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Prognostic significance of adipophilin expression in biopsy
specimens of patients with triple-negative breast cancer
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Abstract. Triple-negative breast cancer (TNBC) is the most
aggressive type of breast cancer. The present authors recently
demonstrated that expression of the lipid-related protein
adipophilin (ADP) in operative specimens is a significant poor
prognostic factor in patients with TNBC. Using biopsy speci-
mens is important in making clinical decisions for patients
with breast cancer; however, the prognostic significance of
ADP expression in biopsy specimens from TNBC patients
remains unclear. The present study determined the prog-
nostic significance of ADP expression in biopsy specimens
from TNBC patients and compared ADP-expression status
between biopsy and operative specimens. The present study
analyzed ADP-expression profiles in biopsy specimens from
102 patients with TNBC using immunohistochemical staining
and determined relapse-free survival and risk factors associ-
ated with ADP expression in these specimens, as well as the
concordance of ADP expression between biopsy and operative
specimens. The results identified ADP expression in 35.3%
of biopsy specimens from TNBC patients. The Ki-67 label-
ling index was significantly higher in ADP-positive patients
(P<0.001). Univariate analysis revealed that ADP expression
in biopsy specimens was significantly associated with poor
relapse-free survival in patients not administered neoadju-
vant chemotherapy or adjuvant chemotherapy (P=0.026).
Furthermore, the concordance rate of ADP expression
between biopsy and operative specimens was 73.1%, with a
Cohen's kappa coefficient of 0.385 (P=0.003). These findings
suggested that ADP expression in biopsy specimens might be
a useful prognostic marker for patients with TNBC and could
potentially provide important information regarding treatment
strategies for these patients.
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Introduction

Triple-negative breast cancer (TNBC) is the most aggressive
subtype of breast cancer and characterized by a lack of expression
of estrogen and progesterone receptors and human epidermal
growth factor receptor 2 (HER2) (1,2). The Nottingham
Prognostic Index, tumor size, Ki-67 labelling index (LI) and
lymph node status are recognized as useful prognostic factors;
however, these factors are not specific for TNBC (3,4). Thus, a
novel prognostic marker for patients with TNBC is needed.

Adipophilin (ADP), also referred to as perilipin 2, is a
lipid-associated protein that coats the surface of intracyto-
plasmic lipid droplets and modulates lipolysis within the
cells (5-7). ADP has been reported to be related with some
non-neoplastic conditions, such as steatosis of the liver and
diabetes (6,8). In addition, several studies show that ADP
expression in tumor cells is associated with poor prognosis for
some types of carcinomas, including lung (9) and pancreatic
ductal adenocarcinomas (10). The present authors recently
demonstrated ADP expression as an independent poor
prognostic indicator for patients with TNBC (11), with ADP
expression in the tumor cells of resected TNBC specimens
(defined as >30% of the neoplastic cells) observed in 23.0%
of patients with TNBC. In addition, TNBC patients with
ADP-positive tumors exhibit poorer relapse-free survival
(RFS) as compared with those with ADP-negative tumors,
with multivariate analysis revealing ADP as an independent
poor prognostic marker (11).

Initial treatment plans for patients with breast cancer are
typically decided based on the analysis of biopsy specimens.
As the results are derived from operative specimens of patients
with TNBC, the prognostic significance of ADP expression
in biopsy specimens and the relationship of ADP expression
between operative and biopsy specimens must be clarified. The
aim of the present study was to analyze the prognostic signifi-
cance of ADP expression using preoperative biopsy specimens
from patients with TNBC and to compare the ADP-expression
status between biopsy and operative specimens.

Materials and methods

Patient selection. The present study selected 165 consecutive
patients with TNBC who underwent surgical resection at the
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Department of Surgery of Kansai Medical University Hospital
between January 2006 and December 2018. Patients diagnosed
with invasive breast carcinoma of no special type according to
the recent World Health Organization Classification of Breast
Tumors (12) were selected. Patients for whom biopsy specimens
were unavailable were excluded from the study. In addition,
patients with a special type of invasive carcinoma were excluded
from the present study, as each special type of carcinoma has
unique clinicopathological features. Ultimately, 102 patients
with TNBC were included in the present study. The patient
cohort overlapped with those of our previous studies (11,13,14).
The prognostic significance of ADP expression was previously
analyzed in tissue microarrays using operative specimens from
patients with TNBC (11). The present study included informa-
tion from our previous study regarding the ADP-expression
status of operative specimens (11). Additionally, the authors
previously examined the relationship between clinico-
pathological features and PD-L1-positive cancer-associated
fibroblasts (13) and the immune-checkpoint protein CD155 (14)
in patients with TNBC using tissue microarrays of operative
specimens. However, the content of the present study does not
overlap with that of the previous two studies.

This retrospective single-institution study was conducted
in accordance with the principles of the Declaration of Helsinki
and the study protocol was approved by the Institutional
Review Board of Kansai Medical University Hospital
(approval no. 2019234). Informed consent was obtained from
patients using the opt-out method because of the retrospective
design of the study and because there was no risk to the partici-
pants. In addition, the present study does not include minors.
Information regarding this study, such as the inclusion criteria
and opportunity to opt out, is provided on the institutional
website (kmu.ac.jp/hirakata/hospital/2671t800000136cd-att/
al1582783269511.pdf).

Histopathologic analysis. Surgically resected and biopsy
specimens were fixed with 10% formalin at room tempera-
ture (24-48 h), sectioned, dehydrated by ethanol and xylene at
room temperature, embedded in paraffin (60°C), and stained
with hematoxylin and eosin (5 min each) at room tempera-
ture. All histopathological diagnoses were independently
evaluated by more than two experienced diagnostic patholo-
gists. The TNM Classification of Malignant Tumors (8th
edition; legeforeningen.no/contentassets/201604933ce448e8
88a101ab969a4205/tnm-classification-of-malignant-tumours-
8th-edition.pdf) was used and histopathological grading was
based on the Nottingham histological grade (15). According
to a meta-analysis of patients with TNBC, the Ki-67 LI
was considered high at 240% (16). The response following
neoadjuvant chemotherapy (NAC) was assessed based on the
Miller-Payne grading system established by Ogston ez al (17).

Tissue microarray. Hematoxylin and eosin-stained slides were
evaluated to select regions of the resected specimens that were
most morphologically representative of carcinoma. A total
of three tissue cores with diameters of 2 mm were punched
out from the paraffin-embedded blocks for each patient. The
tissue cores were then arrayed in recipient paraffin blocks
for analysis. These specimens were also used in our previous
studies (11,13,14).

Immunohistochemistry. Immunohistochemical analyses were
performed using a Discovery ULTRA automated immunohis-
tochemistry staining system (Roche Diagnostics). A mouse
monoclonal antibody against ADP (1:100; cat. no. AP125;
Progen Biotechnik GmbH) was used as the primary antibody.
Human sebaceous gland tissues were used as positive controls
for ADP staining. All biopsy specimens and tumor microar-
rays were evaluated for ADP levels. At least two researchers
independently evaluated the immunohistochemical staining
results. These procedures were similar to those previously
described (11). To determine the cut-off value for ADP expres-
sion, analyses were performed using positive cut-off values of
1,5, 10, 20 and 30%.

Statistical analyses. All analyses were performed using SPSS
software (v.27.0; IBM Corp.). Correlations between two groups
were determined using Fisher's exact test for categorical
variables and the Mann-Whitney U test for continuous vari-
ables. RFS was evaluated using Kaplan-Meier analysis and
log-rank tests were used to compare the two groups. The Cox
proportional hazards model was used to examine the corre-
lation between clinicopathological parameters and survival.
Statistical significance was set at P<0.05.

Results

Clinicopathological features. The present study included
102 women with TNBC. Table I summarizes the clinico-
pathological features of the study cohort. The median age at
the time of initial diagnosis was 63 years (range: 31-93 years).
All patients were diagnosed with TNBC based on biopsy
results and all tumors were invasive carcinomas of no special
type. The median clinical tumor diameter was 20 mm (range:
0-100 mm). Two patients were initially diagnosed with ductal
carcinoma in situ (non-invasive ductal carcinoma); thus, the
cohort included a clinical tumor diameter of 0 mm. Patients
were clinically staged as 0 (2 patients), I (41 patients), ITA
(28 patients), IIB (23 patients), IITA (3 patients), IIIB (4 patients)
and ITIC (1 patient). A total of 21 patients (20.6%) experienced
relapse involving distant metastasis and none experienced
local recurrence.

As shown in Table I, NAC was administered to 47 patients
(46.1%) and adjuvant chemotherapy to 31 patients (30.4%).
No NAC or adjuvant chemotherapy was administered to
22 patients (21.6%). An overview of the study cohort is summa-
rized in Fig. 1 and subclassification of the clinicopathological
characteristics of the NAC and non-NAC groups is shown in
Table II. Tumor size and lymph node status were clinically
evaluated in the NAC group and pathologically evaluated in
the non-NAC group.

Chemotherapy regimens were selected based on the treat-
ment criteria (Table I). All patients in the NAC group and
22 patients (71%) in the adjuvant chemotherapy group were
administered sequential anthracycline-based and taxane-based
regimens. A total of three patients in the adjuvant chemotherapy
group (10%) were administered only anthracycline-based
regimens and six patients in the adjuvant chemotherapy group
(19%) were administered oral fluoropyridine therapy. The
anthracycline-based regimens included EC (epirubicin, 100 mg/
m?; and cyclophosphamide, 500 mg/m?), AC (doxorubicin,
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Table I. Clinical characteristics of patients with triple-negative
breast cancer.

Factors n %
Total 102
Age median (range) (years)
63 (31-93)
Menopause status
Premenopausal 16 15.7
Postmenopausal 83 814
Unknown 3 2.9
Tumor size median (range) (clinical: mm)
20 (0-100)
Lymph node status (clinical)
Positive 38 373
Negative 64 62.7
Clinical stage
0 2 20
I 41 40.2
A 28 27.5
1B 23 22.5
IIA 3 29
111B 4 39
1Ic 1 1.0
Ki-67 LI (biopsy specimen)
High 69 67.6
Low 33 324
Adjuvant chemotherapy
Preoperation (anthracycline-based, 47 46.1
taxane-based regimens)
Post-operation (anthracycline-based, 31 304

taxane-based regimens (22 patients),

anthracycline-based regimens (3 patients)

and fluoropyridine (6 patients)

Not performed 22 21.6
Undetermined 2 20

LI, labelling index.

60 mg/m?; and cyclophosphamide, 600 mg/m?) and FEC
(epirubicin, 100 mg/m?; cyclophosphamide, 500 mg/m?; and
5-fluorouracil, 500 mg/m?). Chemotherapy was administered
every 2 to 3 weeks for four cycles. Taxane-based regimens
included docetaxel at a dose of 70 mg/m? every 3 weeks for four
cycles or paclitaxel at a weekly dose of 80 mg/m? for 12 doses
with scheduled rest. Fluoropyrimidine regimens included
oral uracil-tegafur (300 mg/m?) daily for 2 years and oral S-1
(100 mg/day) on a 21-day cycle of 14 consecutive days dosing
with 7 days off, which was repeated for 1 year.

Correlation between ADP expression in biopsy specimens
and postoperative RFS in patients without NAC or adjuvant
chemotherapy. Typical positive and negative immunohisto-
chemical staining of biopsy specimens for ADP are shown
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Triple-negative breast cancer patients (n=102)|

Neoadjuvant chemotherapy
(n=47)

Adjuvant chemotherapy |

Performed (n=31)
(operative specimen
available (n=29))

Not performed (n=22)
(operative specimen
available (n=21))

Undetermined (n=2)
(operative specimen
available (n=2))

Figure 1. Flowchart summary of the cohort of patients with triple-negative
breast cancer.

in Fig. 2. To evaluate the optimal cut-off value of ADP
expression in the biopsy specimens, the relationship between
ADP-expression values and RFS in patients who were not
administered NAC or adjuvant chemotherapy was analyzed.
Cut-off values of 5, 10, 20 and 30% were significantly associ-
ated with RFS (P=0.006,0.006,0.006 and 0.026, respectively),
whereas a cut-off value of 1% was not significantly associ-
ated with RFS (P=0.132; Fig. 3). Based on these findings
and because the cut-off value for operative specimens in our
previous study was set at 30% (11), a cut-off value of 30% was
used for subsequent analyses.

Correlation between clinicopathological factors and ADP
expression in biopsy specimens. The correlation between
clinicopathological factors and ADP expression in biopsy spec-
imens (cut-off value: 30%) is summarized in Table III. Among
the entire cohort, including the NAC and non-NAC groups,
ADP expression was observed in biopsy specimens from
35.3% of patients (36/102), whereas biopsy specimens from
the remaining 64.7% of patients (66/102) were ADP-negative.
The presence of lymph node metastasis based on clinical
evaluation was significantly higher in ADP-negative patients
compared with that in ADP-positive patients (P=0.031) and a
high Ki-67 LI was associated with ADP-positivity (P<0.001).
However, tumor size and clinical stage were not significantly
associated with ADP expression.

ADP expression was observed in 34% (16/47) of patients in
the NAC group and 36.4% (20/55) of patients in the non-NAC
group (Tables IV and V). In the NAC group, ADP expression
was significantly associated with the clinically evaluated
absence of lymph node metastasis (P=0.007) and high Ki-67
LI (P=0.004) but not with tumor size, clinical stage, or the
effect of NAC (Miller-Payne grading). In the non-NAC group,
ADP expression was significantly associated with histological
grade (P=0.026) and a high Ki-67 LI (P=0.019) but not with
pathologically evaluated lymph node metastasis or tumor size.
In the early stage of disease for patients with TNBC (clinical
or pathological stages 0, I, or II), ADP expression was signifi-
cantly associated with absence of lymph node metastasis by
clinical assessment in all patient groups (P=0.022; Table VI).
This trend was also observed in the NAC group (P=0.005) but
not in the non-NAC group (P=0.759).

Association of ADP expression in biopsy specimens
and postoperative RFS. Fig. 4 shows the RFS curves for


https://www.spandidos-publications.com/10.3892/ol.2022.13247
https://www.spandidos-publications.com/10.3892/ol.2022.13247
https://www.spandidos-publications.com/10.3892/ol.2022.13247

4 YOSHIKAWA et al: PROGNOSTOC SIGNFICANCE OF ADIPOPHILIN EXPRESSION IN TNBC BIOPSY SPECIMENS

Table II. Subclassification of clinical characteristics of patients
with triple-negative breast cancer.

Factors (NAC group) n %
Total 47
Age median (range) (years) 53 (31-77)
Menopause status

Premenopausal 14 29.8

Postmenopausal 30 63.8

Unknown 3 64
Tumor size median (range) (clinical: mm) 23 (4-100)
Lymph node status (clinical)

Positive 22 46.8

Negative 25 532
Clinical stage

I 15 319

A 14 29.8

1B 11 23.4

A 3 6.4

111B 3 64

Ic 1 2.1
Ki-67 LI (biopsy specimen)

High 34 72.3

Low 13 27.7
Miller-Payne grading

1 13 27.7

2 9 19.1

3 2 43

4 5 10.6

5 18 383
Factors (Non-NAC group)

Total 55
Age median (range) (years) 69 (31-93)
Menopause status

Premenopausal 2 3.6

Postmenopausal 53 96 .4
Tumor size median (range) (clinical: mm) 20 (2-55)
Pathological stage

I 24 43.6

A 19 345

1B 4 7.3

1A 4 7.3

1B 3 55

Ic 1 1.8
Lymph node status

Positive 30 54.5

Negative 14 255

Not tested 11 20.0
Nottingham histological grade

1 2 3.6

2 26 473

3 27 49.1
Ki-67 LI (biopsy specimen)

High 35 63.6

Low 20 364

Table II. Continued.

Factors (NAC group) n %o
Adjuvant chemotherapy
Performed 31 564
Not performed 22 400
Undetermined 2 36

NAC, neoadjuvant chemotherapy; LI, labelling index.

Figure 2. Representative immunohistochemical staining of biopsy speci-
mens for ADP. (A) Positive and (B) negative immunoreactivity for ADP in
neoplastic cells (magnification, x200). ADP, adipophilin.

ADP-positive and -negative patients. As described, ADP
expression in biopsy specimens was significantly associated
with a poor RFS in patients who were not administered NAC
or adjuvant chemotherapy (P=0.026; Fig. 4A). By contrast,
the RFS of ADP-negative patients was significantly poorer as
compared with that of ADP-positive patients in the NAC group
(P=0.029; Fig. 4B). ADP expression was not significantly
associated with the RFS of patients administered adjuvant
chemotherapy (P=0.197; Fig. 4C).

Fig. 5 shows the RFS curves of ADP expression and Ki-67
LI for biopsy specimens of patients who were not administered
NAC or adjuvant chemotherapy. There was no difference in
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Figure 3. Kaplan-Meier curves of the relapse-free survival of patients with triple-negative breast cancer without neoadjuvant or adjuvant chemotherapy.
(A) ADP expression cut-off value of 1%. (B) ADP expression cut-off values of 5, 10 and 20%. These three cut-off values resulted in identical RFS curves.

(C) ADP expression cut-off value of 30%. ADP, adipophilin.

RFS between patients with high and low Ki-67 LI values
among both ADP-negative and -positive patients (P=0.832 and
P=0.979, respectively).

Prognostic potential of ADP expression in biopsy specimens
from patients without NAC or adjuvant chemotherapy.
Univariate analysis was then performed to determine the
association between clinicopathological factors and RFS in
patients who were not treated with NAC or adjuvant chemo-
therapy (Table VII). Only ADP expression was significantly
associated with a poor RFS (hazard ratio, 5.630; 95% confi-
dence interval, 1-31.72; P=0.05), whereas tumor size, lymph
node status, Ki-67 LI and histological grade were not.

Correlation of ADP expression in biopsy and operative
specimens. Not including the operative specimens from
patients treated with NAC, both biopsy and operative speci-
mens were available for 52 patients in the current study cohort.
This included 29 patients who had been treated with adjuvant
chemotherapy, 21 patients without adjuvant chemotherapy
and two patients for whom the performance of adjuvant
chemotherapy was not determined (Fig. 1). Table VII shows
the correlation of ADP expression in biopsy and operative
specimens according to a cut-off value of 30% for expres-
sion. The concordance rate was 73.1% and Cohen's kappa
coefficient was 0.385, indicating fair agreement (P=0.003).

Discussion

The present study clearly demonstrated that ADP expression
in biopsy specimens was a poor prognostic factor in patients
with TNBC and consistent with its expression in operative
specimens (11). Using an optimal cut-off value of 30%, ADP
expression in biopsy specimens was significantly associated
with higher Ki-67 LI. Finally, fair agreement was observed in
ADP expression between biopsy and surgical specimens.
Biopsy specimens provide critical information for
deciding the treatment strategy for patients with breast cancer,
including the expression status of hormone receptors and
HER?2. Furthermore, histological grade and Ki-67 LI are
well-known prognostic indicators (3,4); however, these indica-
tors are not specific for TNBC. Using immunohistochemical
staining and operative specimens of TNBC, the present
authors previously demonstrated that ADP expression is an
independent poor prognostic factor in patients with TNBC (9).
The present study examined the prognostic role of ADP
expression in preoperative biopsy specimens of patients with
TNBC. First, the optimal cut-off value of ADP expression in
biopsy specimens was determined by analyzing the relation-
ship between ADP expression and RFS in patients who had
not been treated with NAC or adjuvant chemotherapy. These
patients were chosen because they were not influenced by
chemotherapy and would likely demonstrate the direct effect
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Table III. Correlation between clinicopathological factors and ADP expression in biopsy specimens.

Factors ADP-positive (n=36) ADP-negative (n=66) P-value
Age (years; median + SD) 57+16 64+14 0.038*
Menopause status
Premenopausal 9 7 0.085
Postmenopausal 26 57
Unknown 1 2
Tumor size (clinical: mm)
<20 18 35 0.837
>20 18 31
Clinical stage
0O+1+1I 34 60 0.709
111 2 6
Lymph node status (clinical)
Positive 8 30 0.031¢
Negative 28 36
Ki-67 LI
High 32 37 <0.001*
Low 4 29

*P<0.05. ADP, adipophilin; LI, labelling index.

Table I'V. Correlation between clinicopathological factors (NAC group) and ADP expression in biopsy specimens .

Factors ADP-positive (n=16) ADP-negative (n=31) P-value
Age (years; median = SD) 50+13 57x14 0.082
Menopause status
Premenopausal 7 7 0.177
Postmenopausal 8 22
Unknown 1 2
Tumor size (clinical: mm)
<20 7 14 1.000
>20 9 17
Clinical stage
I+1I 14 26 1.000
I 2 5
Lymph node status (clinical)
Positive 3 19 0.007¢
Negative 13 12
Ki-67 LI
High 15 19 0.004*
Low 1 12
Miller-Payne grading
1+2 6 16 0.538
3+445 10 15

*P<0.05. NAC, neoadjuvant chemotherapy; ADP, adipophilin; LI, labelling index.

of ADP expression. Cut-off values of 5, 10, 20 and 30% were  expression was set at 30% for subsequent analyses, as it was
significantly associated with RFS. The cut-off value of ADP  significantly associated with RFS and used as the cut-off
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Table V. Correlation between clinicopathological factors (non-NAC group) and ADP expression in biopsy specimens.

Factors ADP-positive (n=20) ADP-negative (n=35) P-value
Age (years; median + SD) 63+17 7012 0.156
Menopause status
Premenopausal 2 0 0.128
Postmenopausal 18 35
Tumor size (pathological: mm)
<20 13 16 0.262
>20 7 19
Pathological stage
I+1 18 29 0.696
I 2 6
Lymph node status (pathological)
Positive 5 9 0.534
Negative 14 16
Not tested 1 10
Nottingham histological grade
1+2 6 22 0.026*
3 14 13
Ki-67 LI
High 17 18 0.019*
Low 3 17
Adjuvant chemotherapy
Performed 11 20 1.000
Not performed 8 14
Undetermined 1 1

*P<0.05. NAC, neoadjuvant chemotherapy; ADP, adipophilin; LI, labelling index.

value in our previous study evaluating operative specimens of
TNBC (11). In general, a cut-off value of 30% ADP expression
can be used to predict the RFS of patients with TNBC using
either biopsy or operative specimens. Other studies showed
ADP expression as a significant poor prognostic indicator in
some types of carcinomas, including lung adenocarcinoma (9)
and pancreatic ductal adenocarcinoma (10). However, these
results were derived using only operative specimens from
carcinomas (9,10). Therefore, the present study was the first
to analyze the prognostic significance of ADP expression
in biopsy specimens. In addition, the cut-off value of ADP
expression might differ among the several types of carcinoma.
For instance, in lung adenocarcinoma (9) and pancreatic ductal
adenocarcinoma (10) it was set at 5%.

The prognostic significance of ADP expression was subse-
quently analyzed in biopsy specimens of patients with TNBC
treated with NAC or adjuvant chemotherapy. Interestingly,
ADP expression was a significantly worse indicator of RFS
in patients who did not receive NAC or adjuvant chemo-
therapy. However, among the NAC group, ADP-positive
patients showed a significantly better RFS compared with
ADP-negative patients. ADP expression was not a significant
factor in patients administered adjuvant chemotherapy. These
results suggested that ADP-positive patients exhibit better
chemotherapy responsiveness as compared with ADP-negative

patients; however, the histological NAC effect (Miller-Payne
grading) did not differ significantly between ADP-positive
and -negative patients. This may have been related to the fact
that Ki-67 LI in the current study cohort was significantly
higher in ADP-positive patients compared with ADP-negative
patients. This trend was also observed in another report on
breast cancer (18). It was hypothesized that NAC could control
ADP-positive highly proliferative carcinoma cells to some
degree, but some of these cells might show chemoresistance.
These carcinoma cells showing chemoresistance might influ-
ence the effect of adjuvant chemotherapy. Additional studies
are needed to clarify the relationship between ADP expression
and chemotherapeutic effectiveness.

Notably, neither a low nor high Ki-67 LI significantly asso-
ciated with RFS among ADP-positive or -negative patients
who were not administered NAC or adjuvant chemotherapy.
This indicated that ADP is a superior prognostic marker as
compared with Ki-67LI in patients with TNBC (11) and a
result consistent with ADP expression in operative specimens
from patients with TNBC. Accordingly, ADP expression in
both biopsy and operative specimens may be a superior prog-
nostic marker in patients with TNBC.

As discussed in our previous study (11), the mechanism of
ADP expression in TNBC leading to poor prognosis remains
to be elucidated. ADP expression in TNBC reflects the
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Figure 4. Kaplan-Meier curves of the RFS of patients with triple-negative breast cancer. (A) NAC and adjuvant chemotherapy groups. ADP-positive patients
showed significantly poorer RFS as compared with ADP-negative patients. (B) NAC group. ADP-negative patients showed significantly poorer RFS as
compared with ADP-positive patients. (C) Adjuvant chemotherapy group. ADP expression did not correlate with RFS. RFS, relapse-free survival; NAC, neoad-

juvant chemotherapy; ADP, adipophilin.
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Figure 5. Kaplan-Meier curves of the RFS of patients with triple-negative
breast cancer. There was no difference in RFS between a high and low Ki-67
LI among ADP-negative and -positive patients. RFS, relapse-free survival;
ADP, adipophilin.

upregulation of lipid metabolism and lipid synthesis is associ-
ated with TNBC growth (19). As Ki-67 LI was significantly
higher in ADP-positive patients in the cohort of the present
study as compared with that in ADP-negative patients [a

finding consistent with a previous study (18)], ADP expression
was associated with higher proliferative activity of TNBC
neoplastic cells. Intracytoplasmic metabolism, including
lipid metabolism and amino acid metabolism, may differ in
ADP-positive TNBC as compared with ADP-negative TNBC.
Additional studies are needed to clarify the mechanism of
ADP expression in TNBC and determine the metabolic differ-
ences between ADP-positive and -negative TNBC.

There are several limitations to the present study. First,
this was a retrospective, single-institute study. Although it
evaluated >100 patients with TNBC, the subgroups, such
as patients who had not been treated with NAC or adjuvant
chemotherapy, were relatively small, which may have led
to selection bias. Therefore, additional studies of a large
number of patients with TNBC must be performed to verify
the prognostic significance of ADP expression in patients
with TNBC with or without NAC or adjuvant chemotherapy.
Second, the results demonstrated that ADP expression was
significantly associated with the clinically evaluated absence
of lymph node metastasis in the entire cohort and the NAC
subgroup. Lymph node metastasis was evaluated clinically
because NAC influences the status of lymph node metastasis.
Although ADP expression in the biopsy specimens was a
significant poor prognostic marker, lymph node metastasis
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Table VI. Correlation between lymph node metastasis and ADP expression in early-stage patients.

Factors ADP-positive (n=16) ADP-negative (n=31) P-value

Lymph node status (clinical)
Positive 6 25 0.022¢
Negative 28 35

Factors (NAC group) ADP-positive (n=14) ADP-negative (n=26)

Lymph node status (clinical)
Positive 1 14 0.005¢
Negative 13 12

Factors (Non-NAC group) ADP-positive (n=20) ADP-negative (n=34)

Lymph node status (clinical)
Positive 5 11 0.759
Negative 15 23

Factors (Non-NAC group) ADP-positive (n=17) ADP-negative (n=20)

Lymph node status (pathological)
Positive 3 4 1.000
Negative 14 16

*P<0.05. ADP, adipophilin, NAC, neoadjuvant chemotherapy.

Table VII. Univariate analysis of RFS in patients without NAC and adjuvant chemotherapy.

Variables HR 95% CI P-value

Tumor size (mm) 1.831 0.335-10.000 0.485
20 <vs.<20

Lymph node status 5.154 0.570-46.65 0.145
Positive vs. negative

Nottingham histological grade 1.567 0.315-7.793 0.583
3vs. 142

Ki-67 LI 1.776 0.325-9.697 0.507
High vs. low

ADP expression 5.630 1.000-31.720 0.050*

Positive vs. Negative

*P<0.05. RFS, relapse-free survival; NAC, neoadjuvant chemotherapy, CI, confidence interval; HR, hazard ratio; LI, labelling index.

Table VIII. Comparison of ADP expression between biopsy
and operative specimens.

Operative specimens

Biopsy speciments ADP-positive ADP-negative

ADP-positive 29 3
ADP-negative 11 9

ADP, adipophilin.

is considered to be a poor prognostic factor. Thus, ADP
expression in the biopsy specimens might be a more useful

marker compared with the clinically evaluated lymph node
status because the evaluation of the presence of lymph node
metastasis can depend on the observer. Third, the prognostic
significance of ADP expression in both biopsy and opera-
tive specimens for patients with hormone receptor-positive
or HER2-positive breast cancer remains unresolved and
requires further analysis.

In conclusion, these results clearly demonstrated that ADP
expression in biopsy specimens is a poor prognostic factor in
patients with TNBC. Furthermore, ADP expression in biopsy
specimens was significantly associated with a higher Ki-67 LI
and might be associated with chemotherapeutic effectiveness.
Accordingly, additional studies are needed to establish new
preoperative treatment strategies, including the evaluation of
ADP expression in biopsy specimens.
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