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Abstract

Background: There are few evidence which kind of tumor is more benefit from cetuximab, more investigations
of supplementary predictive factors are highly relevant. The purpose is to evaluate the prognostic significance of
CD133 expression and to investigate the utility as biomarker of prognosis of metastatic colorectal cancer (mCRC)
patients treated with cetuximab.

Methods: We investigated progression-free survival (PFS) and overall survival (OS) of patients with mCRC
about 5FU-based regimen as first line chemotherapy and cetuximab as salvage line retrospectively, and performed
immunohistochemical staining to evaluate the CD133 status. Non-parametric statistics, univariate and multivariate
analysis were used.

Results: From October 2008 to June 2009, 46 patients with measurable mCRC had received cetuximab as
salvage line, and all of them had treated with 5FU-based regimen as first line. In first line chemotherapy, the median
OS was 33.1 months (95% Cl, 25.6-40.4) in the CD133-positive patients as compared with 16.0 months (95% ClI,
0.938-31.1) in the CD133-negative patients (P=0.004), but there were no statistically significant difference in PFS
between both group. In salvage therapy with cetuximab, the median OS was 8.8 months (95% CI, 5.24-12.4) in
the CD133-positive patients as compared with 5.1 months (95% CI, 3.23-6.90) in the CD133-negative patients
(P=0.007). The median PFS was also significantly better in CD133-positive patients, with a median of 5.2 month
(95% ClI, 2.96-7.51) in the CD133-positive patients as compared with 2.8 month (95% ClI, 1.48-4.06) in CD133-
negative patients (P=0.046). Univariate and multivariate Cox proportional hazards regression was performed, and it
is shown that CD133 predicted OS and PFS of cetuximab.

Conclusions: CD133 status was correlated with the prognosis of patients treated with cetuximab, suggesting
that CD133 can be a useful biomarker of mCRC treated with cetuximab.
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Immunohistochemistry believed to drive tumor growth [10]. Previous studies have shown that
CD133 is a useful marker for the detection of tumor initiating cells,
Introduction and CD133 has been implicated in several solid tumor types, including

CRC [11-14]. Although initial reports indicated that expression of
CD133 was predictive of response to chemotherapy, subsequent studies
showed that CD133 expression was irrespective of tumorogenicity.
Lugli et al. reported that CD133 status was not significantly associated
with tumor progression or survival [15,16]. The prognostic significance
of CD133 derived from mCRC is still under debate, and further
immunohistochemical study of CD133 and comparison of the results
with clinicopathological features are necessary.

Significant improvements have been achieved in the treatment
of metastatic colorectal cancer (mCRC) with the development of
new regimens such as FOLFOX and FOLFIRL Some of these new
therapeutic agents are molecularly-targeted such as those against
monoclonal antibody against epidermal growth factor receptor (EGFR)
or vascular endothelial growth factor. Cetuximab, an IgG1 anti-EGFR
chimeric mouse/human monoclonal antibody, induces synergistic
antitumor activity when combined with chemotherapy [1-5]. Selection
of patients for EGFR-targeted monoclonal antibodies based on tumor To our knowledge, no studies to date have investigated the
KRAS analysis is a major step towards tailored treatment in mCRC.
Previous studies have shown that response to anti-EGFR monoclonal
antibodies is confined to patients with KRAS wild-type tumors, with no
benefit likely to be derived where the tumor carries a KRAS mutation =~ *Corresponding author: Satoshi Matsusaka, 3-8-31 Ariake, Koto-ku, Tokyo
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more likely to respond to cetuximab, indicating the urgent need for
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relationship between CD133 status and prognosis in mCRC patients
treated with cetuximab. The purpose of this study was to evaluate the
prognostic significance of CD133 expression as a biomarker in mCRC
patients treated with cetuximab in combination chemotherapy.

Materials and Methods
Patients

Fifty-five patients were treated with cetuximab as salvage therapy
at the Cancer Institute Hospital of the Japanese Foundation for Cancer
Research between October 2008 and June 2009. As a strategy for
treatment of mCRC in our institution, patients received oxaliplatin-
based regimen with or without bevacizumab as first-line therapy,
followed by irinotecan-based regimen as salvage-line therapy. KRAS
wild type patients with mCRC were also considered to receive
cetuximab as salvage-line.

A total of 46 patients with mCRC were evaluable and included in
the current analysis. Selection criteria were as follows: histologically
confirmed colorectal adenocarcinoma; Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1; and adequate organ
function. Immunohistochemical evidence of KRAS wild-type, either in
the primary tumor or in at least one metastatic lesion, was required.

Antitumor effects were evaluated by computed tomography
imaging, and were performed at baseline and repeated every 2-3
months till progression.

This study was approved by the Institutional Review Committee of
the Cancer Institute Hospital of the Japanese Foundation for Cancer
Research.

Immunohistochemistry for CD133

Immunohistochemistry for CD133 was analyzed using specimens,
which were either resected specimens from primary lesion or biopsy
specimens before chemotherapy. Status of CD133 after chemotherapy
was not evaluated in this study.

Four um-thick specimens of formalin-fixed paraffin-embedded
tissue were prepared. More than two different sections were stained
per case to confirm reproducibility. After deparaffinization and
dehydration, antigen unmasking was accomplished by bringing the
specimens to the boil in 10 mM sodium citrate buffer. Specimens were
then blocked and incubated with primary antibody overnight at 4°C.
Bound antibody was detected with Envision reagents (Envision kit/
HRP, Dako Cytomation, Denmark). All sections were counterstained
with hematoxylin. Primary anti-CD133 rabbit monoclonal antibody
(clone C24B9, Cell Signaling Technology, Denvers, MA, USA) was
used at a dilution of 1:100 and detection performed by the HRP-labeled
streptavidin/biotin method (LASB2 kit/HRP, Dako Cytomation).

For evaluation of immunohistochemistry of CD133, positive
staining was defined as luminal surface staining with or without
intraluminal content; staining of shed cellular debris was also defined
as positive.

KRAS direct sequence

All tumor tissues were identified to be KRAS wild-type by DNA
extraction and direct sequencing using proteinase-K digestion and
phenol/chloroform extraction according to the method of Sambrook et al.

Statistical analysis

Kaplan-Meier survival plots were generated based on CD133 status

and the curves compared by using the log-rank test. A Cox proportional
hazards regression model was used to determine univariate and
multivariate hazard ratios for progression-free survival (PFS) and
overall survival (OS) with cetuximab not only as salvage, but also as
first-line therapy.

Results

Patient characteristics

A total of 46 patients were evaluable. Patient characteristics before
administration of cetuximab are summarized in Table 1. As for the
status of primary tumor, 11 patients were metastatic cancer at the
diagnosis and 35 patients had recurrence after curative resection for
primal lesion. All patients received a 5-FU-based regimen such as
FOLFOX as a first-line regimen, 17 patients received one regimen and
29 received two regimens prior to cetuximab. As a salvage regimen,
10 patients were treated with cetuximab alone, 21 with cetuximab and
irinotecan, and 15 with cetuximab and FOLFIRI.

At the time of analysis, all patients had disease progression for
salvage-line chemotherapy, and 45 patients (97.8%) died within that
time period. Median follow-up period was 29.4 months.

Doses of cetuximab and other chemotherapeutic agents were
delayed or reduced if patients had clinically significant adverse events.
There were no severe adverse event to cetuximab developed and all the
patients received cetuximab till disease progression or unacceptable
toxic effects caused by other chemotherapeutic agents occurred.

We studied the association between CD133 status and response
and survival in patients with mCRC treated with cetuximab. Response
and survival with a 5-FU-based regimen as first-line chemotherapy and
cetuximab as salvage-line therapy were analyzed.

Number or median

CD133: positive/negative 32/14
Median age (range) 59.1 (28-80)
Sex: male/female 29/17
PS: 0/1/2 34/12/0
Primary site: colon/rectum 30/16
Status of primary tumor: Resected/Unresected 35/11
Sites of metastasis: +/-
Liver 38/8
Lung 33/13
Bone 6/40
Peritoneum 8/38
Lymph node 13/33
Local recurrence 3/43
Prior treatment:
5FU 46

Irinotecan 30

Oxaliplatin 44

Bevacizumab 22
No. of previous chemotherapy: one/two 17/29
Treatment:
FOLFIRI with Cmab/ PT11 with Cmab/Cmab alone 15/21/10
CA19-9: >37.5/<37.5 23/23
CEA: >5/<5 38/8

PS: performance status; Cmab: cetuximab.
Table 1: Baseline characteristics.
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Relationship between CD133 status and response rate

Tumor response to treatment was classified according to the
standard World Health Organization response criteria. In salvage
therapy, we observed a complete response in 1 (2.3%), partial response
in 3 (6.5%), stable disease in 21 (48.8%), and progressive disease in 21
patients (48.8%) during treatment. The overall response rate was 7.8%.
The response rate in CD133-positive patients was 9.3%, while that in
CD133-negative patients was 7.1%.

In first-line therapy, the overall response rate was 45.7%. The
response rate in CD133-positive patients was 46.9%, while that in
CD133-negative patients was 42.9%. No significant difference was
observed between CD133 status and response rate in either salvage or
first-line therapy.
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Figure 1: Kaplan-Meier curves for overall survival (a), progression-free survival
(b). CD133-positive indicated significantly longer PFS and OS than CD133-
negative.

Univariate Cox regression analysis

Parameter PFS

HR 95% ClI
Sex (female) 1.611 0.837-3.099
Age (>65) 1.019 0.540-1.924
PS (1) 1.006 0.484-2.092
CA19-9 (>37.5) 1.289 0.621-2.567
CEA (>5) 1.311 0.654-2.444
Status of primary tumor (resected) 0.582 0.286-1.184
Metastasis site
Liver 1.129 0.496-2.570
Lung 0.741 0.364-1.413
Bone 1.033 0.432-2.470
Peritoneum 0.730 0.333-1.602
Lymph node 1.016 0.526-1.962
Local recurrence 0.278 0.066-1.171
CD133 positive 0.682 0.355-1.309
Multivariate Cox regression analysis
Parameter PFS

HR 95% CI
Sex (female) 1.839 0.889-3.806
Age (>65) 1.581 0.763-3.277
Status of primary tumor (resected) 0.567 0.266-1.209
Local recurrence 0.314 0.066-1.488
CD133 positive 0.759 0.387-1.490

Relationship between CD133 status and PFS and OS in first-
line chemotherapy

In first-line chemotherapy, the median OS was 33.1 months (95%
CI, 25.6-40.4) in the CD133-positive patients as compared with 16.0
months (95% CI, 0.938-31.1) in the CD133-negative patients (P=0.004).
However, the median PFS was not statistically significantly better in
CD133-positive patients, with a median of 12.0 month (95% CI, 8.58-
15.4) in the CD133-positive patients as compared with 5.6 month (95%
CI, 0.528-10.7) in CD133-negative patients (P=0.246).

In the univariate Cox proportional hazards regression analysis,
no parameters were associated with PFS. On the other hand, in the
univariate and multivariate Cox proportional hazards regression
analysis, CD133-positive was the strongest predictor of OS in first-line
chemotherapy (Table 2).

Relationship between CD133 status and PFS and OS in
salvage-line therapy with cetuximab

In salvage therapy with cetuximab, the median OS was 8.8 months
(95% CI, 5.24-12.4) in the CD133-positive patients as compared
with 5.1 months (95% CI, 3.23-6.90) in the CD133-negative patients
(P=0.007).

The median PFS was also significantly better in CD133-positive
patients, with a median of 5.2 month (95% CI, 2.96-7.51) in the CD133-
positive patients as compared with 2.8 month (95% CI, 1.48-4.06) in
CD133-negative patients (P=0.046) (Figure 1).

According to the univariate Cox regression analysis, CD133-
positive tumor cells tended to indicate a longer PFS (HR 0.500, 95% CI,
0.249-1.003, P=0.051), and patients with peritoneal metastasis tended
to have a shorter PFS (HR 2.019, 95% CI, 0.907-4.495, P=0.085).

os
p-value HR 95% CI p-value
0.153 1.823 0.962-3.458 0.066
0.953 1.742 0.925-3.282 0.086
0.987 1.240 0.637-2.414 0.527
0.451 1.287 0.599-2.532 0.351
0.397 1.214 0.673-2.479 0.359
0.135 0.537 0.266-1.086 0.084
0.773 0.852 0.394-1.843 0.685
0.343 0.752 0.351-1.484 0.363
0.941 1173 0.489-2.815 0.721
0.433 1.061 0.491-2.294 0.880
0.963 1.126 0.585-2.167 0.722
0.081 0.512 0.157-1.671 0.268
0.250 0.391 0.203-0.756 0.005
oS
p-value HR 95% CI p-value
0.101 1.941 0.953-3.551 0.051
0.218 2.842 1.273-6.342 0.011
0.142 0.309 0.137-0.698 0.005
0.144 0.641 0.162-2.537 0.526
0.423 0.339 0.162-0.711 0.004

PFS: Progression-Free Survival; OS: Overall Survival; HR: Hazard Ratio; PS: Performance Status; Mg: Magnesium.

Table 2: Univariate and multivariate Cox proportional hazards regression in first-line chemotherapy.
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In terms of OS, univariate Cox regression analysis showed that
CD133-positive (HR 0.405, 95% CI, 0.205-0.798, P=0.009) and
peritoneal metastasis (HR 2.879, 95% CI, 1.266-6.549, P=0.008) were
predictive of OS. A multivariate Cox regression analysis was carried out
to evaluate the independent predictive effect of these markers, with the
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Figure 2: Intensity of staining was scored on scale of 0 to 2, in which 0 indicated
negative (a), 1 weakly positive (b), and 2 strongly positive staining (c). Positive
staining was defined as luminal surface staining with or without intraluminal
content. Original magnification 200% (a) and 100x (b and c).

Univariate Cox regression analysis

PFS

Parameter

HR 95% CI
Sex (female) 1.504 0.807-2.802
Age (>65) 1.317 0.693-2.502
PS (1) 1.500 0.763-2.948
CA19-9 (>37.5) 1.388 0.712-2.403
CEA (>5) 1.369 0.698-2.488
Status of primary tumor (resected) 0.972 0.487-1.938
Metastasis site
Liver 0.542 0.246-1.198
Lung 0.585 0.288-1.187
Bone 1.549 0.640-3.752
Peritoneum 2.019 0.907-4.495
Lymph node 1.601 0.801-3.202
Local recurrence 0.832 0.255-2.720
CD133 positive 0.500 0.249-1.003
Multivariate Cox regression analysis

PFS

Parameter

HR 95% CI
Sex (female) 1.456 0.712-2.977
Age (>65) 2.666 1.063-6.684
PS (1) 1.693 0.814-3.521
Liver 0.732 0.270-1.986
Lung 0.867 0.374-2.008
Bone
Peritoneum 1.958 0.768-4.993
Lymph node 1.194 0.546-2.610
CD133 positive 0.559 0.259-1.209

results revealing that CD133 status was the strongest predictor of OS
(Table 3).

Relationship between intensity of immunohistochemistry for
CD133 and prognosis

As stated above, CD133-positive tumors indicated significantly
longer survival in salvage-line chemotherapy with cetuximab. The
relationship between tumor CD133 expression level and outcome was
also evaluated.

The intensity of staining was scored on a scale of 0 to 2, in which 0
indicated negative, 1 weakly positive, and 2 strongly positive staining
(Figure 2).

Ten of the specimens were scored as 2 and 22 as 1. No statistically
significant difference was observed in OS or PFS between the 0 score and
1-2 group. On the other hand, no significant difference was observed
between the 0-1 and 2 groups, suggesting that intensity of staining was
not an indicator of prognosis in first- or salvage-line therapy.

Discussion

The results of the present study showed that positive expression
of CD133 was associated with better response to cetuximab, with
a significantly longer OS and PFS in salvage-line therapy. To our
knowledge, this is the first study to analyze the relationship between
CD133 and prognosis in mCRC patients treated with cetuximab.

Some reports have indicated that CD133 status influenced

os
p-value HR 95% ClI p-value
0.198 1.396 0.758-2.571 0.285
0.401 1.813 0.950-3.460 0.071
0.240 1.41 0.714-2.787 0.322
0.399 1.382 0.746-2.478 0.389
0.411 1.397 0.765-2.494 0.412
0.935 0.742 0.373-1.479 0.397
0.130 0.593 0.271-1.297 0.191
0.137 0.74 0.384-1.426 0.369
0.332 1.776 0.720-4.381 0.212
0.085 2.879 1.266-6.549 0.012
0.183 1.629 0.844-3.147 0.146
0.761 0.996 0.306-3.249 0.995
0.051 0.405 0.205-0.798 0.009
os

p-value HR 95% CI p-value
0.303 1.457 0.721-2.467 0.152
0.037 2.442 1.082-5.510 0.032
0.159

0.541 1.251 0.511-3.067 0.624
0.739

1.008 0.371-2.735 0.988

0.160 1.772 0.669-4.695 0.250
0.657 0.755 0.355-1.606 0.466
0.140 0.316 0.146-0.686 0.004

Table 3: Univariate and multivariate Cox proportional hazards regression in salvage-line therapy.
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prognosis in patients with mCRC, with most of them showing that
CD133-positive was a predictor of poor survival and suggesting that
CD133 might be a CSC marker in mCRC [11-14]. Ong et al. performed
immunohistochemistry for CD133 and other prognostic markers, and
multivariate analysis revealed that positive expression for CD133 was
associated with significantly worse OS in patients treated with 5-FU-
based chemotherapy [17].

The results of the present study are in disagreement with those of
these earlier investigations. In this study, CD133-positive indicated a
significantly longer OS, but not significantly better PFS, in a first-line
5-FU-based regimen. We believe that the longer OS observed here may
have resulted from the longer OS achieved in salvage-line therapy. This
suggests that CD133-positive does not predict prognosis in a 5-FU-
based regimen.

Criteria and definition of immunohistochemistry for CD133

In earlier studies, the ratio of CD133-positive tumors was reported
to range from 15.3% to 26.0%, and the criteria for and definition of a
CD133-positive tumor were different [18-20].

Horst et al. analyzed surgically treated CRC patients and showed
that CD133 over-expression was a risk factor for poorer OS. In that
study, a gland was considered positive if either membranous staining
or staining of shed cellular debris was observed. Moreover, high
expression of CD133 was defined as a tumor showing more than 50%
positive glands. According to these criteria, 26% of the tumors were
CD133-high [13].

Kojima et al. also found that CD133-positive cases had a poorer
outcome than CD133-negative ones in surgically treated colorectal
cancer patients. In their study, positive expression of CD133 was only
observed on the cell membrane at the liminal surface of the glands,
with CD133 expression being detected in 15.3%. They defined CD133-
positive cases as where more than 10% of the glands were positive in the
cancer-affected area [18].

Saigusa et al. examined patients with rectal cancer who had
received preoperative chemoradiotherapy, and referred to cytoplasmic
CD133 expression. They concluded that the ratio of histopathological
responders in cases with CD133 expression in both the luminal surface
and cytoplasm was low [19].

In the present study, for evaluation of immunohistochemistry for
CD133, we defined positive staining as luminal surface staining with
or without intraluminal content, and we did not take cytoplasmic
expression of CD133 into account. The ratio of CD133-positive tumors
was 70.0%, which was higher than that in other reports. This was
because, here, CD133-positive was defined according to the intensity
of the CD133 stain only, not to the range of positive cells in cancer-
affected areas. Even if less than 10% of the cells had been CD133-
positive in the cancer-affected area, the tumor would still have been
defined as CD133-positive according to the criteria of the present study.

One problem with CD133 immunohistochemistry is that the
criteria for CD133-positive remain to be established.

EGEFR inhibitor and CD133 expression

In breast cancer, Chang et al. showed that lapatinib (Tykerb), an
EGFR/HER?2 inhibitor, can cause complete tumor regression, possibly
by killing CD44+ and CD24- cells. They examined paired breast cancer
biopsies before and after treatment with lapatinib for HER2-positive
tumors. The results showed that lapatinib treatment led to a non-

statistically significant decrease in the percentage of CD44+ and CD24-
or low cells, whereas chemotherapy led to an increase [20].

The biological function of CD133-positive cells, and also CD44+/
CD24- cells, is not yet well understood, and the reason these tumors
show a better response to EGFR inhibitors is unclear. However, the
existence of a subpopulation which has a better response to EGFR
inhibitors such as lapatinib and cetuximab is suggested.

This study has several potential limitations, one of which was the
relatively small sample size. The functional significance of CD133+ cells
is unclear. Therefore, their importance in metastasis, disease recurrence,
and CRC mortality is not yet well understood.

In summary, there was possibility that positive expression of CSC
marker CD133 was associated with better survival in mCRC patients
treated with cetuximab.
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