an upstaging of 15%. The percentage of upstaged patients could even be higher
including those patients in which positive aberrant sentinel lymph nodes are being detected. Aberrant
sentinel lymph nodes are located outside the usual locoregional basins. Unfortunately the prevalence of
such aberrant lymph nodes and their status is poorly documented.
Chapter 6. We believe the sentinel-lymph-node procedure could fulfil an important role in future colon
cancer treatment. However, considering the results presented in the meta-analysis (Chapter 5), technical
aspects, such as injection technique and dye characteristics, need to be improved before we can rely
on the sentinel-lymph-node procedure for tumour staging completely. The fluorescent technique for
example could be an alternative to ink and radioisotope tracers and may overcome many limitations
of these conventional techniques. As we experienced in our studies there are several issues which
have to be improved. First we observed the problem of dye leakage during the injection of ICG. Our
final injection technique was performed by a flexible needle in the subserosal layer around the tumour.
Correct positioning of the needle-tip was found to be very difficult. Spillage of ICG results in a fluorescent
abdominal cavity and makes it impossible to detect sentinel lymph nodes. Colonoscopic pre- or
peroperative injection in the submucosal layer could be a solution. A pilot study studying this technique
by preoperative colonoscopic injection is currently recruiting patients. As with blue dye, ICG also has
disadvantages. Although the penetration depth in fatty tissue is better than blue dye it is still limited (1.5
cm). We think the combination of radioactive tracers and a new, more fluorescent dye could solve this
problem. These new dyes should have better fluorescent characteristics compared to ICG. LI-COR IRDye
800 CW seems to be one of the most promising new dyes. The LI-COR IRDye 800 CW has favourable
characteristics compared to the current available dyes. The fluorescence of this dye is supposed to
be many times stronger than that of ICG making it better visible in fatty tissue. Ex vivo experiments
confirmed this assumption. IRDeye 800CW also has a high labelling density which makes IRDye 800CW
easy to conjugate with radioactive tracers or monoclonal antibodies which can be interesting for specific
tumour targeting and photodetection.
Chapter 7. As stated in chapter 6, sentinel-lymph-node detection could have a future role in colon cancer
treatment. As a prerequisite it should be possible to identify and harvest the sentinel lymph node in an
accurate, safe, fast and reliable manner. Previous publications showed this is a point of concern.13-16 The
methods employed for sentinel-lymph-node mapping used till today face some difficulties, which could
influence their accuracy in identifying the sentinel lymph node, as also addressed in chapter 6. Like in
breast cancer and melanoma, both radio-guided and/or dye-guided imaging has been used for sentinellymph-node mapping in patients with colon cancer. However the ink based tracers have a poor tissue
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penetration depth and tend to diffuse through the lymph nodes because of their small particle size.
Radio-guided imaging faces the problem of signal interference of the injection site that is if the sentinel
lymph node is located near the tumour. Another problem when using radio-guided tracers is that the
lymph vessels and lymph nodes cannot be visualised real time. In this thesis it has been suggested that
near-infrared dyes like indocyanine green may possess the characteristics to overcome these limitations.
Indocyanine green is a water-soluble tricarbocyanine, which is FDA approved for clinical use. Indocyanine
green has a peak spectral absorption at 800-810 nm in blood plasma and blood. Wavelengths in
the 800 nm range penetrate relatively deeply into living tissue compared to visible light. This makes
it possible to detect the sentinel lymph node accurately in mesenteric adipose tissue. During animal
experiments, ICG diluted in 0,9% NaCl only seems not suitable for sentinel lymph node identification.
When ICG was dissolved in a NaCl/HSA solution before administration, the dye stayed entrapped in
the sentinel lymph node. Confirmatory studies on this topic are on the way. One of the challenges we
encountered during our animal experiments was leakage of dye during and after injection. When spilled,
the fluorescent dye will stick to all structures in the abdominal cavity. The background fluorescence of
the spilled fluorescent material makes sentinel-lymph-node detection very difficult. As described earlier,
an alternative method could be submucosal injection during colonoscopy. When leakage occurs the
fluorescent dye will drain into the lumen of the colon and not into the abdominal cavity causing less
background fluorescence. The group of Marescaux successfully used the technique of Natural Orifice
Transluminal Surgery (NOTES) for sentinel biopsy of the colon in six pigs.15 Methylene blue was used for
the detection of the lymph vessels and sentinel lymph nodes. Like discussed earlier this may not be the
preferred dye in humans with a fatty mesentery and therefore such positive results are not likely to be
expected. More powerful fluorescent dyes are being developed by industries all over the world. Most of
them face toxicology studies and therefore won’t be available for clinical evaluation the coming years.
But there are already a few fluorescent dyes that are commercially available for clinical use.16 With the
development of a laparoscope with near-infrared features, intraoperative visualisation of fluorescent dyes
becomes possible. New applications can be explored, for example by using fluorescent dyes conjugated
to monoclonal antibodies for intraoperative tumour detection. Imaging guided surgery could become an
interesting tool for intraoperative cancer detection and eradiation.
Chapter 8. The study presented in this chapter was undertaken to assess the feasibility of sentinellymph-node detection and harvesting using the near-infrared dye ICG. As earlier described sentinellymph-node mapping using patent blue and radioisotope tracers is noted to have limitations when used
in colon cancer patients.16,18 Some authors have concluded that the sentinel lymph node concept is not
suitable for colon cancer patients, since high false negative ratios were seen.19-20 However, results from
the meta-analysis presented in chapter 5, addressing sensitivity of the sentinel-lymph-node procedure in
colorectal cancer patients showed favourable results when selecting for high quality studies. Sensitivities
as high as 90% with a detection rate of 96% could be achieved.21 In addition, recently published studies
showed high sensitivity rates when the procedures were accurately performed.22,23 As discussed in
chapter 7, the tracers used in breast cancer and melanoma patients have limitations. Near-infrared dyes
with their unique characteristics could help to overcome these limitations. In chapter 8 we clearly show
that lymph nodes in obese patients can be adequately identified using ICG. During animal experiments,
presented in chapter 7, we observed the problem of dye leakage. During the procedure in patients we
addressed this problem by a pre-injection of saline to assure a correct localisation of the needle. Correct
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placement of the needle gives bulging of the colon wall. During the first seven procedures a rigid spinal
needle was used for dye injection. Correct positioning of the needle tip was found to be very difficult.
During the final six procedures the rigid needle was replaced by a flexible needle. When using a flexible
needle, positioning of the needle tip into the colon wall was found to be easier. Intra-abdominal space
is limited and manoeuvring of a needle which is flexible showed to be more manageable. Peroperative
colonoscopic injection is being studied to be an alternitive.24-26 In our pilot study tracer material was
injected peritumoral. It stands to reason that injection of tracer into the colon wall around the tumour
should reveal primary tumour lymphatic drainage. However, there seems to be no consistent drainage
pattern for each tumour location. Colon wall vascularisation and lymphatic drainage seems to be complex.
Sentinel-lymph-node mapping in large size tumours (>7 cm in diameter) seems to show less favourable
results regarding sensitivity. The actual injection site could be situated outside the lymphatic basin on
which the tumour drains. Obliteration of the lymph vessels by tumour tissue resulting in an alternative
route of lymph flow could also be an explanation. The different injection routes like intratumoral or
submucosal injection by per- or preoperatieve colonoscopy should become a subject for future studies.
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Nederlandse samenvatting
Laparoscpisch versus open chirurgie voor rectum kanker
De behandeling van colorectale kanker vandaag de dag is een segment resectie van het zieke gedeelte
van de darm waarbij de bijbehorende lymfeklieren worden uitgenomen (Hoofdstuk 2). Deze segment
resectie kan laparoscopisch danwel open worden verricht. In het geval van het colon carcinoom is reeds
wetenschappelijk aangetoond dat laparoscopische chirurgie voordelen heeft ten opzichte van de open
benadering bij een gelijkwaardige radicaliteit. Voor het rectum carcinoom zijn er tevens voordelen van
laparoscopie ten opzichte van open chirurgie aangetoond echter ontbreekt er nog wetenschappelijk
bewijs aangaande de oncologische resultaten op langer termijn (Appendix). In 2004 is de COLOR
II studie van start gegaan met als primair eindpunt het aantal lokaal recidieven binnen drie jaar na
laparoscopische versus open rectum chirurgie.
In Hoofdstuk 3 worden de korte termijn resultaten van de COLOR II studie beschreven. De COLOR II studie
is een non-inferioriteits fase 3-studie uitgevoerd bij meerdere centra in Europa, Canada en Zuid-Korea.
Patiënten met solitaire rectumcarcinoom binnen 15 cm van de anus, zonder klaarblijkelijke metastasen
werden gevraagd te participeren in de studie. Randomisatie was in een 2:1 verhouding in het voordeel
van laparoscopie. 59 patiënten van de in totaal 1103 gerandomiseerde patiënten werden uiteindelijk
geexcludeerd, meestal vanwege waargenomen metastasen.
De operatie duurde langer bij laparoscopische ingerepen vergeleken met de open ingrepen: mediaan
240 versus 188 minuten (p<0.001), bloedverlies was aanzienlijk minder bij de laparoscopische
ingrepen: mediaan 200 versus 400 ml (p<0.001). Er bleek geen significant verschil in circumferentiële
resectiemarge tussen beide groepen: 1.4 versus 1.3 cm (p=0.19). Ook het aantal verwijderde lymfeklieren
was niet statistisch verschillend: mediaan 13 in de laparoscopie groep versus 14 in de open groep
(p=0.085). Lekken van de anastomose werd waargenomen bij 12.5% van de patiënten na laparoscopie
versus 10.3% na open chirurgie. Laparoscopie was geassocieerd met vroeger herstel van de darmfunctie
(p<0.001) en tolerantie van vochtinname (p=0.006). Patiënten uit de laparoscopie-arm minder epidurale
analgetica nodig en bleven ze na de ingreep minder lang opgenomen (p=0.041). De mortaliteit binnen 28
dagen na de ingreep verschilde niet tussen beide groepen (p=0.409).
Tijdens laparoscopie werd er in 16.5% geconverteerd naar open chirurgie. De invloed van conversie op
morbiditeit en mortaliteit alsmede factoren die invloed hebben op een verhoogde kans tot conversie
worden beschreven in Hoofdstuk 4. Uit de resultaten blijkt dat tumor locatie (<5 cm ab ano), leeftijd >65
jaar en BMI >25, factoren zijn die een invloed hebben op een verhoogde kans op conversie. Daarnaast
gaat conversie gepaard met een toename van operatie tijd en peroperatief bloedverlies. Daarnaast blijkt
er sprake van een toename van postoperatieve complicaties indien vergeleken met patiënten die initieel
open dan wel laparoscopisch geopereerd zijn.
Schildwachtklier procedure bij patiënten met colon kanker
Lymfogene uitzaaiingen van een primaire tumor verloopt via de afvoerende lymfevaten naar de eerst
volgende, dichtstbijzijnde lymfeklier de zogenoemde schildwachtklier. De schildwachtklier heeft een grote
betekenis bij het stadieren van patiënten met borst- en huidkanker. Afhankelijk van de pathologie uitslag
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van deze schildwachtklier wordt er een nabehandel traject gekozen. Het opsporen en verwijderen is dus
van groot klinisch belang. Tot op vandaag bestaat er geen consensus over de validiteit van de sentinel
node procedure voor het vaststellen van de lymfeklierstatus bij patiënten met colorectaal carcinoom. In
de afgelopen jaren zijn er veel studies geweest naar de sensitiviteit en specificiteit van de sentinel node
procedure bij patiënten met colon en rectum carcinoom waarbij er zeer uiteenlopende resultaten zijn
gepubliceerd. In Hoofdstuk 5 worden de resulaten beschreven van een systematische review en metaanalyse beschreven. Na een uitgebreide zoekopdracht in de databases van Embase en PubMed, werden
er 19 studies geincludeerd, waarin bij 1168 patiënten een sentinel node procedure werd verricht. Het
merendeel van de patiënten waren gediganosticeerd met een colon- (78.6%), maar ook rectumcarcinoom
(21.4%). 62.1% van de tumoren waren al in een gevorderd stadium T3 of T4. Na analyse bleek er geen
significant verschil wat betreft de sensitiviteit van deze procedure bij colon- (0.86) en rectumcarcinoom
(0.82; p=0.23). Er bleek geen verband te bestaan tussen sensitiviteit van de procedure en het ziekte
stadium dit gold voor beide tumortypen. De sensitiviteit bleek gemiddeld genomen niet erg hoog. De
resultaten waren beter na subgroep analyse van de studies met een hoge methodologische kwaliteit;
detectiepercentage van 0,95-0,96 en een sensitiviteit van 0,90 voor colon- en 0,82 voor rectumtumoren.
Nieuwe technieken voor het detecteren van de sentinel node zouden de sensitiviteit van de sentinel
node procedure bij patiënten met colon carcinoom kunnen verbeteren. Het gebruik van fluorescentie
bijvoorbeeld zou een aantal problemen van de huidige tracers (gelimiteerde penetratie diepte van inkt
en ruis van de injectie plaats bij radioisotope tracers) kunnen overwinnen (Hoofdstuk 6). De toepassing
van fluorescentie voor het laparoscopisch detecteren van lymfeklieren werd getest in een proefdier
model. De resultaten van de studie worden beschreven in Hoofdstuk 7. Bij een zestal geiten werd er
indocyanine green (ICG) in de wand van het sigmoid geïnjecteerd. Na een gemiddelde van 10 minuten
kon de veronderstelde sentinel lymfe klier worden gedetecteerd middels een speciaal ontwikkelde
nabij infrarood camera systeem (Olymppus Corp., Tokyo, Japan). Gebaseerd op deze resultaten werd
er een pilot studie in patiënten met een colon carcinoom verricht (Hoofdstuk 8). Veertien patiënten
met colon carcinoom werden geincludeerd. Laparoscopisch werd er ICG subserosaal geinjecteerd. Na
injectie konden de lymfevaten en een aantal klieren worden geïdentificeerd middels een nabij infrarood
laparoscoop. Het correct possitioneren van de naald, precies in de wand van de darm, bleek tijdens
deze studie lastig. De flexibele naald bleek het best hanteerbaar. De laparoscopische schildwachtklier
procedure lijkt mogelijk echter meer onderzoek is nodig om de sensitiviteit van deze procedure te
verbeteren. Studies naar de juiste hoeveelheid van te injecteren tracer, meest optimale tracer en de
techniek van injecteren zijn nodig.
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Dankwoord
Deze wetenschappelijke bijdrage was niet mogelijk geweest zonder toestemming en de medewerking van
patiënten en hun dierbaren. Tijdens zeer emotionele en onzekere tijden gaven zij ons hun vertrouwen.
Hierdoor zijn er nieuwe inzichten verkregen om toekomstige patiënten beter te kunnen behandelen. Mijn
grote dank gaat daarom als eerste uit naar de patiënten en hun dierbaren die hebben geparticipeerd in
wetenschappelijk onderzoek.
Prof. Dr. Bonjer, beste Jaap. Wat ben ik dankbaar dat ik met jou mocht werken aan een van je prachtige
internationale projecten. Jouw gedrevenheid, winnaars mentaliteit en manier van leidinggeven stands out
en dienen in vele opzichten als voorbeeld. Van je onderzoekers eis je dezelfde onvoorwaardelijke inzet
wat je met je directe manier van communiceren onderstreept. Onder jouw begeleiding werd onderzoek
doen topsport. Ondanks je onbeschrijfelijk drukke bezetting wist je altijd tijd vrij te maken om mee te
denken en te schrijven aan de verschillende manuscripten wat betekende dat we vaak laat op de avond
en in de weekenden zaten te werken. Het vervolgens als team realiseren van een prachtige publicatie
voelt hetzelfde als het winnen van een finale. Ik ben je zeer dankbaar voor alle successen die ik met je
heb mogen delen. Een daarvan was de award winners lunch tijdens SAGES in 2014 waarbij je mij hebt
geïntroduceerd aan velen die ik bewonder. Ik voel me bevoorrecht onder jouw begeleiding te promoveren
en hoop in de toekomst nog veel van je te leren.
Dr. Meijerink, Meijerink San, beste Jeroen. De eerste dag dat ik je ontmoette om eens kennis te maken
zal ik nooit vergeten. Je tekende op een verfrommeld papiertje mijn promotietraject uit en prikte deze
aan de muur van jouw kamer (waar het tot op heden nog hangt). Geïntrigeerd door jouw megalomane
ideeën, geïnspireerd door jouw enthousiasme en met een aanstelling tot arts-onderzoeker stond ik na
15 minuten weer buiten. In de jaren daarna leerden we elkaar steeds beter kennen. Samen hebben
we veel van de door jouw uitgetekende ideeën, op dat verfrommelde papiertje, weten te realiseren.
Het moment van de eerste geslaagde laparoscopische schildwachtklier procedure met fluorescentie in
het dierenlab was onbeschrijfelijk. Vele mooie momenten hebben we daarna nog beleefd, zoals onze
trip naar Japan en Stockholm, de publicatie van onze meta-analyse in Lancet Oncology, de translatie
van ons onderzoek naar de kliniek, de nachtelijke schrijfsessies, onze overtocht naar Engeland en een
fijn weekend bij jou en Nicole in Friesland. Met grote verwachting kijk ik uit naar de resultaten van je
voortgezette onderzoekslijnen met in het bijzonder het immunofotodetectie project. Jeroen, je zal altijd
een inspiratiebron voor mij blijven.
Leden van de promotiecommissie, Prof. Dr. Stassen, Prof. Dr. Bemelman, Prof. Dr. Hoekstra, Prof. Dr. De
Wilt, u allen wil ik hartelijk bedanken voor de tijd en aandacht die jullie hebben geïnvesteerd in het lezen
van mijn proefschrift. Ik kijk ernaar uit om samen met u van gedachte te wisselen over de inhoud.
Prof. Dr. Cuesta, beste Miguel jouw veelzijdigheid als chirurg en dokter, passie voor onderzoek en het vak
chirurgie werken inspirerend. Het is een voorrecht om samen met je te hebben gewerkt.
Prof. Dr. Meijer, beste Sybren ik koester de tijd waarin we samen hebben kunnen werken juist voordat
je met pensioen ging. Jouw enorme expertise op het gebied van de schildwachtklier procedure was een
van de pijlers waarop wij verder zijn gaan bouwen. Onze discussies over de juiste uitvoering van de
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schildwachtklier procedure werkte als een katalysator en kort daarna waren de eerste publicaties een
feit. Hartelijk dank en geniet van je pensioen.
Ron, jouw bijdrage aan dit proefschrift staat los van de inhoud, toch zou deze waarschijnlijk zonder jou
niet tot stand zijn gekomen. Jarenlang mocht ik mijzelf jouw kamergenoot noemen. In die jaren ben ik niet
alleen als wetenschapper, maar ook als persoon gegroeid. Aan dat laatste heb jij een belangrijke bijdrage
geleverd. In moeilijke tijden heb je mij bijgestaan met raad en heb je mij geholpen een beter beeld van
mijzelf te krijgen. Op het moment ben je druk bezig met je nieuwe ambitie en passie, hervormingen binnen
de opleiding. Ik weet zeker dat je daar een belangrijke bijdrage aan gaat leveren. Regelmatig mis ik onze
gesprekken, maar ik zal zorgen dat we elkaar niet uit het oog verliezen, daar ben je mij te dierbaar voor.
Xander jij hebt mij niet alleen geïntroduceerd binnen de wetenschap maar belangrijker nog, jij hebt mij
geïnspireerd. Het is een feest om samen te denken over allerlei nieuwe medische apparaatjes. Met veel
belangstelling kijk ik uit naar de eerste resultaten van jouw eigen ontwikkelde arm-darm index meter.
Marjolein, Ankertje, een betere opvolger kan ik mij niet wensen. Het onderzoek waar jij je mee bezig houdt
is geen rijdende trein en er ligt geen database voor je klaar. Het is bewonderenswaardig hoe jij de meeste
projecten zelf hebt opgezet en aanstuurt. Jouw doorzettingsvermogen en enthousiasme zullen leiden tot
een prachtig proefschrift.
Coauthors: G.S.A. Abis, A. Agha, A. Alonso-Poza, S. Argudo, C. Balague, D.W. Birch, H. Bril, O. Bulut, M.
Buunen, F. Cailler, P.P.L.O. Coene, D.A. van Dam, C. Deijen, S. Delgado, G.A.M.S. van Dongen, A. D’Hoore,
A. Fürst, C.J. de Gara, M.F. Gerhards, N.T.C. van Grieken, E. Haglind, E. van der Harst, T.B. Harvald,
W.C.J. Hop, I. Iesalnieks, C. Jäger, C. Jamieson, K. Jensen, P. Jess, M.S. Kasparek, S.H. Kim, D.L. Knol,
M.E. Kreis, U. Kressner, G. Kurlberg, Z.S. Läckberg, A.M. Lacy, J.F. Lange, E.S.M. de Lange-de Klerk, M.
Losadar, J. Luján, C. Martinez, P. Matthiessen, G. Molina, P.A. Neijenhuis, J. F. Osorio, H. Ovesen, D.L. van
der Peet, P. Peiman, H.A. Prins, Y.E.A. van Riet, I.I. Riphagen, J. Rosenberg, R. Silvis, S. Skullman, H.B.A.C.
Stockmann, E.M. Targarona, G. Valero, H.C.W. de Vet, thank you for all the time and energy which made
this thesis possible.
Maatschap en assistenten Maxima Medisch Centrum. Vanaf het begin voel ik mij bij jullie thuis waarvoor
dank. Ik kijk met veel plezier uit naar de jaren die nog gaan komen.
Maatschap en assistenten MUMC: allen bedankt voor jullie belangstelling, steun en gezelligheid. Reinier,
Kevin, Mechteld, Jan, Jeroen, Hilco, Marielle, Joep, Geralsine, William, gelukkig zien wij elkaar nog
regelmatig bij regiofeesten. In het bijzonder dank aan prof. dr. Stassen. Laurents niet alleen ben ik je
dankbaar voor het plaatsnemen in de promotiecommissie maar ook voor een leerzame tijd in Maastricht.
Maatschap en assistenten van het MCA hartelijk dank voor een mooie en leerzame tijd als assistent
chirurge. Hermien Schreurs en Peter van den Akker jullie ben ik in het bijzonder veel dank verschuldigd.
Hermien dank voor je vertrouwen en Peter dank voor de geweldige momenten, avondvisite lopen met jou
was een feest.
SEOHS commissie: Marielle, Freek, Hilco, Tim, Stijn, Toon, Vincent, Violet, Joep, Simone, Kim, Marlies,
Philip, een jaar lang hebben we als team hard gewerkt aan het organiseren van het SEOHS. Soms liepen
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we te hard van Stapel wat dan weer wat stof deed opwaaien. Uiteindelijk is het allemaal goed gekomen
en ben ik ongelooflijk trots op het eindresultaat. Dank dat ik jullie voorzitter heb mogen zijn.
Karin Inglis en Kevin Druhan from Dalhousie University, Halifex, Canada. Dear Karin and Kevin thank you
very much for your tremendous support.
M Kusano, AE Fearden, G Chang, M Matter, O Tiffet, D Murawa, P Nowacyk, P Covarelli, K Nagata, G Yagci,
M Roseano, CT Viehl, A Merrie, G Cserni, A DiFronzo, P Bianci, ES van der Zaag, CA Quadros, A Sommariva
and K Ivanov for sharing their individual patient data for our meta-analysis in Chapter 5.
Klaas Walter Meijer, Jerry Middelberg en Paul Sinnige, veel dank ben ik jullie verschuldigd. Jullie stonden
altijd klaar en waren nooit te beroerd om mee te helpen of te denken tijdens onze experimenten. Naast
al dat harde werken werd en ook veel gelachen, daarom kwam ik altijd graag bij jullie over de vloer, dank.
Oliver, Huib, Kees, Martijn, Kevin, Daan, Thijs, nu we ouder zijn geworden gaat vrijwel al onze tijd naar werk
en gezin. Ik koester de tijd van onvoorwaardelijke vriendschap alsmede de verhelderende gesprekken en
verhitte discussies.
Zonnetje: Angela, Bart, Bram, Chip, Claudia, D, Dirk, Elias, Erika, Eva S, Eva R, Evelien, Inge, Jappie, Juud,
Ludo, Marc, Martina, Matthijs, Mina, Misja, Rus, Sacha, Sander, Tammy, Thijs G, Thijs S, Veer zoals de zon
voor de aarde zijn jullie voor mij een essentiële bron van energie.
Rembrandt en Marc, mijn paranimfen, met jullie aan mijn zijde is geen uitdaging te groot. Rembrandt,
jouw nuchtere en soms controversiële kijk op maatschappelijke vraagstukken werken prikkelend en
geven stof tot nadenken. De combinatie van verlichtende gesprekken en ongecompliceerd biertjes
drinken, vormen een fijne cocktail. Binnenkort weer eens avondje last waterhole?
Marc, vanaf de eerste dag van onze studie geneeskunde ben je niet meer weg te denken uit mijn leven.
Jouw ongeëvenaarde humor en warme persoonlijkheid gegeven extra kleur aan mijn leven. Ik kan altijd
op je rekenen, zo ook nu tijdens mijn promotie.
Papa, ondanks dat we elkaar niet vaak meer spreken denk ik regelmatig aan je. Ik hoop dat je trots zal
zijn op mijn wetenschappelijke bijdrage.
Lieve schoonfamilie: Ger, Tineke, en Matthijs dank voor jullie interesse en steun op de momenten waar
meest nodig.
Sophie, Mathijs, Jan-Willem, Marieke, jullie onvoorwaardelijke steun en interesse geven mij iedere dag
weer kracht. Fie jouw aanwezigheid staat garant voor een dosis heerlijke humor. Ik hou van je! Jan-Willem
als oudere broer ben je mijn grote voorbeeld. Jij ging mij al voor, met studeren en promoveren. Ik ben trots
op je! Fiene, Ties en Mijntje alleen al de gedachte aan jullie maakt mij gelukkig.
Liefste Mamma, dit proefschrift is aan jou opgedragen. Alles wat ik heb bereikt heb ik aan jou te danken.
Gedurende mijn leven heb jij mij geleerd om tegenslagen te overwinnen en om lief te hebben. In moeilijke
tijden creëerde jij de omstandigheden waardoor ik mij ongelimiteerd kon ontwikkelen. Jarenlang heb
jij jezelf op de vierde plaats gezet waardoor ik nooit wat tekort ben gekomen. Hiervoor zal ik je altijd
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dankbaar blijven. Ik kijk ernaar uit om weer eens samen een lange boswandeling te maken.
Karin, mijn liefste, al ruim 12 jaar houden wij elkaar in balans. Jij stimuleert en geeft mij de ruimte om
mijn ambities na te jagen en remt mij af op het moment dat het uit de hand dreigt te lopen. Wat zou mijn
leven leeg zijn zonder de zekerheid dat jij er voor mij bent. Mijn liefde voor jou is allesomvattend.
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