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PART I
MOLECULAR IMAGE-GUIDED SURGERY IN COLON CANCER
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32          Chapter 2

ABSTRACT

During surgery, a surgeon relies on the vision of his eyes and the touch of 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 

for. Here we describe how the use of near-infrared dyes and fluorescence laparoscopy could 

help improve tumour staging and therefore lead to better selection of patients for postoperative 

adjuvant chemotherapy. More controversially, and analogous to melanoma and breast cancer 

surgery with sentinel node biopsy, we speculate that local resection with SLN harvesting in early 

colon cancer might change the therapeutic and surgical strategy in colon cancer.
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INTRODUCTION

Colorectal cancer (CRC) 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 with 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. Under-staging 

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 everyday practice. Focused examination of 

selective lymph nodes could therefore be a solution. Additionally, in 2013 a national colon 

cancer screening programme will commence in the Netherlands. It is expected 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 such as submocosal resection of colonic neoplasia is 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 clearly require a means of identifying the most relevant lymph 

nodes with regard to metastatic significance.

Sentinel lymph node (SLN) concept

The SLN 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 

melanomas, followed by the subsequent identification of the SLN by lymphatic mapping in 

breast cancer by Krag et al. 4 and Giuliano et al. 5, the use of sentinel lymph node mapping 

(SLNM) in the therapeutic strategy has altered profoundly the treatment of these cancers. The 

conventional pathological work-up of lymph nodes is 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. The SLNM technique allows the pathologist to 

perform detailed analysis on the 1–4 sentinel nodes to detect micrometastatic disease and 

2
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improve nodal staging. Several studies indicate that micrometastases are correlated with a 

significantly poorer prognosis 8–10. Consequently, this will lead to better selection of patients, 

who are likely to benefit from adjuvant chemotherapy.

Screening programmes 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 may allow for limited lymph node harvesting. Extensive lymph 

node resection will lead to potential over-treatment in nodenegative patients but, on the other 

hand, it is essential to avoid possible under-treatment of patients with falsenegative nodes in 

cases of limited (sentinel) lymph node harvesting. In these early patients (Tis-T1-T2), therefore, 

a reliable SLNM technique is especially essential in the case of limited resection.

Sentinel lymph node mapping techniques

A substantial number of studies concerning the feasibility of SLNM in colon carcinoma have 

been published. The technique for sentinel lymph node identification varies from blue dye (in 

vivo or ex vivo) or radioactive dye to a combination of radioactive and blue dye. In 2005 Saha 

et al. 11 published a multicentre trial including 500 patients. SLNM was performed by injecting 

0.5–3 ml 1% blue dye circumferentially around the tumour in the subserosal layers. SLNM was 

successful in 98% of the patients, with an accuracy, sensitivity and negative predictive value 

of 96%, 90% and 93%, respectively. 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 under-staging. 

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 SLN 

procedure is likely to be 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 SLN 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, localization or pathological technique used in the overall analysis. In selected high-quality 

studies a high sensitivity and specificity were 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, an SLN 

procedure must be considered because of the great benefit of improved staging attributable 

to the SLN concept.

Ankersmit_Marjolein_BNW_V8.indd   34Ankersmit_Marjolein_BNW_V8.indd   34 12/16/2019   0:52:0112/16/2019   0:52:01



NIR fluorescent lymphatic laparoscopy of the colon          35

Poor visualization 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 SLN and pass 

to multiple nodes. Using a combination of blue dye and radioactive tracers could overcome this 

problem. The use of gamma tracers for SLN in patients with colorectal cancer was first reported 

by Kitagawa et al. 14. Since then more data have been published that suggest an improvement 

of identification, accuracy rate and number of found SLNs by using a combination of blue 

dye and radioactive tracer 15,16, 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 an SLN situated near the tumour. Besides that, the limited 

ability to visualize 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 problems.

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 SLNM 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. 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 node mapping using 

infrared ray laparoscopy (IRL) with ICG staining. It was shown that IRL was five times superior 

in localizing the SLN compared with conventional laparoscopy.

We have used a newly developed laparoscopic near-infrared fluorescence imaging system 

(Olympus Corp., Tokyo, Japan) optimized for in vivo SLN detection with ICG (Pulsion Medical 

Systems AG, Munchen, 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 

easy passage through the lymph channels and nodes. After a successful feasibility study in a 

goat model 18 (Figures 1 and 2), we performed the procedure in 20 colorectal cancer patients. 

Depending on tumour size, 1–4 subserosal, peritumoural injections with 1 ml ICG solution were 

administered. During the study we improved the injection technique. In the first eight cases, a 

2

Ankersmit_Marjolein_BNW_V8.indd   35Ankersmit_Marjolein_BNW_V8.indd   35 12/16/2019   0:52:0112/16/2019   0:52:01



36          Chapter 2

spinal needle was used and in subsequent cases a fl exible endoscope catheter was used. This 

catheter gives less spillage of the ICG in the abdominal cavity. After injection, visualization of 

lymph fl ow and SLN was performed by the near-infrared laparoscope. The fl uorescent dots are 

identifi ed as SLNs and laparosopically harvested. These nodes were analysed by a pathologist 

using multisectioning and immunohistochemistry. In nine of the fi rst 10 cases we found an SLN, 

which were all negative for micrometastases. In four of these cases a positive nonsentinel lymph 

node was found while the SLN was negative. All of these cases were in the fi rst fi ve 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).

Figure 1 (left) . Fluorescent (sentinel) lymph node seen 3 min after ICG ⁄ albumin injection in an animal 
model.
Figure 2 (right). Fluorescent (sentinel) lymph node with afferent and efferent lymph vessels in an animal 
model.

DISCUSSION

Strengthened by our personal experience in SLNM in colon cancer patients, we believe 

SLNM could fulfi l an important role in future colon cancer treatment. However, before clinical 

implementation the SLN procedure needs to be improved. The fl uorescent technique seems 

to be very promising and may overcome many limitations of current techniques. But as we 

experienced in our study, there are several areas that have to be improved. First, we observed the 

problem of dye leakage during the injection of ICG. Our fi nal injection technique was performed 

by a fl exible endoscope in the subserosal layer around the tumour. Correct positioning of the 

needle-tip was found to be very diffi  cult. Spillage of ICG results in a fl uorescent abdominal 

cavity and makes it impossible to detect SLNs. Colonoscopic pre,-or perioperative injection in 

the submucosal layer could be a solution.

Ankersmit_Marjolein_BNW_V8.indd   36Ankersmit_Marjolein_BNW_V8.indd   36 12/16/2019   0:52:0112/16/2019   0:52:01



NIR fluorescent lymphatic laparoscopy of the colon          37

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 with ICG. LI-COR IRDye800 CW seems to be one of the 

most promising new dyes. The LI-COR IRDye800 CW has favorable characteristics compared 

with the current available dyes. The fluorescence of this dye is supposed to be many times 

stronger than that of ICG, making it more visible in fatty tissue. It also has a high labelling density, 

which makes IRDye800CW easy to conjugate with radioactive tracers or monoclonal antibodies.

CONCLUSION

Accurate identification of SLN may prove an effective means to ensure appropriate surgical 

staging of patients and help in the selection of patients for adjuvant therapies. Additionally, 

screening programs and increasing awareness of the symptoms of colon cancer will lead to 

increased numbers of early colorectal cancer. SLNM 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 minimally invasive surgical sentinel node procedure.

2
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