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Abstract. A new method for selecting sentinel lymph nodes (SNs) in colo-
rectal cancer tissue was investigated in 12 patients. A tracer consisting of
superparamagnetic ironoxide (SPIO) nanoparticles was injected in the re-
sected tissue. A handheld magnetic probe was used to select SNs to
which the SPIO was drained. Vibrating sample magnetometry was per-
formed on the lymph nodes to quantify the amount of SPIO in the nodes.
High-field MRI allowed to depict the distribution of SPIO in the node, and
revealed small anatomical structures. One or more SPIO containing nodes
were successfully selected with the magnetic probe in all 12 patients.

1 Introduction

Colorectal cancer is the third most common cancer in men and the second
in women, with a total of approximately 1.2 million new cases annually
worldwide.[1] In treatment of patients suffering from colorectal cancer and
other solid cancers it is very important to determine whether metastatic
cells from the primary tumor have migrated to the lymph nodes (LNs). The
presence or absence of metastasis in the LNs determines if the patient is
treated with chemotherapy or not.

Nodal metastasis can be diagnosed by analyzing a section of surgically
resected LNs by light microscopy. Sentinel Lymph Node Mapping (SLNM)
is a technique used to select the most relevant LNs. A tracer is injected
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near the tumor, after which it is drained to the LNs via the lymph vessels
that drain the tumor area. The LNs to first receive drainage from the tumor
area, are also the nodes first reached by the tracer. Since metastatic cells
are drained via the same lymphatic route, these nodes are also most likely
to be the first nodes to contain metastasis.[2] The current most commonly
used tracer for SLNM in colorectal cancer is a blue dye, which can be
visually detected.[3] Recent studies propose to introduce SLNM in colorec-
tal cancer to identify very small metastasis in the SNs which are missed
during regular light microscopic analysis.[4, 5]

We have used a SPIO tracer and a commercially available handheld
magnetic detection device (SentiMag®, Endomagnetics LTD., London,
UK) to select the Sentinel Nodes (SNs) in colorectal cancer tissue. The
SentiMag® is originally developed to intraoperatively detect SNs in breast
cancer.[6]

2 Material and Methods

In surgical treatment of colorectal cancer the tumor and complete adjacent
draining lymphatic tissue is resected in one piece. This allows to perform
SLNM after resection, ex vivo. When the tracer is injected after resection
the patient is not exposed to the substance, and there is no chance of ad-
verse events. Because the patient is not exposed, also newly developed
substances not (yet) approved for use in humans can be tested. Ex vivo
SLNM can be performed as effective as in vivo in colorectal cancer.[7]

We analysed the distribution of a SPIO tracer consisting of nanoparti-
cles, approved for use in humans (Endorem®, Guerbet Nederland BV,
Gorinchem, The Netherlands; diameter: 80-150 nm, 11.2 mg Fe mL'1), to
the LNs in colorectal tissue. We aimed to select the SNs with the SPIO
tracer and SentiMag® handheld probe.

12 patients undergoing surgical resection for colorectal cancer in the
MST Enschede hospital gave informed consent. Immediately following re-
section of the colorectal segment, approximately 2 mL of Endorem was in-
jected submucosally near the tumor. A gentle massage of the injection site
was performed to promote lymphatic transport of the tracer. A blue dye
(Patent Blue V, Guerbet Nederland BV, Gorinchem, The Netherlands) was
administered as a reference, in a similar fashion, because this is currently
the most used method in colorectal SLNM studies.

After resection of all the LNs from the tissue by the pathologist, the Sen-
tiMag® was used to select the lymph nodes containing SPIO. The nodes
were placed on the probe, and the measured signal intensity was recorded
for each node (Fig. 1).
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Fig. 1. SentiMag® control unit and handheld probe (covered by surgical glove to
prevent contamination) with LN placed on the probe to asses the presence of SPIO
in the node.

Blue discoloration of the LNs due to the presence of Patent Blue V was
visually detected and noted.

In a subset of the patients, all SPIO containing LNs were subjected to a
Vibrating Sample Magnetometry (VSM) measurement to accurately quan-
tify the amount of iron present.

High-field (14.1 T, Bruker Avance Il NMR spectrometer) T1- and T2-
weighted MR imaging was carried out in order to assess the distribution of
SPIO inside the individual LNs.

As a final step, the LNs were subjected to histopathological examination
to determine whether metastasis was present, and iron specific staining
with Perls Prussian Blue to microscopically investigate the iron distribution
in the nodes.

3 Results

The SPIO tracer was successfully transported through the lymphatic sys-
tem into the SNs in all patients. One or more SPIO containing LNs were
selected in each of the 12 patients using the SentiMag®. The amount of
iron in the LNs measured by VSM ranged between 2-142 pg. The meas-
ured amount of iron by VSM was linearly related to the signal intensity dis-
played by the SentiMag®, which indicates that the SentiMag® can be used
as an indication of the amount of iron present in the lymph nodes.
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High-field MR images of some of the nodes showed hypointense areas
due to the presence of SPIO. Small anatomical structures were also re-
vealed on these images. An example in which both the hypointense areas
and the small anatomical structures (follicles) can be distinguished can be
seen in Fig. 2.

Fig. 2. T1-weighted image of a SN, surrounded by fat tissue. The image was ac-
quired using a multi-slice-multi-echo (MSME) sequence.

4 Discussion and Conclusion

These initial experiment showed that it is possible to select SNs in colorec-
tal tissue with the SentiMag® after ex vivo administration of a SPIO tracer.
To validate the clinical applicability of this method in colorectal cancer, it is
necessary to correlate the presence of metastasis in the LNs to the pres-
ence and/or amount of iron found in nodes. We are currently performing
this analysis on the cohort of 12 patients, and including a larger number of
patients to be able to draw firm conclusions.
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