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Non-small cell lung cancer (NSCLC) is currently the leading cause of cancer-
related death worldwide, and the incidence of brain metastases (BM) in NSCLC
patients is continuously increasing. The recent improvements of systemic
treatment in NSCLC necessitate continuous updates on prognostic
subgroups and factors determining overall survival (OS). In order to improve
clinical decision-making in tumor boards, we investigated the clinical
determinants affecting survival in patients with resectable NSCLC BM. A
retrospective analysis was conducted of NSCLC patients with surgically
resectable BM treated in our institution between 01/2015 and 12/2020. The
relevant clinical factors affecting survival identified by univariate analysis were
included in a multivariate logistic regression model. Overall, 264 patients were
identified, with a mean age of 62.39 + 9.98 years at the initial diagnosis of
NSCLC BM and OS of 23.22 + 1.71 months. The factors that significantly
affected OS from the time of primary tumor diagnosis included the systemic
metastatic load (median: 28.40 + 4.82 vs. 40.93 + 11.18 months, p = 0.021) as
well as a number of BM <2 (median: 17.20 + 2.52 vs. 32.53 + 3.35 months, p =
0.014). When adjusted for survival time after neurosurgical intervention, a
significant survival benefit was found in patients <60 years (median 16.13 +
3.85vs.9.20 + 1.39 months, p = 0.011) and, among others, patients without any
concurrent systemic metastases at time of NSCLC BM diagnosis. Our data
shows that the number of BM (singular/solitary), the Karnofsky Performance
Status, gender, and age but not localization (infra-/supratentorial), mass-
edema index or time to BM occurrence impact OS, and postsurgical survival
in NSCLC BM patients. Additionally, our study shows that patients in
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prognostically favorable clinical subgroups an OS, which differs significantly
from current statements in literature. The described clinically relevant factors
may improve the understanding of the risks and the course of this disease and
Faid future clinical decision making in tumor boards.

KEYWORDS

NSCLC, metastasis, brain metastasis, survival, resectable, surgery

Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of
death in cancer patients (1.3 million/year) worldwide,
accounting for 25% of all cancer-related deaths (1). Despite
significant improvements in treatment, especially within the
field of immuno-oncology (2-4), NSCLC mortality remains
extremely high and the overall 5-year survival rates rarely
exceed 15% (1, 5). Approximately 40% of patients with stage
IIT NSCLC will develop brain metastases (BM) (6). The
incidence of brain metastases continues to rise, partly as a
result of improved extracranial disease control and
subsequently prolonged survival (7, 8), partly due to other
factors, such as more readily available and increasingly
accurate diagnostic procedures, which facilitate an earlier and
a more frequent diagnosis of intracranial disease. In clinical
practice, the occurrence of BM at the initial diagnosis (ID) or
during the treatment course of NSCLC has been associated
with a reduction of the quality of life, and, more importantly,
with a dismal disease course and poor prognosis. In addition,
BM may lead to neurological impairments by affecting both
cognitive and sensory functions and thus further diminish the
quality of life (9, 10). However, due to the high degree of
heterogeneity in metastatic dissemination, the timing of BM
occurrence, and various clinical determinants, such as gender,
age, systemic tumor dissemination, and clinical factors that
impact overall survival (OS), reliable data on the differences in
the disease course for patients undergoing neurosurgical
resection are scarce. To improve future treatment strategies
and tumor board decision-making processes, a better
understanding of the risk stratification for patients with
NSCLC BM patients is urgently needed. Therefore, the aim
of our study was to analyze clinical determinants affecting
patient survival after ID, as well as survival after
neurosurgical resection.
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Results
Study cohort

We identified 264 patients who were treated for brain
metastatic NSCLC in our institution between 01/2015 and 12/
2020. The mean age at the ID of NSCLC was 61.54 + 10.06 years
(range 33-83 years). The male-to-female ratio was 1:1.18. The
median time to BM development was 10.98 + 20.62 months, thus
accounting for the mean age at the neurosurgical intervention of
62.39 £ 9.98 years. In total, 61.38% (n=151/246) of patients were
diagnosed with synchronous NSCLC BM at our institution
without a prior NSCLC diagnosis and were thus termed “BM
at ID.” Of these 151 patients, 81 (53.64%) showed an additional
synchronous metastatic disease of other organs. The average
number of brain metastases was 1.93 + 0.136, and the mean size
of the largest observed BM lesion was 12.93 + 1.51 cm’. The
majority of the patients primarily underwent surgery with the
goal of total resection [96.06% (n = 244/256)]. Partial resection
was performed in 1.56% (n = 4/256) of cases and tissue biopsies
in 3.12% (n = 8/256). The median OS from the time of the
+ 2.27 months.
Postoperative complications affected 26/264 patients (9.85%).

primary tumor diagnosis was 15.00

A total of 10 (3.78%) complications included postoperative
hemorrhages at the resection site, three (1.13%) patients
suffered from postoperative CSF fistulas, eight (3.03%)
received antibiotics for postoperative wound infections, four
(1.51%) developed hydrocephalus, and postoperative cerebral
infarctions were found in one (0.38%) patient with
surgical complications.

The histological subtype classification of the BM tissue was
available in 84.09% (n=222/264) of cases. The most common
NSCLC histological diagnoses based on the analysis of the BM
tissue were comprised of adenocarcinomas (n=183/222, 82.43%)
followed by squamous cell (n=21/222, 9.46%) and
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neuroendocrine carcinomas (n=11/222, 4.95%) and not-
otherwise-specified (NOS) histology (n=7/222, 3.15%). A
single intracerebral metastasis was observed in two-thirds of
patients (67.4%, n=159/236), while 11.9% (n=28/236) and 20.8%
of patients (n=49/236) patients presented with two or three and
more intracerebral tumor manifestations, respectively.
Information about the mutation status of the primary NSCLC
was available in n=66/264 cases (25.0%). The most commonly
observed driver mutations of the primary tumor affected TP53
[n=9/66 (13.64%)] and KRAS [n=9/66 (13.64%)], followed by
EGFR [n=7/36 (10.61%)]. Programmed cell death 1 ligand 1
(PD-L1) expression was analyzed in 44/264 (16.67%) of primary
tumor samples, and the mean PD-L1 expression was graded
45.35% in tumor cells (range 0%-90%) and 3.26% on infiltrating
immune cells (range 0%-20%).

The mutational analysis information of the BM tissue was
available in n=92/264 (34.85%) of all cases in the analyzed time
period. The most observed driver mutation, similar to our
observation in the primary tumor, affected TP53, detected in
25.0% (n=23/92) of cases, followed by KRAS (16.30%, n=15/92)
and EGFR (9.78%, n=9/92). Other druggable mutations such as
ALK [n=1/92 (2.78%)] and ROS [n=2/92 (2.78%)] were rare in
the observed patient cohort. PD-LI expression in the BM tissue
was analyzed in n=74/264 (28.03%) of cases, and the mean PD-
L1 expression was graded 36.88% in tumor cells (range 0%-90%)
and 4.01% on infiltrating immune cells (range 0%-20%)

In total, 48.5% of patients (n=128/264) received no NSCLC-
specific treatment before the neurosurgical intervention [n=23/
151, (15.2%) patients within the “BM at ID” group had been
diagnosed with NSCLC less than 4 weeks before the
identification of brain metastases and had thus just begun first
treatment chemotherapy cycles]. Information about
preoperative adjuvant treatments was available in 159/264
patients (60.22%). Of these patients, n=133/159 (83.65%)
received chemotherapy (CTX). As expected, the most
commonly prescribed chemotherapeutics—applied in n=126/
133 cases (94.74%)—were platinum based (containing either
cisplatinum or carboplatinum). Information about the
postoperative radiotherapy of BM was available in n=159/264
(60.23%) of cases. Out of 159 cases, 45 (28.30%) received whole-
brain radiotherapy (WBRT) and n=8/159 (5.03%) received no
postoperative radiation treatment, while the remaining 109 cases
underwent fractionated stereotactic brain radiotherapy (SBRT)
or gamma knife radio surgery (GKRS), with the additional
treatment of non-resected lesions in cases deemed necessary.
The most commonly applied cumulative dose in SBRT was 35
Gy in seven fractions (25/109 cases), while the most commonly
applied fractionation regiment in WBRT consisted of 10 x 3 Gy
[30 Gy cumulative dose, 23/45 cases (51.11%)].

We scored the patient cohort according to the Karnofsky
Performance Status (KPS) and included the values in our
analyses at three distinct points in time: 1) pre-operative
(mean 76.25 + 16.65) 2) postoperative (mean 80.85 + 18.33),
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and 3) the last documented score available (mean 29.15 + 38.39)
(Table 1). Further, detailed clinical information is displayed
in Table 1.

Clinical determinants for overall survival

Overall, 97 of 255 patients (38.04%) were younger than 60
years at the time of neurosurgical intervention. The comparison
of OS between patients aged over versus under 60 years
(Figure 1A) indicated a survival benefit of younger patients
without quite reaching statistical significance in this cohort [p =
0.072, log-rank (Mantel-Cox) test]. A similar trend of a potential
survival benefit was observed with female sex (n=133/251,
52.98%); however, as above, the difference did not prove
statistically significant [Figure 1B, p = 0.123, log-rank
(Mantel-Cox) test]. The systemic metastatic load at time of
initial BM diagnosis was evaluated by comparing a singular BM
status (one BM lesion, with concurrent systemic metastases) to a
solitary BM status (one BM lesion, without further systemic
metastases). In total, 67% (n=68/120) of patients presented with
solitary BM status. As expected, the lack of additional systemic
metastases in solitary BM patients correlated with a significant
survival benefit when contrasted with the singular BM group
(Figure 1C, median: 28.40 + 4.82 vs. 40.93 + 11.18 months
respectively, p = 0.021, log-rank (Mantel-Cox) test). We
dichotomized based on the supra-/infratentorial localization of
the singular BM lesion (or localization of the largest lesion in
case of multiple BM); however, we did not observe a significant
effect on OS [Figure 1D, p = 0.696, log-rank (Mantel-Cox) test].
The total number of BM did, however, significantly affect the OS
of the patient cohort, benefitting patients affected by <2 BM at
the time of diagnosis, irrespective of the occurrence of additional
systemic metastases [Figure 1E, median: 17.20 + 2.52 vs. 32.53 +
3.35 months, p = 0.014, log-rank (Mantel-Cox) test].

The mass-edema index (MEI), calculated as size of contrast-
enhanced area in T1-weighted MRI/the size of peritumoral brain
edema (PTB) in T2/flair-weighted MRI, did not affect OS
[Figure 1F, p = 0.381, log-rank (Mantel-Cox) test].

The cut-off value for high KPS was set at 70%. This analysis
showed that the preoperatively high KPS scores do not confer a
significant survival benefit [Figure 1G, p = 0.173, log-rank
(Mantel-Cox) test]; however, a postoperatively scored KPS of
70% or higher does [Figure 1H, median 9.47 + 0.94, vs. 30.43 +
2.76, p < 0.001, log-rank (Mantel-Cox) test].

Clinical determinants for survival time
after brain surgery

We adjusted for the duration of survival after neurosurgical

intervention and observed a significance in the previously
suggested survival benefit of patients aged 60 years or younger
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TABLE 1 Clinical information of patient cohort.

N (%) Mean Std. dev.
Age at ID 255/264 (96.60) 61.54 10.06
Age at surgery 258/264 (94.73) 62.39 9.98
Female gender 143/264 (54.17)
Time to BM development (months) 246/264 (93.18) 10.98 20.62
BM at ID 151/264 (61.38)
KPS pre-op 253/264 (95.83) 76.25 16.65
KPS post-op 246/264 (93.18) 80.85 18.33
KPS last documented 235/264 (89.02) 29.15 38.39
Histology 222/264 (84.09)
Adeno 183/222 (82.43)
Squamous cell 21/222 (9.46)
Neuro-endocrine 11/222 (4.95)
NOS 7/222 (3.15)
Initial T status 201/264 (76.14)
T1 47/201 (23.38)
T2 59/201 (29.35)
T3 41/201 (20.40)
T4 55/201 (27.36)
Initial N status 200/264 (75.75)
NO 69/200 (34.50)
N1 31/200 (15.50)
N2 56/200 (28.00)
N3 45/200 (27.50)
Initial M status 224/264 (94.95)
Mo 61/264 (27.23)
Ml 164/264 (73.21)
Mets at NSCLC ID (other than BM) 100/264 (37.88)
Liver 12/100 (12.00)
Lung 29/100 (29.00)
Bone 22/100 (22.00)
Adrenal Gland 29/100 (29.00)
Other 8/100 (8.00)
BM count 236/264 (89.39)
1 159/236 (67.37)
2 28/236 (11.86)
>3 49/236 (20.76)
BM localization (largest lesion) 225/264 (85.22)
Supratentorial 181/225 (80.44)
Infratentorial 44/225 (19.56)
Primary tumor mutational status 66/264 (25.00)
KRAS 9/66 (13.64)
EGFR 7/66 (10.61)
MET 3/66 (4.55)
BRAF 0/66 (0)
ALK 1/66 (1.52)
ROS 1/66 (1.52)
FGFR3 4/66 (6.06)
PIK3CA 2/66 (3.03)
(Continued)
Frontiers in Oncology 04 frontiersin.org
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TABLE 1 Continued

N (%)

TP53 9/66 (13.64)

BM mutational status

KRAS 15/92 (16.30)
EGFR 9/92 (9.78)
MET 1/92 (1.09)
BRAF 2/92 (2.17)
ALK 1/92 (1.09)
ROS 2/92 (2.17)
FGFR3 2/92 (2.17)
PIKC3A 3/92 (3.26)
TP53 23/92 (25.00)

Treatment after NSCLC diagnosis
CTX after NSCLC diagnosis

RT after BM diagnosis

WBRT

SBRT / GKS

8/159 (5.03)

Type of operative approach
Total resection
Partial resection 4/256 (1.56)
Biopsy 8/256 (3.12)
Known positive smoking status
Seizures
Meningeosis carcinomatosa 8/264 (3.03)

Follow up time

92/264 (34.85)

159/264 (60.23)
133/264 (83.65)
159/264 (60.23)

109/159 (71.24)
ICB 46/264 (17.42)
256/264 (97.00)
244/256 (96.06)

133/264 (50.37)
67/264 (25.38)

261/264 (98.86)

10.3389/fonc.2022.951805

Mean Std. dev.

22.56 26.86

KPS, Karnofsky Performance Status; NOS, not otherwise specified; NSCLC, non-small cell lung cancer; ID, initial diagnosis; BM, brain metastasis; CTX, chemotherapy; RT, radiation

therapy; WBRT, whole brain radiotherapy; SBRT, stereotactic body radiation; GKS, gamma knife surgery; ICB, immune checkpoint blockade.

[Figure 2A, median 16.13 + 3.85 vs. 9.20 + 1.39 months, p =
0.036, log-rank (Mantel-Cox) test]. The adjusted OS was 11.47 +
0.95 months. A statistically significant difference between
survival rates after brain surgery was again not reached
between male and female patients, with a trend pointing
toward a survival benefit of female patients [Figure 2B, p =
0.165, log-rank (Mantel-Cox) test]. In addition, no survival
benefit was seen in patients diagnosed with BM less than 2
months after the NSCLC diagnosis [Figure 2C, p = 0.597, log-
rank (Mantel-Cox) test].

Despite the observed statistically significant OS benefit of
patients affected with fewer than two BM, we did not find the
same effect on the survival time after neurosurgical intervention
[Figure 2D, p = 0.108, log-rank (Mantel-Cox) test]. When
comparing the size of solitary BM as seen in the volumetric
measurements of contrast-enhanced areas in T1-weighted
magnetic resonance imaging (MRI), we observed a trend
toward an improved survival of patients with tumors <7 cm’
[Figure 2E, p = 0.097, log-rank (Mantel-Cox) test].

To further delineate the effects of the systemic metastatic
status on OS, patients were stratified according to their systemic
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and intracranial metastatic load at the time of BM diagnosis. We
stratified the patients into three groups; singular brain metastasis
with concurrent systemic metastases, solitary brain metastasis (no
concurrent systemic metastases), and multiple brainmetastases
and observed a significant survival benefit inpatients with solitary
BM status [Figure 2F, median: 8.47 + 1.71, 22.03 £ 7.29 and 9.20 +
2.81 months, respectively, p=0.018, log-rank (Mantel-Cox) test].

A supra- vs. infratentorial localization of BM had no effect
on survival again after neurosurgical [Figure 2G, p = 0.912, log-
rank (Mantel-Cox) test], neither did the comparison between
mass-edema indices <1 and >1 [Figure 2H, p = 0.998, log-rank
(Mantel-Cox) test].

We compared the groups of patients diagnosed with BM at
NSCLC diagnosis, patients who previously received systemic
chemotherapy (CT) for their underlying NSCLC disease (labeled
“after CT”), and patients who received any combination of
immune checkpoint blockade (ICB) and chemotherapeutics
prior to their BM diagnosis (labeled “after IT”) and saw a
slight trend toward a survival benefit of patients that
previously received a combination of CT and ICB [Figure 21,
median 9.80 + 1.87 vs. 22.73 + 7.09 vs. 10.87 + 2.34 months,
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FIGURE 1

Overall survival (OS) in non-small cell lung cancer (NSCLC) brain metastases (BM) patients (A) Kaplan—Meier survival analysis of OS from the time
point of initial diagnosis in patients <60 and >60 years of age, (B) in male vs. female patients, (C) in patients with a singular vs. solitary BM status,

(D) depending on BM localization, (E) depending on the number of BM, (F) depending on the mass-edema index (MEI),

). (G) depending on the

preoperative Karnofsky Performance Status (KPS) score, and (H) depending on the KPS score at discharge.

respectively, p = 0.285, log-rank (Mantel-Cox) test], which we
will follow up in further studies.

We again scored our patients according to the KPS and
analyzed survival post-BM resection. This analysis showed that
patients with a KPS of >70 at initial diagnosis show significantly
improved postoperative survival [Figure 2], median 7.57 + 1.66
vs. 12.5 + 1.57 months, p = 0.003, log-rank (Mantel-Cox) test].
The increase in survival also became apparent when comparing
KPS scores at discharge [Figure 2K, median 7.60 + 3.24 vs. 12.23
1.63 months, p = 0.010, log-rank (Mantel-Cox) test]. In
addition, KPS changes due to the surgical intervention

+
demonstrated to also have a significant impact on survival
from the time point of BM surgery [Figure 2L, median 7.60 +
3.41 and 12.23 + 1.96, respectively, p = 0.030].

Clinically favorable patient population

To further dissect the effects of these clinical determinants
on the survival probabilities of specific patient groups after
surgical intervention, we incorporated relevant findings from
the univariate analyses into a multivariate analysis. Significant
factors affecting postoperative survival are shown in Table 2 and
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were incorporated in a Cox regression analysis. This includes 1)
the presence of solitary vs. multiple BM (HR 1.034, 95% CI 0.316
- 0.819, p = 0.005) and 2) pre-operative KPS (HR 0.981, 95% CI
0.967 - 0.996, p = 0.011) as well as age (HR 1.034, 95% CI 1.009 -
1.059, p = 0.007). Stratification of the patient cohort by singular
or solitary BM status showed a significant survival benefit of
patients with solitary BM in Cox regression analysis [Figure 3A,
HR =0.608, CI 0.386 - 0.958, p = 0.032].

Further, we classified the patient cohort into a favorable
outcome group (solitary BM, age <60 years) and an unfavorable
outcome group (singular and multiple BM, age >60 years) and
performed Cox regression analysis, which demonstrated significantly
increased survival after BM surgery in patients aged 60 years and
younger with a solitary BM status (no concurrent systemic
metastases) [Figure 3B, HR 0.172, CI 0.070 - 0.423, p <0.001].

Discussion

In this large single-center retrospective analysis of NSCLC BM
patients, we aimed to understand the effects of the most common
clinical determinants on patient survival after the initial diagnosis
and neurosurgical intervention. The study cohort contained 264
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OS postneurosurgical intervention. (A) Kaplan—Meier survival analysis postneurosurgical intervention in patients <60 and >60 years of age, (B) in
male vs. female patients, (C) depending on the time to BM diagnosis, (D) depending on the number of BM, (E) depending on the size of BM, (F)
in patients with singular vs. solitary vs. multiple BM status, (G) depending on BM localization, (H) depending on the MEI, (I) depending on
postdiagnosis treatment (at diagnosis—no treatment pre-non-small cell lung cancer (NSCLC) BM diagnosis, after CT—chemotherapy treatment
pre-NSCLC BM diagnosis, and after immunotherapy (IT)— immune checkpoint blockade treatment pre-NSCLC BM diagnosis), (J) depending on
the preoperative KPS score, (K) depending on the KPS score at discharge, and (L) depending on the KPS score change due to surgical

intervention.

patients, with similar clinical characteristics as had previously been
reported for the patients affected by this disease (11-13). The
median OS of the herein-reported patient cohort was 15.0 + 2.27
months, which was thus higher than the 377 retrospectively
analyzed patients by Jiinger et al. (median OS 14.1 months, 95%
CI'12.2 - 15.8) (12), or 126 NSCLC patients analyzed by Fabi et al.
(median OS 12 months, CI 9.0 - 16.0) (13). The reasons for this
apparent increase in OS are manifold and may include, among
others, improvements in surgical and imaging techniques and
targeted molecular therapies as well as recent technological
developments in radiotherapy. Intriguingly, the presented cohort
consisted of 54.17% female patients, despite a distinctively higher
prevalence of NSCLC diagnoses in male patients within the
German population [for example, 34.690/53.500 (64.84%) of
NSCLC patients in 2016 were men (14)]. Accordingly, most
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studies with comparable patient populations have reported a
higher incidence of the male gender [54.9% in the study by
Jinger and colleagues (12) and 52.4% in the study by Smith
et al. (15)]. A possible explanation was sought in the
predominance of adenocarcinomas identified in our patient
cohort (82.43%) as these are generally more commonly found—
and steadily increasing—in female patients (14); however, similar
disseminations of histological diagnoses could be observed in the
aforementioned studies [78.4% and 82.0%, respectively, (12, 15)].
Thus, additional factors might have contributed to the
predominance of female patients that will be interesting to
evaluate in future studies.

The rise of SBRT as first-line postoperative treatment
modality has enabled the localized treatment of multiple
intracerebral lesions and, partly owing to concerns about
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TABLE 2 Clinical determinants for overall survival and survival after surgery.

Clinical determinants for overall survival

Age (<60 years)
Female gender
Solitary BM status
BM localization
Mass-edema index
KPS pre-op

KPS post-op
Clinical determinants for survival after surgery
Age (<60 years)
Female gender
BM at NSCLC ID
<2 BM

Size (<7cm’)
Solitary BM status
BM localization
Mass-edema index
Previous treatment

KPS pre-op

*included in COX regression.

Univariate (Log Rank) p-value

10.3389/fonc.2022.951805

COX regression HR, 95%CI, p-value

p=0072
p=0123

p=0.021*

0.509, 0.316 - 0.819, p = 0.005

p=0.69
p=0381
p=0173

p < 0.001*

P =0.036*

0.980, 0.968 - 0.992, p = 0.001

1.034, 1.009 - 1.059, p = 0.007

p=0.165
p=0.597
p=0.108
p =0.097

p = 0.032*

1.034, 0.316 - 0.819, p = 0.005

p=0912
p=0998
p=0285

P =0.003*

0.981, 0.967 - 0.996, p = 0.011

BM, brain metastases; KPS, Karnofsky Performance Status; NSCLC, non-small cell lung cancer; ID, initial diagnosis.

cognitive decline in patients receiving WBRT, has been
recommended for patients with one-to-four lesions in the
American Society of Radiation Oncology (ASTRO) guidelines
since 2012 (16). More recently, further technological
improvements have enabled the expansion of stereotactic
radiosurgery (SRS) indications to include patients with up to
10 BM lesions and multiple clinical trials exploring the efficacy
of SRS in patients with >20 BM are currently ongoing (17, 18),
thus enabling a more targeted and localized control of brain
metastatic disease for an increasing number of patients.
Moreover, despite suffering from inconsistent response rates in

Singular vs solitary metastases

A (COX regression)
100
p=0.032
60 HR 0.608 [C] 0.386 - 0.958]
c
°
§ 60
o
o
S 40
=
20
0
0 20 40 60 80 100 120

OS from brain met surgery (months)

FIGURE 3

cerebral metastases, recent targeted therapies such as ICB have
undoubtedly enabled a more personalized treatment approach in
oncological patients. In our analysis, we saw that a treatment
with a combination of chemotherapeutics and ICB seemed to
favor longer survival without quite reaching statistical
significance and thus has to be analyzed in a larger cohort in
the near future. A recent study by Rounis etal. (19) focused
specifically on a subgroup of patients who received PD-1/PD-L1
inhibitors as treatment for NSCLC BM and found that specific
clinical parameters, such as age <70 years, prior CNS radiation,
and the synchronous appearance of BM, significantly affected

Example: favorable vs unfavorable

B (COX regression)
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80 age < 60 years
c
9
2 60
Q
g p <0.001
S 40 HR 0.172 [C1 0.070 - 0.423]
R
20
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Identification of favorable clinical subgroups. (A) Cox regression of a singular vs. solitary BM status. (B) Cox regression of favorable vs.

unfavorable patient groups.
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ICB disease control. However, it is important to point out that
this study was focused on the patients who received ICB as
monotherapy, as opposed to the patients included in our cohort,
who received any combination of CT and ICB.

Our findings suggest that the most significant factors affecting
OS are 1) a lack of additional systemic metastases (“solitary BM
lesion”) and 2) the number of BM lesions at the time of BM
diagnosis. The stratification of patients into singular BM with
concurrent systemic metastases, solitary BM without systemic
affection, or multiple metastases at the time of BM surgery has
shown a significant difference with an almost threefold increase in
survival post neurosurgical intervention in patients with a solitary
BM status (median 8.5 vs. 9.2 vs. 22.0 months, respectively,
Figure 2F). This discernible effect of the number of metastatic
lesions on OS underlines the idea that oligometastatic disease—as
proposed by Samuel Hellman and Ralph Weichselbaum in their
seminal paper in 1995 (20)—might represent a different spectrum
of metastatic disease than widespread disease and should, in this
case, be considered amenable to a curative therapeutic strategy
(20, 21). The paradigm shift necessary to distinguish
oligometastasized patients from those with widespread,
multifocal disease could help identify clinically favorable
subgroups and enhance our understanding of personalized
treatment strategies. Purely by focusing on factors positively
correlated with OS, we were able to identify patients with
clinically favorable features (solitary BM, age <60 years) with a
mean OS of 53.82 months, which is noteworthy since it extends
the scope of patient survival far beyond the mean values currently
discussed for BM patients in the literature. Nevertheless, more
focused studies are needed to identify these patient groups and
understand the nature and extent of cerebral oligometastatic
disease. A positive outlook is provided by the studies of
oligometastatic disease affecting other organs, such as a recent
study by Pitroda etal. (22), in which the authors performed an
integrative analysis of 134 patients affected by one-to-three liver
metastases and were able to identify three groups with a 10-year
OS rate of 94%, 45%, and 19%, respectively (22).

Additionally, to the number of metastases, when adjusted for
survival after neurosurgical intervention, we identified age <60
years as a predictor of significantly increased patient survival
after analyzing multiple age cut-off values. Interestingly, this
survival difference only delineated as a significant predictor after
adjusting the survival for values after neurosurgical intervention
as opposed to the survival time after initial BM diagnosis. Few of
the aforementioned studies adjusted for this distinction; thus, it
would be interesting to evaluate whether and how the survival
benefit perceived in younger patients is connected with
neurosurgical interventions. In line with the positive effects of
younger age on the survival of NSCLC BM patients, the overall
disease status exemplified by higher KPS values also showed an
expected positive effect on OS as well as survival post-BM
surgery. Intriguingly, when comparing the OS values, we
found that the preoperative KPS did not show a significant
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effect (p = 0.173, Figure 1G), whereas a postoperative KPS >70%
did show a significant OS benefit (median 9.4 vs. 30.4, p < 0.001).
When comparing the impact of KPS on survival post-BM
resection, we found that both pre- and postop KPS scores
>70% showed significantly increased survival (Figures 2K-M).
This finding is important because it signifies the effect of BM
surgery on the course of the disease—a postoperative decrease in
the KPS score significantly impacts the course of disease with an
overall reduction of survival.

Over 80% of the brain metastatic lesions were classified as
adenocarcinomas, followed by squamous cells, with similar
numbers recently reported (12). The rate and dissemination of
genetic mutations was inconsistent between primary tumors and
matched BM lesions, as exemplified by the difference in
mutations affecting TP53 (13.64% in primary tumor vs.
25.00% in BM) or KRAS (13.64% in primary tumor vs. 16.30%
in BM). Apart from the possibility of technological disparities (as
analyses were, in some cases, conducted in separate centers), this
disparity correlates with the recent reports of altered genetic
mutations observed in whole exome sequencing between 86
primary lung cancers and their matched BM (23). Surprisingly,
the rate of EGFR-mutated lung cancers in our cohort was 9.78%,
while comparable studies (15) reported 22.2% and 13.6% (12),
respectively. Furthermore, mutations in KRAS have been
reported as the most common genetic mutations in NSCLC,
with mutation rates of approximately 30% (17), yet they were
surpassed by the rate of TP53 mutations in our observations.

A significant limitation of this study is the lack of the
availability of the mutational status in the majority (65.15%) of
patient cases. This may partly be due to the length of the
observational period starting in 2015, as the rate of molecular
analyses has significantly increased in the past years and could
also represent a lack of accessible patient information, as the
molecular analyses in our center are, in many cases, initiated by
the departments continuing the treatment after neurosurgical
resection (oncology and radiotherapy) and might not be readily
accessible. Comparable studies (12) similarly reported the
mutational status in 37.7% of cases. Nevertheless, a trend in
survival benefit after neurosurgical resection was revealed in
patients receiving ICB + CTX combination treatment and
median OS reached 36.1 months in this group. Additional
additional analyses of this subcohort will be further addressed
in our future studies. Another limitation of our study is the lack
of consistent follow-up information after patient discharge.
Despite our efforts to incorporate every piece of available data,
in our university hospital setting, patients are discharged early
after neurosurgical intervention and the majority of
postoperative radiotherapy and oncologic treatments are
continued in ambulatory settings. The data from these
institutions are not routinely made available to us.

As opposed to a study by Spanberger et al. (24), who
described a significant survival benefit in patients with smaller
peritumoral brain edema, in our cohort, we did not identify
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peritumoral brain edema as a significant factor on OS and
survival after neurosurgical intervention. However, this may
be, in part, due to the difference in the measurement and
grading of PTB as well as interobserver bias. A recent study by
Berghoff and colleagues showed a positive correlation between
the extent of peritumoral brain edema and the density of CD8"
tumor-infiltrating lymphocytes (TILs) associated with favorable
median OS times. However, one might argue that the increase in
OS in this study cohort was mainly driven by the number of TILs
rather than the extent of edema, as outlined in the significant
correlation between the survival prognosis and the
immunoscore (25). Importantly, this study analyzed BM from
multiple primary tumors with the highest TIL infiltration
observed in melanoma and renal cancer.

Taken together, our study highlights the importance of
understanding the clinical course in NSCLC patients with BM
for risk stratification and clinical decision-making in the era of
interdisciplinary tumor boards. With improved surgical
techniques and the introduction of intraoperative
neuromonitoring or neuronavigation, the overall morbidity of
BM resection has decreased over the past decades (10). Together
with significant advances in targeted- and immuno-oncological
treatment options, as well as improved radiotherapy protocols,
patients diagnosed with NSCLC BM represent a patient
population whose survival may significantly benefit from the
use of aggressive multimodal therapy, even in the cerebrally
metastatic—and especially so in the oligometastatic - stage.

Methods
Patient characteristics and study cohort

The electronic patient database was queried for patients aged
18 years or older who underwent surgery in our institution for
NSCLC BM during the period 01/2014-12/2020. Key demographic
and clinical parameters were identified, and the course of disease as
well as follow-up screenings were extracted from the external
physician’s letters where appropriate. The disease stage at the
initial diagnosis was stratified according to the 7th edition of the
UICC TNM classification. The smoking status was stratified
according to the packages of cigarettes or equivalent tobacco
products per day and years smoked (pack years, py).

Histological results were obtained from biopsies and
surgically resected tumor tissues and examined regularly by
the senior physicians of the departments of pathology and
neuropathology at the University Medical Center Hamburg-
Eppendorf. Patients with differing histological diagnoses were
excluded from analysis. The mutational analyses and PD-L1
expression of primary tumor tissues were conducted in the
department of pathology or extracted from external reports.

The period between the primary tumor diagnosis and BM
was calculated from the date of the histological diagnosis of the
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primary tumor (either in our institution or from the external
physician’s letters) until the date of the histological diagnosis of
BM. OS was calculated from the time of the histological
diagnosis of the primary NSCLC tumor or the histological
diagnosis of BM to the date of death or last follow-up,
extracted from the external physician’s letters where applicable.

A team of experienced neurosurgeons performed all surgeries
and intraoperative navigation. Additional supportive techniques
(i.e., neuromonitoring) were applied in the cases deemed
necessary by the primary surgeon. Postoperative treatment
decisions as well as decisions about follow-up screenings and
procedures were reached within an interdisciplinary institutional
tumor board, involving board-certified neurosurgeons, medical
oncologists, radiation oncologists, and neuroradiologists.

Data analysis was performed on anonymized data sets. The
study was conducted in accordance with the ethical guidelines of
the Helsinki Declaration and the Hamburger Hospital Act.

MRI and volumetry

The size, number, and extent of intracranial tumors were
assessed in three-dimensional reconstructions of coronal, axial,
and sagittal planes and measured in cm® using Brainlab software
(Version 4.0.0.159, Brainlab AG, Munich, Germany) in
presurgical MRI scans [pre- and postcontrast T1-weighted
sequences, T2-weighted sequences, and/or fluid attenuated
inversion recovery (FLAIR) sequences]. For this, the regions of
interest (ROIs) were contoured semimanually around contrast-
enhanced regions in each slice of T1-weighted MRI images and
PTB was identified as obvious perifocal hyperintensity using the
same method in T2-weighted or FLAIR images. The MEI was
measured from the tumor border and calculated by dividing the
size of the tumor in T1-weighted images and the size of edema in
T2-weighted images. The localization of BM was stratified into
1) supra-/infratentorial, 2) main cerebral lobe affected (frontal,
parietal, temporal, occipital, cerebellar, and other), 3) depth
from the cortex (0 = in direct contact with dura mater cerebri,
1 = less than 1 cm below cortex, 2 = >1 cm below cortex). In the
case of multiple intracerebral lesions, the MEI and localization of
the largest lesion were used for survival stratification.

Statistical analysis

Statistical analysis was performed using SPSS Statistics
Version 25 (IBM, Armonk, NY, USA). Metric data are
presented with means and standard deviations (Table 1).
Kaplan-Meier estimates were used as a non-parametric statistic
to calculate survivals depending on patient characteristics
(Figures 1 and 2; Table 2). The survival distributions were
compared using the log-rank test. Median survival times, 95%
confidence intervals, and patients at risk were provided for
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Kaplan-Meier estimates. Subsequently, significant patient
characteristics were tested for multicollinearity using a Pearson
correlation matrix and variance inflation factors. For Cox
regression analysis (Table 2), significant patient characteristics
were selected according to the results of collinearity analysis.
Survival curves were calculated and plotted from Cox
proportional hazards (Figure 3). Additionally, hazard ratios and
the corresponding 95% confidence intervals are provided. Patients
lost to follow-up or still alive at the end of the observation period
were censored in statistical survival analysis. P-values lower than
0.05 were considered statistically significant and stratified as p <
0.05 (*), p < 0.01 (**), and p < 0.001 (***). All statistical analyses
were reviewed by an experienced statistician from the Institute of
Medical Biometry and Epidemiology, University Medical Center
Hamburg Eppendorf.

Data availability statement

The anonymized data sets are available on reasonable
request. Requests to access the datasets should be directed to
a.piftko@uke.de.

Ethics statement

The studies involving human participants were reviewed and
approved by Hamburg ethics committee. Written informed
consent for participation was not required for this study in
accordance with the national legislation and the
institutional requirements.

Author contributions

Conceptualization: AP, TS, and MM. Methodology: AP and
TS. Software: AP and TS. Data curation: AP, BA, and IR. Formal
analysis: AP, TS, and MM. Investigation: AP, BA, IR, and CM.
Resources: LD, MW, KL, HW, and JS. Writing—original draft
preparation: AP, MM, and TS. Writing—review and editing:
CM, LD, HW, IR, and JS. Visualization: AP and TS. Funding
acquisition: MW, KL, HW, and JS. All authors contributed to the
article and approved the submitted version.

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics 2021. CA: A
Cancer ] Clin (2021) 71(1):7-335. doi: 10.3322/caac.21654

2. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, E Ready N, et al.
Nivolumab versus docetaxel in advanced nonsquamous non-Small-Cell lung
cancer. N Engl ] Med (2015) 373(17):1627-39. doi: 10.1056/nejmoal507643

Frontiers in Oncology

10.3389/fonc.2022.951805

Funding

The work was supported by the Bender Stiftung, Sander
Stiftung (to HW and MM), and the Erich and Gertrud
Roggenbuck Stiftung (to MM).

Acknowledgments

The authors would like to thank Linda Krause, PhD, from
the Institute of Medical Biometry and Epidemiology, University
Medical Center Hamburg-Eppendorf for her close revision and
support for this work.

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.

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.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.951805/full#supplementary-material

SUPPLEMENTARY TABLE 1
Patient no. at risk (including censored events) for 0, 50, 100, 150 and 200
months after BM diagnosis for

SUPPLEMENTARY TABLE 2
Patient no. at risk (including censored events) for 0, 20, 40, 60, 80, 100
and 120 months after BM surgery for Figure 2.

3. Mok TSK, Wu Y-L, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
"Pembrolizumab versus chemotherapy for previously untreated, PD-L1-Expressing,
locally advanced or metastatic non-Small-Cell lung cancer (KEYNOTE-042): A
randomised, open-label, controlled, phase 3 trial." Lancet (London England) (2019)
393(10183):1819-30. doi: 10.1016/S0140-6736(18)32409-7

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.951805/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.951805/full#supplementary-material
https://doi.org/10.3322/caac.21654
https://doi.org/10.1056/nejmoa1507643
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.3389/fonc.2022.951805
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Piffko et al.

4. Garassino MC, Gadgeel S, Esteban E, Felip E, Speranza G, Domine M, et al.
Patient-reported outcomes following pembrolizumab or placebo plus pemetrexed and
platinum in patients with previously untreated, metastatic, non-squamous non-Small-
Cell lung cancer (KEYNOTE-189): A multicentre, double-blind, randomised, placebo-
controlled. Lancet Oncol (2020) 21(3):387-97. doi: 10.1016/51470-2045(19)30801-0

5. Duma N, Santana-Davila R, Molina JR. Non-small cell lung cancer:
Epidemiology, screening, diagnosis, and treatment. Mayo Clin. Proc (2019) 94(8)
:1623-40. doi: 10.1016/j.mayocp.2019.01.013

6. Rybarczyk-Kasiuchnicz A, Ramlau R, Stencel K. Treatment of brain
metastases of non-small cell lung carcinoma. Int J Mol Sci (2021) 22(2):593.
doi: 10.3390/ijms22020593

7. Nayak L, Lee EQ, Wen PY. Epidemiology of brain metastases. Curr Oncol Rep
(2012) 14(1):48-545. doi: 10.1007/s11912-011-0203-y

8. Moravan M]J, Fecci PE, Anders CK, Clarke JM, Salama AKS, Adamson ]JD,
et al. Current multidisciplinary management of brain metastases. Cancer (2020)
126(7):1390-406. doi: 10.1002/cncr.32714

9. Mitchell DK, Kwon HJ, Kubica PA, Huff WX, O'Regan R, Dey M. Brain
metastases: An update on the multi-disciplinary approach of clinical management.
Nature Reviews Clinical Oncology (2020) 68(1): 69-85. doi: 10.1016/j.neuchi.2021.04.001

10. Proescholdt MA, Schédel P, Doenitz C, Pukrop T, Hohne J, Schmidt NO,

et al. The management of brain metastases—systematic review of neurosurgical
aspects. Cancers (2021) 13(7): 1616. doi: 10.3390/CANCERS13071616

11. Walker MS, Wong W, Ravelo A, Miller PJE, Schwartzberg LS. Effect of brain
metastasis on patient-reported outcomes in advanced NSCLC treated in real-world
community oncology settings. Clin Lung Cancer (2018) 19(2):139-475.
doi: 10.1016/j.c1lc.2017.10.003

12. Junger ST, Schodel P, Ruess D, Ruge M, Brand JS, Wittersheim M, et al.
Timing of development of symptomatic brain metastases from non-small cell lung
cancer: Impact on symptoms, treatment, and survival in the era of molecular
treatments. Cancers (2020) 12(12):1-10. doi: 10.3390/cancers12123618

13. Fabi A, Felici A, Metro G, Mirri A, Bria E, Telera S, et al. Brain metastases
from solid tumors: Disease outcome according to type of treatment and therapeutic
resources of the treating center. ] Exp Clin Cancer Res (2011) 30(1):10. doi: 10.1186/
1756-9966-30-10

14. Barnes B. Bericht zum Krebsgeschehen in Deutschland 2016. Zentrum fiir
Krebsregisterdaten im Robert Koch-Institut (Hrsg). Berlin (2016).

15. Smith DR, Bian Y, Wu C-C, Saraf A, Tai C-H, Nanda T, et al. Natural
history, clinical course and predictors of interval time from initial diagnosis to

Frontiers in Oncology

12

10.3389/fonc.2022.951805

development of subsequent NSCLC brain metastases. ] Neuro-Oncol (2013)
143:145-55. doi: 10.1007/s11060-019-03149-4

16. Tsao MN, Rades D, Wirth A, Lo SS, Danielson BL, Gaspar LE, et al.
Radiotherapeutic and surgical management for newly diagnosed brain Metastasis
(Es): An American society for radiation oncology evidence-based guideline. Pract
Radiat Oncol (2012) 2(3):210. doi: 10.1016/J.PRRO.2011.12.004

17. Suh JH, Kotecha R, Chao ST, Ahluwalia MS, Sahgal A, Chang EL. Current
approaches to the management of brain metastases. Nat Rev Clin Oncol (2020)
17:279-99. doi: 10.1038/s41571-019-0320-3

18. Yamamoto M, Serizawa T, Shuto T, Akabane A, Higuchi Y, Kawagishi J,
et al. Stereotactic radiosurgery for patients with multiple brain metastases
(JLGK0901): A multi-institutional prospective observational study.” Lancet Oncol
(2014) 15(4):387-95. doi: 10.1016/S1470-2045(14)70061-0

19. Rounis K, Skribek M, Makrakis D, De Petris L, Agelaki S, Ekman S, et al.
Correlation of clinical parameters with intracranial outcome in non-small cell lung
cancer patients with brain metastases treated with pd-1/Pd-L1 inhibitors as
monotherapy. Cancers (2021) 13(7): 1562. doi: 10.3390/cancers13071562

20. Weichselbaum RR, Hellmann S. Oligometastases. ] Clin Oncol (1995) 13
(1):8-105. doi: 10.1200/JC0O.1995.13.1.8

21. Weichselbaum RR. The 46th David a. karnofsky memorial award lecture:
Oligometastasis — from conception to treatment. J Clin Oncol (2018) 36(32):3240—
50. doi: 10.1200/JCO.18.00847

22. Pitroda SP, Khodarev NN, Huang L, Uppal A, Wightman SC, Ganai S, et al.
Integrated molecular subtyping defines a curable oligometastatic state in colorectal
liver metastasis. Nat Commun (2018) 9(1): 1793. doi: 10.1038/s41467-018-04278-6

23. Brastianos PK, Carter SL, Santagata S, P. Cahill D, Taylor-Weiner A, . Jones
RT, et al. Genomic characterization of brain metastases reveals branched evolution
and potential therapeutic targets. Cancer Discov (2015) 5(11):1164-775.
doi: 10.1158/2159-8290.cd-15-0369

24. Spanberger T, Berghoft AS, Dinhof C, Ilhan-Mutlu Aysegiil, Magerle M,
Hutterer M, et al. Extent of peritumoral brain edema correlates with prognosis,
tumoral growth pattern, HIF1a expression and angiogenic activity in patients with
single brain metastases. Clin Exp Metastasis (2013) 30(4):357-68. doi: 10.1007/
510585-012-9542-9

25. Berghoff AS, Fuchs E, Ricken G, Mlecnik B, Bindea G, Spanberger T, et al.
Density of tumor-infiltrating lymphocytes correlates with extent of brain edema
and overall survival time in patients with brain metastases. Oncolmmunology
(2016) 5(1):¢1057388. doi: 10.1080/2162402X.2015.1057388

frontiersin.org


https://doi.org/10.1016/S1470-2045(19)30801-0
https://doi.org/10.1016/j.mayocp.2019.01.013
https://doi.org/10.3390/ijms22020593
https://doi.org/10.1007/s11912-011-0203-y
https://doi.org/10.1002/cncr.32714
https://doi.org/10.1016/j.neuchi.2021.04.001
https://doi.org/10.3390/CANCERS13071616
https://doi.org/10.1016/j.cllc.2017.10.003
https://doi.org/10.3390/cancers12123618
https://doi.org/10.1186/1756-9966-30-10
https://doi.org/10.1186/1756-9966-30-10
https://doi.org/10.1007/s11060-019-03149-4
https://doi.org/10.1016/J.PRRO.2011.12.004
https://doi.org/10.1038/s41571-019-0320-3
https://doi.org/10.1016/S1470-2045(14)70061-0
https://doi.org/10.3390/cancers13071562
https://doi.org/10.1200/JCO.1995.13.1.8
https://doi.org/10.1200/JCO.18.00847
https://doi.org/10.1038/s41467-018-04278-6
https://doi.org/10.1158/2159-8290.cd-15-0369
https://doi.org/10.1007/s10585-012-9542-9
https://doi.org/10.1007/s10585-012-9542-9
https://doi.org/10.1080/2162402X.2015.1057388
https://doi.org/10.3389/fonc.2022.951805
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Clinical determinants impacting overall survival of patients with operable brain metastases from non-small cell lung cancer
	Introduction
	Results
	Study cohort
	Clinical determinants for overall survival
	Clinical determinants for survival time after brain surgery
	Clinically favorable patient population

	Discussion
	Methods
	Patient characteristics and study cohort
	MRI and volumetry
	Statistical analysis

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	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


