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Abstract

AIM: To evaluate the prognostic significance of CD24
expression in patients undergoing adjuvant chemora-
diotherapy for extrahepatic bile duct (EHBD) cancer.

METHODS: Eighty-four patients with EHBD cancer
who underwent curative resection followed by adju-
vant chemoradiotherapy were enrolled in this study.
Postoperative radiotherapy was delivered to the tumor
bed and regional lymph nodes up to a median of 40
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Gy (range: 40-56 Gy). All patients also received fluoro-
pyrimidine chemotherapy for radiosensitization during
radiotherapy. CD24 expression was assessed with im-
munohistochemical staining on tissue microarray. Clini-
copathologic factors as well as CD24 expression were
evaluated in multivariate analysis for clinical outcomes
including loco-regional recurrence, distant metastasis-
free and overall survival.

RESULTS: CD24 was expressed in 36 patients (42.9%).
CD24 expression was associated with distant metasta-
sis, but not with loco-regional recurrence nor with over-
all survival. The 5-year distant metastasis-free survival
rates were 55.1% and 29.0% in patients with negative
and positive expression, respectively (P = 0.0100). On
multivariate analysis incorporating N stage, histologic
differentiation and CD24 expression, N stage was the
only significant factor predicting distant metastasis-free
survival (P = 0.0089), while CD24 expression had bor-
derline significance (P = 0.0733). In subgroup analy-
sis, CD24 expression was significantly associated with
5-year distant metastasis-free survival in node-positive
patients (38.4% with negative expression vs 0% with
positive expression, 7 = 0.0110), but not in node-
negative patients (62.0% with negative expression vs
64.0% with positive expression, £ = 0.8599).

CONCLUSION: CD24 expression was a significant pre-
dictor of distant metastasis for patients undergoing
curative resection followed by adjuvant chemoradio-
therapy especially for node-positive EHBD cancer.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Extrahepatic bile duct (EHBD) cancer is a rare malignancy
with a poor prognosis'"’. Surgical resection is considered as
the only curative modality in the management of EHBD
cancer, but a significant number of patients have loco-re-
gional recurrences after curative resection alone” . There-
fore, adjuvant radiotherapy with or without chemotherapy
has been used for these patients, resulting in the improved
loco-regional control and survival®”. As a result of the
increased loco-regional control, however, the distant me-
tastasis rate has increased™™"”. In our previous report, only
11.6% of patients had isolated loco-regional recurrences,
whereas 44.2% of patients had distant metastases with or
without loco-regional failure"”. Likewise, further technical
advances in the delivery of radiotherapy may further in-
crease the proportion of distant metastasis'

Recently, metastasis-associated protein CD24 has been
reported to be associated with shorter survival in vari-
ous malignancies'**”. As for bile duct cancer, Agrawal ef
al®” noted that CD24 expression was predictive of poor
survival and possibly poor response to chemotherapy or
radiotherapy. However, the patient number was small and
the treatment details were heterogencous.

In this study, we evaluated CD24 expression as a po-
tential prognostic factor for predicting distant metastasis
in patients undergoing curative surgery followed by adju-
vant chemoradiotherapy for EHBD cancer.

MATERIALS AND METHODS

Study population

Between January 2000 and August 2000, 108 patients un-
derwent adjuvant radiotherapy after curative resection for
EHBD cancer. Of these, 6 patients who did not receive
concomitant chemotherapy and 18 patients whose paraf-
fin-embedded tissue was unavailable were excluded from
the analysis. Therefore, 84 patients were the subjects of
this study. This study was approved by Institutional Re-
view Board, and all patients gave informed consent prior
to treatment.

Adjuvant chemoradiotherapy

All patients underwent adjuvant chemoradiotherapy. In
69 patients, a total dose of 40 Gy was delivered using 2
Gy/fraction, 5 d/wk with 2 wk of planned rest after 20
Gy. Concomitant 5-fluorouracil (5-FU, 500 mg/ m’ per
day 7 bolus) was administered for the first 3 d of each
2 wk course of radiotherapy. Fifteen patients received
a continuous course of radiotherapy, and the total dose
ranged from 50 to 56 Gy in conventional fractionation.
Of 15 patients, 13 patients received concomitant 5-FU
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(500 rng/rn2 per day /v bolus for 3 d) on weeks 1 and 5
of radiotherapy. Capecitabine was prescribed for the 2
remaining patients during radiotherapy.

Fluoropyrimidine-based maintenance chemotherapy
was administered to 68 patients after the completion of
concurrent chemoradiotherapy. The scheduled duration
of maintenance chemotherapy was 6-12 mo.

Tissue microarray and immunohistochemistry

All 84 cases diagnosed as adenocarcinoma of EHBD
were retrieved from the archives in Seoul National
University Hospital, which contained enough paraffin-
embedded tissue for the study. All the hematoxylin and
eosin-stained slides were reviewed and confirmed as
adenocarcinoma. Representative paraffin blocks were
selected and the tissue microarray of 4 mm core was pro-
duced. Immunohistochemical staining was done on all 84
cases using antibody to CD24 (clone SN3b, Thermo Sci-
entific, Fremont, CA, United States; 1:200) automatically,
according to the manufacturer’s protocol based on the
conventional streptavidin-biotin-peroxidase method. For
statistical analysis, CD24 expression was scored in 4 tiers:
0, no staining; 1, staining in less than 20% of the cells; 2,
staining in 20%-50% of the cells; and 3, staining in more
than 50% of the cells.

Statistical analysis

Survival was calculated from the date of surgical re-
section. Statistical analysis was performed using SPSS
software (release 12.0.1. SPSS Inc. Chicago, 1L, United
States). Differences in categorical variables between the
parameters were compared with the standard 5 test or
Fishet’s exact test. The actuarial survival rates were cal-
culated using the Kaplan-Meier method, and statistical
significance between the actuarial survival rates was eval-
uated by the log-rank test. The Cox proportional hazard
model was used for multivariate analysis.

RESULTS

Patient characteristics

There were 62 males and 22 females. The median age of
all patients was 62 years (range: 36-86 years). Sixty-two
patients had no residuum (RO), whereas 22 patients had
microscopic residual disease (R1). As for the location
of the tumor, 59 patients had hilar or proximal tumors,
and 22 patients had intrapancreatic (distal) tumors. Three
patients had tumors extending from the proximal to the
distal EHBD. Stage was determined according to the
American Joint Committee on Cancer staging system,
6" edition™. For T classification, 3 patients had T1, 30
patients had T2, 40 patients had T3, and 11 patients
had T4 disease. Thirty-three patients had lymph node
involvement, whereas 48 patients did not. Lymph node
dissection was not performed in 3 patients. The degree
of histologic differentiation was as follows; well differen-
tiated in 15, moderately differentiated in 59, and poorly
differentiated in 8 patients. Histologic differentiation in-

March 7, 2013 | Volume 19 | Issue 9 |



Kim K et a/. CD24 expression in EHBD cancer

(3

A N,
Qy & ‘&,:- )
ke y W
?.; [
2 o5 T
% b:f_t €, L.\k‘

- Lv T

..‘ .

Figure 1 Immunohistochemical staining of CD24. A: Positive in the cytoplasm; B: Negative. Original magnification x400.

Table 1 Clinicopathologic variables according to expression

of CD24

Patients
Variables CD24 (-) CD24 (+) P value
(n=48) (n = 36)

Age
< 60yr 21 16 0.949
> 60 yr 27 20

Residual disease
RO 37 25 0.431
R1 11 11

Tumor location'
Proximal 30 29 0.077
Distal 16 6

T stage
T1-2 19 14 0.949
T3-4 29 22

N stage’
NO 8 15 0.036
N1 15 18

Histologic differentiation’
W/D 13 2 0.041
M/D 30 29
P/D 4 4

Use of maintenance chemotherapy
No 9 7 0.936
Yes 39 29

'3 patients with tumor extending from the proximal to distal bile duct
were excluded; *In 3 patients, lymph node dissection was not performed;
°In 2 patients, the information on histologic differentiation was unavail-
able. RO: No microscopic residual disease; R1: Microscopic residual dis-
ease; W/D: Well differentiated; M/D: Moderately differentiated; P/D:
Poorly differentiated.

formation was missing for 2 patients.

CD24 immunohistochemical staining

CD24 was expressed in 36 patients (42.9%) and not in 48
patients (score = 0, 57.1%) (Figure 1). The percentage of
positive cells was variable and the staining intensity was
more than intermediate in most cases. Twenty-nine cases
expressed CD24 in less than 20% of the tumor cells (score
=1, 80.6%), 6 cases expressed in 20%-50% of the tumor
cells (score = 2, 16.7%) and only one case was diffusely
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positive for CD24 (score = 3, 2.8%).

Correlation between CD24 expression and other
variables

Patients with CD24 expression were more likely to have
node-positive tumors (P = 0.0360), and less likely to have
well differentiated tumors (P = 0.0405). Also, patients
with CD24 expression tended to have proximal tumors,
but the correlation was statistically marginal (P = 0.0770,
Table 1). As for a treatment-related factor, there was no
association between CD24 expression and the use of
maintenance chemotherapy.

Prognostic factors

CD24 expression had a significant impact on the 5-year
distant metastasis-free survival (29.0% with positive ex-
pression s 55.1% with negative expression, P = 0.0100,
Figure 2A), but not on loco-regional recurrence-free or
overall survival. N stage and histologic differentiation
were also significantly correlated with distant metastasis-
free survival (P = 0.0003 and 0.0394, respectively), while
tumor location had marginal significance (P = 0.0623,
Table 2). On multivariate analysis incorporating N stage,
histologic differentiation, and CD24 expression, N stage
was the only significant prognostic factor predicting
distant metastasis-free survival (P = 0.0089, Figure 2B),
while CD24 expression had bordetline significance (P =
0.0733). When the use of maintenance chemotherapy
was added in this model, the statistical significance of N
stage and CD24 expression was similarly maintained (P =
0.0100 and 0.0683, respectively).

In the subgroup analysis according to nodal involve-
ment, CD24 expression was significantly associated with
5-year distant metastasis-free survival in node-positive
patients (38.4% with negative expression #s 0% with posi-
tive expression, P = 0.0110), but not in node-negative
patients (62.0% with negative expression s 64.0% with
positive expression, P = 0.8599, Figure 2C).

As for loco-regional relapse-free survival, residual
disease status was the only significant prognostic factor
on univariate analysis (P = 0.0356). Tumor location (P =
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Figure 2 Distant metastasis-free survival curves. A: CD24 expression; B:
Nodal involvement; C: Nodal involvement and CD24 expression.

0.0288) and N stage (P = 0.0514) were correlated with

overall survival on univariate analysis.

DISCUSSION

This study indicates that CDD24 expression is associated
with poorer distant metastasis-free survival in patients
undergoing curative surgery followed by adjuvant chemo-
radiotherapy for node-positive EHBD cancer.

CD24 is reported to be expressed in various malig-
nancies including tumors of the ovary, lung, breast, ef.
Because CD24 is known to be a ligand for P-selectin,
which is expressed on platelets and endothelial cells,
CD24-positive tumor cells can attach more easily to ac-
tivated platelets and endothelial cells, and are involved in
cell adhesion and metastatic tumor spread. The prognos-

(4 9

Boiovidengs  WIG | www.wjgnet.com

Kim K et a/. CD24 expression in EHBD cancer

Table 2 Univariate analysis for loco-regional relapse-free,

distant metastasis-free and overall survival

Variables n LSR-I%'II;S P value ;r:{;s P value 5(-));r P value
Age
< 60 yr 37  621% 03615 53.6% 0.6837 35.1% 0.3495
> 60 yr 47 63.0% 37.9% 51.4%
Residual disease
RO 62  763% 0.0356 49.6% 0.7748 53.1% 0.2421
R1 22 33.4% 25.6% 27.3%
Tumor location'
Proximal 59 541% 01236 34.8% 0.0623 38.7% 0.0288
Distal 22 79.9% 67.0% 59.7%
T stage
T1-2 33 592% 0.6311 483% 04501 49.4% 0.9502
T3-4 51 64.3% 40.4% 42.2%
N stage’
NO 48 675% 0.7606 642% 0.0003 51.7% 0.0514
N1 33  54.4% 15.8% 30.8%
Histologic differentiation’
W/D 15 69.8% 0.2003 66.0% 0.0394 35.0% 0.3538
M/D 59  60.7% 41.4% 50.2%
P/D 8 36.5% 0% 25.0%
Use of maintenance chemotherapy
No 16 595% 0.5444 352% 01976 33.7% 0.1435
Yes 68  62.7% 45.2% 47.3%
CD24 expression
Negative 48 689% 03519 551% 0.0100 50.3% 0.1873
Positive 36 49.9% 29.0% 37.2%

'3 patients with tumor extending from the proximal to distal bile duct were
excluded; ’In 3 patients, lymph node dissection was not performed; *In
2 patients, the information on histologic differentiation was unavailable.
LRRFS: Loco-regional relapse-free survival; DMFS: Distant metastasis-free
survival; OS: Overall survival; R0: No microscopic residual disease; R1:
Microscopic residual disease; W/D: Well differentiated; M/D: Moderately
differentiated; P/D: Poorly differentiated.

tic value of CD24 has also been evaluated in the afore-
mentioned tumors, and CD24 expression was demon-
strated to be associated with poor survival ™.

As for cholangiocarcinoma, Riener ez a/*” reported
that CD24 expression was observed in 21% of intra-
hepatic cholangiocarcinoma, 58% of extrahepatic chol-
angiocarcinoma, and 42% of gallbladder carcinoma.
Regarding the prognostic value of CD24, Agrawal ¢z /"
evaluated CD24 expression in 22 patients with cholangio-
carcinoma by immunohistochemical staining, but infor-
mation on the tumor, such as location, was not described
in detail. CD24 was expressed in 81.8% of patients, and
the median survival times of patients with low and high
CD24 expression were 36 and 8 mo, respectively (P =
0.02). They also tried to correlate CD24 expression with
the response to chemotherapy or radiotherapy. Better
survival was observed in patients with low CD24 expres-
sion in the subgroup analyses, which included patients
treated with either chemotherapy or radiotherapy. How-
ever, the patient number was small, and the treatment
details were heterogeneous. Moreover, the patterns of
failure were not given, and therefore the prognostic value
of CD24 as a metastasis-associated protein could not
be fully evaluated. Su ez al™* also reported that CD24
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was expressed in 36 of 70 patients (51%) with resected
intrahepatic cholangiocarcinoma, and that the median
survival times of patients with CD24 positive and nega-
tive tumors were 8.1 and 17.2 mo, respectively (P = 0.028).
However, the association between CD24 expression and
distant metastasis was also not reported in their study.

In the current study, CD24 expression was observed
in 42.9% of patients, and the 5-year distant metastasis-
free survival rate was significantly inferior in patients
with CD24 positive tumors. CDD24 expression was cot-
related with nodal involvement and histologic differentia-
tion, all of which are known to be predictive of distant

10,25 . . . . .
1% On multivariate analysis incorporating

metastasis
these risk factors as well as CDD24 expression, however,
CD24 expression still showed a borderline significance.
Keeratichamroen ¢ a/*” observed similar findings in 34
patients with resected cholangiocarcinoma, that is, less
nodal involvement and more well differentiated tumors in
patients with low CD24 expression. Multivariate analysis
in the aforementioned study showed that CD24 expres-
sion was the only independent risk factor for survival.
However, details on adjuvant treatment were unavailable.
In the present study, CD24 expression was not associ-
ated with maintenance chemotherapy, and moreover, the
statistical significance of CD24 expression remained even
after the use of maintenance chemotherapy was added
in the multivariate analysis. Therefore, the correlation
between CD24 expression and distant metastasis was not
confounded by maintenance chemotherapy.

Several strengths of our study are the relatively large
sample size including only EHBD cancer patients (7 =
84), the relatively homogeneous treatment (curative re-
section followed by adjuvant chemoradiotherapy), and
the relevant endpoint (distant metastasis). As previously
mentioned, the reported proportion of distant metastasis
was increased in resected EHBD cancer as the result of
increased loco-regional control with the use of adjuvant
chemoradiotherapy™*'. In addition to nodal involvement,
CD24 expression can be used as a relevant predictor of
distant metastasis in these populations. A distinct finding
of our study is that the prognostic significance of CD24
was limited to those patients with nodal involvement.
There was no difference in 5-year distant metastasis-free
survival between CD24 positive and negative expression
in node-negative patients. Therefore, those patients with
higher risk of distant metastasis, that is, nodal involvement
and CD24 expression, should be considered as potential
candidates for more intensive systemic therapy.

However, due to the retrospective nature of our study,
conclusions drawn from this study are limited and need
further validation through another patient cohort, and pos-
sibly, through a prospective trial. In addition, it is unknown
why the prognostic significance of CD24 was limited to
those patients with nodal involvement. Further studies are
needed to confirm and elucidate this observation.

In conclusion, CD24 expression was a relevant pre-
dictor of distant metastasis in patients undergoing cura-
tive resection followed by adjuvant chemoradiotherapy
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for node-positive EHBD cancer. CD24 expression may
be used as an additional index for selecting patients with
higher risk of distant metastasis in future trials.
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Background

Extrahepatic bile duct (EHBD) cancer is a rare malignancy with a poor prog-
nosis. The major pattern of failure after surgical resection has been shifted
from loco-regional recurrence to distant metastasis as a result of increased
loco-regional control with the use of adjuvant chemoradiotherapy. Given these
observations, a prognostic factor predicting distant metastasis needs to be
evaluated to select patients who need more intensive systemic therapy.

Research frontiers

There are a number of studies demonstrating that CD24 was associated with
shorter survival in various malignancies, but only a few for EHBD cancer. In the
current study, the prognostic significance of CD24 expression in EHBD cancer
patients who underwent adjuvant chemoradiotherapy after curative resection
was evaluated.

Innovations and breakthroughs

There were a few reports on the prognostic value of CD24 in patients with
cholangiocarcinoma. However, patient numbers were small and tumor location
and treatment details were heterogeneous. Moreover, the patterns of failure
were not given, and therefore the prognostic value of CD24 as a metastasis-
associated protein could not be fully evaluated. Several strengths of the present
study are the relatively large sample size including only EHBD cancer patients,
relatively homogeneous treatment, and a relevant endpoint, that is, distant me-
tastasis. The authors found that CD24 expression was associated with poorer
distant metastasis-free survival in node-positive EHBD cancer patients who
underwent adjuvant chemoradiotherapy after curative resection.

Applications

From these results, CD24 expression along with nodal involvement can be
used as a relevant predictor of distant metastasis and as a potential indicator
for more intensive systemic therapy.

Terminology

CD24, metastasis-associated protein, is reported to be expressed in various
malignancies including tumors of ovary, lung and breast. Because CD24 is
known to be a ligand for P-selectin, which is expressed on platelets and en-
dothelial cells, CD24-positive tumor cells can attach more easily to activated
platelets and endothelial cells and are involved in cell adhesion and metastatic
tumor spread.

Peer review

The topic and the results are interesting, well presented and of great clinical
importance. The number of involved patients is also notable considering the
observed type of cancer. The main conclusion of the study, namely that the
timorous CD24 expression is a useful predictor of distant metastasis in patients
undergoing curative resection followed by adjuvant chemoradiotherapy, espe-
cially for node-positive cases, is important both clinically and therapeutically,
as CD24 immunohistochemistry (IHC) may provide a basis for patient selection
for perioperative bile duct cancer treatment. The methodology is clear, tissue
microarray analysis scores are relevant, and the IHC figures are representative.
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