
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Zhiyan Liu,
Shanghai Jiao Tong University, China

REVIEWED BY

Alessandro Rizzo,
National Cancer Institute Foundation
(IRCCS), Italy
Shazia Bano,
Harvard Medical School, United States

*CORRESPONDENCE

Zhiyong Liang

liangzy@pumch.cn

Xinyu Ren

renxy@pumch.cn

RECEIVED 14 April 2023

ACCEPTED 20 November 2023
PUBLISHED 06 December 2023

CITATION

Xia C, Shen S, Pang J, Chen L, Yan J,
Liang Z and Ren X (2023) Expression of
neuroendocrine markers predicts
increased survival in triple-negative
breast cancer patients.
Front. Endocrinol. 14:1205631.
doi: 10.3389/fendo.2023.1205631

COPYRIGHT

© 2023 Xia, Shen, Pang, Chen, Yan, Liang
and Ren. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 06 December 2023

DOI 10.3389/fendo.2023.1205631
Expression of neuroendocrine
markers predicts increased
survival in triple-negative breast
cancer patients

Chuan Xia1, Songjie Shen2, Junyi Pang1, Longyun Chen1,
Jie Yan1, Zhiyong Liang1* and Xinyu Ren1*

1Department of Pathology, Molecular Pathology Research Center, Peking Union Medical College
Hospital, Chinese Academy of Medical Science, Beijing, China, 2Department of Breast Surgery,
Molecular Pathology Research Center, Peking Union Medical College Hospital, Chinese Academy of
Medical Science, Beijing, China
Background: The significance of neuroendocrine (NE) markers in triple-negative

breast cancer (TNBC) patients has not been investigated. This study aims to

clarify the incidence and prognostic significance of NE marker expression in

TNBC, determine its association with other clinicopathological parameters, and

further explore the pathological features and potential treatment options for

TNBC patients expressing NE markers.

Methods: Clinicopathological data were collected from 396 TNBC patients

undergoing radical breast cancer surgery at Peking Union Medical College

Hospital from January 2002 to December 2014, with a final follow-up in July

2019. Immunohistochemistry (IHC) staining was performed for NE markers

including chromogranin A (CgA) and synaptophysin (Syn). For TNBC patients

with positive NE marker expression, IHC staining was then performed for alpha-

thalassemia/mental retardation X-linked (ATRX), O(6)-methylguanine-

methyltransferase (MGMT), somatostatin receptor 2 (SSTR2), and programmed

death receptor-ligand 1 (PD-L1). The chi-square or Fisher exact test was used to

evaluate the correlations between NE marker expression and other parameters.

Survival curves were plotted using the Kaplan-Meier (K-M) method to assess the

prognostic significance of NE markers in TNBC.

Results: NE marker-positive staining was observed in 7.6% (30/396) of all TNBC

cases. Only 0.5% (2/396) cases had ≥ 90% neoplastic cells expressing NE

markers. Positive NE marker expression was associated with negative basal-like

marker expression. K-M survival analysis showed that the NE marker-positive

TNBC patients had higher disease-free survival (DFS) rates than the NE marker-

negative patients at the same stage. Among the 30 NE marker-positive TNBC

cases, 13.3% and 26.7% showed negative IHC staining for ATRX and MGMT,

respectively, while 13.3% had a 3+ score for SSTR2 IHC staining. For PD-L1 IHC

staining, 13.3% of the 30 TNBC cases were higher than 10 scores in Combined

Positive Score (CPS), and 10.0% were higher than 10% in Tumor Cell Proportion

Score (TPS).
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Conclusion: There was a small proportion of TNBC patients expressing NE

markers. TNBC patients with positive NE marker expression had a better

prognosis than the negative group at the same stage. TNBC cases with positive

NE marker expression may potentially benefit from immunotherapy or

somatostatin analogue treatment.
KEYWORDS

triple-negative breast cancer, synaptophysin, chromogranin A, neuroendocrine
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1 Introduction

Triple-negative breast cancer (TNBC) is a highly aggressive

breast cancer subtype that has heterogeneous clinical and molecular

characteristics (1, 2). Approximately 12% to 17% of breast cancer

cases are TNBC, defined as tumors that lack expression of estrogen

receptor (ER), progesterone receptor (PR), and human epidermal

growth factor receptor type 2 (HER2) (3). The lack ER and PR

expression makes it difficult for TNBC patients to benefit from

endocrine therapy, while the negative expression of HER2 prevents

effective targeted therapy. This results in worse prognosis for TNBC

patients compared with other breast cancer subtypes. Therefore,

identifying and validating novel targeted therapies and prognostic

indicators for TNBC has become an urgent need for breast

cancer research.

The prognostic significance of neuroendocrine (NE)

differentiation in breast cancer has been controversial, partially

because the classification criteria for neuroendocrine neoplasms

(NENs) have evolved over the years or the limited numbers of NEN

cases in breast cancer. Neuroendocrine carcinoma (NEC) of the

breast was formally proposed as a distinct entity in 2003, defined as

a subtype of invasive mammary carcinoma in which >50% of the

tumor cells express NE markers (4, 5). The most commonly used

NE markers in the breast include synaptophysin (Syn) or

chromogranin A (CgA) (6, 7). The 2012 WHO Classification later

stated that the 50% threshold for NE marker positivity was no

longer required because of its arbitrary nature as a criterion (6). The

newly published WHO Classification in 2019 emphasized that the

key features of NENs are neuroendocrine histological features and

expression of NE markers (8). Some cohort studies have explored

the prognostic significance of NE markers in breast cancer. The

majority of the studies have shown that breast cancer patients with

NE features have worse prognoses compared with those without NE

features (4, 9–11), while some studies have reported better

prognoses (12–14) or no significant difference (9, 15–17).

Currently, there were no reports about the prognosis of TNBC

patients with NE marker expression.

The first-line therapy for NENs in breast cancer is mostly

surgery combined with or without adjuvant radiotherapy,

chemotherapy, or neoadjuvant chemotherapy. This is based on

the therapeutic principles of other types of breast cancer, and the
02
cases were treated with endocrine or targeted therapy according to

the ER/PR and HER2 status. However, the relevant studies for the

therapy of NENs in breast cancer are mainly case reports or case

series (8, 18–22). In recent years, several studies have identified

immunohistochemistry (IHC) markers that have prognostic or

therapeutic significance for NENs, including ATRX, MGMT,

SSTR2, and PD-L1 (23–30). However, there are no studies on

therapeutic regimen for NENs in TNBC. It remains to be

explored whether TNBCs with positive expression of NE markers

can be treated as NENs at any other anatomical site.

Thus, we utilized two most common used NE markers, Syn and

CgA, to evaluate their expression levels in TNBC patients and

observe their correlations with clinicopathological parameters.

Additionally, we sought to determine the prognostic significance

of NE marker expression in TNBC patients and explore the

potential treatment options for such individuals.
2 Materials and methods

2.1 Case enrollment and
clinicopathological data acquisition

Breast cancer patients who underwent radical surgery at Peking

Union Medical College Hospital from January 2002 to December

2014 and were diagnosed with TNBC (both ER and PR were

negative by IHC and HER2 was 0 or 1+ score by IHC or 2+ score

without gene amplification confirmed by fluorescent in situ

hybridization (FISH)) were enrolled in the study consecutively,

with final follow-up in July 2019. The exclusion criteria were as

follows: (1) the amount of tumor tissue was insufficient for IHC

staining; (2) the survival status and dates of recurrence or death (if

any) could not be determined at the time of registration or during

follow-up; (3) neoadjuvant treatment was administered before

surgery; and (4) distant metastasis occurred before the patient

underwent surgery. Clinicopathological data, including age,

operation date, operation method, radiotherapy or chemotherapy

regimens, tumor size, number of lymph nodes metastases, stage,

histological type, histological grade, P53 expression, Ki-67

expression, and basal-like phenotype (defined as positive for CK5/

6, CK14, and/or EGFR expression), were collected by reviewing
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pathology databases and medical records. Follow-up information

was acquired by telephone or referring to medical records. The end

points included: (1) recurrence of breast cancer (local recurrence or

distant metastasis) and (2) death caused by breast cancer. Disease-

free survival (DFS) and overall survival (OS) were defined as the

period from the date of surgery to recurrence of breast cancer and to

breast cancer-related death, respectively. The study was approved

by the Ethics Committee of Peking Union Medical College Hospital

and informed consent was obtained from patients.
2.2 IHC staining

IHC staining for NE markers, including CgA and Syn, was

performed on 4 µm-thick sections of TNBC samples using a

Ventana Benchmark XT autostainer (Ventana Medical Systems

Inc., Tucson, AZ, USA). IHC staining for ATRX, MGMT, SSTR2,

and PD-L1 (22C3) was then performed on TNBC samples that

showed positive expression of NE markers. All staining steps were

performed following the manufacturer’s instructions. Antibody

information and the respective optimized assay conditions are

listed in Table 1.

IHC slides were independently evaluated by two experienced

pathologists. Both the staining intensity and percentage of positive

tumor cells were recorded for Syn, CgA, ATRX, and MGMT. The

SSTR2 staining results were given a score of 0, 1+, 2+, or 3+ in

reference to the HER2 evaluation guidelines (31). The PD-L1 IHC

staining results were interpreted by both TPS% and CPS in

reference to the PD-L1 IHC 22C3 pharmDx Interpretation

Manual. The average value was used when there were

discrepancies between the two pathologists. Positive IHC staining

for Syn and/or CgA was considered as positive for NE markers.
2.3 Statistical analysis

The correlation analysis between NE marker expression and

other clinicopathological parameters in TNBC was performed using
Frontiers in Endocrinology 03
the chi-square or Fisher exact test. A two-sided P-value < 0.05 was

considered statistically significant. Kaplan-Meier (K-M) survival

analysis and the log-rank test were used to analyze the effects of NE

markers on DFS and OS of TNBC patients. Statistical analysis was

performed using SPSS 25.0 software (SPSS, Chicago, IL, USA).
3 Results

3.1 Clinicopathological characteristics of
TNBC patients

A total of 455 TNBC patients were consecutively included in

this cohort study, of which 32 cases were lost to follow-up. The

remaining 423 cases which had part ia l or complete

clinicopathological data were included in the statistical analysis.

Among these 423 cases, 27 cases had no NE marker IHC results

because of insufficient amounts of tumor tissue. These cases were

excluded from further correlation analyses, leaving 396 cases to

be counted.

The 423 TNBC patients were all female, with a mean age at

diagnosis of 49.8 years (range: 25–90 years). The clinicopathological

features are shown in Table 2. The histological type of 409 cases

(96.7%) was invasive breast carcinoma of no specific type (IBC-

NST). Additionally, 302 cases (71.4%) were grade 3 and only 1.2%

were grade 1.

IHC staining results showed that, among 396 TNBC patients

with known NE marker staining results, 30 cases (7.6%) were NE

marker-positive. For the percentage of immunoreactive tumor cells,

20 patients were < 10%, eight patients were 10%–90%, and two

patients were ≥ 90%. In addition, 26 cases (6.6%) were Syn-positive

and eight cases (2.0%) were CgA-positive. Four cases (1.0%) were

both Syn-positive and CgA-positive.

The mean follow-up time was 74 months (range: 2–201

months). Recurrence occurred in 138 patients (32.6%), including

distant metastasis sites such as bone, lung, brain, and liver (108

cases, 25.5%). Local recurrence sites included the chest wall, axillary

lymph node, and supraclavicular lymph node (43 cases, 10.2%).
TABLE 1 Antibodies used for the immunohistochemistry staining.

Antibody Clone Dilution Source Positive pattern Positive
control

Heat-induced
antigen retrieval

Incubation

Syn Mouse monoclonal
antibody (27G12)

Prediluted Leica
Biosystem

Cytoplasmic staining Pancreas 100°C
30min

RT*
15min

CgA Mouse monoclonal
antibody (LK2H10)

Prediluted ZSGB-
BIO

Cytoplasmic staining Pancreas 100°C
30min

RT
15min

ATRX rabbit
polyclonal antibody

Prediluted Dako Nuclear staining Tonsil 100°C
30min

RT
40min

MGMT SD9 Prediluted Roche Nuclear and/or
cytoplasmic staining

Tonsil 100°C
30min

36°C
16min

SSTR2 rabbit monoclonal
antibody (EP149)

Prediluted Dako Membrane staining Meningioma 100°C
30min

RT
40min

PD-L1 Murine monoclonal
antibody (22C3)

Prediluted Dako Membrane staining Placenta 100°C
30min

37°C
16min
*RT, room temperature.
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TABLE 2 Clinicopathological features of 423 TNBC patients.

Clinicopathological parameters N (%)

Age (years)

<50 222 (52.5)

≥50 197 (46.6)

NA 4 (0.9)

Surgical methods

Modified radical mastectomy 367 (86.8)

Other 54 (12.8)

NA 2 (0.5)

Adjuvant chemotherapy

Yes 331 (78.3)

No 55 (13.0)

NA 37 (8.7)

Adjuvant radiotherapy

Yes 122 (28.8)

No 264 (62.4)

NA 37 (8.7)

Tumor size

≤2cm 196 (46.3)

> 2cm, ≤ 5cm 206 (48.7)

> 5cm 20 (4.7)

NA 1 (0.2)

No. of lymph nodes metastases

0 236 (55.8)

1-3 97 (22.9)

4-9 36 (8.5)

≥10 48 (11.3)

NA 6 (1.4)

Stage

I 132 (31.2)

II 204 (48.2)

III 87 (20.6)

Histological type

IBC-NST 409 (96.7)

Other 13 (3.1)

Invasive lobular carcinoma 5

Mixed IBC-NST and lobular carcinoma 3

Invasive micropapillary carcinoma 3

Micropapillary mucinous carcinoma 2

(Continued)
F
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TABLE 2 Continued

Clinicopathological parameters N (%)

NA 1 (0.2)

Grade

Grade 1 5 (1.2)

Grade 2 115 (27.2)

Grade 3 302 (71.4)

NA 1 (0.2)

P53

Positive 237 (56.0)

Negative 184 (43.5)

NA 2 (0.5)

Ki-67%

<14% 45 (10.6)

≥14% 364 (86.1)

NA 14 (3.3)

Basal-like markers

Positive 348 (82.3)

Negative 67 (15.8)

NA 8 (1.9)

Neuroendocrine markers

Positive 30 (7.1)

<10% of tumor cells positive for Syn and/or CgA 20

10%–89% of tumor cells positive for Syn and/or CgA 8

≥90% of tumor cells positive for Syn and/or CgA 2

Negative 366 (86.5)

Syn

Positive 26 (6.1)

Negative 370 (87.5)

CgA

Positive 8 (1.9)

Negative 388 (91.7)

NA 27 (6.4)

Recurrence

Yes 138 (32.6)

No 285 (67.4)

Local recurrence

Yes 43 (10.2)

No 380 (89.8)

(Continued)
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Overall, 87 patients (20.6%) died of breast cancer during the follow-

up period. Three patients without recurrence died of ovarian

cancer, heart failure, and lung infection, respectively.
3.2 K-M survival analysis of the effect of NE
markers on TNBC patient prognosis

The mean DFS of TNBC was 136 months (95% confidence

interval (CI): 127–144), and the five-year DFS rate was 68.4% ( ±

2.3%). The mean OS was 158 months (95% CI: 151–166), and the

five-year OS rate was 81.0% ( ± 2.0%).

Considering the influence of different disease stages on prognosis,

we stratified the 396 TNBC patients by stage and conducted K-M

survival analysis. The results are shown in Tables 3, 4. The patients in

the NE marker-positive group had significantly longer DFS than

those in the NE marker-negative group when stratified by stage

(P=0.040). The survival curves are shown in Figure 1A. No significant

differences in OS were found between the two groups.

Furthermore, we analyzed the effects of Syn and CgA expression

on TNBC prognosis separately. The results are also shown in

Tables 3, 4. The DFS in the Syn-positive group were still

significantly longer than those in the Syn-negative group when
Frontiers in Endocrinology 05
compared by stage (P=0.032). The survival curves are shown in

Figure 1B. However, no significant differences were found between

the CgA-positive and CgA-negative groups.
3.3 Correlations between NE markers and
other TNBC parameters

The correlation analysis results for NE markers and other

clinicopathological parameters in 396 TNBC patients are shown

in Table 5. Positive NE marker expression was significantly

negatively correlated with basal-like marker expression (P=0.004).

However, we did not observe any significant correlation between

NE markers and other clinicopathological features, such as patient

age, tumor size, number of lymph nodes metastases, stage, grade,

P53, or Ki-67.
3.4 Pathological characteristics of the 30
NE marker-positive TNBC cases

To further clarify the pathological features of the TNBC cases with

positive expression of NE markers, we reviewed the pathological

sections of the 30 cases according to the newly published WHO

Classification in 2019. The histological types are shown in Table 6.

Most of the cases (23 cases, 76.7%) were IBC-NST. Other histological

types included six cases of NST with apocrine differentiation and one

case of invasive micropapillary carcinoma. Syn and CgA IHC staining

images and the corresponding hematoxylin & eosin (HE) staining

images are shown in Figures 2–4. Microscopically, the tumor cells were

clear and had different degrees of atypia. Pathological mitoses were

observed. Most cells were arranged in nests or solid sheets, with some

having papillary structures. Syn and CgA IHC images showed that the

cytoplasm of some tumor cells was colored to varying degrees, showing

scattered or large patchy light brown to dark brown staining.
TABLE 2 Continued

Clinicopathological parameters N (%)

Distant metastases

Yes 108 (25.5)

No 315 (74.5)

Death

Yes 87 (20.6)

No 336 (79.4)
TABLE 3 K-M survival analysis of the effect of NE markers on DFS in the 396 TNBC patients stratified by stage.

Stage
Five-year DFS rate % (standard error %)

P value
Positive group Negative group

NE markers I 100.0 (-) 81.5 (3.7) 0.040

II 80.0 (12.6) 68.2 (3.4)

III 77.8 (13.9) 43.6 (5.8)

Syn I 100.0 (-) 81.3 (3.7) 0.032

II 80.0 (12.6) 68.2 (3.4)

III 77.8 (13.9) 43.6 (5.8)

CgA I 66.7 (27.2) 82.7 (3.5) 0.718

II 50.0 (25.0) 69.3 (3.4)

III 100.0 (-) 46.8 (5.6)
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BA

FIGURE 1

(A) K-M survival analysis showed neuroendocrine marker (NE) expression significantly prolongated DFS time in TNBC patients stratified by stage.
(B) K-M survival analysis showed Syn expression significantly prolongated DFS time in TNBC patients stratified by stage.
TABLE 4 K-M survival analysis of the effect of NE markers on OS in 396 TNBC patients stratified by stage.

Stage
Five-year OS rate % (standard error %)

P value
Positive group Negative group

NE markers I 100.0 (-) 92.7 (2.5) 0.059

II 91.7 (8.0) 81.5 (2.9)

III 88.9 (10.5) 57.5 (5.9)

Syn I 100.0 (-) 92.8 (2.4) 0.074

II 90.0 (9.5) 81.6 (2.9)

III 88.9 (10.5) 57.5 (5.9)

CgA I 100.0 (-) 93.1 (2.4) 0.236

II 100.0 (-) 81.8 (2.8)

III 100.0 (-) 60.1 (5.6)
F
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3.5 ATRX, MGMT, SSTR2, and PD-L1
expression in NE marker-positive
TNBC cases

To further explore the prognosis and potential treatment

options of NE marker-positive TNBC, we conducted IHC staining

of ATRX, MGMT, SSTR2, and PD-L1 in the 30 TNBC samples with

positive NEmarker expression. The results are shown in Tables 7–9.
TABLE 5 Correlation between NE markers and other parameters of the 396 TNBC patients.

Parameters No.

NE markers

P valuePositive (%)
(30)

Negative (%)
(366)

Age (years)

<50 203 16 (7.9/55.2) 187 (92.1/51.5) 0.704

≥50 189 13 (6.9/44.8) 176 (93.1/48.5)

NA 4 1 3

Tumor size

≤5cm 376 27 (7.2/90.0) 349 (92.8/95.6) 0.348

> 5cm 19 3 (15.8/10.0) 16 (84.2/4.4)

NA 1 0 1

No. of lymph nodes metastases

0 219 12 (5.5/41.4) 207 (94.5/57.3) 0.096

≥1 171 17 (9.9/58.6) 154 (90.1/42.7)

NA 6 1 5

Stage

I, II 314 21 (6.7/70.0) 293 (93.3/80.1) 0.191

III 82 9 (11.0/30.0) 73 (89.0/19.9)

Grade

Grade 1, 2 109 9 (8.3/30.0) 100 (91.7/27.4) 0.759

Grade 3 286 21 (7.3/70.0) 265 (92.7/72.6)

NA 1 0 1

P53

Positive 223 20 (9.0/66.7) 203 (91.0/55.8) 0.247

Negative 171 10 (5.8/33.3) 161 (94.2/44.2)

NA 2 0 2

Ki-67%

<14 41 4 (9.8/13.3) 37 (90.2/10.5) 0.859

≥14 342 26 (7.6/86.7) 316 (92.4/89.5)

NA 13 0 13

Basal-like markers

Positive 330 20 (6.1/66.7) 310 (93.9/86.4) 0.004*

Negative 59 10 (16.9/33.3) 49 (83.1/13.6)

NA 7 0 7
fro
TABLE 6 Histological types of the 30 TNBC cases with positive
expression of NE markers.

Histological type N (%)

IBC-NST 23 (76.7)

NST with apocrine differentiation 6 (20.0)

Invasive micropapillary carcinoma 1 (3.3)
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Among the 30 NEmarker-positive TNBC cases, four cases (13.3%)

and eight cases (26.7%) were negative for ATRX and MGMT IHC

staining, respectively. More than half of the cases (53.3%) were

medium-positive and eight cases (26.7%) were 61%–80% positive for

ATRX IHC staining. Ten cases (33.3%) were weak-positive and 13

cases (43.3%) were 1%–20% positive for MGMT IHC staining.

Furthermore, four of the 30 NE marker-positive TNBC cases

(13.3%) had a 3+ score for SSTR2 IHC staining. In addition, more

than half of the cases (53.3%) had a 0 score (negative SSTR2 IHC
Frontiers in Endocrinology 08
staining). Four cases (13.3%) among the 30 TNBCs were higher

than 10 scores in terms of the CPS of PD-L1, and three cases

(10.0%) were higher than 10% for the TPS of PD-L1. The summary

of the results of our study is presented in Figure 5.

4 Discussion
Because of the highly malignant nature, poor prognosis, and

high heterogeneity associated with TNBC, researchers have been
B C

D E F

G H I

J K L

A

FIGURE 2

Syn IHC staining and corresponding HE staining in TNBC (100×). (A–C, G–I) show the HE staining in the same case as (D–F, J–L), respectively.
(H) shows the NST with apocrine differentiation, and the rest are IBC-NST. The percentages of Syn positive tumour cells in (D–F) are ranked from
the lowest to the highest, which are 5%, 25%, and 95%. (J–L) rank the intensity of Syn staining from weak to strong, in order of weak positive,
medium positive, and strong positive.
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committed to identifying prognostic biomarkers and therapeutic

targets specific to this disease. A large retrospective cohort study

that collected data from nearly 160,000 breast cancer patients from

the National Cancer Institute in 2017 showed that TNBC patients

had a worse prognosis than non-TNBC patients of the same stage,

adjusted for age, race, tumor stage, surgery, and radiation. These

findings confirmed the importance of introducing biomarkers to

the traditional TNM staging to help predict breast cancer patient

prognosis, as well as the necessity of further exploring TNBC-

related issues (32).
Frontiers in Endocrinology 09
To our knowledge, our study is the first and the largest

retrospective cohort study to explore the prognostic significance

of NE markers in TNBC. We aimed to provide new biomarkers that

can help predict TNBC patient survival and assist clinicians with

treatment decisions.

Among the 396 TNBC patients included in this study, positive

NE marker expression was observed in 30 cases (7.6%). 20 cases

had <10% of tumor cells positive for NE markers. Eight cases had

10%–89% of tumor cells positive for NE markers. Two cases had

≥90% of tumor cells positive for NE markers. The WHO
B C

D E F

G H I

J K L

A

FIGURE 3

CgA IHC staining and corresponding HE staining in TNBC (100×). (A–C, G–I) show the HE staining in the same case as (D–F, J–L), respectively.
(B) shows invasive micropapillary carcinoma, and the rest are IBC-NST. The percentages of CgA positive tumour cells in (D–F) are ranked from the
lowest to the highest, which are 5%, 60%, and 95%. (J–L) rank the intensity of CgA staining from weak to strong, in order of weak positive, medium
positive, and strong positive.
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Classification of Tumours of the Breast in 2019 suggested that

cancers with more than 90% NEN pattern should be classified as

neuroendocrine tumor or NEC, while cancers with less than 10%

should be classified as invasive NST or other types. Cancers with

10% to 90% NEN pattern should be classified as mixed invasive

(NST or other special type) and NEC, and the percentage of NE

component should be reported (8). According to the WHO

Classification in 2019, two of these 30 cases were classified as
B C

D E F

G H I

A

FIGURE 4

HE staining and NE marker IHC staining in 3 TNBC cases (100×). (A–C) An IBC-NST case with both positive Syn expression (70% medium-strong
positive) and positive CgA expression (90% strong positive). (D–F) An IBC-NST case with positive Syn expression (25% medium-strong positive) and
negative CgA. (G–I) An IBC-NST case with negative Syn and positive CgA expression (60% strong positive).
TABLE 7 IHC staining results of ATRX and MGMT in the NE marker-
positive TNBC cases.

N (%)

ATRX MGMT

Intensity of staining Weak positive 6 (20.0) 10 (33.3)

Medium
positive

16
(53.3)

9 (30.0)

Strong positive 4 (13.3) 3 (10.0)

Percentage of positive
tumour cells

1%-20% 4 (13.3) 13 (43.3)

21%-40% 6 (20.0) 4 (13.3)

41%-60% 2 (6.7) 1 (3.3)

61%-80% 8 (26.7) 3 (10.0)

81%-100% 6 (20.0) 1 (3.3)

Negative 4 (13.3) 8 (26.7)
TABLE 8 IHC staining results of SSTR2 in the NE marker-positive
TNBC cases.

IHC results of SSTR2 N (%)

0 16 (53.3)

1+ 5 (16.7)

2+ 5 (16.7)

3+ 4 (13.3)
fron
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NENs. Seven cases were classified as mixed invasive NST and NEC

and one case were classified as mixed invasive micropapillary

carcinoma and NEC. According to the 2012 WHO Classification

of Tumours of the Breast, NED can be detected in approximately

30% of IBC-NST cases and in some special types (especially

mucinous carcinoma) by IHC staining (6). However, because of

different definitions, the incidence of NENs in all types of breast

cancer has been previously reported to be as low as < 0.1% to as high

as nearly 20% (9, 11, 13, 15, 16). For the TNBC subtype in our

cohort, the percentage of cases with positive NE marker expression

(7.6%) was lower than the incidence of NED in all breast cancers

(30%) indicated by the 2012 WHO Classification of Tumours.

Additionally, the incidence of NENs was very low according to
Frontiers in Endocrinology 11
the 2019 WHO Classification of Tumours definition. Only two

cases had more than 90% of NE marker-positive tumor cells among

the 396 TNBC patients. These results are also consistent with the

previous findings that NED is significantly correlated with ER and

PR expression (13, 33).

According to the K-M survival analysis for the TNBC patients

stratified by stage in our study, we found that those with positive NE

marker expression had higher DFS rates than those without NE

marker expression in the same stage. To our knowledge, no previous

cohort study has reported on the prognostic effect of NE markers in

TNBC patients. In general, sufficient studies have confirmed that

NED in breast cancer implies a poor prognosis (4, 9–11). Actually,

our result does not conflict with the conclusions of previous studies.

The objects of previous studies were breast cancer patients, which

were dominated by hormone-positive cases, and the numbers of

TNBC cases were small. While our study focused on TNBC, a breast

cancer subtype with a worse prognosis relative to others. Therefore,

we speculated that the influence of NEmarkers on prognosis of breast

cancer patients might be related to their hormonal status.

In addition, our study showed that positive Syn expression has a

better prognostic significance than CgA. Previous work has

concluded that NED can be confirmed using IHC stains for several

markers, including Syn, and CgA. Each marker has different degrees

of specificity and sensitivity: Syn is highly sensitive, but not entirely

specific. CgA is highly specific, but less sensitive than Syn (34). In our

study, 6.1% and 1.9% of TNBC cases showed positive IHC staining

for Syn and CgA, respectively. Positive Syn expression significantly

prolongated the DFS in TNBC patients compared with Syn-negative

TNBC patients at the same stage, but no significant difference in DFS

was found for CgA expression. Our study concludes that Syn
TABLE 9 IHC staining results of PD-L1 (22C3) in the NE marker-positive
TNBC cases.

IHC results of PD-L1 (22C3) N (%)

TPS% 0 20 (66.7)

1-3 7 (23.3)

30 2 (6.7)

40 1 (3.3)

CPS 0 12 (40.0)

1-5 13 (43.3)

6-10 1 (3.3)

20 1 (3.3)

31-40 3 (10.0)
FIGURE 5

The summary of the results in this study.
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positivity in TNBC was higher than that of CgA, and the prognostic

significance of Syn was greater than that of CgA for TNBC patients.

The results of our study may provide guidance for clinical

identification of TNBC patients with better prognoses.

Furthermore, we observed a significant negative correlation

between NE marker expression and basal-like marker expression

in our cases. Previous literature suggests that positive expression of

basal-like markers can be used as adverse prognostic factors for

TNBC (35–37). These conclusions are consistent with our results of

positive NE marker expression being associated with a better

prognosis in TNBC, as well as the observed negative correlation

between NE marker and basal-like marker positivity.

After further exploring the 30 TNBC cases with positive NE

marker expression, we found that 13.3% of these cases were negative

for ATRX expression, indicating poor prognosis (23, 24). 26.7% of

these cases were negative for MGMT expression, which may response

to temozolomide (25–27). Additionally, 13.3% of these cases had a 3+

score for SSTR2 IHC staining, suggesting poor prognosis but also the

potential to be treated with somatostatin analogues (28). The TPS of

PD-L1 was higher than 10% in 10.0% of these 30 cases, meaning that

a small percentage of the NE marker-positive TNBC patients may

benefit from immunotherapy (29, 30). However, because of the low

levels of NE marker expression in TNBC and the small number of

cases included, further investigation is warranted regarding the

positive rate of IHC staining for these markers and their prognostic

and therapeutic implications. A meta-analysis involving 49,425

cancer patients suggested that immune checkpoint inhibitors (ICIs)

may increase the possibility of complete remissions compared to

control treatments (38). Nevertheless, only a subset of breast cancer

patients benefit from ICIs, necessitating exploration into reliable

predictors of response. A review discussing potential predictors of

response to ICIs in TNBC indicated that PD-L1 could serve as an

important marker for selecting TNBC patients who would derive

greater clinical benefits from immunotherapy. However, relying

solely on PD-L1 assessment might exclude certain TNBC patients

who could potentially respond to immunotherapy. More efforts

should be devoted to evaluating novel biomarkers for predicting

response to ICIs in TNBC patients, such as PD-L1 expression, tumor

mutational burden, microsatellite instability status, etc. (39) Recent

clinical trials have demonstrated the benefits of various immune-

based combinations for metastatic TNBC patients; thus

chemoimmunotherapy has been approved as a new first-line

treatment option for metastatic TNBC patients with elevated CPS

or PD-L1 overexpression. Several clinical studies potentially

modifying the landscape of first-line treatment options for TNBC

are still ongoing (40).

This study has some limitations. Differences in the time from

disease onset to when surgical treatment was administered, the

surgical methods received, and the adjuvant therapies became

confounding factors that affected our prognostic evaluation. We

reduced the effect of the different treatment regimens on prognosis

by excluding patients who received neoadjuvant therapy.

In conclusion, expression of NE markers, especially Syn, in

TNBC indicated a better prognosis compared with cases negative

for NE marker expression at the same stage. There was a significant
Frontiers in Endocrinology 12
negative correlation between NE marker expression and basal-like

marker expression in TNBC. The use of NE markers as biomarkers

for predicting TNBC patient prognosis requires further verification.

Additionally, we found that a small number of TNBC cases with

positive NE marker expression also showed positive IHC staining for

PD-L1 and SSTR2, suggesting that these patients may potentially

benefit from immunotherapy or somatostatin analogue treatment.
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19. Angarita FA, Rodrıǵuez JL, Meek E, Sánchez JO, Tawil M, Torregrosa L. Locally-
advanced primary neuroendocrine carcinoma of the breast: case report and review of
the literature. World J Surg Oncol (2013) 11(1):128. doi: 10.1186/1477-7819-11-128

20. Wei X, Chen C, Xi D, Bai J, Huang W, Rong L, et al. A case of primary
neuroendocrine breast carcinoma that responded to neo-adjuvant chemotherapy. Front
Med (2015) 9(1):112–6. doi: 10.1007/s11684-014-0345-z

21. Yildirim Y, Elagoz S, Koyuncu A, Aydin C, Karadayi K. Management of
neuroendocrine carcinomas of the breast: A rare entity. Oncol Lett (2011) 2(5):887–
90. doi: 10.3892/ol.2011.320

22. Inno A, Bogina G, Turazza M, Bortesi L, Duranti S, Massocco A, et al.
Neuroendocrine carcinoma of the breast: current evidence and future perspectives.
Oncologist (2016) 21(1):28–32. doi: 10.1634/theoncologist.2015-0309
23. Hackeng WM, Assi HA, Westerbeke FHM, Brosens LAA, Heaphy CM.
Prognostic and predictive biomarkers for pancreatic neuroendocrine tumors. Surg
Pathol Clin (2022) 15(3):541–54. doi: 10.1016/j.path.2022.05.007

24. Singhi AD, Liu TC, Roncaioli JL, Cao D, Zeh HJ, Zureikat AH, et al. Alternative
lengthening of telomeres and loss of Daxx/Atrx expression predicts metastatic disease
and poor survival in patients with pancreatic neuroendocrine tumors. Clin Cancer Res
(2017) 23(2):600–9. doi: 10.1158/1078-0432.CCR-16-1113

25. Scoazec JY. Lung and digestive neuroendocrine neoplasms. From who
classification to biomarker screening: which perspectives? Ann Endocrinol (2019) 80
(3):163–5. doi: 10.1016/j.ando.2019.04.011

26. Schmitt AM, Pavel M, Rudolph T, Dawson H, Blank A, Komminoth P, et al.
Prognostic and predictive roles of Mgmt protein expression and promoter methylation
in sporadic pancreatic neuroendocrine neoplasms. Neuroendocrinology (2014) 100
(1):35–44. doi: 10.1159/000365514

27. Campana D, Walter T, Pusceddu S, Gelsomino F, Graillot E, Prinzi N, et al.
Correlation between mgmt promoter methylation and response to temozolomide-
based therapy in neuroendocrine neoplasms: an observational retrospective
multicenter study. Endocrine (2018) 60(3):490–8. doi: 10.1007/s12020-017-1474-3

28. Stueven AK, Kayser A, Wetz C, Amthauer H, Wree A, Tacke F, et al.
Somatostatin analogues in the treatment of neuroendocrine tumors: past, present
and future. Int J Mol Sci0 (2019) 20(12):3049. doi: 10.3390/ijms20123049

29. Ji X, Sui L, Song K, Lv T, Zhao H, Yao Q. Pd-L1, Parp1, and Mmrs as potential
therapeutic biomarkers for neuroendocrine cervical cancer. Cancer Med (2021) 10
(14):4743–51. doi: 10.1002/cam4.4034

30. Guleria P, Kumar S, Malik PS, Jain D. Pd-L1 expression in small cell and large
cell neuroendocrine carcinomas of lung: an immunohistochemical study with review
of literature. Pathol Oncol Res (2020) 26(4):2363–70. doi: 10.1007/s12253-020-
00832-0

31. Wolff AC, Hammond MEH, Hicks DG, Dowsett M, McShane LM, Allison KH,
et al. Recommendations for human epidermal growth factor receptor 2 testing in breast
cancer: American society of clinical oncology/college of American pathologists clinical
practice guideline update. J Clin Oncol (2013) 31(31):3997–4013. doi: 10.1200/
jco.2013.50.9984

32. Li X, Yang J, Peng L, Sahin AA, Huo L, Ward KC, et al. Triple-negative breast
cancer has worse overall survival and cause-specific survival than non-triple-negative
breast cancer. Breast Cancer Res Treat (2017) 161(2):279–87. doi: 10.1007/s10549-016-
4059-6

33. Kwon SY, Bae YK, Gu MJ, Choi JE, Kang SH, Lee SJ, et al. Neuroendocrine
differentiation correlates with hormone receptor expression and decreased survival in
patients with invasive breast carcinoma. Histopathology (2014) 64(5):647–59.
doi: 10.1111/his.12306

34. Rindi G, Mete O, Uccella S, Basturk O, La Rosa S, Brosens LAA, et al. Overview
of the 2022 who classification of neuroendocrine neoplasms. Endocr Pathol (2022) 33
(1):115–54. doi: 10.1007/s12022-022-09708-2

35. Abdelrahman AE, Rashed HE, Abdelgawad M, AbdelhamidMI. Prognostic impact
of Egfr and cytokeratin 5/6 immunohistochemical expression in triple-negative breast
cancer. Ann Diagn Pathol (2017) 28:43–53. doi: 10.1016/j.anndiagpath.2017.01.009

36. Yue Y, Astvatsaturyan K, Cui X, Zhang X, Fraass B, Bose S. Stratification of
prognosis of triple-negative breast cancer patients using combinatorial biomarkers.
PloS One (2016) 11(3):e0149661. doi: 10.1371/journal.pone.0149661

37. Viale G, Rotmensz N, Maisonneuve P, Bottiglieri L, Montagna E, Luini A, et al.
Invasive ductal carcinoma of the breast with the “Triple-negative” Phenotype:
prognostic implications of Egfr immunoreactivity. Breast Cancer Res Treat (2009)
116(2):317–28. doi: 10.1007/s10549-008-0206-z

38. Santoni M, Rizzo A, Kucharz J, Mollica V, Rosellini M, Marchetti A, et al.
Complete remissions following immunotherapy or immuno-oncology combinations in
cancer patients: the mouseion-03 meta-analysis. Cancer Immunol Immunother (2023)
72:1365–79. doi: 10.1007/s00262-022-03349-4

39. Rizzo A, Ricci AD. Biomarkers for breast cancer immunotherapy: Pd-L1, tils,
and beyond. Expert Opin Inv Drug (2021) 31(6):549–55. doi: 10.1080/
13543784.2022.2008354

40. Rizzo A, Ricci AD, Lanotte L, Lombardi L, Di Federico A, Brandi G, et al.
Immune-based combinations for metastatic triple negative breast cancer in clinical
trials: current knowledge and therapeutic prospects. Expert Opin Inv Drug (2022) 31
(6):557–65. doi: 10.1080/13543784.2022.2009456
frontiersin.org

https://doi.org/10.1016/j.ajpath.2017.03.016
https://doi.org/10.1016/j.ajpath.2017.03.016
https://doi.org/10.1038/s41467-018-06052-0
https://doi.org/10.1056/NEJMra1001389
https://doi.org/10.1002/cncr.25352
https://doi.org/10.1111/j.1365-2559.2011.03880.x
https://doi.org/10.1111/j.1365-2559.2011.03880.x
https://doi.org/10.5858/arpa.2016-0364-RS
https://doi.org/10.1159/000472254
https://doi.org/10.1159/000472254
https://doi.org/10.1111/HIS.14091
https://doi.org/10.1111/HIS.14091
https://doi.org/10.1186/1471-2407-14-147
https://doi.org/10.1038/modpathol.2017.107
https://doi.org/10.1111/his.12766
https://doi.org/10.1016/j.ijsu.20
https://doi.org/10.3892/or_00000154
https://doi.org/10.1016/s1743-9191(13)60023-0
https://doi.org/10.1046/j.1365-2559.2002.01336.x
https://doi.org/10.1016/j.breast.2003.11.008
https://doi.org/10.1016/S0046-8177(03)00411-8
https://doi.org/10.1016/j.breast.2013.11.005
https://doi.org/10.1186/1477-7819-11-128
https://doi.org/10.1007/s11684-014-0345-z
https://doi.org/10.3892/ol.2011.320
https://doi.org/10.1634/theoncologist.2015-0309
https://doi.org/10.1016/j.path.2022.05.007
https://doi.org/10.1158/1078-0432.CCR-16-1113
https://doi.org/10.1016/j.ando.2019.04.011
https://doi.org/10.1159/000365514
https://doi.org/10.1007/s12020-017-1474-3
https://doi.org/10.3390/ijms20123049
https://doi.org/10.1002/cam4.4034
https://doi.org/10.1007/s12253-020-00832-0
https://doi.org/10.1007/s12253-020-00832-0
https://doi.org/10.1200/jco.2013.50.9984
https://doi.org/10.1200/jco.2013.50.9984
https://doi.org/10.1007/s10549-016-4059-6
https://doi.org/10.1007/s10549-016-4059-6
https://doi.org/10.1111/his.12306
https://doi.org/10.1007/s12022-022-09708-2
https://doi.org/10.1016/j.anndiagpath.2017.01.009
https://doi.org/10.1371/journal.pone.0149661
https://doi.org/10.1007/s10549-008-0206-z
https://doi.org/10.1007/s00262-022-03349-4
https://doi.org/10.1080/13543784.2022.2008354
https://doi.org/10.1080/13543784.2022.2008354
https://doi.org/10.1080/13543784.2022.2009456
https://doi.org/10.3389/fendo.2023.1205631
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Expression of neuroendocrine markers predicts increased survival in triple-negative breast cancer patients
	1 Introduction
	2 Materials and methods
	2.1 Case enrollment and clinicopathological data acquisition
	2.2 IHC staining
	2.3 Statistical analysis

	3 Results
	3.1 Clinicopathological characteristics of TNBC patients
	3.2 K-M survival analysis of the effect of NE markers on TNBC patient prognosis
	3.3 Correlations between NE markers and other TNBC parameters
	3.4 Pathological characteristics of the 30 NE marker-positive TNBC cases
	3.5 ATRX, MGMT, SSTR2, and PD-L1 expression in NE marker-positive TNBC cases

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


