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Background: To assess the distribution characteristics and the prognostic value of
immune infiltration in female oligometastatic breast cancer patients.

Methods: We retrospectively analyzed the clinicopathological data of oligometastatic
breast cancer (OMBC) patients diagnosed between June 2000 and January 2020. Immune
markers were quantified by immunohistochemistry on FFPE tissues in paired normal breast
tissues, primary breast cancers and oligometastatic lesions. Survival analyses were
performed using the Kaplan-Meier curves and Cox-proportional hazards model.

Results: A total of 95 female OMBC patients visited Sun Yat-sen University Cancer
Center between June 2000 and January 2020, and 33 of them had matched normal
breast tissues, primary cancers and oligometastatic lesions and were reviewed in immune
infiltration analysis. CD8 of primary tumors had a higher expression than that in matched
normal tissues. The expressions of CD8 and FOXP3 were higher in the primary sites than
that in the oligometastatic lesions. CD3, CD4 and CD8 were significantly lower in the
intratumoral regions than that in the peritumoral regions both in primary and
oligometastatic lesions. Notably, the high percentage of CD3 in the intratumoral
oligometastatic lesions predicted the longer PFS and OS, and higher CD4 in the same
lesions also predicted a better OS. There was obviously positive correlation between CD4/
CD3 and Ki-67 in primary cancers and negative correlation between CD4/CD3 and ER in
oligometastatic sites.

Conclusion:We explored immune distribution and evolution in time and space in OMBC
to provide new understandings for biological behaviors of this disease and further divided
patients in different prognosis.

Keywords: immune infiltration, primary tumor, oligometastatic lesion, intratumoral, peritumoral, prognostic value,
oligometastatic breast cancer
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INTRODUCTION

Breast cancer remains the most commonly diagnosed female
malignant tumor with the highest incidence and mortality in
2020 worldwide (1). Distant metastasis/recurrence and its
complications are the main cause of breast cancer-specific
mortality. Approximately 20-30% of breast cancer patients may
occur metastases after diagnosis and primary tumor treatment
(2, 3), and the 5-year overall survival (OS) rate of metastatic
breast cancer (MBC) patients is only 25% (4). MBC is
heterogeneous both biologically and clinically in terms of
proclivity for certain sites and disease burden (5). The
oligometastatic breast cancer (OMBC) represents a special
condition (6) and develops in about 1-10% of new MBC (7, 8).
Oligometastatic disease, as a low volume metastatic disease, is
defined as a state with limited number and size of metastatic
lesions (up to five for breast cancer) in the 4th ESO-ESMO
International Consensus Guidelines for Advanced Breast Cancer
(ABC4) (9). With the improvement of the insights of
oligometastasis, this disease is further classified into induced/
genuine oligometastatic disease, repeat/de-novo oligometastatic
disease and synchronous/metachronous oligometastatic disease
(10). Due to the potential curability, oligometastatic disease aims
to achieve a complete remission status and a long-term patients’
survival (11, 12). However, since no biomarker for the
identification of patients with different prognoses is clinically
available, the evaluation of oligometastatic disease is based solely
on imaging findings and this manifestation on imaging could
represent different clinical scenarios and might require different
treatment strategies.

Although breast cancer is long considered as a poorly
immunogenic cancer (13), the immune system plays a pivotal
role in growth and development of breast cancer (14).
Immunosurveillance provides an important first defense
against tumor cells, on the other hand, immune responses can
also lead to tumor progression by impairing tissue
microenvironments and accumulating virulent cells through
immunoediting (15, 16). The quantitative and qualitative
differences of tumor-infiltrating lymphocytes (TILs) are
associated with breast cancer progression and survival (17, 18).
The high percentage of CD3+ T cells is related to better outcomes
by inducing a more robust antigen-experienced, antitumor
immune response (19). CD4+ T cells are divided into CD4+ T-
helper 1 (Th1) cells and CD4+ T-helper 2 (Th2) cells, the former
facilitates antigen presentation and predicts favorable prognoses
(20), while the later inhibits cytotoxic T lymphocytes (CTLs)
function, promotes an anti-inflammatory immune response, and
enhances tumor growth (21). CD8+ CTLs are essential for tumor
destruction. Furthermore, the immune contextures of the
Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated protein 4; CTLs,
cytotoxic T lymphocytes; ER, estrogen receptor; FFPE, formalin-fixed paraffin-
embedded; IDC, invasive ductal carcinoma; IHC, immunohistochemistry; MBC,
metastatic breast cancer; OMBC, oligometastatic breast cancer; OS, overall
survival; PD-1, programmed cell death protein 1; PD-L1, programmed cell
death ligand 1; PFS, progression free survival; PR, progesterone receptor; SPSS,
Statistical Package for the Social Sciences; TAMs, tumor-associated macrophages;
Th1, T-helper 1; Th2, T-helper 2; TILs, tumor-infiltrating lymphocytes.
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different compartments also have a correlation to their
potential function and clinical effect. Differential densities of
CD8+ and CD163+ cells in the intratumoral and peritumoral
compartments are found to have significant prognostic value for
clinical outcomes (22). In addition, programmed cell death
protein 1 (PD-1), programmed cell death ligand 1 (PD-L1) and
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), as
immunotherapeutic targets, have also attracted much attention
(23–25).

The relatively limited extension of disease suggests that
appropriate treatment strategies can potentially cure these
OMBC patients. However, the identification of reliable
predictive markers able to stratify patients with different
prognosis is still a challenge. The characterization of host
immunity is closely related to the clinical effectiveness and
prognosis of breast cancer. Monitoring immune responses in
matched normal breast tissues and tumor lesions to follow their
evolution along the disease progression may allow the
identification of biomarkers potentially indicative of the
different clinical outcomes. Therefore, to give new insights and
improve the prognostic stratification, we analyzed the
distribution characteristics and prognostic value of immune
markers in matched normal breast tissue, primary tumor and
metastatic lesions for OMBC.
MATERIALS AND METHODS

Patient Population
Patients with breast cancer at Sun Yat-sen University Cancer
Center between June 2000 and January 2020 were retrospectively
reviewed. Inclusion criteria were as follows: female breast cancer
patients with histologically confirmed diagnosis; metastatic
disease diagnosed by pathology; no more than 5 metastatic
lesions identified by imaging, including contrast-enhanced
computed tomography (CT) and/or magnetic resonance
imaging (MRI) and/or positron emission tomography/
computed tomography (PET/CT); patients with sufficient
pathological tissue to perform immunohistochemistry (IHC).
Exclusion criteria were as follows: any malignancies besides
breast cancer; evidences of hematological or autoimmune
diseases; receipt of immune-related drugs within 3 months
before tumor biopsy; induced oligometastatic disease (patients
with a history of polymetastatic disease); or repeat
oligometastatic disease (patients with a previous diagnosis of
oligometastatic disease). Clinicopathologic information was
retrieved from medical records, including age, TNM stage of
primary disease, the time from primary disease to
oligometastasis, oligometastatic sites and treatment strategy
(including local and systemic therapy) for OMBC, and
pathologic analysis of primary and oligometastatic lesions.
Oligometastatic disease was defined as a situation in which
disease occurred in no more than 5 metastatic sites and this
state lasted for more than 6 months (the patients included was a
relatively strict oligometastatic status rather than a pre stage of
poly-metastasis). Progression free survival (PFS) and OS were
November 2021 | Volume 11 | Article 747012
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defined as time from diagnosis of oligometastasis to the disease
progression and to death (all causes), respectively. All patients
were followed-up until death or study data cutoff (May 2021).
The study was approved by the Ethical Committees of Sun Yat-
sen University Cancer Center (NO.: B2020-319-01) and
individual consent for this retrospective analysis was waived.

Immune Assessment by
Immunohistochemistry
The expression of immune markers (PD-1, PD-L1, CTLA4, CD3,
CD4, CD8, FOXP3, CD68 and CD163) was quantified by
immunohistochemistry on formalin-fixed paraffin-embedded
(FFPE) tissues in paired patient-matched normal breast tissue,
primary tumor and oligometastatic lesions. Consecutive 4-mm
tissue sections were cut from blocks selected for the presence of
representative tumor tissue and immunohistochemistry staining
was performed in one batch per marker to prevent intensity
differences. The expression of PD-1 was assessed for tumor cell
and the CD68 and CD163 double-stained cells were considered
as M2 tumor-associated macrophages (M2-like TAMs). CD3,
CD4, CD8, FOXP3, PD-L1 and CTLA4 expression was
quantified for lymphocytes in normal breast tissue and the
primary/metastatic lesions, the latter were divided into the
peritumoral and intratumoral by hematoxylin-eosin stain. All
markers staining was reported as the percentages of positive cells
per slide. The percentages were averaged from two observers and
used as the final score for every sample. The two observers
discussed the results to reach a consensus if there was a
discrepancy (>20% difference in score).

Immunohistochemical investigations were conducted
according to the standard streptavidin-biotin-peroxidase
complex method. Paraffin-embedded, formalin fixed sections
were dewaxed with xylene, rehydrated by graded ethanol,
rinsed using deionized water, and then blocked with 3%
hydrogen peroxide for 10 min at room temperature. Antigen
retrieval was performed by high-pressure-cooking the samples in
a 10 mM citrate buffer (pH 6.0) for 4 min. Slides were blocked
with 5% normal goat serum for 30 min at room temperature and
subsequently incubated with primary antibody at 4°C overnight.
The primary antibodies (anti-PD-1, clone UMAB199, OriGene
Technologies; anti-PD-L1, clone E1L3N, Cell Signaling
Technology; anti-CTLA4, clone UMAB249, OriGene
Technologies; anti-CD3, clone LN10, OriGene Technologies;
anti-CD4, clone EP204, OriGene Technologies; anti-CD8,
clone SP16, OriGene Technologies; anti-FOXP3, clone
UMAB248, OriGene Technologies; anti-CD68, clone KP1,
OriGene Technologies; anti-CD163, clone 10D6, OriGene
Technologies) were diluted following manufacturer’s protocols.
Secondary goat anti-mouse/rabbit antibodies (PV-6000,
OriGene Technologies) were used to detect primary antibodies.
The sections were counterstained with hematoxylin.

Statistical Analysis
The continuous variables were described by median and range
and the categorical variables were showed with percentages. The
cutoff values for immune markers were recommended by Xtile.
Frontiers in Oncology | www.frontiersin.org 3
The median value was as the cut-off value if no appropriate cutoff
value was proposed by Xtile. Spearman’s correlation coefficient
or Chi-square test’s Phi coefficient served to assess the
correlation among the investigated markers. The Wilcoxon
signed-rank test and Kruskal-Wallis One-Way ANOVA were
used for the statistical analysis of variation in immune infiltration
data between different tissues. The impact of the extent of
immune infiltration on PFS and OS was calculated by Kaplan-
Meier curves. The Cox-proportional hazards model was carried
out to evaluate the simultaneous influence on PFS and OS of all
covariates. For all tests, P values less than 0.05 were considered
statistical difference, and all P values were tested two sided.
Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS), version 25.0; Xtile, version 3.6.1 and
GraphPad Prism, version 6.0.2.
RESULTS

Clinicopathological Characteristics
A total of 95 female OMBC patients visited Sun Yat-sen University
Cancer Center between June 2000 and January 2020, and 33 of
them had matched normal breast tissues, primary cancers and
oligometastatic lesions and were collected in subsequent immune
infiltration analysis (Figure 1). The clinicopathological data of 95
patients were summarized in Table 1. All patients were genuine
oligometastatic disease and de-novo oligometastatic disease. The
pathological subtype of primary sites was all invasive ductal
carcinoma (IDC). 12.6% (12/95) of the patients were
synchronous oligometastatic disease, while the remaining 87.4%
(83/95) were metachronous disease. Liver, lung and brain were the
main oligometastatic sites, accounting for 40.0%, 29.5% and
27.4%, respectively. There were 40 hormone receptor (HR)+
(human epidermal growth factor receptor 2) HER2- breast
cancer, 40 HER2+ cancers and 10 triple negative breast cancer
(TNBC) patients based on the primary tumor. The median time to
oligometastasis from initial diagnosis of breast cancer was 21.19
months. The median PFS and OS after oligometastatic disease
were 16.73 and 162.74 months, respectively. The median follow-
up time after the diagnosis of primary breast cancer was 61.0
months, and the median follow-up time after diagnosis of
oligometastasis was 33.5 months. Among 95 patients included,
91 patients were performed the systemic therapy. A total of 73
(76.8%) patients received the local treatments, including surgery,
radiotherapy and interventional therapy, and surgery was the
main treatment strategy, accounting for 75.3%.

We further explored the impact of conventional
clinicopathological factors on the survival of OMBC. Kaplan-
Meier survival curves analysis suggested that progesterone
receptor (PR) of oligometastatic lesions had close links with OS
(P=0.006) (Figure 2), not PFS (P=0.734). Unfortunately,
no independent impact factor was found for PFS and OS
after oligometastasis on multivariate analysis (factors with
P<0.05 and other important clinicopathological factors
were included).
November 2021 | Volume 11 | Article 747012
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Correlation Between the
Clinicopathological and Immune Markers
We interrogated the correlation between the clinicopathologic
factors and immune markers. Stratified of oligometastatic sites,
we found that the expressions of CD3 (P=0.001), CD4 (P=0.001)
and CD8 (P=0.011) were different in the brain, lung and liver
oligometastatic samples. In the peritumoral, the expressions of
CD3, CD4 and CD8 were the most abundant in liver, followed by
lung and brain shown in Supplementary Table 1.
Frontiers in Oncology | www.frontiersin.org 4
In primary cancer, CD4/CD3 was positively correlated with
Ki-67 (the intratumoral: r=0.410, P=0.042; the peritumoral:
r=0.414, P=0.029) and negatively correlated with PD-L1, but
the number of positive cases of PD-L1 was small (only one
sample expressed PD-L1 in the primary sites and two expressed
PD-L1 in the metastatic lesions). In oligometastatic lesions, the
strongest negative correlation was observed between CD4/CD3
and estrogen receptor (ER) (the intratumoral: r=-0.533, P=0.004;
the peritumoral: r=-0.420, P=0.023). In addition, CD4/CD3 in
TABLE 1 | Clinicopathological characteristics of 95 female oligometastatic breast cancer patients.

Factor Median (range)/number (frequency)

Age at diagnosis of oligometastasis (year) 48 (25-72)
T stage (1-2/3-4/unknown) 74 (77.9%)/18 (18.9%)/3 (3.2%)
N stage (positive/negative/unknown) 73 (76.8%)/21 (22.1%)/1 (1.1%)
Molecular subtype of primary site
(HR+HER2-/HER2+/TNBC/unknown) 40 (42.1%)/40 (42.1%)/10 (10.5%)/5 (5.3%)
Oligometastatic type (synchronous/metachronous) a 12 (12.6%)/83 (87.4%)
Oligometastatic site (liver/lung/brain/others) 38 (40.0%)/28 (29.5%)/26 (27.4%)/3 (3.2%)
Molecular subtype of metastatic site
(HR+HER2-/HER2+/TNBC/unknown) 36 (37.9%)/40 (42.1%)/12 (12.6%)/7 (7.4%)
Systemic therapy after oligometastasis b (yes/no) 91 (95.8%)/4 (4.2%)
Local treatments of oligometastatic lesions c (yes/no) 73 (76.8%)/22 (23.2%)
PFS (months) 16.73 (6.0-120.4)
OS (months) 162.74 (7.5-233.8)
No
aSynchronous oligometastatic disease was referred to maximum 6 months interval between diagnosis of oligometastatic disease and primary cancer diagnosis, metachronous
oligometastatic disease was referred to more than 6 months interval between diagnosis of oligometastatic disease and primary cancer diagnosis.
bAmong 95 patients included, 91 patients were performed the systemic therapy. 39 patients were HR+/HER2- breast cancer of primary tumor, and 20 patients were conducted the
chemotherapy and 19 were carried out the endocrine therapy. 33 patients (84.6%) received anti-HER2 targeted therapy in HER2+ primary breast cancer and all 8 TNBC patients received
chemotherapy.
cLocal treatments of oligometastatic lesions included surgery, radiotherapy and interventional therapy.
HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple negative breast cancer; PFS, progression free survival after oligometastasis; OS, overall survival
after oligometastasis.
FIGURE 1 | A flow chart outlining included patients’ selection.
vember 2021 | Volume 11 | Article 747012
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peritumoral oligometastatic lesions was also inversely related to
PR (r=-0.049, P=0.007) (Supplementary Table 2).
Distribution Difference
of Immune Infiltration
The different distribution of infiltrating immune cells among
matched tissues and matched regions were shown in Figure 3. No
tumor cells expressed PD-1 either in primary or metastatic lesions.
The expression of CD8 (the intratumoral P=0.017, the peritumoral
P<0.001) in primary sites and CD3 (P=0.003) and CD4 (P=0.004) in
the peritumoral primary sites were higher than that in normal breast
cancer (Figure 3A). For paired tumor tissues (Figure 3B), the
percentage of intratumoral CTLA4 was higher in oligometastatic
lesions thanprimary tumor (P=0.043). Thehigher expressionofCD8
and FOXP3 were in primary breast tumors than that in
oligometastatic sites both in the intratumoral and peritumoral
(primary vs oligometastatic tissue: CD8: the intratumoral P=0.031,
the peritumoral P<0.001; FOXP3: the intratumoral P=0.039, the
peritumoral P=0.012). Further, we also compared the distribution of
intratumoral and peritumoral immune infiltrating cells. For primary
and oligometastatic tissue, CD3, CD4 and CD8 were less in the
intratumoral than that in the peritumoral (intratumoral vs
peritumoral tissue: CD3: the primary P=0.002, the metastatic
P=0.001; CD4: the primary P=0.001, the metastatic P=0.025; CD8:
the primaryP=0.002, themetastaticP=0.025). The expression of PD-
L1 and M2-like TAMs in these two regions were not significant
difference both inprimary andmetastatic tissue.CD68 single positive
cells was different (P=0.034) in primary and oligometastatic lesions.

Considering the close relationship between TNBC/HER2+
breast cancer and immune microenvironment, we performed the
subgroup analysis of TNBC and HER2+ breast cancer. There
were 19 TNBC (n=5) and HER2+ (n=14) breast cancer patients
in 33 patients with immune analysis. In TNBC and HER2+
subgroup, the distribution differences of immune indexes were
mainly concentrated in CD3, CD4, CD8 and FOXP3, and the
characteristics was similar to the total population (Figure 4). The
higher percentages of CD3 and CD8 in primary sites and CD4 in
Frontiers in Oncology | www.frontiersin.org 5
the peritumoral primary sites were found than that in normal
breast cancer. CD8 and FOXP3 were higher in primary breast
tumors than that in oligometastatic sites. In primary and
oligometastatic tissue, CD3 were less from the intratumoral
than that from the peritumoral.

Prognostic Value of Immune Markers
The prognostic values of immune markers for OS and PFS in all 33
oligometastatic breast cancer patients were shown in Figure 4. The
PFS rates were 47% at 1 year, 28% at 2 years, and 23% at 3 years;
corresponding OS rates were 88%, 84%, and 78%. The median PFS
for all 33 patients was 17.24 months, and the median OS was 162.00
months, which was similar to that of the overall 99 OMBC patients.

Patients with low percentage of CD3+ immune cells in the
intratumoral oligometastatic lesions had worse PFS (P=0.016)
and OS (P=0.004) than did those with high percentages.
Similarly, there was a statistical difference that low CD3+ T
cells in the peritumoral metastatic lesions also predicted worse
PFS (P=0.028) and OS (P=0.017). For OS, in addition to CD3,
high CD4+ immune cells in the intratumoral metastatic lesions
predicted better clinical outcomes (P=0.018). The expression of
CD3, CD4 and CD8 in normal breast tissue and primary lesions
had no prognostic value for PFS and OS after oligometastasis
(Figure 5). CTLA4, PD-L1, FOXP3+ immune cell and M2-like
TAMs in 3 types of matched tissues did not predict the clinical
outcomes in OMBC patients. CD68 or CD163 single positive
cells had no prognostic value in these patients.

In the subgroup analysis of 19 TNBC and HER2+ breast
cancer, CD3 still maintained its predictive value and the low
expression of CD3 in the intratumoral primary lesions (P=0.015)
and peritumoral oligometastatic lesions (P=0.040) had worse OS
than did those with high expression (Figure 6).
DISCUSSION

It is now well appreciated that immune microenvironment plays
a critical role in the evolution of breast cancer. Oligometastatic
FIGURE 2 | Kaplan–Meier curve for OS of oligometastatic breast cancer patients stratified by PR of oligometastatic lesions. PFS, progression free survival after
oligometastasis; OS, overall survival after oligometastasis.
November 2021 | Volume 11 | Article 747012
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tumors, as a potentially curable state, are given more attention
recently. Studies of the breast tumor microenvironment have
largely focused on tumor mutational and transcriptional
landscapes in primary and conventional polymetastatic breast
cancers (26). Our study is novel in two main regards: (1) we
examined three cohorts of matched normal tissues, primary
breast cancers and oligometastatic lesions, allowing us to
discern immune changes in the whole evolution of OMBC and
(2) we further divided the same samples into the intratumoral
and peritumoral regions to refine the distribution of immune
infiltration in the different areas. We explored the changes of
immune infiltration in time and space to extend the current
cognition of OMBC and to increase the prognosis stratification,
and hoped to provide reference for individual therapy.
Frontiers in Oncology | www.frontiersin.org 6
We detected large-scale differences in the immune
microenvironment in the paired primary and oligometastatic
lesions, as well as normal breast tissue and primary breast cancer.
Most of the markers expressed in immune cells were lower in
oligometastases compared with primary tumors in varying degrees,
which was consistent with previous studies on polymetastases (27,
28). Of them, the expressions of CD8 and FOXP3 were substantially
lower in the oligometastatic sites than that in the primary sites both
in the intratumoral and peritumoral regions. Cytotoxic T cells,
identifiable by CD8 expression, recognize cells that present foreign
antigens in association with the major histocompatibility complex
class I molecule through a specific interaction between the presented
antigen and the T-cell receptor (29). Cytotoxic T cells, as a major
effector component of the adaptive immune system, can act on
A

B

FIGURE 3 | Differential distribution of immune markers in matched normal breast tissues, primary cancers and oligometastatic lesions. (A) Differential distribution of
immune markers in normal tissue and primary lesions. (B) Differential distribution of immune markers in primary and metastatic lesions. NBT, normal breast tissue;
PBT_I, intratumoral regions of primary breast tissue; MET_I, intratumoral regions of oligometastatic lesions; PBT_P, peritumoral regions of primary breast tissue;
MET_P, peritumoral regions of oligometastatic lesions.
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tumor cells which can present atypical antigens (30, 31), which also
partly explained why the CD8 of the primary lesions was higher
than that of the normal tissues. Regulatory T cells, which express
FOXP3, promote tumor growth by inducing host tolerance against
tumor antigens by attenuating the T cell-mediated immune
response against the tumor cells and enabling them to evade the
antitumor immune response (32). Although these two functionally
distinct subsets of T cells exerted paradoxical effects in immune
response, the expression CD8 and FOXP3 depleted probably due to
a decrease in the overall immune level in oligometastatic lesions. In
terms of the regional distribution of immune infiltration, CD3, CD4
and CD8 were significantly lower in the intratumoral than that in
the peritumoral both in primary and oligometastatic lesions. This
implied a difference in the distribution significance of the immune
cells between the intratumoral and peritumoral regions of
oligometastatic breast cancer, which might be due to the
difference in intensity of the immune response at the two regions
(33). Colorectal liver oligometastasis was the best understood
tumors on oligometastasis and the findings also showed a lower
expression of immune markers (CD3, CD8 and FOXP3) and a
lower TILs density in the intratumoral regions of liver metastases
than in the peritumoral regions, which was in line with our results
(33–35). And immunosuppression might be promoted by a high
tumor burden in the intratumoral microenvironment (36, 37).

The analysis of prognostic implications of lymphocytic subsets
and density demonstrated that the high percentage of CD3 in the
intratumoral oligometastatic lesions predicted the longer PFS and
OS, and higher expression of CD4 in the same lesions was related to
a better OS. CD3 is expressed on the surface of mature T cells and is
associated with better outcomes based on previous studies (38, 39).
The role of CD4+ TILs in breast cancer is complex and the numbers
and cell subsets of CD4+ T cells dynamically changed with breast
cancer progression (40, 41). Preclinical researches showed that CD4
Frontiers in Oncology | www.frontiersin.org 7
+ T cells changed their dominant subsets from Th1 in the early
stages to Treg and Th17 cells in the late stages of the cancer
progression (42), interestingly, oligometastatic disease was proposed
as an intermediate state between localized and systemically
metastasized disease. The less specific and, perhaps, biologically
irrelevant total CD3 and, occasionally, complex and dynamic CD4
density may offer prognostic information in oligometastatic setting,
while the individual stromal and intratumoral lymphocytic subset
markers may not so. While immunohistochemistry improves
accuracy of these markers expressed on lymphoid cells to assess
the clinical importance of subtyping lymphocytes, at the present
time any added value from these markers is unclear (43). From the
biological aspect, none of the CD3, CD4, and other
immunophenotypes can be considered as a surrogate of the
extreme heterogeneity and functional diversity of these
lymphocytic populations in the tumor microenvironment (44).
Since the immune contexture in breast carcinomas and
methodological limitations, it appears that less specific markers
offer more information than the more specific but still partly
understood ones.

The balance among various immune cells was also worthy of
attention, which reflects the immune response in the tumor
microenvironment, TIL ratios may be also a predictor of clinical
outcome. In our study, there was obviously positive correlation
between CD4/CD3 and Ki-67 in primary cancer and negative
correlation between CD4/CD3 and ER in oligometastatic cancer.
The quantitative balance between different subsets of TILs is also
revealed by the immune cell ratio, which may be more reliable to
indicate the immunologic response status on the tumor
microenvironment. Highly proliferating metastatic tumors,
possibly because proliferation is related to higher levels of
genomic aberrations and, therefore to produce the neoantigens,
may attract T cells (45). Perhaps, adding proliferation index, as Ki-
A B

FIGURE 4 | Differential distribution of CD3, CD4, CD8 and FOXP3 in matched normal breast tissues, primary cancers and oligometastatic lesions in TNBC and
HER2+ breast cancer. (A) Differential distribution of CD3, CD4, CD8 and FOXP3 in normal tissue and primary lesions. (B) Differential distribution of CD3, CD4, CD8
and FOXP3 in primary and metastatic lesions. NBT, normal breast tissue; PBT_I, intratumoral regions of primary breast tissue; MET_I, intratumoral regions of
oligometastatic lesions; PBT_P, peritumoral regions of primary breast tissue; MET_P, peritumoral regions of oligometastatic lesions.
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67, to the known associations between immune infiltration and
subtypes may expand the knowledge of characterizing the status of
host anti-tumor immune response, which needs to be taken into
account in breast cancer therapeutics. Hormone receptor positive
tumors have less TIL. The decreased lymphocytic infiltrate may be
due to the expression of the estrogen receptor which has been
shown to both promote a Th2 immune environment and decrease
MHC class II expression in breast cancer cells (46, 47).

Considering different types of oligometastatic disease, all 95
OMBC patients included were genuine oligometastatic disease
and de-novo oligometastatic disease, which reduced the
heterogeneity of the population in terms of biological behavior
and drug response of this disease (10). We did not further classify
OMBC patients with simultaneous and metachronous metastases
Frontiers in Oncology | www.frontiersin.org 8
for the following reasons: 1) No consensus approached about the
interval between diagnosis of primary cancer and oligometastasis to
differentiate between synchronous and metachronous disease,
especially synchronous disease (48). 2) The view that synchronous
oligometastatic disease was associated with a worse prognosis than
metachronous oligometastatic disease (49) were not confirmed by
all studies (50). In addition, we explored to add time index, namely
the time from diagnosis of oligometastatic disease to disease
progression more than 6 months, to the current definition of
oligometastasis to ensure a relatively strict oligo-metastatic status
rather than a pre stage of poly-metastasis.

Our study also has several limitations. This is a small
retrospective study of patient-matched pairs of primary and
oligometastatic tumor samples from breast cancer. Our results
A

B

FIGURE 5 | Kaplan–Meier curve for PFS (A) and OS (B) of oligometastatic breast cancer patients stratified by the expression of CD3, CD4 and CD8. PBT, primary
breast tissue; MET, oligometastatic lesions.
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should be interpreted with caution and a larger number of
OMBC are needed to test the strength of our findings. Second,
the receipt of other treatments before biopsy of oligometastasis,
such as surgery, radiotherapy and chemotherapy, may have
influenced the expression of immune cells in our patients.
Third, the gene and RNA test were not carried out due to the
limitation of specimen. The implementation of multiomics
analysis can well explain the difference of immune infiltration
in the multiple level. Despite these limitations, our study clearly
highlights on the evolution and involvement of immune
infiltration in the progression from a primary tumor to its
oligometastatic cascade in breast cancer patient. In addition,
we shed light on the prognostic values of immune markers and
provided new insights for biological behaviors of the disease and
further individualized treatment in OMBC.

Increasing attention has been paid to oligometastatic tumors
due to the potentially curable possibility. We discerned immune
changes in the whole evolution of OMBC and further refined
the distribution of immune infiltration in the different regions.
In addition, we found that high expression of CD3 in
the intratumoral oligometastatic lesions predicted the longer
PFS and OS. We improved the stratification of prognosis
and provided new insights for biological behaviors of the
disease and further individualized treatment in OMBC patients.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Oncology | www.frontiersin.org 9
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethical Committees of Sun Yat-Sen University
Cancer Center (NO.: B2020-319-01). The patients/participants
provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

Conception and design: DZ, KJ, FX, and SW. Administrative
support: FX and SW. Provision of study materials or patients:
DZ, KJ, RH, QL, and WX. Collection and assembly of data: DZ,
KJ, RH, QL, and WX. Data analysis and interpretation: DZ, KJ,
ML, CZ, and QZ. Manuscript writing: all authors. Final approval
of manuscript: all authors.
FUNDING

The study was funded by National Natural Science Foundation
of China U1601224, National Natural Science Foundation of
China 81272896, and National Natural Science Foundation of
China 81602313.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
747012/full#supplementary-material
FIGURE 6 | Kaplan–Meier curve for OS of TNBC and HER2+ oligometastatic breast cancer patients stratified by the expression of CD3. PBT, primary breast tissue;
MET, oligometastatic lesions.
November 2021 | Volume 11 | Article 747012

https://www.frontiersin.org/articles/10.3389/fonc.2021.747012/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.747012/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhou et al. Immune Infiltration of OMBC
REFERENCES
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA: Cancer J Clin
(2021) 71:209–49. doi: 10.3322/caac.21660

2. O'Shaughnessy J. Extending Survival With Chemotherapy in Metastatic
Breast Cancer. Oncologist (2005) 10(Suppl 3):20–9. doi: 10.1634/
theoncologist.10-90003-20

3. Cancer Genome Atlas Network. Comprehensive Molecular Portraits of
Human Breast Tumours. Nature (2012) 490:61–70. doi: 10.1038/nature11412

4. Valastyan S, Weinberg RA. Tumor Metastasis: Molecular Insights and
Evolving Paradigms. Cell (2011) 147:275–92. doi: 10.1016/j.cell.2011.09.024

5. Liang Y, Zhang H, Song X, Yang Q. Metastatic Heterogeneity of Breast
Cancer: Molecular Mechanism and Potential Therapeutic Targets. Semin
Cancer Biol (2020) 60:14–27. doi: 10.1016/j.semcancer.2019.08.012

6. Makhlin I, Fox K. Oligometastatic Breast Cancer: Is This a Curable Entity? A
Contemporary Review of the Literature. Curr Oncol Rep (2020) 22:15.
doi: 10.1007/s11912-020-0867-2

7. Pagani O, Senkus E, Wood W, Colleoni M, Cufer T, Kyriakides S, et al.
International Guidelines for Management of Metastatic Breast Cancer: Can
Metastatic Breast Cancer be Cured? J Natl Cancer Institute (2010) 102:456–
63. doi: 10.1093/jnci/djq029

8. Hanrahan EO, Broglio KR, Buzdar AU, Theriault RL, Valero V, Cristofanilli
M, et al. Combined-Modality Treatment for Isolated Recurrences of Breast
Carcinoma: Update on 30 Years of Experience at the University of Texas M.D.
Anderson Cancer Center and Assessment of Prognostic Factors. Cancer
(2005) 104:1158–71. doi: 10.1002/cncr.21305

9. Cardoso F, Senkus E, Costa A, Papadopoulos E, Aapro M, André F, et al. 4th
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34. Tanis E, Julié C, Emile J-F, Mauer M, Nordlinger B, Aust D, et al. Prognostic
Impact of Immune Response in Resectable Colorectal Liver Metastases
Treated by Surgery Alone or Surgery With Perioperative FOLFOX in the
Randomised EORTC Study 40983. Eur J Cancer (Oxford Engl 1990) (2015)
51:2708–17. doi: 10.1016/j.ejca.2015.08.014

35. Wang Y, Lin H-C, Huang M-Y, Shao Q, Wang Z-Q, Wang F-H, et al. The
Immunoscore System Predicts Prognosis After Liver Metastasectomy in
Colorectal Cancer Liver Metastases. Cancer Immunol Immunother CII
(2018) 67:435–44. doi: 10.1007/s00262-017-2094-8

36. Munn DH, Bronte V. Immune Suppressive Mechanisms in the Tumor
Microenvironment. Curr Opin Immunol (2016) 39:1–6. doi: 10.1016/
j.coi.2015.10.009

37. Gajewski TF, Meng Y, Blank C, Brown I, Kacha A, Kline J, et al. Immune
Resistance Orchestrated by the Tumor Microenvironment. Immunol Rev
(2006) 213:131–45. doi: 10.1111/j.1600-065X.2006.00442.x

38. Savas P, Salgado R, Denkert C, Sotiriou C, Darcy PK, Smyth MJ, et al. Clinical
Relevance of Host Immunity in Breast Cancer: From TILs to the Clinic. Nat
Rev Clin Oncol (2016) 13:228–41. doi: 10.1038/nrclinonc.2015.215

39. Denkert C, Loibl S, Noske A, Roller M, Müller BM, Komor M, et al. Tumor-
Associated Lymphocytes as an Independent Predictor of Response to
November 2021 | Volume 11 | Article 747012

https://doi.org/10.3322/caac.21660
https://doi.org/10.1634/theoncologist.10-90003-20
https://doi.org/10.1634/theoncologist.10-90003-20
https://doi.org/10.1038/nature11412
https://doi.org/10.1016/j.cell.2011.09.024
https://doi.org/10.1016/j.semcancer.2019.08.012
https://doi.org/10.1007/s11912-020-0867-2
https://doi.org/10.1093/jnci/djq029
https://doi.org/10.1002/cncr.21305
https://doi.org/10.1093/annonc/mdy192
https://doi.org/10.1016/S1470-2045(19)30718-1
https://doi.org/10.1200/JCO.1983.1.12.776
https://doi.org/10.1245/s10434-012-2333-3
https://doi.org/10.1146/annurev.me.39.020188.000431
https://doi.org/10.1186/bcr3620
https://doi.org/10.1172/JCI31405
https://doi.org/10.1159/000386035
https://doi.org/10.1158/1078-0432.CCR-15-1315
https://doi.org/10.1016/S1470-2045(17)30904-X
https://doi.org/10.1016/S1470-2045(17)30904-X
https://doi.org/10.1038/s41591-018-0078-7
https://doi.org/10.1038/nri3845
https://doi.org/10.1038/nri3845
https://doi.org/10.1074/jbc.M707693200
https://doi.org/10.1186/s40425-017-0240-7
https://doi.org/10.1038/s41591-019-0432-4
https://doi.org/10.1016/j.ccell.2018.01.009
https://doi.org/10.1016/j.ymthe.2017.10.020
https://doi.org/10.1186/s40425-019-0755-1
https://doi.org/10.1093/annonc/mdy399
https://doi.org/10.1016/j.humpath.2018.06.008
https://doi.org/10.1016/j.humpath.2018.06.008
https://doi.org/10.1146/annurev.iy.12.040194.003511
https://doi.org/10.1038/nrclinonc.2010.223
https://doi.org/10.1158/0008-5472.CAN-07-3095
https://doi.org/10.1002/hep.26013
https://doi.org/10.3390/cancers11121922
https://doi.org/10.1016/j.ejca.2015.08.014
https://doi.org/10.1007/s00262-017-2094-8
https://doi.org/10.1016/j.coi.2015.10.009
https://doi.org/10.1016/j.coi.2015.10.009
https://doi.org/10.1111/j.1600-065X.2006.00442.x
https://doi.org/10.1038/nrclinonc.2015.215
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhou et al. Immune Infiltration of OMBC
Neoadjuvant Chemotherapy in Breast Cancer. J Clin Oncol (2010) 28:105–13.
doi: 10.1200/JCO.2009.23.7370

40. Chung YR, Kim HJ, Jang MH, Park SY. Prognostic Value of Tumor
Infiltrating Lymphocyte Subsets in Breast Cancer Depends on Hormone
Receptor Status. Breast Cancer Res Treat (2017) 161:409–20. doi: 10.1007/
s10549-016-4072-9

41. Matkowski R, Gisterek I, Halon A, Lacko A, Szewczyk K, Staszek U, et al. The
Prognostic Role of Tumor-Infiltrating CD4 and CD8 T Lymphocytes in Breast
Cancer. Anticancer Res (2009) 29:2445–51.

42. Huang Y, Ma C, Zhang Q, Ye J, Wang F, Zhang Y, et al. CD4+ and CD8+ T
Cells Have Opposing Roles in Breast Cancer Progression and Outcome.
Oncotarget (2015) 6:17462–78. doi: 10.18632/oncotarget.3958

43. Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, Pruneri G, et al.
The Evaluation of Tumor-Infiltrating Lymphocytes (TILs) in Breast Cancer:
Recommendations by an International TILs Working Group 2014. Ann Oncol
(2015) 26:259–71. doi: 10.1093/annonc/mdu450

44. Koletsa T, Kotoula V, Koliou G-A, Manousou K, Chrisafi S, Zagouri F, et al.
Prognostic Impact of Stromal and Intratumoral CD3, CD8 and FOXP3 in
Adjuvantly Treated Breast Cancer: Do They Add Information Over Stromal
Tumor-Infiltrating Lymphocyte Density? Cancer Immunol Immunother CII
(2020) 69:1549–64. doi: 10.1007/s00262-020-02557-0

45. Thorsson V, Gibbs DL, Brown SD, Wolf D, Bortone DS, Ou Yang T-H, et al.
The Immune Landscape of Cancer. Immunity (2018) 48:812–30.e14.
doi: 10.1016/j.immuni.2018.03.023

46. Jiang X, Ellison SJ, Alarid ET, Shapiro DJ. Interplay Between the Levels of Estrogen
and Estrogen Receptor Controls the Level of the Granzyme Inhibitor, Proteinase
Inhibitor 9 and Susceptibility to Immune Surveillance by Natural Killer Cells.
Oncogene (2007) 26:4106–14. doi: 10.1038/sj.onc.1210197

47. Mostafa AA, Codner D, Hirasawa K, Komatsu Y, Young MN, Steimle V, et al.
Activation of Era Signaling Differentially Modulates IFN-g Induced HLA-
Class II Expression in Breast Cancer Cells. PLoS One (2014) 9:e87377.
doi: 10.1371/journal.pone.0087377
Frontiers in Oncology | www.frontiersin.org 11
48. Palma DA, Salama JK, Lo SS, Senan S, Treasure T, Govindan R, et al. The
Oligometastatic State - Separating Truth From Wishful Thinking. Nat Rev
Clin Oncol (2014) 11:549–57. doi: 10.1038/nrclinonc.2014.96

49. Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH. Clinical Score for
Predicting Recurrence After Hepatic Resection for Metastatic Colorectal
Cancer: Analysis of 1001 Consecutive Cases. Ann Surg (1999) 230:309–18.
doi: 10.1097/00000658-199909000-00004

50. Fleckenstein J, Petroff A, Schäfers H-J, Wehler T, Schöpe J, Rübe C. Long-
Term Outcomes in Radically Treated Synchronous vs. Metachronous
Oligometastatic non-Small-Cell Lung Cancer. BMC Cancer (2016) 16:348.
doi: 10.1186/s12885-016-2379-x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The reviewer CG declared a shared affiliation with the authors to the handling
editor at the time of the review.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhou, Jiang, Hong, Lu, Xia, Li, Zheng, Zheng, Xu and Wang. 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.
November 2021 | Volume 11 | Article 747012

https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1007/s10549-016-4072-9
https://doi.org/10.1007/s10549-016-4072-9
https://doi.org/10.18632/oncotarget.3958
https://doi.org/10.1093/annonc/mdu450
https://doi.org/10.1007/s00262-020-02557-0
https://doi.org/10.1016/j.immuni.2018.03.023
https://doi.org/10.1038/sj.onc.1210197
https://doi.org/10.1371/journal.pone.0087377
https://doi.org/10.1038/nrclinonc.2014.96
https://doi.org/10.1097/00000658-199909000-00004
https://doi.org/10.1186/s12885-016-2379-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Distribution Characteristics and Prognostic Value of Immune Infiltration in Oligometastatic Breast Cancer
	Introduction
	Materials and Methods
	Patient Population
	Immune Assessment by Immunohistochemistry
	Statistical Analysis

	Results
	Clinicopathological Characteristics
	Correlation Between the Clinicopathological and Immune Markers
	Distribution Difference of Immune Infiltration
	Prognostic Value of Immune Markers

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	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 /LeaveColorUnchanged
  /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


