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ABSTRACT

Background: Immune checkpoint inhibitors are reported to be effective in
patients with brain metastases. However, detailed characteristics of the brain
metastasis immune microenvironment remain unexplored.

Results: The median tumor-infiltrating lymphocyte (TIL) category in brain
metastases was 5% (1-70%). In 46 pair-matched samples, the percentages of TILs
were significantly higher in primary breast tumors than in brain metastases (paired
t-test, P < 0.01). The numbers of CD4/CD8/Foxp3-positive cells were significantly
higher in primary breast tumors than in brain metastases (paired t-test, P < 0.05 for
all antibodies). In patients with triple-negative breast cancer specifically, low TIL
numbers were associated with significantly shorter overall survival compared to high
TIL numbers (log-rank test, P = 0.04).

Materials and Methods: We retrospectively identified 107 patients with
breast cancer and brain metastases who had undergone surgery between 2001
and 2012 at 8 institutions, and collected 191 samples including brain metastases
alone and primary tumors with pair-matched brain metastasis samples.
Hematoxylin and eosin-stained slides were evaluated for TILs and categorized
according to the extent of staining. Immunohistochemistry for CD4, CD8, Foxp3,
PD-L1, PD-L2, and HLA class I was also performed.

Conclusions: There are significantly fewer TILs in brain metastases than in
primary breast tumors.
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INTRODUCTION

Breast cancer is the second most common cause of
brain metastases [1]. Brain metastases occur later during
the course of metastatic disease and have a profoundly
negative effect on survival despite extensive treatment.
The median survival after a diagnosis of brain metastasis
in patients with breast cancer is approximately 15 months
(range: 1-55 months) [2, 3]. Thus, new therapeutic options
are urgently needed to improve the prognoses of patients
with brain metastases.

In the past, the brain was considered an immune-
privileged organ; however, many studies show that this
immune privilege is not absolute but is relative to that
of other organs [4]. Disruption of the blood-brain barrier
(BBB) and a change in the composition of the extracellular
matrix by central nervous system tumors can render the
BBB leaky at the tumor site [5]. The intact brain contains
almost no lymphocytes; however, T and B cells have been
observed in the milieus of brain metastases [6]. Therefore,
the unique features of brain metastases compared to those
of extracranial lesions must be considered prior to
treatment with immune-modulating therapy.

The presence of tumor-infiltrating lymphocytes
(TILs) has recently been associated with favorable long-
term outcomes in breast cancer [7]. Previous studies have
reported that a higher TIL count at baseline is associated
with a greater likelihood of a complete pathological response
after neoadjuvant chemotherapy (NAC), particularly
in human epidermal growth factor receptor-2 (HER2)-
positive and triple-negative (TN; estrogen receptor [ER]/
progesterone receptor [PR]/HER2-negative) breast cancers
[8]. In addition, the presence of TILs in residual disease
after NAC is associated with better prognosis in TN breast
cancers [9]. In a previous clinical trial, pharmacological
inhibition of the immune checkpoint protein, programmed
death 1 (PD-1) was reported to be effective against
melanoma, lung cancer, and certain types of breast cancer
[10]. Furthermore, programmed death-ligand 1 (PD-L1)
expression in tumor cells was found to be predictive of
the response to PD-1 or PD-L1 inhibitors in the treatment
of lung cancer, although some methodological problems
(i.e., discordance between staining conditions, antibodies,
fixation conditions, timing of biopsies, and cut-off values
for positive vs. negative staining) were noted [11]. PD-1
inhibitors also showed activity against brain metastases in
patients with melanoma and lung cancer [12]. However,
whether PD-L1 expression in metastatic tumors can predict
responses to PD-1 or PD-L1 inhibitors in patients with brain
metastases has yet to be determined.

The immune microenvironments of brain metastases
arising from breast tumors have been investigated [13, 14]
but have not been thoroughly compared to those of the
primary breast tumors. In this study, we compared the TIL
counts and immune system-related characteristics such
as levels of CD4, CDS, Foxp3, PD-L1, PD-L2, and HLA

class I antigen between primary breast tumors and the
corresponding brain metastases via immunohistochemistry
to better characterize the immune microenvironment of
brain metastases.

RESULTS

The clinicopathological characteristics of the
107 patients with breast cancer and brain metastases
are detailed in Table 1. The median follow-up time was
13 months (range: 1-152 months) after the initial brain
metastasis diagnosis; 20 patients (19%) were alive at the
last follow-up visit.

Fourteen brain metastasis specimens were
excluded from our analysis because of low quality or
small quantity. The median TIL categories (based on the
extent of staining) for primary tumors (N = 58) and brain
metastases (N = 93) were 20% and 5% (ranges: 1-80%
and 1-70%), respectively (Figure 1A). Based on the
effect of radiotherapy, the median TIL categories for brain
metastases for which the first therapy was radiotherapy
(N = 14) and surgery (N = 79) were both 5% (ranges:
1-30% and 1-70%, respectively). There was no significant
difference in TILs between the radiotherapy vs. surgery
(as first therapy) groups (P = 0.72).

As for the pair-matched samples (N = 46), there
were significantly more TILs in the primary breast tumors
than in the brain metastases (paired t-test, P < 0.01)
(Figure 1B). The numbers of CD4/CD8/Foxp3-positive
cells were also significantly greater in the primary breast
tumors than in the brain metastases (paired #-test, P < 0.05
[all categories]). There was a moderate positive correlation
in the ratio of CD8/Foxp3-positive cells between primary
and brain metastases tumors (Spearman’s correlation test,
r=0.406, P =0.01). Representative images are shown in
Figure 2.

Negative conversion of HLA expression in tumor
cells was observed in brain metastases compared to the
primary tumors (McNemer test, P = 0.06). In contrast,
positive conversion of PD-L2 was observed in brain
metastases compared to the primary tumors (McNemer
test, P = 0.10). However, there was no clear difference
in PD-L1 positivity between primary tumors and brain
metastases (McNemer test, P = 0.58) (Supplementary
Table 2).

As for brain metastasis classifications according
to their microenvironments (described in the Patients
and Methods section), 16% were type I, 17% were type
II, 17% were type III, and 31% were type IV (N = 87).
In pair-matched tumors, 42% of primary tumors were
type I (adaptive) compared to 16% of brain metastases;
moreover, 42% or primary tumors were type [V (tolerance)
compared to 20% of brain metastases (Figure 3).

We analyzed overall survival (OS) rates following
the initial brain metastasis diagnosis according to the
percentage of TILs in these brain metastases. Patients with
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Table 1: Patient characteristics

Total (N =107)

Age at breast cancer diagnosis mean (range) 51 (22-73)
ER status
Positive 44 (41%)
Negative 55 (51%)
Unknown 8 (7%)
PR status
Positive 30 (28%)
Negative 69 (64%)
Unknown 8 (7%)
HER?2 status
Positive 45 (42%)
Negative 54 (50%)
Unknown 8 (7%)
Subtype
Luminal HER2-negative 27 (25%)
Luminal HER2-positive 15 (14%)
HER2-enriched 29 (27%)
Triple-negative 26 (24%)
Unknown 10 (9%)
Histological grade
Gl 4 (4%)
G2 23 (21%)
G3 34 (32%)
Unknown 46 (43%)
Chemotherapy before brain metastases surgery
Metastatic 48 (45%)
Neoadjuvant® 15 (14%)
Adjuvant” 70 (65%)
No 12 (11%)
Unknown 10 (9%)
Number of brain metastases
3 or less 81 (76%)
More than 3 18 (17%)
Unknown 8 (7%)
Treatment for first brain metastases
Surgery 91 (85%)
STI 10 (9%)
WBI 6 (6%)

*Neoadjuvant/Adjuvant is referring to the treatment timing of the primary breast tumor.ER, estrogen receptor; PR, proges-
terone receptor; HER2, human epidermal growth factor receptor-2; Luminal, ER-positive and PR-positive type; STI, stereo-
tactic irradiation, WBI, whole-brain irradiation.
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low TILs had a shorter OS than those with high TILs (log-
rank test, P = 0.131); the high/low cut-off point was the
median percentage of TILs (Figure 4A). We next analyzed
OS following the initial brain metastasis diagnosis
according to the percentage of TILs in brain metastases by
subtype (luminal HER2-negative, luminal HER2-positive,
HER2-enriched, and TN); low TIL counts were associated
with significantly shorter OS rates only in TN tumors (log-
rank test, P = 0.04) (Figure 4B).

DISCUSSION

In this study, we confirmed that brain metastases
have fewer TILs compared to the primary breast tumors
from which they arise. Our results are consistent with
those of our previous study that compared the immune
microenvironments of primary and metastatic breast tumors
[15], and observed relatively fewer TILs in brain metastases
compared to other metastatic sites. This may be attributed
to the immune escape mechanisms of the tumor, as well as
the discriminating immune environment of the brain.

Generally, the number of TILs in primary breast
tumors is a prognostic factor in primary TN breast cancers
[7]: HER2-positive and TN breast cancers demonstrate
a higher rate of existing brain metastases (17 and 15%,
respectively) compared to 9 and 11% for luminal A and
B breast cancers, respectively [2]. We previously showed
that TN breast cancer patients had poorer OS than did
patients with other subtypes after they developed brain
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metastases [3]. We surmise that this occurs because TN
breast cancer has a higher degree of malignancy than
do other breast cancer subtypes. This has prompted a
major drive towards the discovery of effective molecular
therapeutic targets for TN breast cancer. Our data suggest
that patients with low TIL counts in brain metastases have
poorer prognoses than those with high counts. A clinical
trial to test the effects of PD-L1 inhibitors in patients with
brain metastases from epithelial-derived tumors is ongoing
(NCT02669914).

In the present study, the expression levels of PD-
L2 and HLA class I increased while those of HLA class
I decreased in primary tumors vs. brain metastases. The
transformation of the components of the brain metastasis
milieu is consistent with the results of a previous study
that showed that PD-L1 expression, TIL counts, or both
were decreased in brain metastases compared to paired
primary lung tumors [16]. The correlation between
PD-L1 and PD-L2 expression on tumor cells differ among
tumor types [17]. In a previous study, PD-L2 expression
was independently associated with improved clinical
outcomes in patients with head and neck squamous cell
carcinoma [18]. Therefore, it is important to consider the
spatial and temporal heterogeneity of the tumor immune
microenvironment and the discordance between PD-L1
and PD-L2 expression in tumors when cancer patients are
treated with PD-1 or PD-L1 inhibitors.

The proportions of the ‘adaptive immune resistance
and ‘tolerance’ tumor types were lower in brain metastases
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Figure 1: Distribution of tumor-infiltrating lymphocytes (TILs) in primary tumors and brain metastases (A), and a comparison of TILs
between primary tumors and brain metastases in 46 pair-matched cases (B).
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than in the primary breast tumors. Sufficient T cell
infiltration into tumors was critical for a response to
PD-L1 blockade in a mouse model study [19]. Based on
our results, the effects of PD-L1 inhibitor monotherapy
for brain metastases may be limited in patients with

A Primary tumor TILs: 60%

breast cancer. The ‘intrinsic induction’ type, which
comprised approximately 20% of brain metastases, may
require combination therapy with an immune checkpoint
inhibitor plus chemotherapy, radiotherapy, or different
types of immune checkpoint inhibitors, which have the

HE CDh4 | CD8 | Foxp3

|
| PD-L1 | PD-1.2 | HLA

Figure 2: Representative photographs from a single patient with triple-negative primary breast cancer, showing the primary tumor (A)
and brain metastatic tumor (B). The expression of PD-L2 in the tumors converted from weak to strongly positive. Original magnification:
x400. (A) Primary tumor tumor-infiltrating lymphocytes (TILs): 60%. (B) Brain metastatic tumor TILs: 5%.
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potential to induce lymphocyte infiltration. Conventional
chemotherapy can stimulate the immune system against
cancer in several ways, including directly activating
CD4 positive, CDS positive, or yo T cells, leading to the
production of chemokines and cytokines; inhibiting or
depleting immunosuppressive myeloid-derived suppressor
cells and regulatory T cells; and upregulating MHC class
I expression on cancer cells [20]. Damaged cancer cells
treated by radiotherapy release numerous chemokines and
cytokines, and also upregulate MHC class I and PD-L1
expression on cancer cells [21, 22]. Some prospective
clinical trials showed the safety and efficacy of immune
checkpoint inhibitors combined with current standard
chemotherapy [23]. Moreover, several retrospective
series have shown that stereotactic radiation and cytotoxic
T-lymphocyte—associated antigen 4 (CTLA-4) inhibitor
or PD-1 inhibitor can be combined safely for melanoma
patients with brain metastases [24, 25]. Moreover, CTLA-
4 inhibitors frequently induce an increase in T cells
within the tumor [26]. Therefore, identifying an optimal
combination therapy involving immune checkpoint
inhibition would be beneficial.

TILs in brain metastases have the potential to
be affected by corticosteroids, which are generally
prescribed to prevent brain edema. We attempted to
compare the effect of corticosteroids between primary
and brain metastases. However, there were few patients
who had brain metastases at the diagnosis of breast cancer
(N = 3); furthermore, the TIL expression percentages in
these primary tumors were 70% in 1 case and 10% in 2
cases. Accordingly, further study concerning the effect of
corticosteroids is required.

Our study has some limitations. First, it relied on
retrospective data collected from multiple institutions.

44%
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Second, regarding the pathological assessment, TIL
evaluation was conducted by a single pathologist and
tissues were processed in different laboratories before
immunohistochemical analyses were performed, which
may have led to variations in the results. Third, our
study included patients who received different systemic
treatments for brain metastases at multiple institutions,
which may have affected the overall outcomes. Lastly,
this study had a small sample size, as the number of
surgeries performed for brain metastases has decreased
due to advances in radiotherapy treatments. Hence, it will
become increasingly difficult to collect tumor samples
from brain metastases going forward.

In conclusion, we showed that brain metastases have
decreased TIL counts compared to primary breast tumors.
There was no significant difference in PD-L1 positivity
between primary tumors and brain metastases.

MATERIALS AND METHODS

Patient samples

This investigation was based on a previous study
performed by the Japan Clinical Oncology Group-
Breast Cancer Study Group, which encompassed 34
clinical institutions in Japan. The eligibility criteria for
the original study have been described previously [3]. A
large dataset of 107 patients with breast cancer who were
diagnosed with brain metastases and who underwent
surgery between April 1, 2001 and December 31, 2012
was compiled from 8 institutions. Brain metastases were
identified based on magnetic resonance imaging and/or
computed tomography findings. A flowchart of the patient
selection process is shown in Figure 5. Fourteen patients

20%

29%

33%

Brain metastases

mtrinsic ™ tolerance

Figure 3: Four categories of immunologic features. Type I (adaptive immune resistance, tumor-infiltrating lymphocyte [TILs] +/
programmed death-ligand 1 [PD-L1] +), type II (immunological ignorance, TILs-/PD-L1-), type III (intrinsic induction, TILs-/PD-L1+),

and type IV (tolerance, TILs+/PD-L1-).
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were found to have brain metastases when first diagnosed
with breast cancer; the remaining patients were diagnosed
with brain metastases subsequent to treatment for early
or advanced breast cancer. We received 191 samples that
included pair-matched samples of both the primary tumor
and brain metastasis as well as brain metastasis samples
only. Nine patients underwent 2 or more brain metastasis

surgeries. We excluded 15 patients who received NAC
because surgery specimens may contain a greater number
of TILs after NAC administration than do specimens
extracted before its initiation [9]. In the radiotherapy
effect analysis, radiotherapy consisted of both whole
brain irradiation and stereotactic irradiation. This study
was approved by the institutional review board of each
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Figure 4: Kaplan-Meier estimates of overall survival following initial brain metastasis diagnosis according to the percentage of tumor-
infiltrating lymphocytes (TILs) in brain metastases (A), and subtype analysis for triple-negative breast cancer (B).
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participating institute (Osaka National Hospital, Kindai
University School of Medicine, Niigata Cancer Center
Hospital, Tokai University School of Medicine, Shizuoka
General Hospital, Hokkaido Cancer Center, National
Hospital Organization, Tokyo Medical Center, Gunma
Prefectural Cancer Center). The requirement for written
informed consent was waived because of the retrospective
nature of the study.

Pathological assessment

We collected unstained slides from participating
institutions and stained them at Tokai University.
Samples stained with hematoxylin and eosin (H&E)
were reviewed by a pathologist (N.K.) who was blinded
to the clinicopathological characteristics of the patients,
as recommended previously [27]. Representative H&E-
stained slides that contained both the tumor and the stromal
area were selected in each case and evaluated throughout
the entire slide for TILs staining in stromal tissue adjacent
to the primary breast tumor or in the brain parenchyma and
stromal tissue adjacent to the brain metastases. The extents
of staining were scored as 0—1% (considered 1%), > 1—
< 10% (considered 5%), or in 10% increments between
10% and 100%. HER2-positive disease was referred to
a score of 3+ on HER2 immunohistochemical analysis
of the primary tumor or to amplification of the HER2
gene on fluorescence in situ hybridization. A patient was
considered to have ER-positive and PR-positive disease
if at least 1% of the tumor cells were positive for ER
and PR on immunohistochemical analysis, respectively.
Histological grading was assessed using the Nottingham
grading system [28].

191 Total samples
[73 Primary tumor samples
118 Brain metastases samples

Immunohistochemistry was performed using
primary antibodies to the following proteins: CD4, CDS8,
Foxp3, PD-L1, PD-L2, and HLA class I (Supplementary
Table 1). To quantify the TILs in each antibody-stained
slide, virtual slides were constructed using a Nano Zoomer
2.0 HT (Hamamatsu Photonics K.K., Hamamatsu, Japan)
at 40x magnification. Three non-overlapping fields with
average numbers of TILs on the H&E-stained slides
were selected. Cells positive for each antibody were
automatically counted using the ImagelJ software (version
1.51a, NIH) [29, 30]. The numbers of cells positive for
CD4, CD8, Foxp3, PD-L1, and PD-L2 in 3 fields were
averaged. The expression of PD-L1, PD-L2, and HLA-
class I-A, B, and C in the tumor cells was scored as 0
(negative), 1 (weak or focal [10% or less of the area was
strongly positive]), or 2 (strong). We categorized scores of
0 and 1 as negative and scores of 2 as positive.

Classification of tumors

Each specimen was categorized into 4 different
types according to the presence of TILs and PD-LI
expression, as previously described [31]. This initial
simple stratification of the tumors based on their
immune reactivity sets a framework to identify which
pathways should be targeted in order to elicit the best
response for each tumor type. These are type I (adaptive
immune resistance TILs-positive/ PD-L1-positive), type
II (immunological ignorance, TILs-negative/PD-L1-
negative), type III (intrinsic induction, TILs-negative/
PD-L1-positive), and type IV (tolerance, TILs-positive/
PD-L1-negative). We used the median percentage of TILs
in brain metastases as the cut-off value (10%). Scores of
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58 Primary tumor samples

Excluded

Samples of patients receiving neoadjuvant
chemotherapy for primary breast cancer
Samples with low quality or small quantity
Samples from 2™ or 3" brain metastases surgery
of the same patient (9 patients)

15
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93 Brain metastases samples

A4
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Figure 5: Flowchart showing the sample selection process.
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0 and 1 were considered negative, while 2 was considered
positive for PD-L1 expression.

Statistical methods

Paired t-tests for continuous variables and the
McNemer test for categorical variables were used to
determine differences in TIL counts and protein levels
between primary tumors and brain metastases. Spearman’s
test was used to determine the correlations between each
category. OS was defined as the duration between the
diagnosis of brain metastases and death of any cause or the
last follow-up date and was calculated using the Kaplan—
Meier method; survival curves were compared using the
log-rank test. All statistical analyses were performed using
IBM SPSS Statistics version 23 (Armonk, BY, USA); the
differences were considered significant at P < 0.05.

Abbreviations

TILs: tumor-infiltrating lymphocytes, BBB: blood-brain
barrier, NAC: neoadjuvant chemotherapy, HER2: human
epidermal growth factor receptor-2, H&E: hematoxylin
and eosin, TN: triple-negative, ER: estrogen receptor, PR:
progesterone receptor, PD-1: programmed death 1, PD-L1:
programmed death-ligand 1, OS: overall survival, CTLA-4-
cytotoxic T-lymphocyte—associated antigen 4.
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