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Density of tumor-infiltrating lymphocytes
correlates with extent of brain edema and overall
survival time in patients with brain metastases
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The immune microenvironment of the brain differs from that of other organs and the role of tumor-infiltrating
lymphocytes (TILs) in brain metastases (BM), one of the most common and devastating complication of cancer, is
unclear. We investigated TIL subsets and their prognostic impact in 116 BM specimens using immunohistochemistry for
CD3, CD8, CD45R0, FOXP3, PD1 and PD-L1. The Immunoscore was calculated as published previously. Overall, we found
TIL infiltration in 115/116 (99.1%) BM specimens. PD-L1 expression was evident in 19/67 (28.4%) BM specimens and
showed no correlation with TIL density (p > 0.05). TIL density was not associated with corticosteroid administration (p
> 0.05). A significant difference in infiltration density according to TIL subtype was present (p < 0.001; Chi Square); high
infiltration was most frequently observed for CD3+ TILs (95/116; 81.9%) and least frequently for PD1+ TILs (18/116;
15.5%; p < 0.001). Highest TIL density was observed in melanoma, followed by renal cell cancer and lung cancer BM (p
< 0.001). The density of CD8* TILs correlated positively with the extent of peritumoral edema seen on pre-operative
magnetic resonance imaging (p = 0.031). The density of CD3+ (15 vs. 6 mo; p = 0.015), CD8™ (15 vs. 11 mo; p = 0.030)
and CD45RO+ TILs (18 vs. 8 mo; p = 0.006) showed a positive correlation with favorable median OS times.
Immunoscore showed significant correlation with survival prognosis (27 vs. 10 mo; p < 0.001). The prognostic impact of
Immunoscore was independent from established prognostic parameters at multivariable analysis (HR 0.612, p < 0.001).
In conclusion, our data indicate that dense TILs infiltrates are common in BM and correlate with the amount of
peritumoral brain edema and survival prognosis, thus identifying the immune system as potential biomarker for cancer

patients with CNS affection. Further studies are needed to substantiate our findings.

Introduction

BM are common in cancer patients and are associated with
high morbidity and mortality. Median overall survival (OS)
times typically range from weeks to few months, although long-
term survival can be observed in some patients." Current stan-
dard treatment approaches include neurosurgical resection, ste-
reotactic radiosurgery (SRS) and whole-brain radiotherapy
(WBRT). Some molecularly targeted medications have recently
shown benefit in selected BM patients and offer the chance for
improved outcome for selected patients.”> However, better under-
standing of the pathobiology of BM is urgently needed for

development of better treatments with relevance for larger patient
cohorts.

The interplay between cancer and immune cells is a major
determinant in cancer progression and the immune system is
emerging as powerful prognostic marker and therapeutic target
in oncology.” Tt is believed that a constantly ongoing process of
immunologic tumor elimination and sculpting of the immuno-
genic cancer cell phenotype (“immune editing”) is associated
with tumor formation and tumor maintenance in immuno-com-
petent host organisms.” The validity of this concept is supported
by recent data showing a strong correlation of intratumoral

immune cell infiltrates with survival times of cancer patients.”®
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Further, promising clinical data of therapeutic agents that inhibit
tumor-associated immunosuppression such as immune-check-
point inhibitors was reported.9 However, these data have been
generated almost exclusively in patients with extracranial tumor
manifestations of colorectal cancer, ovarian cancer, breast cancer,
melanoma and non-small cell lung cancer, but not in patients

with metastatic affection of the central

(CNS) 6510

The CNS is recognized to have a specialized immunological
microenvironment that differs from that of other organs.11 The
influx of lymphocytes into the CNS is strictly regulated and lym-
phocytes are typically absent from the healthy brain parenchyma.

nervous system

Furthermore, most primary brain tumors are characterized by
prominent immunosuppression and harbor only few TILs.'”
However, there is little knowledge on the role of the immune sys-
tem in BM. Therefore, we undertook the present study to charac-
terize TIL infiltrates and their clinical relevance in BM. To this
end, we compiled a well-characterized cohort of patients operated
for a single BM of a solid cancer. We quantified TIL subsets,
cytotoxic, memory as well as regulatory T cells, in the BM speci-
mens using semiquantitative and automated quantification
methods and performed statistical correlations with clinico-path-
ological parameters including extent of brain edema and survival
times.

Results

Patients’ characteristics

BM specimens of 116 patients (Table 1) were included. All
patients presented with a single BM and were treated with neuro-
surgical resection as first line treatment approach for newly diag-
nosed BM.

Description of TIL infiltration and PD-L1 expression in BM
specimens

TIL density

115/116 (99.1%) specimens presented with TIL infiltration.
Table 2 lists further details on TIL density in the investigated
areas. A significant difference in infiltration density according to
TIL subtype was present (p < 0.001; Chi Square); thereby high
infiltration was most frequently observed for CD3+ TILs (95/
116; 81.9%) and least frequently for PD14 TILs (18/116;
15.5%; p < 0.001). Fig. 1 shows frequency of density according
to the TIL subtype.

Distribution of TIL infiltration

TIL infileration was most prominent in the tumor stroma
(CD3+ TILs; Fig. 2A, arrow a; Fig. 2C) and at the border region
to the peritumoral brain parenchyma (CD3+ TILs; Fig. 2A,
arrow ¢), while only sparse infiltration was observed within the
solid tumor (CD3+ TILs; Fig. 2A, arrow b; Fig. 2B; Table 2).
No TIL infiltration was evident in areas of necrosis or in areas of
brain parenchyma other than the immediate peritumoral border
region.
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PD-L1 expression

Opverall, 19/67 (28.4%) BM specimens presented with mem-
branous PD-L1 expression in over 5% of viable BM tumor cells.
16/61 (26.2%) lung cancer BM and 3/6 (50.0%) melanoma BM
presented with PD-L1 expression in over 5% of viable BM tumor
cells (Fig. 2D).

Correlation of TIL infiltration and PD-L1 expression

No correlation of CD3+ (p = 0.525; Chi Square test), CDhs8™*
(p = 0.242; Chi Square test), CD45RO+ (p = 0.766; Chi
Square test), FOXP3+ (p = 0.415; Chi Square test) or PD1+ (p
= 0.216; Chi Square test) TIL density with PD-L1 expression
was observed.

Correlation of TIL density with clinical parameters

Primary tumor subtype

Melanoma BM presented with the highest density of CD3+
TILs (p = 0.025; Chi Square test), CD8" TILs (p = 0.029; Chi
Square test) and PD1+ TILs (p < 0.001; Chi Square test) com-
pared to the other primary tumor types (Fig. S1). No correlation
was observed between FOXP3+ TIL (p = 0.615; Chi Square
test) or CD45RO+ TIL (p = 0.521; Chi Square test) density
and primary tumor subtype.

Blood leukocyte count

No correlation was observed between blood leucocyte count
on the day of surgery and CD3+ (p = 0.478; Kruskal-Wallis
test), CD8™ (p = 0.918; Kruskal-Wallis test), CD45RO+ (p =
0.402; Kruskal-Wallis test), FOXP3+ (p = 0.800; Kruskal—
Wallis test) or PDI1+ TIL (p = 0.398; Kruskal-Wallis test)
density.

Graded prognostic assessment (GPA)

A low association was observed between GPA class and
CD3+4 TIL density (Spearman correlation coefficient —0.372; p
< 0.001). No association was evident between GPA class and
CD8™ TIL density (Spearman correlation coefficient —0.253; p
= 0.006), CD45RO+ TIL density (Spearman correlation coeffi-
cient —0.259; p = 0.005), FOXP3+ TIL density (Spearman cor-
relation coefficient —0.025; p = 0.792) or PD1+ TIL density
(Spearman correlation coefficient 0.099; p = 0.293).

Preoperative corticosteroid treatment

No correlation was observed between preoperative corticoste-
roid treatment and CD3+ (p = 0.610; Chi Square test), CDhs8™"
(p = 0.543; Chi Square test), CD45RO+ (p = 0.859; Chi
Square test), FOXP34 (p = 0.379; Chi Square test) or PD1+4
TIL density (p = 0.323; Chi Square test).

Preoperative peritumoral edema

Seventeen/116 (14.7%) patients presented with grade I
(<1 cm) peritumoral edema, 77/116 (66.4%) with grade II
(>1 cm, not crossing the midline) and 22/116 (19.0%) with
grade III (>1 cm and crossing the midline) peritumoral edema
in the pre-surgical MRI. High density of CD8" TIL was more
frequently observed in patients with grade I peritumoral edema,
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Table 1. Patients characteristics

Patient population (n = 116)

Characteristic n %
Median age at diagnosis of BM, years 58.5 (37-80)

(range)
Primary tumor
Lung cancer 61 526
Breast cancer 17 14.7
Melanoma 6 5.2
Renal cell cancer 10 8.6
Other 22 20.0
Chemotherapy before diagnosis of BM
Yes 49 422
No 67 57.8
Extracranial metastases
Yes 40 345
No 76 65.5
Status of extracranial disease at

diagnosis of BM
No evidence of disease 32 27.6
Stable disease 28 24.1
Progressive disease 8 6.9
Simultaneous diagnosis of primary 48 414

tumor and BM
Karnofsky Performance status at

diagnosis of BM
> 70 107 92.2
<70 9 7.8
Number of BM
1 116 100.0
GPA
Class | 40 345
Class Il 30 259
Class Ill 41 353
Class IV 5 43
Leucocyte count at diagnosis of BM
Normal 67 57.8
Above upper limit of normal 49 422
Localization of investigated BM
Supratentorial 85 733
Infratentorial 31 26.7
Preoperative corticosteroid treatment
Yes 74 63.7
No 42 36.2
Post-surgical WBRT
Yes 81 69.8
No 35 30.2
Chemotherapy after diagnosis of BM
Yes 41 355
No 75 64.7
Alive at last follow up
Yes 9 7.8
No 107 92.2
Median Overall survival from diagnosis 13 (0-122)

of BM, months (range)

as compared to patients with grade II or grade III peritumoral
edema (p = 0.031; Chi Square test). No correlation of peritu-
moral edema and CD3+ TIL density (p = 0.820; Chi square
test), CD45RO+ TIL density (p = 0.518; Chi Square test),
FOXP3+ TIL density (p = 0.070; Chi Square test) or PD14
TIL density (p = 0.356; Chi Square test) was observed.
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Correlation of clinical characteristics with survival times

GPA score

GPA score showed significant correlation with OS. Patients
with class I GPA score presented with a median OS of 19 mo
compared to 18 mo in class II, 8 mo in class III and 22 d in
patients with class IV GPA score (p < 0.001; log-rank test).

Primary tumor subtype

Primary tumor type showed a significant impact on OS as
patients with breast cancer presented with a median OS of 19
mo, patients with RCC with 18 mo, patients with lung cancer
with 13 mo, patients with melanoma with 4 mo and patients
with other primary tumor with 6 mo OS (p = 0.024; log-rank
test).

Postoperative treatment

81/116 (69.8%) patients received WBRT and 41/166
(35.3%) patients received chemotherapy after neurosurgical
resection of BM. Chemotherapy had no impact on survival prog-
nosis (no chemotherapy: 12 mo vs. chemotherapy 15 mo; p =
0.845; log-rank test). Patients treated with WBRT after neuro-
surgical resection presented with a significantly improved survival
prognosis (median OS 15 mo) compared to patients not receiv-
ing postoperative WBRT (median OS 7 mo; p = 0.009; log-rank
test).

Correlation of TIL density with survival

Semiquantitative analysis

Patients with high density of CD3+ TILs (median OS 15
mo) showed an improved OS prognosis compared to patients
with low density (median OS 6 mo; p = 0.015; log-rank test;
Fig. 3A). Similarly, high density of CD8" TILs (median OS 15
mo) was associated with improved OS prognosis compared to
low CD8*" TIL density (median OS 11 mo; p = 0.030; log-rank
test; Fig. 3B). Further, high density of CD45RO+ TILs (median
OS 18 mo) showed an association with favorable OS prognosis
compared to low density (median OS 8 mo; p = 0.006; log-rank
test; Fig. 3C). No impact on survival prognosis was observed for
FOXP3+ TIL density (high density: median OS 18 mo vs. low
density: median OS 11 mo; p = 0.134; log-rank test) and PD1+
TIL density (high density: median OS 18 mo vs. low density:
median OS 13 mo; p = 0.314; log-rank test). No impact on sur-
vival according to TIL density within the different analyzed areas
namely solid tumor, the tumor stroma or the border region to
the peritumoral brain parenchyma was observed (Table 2).
FOXP3+ to CD8" TIL ratio had no statistically significant
impact on survival prognosis (p = 0.357; log-rank test).

In multivariable analysis as co-variables including postopera-
tive. WBRT, primary tumor type, GPA class and density of
CD3+, CD8*' and CD45RO+ TILS, postoperative WBRT
(HR 0.583; 95% CI 0.379-0.898; p = 0.014; Cox regression
model) and GPA class (HR 1.564; 95% CI 1.193-2.049; p =

0.001; Cox regression model) remained statistically significant.
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Table 2. Density of tumor infiltrating lymphocytes (TILs)

CD3 + TILs CD8" TiLs CDA45RO + TiLs FOXP3 + TILs PD1 + TILs
Overall impression
Sparse infiltration 20/116 (17.2%) 42/116 (36.2%) 25/116 (21.6%) 45/116 (38.8%) 35/116 (30.4%)
Moderate infiltration 30/116 (25.9) 34/116 (29.3%) 30/116 (25.9%) 26/116 (22.4) 12/116 (10.4%)
Dense infiltration 39/116 (33.6%) 28/116 (42.1%) 31/116 (26.7%) 0/116 (0.0%) 6/116 (5.2%)
Very dense infiltration 26/116 (22.4%) 8/116 (6.9%) 11/116 (9.5%) 0/116 (0.0%) 0/116 (0.0%)
Total 115/116 (99.1%) 102/116 (96.6%) 97/116 (83.6%) 71/116 (61.2%) 53/116 (46.1%)
Solid tumor
Sparse infiltration 38/116 (32.8%) 64/116 (55.7%) 29/116 (25.0%) 33/116 (28.4%) 25/116 (21.7%)
Moderate infiltration 13/116 (11.2%) 7/116 (6.1%) 10/116 (8.6%) 4/116 (3.5%) 3/116 (2.6%)
Dense infiltration 9/116 (7.8%) 7/116 (6.1%) 5/116 (4.3%) 0/116 (0.0%) 5/116 (4.3%)
Very dense infiltration 5/116 (4.3%) 4/116 (3.5%) 4/116 (3.4%) 0/116 (0.0%) 0/116 (0.0%)
Total 65/116 (56.0%) 82/116 (71.3%) 48/116 (41.4%) 37/116 (31.9%) 33/116 (28.7%)
Tumor stroma
Sparse infiltration 11/99 (11.1%) 38/99 (38.4%) 24/99 (24.2%) 52/99 (52.5%) 34/100 (34.0%)
Moderate infiltration 28/99 (28.3%) 26/99 (26.3%) 27/99 (27.3%) 21/99 (21.2%) 13/100 (13.0%)
Dense infiltration 29/99 (29.3%) 23/99 (23.2%) 24/99 (24.2%) 0/99 (0.0%) 0/100 (0.0%)
Very dense infiltration 30/99 (30.3%) 5/99 (5.1%) 15/99 (15.2%) 0/99 (0.0%) 0/100 (0.0%)
Total 98/99 (99.0%) 92/99 (92.9%) 90/99 (90.9%) 73/99 (73.7%) 47/100 (47.0%)
Border Region
Sparse infiltration 27/82 (32.9%) 37/83 (44.6%) 36/80 (45.0%) 40/80 (50.0%) 36/78 (46.2%)
Moderate infiltration 23/82 (28.0%) 27/83 (32.5%) 19/80 (23.8%) 5/80 (6.3%) 13/78 (16.7%)
Dense infiltration 13/82 (15.9%) 9/83 (10.8%) 11/80 (13.8%) 0/80 (0.0%) 0/78 (0.0%)
Very dense infiltration 12/82 (14.6%) 1/83 (1.2%) 1/80 (1.3%) 0/80 (0.0%) 0/78 (0.0%)
Total 75/82 (91.5%) 74/83 (89.2%) 67/80 (83.8%) 45/80 (56.3%) 49/78 (62.8%)

Automated image analysis

High CD3+ TIL density (entered as decimal logarithm) in
the tumor center (HR 0.557; 95% CI 0.364-0.852; p = 0.007;
univariate Cox model) as well as in border region to the peritu-
moral brain parenchyma (HR 0.517; 95% CI 0.273-0.980; p =
0.043; univariate Cox model) presented with statistically signifi-
cant favorable correlation with OS prognosis. Similarly, high

TIL
subtype
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Figure 1. Frequency of density according to the TIL subtype. |

e1057388-4

Oncolmmunology

CD8™" TIL density (entered as decimal logarithm) in the tumor
center (HR 0.676; 95% CI 0.482-0.949; p = 0.024; univariate
Cox model) as well as in the border region to the peritumoral
brain parenchyma (HR 0.578; 95% CI 0.349-0.957; p = 0.033;
univariate Cox model) showed statistically significant favorable
correlation with OS prognosis.

Immunoscore

58/97 (59.8%) BM specimens presented with a low Immuno-
score and 39/97 (40.2%) with a high Immunoscore. No correla-
tion of Immunoscore and PD-L1 expression was observed (p =
0371; Chi Square test). A significant impact of the Immunoscore
on survival prognosis was observed, as patients with low Immu-
noscore presented with a median OS of 10 mo compared to 27
mo in patients with high Immunoscore (HR 2.595; 95% CI
1.621-4.152; p < 0.001; Cox regression model; Fig. 3D).

Both Immunoscore and post-surgical WBRT showed an inde-
pendent additive effect on OS prognosis. Median OS in patients
with high Immunoscore receiving WBRT was 27 mo, median
OS in patients with high Immunoscore not treated with post-sur-
gical WBRT was 20 mo. Median OS in patients with low Immu-
noscore receiving WBRT was 12 mo and median OS in patients
with low Immunoscore not treated with WBRT was 4 mo.

This is confirmed in multivariable analysis including postop-
erative WBRT, primary tumor type, GPA class and Immuno-
score, postoperative WBRT (HR 0.585; 95% CI 0.361-0.950; p
= 0.030; Cox regression model), GPA class (HR 1.640; 95% CI
1.225-2.196; p = 0.001; Cox regression model) and Immuno-
score (HR 0.612; 95% CI 0.480-0780; p < 0.001; Cox regres-

sion model) remained significant.
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Discussion

The interaction of the immune sys-
tem and cancer has been identified as
major determinant of disease course in
several cancer types and novel highly
effective immunomodulating cancer
treatments are emerging in several
tumor types including melanoma, lung
cancer, renal cell cancer and others.*
However, so far there was a lack of data
on the role of the immune system in
BM, one of the most common and dev-
astating complications of cancer. We
show in the present study that dense
TIL infiltrates are common in BM and
correlate with the amount of peritu-
moral brain edema and survival progno-
sis. Thus, our data provide strong
support of a clinically relevant role of
the immune system in BM and identify
the immune system as promising bio-
marker for cancer patients with CNS
metastases.

The brain parenchyma and primary
brain tumors have long been recognized
as highly immunoregulatory environ-
ments that express immunosuppressive
molecules such as IDO, TGE-B, PD-
L1 and others.'">'* In line with this,
lymphocytes are typically absent or only
rarely found in the CNS parenchyma
and most primary brain tumors.'* In
contrast, we show in the present study
that very dense TIL infiltrates are com-
mon in BM of different cancer types. In
general, the lymphocytic infiltrates were
of mixed composition and contained
both immuno-activating TIL subsets
such as CD3+ effector and CD8™ cyto-
toxic TILs, memory TIL
CD45R0+ and immunosuppressive
TIL subsets such as FOXP3+, and
PD1+ TILs. Further studies need to
elaborate whether activation or suppres-
sion of these cell types, e.g. by monoclo-
nal antibodies directed at
co-stimulatory immune check-point

subsets

Figure 3. OS according to semiquantita-
tively assessed TIL density and Immuno-
score; A OS according to CD3+ TIL density;
B OS according to CD8™ TIL density; C OS
according to CD45RO+ TIL density; D OS
according to Immunoscore.
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Figure 2. A TIL distribution between different areas (CD3+ TILs, magnification x5); B TIL density
within the tumor stroma (CD3+ TILs, magnification x200); C TIL density within the solid tumor (CD3+
TILs, magnification x200); D PD-L1 expression in a melanoma BM (magnification x200).
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molecules, may be an effective therapeutic opportunity against
BM. Expression of PD-L1 was postulated to be associated with
increased likelihood of response to PD-1 targeting immune
checkpoint inhibitors like nivolumab or pembrolizumab.“’15
Here, we could demonstrate PD-L1 expression in BM, support-
ing the investigation of immune checkpoint inhibitors in patients
with BM.'®! Of note, however, proof of concept for this
approach is available, as activity of the anti-CTLA4 antibody ipi-
limumab that activates the antitumor immune response has been
shown to be effective against melanoma BM.'8

We found a strong correlation between the density of TIL and
patients survival times using several different quantification
methodologies. In addition to manual and automated evaluation
methods we also applied the Immunoscore methodology, which
has been elaborated in colorectal cancer and provides a score
based on the numeration of CD3+ and CD8" lymphocytes in
different tumor areas.”'?! The Immunoscore has been shown
to have a strong correlation with patient outcome in colorectal
cancer patients and is currently being developed as standardized
clinical biomarker in a large international consortium.'”*? Here,
we show that Immunoscore also carries strong prognostic infor-
mation in BM, as patients with a low Immunoscore had median
OS times of 10 mo compared to 27 mo in patients with a high
Immunoscore. The prognostic impact of Immunoscore was inde-
pendent from that of established prognostic parameters at multi-
thus further underscoring the
important biological role of the immune system in brain-meta-
static cancer. Our results need to be validated in independent,
ideally prospectively studies, but strongly support a clinically rele-
vant role of this novel biomarker for BM patients.

variable survival analysis,

Interestingly, we found a positive correlation between the
amount of perioperative peritumoral brain edema and the density
of CD8" TILs. This observation provides further evidence of a
significant activation of the immune system, as edema is a well-
recognized characteristic of inflammatory processes and is likely
related to the release of cytokines such as interleukin 2.* In
line with our findings of the present study, we have already previ-
ously shown that the size for the peritumoral edema around BM
correlates positively with favorable OS times.”> Thus, the size of
the peritumoral edema could serve as surrogate marker of
immune activation against BM and this concept should be vali-
dated in further studies including clinical studies of immune
modulatory agents in patients with BM. If confirmed, this surro-
gate marker could be applied not only to operated BM as in our
study, but potentially also to the larger group of patients with
multiple BM of whom usually no tissue specimens are available.

Although we were able to investigate the TIL infiltration a
well-characterized and large cohort of BM specimens, our study
has several limitations. The study was performed in a retrospec-
tive manner and is inherently limited by some heterogeneity in
patient baseline characteristic and therapy protocols. We tried to
minimize the influence of this confounder by applying strict
inclusion criteria that allowed only patients with single BM that
were treated by neurosurgical resection as first-line therapy and
for whom full clinical and follow-up data were available. Still, it
must be noted that our study approach is exploratory and

€1057388-6

Oncolmmunology

hypothesis-generating in nature and requires external validation.
Another limitation concerns the lack of matched primary tumors
for comparative analyses of TIL infiltrates, as many patients were
operated for their primary tumor in other hospitals and were
referred to our tertiary care center only for neurosurgery of BM.
Such investigations would be of interest to gain insights into the
evolution of the antitumor immune response over the disease
course and might be subject to further research projects.

In conclusion, the presented data support the concept of
immune surveillance and the critical role of the natural adaptive
immune reaction within BM to prolong the life of the patients.
Further investigations are needed to substantiate the findings of
our retrospective and hypothesis-generating study.

Methods

Patients

We retrospectively identified patients with newly diagnosed
BM treated the Medical University of Vienna between April
2002 and December 2010. The inclusion criteria for our study
were as follows: (1) newly diagnosed, single BM treated by neu-
rosurgical resection as 1st line treatment, (2) availability of pre-
surgical cranial magnetic resonance images (MRI), (3) availability
of at least one block of formalin fixed and paraffin embedded
(FFPE) tumor tissue containing viable BM tumor tissue, and (4)
availability of full clinical follow up data including survival times.
The graded prognostic assessment (GPA) class was calculated as
previously published based on age, status of extracranial disease,
number of BM and Karnofsky performance score." Survival data
were obtained from the database of National Cancer Registry of
Austria and the Austrian Brain Tumor Registry.”**” The study
was approved by the ethics committee of the Medical University
of Vienna (Vote 078/2004).

Neuroimaging analysis

Data on the extent of peritumoral brain edema on pre-surgical
MRI were available from a previous study.25 In brief, the extent
of peritumoral brain edema was measured from the tumor mar-
gin and defined as: grade 1: maximum diameter smaller than
1 cm; grade 2: maximum diameter larger than 1 cm, but not
crossing the midline; grade 3 maximum larger than 1 cm and
crossing the midline.”

Immunohistochemical analysis

Tissue blocks were cut into 3 m slices with a microtome for
further immunohistochemical processing according to standard
laboratory practice.

Immunohistochemistry for CD3, CD8, CD45RO, FOXP3
and PD1 was performed on a Ventana Benchmark Ultra immu-
nostaining system (Ventana, Tucson, AZ, USA). Immunostaining
protocols and applied antibodies are listed in (Table S1). Tissue of
human non-malignant lymph nodes was used as positive control.

PD-L1 immunostaining was performed as described previ-
ously in 67 BM specimens of lung cancer (n = 61) and mela-
noma (n = 3).°® In brief, immunohistochemistry for PD-L1 was
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performed using the monoclonal mouse antibody, Clone 5H1
(diluation1:100; kindly provided by Dr. Lieping Chen") on a
Dako AutostainerPlusLink immunostaining system (Dako,
Glostrup, Denmark).

Evaluation of immunohistochemical analysis

Semiquantitative analysis

Semiquantiative analysis of TILs was performed on full slides.
Immunohistochemical staining of CD3+, CDS8", CD45RO+,
FOXP3+ and PD1+ TILs was evaluated according to overall
impression at low microscopic magnification (100x) and in pre-
defined areas namely within the solid tumor tissue, in the tumor
stroma and within the border region of the BM tissue and the
peritumoral brain parenchyma at higher magnification (200x—
400x). The tumor stroma was only evaluated in BM specimens
with clear-cut stroma component in the H&E staining. In speci-
mens without stroma component in the H&E scan this area was
not evaluated. Further, the border region of the BM tissue and
the peritumoral brain parenchyma is not routinely included in
neurosurgical BM specimens as BM are not routinely resected
with an safety margin in dependence of brain area, infiltrative
properties of the BM and surgeon. Therefore, the areas tumor
stroma, border region of the BM tissue and peritumoral brain
parenchyma were not evaluable in all specimens.

Previously published semiquantitative evaluation criteria were
used and TILs were judged to be: absent (0), sparse (1+), moder-
ately dense (2+), dense (3+) or very dense (44).% FOXP3+ to
CD8™ TIL ratio was calculated by dividing FOXP3+ TIL den-
sity by CD8™" TIL density.

Automated image analysis

Automated image analysis of TILs was performed for CD3
and CD8 immunohistochemical staining and on full slides
(Immunoscore assay). All slides were digitalized using an auto-
matic slide scanner (Hamamatsu, Hersching am Ammersee, Ger-
many). Then, TIL density was analyzed using Definiens software
(Definiens AG, Munich, Germany). TIL density was separately
evaluated within the tumor center and, if available, within the
border region to the peritumoral brain parenchyma. The invasive
margin (IM) was defined as previously published as the intersec-
tion between BM and surrounding parenchyma. TILs located in
the perivascular spaces occurring in the area were included in the
analysis.” Measurements were recorded as the mean number of
cells presenting with an immunohistochemical staining signal per
tissue surface unit in square millimeters.

Statistical analysis

Primary tumor categories were defined as “lung cancer,”
“breast cancer,” “melanoma,” “renal cell carcinoma” and
“others.” The category “others” included rare entities with
less than five cases. Chi square test and Kruskal-Wallis test
were used as appropriate to assess group differences. Spear-
man correlation coefficient was used to correlate two scale
variables. A Spearman correlation coefficient from (-)0.7 to
(—)1 was regarded as a strong association, a correlation coeffi-
cient of (-)0.5 to (-)0.7 as a moderate and a correlation
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coefficient of (-)0.3 to (-)0.5 as a low association. A Spear-
man correlation coefficient of 0 to (-)0.3 was interpreted as
no association. OS times of patients were estimated with the
Kaplan—Meier product limit method and group differences
were assessed with the log-rank test. Cox regression model
was used to analyze survival impact of continues variables
and to perform a multivariable analysis. A two-tailed signifi-
cance level of 0.05 was applied.

Semiquantitatively evaluated TIL density was entered as
ordinal variable divided in low density (no or sparse infiltra-
tion) and high density (moderately dense, dense and very
dense infiltration) in all statistical analyses. For TIL density
evaluated by automated image analysis, mean density per
square millimeter was used for further statistical analysis.
Decimal logarithm was performed of aslope distributed data
in order to obtain a normal distribution.

The Immunoscore was calculated as previously published.'”*!
In brief, the optimal cut-off, using the minimum p value
approach, for CD3+ and CD8"% TIL density in each region
(tumor center and border region to the peritumoral brain paren-
chyma) was assessed and recorded as a dichotomous (high vs.
low) variable. Information of CD3+ and CD8" TIL density
within the tumor center and within the border region to the peri-
tumoral brain parenchyma was added in order to retrieve a high
Immunoscore (all high to at least three regions high) and low
Immunoscore (all low to at least two regions low). To have a
more complete Immunoscore dataset, missing immune density
values due to a very small or absent IM were compiled to an
Immunoscore 13-4 when both CD3 and CD8 where high (Hi)
in the respective center of the metastasis (CT) and to an Immu-
noscore 10-2 otherwise. The minimum p value approach in order
to generate the best separation of patients according to their sur-
vival time from diagnosis of BM was used. p values were cor-
rected applying the method proposed by Altman et al.>® Hazard
ratios were corrected as suggested by Hollinder et al.’’

Statistical analysis of the Immunoscore was performed with
the statistical software R (survival package). All other statistical
analysis was performed with statistical package for the social sci-
ences (SPSS) 20.0 software (SPSS Inc.., Chicago, IL, USA).

Previous Presentations

The contents of this manuscript were partly presented during
a Poster Highlight Session at the Annual Meeting of the Ameri-
can Society of Clinical Oncology on May 30th 2014 and during
the Top Scoring Abstract Session at the Annual Meeting of the
Society of Neuro-Oncology on November 14th 2014.
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