
Abstract. Background/Aim: To assess the expression of
cancer stem cell (CSC) markers CD44, CD133 and CD24
in colon cancer liver metastases and analyse their predictive
value for overall survival (OS) and disease-free survival
(DFS) after liver resection. Materials and Methods: Patients
operated on for colon cancer liver metastases were
included. CSC marker expression was determined through
immunohistochemistry analysis. OS and DFS were
compared between marker-positive and marker-negative
patients. Multivariate analysis was performed to select
predictive variables for OS and DFS. Results: CD133-
positive patients had a worse DFS than CD133-negative
patients, with a median DFS of 12 and 25 months
(p=0.051). Multivariate analysis selected CD133 expression
as a significant predictor for DFS. CD44 and CD24 were
not found to predict OS or DFS. Conclusion: CD133
expression in colonic liver metastases is a negative
prognostic factor for DFS after liver resection. In the future,
CD133 could be used as a biomarker for risk stratification,
and possibly for developing novel targeted therapy.

Colon cancer has a yearly incidence of 43 per 100,000
inhabitants in Sweden (1). Within 3 years after the diagnosis
of colorectal cancer, 29% of patients will have developed
liver metastases (2). In case these can be resected, 5-year
survival of up to 60% is achievable (3).

Prognostic factors have been identified over time and
several predictive models have been created for the

stratification of patients into risk categories in order to select
management strategies and predict prognosis (4).

Cancer stem cells (CSCs) represent a subset of cancer
cells that are presumed to have the properties of normal adult
stem cells. These characteristics include the capacity of self-
renewal and asymmetric division, multipotency for
differentiation, as well as relatively long cycling times and
long-term survival. Research has shown CSCs to be a source
of tumour recurrence and resistance to chemotherapy (5).
The most often used technique for the identification of CSCs
is through the selection of a subpopulation of tumour cells
based on the expression of certain cell surface markers (6).
Examples of such markers in colorectal cancer are cluster of
differentiation (CD) markers CD44, CD133 and CD24 (7-9).
CD44 is a cell surface glycoprotein, known to be involved
in cell growth, differentiation, adhesion and survival (10).
CD133 is a transmembrane glycoprotein, localised mainly at
the level of membrane protrusions (11). CD24 is a heavily
glycosylated cell surface protein, thought to have various
functions in proliferation and cell adhesion (12). In
colorectal cancer patients, CD44 and CD24 have been
associated with decreased OS (13, 14), whilst a meta-
analysis showed that CD133 is correlated with a worsened
OS and DFS (15). Studies regarding the expression of these
markers in colonic liver metastases and its influence on
survival after hepatectomy are sparse (16-18). The aim of
this study was to assess the expression of CD44, CD133 and
CD24 in colon cancer liver metastases and to analyse their
predictive value for OS and DFS after liver resection. 

Materials and Methods

Patients. All consecutive cases of liver resection for colon cancer
metastases at Skåne University Hospital, in both Lund and Malmö,
Sweden, between January 2006 and December 2014, were identified.
From these, patients who also were operated for their primary colon
cancer at these hospitals were included in this retrospective cohort
study. No patients with rectal cancer were included. Only patients
with adenocarcinoma were included, whilst patients with other
tumour types, such as mucinous cancers, were excluded.
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Baseline characteristics were collected, including American
Society of Anesthesiologists score (ASA-score), pre-operative
carcino-embryonic antigen (CEA) level, and grade of complication
severity as defined by the Clavien-Dindo classification system (19).
Synchronous metastatic disease was defined as metastases occurring
within six months after diagnosis of the primary colorectal cancer.
Preoperative chemotherapy was defined as chemotherapy of which
the last cycle was given within three months prior to liver resection.
Resections were judged to be minor when a maximum of three
separate liver segments as described by Couinaud et al. (20) were
resected, or major, if a resection of at least four separate segments
was performed (21). 

Pathological analysis. Specimens from colon cancer operations
were analysed for tumour grade (22), T-stage and N-stage according
to the TNM-staging system (23), vascular invasion, perineural
invasion and the presence of tumour deposits. Patients were
assigned to one of three lymph node ratio (LNR) categories
according to our previous study (24). Specimens from the liver
resections were analysed for radicality of resection.

Immunohistochemistry (IHC) analysis for the expression of CSC
markers was performed on liver specimens of all patients and on
colon specimens of a subgroup of 30 randomly selected patients
from within the study group. 

Formalin-fixed paraffin-embedded specimens of liver metastases
and primary colon cancer were sectioned into 4.5 μm-thick slices
for analysis of the expression of CD44, CD133 and CD24 through
IHC. IHC procedures were automated using an IHC robot
(Autostainer Plus, Dako, Glostrup, Denmark). After heating the
sections at 60˚C for 30 min, they were deparaffinised through
xylene and rehydrated in a descending graded series of ethanol
solutions. After this the sections were pretreated in a pretreatment
module (PT-link, Dako, Glostrup, Denmark) in citrate buffer (pH
6.0, for CD44 and CD133) or Tris/EDTA buffer (pH 8.0, for CD24)
at 97˚C for 20 min for antigen retrieval. The sections were then
inserted into the Autostainer and treated with blocking peroxidase
solutions (Envision block, Dako, Glostrup, Denmark), followed by
incubation with primary antibodies. Primary monoclonal mouse
anti-CD44 antibody (Dako, Glostrup, Denmark) was diluted 1:100,
primary mouse anti-CD133 antibody (Miltenyi Biotec, Lund,
Sweden) was diluted 1:100 and primary polyclonal goat anti-CD24
(Santa Cruz Biotechnology, Heidelberg, Germany) was diluted 1:50.
After a washing step, sections were incubated with secondary
antibodies conjugated to HR-peroxidase (anti-rabbit/mouse HRP for
CD44 and CD133, anti-goat HRP for CD24, Dako, Glostrup,
Denmark). After this, a brown-coloured immunoreaction product
was created, using the peroxidase substrate diaminobenzidine
(DAB, Dako, Glostrup, Denmark). Hematoxylin was used as
background staining, after which sections were dehydrated with
alcohol solutions and xylene. 

Expression of CD44, CD133 and CD24 was evaluated by an
experienced pathologist, who was blinded for other pathological
information and clinical outcome. For each individual marker,
membranous staining was assessed and considered positive if there
was staining of at least 5% of cells within the microscopic field of
vision at 400x magnification, in accordance to previously described
cut-off values for the expression of CD44 and CD133 in colorectal
cancer (25). 

Outcome measures. Within the subgroup of patients in whom IHC
analysis was performed on both the primary colon cancer specimens

and the liver metastasis specimens, concordance between expression
in the primary cancer and in the liver metastases was determined
for each marker.

Within the entire study group, OS and DFS were determined and
compared between patients with and without metastatic CSC marker
expression. Factors influencing OS and DFS were identified through
multivariate analysis.

Data collection and statistical evaluation. Baseline patient
characteristics were collected. Number of liver metastases and
diameter of the largest metastasis were based on the most recent
radiological examination before liver resection, or before start of
neo-adjuvant chemotherapy when relevant. 
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Table I. Baseline and treatment characteristics in 67 patients operated
for colon cancer liver metastases. Median values (range) and absolute
frequencies (percentages) are given.

                                                                              Value         Missing data

Median age in years                                         67 (39-86)            0%
Male gender                                                     36 (53.7%)            0%
ASA-score
  I                                                                        4 (6.0%)              0%
  II                                                                     41 (61.2%)               
  III                                                                     22 (32.8)                
High tumour grade primary                            10 (15.2%)          1.5%
Vascular invasion primary                               30 (46.9%)          4.5%
Perineural invasion primary                            17 (27.4%)          7.5%
Tumour deposits primary                                14 (23.3%)         10.4%
T-stage primary
  1                                                                       1 (1.5%)              0%
  2                                                                       5 (7.5%)                 
  3                                                                     45 (67.2%)               
  4                                                                     16 (23.9%)               
N-stage primary                                                       0              19 (28.4%)
0%
  1                                                                     24 (35.8%)               
  2                                                                     24 (35.8%)               
LNR 
  0                                                                     21 (31.3%)            0%
  0.01-0.18                                                        26 (38.8%)               
  0.19-1.00                                                        20 (29.9%)               
Median preoperative CEA-level (μg/L)         5 (1-2137)           1.5%
Synchronous liver metastases                         41 (61.2%)            0%
Median number of liver metastases                  2 (1-13)               0%
Median size of largest metastasis (cm)          2.2 (0.5-20)           0%
Bilobar spread                                                  23 (34.3%)            0%
Preoperative chemotherapy                             25 (37.3%)            0%
Liver first operated                                           7 (10.4%)             0%
Extent of liver resection: major                      28 (41.8%)            0%
Radicality of liver resection                            60 (89.6%)            0%
Severe complications after liver resectiona        6 (9.0%)              0%
Liver metastases CD44 positive                     61 (91.0%)            0%
Liver metastases CD133 positive                   43 (64.2%)            0%
Liver metastases CD24 positive                     34 (50.7%)            0%

aSevere complications as defined by Clavien-Dindo classification grade
III-IV. ASA-score: American Society of Anesthesiologists score; LNR:
lymph node ratio; CEA: carcinoembryonic antigen.



Statistical analyses were performed using SPSS software (IBM
SPSS Statistics for Windows, Version 23.0, IBM Corp., Armonk,
NY, USA). Median values (range) describe continuous variables,
whereas frequencies (percentages) were calculated for categorical
variables. McNemar’s test was used to evaluate discordance
between marker expression in the primary colon cancers and the
liver metastases. Kaplan-Meier analysis was performed to estimate
OS and DFS, using the log-rank test to compare groups. p-Values
<0.05 were considered to represent statistical significance. 

Cox proportional hazards regression was used to adjust for
possible confounding variables by developing a multivariable
survival model for both OS and DFS. Inclusion criteria for the full
model was a p-value <0.2 on univariate analysis. The limit for
stepwise backward elimination was a p-value <0.1. A probability
level of a random difference of p-value <0.05 was considered
significant. Hazard ratios (HR) and 95% confidence intervals
(95%CI) were determined.

The study was approved by the regional human ethical
committee at Lund University, Lund, as well as by the regional
biobank centre of southern Sweden, Lund.

This study and its results were reported in accordance with the
reporting recommendations for tumour marker prognostic studies
(REMARK) as described by McShane et al. (26).

Results

Patients. A total of 119 patients were considered for this
study. A total of 100 patients were considered for further
analysis, after the exclusion of two patients where not all
liver metastases were treated, one patient who was lost to
follow-up, one patient with both a rectal and a colonic
primary cancer, eleven patients with mucinous colon
carcinoma and four patients with not enough vital tissue for
IHC analysis in the liver metastases. Of these, extra liver
metastasis tissue for new IHC analyses was available in 67
patients, who were thus included in this study. Patient- and
disease characteristics are presented in Table I.

In some cases, data on number of metastases and diameter
of the largest metastasis were based on intraoperative
findings (4 patients) or pathology reports (2 patients), in case
new metastases were discovered.

Treatment. All patients underwent liver resection with
curative intent for colon cancer metastases. Details on
treatment are given in Table I. Preoperative chemotherapy
prior to liver resection was administered to 25 out of 67

patients. The median number of chemotherapy cycles was 4
(1-32). Regimens were oxaliplatin-based in 16 patients,
irinotecan-based in 7 patients, and including both agents
successively in 2 patients. A total of 9 patients also received
targeted therapy, such as bevacizumab or cetuximab.

Stem cell marker expression. Out of 67 patients, 61 had
positive CD44 expression in their liver metastasis. CD133
and CD24 expression were seen in the liver metastases of 43
and 34 patients, respectively. For each marker, examples of
the microscopic appearance of positive liver metastasis tissue
are shown in Figure 1.

In a subgroup of 29 patients, since in one patient no
sufficient material was available, even the primary colon
cancer tissue was analysed through IHC for the expression of
CD44, CD133 and CD24. For each marker, examples of the
microscopic appearance of positive colon cancer tissue are
shown in Figure 1. The patterns of marker expression for
matched pairs of colon cancer and liver metastasis samples are
shown in Table II. For CD44, CD133 and CD24, there was a
discordance between the expression in the primary and in the
metastatic cancer tissue in 4, 9 and 14 patients, respectively.
This skewness was statistically significant for CD24 only.

Outcome. For long-term outcome, one patient who deceased
three days postoperatively was excluded. The remaining 66
patients had a median OS of 63 months with a median
follow-up time of 44 months amongst survivors. The median
DFS was 16 months and within the follow-up period, 59%
of patients (n=39) developed recurrence. In 59% of these
cases (n=23, equal to 35% of the total study population) this
occurred within the first year after liver resection. The first
site of recurrence was intrahepatic only in 18 patients (46%),
both intrahepatic and extrahepatic in three patients (8%), and
extrahepatic only in 18 patients (46%). The main first
extrahepatic site of recurrence was the lungs. 

OS and DFS were compared between patients with marker-
negative and those with marker-positive liver metastases for
each CSC marker. OS and DFS curves are shown in Figure 2.
The largest differences in both OS and DFS were found when
comparing CD133-negative and CD133-positive patients, with
a median OS of 79 and 52 months and a median DFS of 25
and 12 months, respectively. For OS, this difference was not
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Table II. Marker expression patterns in primary colon cancer (prim) and liver metastases (met) in 29 patients.

Marker                  prim+/met+                 prim–/met–                    prim+/met–                    prim–/met+                      Discordance                    p-Value

CD44                           25                                   0                                      2                                     2                                   4 (13.8%)                       1.00
CD133                         15                                   5                                      5                                     4                                   9 (31.0%)                       1.00
CD24                             9                                   6                                    12                                     2                                14 (48.3%)                       0.013



statistically significant, whereas this difference was borderline
significant for DFS (p=0.051).

Cox proportional hazards regression was used to develop a
multivariable survival model. Variables taken into consideration
were age, gender, ASA-score, primary tumour specifics,
synchronous versus metachronous liver metastases, number of

liver metastases, diameter of the largest liver metastasis,
preoperative CEA-level >5 μg/L, treatment with preoperative
chemotherapy, extent and radicality of liver resection and severe
complications (Clavien-Dindo classification (19) grade III or
higher) after liver resection. Vascular invasion, perineural
invasion and tumour deposits of the primary colon cancer,
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Figure 1. Microscopic images of primary colon cancer specimens staining positively for cancer stem cell markers CD44 (A), CD133 (C) and CD24
(E), as well as specimens of liver metastases staining positively for cancer stem cell markers CD44 (B) CD133 (D) and CD24 (F).



synchronous liver metastases, major liver resection, preoperative
chemotherapy, number of liver metastases and the occurrence
of severe complications after liver resection were selected for

both OS and DFS through univariate analysis. Additionally, age,
ASA-score, T-stage and tumour grade of the primary cancer, as
well as CEA-level >5 μg/L were selected for OS, and N-stage
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Figure 2. Kaplan-Meier curves of overall survival and disease-free survival after resection of colon cancer liver metastases, comparing patients
with marker-positive and marker-negative liver metastases for cancer stem cell markers CD44 (A-B), CD133 (C-D) and CD24 (E-F), respectively.



and LNR of the primary cancer, as well as radicality of liver
resection were selected for DFS. The mentioned variables and
the expression state in the liver metastases for each CSC marker
were included in the multivariate analysis. Through stepwise
Cox proportional hazards regression, statistically significant
prognostic variables were selected for both OS and DFS.

For OS, selected variables included perineural invasion and
the presence of tumour deposits of the primary colon cancer.
For DFS, identified variables were perineural invasion of the
primary colon cancer, preoperative chemotherapy and CD133
expression in the liver metastasis. The individual selected
variables and their hazard ratio (HR) are presented in Table III.

Discussion

Only a limited number of studies have previously analysed the
expression of CSC markers in colonic liver metastases and how
this predicts long-term outcome (16-18, 27). These reports
mainly considered CD133 and CD44, whilst the current study,
to our knowledge, is the first to analyse all three markers,
including CD24, in colonic liver metastases and to assess their
prognostic significance for outcome after hepatectomy. 

More knowledge exists on these markers’ expression in
primary colon cancer and outcome after colon cancer treatment,
with CD133 being claimed to be associated with both a
worsened OS and DFS after colon cancer treatment (15). CD44
expression is found to predict a worsened OS (13), as is CD24
(14). However, another group found no relation between the
expression of any of these markers and survival after colon
cancer treatment, whilst they did conclude CD133 and CD24 to
be correlated with invasiveness and differentiation (28).  

Testing each marker for its influence on long-term
outcome, we found CD133 expression to be most
distinguishing, but only for DFS and with borderline
significance. To correct for possible confounding factors,
multivariate analysis was performed, and through this, CD133
was found to be an independent predictor for DFS. This is in
accordance with the results found by Narita et al., who
compared patients with early recurrence after liver resection
with those with late recurrence, and found increased CD133
expression within the first group (27). In the present study,
no relation between CD133 expression and OS was found,
corresponding to the findings by Pitule et al. However, Pitule
et al. neither found CD133 expression in liver metastases to
be related to DFS (17), which contradicts the current results.
Other contradicting results were reported by Yamamoto et al.
who found CD133 expression in liver metastases to be
associated with a better OS after hepatectomy (16) and
Kishikawa et al. who reported both a better OS and DFS (18).
Even though discrepancies exist between the results of the
few available studies, the current findings are in accordance
with results of the considerably larger available material on
the prognostic value of CD133 expression in primary CRC,

where a meta-analysis associated this with a worse prognosis
as well (15). Since there was no significant discordance
between CD-133 expression in the primary colon cancer and
the liver metastases in the present material, these findings are
most likely associated.

In the present study, CD44 expression did not predict OS
or DFS, a finding supported by two other reports on CSC
markers in liver metastases (16, 17). Neither did we find
CD24 expression to be of significance, but this has not been
tested in the same manner previously.

For this study, a proportion of stained cells over 5% in IHC
analysis was considered positive, in line with previous cut-off
values for CSC markers in colorectal cancer (25) and one
study on CD133 expression in CRC liver metastases (18). The
latter also reported 56.8% of liver metastases to be CD133-
positive, comparable to the 64.2% in the current study.
However, some authors used for example 10% (16) as a cut-
off value. This is partly reflected in the different rates of CSC
marker expression. The current study identified 91.0% of liver
metastases as CD44-positive, whereas this value was 58.7%
in a similar study using 10% as a cut-off value (16). The same
researchers deemed 44.6% of liver metastases CD133-
positive, whereas 64.2% of liver tumours were considered
CD133-positive in the present study. The varying cut-off
values used in these studies on CSC marker expression in
colonic liver metastasis contribute to differences in the results. 

In this study, CD133 predicted DFS, but not OS. Even
though DFS and OS are partly related, there are considerable
differences. In DFS, any type of recurrence or spread is
counted as an event, including small local recurrences for
which the patient may be treated curatively. It is not
uncommon for liver recurrences to be treated with a new
curative resection, after which patients have been shown to
have similar survival rates as after a first liver resection (29).

There are some limitations to this study, mainly the
relatively small study population. However, since it is one of
the first studies on this subject and probably the first to
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Table III. Results of stepwise Cox proportional hazards regression
showing the selected variables predicting overall survival and disease-
free survival after liver resection for colon cancer metastases.

                                                        HR         95%CI for HR       p-Value

Overall survival                                                                                   
  Perineural invasion                    3.915         1.447-10.588          0.007
  Tumour deposits                         3.364          1.284-8.816           0.014
Disease-free survival                                                                           
  Perineural invasion                    3.058          1.441-6.493           0.004
  Preoperative chemotherapy       2.996          1.413-6.350           0.004
  CD133 expression                      1.541          1.017-2.336           0.041

HR: Hazard ratio; CI: confidence interval.



consider CD24 expression for outcome after liver resections,
these results could prompt further investigation and steer
larger, future studies into evaluating CD133 specifically and
possibly additional novel markers.

In our study, a subpopulation of almost half the study group
was also tested for marker expression in the primary tumour.
Only few discordances for CD44 and CD133 were found,
without statistical significance, whereas CD24 expression was
significantly discordant. These discrepancies may be caused by
a gradual change of the cancer cell population over time, thus
causing different expression patterns in the metastatic tumour
as compared to the primary colon cancer. Another hypothesis
is that CSC marker expression could be influenced by
chemotherapy given between the two operations, possibly
through altering the expression per se, or due to the elimination
of certain cells, changing the compilation of the cell
population. In the last scenario one would expect higher rates
of CSC expression in liver metastases occurring after
chemotherapy treatment, since some studies have suggested
that CSCs represent a source of tumour recurrence and
resistance to chemotherapy (5). The sample size in this study
was too small, though, to perform further analysis of the
possible influence of chemotherapy treatment on the expression
patterns in the metastatic tumour as compared to the primary
colon cancer. However, since there were some differences in
the individual CD133 expression in the primary cancer and the
corresponding liver metastases, the results of this study can
only be applied to the expression in liver metastases and
therefore the marker’s prognostic value will predominantly be
of relevance when choosing adjuvant chemotherapy.

The present study shows CD133 expression in colonic liver
metastases to be a predictive factor for worsened DFS after
hepatectomy. If further studies can confirm our findings,
CD133 could be used as a biomarker for risk stratification to
select patients in need of more aggressive adjuvant therapy,
but possibly also for the development of novel therapies. Since
targeted therapy directed specifically against CSCs could
possibly decrease the metastatic potential and chemotherapy
resistance of cancer (30), CD133 may be a future target for
novel treatment regimens for colonic liver metastases. 
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