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Triple-negative breast cancer (TNBC) refers to the breast cancer
subtype which does not express estrogen receptor (ER), proges-
terone receptor (PR), and lacks overexpression of human epider-
mal growth factor receptor 2 (HER2). It comprises 10%—20%
of all breast cancer cases and is associated with aggtessive behavior
and poor prognosis.' TNBC is generally considered an individual
subtype of breast cancer, but it is also a highly heterogeneous dis-
ease which consists of various subgroups of tumors with different
molecular, histologic, and clinical characteristics.” Advances in en-
docrine therapy and HER2-targeted therapy have greatly improved
the survival of the patients with hormone receptor—positive and
HER2-positive tumors, but TNBC patients still suffer from ab-
sence of specific treatment target. Systemic chemotherapy continues
to be the mainstay of TNBC treatment, and there is an urgent need
for novel biomarkers which can be used to predict prognosis,
identify patients who will benefit from therapy, and provide

potential treatment target.”
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with Adjuvant Chemotherapy

Background: Chemokine receptor CXC chemokine receptor type 4 (CXCR4) and its ligand CXC
motif chemokine 12 (CXCL12; stromal cell-derived factor-1) are implicated in tumor growth, me-
tastasis, and tumor cell-microenvironment interaction. A number of studies have reported that in-
creased CXCR4 expression is associated with worse prognosis in triple-negative breast cancer
(TNBC), but its prognostic significance has not been studied in TNBC patients treated with adju-
vant chemotherapy. Methods: Two hundred eighty-three TNBC patients who received adjuvant
chemotherapy were retrospectively analyzed. Tissue microarray was constructed from formalin-
fixed, paraffin-embedded tumor tissue and immunohistochemistry for CXCR4 and CXCL12 was
performed. Expression of each marker was compared with clinicopathologic characteristics and
outcome. Results: High cytoplasmic CXCR4 expression was associated with younger age (p=
.008), higher histologic grade (p=.007) and lower pathologic stage (p=.045), while high CXCL12
expression was related to larger tumor size (p=.045), positive lymph node metastasis (p=.005), and
higher pathologic stage (p=.017). The patients with high cytoplasmic CXCR4 experienced lower
distant recurrence (p=.006) and better recurrence-free survival (RFS) (log-rank p=.020) after adju-
vant chemotherapy. Cytoplasmic CXCR4 expression remained an independent factor of distant
recurrence (p=.019) and RFS (p=.038) after multivariate analysis. Conclusions: High cytoplasmic
CXCR4 expression was associated with lower distant recurrence and better RFS in TNBC patients
treated with adjuvant chemotherapy. This is the first study to correlate high CXCR4 expression to
better TNBC prognosis, and the underlying mechanism needs to be elucidated in further studies.
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CXC chemokine receptor type 4 (CXCR4) is a member of G
protein-coupled receptors which is bound by its only ligand CXC
motif chemokine 12 (CXCL12), also known as stromal cell-derived
factor-1.” It is physiologically involved in embryonic develop-
ment, leukocyte trafficking and homing of hematopoietic cells to
bone marrow." In tumor biology, the CXCR4/CXCLI2 axis is
known to promote proliferation of tumor cells, direct metastasis by
attracting CXCR4-positive tumor cells to CXCL12-rich organs,
and mediate the interaction between the tumor cell and their
microenvironment.”” CXCR4 is expressed in different cancer
types, and its overexpression and association with distant metas-
tasis and unfavorable prognosis have been reported in breast can-

3,9-11
cer.

In addition, targeting of CXCR4 significantly reduced
both primary and metastatic breast cancer in the mouse model,
suggesting that CXCR4/CXCL12 axis may be a promising ther-
apeutic target in breast cancer treatment.'>"

A number of studies have reported the negative prognostic sig-
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nificance of CXCR4 expression in TNBC, but adjuvant treatment
information is not clearly documented in most of these reports,
leaving the possibility of confounding.'*'® Moreover, although
systemic chemotherapy is an essential element of TNBC treat-
ment, the prognostic significance of CXCR4 has not been studied
in TNBC patients treated with adjuvant chemotherapy. There-
fore, we aimed to evaluate the expression of CXCR4 in TNBC
tumor tissue, compare it with clinicopathologic parameters,
and investigate its relationship with the outcome of the patients
who received adjuvant chemotherapy. Since the expression of
CXCLI12 has not been well-addressed in TNBC, we planned to
evaluate its expression as well.

MATERIALS AND METHODS

Patients and tissue samples

The study group consisted of primary unilateral TNBC patients
who underwent surgical resection in Seoul National University
Hospital between December 2000 and December 2006 and
received adjuvant chemotherapy. The cases with available for-
malin-fixed, paraffin-embedded (FFPE) tissue for tissue micro-
array (TMA) were retrospectively collected. The patients who
had distant metastasis at initial diagnosis, received neoadjuvant
chemotherapy, underwent surgical resection for bilateral breast
cancet, or had a history of ipsilateral or contralateral breast cancer
were excluded from the study. Immunohistochemistry (IHC) for
ER, PR, and HER2 was routinely performed on resection speci-
men at the time of diagnosis, and the IHC slides were reviewed.
According to the American Society of Clinical Oncology/College
of American Pathologists (ASCO/CAP) guidelines, ER and PR
negativity was defined as nuclear staining in < 1% of tumor cells
in THC, and HER2 was considered negative if a tumor was scored
0 or 1+ in HER2 IHC or 2+ with a negative HER2 fluores-
cence #n sitn hybridization result.”* Among the 313 primary
TNBC patients identified, 283 patients (90.4%) received adju-
vant chemotherapy. The patients were treated with standard
chemotherapy and the regimens were classified into three catego-
ries: anthracycline-based regimen, taxane-anthracycline-based
regimen and CMF (cyclophosphamide, methotrexate, and 5-flu-
orouracil). Use of taxane-anthracycline-based regimen was limited
to node-positive tumors due to insurance constraints. More detailed
information on chemotherapy regimen is shown in Table 1.

Clinicopathologic characteristics, treatment details, and fol-
low-up data were retrieved from medical records and the origi-
nal pathology report. Histologic grade was scored according to
the Nottingham grading system and the pathologic stage was
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Table 1. Chemotherapy regimen in patients treated with adjuvant
chemotherapy

Adjuvant chemotherapy regimen No. of patients

Anthracycline-based 164
FAC 132
AC 10
FEC 21
EC 1

Taxane-anthracycline-based 51
AC — paclitaxel and/or docetaxel 50
FEC — paclitaxel 1

CMF 65

Change of regimen i@

Unknown 2

Total 283

FAC, 5-fluorouracil (5-FU), doxorubicin, and cyclophosphamide; AC, doxo-
rubicin and cyclophosphamide; FEC, 5-FU, epirubicin, and cyclophospha-
mide; EC, epirubicin and cyclophosphamide; CMF, cyclophosphamide,
methotrexate, and 5-FU.

2AC to CMF.

determined based on the American Joint Committee on Cancer
staging system, seventh edition."” Follow-up and survival data
were collected until the end of 2014. The date of recurrence,
death, and last follow-up were obtained from medical records,
and recurrence-free survival (RES) and overall survival (OS) were
assessed according to STEEP criteria.”’ Recurrence was diagnosed
either pathologically or radiologically and was classified as locore-
gional or distant. This study was approved by the Institutional
Review Board of Seoul National University Hospital with a waiver
of informed consent (IRB No. 1512-076-728).

TMA construction and IHC

Hematoxylin and eosin—stained slides of each tumor were re-
viewed and the representative area was marked. Cylindrical tissue
core with a diameter of 2 mm was extracted from the corre-
sponding area of the FFPE tumor block and transferred into recip-
ient paraffin block (SuperBioChips Laboratories, Seoul, Korea).
Each TMA block included a maximum of 59 cores. TMA blocks
were sectioned at the 3-pm thickness and IHC for CXCR4 and
CXCL12 was performed with automated staining system (Bench-
Mark XT, Ventana Medical Systems, Tucson, AZ, USA) following
the manufacturer’s protocols. TMA sections were first deparaf-
finized, and antigen retrieval was done using cell conditioning
solution (CCl1, Ventana Medical Systems). Then sections were
incubated with primary rabbit polyclonal anti-CXCR4 (1:50,
ab2074, Abcam, Cambridge, UK) and mouse monoclonal anti-
CXCL12 (1:10, MAB350, R&D Systems, Minneapolis, MN,
USA) antibodies. The positive antigen-antibody reaction was
visualized using diaminobenzidine detection kit (OptiView DAB,
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Ventana Medical Systems), and counterstaining was petformed
with hematoxylin and bluing reagent.

The IHC slides were examined blindly without knowledge of
clinicopathologic information, and the expression of CXCR4
and CXCL12 was assessed by IHC using a semiquantitative
scoring system. The staining intensity was scored as 0 (negative),
1 (weak), 2 (moderate), and 3 (strong), and percentage of positive-
ly stained cells were scored as 0 (0%), 1 (1%-25%), 2 (26%—
50%), 3 (51%—75%), and 4 (> 75%). The final score was calcu-
lated by multiplying the intensity and percentage scores, ranging
from 0 to 12. The patients were divided into high or low expres-
sion groups using the median score of each marker as a cutoff point.

Statistical analysis

Differences in clinicopathologic variables and outcomes be-
tween high and low expression groups were compared using the
chi-square test, or Fischer exact test when applicable. Survival
curves were generated using the Kaplan-Meier method and com-
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pared using the log-rank test. Cox proportional hazards model
and logistic regression analysis were used to evaluate the prog-
nostic significance of each variable in the univariate and multi-
variate analysis. Variables with a p-value of <.20 in univariate
analysis were included in multivariate analysis, and forward con-
ditional method was used to select the significant variables. All
statistical analyses were performed using SPSS Statistics software
ver. 22.0 (IBM Corp., Armonk, NY, USA), and a p-value of <.05
was considered statistically significant.

RESULTS

Expression of CXCR4 and CXCL12 in TNBC tissues

IHC for CXCR4 and CXCL12 was performed on TMA section,
and due to core loss and noninformative cores with no invasive
carcinoma, expression of CXCR4 and CXCL12 were evaluable
in 259 (91.5%) and 238 (84.1%) cases, respectively. Immunos-
taining for CXCR4 was observed in tumor cells, stromal cells,

Fig. 1. Immunohistochemistry for CXC chemokine receptor type 4 (CXCR4) and CXC motif chemokine 12 (CXCL12). Representative immuno-
histochemistry images of cytoplasmic CXCR4 (A-C), nuclear CXCR4 (D-F), and CXCL12 (G-) in order of staining intensity. CXCR4 and CXCL12
expression are mainly observed in tumor cells. CXCR4 shows cytoplasmic and nuclear staining, and CXCL12 shows cytoplasmic staining.
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and inflammatory cells, but staining was most prominent in the
cytoplasm and nucleus of tumor cells (Fig. 1A-F). Staining for
CXCL12 was mainly observed in tumor cell cytoplasm (Fig. 1G—
I). Expression of each marker was scored in tumor cells, and cy-
toplasmic and nuclear expression were separately assessed for
CXCRA4. Based on the median IHC score, high cytoplasmic
CXCR4, high nuclear CXCR4, and high CXCLI2 expression were
defined as IHC score of >7, >6 and > 2, and the tumors were
classified into high cytoplasmic CXCR4, high nuclear CXCR4,
and high CXCL12 groups in 194 (74.9%), 115 (44.4%), and 115
(48.3%) cases, respectively.

Clinicopathologic characteristics and expression of CXCR4
and CXCL12

Correlations between clinicopathologic characteristics and ex-
pression of each marker are shown in Tables 2 and 3. All patients
were female and the median age at surgery was 48 years (range,
21 to 71 years). High cytoplasmic CXCR4 expression was signif-

icantly associated with younger age (p = .008), higher histologic
grade (p =.007), and lower pathologic stage (p =.045), but it was
not related to tumor size or lymph node metastasis. On the other
hand, high CXCL12 expression showed a significant correlation
with larger tumor size (p =.045), positive lymph node metastasis
(p=.005), and higher pathologic stage (p=.017). Nuclear CXCR4
expression was not associated with any of the clinicopathologic
parameters studied. There was a significant difference in adju-
vant chemotherapy regimen between high and low cytoplasmic
CXCR4 groups (p = .009), but otherwise, no significant differ-
ence in adjuvant chemotherapy regimen or radiation therapy was
observed between groups in other markers.

Clinical outcome and pattern of recurrence after adjuvant
chemotherapy

The median follow-up time was 100 months (range, 1 to 141
months). During the follow-up period, the tumor recurred in 53
patients (18.7%), and 17 patients (6.0%) died. Locoregional and

Table 2. Clinicopathologic characteristics in relation to CXCR4 expression

Total CXCR4 (cytoplasmic) CXCR4 (nuclear)

Variable
(n=259) Low (n=65)  High (n=194) p-value Low (n=144) High (n=115) p-value

Age (y1) .008 524
<50 152 29 (19.1) 123 (80.9) 82 (53.9) 70 (46.1)
>50 107 36 (33.6) 71(66.4) 62 (57.9) 45 (42.1)

Histologic grade .007 310
I 47 19 (40.4) 28 (59.6) 23 (48.9) 24 (51.1)

IIl 212 46 (21.7) 166 (78.3) 121 (57.1) 91 (42.9)

Size (cm) 1312 957
<5 243 58 (23.9) 185 (76.1) 135 (55.6) 108 (44.4)
>5 16 7(43.8) 9 (56.3) 9 (56.3) 7(43.8)

Lymph node metastasis 473 476
Negative 165 39 (23.6) 126 (76.4) 89 (53.9) 76 (46.1)

Positive 94 26 (27.7) 68 (72.3) 55 (58.5) 39 (41.5)

Stage .045 .087
Il 216 49 (22.7) 167 (77.3) 115 (53.2) 101 (46.8)

I 43 16 (37.2) 27 (62.8) 29 (67.4) 14 (32.6)

Histologic type .992 144
IDC 239 60 (25.1) 179 (74.9) 136 (56.9) 103 (43.1)

Other® 20 5(25.0) 15 (75.0) 8 (40.0) 12 (60.0)

Adjuvant chemotherapy regimen® .009 .538
Anthracycline-based 149 27 (18.1) 122 (81.9) 79 (53.0) 70 (47.0)
Taxane-anthracycline-based 49 14 (28.6) 35 (71.4) 30(61.2) 19 (38.8)

CMF 58 22 (37.9) 36 (62.1) 34 (58.6) 24 (41.4)

Radiation therapy® .506 975
No 84 23 (27.4) 61 (72.6) 47 (56.0) 37 (44.0)

Yes 174 41(23.6) 133 (76.4) 97 (55.7) 77 (44.3)

Values are presented as number (%).

CXCR4, CXC chemokine receptor type 4; IDC, Invasive ductal carcinoma; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil.
aFisher exact test; ®Invasive lobular carcinoma (2), mixed invasive ductal and lobular carcinoma (3), invasive papillary carcinoma (2), metaplastic carcinoma (8),
medullary carcinoma (1), apocrine carcinoma (3), signet ring cell carcinoma (1); °3 missing values, unknown (2), change of regimen (1); “1 missing value, un-

known (1).
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Table 3. Clinicopathologic characteristics in relation to CXCL12 ex-
pression

CXCL12
Variable (nT_OgS) Low High
T =129 (=115 VAW

Age (y) 721
<50 140 71(60.7) 69 (49.3
>50 98 52 (53.1) 46 (46.9)

Histologic grade 165
(] 43 18 (41.9) 25 (58.1)

IIl 195  105(53.8) 90 (46.2)

Size (cm) .045
<b 223  119(63.4) 104 (46.6)
>5 15 4(26.7) 11(73.3)

Lymph node metastasis .005
Negative 158 92 (68.2) 66 (41.8)
Positive 80 31(38.8) 49(61.93)

Stage 017
[l 202  111(65.0) 91 (45.0)

M1l 36 12 (33.3) 24 (66.7)

Histologic type .931
IDC 219 113(51.6) 106 (48.4)
Other® 19 10(52.6) 9(47.4)

Adjuvant chemotherapy regimen® A17
Anthracycline-based 144 82 (56.9) 62 (43.1)
Taxane-anthracycline-based 38 15(39.5) 23(60.5)

CMF 53  25(47.2) 28(52.8)

Radiation therapy® 408
No 79 38(48.1) 41(51.9)

Yes 158 85(53.8) 73(46.2)

Values are presented as number (%).

CXCL12, CXC motif chemokine 12; IDC, Invasive ductal carcinoma; CMF,
cyclophosphamide, methotrexate, and 5-fluorouracil.

4nvasive lobular carcinoma (2), mixed invasive ductal and lobular carcino-
ma (2), invasive papillary carcinoma (2), metaplastic carcinoma (6), apocrine
carcinoma (4), medullary carcinoma (1), signet ring cell carcinoma (1), clear
cell carcinoma (1); °3 missing values, unknown (2), change of regimen (1);
°1 missing value, unknown (1).
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distant recurrence occurred in 18 (6.4%) and 37 (13.1%) patients,
respectively. Distant recurrence was less frequent in the high cyto-
plasmic CXCR4 group (p = .006), whereas nuclear CXCR4 and
CXCL12 showed no significant association with any pattern of
recurrence (Fig. 2A, B). Univariate logistic regression analysis
revealed that high cytoplasmic CXCR4 expression was associated
with lower distant recurrence (p =.007). After multivariate analy-
sis, high cytoplasmic CXCR4 expression remained an indepen-
dent variable for lower distant recurrence (p =.019) along with
smaller tumor size (p =.042) and negative lymph node metastasis
(p=.001) (Table 4).

RFS and OS after adjuvant chemotherapy

Kaplan-Meier curves for RES and OS was plotted according
to the expression of each marker. A significant difference in RFS
was observed between high and low cytoplasmic CXCR4
groups (log-rank p =.020), but the difference was not significant
in OS (log-rank p=.076) (Fig. 3A, B). The 5-year RES in high and
low cytoplasmic CXCR4 groups were 86.0% and 75.1%, respec-
tively. The 5-year OS in high and low cytoplasmic CXCR4 groups
were 96.0% and 90.7%, respectively. No significant difference in
survival was observed between groups in nuclear CXCR4 (log-
rank p =.637 for RES, p =.121 for OS) and CXCL12 (log-rank
p=.521 for RES, p=.538 for OS). In univariate Cox regression
analysis, high cytoplasmic CXCR4 expression was associated with
better RES (p = .022). Multivariate analysis revealed that cyto-
plasmic CXCR4 expression (p =.038) and lymph node metastasis
(p <.001) were independent factors of RFS (Table 5).

30 p=.006 ] Low [ High

o5 | 16/65
20
24/144

15 17123
21/194 13/115

17/115

10

Distant recurrence (%)

T
CXCR4 (cytoplasmic)  CXCR4 (nuclear) CXCL12 e

Fig. 2. The pattern of recurrence after adjuvant chemotherapy according to CXC chemokine receptor type 4 (CXCR4) and CXC motif chemo-
kine 12 (CXCL12) expression. CXCR4 and CXCL12 expression do not show a significant association with locoregional recurrence (A), while
high cytoplasmic CXCR4 expression is significantly associated with lower distant recurrence (B). Figures above each bar refer to the number

of recurrences/the number of patients in each group.
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DISCUSSION tissues by cancer cells, stromal cells, endothelial cells, and immune

cells.>”' Binding of CXCL12 to CXCR4 activates multiple signaling

Expression of CXCRA4 is reported in various types of tumors, pathways promoting tumor growth and metastasis, and CXCR4/
and its ligand CXCL12 is expressed widely in tumor and normal CXCL12 axis has a role in tumor cell-microenvironment interac-

Table 4. Logistic regression analysis for distant recurrence after adjuvant chemotherapy

Univariate analysis Multivariate analysis
OR 95% Cl p-value OR 95% Cl p-value
Age >50 yr 1.431 0.715-2.862 311 - - -
Histologic grade Il 0.790 0.338-1.844 .585 - - -
Tumor size >5 cm 4.985 1.796-13.837 .002 3.231 1.046-9.985 042
Lymph node metastasis 4.462 2.153-9.246 <.001 3.491 1.630-7.478 .001
Radiation therapy 1.029 0.492-2.152 .940 - - -
High CXCR4 (cytoplasmic) 0.372 0.180-0.766 .007 0.400 0.186-0.860 019
High CXCR4 (nuclear) 0.637 0.309-1.315 223 - - -
High CXCL12 1.082 0.5623-2.236 .832 - - -

OR, odds ratio; Cl, confidence interval; CXCR4, CXC chemokine receptor type 4; CXCL12, CXC motif chemokine 12.
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Fig. 3. Recurrence-free and overall survival after adjuvant chemotherapy according to cytoplasmic CXC chemokine receptor type 4 (CXCR4)
expression. Recurrence-free survival is significantly better in the high cytoplasmic CXCR4 group (A), but the difference in overall survival is not
significant between high and low cytoplasmic CXCR4 groups (B).

Table 5. Cox regression analysis for recurrence-free survival after adjuvant chemotherapy

Univariate analysis Multivariate analysis
HR 95% Cl p-value HR 95% Cl p-value
Age >50 yr 0.959 0.554-1.660 .881 - - -
Histologic grade lll 0.909 0.468-1.766 779 - - -
Tumor size >5 cm 3.116 1.467-6.617 .003 - - -
Lymph node metastasis 3.298 1.908-5.702 <.001 3.005 1.724-5.237 <.001
Radiation therapy 0.912 0.516-1.612 751 - - -
High CXCR4 (cytoplasmic) 0.521 0.298-0.912 022 0.552 0.316-0.967 .038
High CXCR4 (nuclear) 0.875 0.503-1.524 637 - - -
High CXCL12 1.199 0.688-2.089 522 - - -

HR, hazard ratio; Cl, confidence interval; CXCR4, CXC chemokine receptor type 4; CXCL12, CXC motif chemokine 12.
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tion.”" In the present study, we evaluated the expression of CXCR4
and CXCL12 on TMA constructed from TNBC tissue using the
immunohistochemical method. Immunoreactivity for CXCR4
was observed primarily in the cytoplasm and nucleus of tumor
cells, and CXCL12 was stained mostly in tumor cell cytoplasm.
While CXCR4 is a membrane-bound G protein—coupled receptor,
it is rapidly internalized by binding of its ligand CXCL12, and
cytoplasmic and nuclear expression of CXCR4 was previously
demonstrated in breast cancer by THC.”** Our study also revealed
that high cytoplasmic CXCR4 expression was associated with
higher histologic grade, and this finding was consistent with pre-
vious studies regarding breast cancer and TNBC.”'*** With
respect to CXCL12 expression, Kobayashi ef a/.”® previously
demonstrated that cytoplasmic-dominant CXCL12 immunore-
activity is associated with higher CXCL12 mRNA level in resected
breast cancer.

Currently, there are a number of studies which evaluated the
expression of CXCL12 in breast cancer. High CXCL12 expres-
sion correlated with better survival in most of these studies, but
discrepant report exists.”* Ours is the first study to evaluate the
expression of CXCL12 in TNBC subtype and showed that high
CXCLI12 expression was associated with known negative prognostic
markers such as large tumor size, positive lymph node metastasis
and higher stage in TNBC, although no significant difference in
survival was observed between high and low CXCL12 groups. Loss
of CXCL12 has been reported to have a role in distant metastasis
of tumor cells, but overexpression of CXCL12 correlates with
increased invasiveness, higher tumor grade and stage in several
human cancers.” The discordant result between the present and
previous studies seems to suggest the different role of CXCL12 in
TNBC subtype, and the different proportion of breast cancer sub-
types in study population might have resulted in the discrepant
results between previous studies.

In the evaluation of outcome and survival, the present study
showed better survival compared with previous reports which
studied the expression of CXCR4 in TNBC."*'® TNBC is known
to be more sensitive to chemotherapy than other breast cancer
subtypes, and since the study group was restricted to the patients
who received adjuvant chemotherapy, it is likely that the effect of
chemotherapy has contributed to the better survival observed in
our study.” The patient group with lower pathologic stage might
have affected the survival as well. Our study also revealed that
increased cytoplasmic expression of CXCR4 was associated with
a better prognosis in TNBC patients treated with adjuvant che-
motherapy in terms of lower distant recurrence and better RES.
However, previous studies have reported high CXCR4 expres-
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sion as a poor prognostic marker of TNBC, and antitumor effect
of CXCRA inhibitors has been studied on breast cancer and shown
efficacies in preclinical studies."”'® On the other hand, Lefort et
al?" recently reported that CXCR4 inhibitors may not benefit
TNBC patients and could even be detrimental in the study using
patient-derived xenograft (PDX) model. In previous studies
which evaluated the expression of CXCR4 in TNBC, Chu ¢ /"
used western blot analysis on 151 frozen tissue, and Yu et a/."”
and Chen ¢t /." performed IHC on 148 and 75 FFPE samples,
respectively. The difference in patient demographics, tissue pres-
ervation method, protein detection method, and scoring system
may have caused the discordant results. However, this is the largest
series of TNBC cases studied for the expression of CXCR4 and
CXCL12 to date, with 259 and 238 cases studied for CXCR4
and CXCL12, respectively. Therefore, despite the limitation of
retrospective study, we assumed that our data might have impli-
cations regarding the prognosis of TNBC.

The expression level of CXCR4 and CXCLI2 has been corre-
lated with different hormone receptor and HER2 status in breast
cancer. For example, high CXCL12 expression was associated
with ER positivity in resected breast cancer, and CXCL12 expres-
sion was induced by estradiol treatment in ER-positive breast
cancer cell lines. " Salvucci er a/.>> demonstrated that cytoplasmic
CXCR4 expression was correlated with ER negativity, PR neg-
ativity, and HER2 expression, and Hassan ez #/.** and Chen ez
al.'® reported that CXCR4 expression level correlates with triple-
negative status in breast cancer. Additionally, in the PDX model
which recapitulated the stromal components of human breast
cancet, CXCR4 inhibition did not reduce tumor growth and even
increased the distant metastasis of TNBC.” Taken together, the
difference in expression level and response to CXCR4 inhibition
suggests that CXCR4/CXCL12 axis may exert a different effect
on metastasis and prognosis of TNBC compared with other breast
cancer subtypes. Other components of tumor microenvironment
may have a role in this phenomenon, but the exact mechanism
needs to be investigated in future studies.

The study population in our study was restricted to the TNBC
patients treated with adjuvant chemotherapy, and the result re-
vealed that high cytoplasmic CXCR4 expression is associated with
lower distant recurrence and better RES. Since adjuvant chemo-
therapy is indicated or recommended in most TNBC cases under
current practice guideline, our result is clinically relevant and
CXCR4 expression might be useful in predicting outcome in
TNBC patients after adjuvant chemotherapy.”” More impor-
tantly, we demonstrate for the first time that high CXCR4 expres-
sion may be associated with better prognosis in TNBC patients,

http://jpatholtm.org/
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and suggest the possibility of the different mechanism underlying
the metastasis and prognosis of TNBC.

This study has limitations. As previously noted, this was a
retrospective study with known disadvantages. In addition, the
patient population was heterogeneous in terms of chemotherapy
regimen, and there was a significant difference in chemotherapy
regimen between high and low cytoplasmic CXCR4 expression
groups. Use of taxane-anthracycline-based regimen was limited to
node-positive cases, and since the patients received different che-
motherapy based on nodal status, we could not compare the out-
comes according to the chemotherapy regimen. Therefore, our
results should be validated in prospective controlled cohort studies,
and it would be beneficial to re-evaluate the prognostic signifi-
cance of CXCR4 in patients treated with the same chemotherapy
regimen.

In conclusion, the present study indicates that high cytoplasmic
expression of CXCR4 may have a prognostic value in TNBC
patients and predict lower distant recurrence and better RFS after
adjuvant chemotherapy. To our knowledge, this is the first study
to correlate high CXCR4 expression with better prognosis in
TNBC, and the underlying mechanism needs to be explored in
further studies.
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