Modern Pathology (2007) 20, 1183-1190
© 2007 USCAP Inc Al rights reserved 0893-3952/07 $30.00

www.modernpathology.org

L1 is associated with micrometastatic spread
and poor outcome in colorectal cancer

Jussuf T Kaifi', Uta Reichelt?, Alexander Quaas?, Paulus G Schurr', Robin Wachowiak®,
Emre F Yekebas®, Tim Strate’, Claus Schneider?, Klaus Pantel®, Melitta Schachner?,

Guido Sauter® and Jakob R Izbicki®

'"Department of General, Visceral and Thoracic Surgery, University Medical Center Hamburg-Eppendorf,
Hamburg, Germany; *Institute for Pathology, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany; *Institute for Tumor Biology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany
and *Institute for Neuronal Biosynthesis, Center for Molecular Neurobiology, University Medical Center

Hamburg-Eppendorf, Hamburg, Germany

L1 is a cell adhesion molecule expressed at the invasive front of colorectal tumors with an important role in
metastasis. The aim of the present study was to determine L1 protein expression in a large cohort of colorectal
cancer patients and its impact on early metastatic spread and survival. A total of 375 patients that underwent
surgical treatment for colorectal cancer were chosen retrospectively. A tissue microarray was constructed of
576 tissue samples from these patients and analyzed by immunohistochemistry with a monoclonal antibody
against human L1 (UJ127). Lymph node and bone marrow micrometastasis were assessed with monoclonal
antibodies Ber-EP4 and pancytokeratin A45-B/B3, respectively. Associations between L1 expression and lymph
node, bone marrow micrometastasis and survival were investigated with Fisher’s, log-rank test and Cox
multivariate analysis. All statistical tests were two-sided. L1 was detected in a subset of 48 (13%) of 375 patients
examined. Analysis of L1 expression and survival revealed a significantly worse outcome for L1-positive
patients by log-rank test (P<0.05). Multivariate Cox regression analysis showed the strongest independent
prognostic impact of L1 expression (P<0.05). Fisher’s test revealed a significant association of L1 expression
and presence of disseminated tumor cells in lymph nodes and bone marrow (P<0.05). L1 is a powerful
prognostic marker for patients that undergo complete surgical resection. It may have a role in early metastatic
spread, as L1 is associated with micrometastases to both the lymph nodes and bone marrow. Thus, L1 should

be explored further as a target for adjuvant therapy for micrometastatic disease.
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The neural cell adhesion molecule L1 (CD171) has
been shown to be expressed at the invasive front of
colorectal cancer cells and is associated with tumor
progression.™* L1, a 200—220 kDa type I glycoprotein
of the immunoglobulin superfamily, plays a role in
development of the nervous system by regulating
cell interactions, including neuronal migration,
neurite outgrowth and fasciculation, neuronal sur-
vival and synaptic plasticity.®"® L1 may interact with
a variety of different molecules including itself.”
Besides homophilic binding, L1 undergoes also
heterophilic interactions, for example, with integ-
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rins.? L1 is detected on a variety of tumor cells of
neuronal, mesothelial and epithelial origin, such as
of neuroblastomas, melanomas, lymphomas, small
cell lung, colon and breast cancers.®"® After clea-
vage by a metalloproteinase (ADAM10), from the
tumor cell surface L1 is released into the serum,
for instance of cancer patients.>'® Its presence in
tumor and serum has a prognostic significance in
ovarian, uterine and renal cell carcinomas and is
associated with metastasis of melanomas.*®*%*!
Metastasis involves several sequential steps and is
a highly organized process. Early metastatic relapse
after complete resection of an apparently localized
tumor indicates that disseminated tumor cells or
micrometastases, undetectable by current routine
methods, may have been present at the time of
surgery.”> Tumor cells disseminate to regional
lymph nodes and home to secondary organs, in
which they may reside as viable cells in a dormant
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state. Some of these cells may eventually become
precursors of metastases arising many years after
curative resection of the primary tumor.”> Current
tumor staging procedures are unable to detect single
disseminated tumor cells, and sensitive methods
have, therefore, been developed to detect dissemi-
nated tumor cells in lymph nodes and distant
organs, in particular bone marrow.?>** The presence
of micrometastatic tumor cells in histopathologi-
cally tumor-free lymph nodes is a strong prognostic
factor for colon cancer.?**® The presence tumor cells
in bone marrow has to be taken as evidence of the
general disseminative capability of an individual
tumor.”” Such dissemination is a predictor for the
postoperative occurrence of overt metastasis at
distant sites, although the skeleton is not a preferred
site of recurrence in colorectal cancer.

The aim of our study was to evaluate whether L1
is associated with micrometastatic spread and could
serve as a potential prognostic factor of colorectal
cancer patients.

Materials and methods
Patients and Samples

This study was approved by the Ethics Committee of
the Chamber of Physicians in Hamburg, Germany.
Written informed consent was obtained from all
patients for use of the resected samples. For this
study, 576 specimens of 375 patients with colorectal
cancer who underwent surgery in the Department of
Surgery at University Medical Center Hamburg-
Eppendorf between January 1991 and February
2005 were chosen retrospectively. Out of these,
375 primary tumors, 128 lymph node metastases, 48
liver metastases and 25 local relapse samples were
used to construct a tissue microarray. Tumor stage
and grade were classified according to the tumor—
node-metastasis classification of the International
Union Against Cancer.?® All clinical and histopatho-
logical data including sex, tumor size, lymph node
metastasis, tumor type and disease stage were
obtained from the clinical and pathological records.

Tissue Microarray Construction

Tissue samples were fixed in 4% buffered formalin,
paraffin embedded and used for tissue microarray
construction as described.”® Hematoxylin—eosin
stained sections were made from selected primary
tumor blocks (donor blocks) to define representative
tumor regions. Tissue cylinders (0.6 mm in dia-
meter) were then punched from that region of the
donor block using a homemade semiautomated
tissue arrayer. The punch biopsies were obtained
from a peripheral or central area with high number
of vital tumor cells and little necrosis. Control
samples included normal esophagus mucosa
(n=10), endometrium (n=2), skin (n=2), skeletal
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muscle (n=2), heart muscle (n=2), colon mucosa
(n=2), lung (n=2), lymph node (n=2), prostate
(n=2) and kidney (n=2). An overview of a
complete tissue microarray is shown in Figure 1a;
single tissue spots of adenocarcinomas and lymph
node metastases are shown in Figure 1b. Three-
micrometer sections were made by use of the
Paraffin Sectioning Aid System (Instrumentics,
Hackensack, NJ, USA).

Immunohistochemical Staining of L1 and Evaluation
of Expression

Heat-induced autoclave antigen retrieval was per-
formed at 120°C for 5min with TEC (pH 7.8).
Peroxidase blocking (3% H,O, in methanol) was
performed for 10 min. Incubation with the predi-
luted primary antibody was for 2h at 30°C using a
monoclonal murine anti-human monoclonal anti-
body (IgG,, 1:150; clone UJ127, NeoMarkers, Fre-
mont, CA, USA) binding to the extracellular domain
of the transmembrane L1 protein. Visualization of
the immunoreaction was performed with DAB-
chromogen/EnVision Polymer-HPR (Dako K3468
and K4001). A mild counterstaining was performed
with hematoxylin for 30s. In tumors, the staining
intensity was scored in a four-step scale (0, 1+, 2+,
3+) by one pathologist (UT). In addition, the
percentage of positive cells was estimated. The
results for L1 in tissue microarrays were then
grouped into three categories including negative
(no staining at all), weak (14 staining or 2+
staining in <30% of tumor cells) and strong (2 +
staining in more than 30% of cells or 3 + staining).
In normal tissues, the staining results were de-
scribed separately for each distinguishable cell type
(0,14, 24, 3+).

Detection of Tumor Cells in Bone Marrow and Lymph
Nodes

Bone marrow aspirates of 4-8 ml were obtained from
the iliac crest of patients on the day of surgery and
processed as described previously.?°~** Briefly, the
aspirates were collected in heparin, and mono-
nuclear cells were isolated by density-gradient
centrifugation through Ficoll-Hypaque (Pharmacia,
Freiburg, Germany) at 400 g for 30 min. Cells were
then subjected to cytocentrifugation at 150g for
3 min at room temperature, so that cells could attach
to a glass slide. To visualize tumor cells in bone
marrow, we used monoclonal antibody A45-B/B3
(IgG,; Micromet, Munich, Germany) directed against
an epitope on various cytokeratins, including cyto-
keratin 8, 18 and 19. Non-immune IgG, was used as
a control antibody. Visualization was performed by
the APAAP technique described above. Counter-
staining was performed with Mayer’s hematoxylin.
We used the Automated Cellular Imaging System
(ACIS, ChromaVision, Medical Systems Inc., San
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Figure 1 Colorectal cancer tissue microarray. (a) Complete colorectal cancer tissue microarray, stained with hematoxylin—eosin,
consisting of one paraffin block (25 x30mm). (b and ¢) Examples of a single L1-immunostained tissue spots of primary colon
adenocarcinomas (magnification x 100). (d and e) Examples of single tissue spot of colon adenocarcinoma lymph node metastases with
L1-positive immunostaining (magnification x 100). Immunohistochemical staining was performed by the peroxidase method using a
monoclonal antibody against human L1.
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Juan Capistrano, CA, USA) to screen immuno-
stained bone marrow slides for disseminated tumor
cells.®®

Lymph nodes were systematically sampled during
lymphadenectomy as described previously.** Each
lymph node that was removed at the time of surgery
was divided into two parts. One part was embedded
in paraffin for routine histopathological staging and
stained with hematoxylin and eosin; the other part
was snap-frozen in liquid nitrogen. Lymph nodes
from patients without evidence of nodal metastasis
on routine histopathological examination were
screened for the presence of epithelial tumor cells
with the Ber-EP4 monoclonal antibody (IgG;; Dako),
as described previously.®* This antibody is directed
against an epithelial cell adhesion molecule on the
surface and in the cytoplasm of nearly all epithelial
cells, and it does not react with mesenchymal tissue,
including lymphoid tissue.** Two cryostat sections
(5—6 um thick) were cut at three different levels in
each lymph node. Sections were stained by the
APAAP technique. Normal esophageal mucosa
served as the positive staining control. The slides
stained with hematoxylin and eosin or the immu-
nostained sections were evaluated in a blinded
manner. Minimal tumor cell involvement in a
lymph node that was considered to be tumor-free
by routine histopathological staining was defined as
having 1-10 Ber-EP4-positive cells in the body of the
lymph node.

Survival Data

Clinical follow-up data were obtained by reviewing
the hospital records, direct communication with the
attending physicians and from the Cancer Registry
of Hamburg. Survival data were available from 247
patients of whom primary tumors were also exam-
ined for L1. Histopathological examination of the
surgical specimen showed that the resected margins
were tumor free. No evidence of distant metastasis
was found for any patient included for survival
analysis at the time of surgery. Tumor-specific
survival was calculated from the date of surgical
excision of the primary tumor to the date of death or
last follow-up. Patients who died from causes other
than colorectal cancer were censored at the time of
death. Patients whose death was clearly documen-
ted as attributable to colorectal cancer were con-
sidered to have died of that disease. Other deaths
were not considered to have been caused by colo-
rectal cancer.

Statistical Analysis

SPSS® for Windows (version 11.5.1) (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
Cross table statistics were performed with Fisher’s
test. Survival curves were plotted using the Kaplan—
Meier method and analyzed using the log-rank test.
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To simultaneously assess the independent associa-
tion of L1 expression and colorectal carcinoma
outcome with covariates that were statistically
significantly associated with tumor-specific and
overall survival in univariate analysis, such as
tumor invasion depth, lymph node metastasis and
histologic grading, Cox regression analysis was
performed for multivariate analysis. Significance
statements refer to P-values of two-tailed tests that
were less than 0.05.

Results

Characteristics of the Patients and L1 Expression in
Colorectal Cancer

A total of 576 tissue samples from 375 retro-
spectively chosen colorectal cancer patients
were included in our study and examined
immunohistochemically on a tissue microarray. A
total of 375 primary tumors, 128 lymph node
metastases, 48 liver metastases and 25 local relapse
samples were used to construct a tissue microarray.
Patients’ characteristics and L1 expression, corre-
lated with age, sex, localization of the primary
tumor, histological grading, tumor invasion depth,
lymph node status and presence of metastases are
listed in Table 1. Briefly, the median age of patients
was 65 years. Of all samples included in this study,
48 (13%) of 375 patients had L1-positive tumor
samples (Table 1). Figure 1a represents a tissue
microarray, and Figure 1b shows representative
staining patterns of tissue spots for L1 of primary
colorectal adenocarcinomas and lymph node metas-
tases.

L1 Expression and Survival

Follow-up data of patients whose primary colorectal
cancer was surgically completely resected (R0) and
that did not present with distant metastasis (M0) at
surgery were available in 247 cases. Only patients
whose primary colorectal tumor was analyzed for L1
expression on the tissue microarray were included
for survival analysis. Median follow-up time of all
247 patients included for survival analysis was 46
months. The median follow-up time of survivors
(n=165) was 54 months, of L1-positive patients
(n=48) 28 months and of Lil-negative patients
(n=199) 48 months. Survival was analyzed by
the Kaplan—-Meier method, and the log-rank test
was used for univariate analysis. Overall survival
and tumor-specific survival among patients with L1-
positive tumors compared with patients with
L1-negative tumors are shown in Figure 2. L1
expression in the primary tumor was statistically
significantly associated with poorer overall and
tumor-specific survival than no L1 expression
(P<0.001 by log-rank test). Five-year overall survi-
val associated with L1-positive tumors was 47%



(95% CI: 31-63%), and the five-year overall survival
associated with L1-negative tumors was 69% (95%
CI: 62—-76%). The five-year tumor-specific survival

Table 1 Clinicopathologic features of colorectal cancer patients
and L1 expression in this study

L1 expression in colorectal cancer
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associated with L1-positive patients was 50% (95%
CL: 34-66%) and with Li1-negative patients 80%
(95% CI: 68-92%).

L1 as an Independent Prognostic Factor

Variable Total L1 negative L1 positive A Cox regression model for multivariate analysis
was applied to examine whether various factors
Total 375 327 (87%) 48 (13%) were associated with reduced overall and tumor-
specific survival (Table 3). The following covariates
Age é)éears) 122 (33%) 102 (27%) 20 (5%) that were statistically significantly associated with
< %, 9%, 9%, . . . X N
260 253 (67%) 225 (60%) 28 (8%) reduced survival of patients by univariate analysis
by log-rank test were included in the model as
Sex potential risk factors: tumor invasion depth (pT1-4),
Male 224 (60%) 191 (51%) 33 (9%) lymph node status (pN0-2), grading (G1-3) and L1
Female 151 (40%) 136 (36%) 15 (4%) expression. We found that survival was indepen-
Localization dently associz_ited with L1 exprfessiOI_l, lymph
Ascending colon 72 (19%) 63 (17%) 9 (3%) node metastasis status and tumor invasion depth
Transverse colon 23 (6%) 21 (6%) 2 (1%) by multivariate analysis. L1 expression was more
18395081}31%1001011 8; g;/(]/)] 72 8(0)/0/)) 12 gﬂ strongly associated with worse outcome (overall
igmoid colon % % % : . _ . ] . . .
Rechum 188 (50%) 165 (24%) 23 (6%) survival: ~ P=0.025; tumor-specific survival:
P=0.001) than was presence of lymph node metas-
Histological grading tasis (overall survival: P=0.007; tumor-specific
G1 4 (1%) 4 (1%) o survival: P=0.007) and tumor invasion depth
gi 381 ﬁ‘%"% 26533 g;é"g 4% g%’) (overall survival: P=0.006; tumor-specific survival:
’ ’ ’ P=0.001) (Table 2).
Tumor depth
pT1 18 (5%) 16 (4%) 2 (1%)
P% z;g EE;(ZO} 231 %g‘ﬂ 32 ESZO% L1 Expression and Lymph Node and Bone Marrow
P % % % . .
pTa 43 (12%) 39 (10%) 4 (1%) Micrometastasis
Lvmph nodes Mononuclear cells, isolated from bone marrow
Yp e 187 (50%) 168 (45%) 19 (5%) aspirates, were obtained from the iliac crest of
pN1 89 (24%) 74 (20%) 15 (4%) patients on the day of surgery and analyzed for the
pN2 99 (26%) 85 (23%) 14 (4%) presence of tumor cells with the pancytokeratin
Metastasis A45-B/B3 monoclonal antibody. Tumor cells were
MO 289 (77%) 241 (64%) 48 (13%) detected in 18 (22%) pf 82 bone marrow aspi_rates of
M1 86 (23%) 86 (23%) 0 colorectal cancer patients. Bone marrow microme-
tastasis was strongly and negatively associated with
a Tumor-specific Survival b Overall Survival
1.0 1.0 1
L1-negative (n=199)
08 08 1
L1-negative (n=199)
06 L1-postive (n=48) 0.6
0.4 0.4 1
L1-postive (n=48)
02 021
P<0.001 P<0.001
0.0 0.0
0 60 120 180 0 60 120 180
Months after Surgery Months after Surgery

Figure 2 Kaplan—Meier survival curves for tumor-specific (a) and overall (b) survival and L1 expression in primary tumors of completely
resected colorectal adenocarcinoma patients. Patients who did not present with metastases (MO0) at initial diagnosis and whose primary
tumors were surgically and histopathologically completely resected (R0) were included for survival analysis (n=247). P-values were

calculated with log-rank test.
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Table 2 Multivariate Cox regression analysis for overall and
tumor-specific survival

Table 3 Association between L1 expression, lymph node and
bone marrow micrometastasis status in colorectal carcinoma

RR/95% CI P-values Variable Total L1 negative L1 positive P-values

Overall survival Lymph node micrometastasis (n=127)

Tumor invasion depth pT1-4 1.736 (1.174-2.568) 0.006 Negative 86 73 13

Nodal status pN0-2 1.424 (1.070-1.895) 0.015 Positive 41 25 16 0.006

Histological grading G1-3 0.846 (0.446—1.604) 0.608

L1 positive vs L1 negative 1.771 (1.076-2.917) 0.025 Bone marrow micrometastasis (n=82)

Negative 56 48 16

Tumor-specific survival Positive 26 8 10 0.017

2.375 (1.398—4.035) 0.001
1.630 (1.145-2.320) 0.007
1.101 (0.539-2.249) 0.791
2.638 (1.493-4.661) 0.001

Tumor invasion depth pT1-4
Nodal status pN0-2
Histological grading G1-3

L1 positive vs L1 negative

CI, confidence interval; RR, risk ratio.

overall and tumor-specific survival in a Kaplan—
Meier analysis (P<0.05; data not shown). We used
Fisher’s test to compare bone marrow micrometas-
tasis with and without L1 expression in the primary
tumor and found a statistically significant positive
association between L1-positive expression of color-
ectal cancer cells in the primary tumor and the
presence of colorectal tumor cells in the bone
marrow (P=0.021); 10 (56%) of 18 patients with
micrometastatic tumor cells in their bone marrow
expressed L1 in their primary tumor (Table 3).
Among 64 patients without micrometastatic tumor
cells in the bone marrow, 16 (25%) patients had
L1-positive tumors.

Lymph nodes were examined immediately after
surgical removal. Histopathologically tumor-free
lymph nodes were sectioned and stained for
disseminated tumor cells with Ber-EP4 monoclonal
antibody against epithelial cell adhesion molecule;
41 (32%) of 127 patients had disseminated tumor
cells in the lymph nodes (Table 3). Lymph node
microinvolvement was strongly and negatively
associated with overall and tumor-specific survival
in a Kaplan—-Meier analysis and log-rank test
(P<0.05; data not shown). We used a Fisher’s test
to compare lymph node microinvolvement with L1
expression in the primary tumor (Table 3). We found
a statistically significant association between L1
expression and lymph node microinvolvement with
L1 expression (P=0.006). Primary tumors from 16
(39%) of 41 patients with lymph node involvement
also expressed L1. Among 86 patients without
lymph node microinvolvement, 13 (15%) primary
tumor samples were L1-positive.

Discussion

In an attempt to identify new therapeutic target
molecules for colorectal cancer, we determined L1
expression in a subset of 13% of primary colorectal
tumors in a sufficiently large collective of 375
patients. L1 was significantly correlated with bad
outcome of patients and also with early micrometa-
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Data are presented in cross tables. P-values were determined by using
two-sided Fisher’s tests.

static spread to lymph nodes and bone marrow.
While high-quality antibodies are often lacking for
genes identified as potential tumor target candi-
dates, L1 can easily be analyzed by immunohisto-
chemistry on formalin-fixed tissues like a tissue
microarray. A recent study by Gavert et al* showed
L1 to be expressed at the invasive front of colorectal
cancer cells and therefore proposed it as an
important factor for metastatic spread and tumor
progression. Fitting to this concept, the present
study indicates a role of L1 in early micrometastatic
spread and shows that L1 can serve as a prognostic
marker.

Previous studies described expression of L1 in
different tumors of neural crest origin, such as
melanomas, gastrointestinal stromal tumors and
neuroendocrine tumors of the pancreas and
skin.?®?%37 On the other hand, epithelial pancreatic
adenocarcinomas rarely express L1.*® However, L1
expression is consistently associated with aggres-
sive clinical behavior in other epithelial tumors like
uterine, ovarian or also colon carcinomas.>?*' The
present study shows that the adhesion molecule L1
is upregulated in colorectal cancer specimens and
associated not only with bad outcome of patients but
also with microdissemination of tumor cells to
distant sites, such as lymph nodes and bone marrow.
Given that L1 expressed by tumor cells interacts
with multiple vascular or platelet integrins, L1
could play an important role in extravasation of
tumor cells during early metastatic spread. As
mentioned above, L1 is expressed at the invasive
front of colon cancer tumors.” Expression of L1 was
also described in tumor vessels in renal cell
carcinomas and smooth muscle tumors and could
therefore enhance attachment of tumor cells by
homophilic binding.?**® A role of L1 in homing of
colorectal cancer cells to lymph nodes and bone
marrow is probable, especially since L1 undergoing
homophilic binding is also expressed in a subset of
lymph node leukocytes.** However, a correlation
does not prove a direct role of L1 in this process.
Double staining of micrometastatic tumor cells
should be performed in future experiments to show
coexpression of L1 and epithelial markers in single
disseminated tumor cells. Finally, a causal relation-



ship needs to be examined by functional experi-
ments in in vitro or in vivo models.

In colorectal cancer, the presence of micrometa-
static tumor cells in lymph nodes and bone marrow
is associated with poor survival.?*=*” Although the
presence of micrometastatic cells in regional lymph
nodes is not surprising, colorectal cancer cells are
also frequently found in the bone marrow, in
contrast to the rather infrequent rate of overt skeletal
metastases of colorectal cancer generally observed.
Disseminated tumor cells homing to the bone
marrow may enter circulation again and migrate to
other organs, such as liver or lung, in which better
growth conditions for colorectal cancer cells might
exist and colorectal cancer metastasis usually
occurs.”® Pierga et al*® suggested that circulating
tumor cells in the peripheral blood that find their
way to the bone marrow and survive there appear to
have an increased ability to develop into overt
metastases. Our results suggest a potential role of L1
in the preferential formation of micrometastases at
these sites in colorectal carcinoma.

A recent study clearly showed the feasibility of
combining L1-directed growth inhibition and Cop-
per-67 radioimmunotherapy, thereby increasing the
efficiency of antibody treatment of metastatic ovar-
ian carcinoma in a mouse model.* Such treatment
might also be a potential biological therapy option
for colorectal cancer patients who express L1 in the
primary tumor. Furthermore, since a metalloprotei-
nase (ADAM10) cleaves L1 from the tumor cell
surface and soluble L1 is detected in the serum of
tumor patients, an additional diagnostic tool for
colorectal cancer patients is available.?*

In summary, our results indicate a role for L1 in
early micrometastatic spread and show that L1
serves as a powerful prognostic marker for colorectal
cancer patients.
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