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ESOPHAGEAL CANCER,

Persistent CXCR4 expression after preoperative
chemoradiotherapy predicts early recurrence and poor
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Abstract

AIM: To study the effect of CXC chemokine receptor-4
(CXCR4) expression on disease progression and
prognosis in esophageal cancer.

METHODS: CXCR4 expression was evaluated in 37
patients with histologically confirmed esophageal
squamous carcinomas (ESCC) undergoing preoperative
chemoradiotherapy (CRT) by immunohistochemical
staining.

RESULTS: Eleven out of 37 ESCC patients showed a
pathological complete response (CR) after CRT. CXCR4
protein expression was observed in cell cytoplasms of
13 tumors, and null expression was seen in 13 tumors.
Distant recurrence was significantly more common in
patients with positive CXCR4 expression (P = 0.0318).
After a median follow-up time of 31.6 mo, 19 patients
progressed (12 of 19 expressed positive CXCR4) and
11 died (10 of 11 expressed positive CXCR4). Overall
survival was significantly correlated with lymph node
metastasis (952.1 + 53.8 d in negative group vs 475.1
56.2 d in positive group, P = 0.023), distant metastasis
(874.0 = 60.4 d in negative group vs 434.9 £ 75.2 d in
positive group, P = 0.014) and CRT (811.5 £ 51.2 d in
responder group vs 459.6 = 94.0 d in non-responder
group, P = 0.00038) and further with an absence of

CXCR4 expression or no residual tumor (959.8 = 51.0 d
in null expression or no tumor group vs 412.0 £ 57.1 d
in positive expression group, £ = 0.0001).

CONCLUSION: Persistent positive CXCR4 expression is
implicated in tumor aggressiveness and poor prognosis
in ESCC after CRT, and preoperative CRT may improve
the prognosis of ESCC via CXCL12-CXCR4 signaling
pathway.
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INTRODUCTION

The migration of tumor cells to a secondary site from
their primary location is a crucial issue in cancer metastasis.
Recently, a novel “homing” signaling mechanism has
been proposed, in which target organs produce and
release specific chemokines that attractcancer cells
bearing corresponding receptors“’z]. This mechanism was
originally characterized for organogenesis, hematopoiesis
and inflammation, and draws on the principles of the
“seed and soil” hypothesis advocated by Paget more than
one century agom. Signaling results in directional, site-
specific cancer cell migration leading to implantation in
the favorable “soil” of organs. A large number of studies
support this “homing” mechanism by demonstrating that
malignant cells can target specific organs or tissues using
select chemokine receptors, mainly through the CXCL12-
CXC chemokine receptor-4 (CXCR4) pathway“’sl.
Chemokines are signaling molecules that function in
myriad cell trafficking events. They have been classified
into four subgroups (C, CC, CXC, and CXsC) based on
the positioning of their cysteine residues”. CXCL12, also
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known as stromal cell-derived factor-1 (SDF-1), belongs
to the CXC chemokine family and CXCR4 is the only
known physiological receptor for SDF-1"". Chemokine
receptor activation can lead to growth, adhesion and, most
importantly, directional migration'". In hematopoiesis
and development, stem cells and progenitor immune cells
migrate to and from various organs and tissues under
the directional guidance of chemokines'”. Chemokine
migratory activation also plays a role in integrating T-cell
migration during immune and inflammatory responses'”.
The discovery that chemokine receptors are expressed
on nonhemopoietic cell types, such as endothelial and
epithelial cells, will inevitably lead to the receptors being
implicated in other biological and disease processes
such as angiogenesis, organ development, metastasis
and tumorigenesis. Indeed, clinical studies have already
revealed that CXCR4 expression is associated with
increased metastasis and decreased survival of some
cancer patients' ',

Esophageal cancer is one of the most aggressive
forms of cancer with rapid growth. Common to other
cancers, the presence of lymph node metastasis and
vascular invasion indicate a highly malignant potential”,
Surgery is the treatment of choice for patients with
locoregionally confined esophageal cancer, but the five-
year survival rate is only 10%-30%, even after curative
surgery™. The reason for this is that esophageal cancer
shows extensive local invasion or frequent regional lymph
node metastasis, often at the time of initial diagnosis. Since
1996, we have introduced preoperative chemoradiotherapy
(CRT) combined with radical surgery for the treatment
of esophageal cancers, and have reported that adjuvant
preoperative CRT increased resectability, reduced the
incidence of both local recurrence and distant metastasis,
and achieved better prognosis for CRT responders®,
However, no data ate currently available on the role of
CXCR4 expression in esophageal cancer progression,
and the prognosis of patients undergoing CRT has not
as yet been reliably estimated. In this study, therefore, we
retrospectively investigated the expression of CXCR4
protein in human esophageal squamous cell carcinoma
(ESCC) tissues and evaluated the clinical implications
of these patients who underwent preoperative CRT and
radical surgery.

MATERIALS AND METHODS
Patients and therapy

Thirty-seven patients, seven women and 30 men with a
mean age of 60.32 (range 44-78) years and surgically ex-
cised ESCC were studied at the Hyogo College of Medi-
cine, Hyogo, Japan, between April 1996 and June 2003.
Preoperative CRT was performed as follows (schedule
shown in Figure 1): 5-flurouracil (5-FU) (500 mg/m” per
day) was administered as a 120-h continuous intravenous
infusion starting on d 1, and cisplatin (CDDP) (15 mg/m”
per day) as a 2-h iv infusion on d 1-5. Radiation therapy
was performed on d 1-5, after CDDP infusion, using a lin-
ear accelerator (Mevatron KD2, Siemens, Germany). The
radiation method has been previously reported"”. Chemo-
therapy was combined with radiation therapy during the
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Figure 1 Schedule of preoperative chemoradiotherapy (CRT).

first week, and then radiation therapy alone was repeated
for the next 3 wk (d 8-12, 15-19, and 22-206). A single dose
was 2 Gy/d, with a total dose of 40 Gy.

Surgery was usually performed 4 to 6 wk after the
completion of CRT. Resected specimens were cut
open longitudinally and fixed with formalin. Follow-up
information was obtained from office charts, hospital
records, and telephone interviews.

Immunohistochemistry

ESCC tissue specimens were processed using conventional
procedures for paraffin embedding, cut into 4-um sections,
and mounted onto poly-L-lysine-coated slides. Sections
were dewaxed in xylene, rehydrated in descending alcohols,
and heated twice by microwave oven for 5 min each time
in 10 mmol/L sodium citrate (pH 6.0) for antigen retrieval.
They were then blocked for endogenous peroxidase with
30 mL/L H20: in methanol, and blocked again for non-
specific antibody binding with normal rabbit serum. After
then they were incubated for 2 h at room temperature
with mouse mAb against human CXCR4 (R&D Systems,
Minneapolis, MN, USA), followed by a standard avidin-
biotin-peroxidase complex method. The slides were
developed with 3, 3’-diaminobenzidine tetrahydrochloride
solution containing 1 mL/L H20:2 and were lightly
counterstained with hematoxylin. Normal mouse IgG was
substituted for the primary antibody as a negative control.
The sections wete finally counterstained with Lillie-Mayet’s
hematoxylin and mounted.

The sections were examined microscopically by three
of the authors (R.Y,, T.T., and Y.F)) without knowledge
of clinicopathologic features. CXCR4 expression was
categorized into four grades according to staining intensity
in comparison with interstitial infiltrates"”: score 3 (strong),
staining intensity greater than interstitial infiltrates; score 2
(moderate), staining intensity equal to interstitial infiltrates;
score 1 (mild), staining intensity less than interstitial
infiltrates; and score 0 (negative), no staining. Additional
CXCR4 expression scores were also assigned: score 3,
CXCR4 high; scores 0-2, CXCR4 null or low.

Statistical analysis

Opverall survival (OS) was defined as the time from the date
of initial diagnosis to patient death or the date of the last
available information on vital status. In univariate analysis,
the difference between the cumulative survival rates of
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Table 1 Patient characteristics

Characteristics n
Sex (M/F) 37 (30/7)
Mean age (yr) 60.32
Location of tumor

Cervical 1

Upper thoracic 6

Middle thoracic 19

Lower thoracic 11
T-classification

Ts 14

Ta 15
N-classification

No 24

Nt 13
M-classification

Mo 28

M 9
Disease stage (UICC TNM stage)

Ta 17

il 13

Va

Vb

patient groups was calculated by the log-rank test for
comparison using Kaplan-Meier survival curves. Statistical
significance was considered at P < 0.05. Statistical analyses
were carried out using Statistica statistical software, version

06] (Statistica, Tulsa, OK, USA).

RESULTS

Patient and tumor characteristics

Patient and tumor characteristics are summarized in Table 1.
The patient gender bias was male (M:F, 30:7). Histology
of all tumors was shown to be ESCC by histological
examination. Thirty-six tumors originated in the thorax.
According to the TNM system of the American Joint
Committee on Cancer, stage [ tumors were seen in 17
patients (46%), stage Il in 13 (35.1%), and stage IV in
seven (18.9%). Thirteen (35.1%) patients had lymph node
metastasis (N1 in six, M in three, and Mib in four patients)
at the time of diagnosis. All lesions before CRT presented
with a Ts or T4 extent of invasion. Three-quarters of
patients had tumors between 6 and 8 cm in diameter. M+
classification was described in seven tumors. Two patients
had distant metastasis of the liver. All patients experienced
a disease-free period. During the follow-up period, four
(10.8%) patients developed local recurrence or residual
tumors, six (16.2%) developed neck or celiac lymph node
recurrence, and seven (18.9%) developed distant metastasis.
Fifteen (40.5%) patients died during follow-up: 13 (35.1%)
died from their tumors and the remaining two (5.4%) were
tumor free and died of intercurrent diseases.

Prognostic value of persistent CXCR4 expression

Eleven tumors were totally eradicated by CRT, resulting in
an absence of visible tumor cells: a pathological complete
response (CR). CXCR4 expression was absent from 13

Figure 2 Immunohistochemical detection of CXCR4 in ESCC specimens. A: Null
expression (A1: x 40; A2: x 200); B: Strong expression (B1: x 40; B2: x 200).

tumors (35.1%). Another 13 tumors (35.1%) were positive
for CXCR4 expression: 11 scored 1, one scored 2, and the
last scored 3. The patient who scored 3 died of multiple
lung metastasis two months after surgery. Staining was
observed predominantly in the cytoplasm of tumor cells
(Figure 2). In the positive CXCR4 expression group (#
= 13), recurrences were found in 10 patients: two locally
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Covariate n P
Age (yr) <70 31

=70 6 NS
Gender Male 30

Female 7 NS
CRT Effective 28

Not effective 9 0.00038"
Lymph node metastasis Positive 13

Negative 24 0.023°
Distant metastasis Positive 14

Negative 23 0.014"
Depth of tumor invasion Ts 23

Ts 14 NS
Tumor location’ Upper 14

Lower 23 NS
CXCR4 expression Positive 13

Negative 24 0.0001°

"Upper or lower: Above or below the tracheal bifurcation. NS: Not significant.
°P < 0.05, P < 0.01 comparison between two corresponding groups.

and eight distant in the liver, bone, thyroid gland, lung
and neck lymph nodes. By contrast, in the null CXCR4
expression group (7 = 11), recurrences were found in
only two patients, in the liver and bone. Statistical analysis
showed that distant recurrence was more common in those
patients with positive CXCR4 expression (P = 0.0318).
After follow-up, disease progression had occurred in 12

of the 13 patients with positive CXCR4 expression, and 11
of them died. Univariate analysis of prognostic factors for
OS is summarized in Table 2. Lymph node metastasis and
distant metastasis had a significant prognostic value (952.1
1 53.8 d in lymph node metastasis negative group »s 475.1
* 56.2 d in positive group, P = 0.023, and 874.0 £ 60.4 d
in distant metastasis negative group s 434.9 £ 75.2 d in
positive group, P = 0.014, respectively). Furthermore, there
was a very significant effect of CRT on OS prognosis (811.5

* 51.2 d in responder group us 459.6 + 94.0 d in non-

responder group, P = 0.00038). Kaplan-Meier analyses

(Figures 3 and 4) suggest that prognosis was particularly

unfavorable for patients with persistent positive CXCR4

expression in their primary tumors compared with

CXCR4 null expression patients or those with no residual

tumor (959.8 = 51.0 d in CXCR4 null expression or no

tumor group »s 412.0 + 57.1 d in positive expression
group, P = 0.0001). In addition, CXCR4 null expression
patients showed an improved OS compared with positive
expression patients (P = 0.0005).

DISCUSSION

The understanding of the molecular basis of tumor
development has progressed dramatically in the last few
decades. It is well known that esophageal cancer shows
poor prognosis because of its aggressiveness; therefore, it
is important to understand the role of molecular factors
in the acquisition of malignant potential. The presence
and number of metastases in ESCC is important both
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Figure 3 Overall survival in ESCC patients with no residual tumor or null CXCR4
expression and those with positive CXCR4 expression.
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Figure 4 Overall survival in ESCC patients with null or positive CXCR4 expression.

for staging and prognosisml. The metastatic potential of
primary ESCCis considerably higher than other primary
solid tumors when the size of the primary lesion is
compared. Notably, in the present study, univariate analyses
demonstrated that persistent CXCR4 expression was the
most influential factor for OS in operable ESCC patients
who underwent CRT. Patients with advanced ESCC, even
in T4 stage, demonstrated improved prognosis when
preoperative CRT was successful. Persistent CXCR4
expression after CRT may therefore be a useful biomarker
for screening and management of high-risk patients
with poor prognosis. To date, this is the first report
demonstrating the prognostic role of CXCR4 expression
in ESCC patients undergoing CRT.

It is likely that several mechanisms are involved in
cancer metastasis including those of the “homing”
signaling process described eatlier. In ESCC, the signaling
mechanism together with a mechanical drainage pattern
might facilitate specific metastasis to lymph nodes, liver
and lung, After distant metastatic cells have passed through
vascular channels and implanted, a favorable “soil” might
be responsible for further growth and proliferation.
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Frequently, these esophageal metastases occur in multiple
foci, but little is known about these patterns. Furthermore,
the concept that cancer implantation enacts an immune
response, thus accentuating chemoattraction of CXCR4-
positive tumor and immune cells, cannot be discounted™,
It has recently been reported that CXCR4 is highly
expressed in malignant but not normal breast tissue, and
that CXCL12 is expressed in those organs where breast
cancer metastasisis frequently found such as bone marrow,
lymph nodes, lung, and liver'. Moreover, neutralizing the
interactions of CXCL12-CXCR4 by administration of an
anti-CXCR4 antibody significantly impairs the metastasis
of breast cancer cells to the lung and regional lymph nodes
in mice''. Taken together with our results, these findings
indicate that the CXCLL12-CXCR4 interaction is important
for the metastasis of solid tumors that fail to respond
to CRT. Persistent CXCR4 expression even after CRT
appears to have a prognostic value, although the alteration
of CXCL12-CXCR4 signaling by CRT was not directly
analyzed in our study. CXCR4 antagonists have already
been studied in phase I clinical trials in multiple myeloma
and non-Hodgkin’s lymphoma*". These preliminary
data regarding hematopoiesis suggested that AMD3100,
a CXCR4 antagonist, is safe and effective in reversibly
inhibiting CXCL12-CXCR4 binding and in mobilizing
WBCs, CD34+ cells and hematopoietic progenitor cells
(HPCs) into the circulation. Utilization of CXCL12-
CXCR4 pathway may be a promising therapeutic approach
in the prevention and treatment of metastasis.

In conclusion, we have demonstrated that positive
CXCR4 expression after CRT correlates with distant
recurrence and provides an independent prognostic factor
for ESCC survival. These findings strongly suggest that
CXCR4 plays an important role in ESCC progression and
could provide a novel molecular target for the treatment of
ESCC. Large cohort studies in a multicenter setting will be
necessary to validate our findings and explore the potential
use of CXCR4 antagonists in the treatment of ESCC
patients with a high risk of eatly relapse following CRT.
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Background

The chemokine CXCL12, also known as stromal cell-derived factor-1 (SDF-1),
and its receptor CXCR4 have been implicated in organ-specific metastases of
several malignancies. Recently, we have reported that adjuvant preoperative
chemoradiotherapy (CRT) reduced the incidence of both local recurrence
and distant metastasis. However, the impact of CXCR4 expression on
disease progression and prognosis in esophageal cancer patients undergoing
preoperative CRT remains unknown.

Research frontiers

It has recently been reported that CXCR4 is highly expressed in malignant but
not normal breast tissue, and that CXCL12 is expressed in those organs where
breast cancer metastasis is frequently found such as bone marrow, lymph node,
lungs, and the liver. Moreover, neutralizing the interactions of CXCL12-CXCR4
by administration of an anti-CXCR4 antibody significantly impairs the metastasis
of breast cancer cells to the lungs and regional lymph nodes in mice.

Innovations and breakthroughs

We have demonstrated that positive CXCR4 expression after CRT correlates
with distant recurrence and provides an independent prognostic factor for ESCC
survival. These findings strongly suggestthat CXCR4 plays an important role in
ESCC progression and could provide a novel molecular target for the treatment
of ESCC. To date, this is the first report demonstrating the prognostic role of
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CXCR4 expression in ESCC patients undergoing CRT.

Applications

Persistent CXCR4 expression after CRT may be a useful biomarker for the
screening and management of high risk patients with poor prognosis. CXCR4
antagonists have already been studied in phase | clinical trials in multiple
myeloma and non-Hodgkin's lymphoma. Potential use of CXCR4 antagonists
should be explored in the treatment of ESCC patients with a high risk of early
relapse following CRT.

Terminology

Chemokines are signaling molecules that function in myriad cell trafficking
events. They have been classified into four subgroups (C, CC, CXC, and CXsC)
based on the positioning of their cysteine residues. CXCL12, also known as
stromal cell-derived factor-1 (SDF-1), belongs to the CXC chemokine family and
CXC chemokine receptor-4 (CXCR4) is the only known physiological receptor for
SDF-1. Chemokine receptor activation can lead to growth, adhesion and, most
importantly, directional migration.
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