
The development of brain metastases 
(BM) is a devastating complication in 
cancer patients, for which there are on-
ly limited treatment options. Unfortu-
nately, the incidence of BM has increased 
over the last decade. Non-small cell lung 
cancer (NSCLC) is the primary tumor 
most frequently responsible for BM and 
approximately 40 % of patients suffering 
from metastatic NSCLC eventually devel-
op BM [1].

The prognosis upon diagnosis of BM 
is poor, with a median overall surviv-
al (OS) of only a few months [2]. Several 
prognostic scores have been established in 
order to provide survival estimations for 
patients with newly diagnosed BM. These 
prognostic scores rely mainly on estab-
lished clinical prognostic factors such as 
age, Karnofsky Performance Status, sta-
tus of extracranial disease and number of 
BM [2–5]. The diagnosis-specific graded 
prognostic assessment score (DS-GPA) is 
an established prognostic score for surviv-
al estimation in patients with newly diag-

nosed NSCLC BM [2]. Herein, the calcu-
lated median OS from diagnosis of BM 
ranges from 3 months in the least favor-
able group, to 14.8 months in the most fa-
vorable group [2]. Tissue-based prognos-
tic factors are not currently included in 
any of the established prognostic scores 
for BM patients.

Neoangiogenesis, hypoxia and pro-
liferation are hallmarks of cancer. These 
factors have been shown to influence pa-
tients’ prognosis and response to therapy 
in many tumor types, including primary 
and metastatic NSCLC [6–10]. However, 
the prognostic value of these parameters 
in NSCLC BM has not been systematical-
ly studied.

In the present study we investigated 
the association of Ki67 tumor cell prolif-
eration index, the expression of hypox-
ia-inducible factor 1 alpha (HIF-1 alpha) 
and the expression of CD34 (as an endo-
thelial marker) with outcome parameters 
in order to explore their prognostic value. 
The study cohort comprised a large and 

well-defined series of NSCLC patients 
treated with first-line neurosurgical re-
section upon diagnosis of BM.

Methods

Patients

All patients diagnosed with NSCLC BM 
having undergone first-line neurosurgical 
resection between January 1990 and Feb-
ruary 2011 were identified from the Neu-
ro-Biobank, Medical University of Vien-
na. Histological confirmation of BM orig-
inating from NSCLC was mandatory for 
inclusion. Clinical data, including clin-
ical prognostic factors, were identified 
by chart review. DS-GPA was calculated 
based on clinical factors [2, 3]. Survival 
data was obtained from the National Can-
cer Registry of Austria database and the 
Austrian Brain Tumor Registry [11]. The 
ethics committee of the Medical Univer-
sity of Vienna approved the study (vote 
078/2004).
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Tissue-based analysis

Formalin-fixed and paraffin-embedded 
tissue blocks were assembled according 
to standard laboratory practice. Tissue 
blocks were cut into 3-μm slices with a 
microtome. Immunohistochemistry was 
performed using an automated horizon-
tal slide processing system (Autostainer 
Plus Link; Ki67; Dako Denmark, Glos-
trup, Denmark) and a fully automated 
multimodal slide staining system (Bench-
Mark ULTRA; HIF-1 alpha, CD34; Ven-
tana Medical Systems, Tucson, AZ, USA) 
according to standard protocol [12–14]. 
In brief, slides underwent heat-induced 
epitope retrieval in pH6.0 citrate buffer 
(HIF-1 alpha: 92 min; Ki67: 20 min) or 
in pH8.0 buffer (CD34: 36 min). After-
wards, sections were incubated with anti-
body: HIF-1 alpha: polyclonal rabbit pu-
rified anti-human HIF-1 alpha/610959 
BD Transduction Laboratories™ (BD Bio-
sciences, East Rutherford, NJ, USA) 1:10; 
Ki67: monoclonal mouse Ki67 clone 
MIB-1/M7240 (Dako), 1:200; CD34: No-
vocastra™ lyophilized mouse monoclonal 
antibody endothelial cell marker (CD34) 
(Novocastra™, Leica Biosystems, Wetzlar, 
Germany) 1:50.

For the Ki67 proliferation index, 500 
cells were counted within the area of 
strongest staining to give the percentage 
of positive cells (0–100 %) [12]. HIF-1 al-
pha score was calculated according to the 
modified H-score [15–17]. HIF-1 alpha 
intensity groups were defined as follows: 
0 = no appreciable staining in the tumor 
cell nucleus; 1 = barely detectable stain-
ing intensity in the nucleus; 2 = moderate 
staining intensity distinctly in the tumor 
cell nucleus; 3 = strong staining intensity 
of the tumor cell nucleus. For each inten-
sity group the fraction of cells (0–100 %) 
was recorded. The HIF-1 alpha index was 
calculated by multiplying the intensity by 
the fraction of cells producing this inten-
sity, producing a total range of 0–300. The 
mean microvascular density (MVD) was 
defined by the number of CD34-positive 
vessels within the area of the highest den-
sity at a 200x magnification (“hot spot”) 
[18]. Furthermore, the vascular pattern 
was analyzed in the CD34 staining to dif-
ferentiate between the “angiogenic type” 
defined by the predominance of sprouting 

vessels (characterized by multilayer endo-
thelium) and the “silent type” defined by 
predominance of vessels with thin mono-
layer endothelium. Specimens with an 
equal distribution of angiogenic and si-
lent types were defined as the “balanced 
type” [17].

Statistical analysis

The Spearman’s rank correlation coeffi-
cient was used to assess monotone associ-
ations between two continuous variables. 
For assessing group differences, χ-square, 
paired and unpaired t-, Mann–Whitney 
U and Kruskal–Wallis tests were used as 
appropriate. A significance level of 0.05 
was applied. OS of patients was estimat-
ed with the Kaplan–Meier product lim-
it method and group differences were as-
sessed with the log-rank test. The median 
was used as the cutoff value for continu-
ous variables entered in univariate anal-
ysis.

Variables with significant results 
in univariate analysis were entered in-
to a multivariate Cox proportional haz-
ards model. Overall and partial measures 
of dependence (R squared, R2 values) 
were computed according to Kent and 
O’Quigley [19, 20]. Due to the exploratory 
and hypothesis-generating design of the 
present study, no adjustment for multiple 
testing was applied [21].

For calculation of the tissue GPA (tG-
PA) prognostic score a multivariate Cox 
regression model was used. For graphi-
cal representation, the patient cohort was 
divided into three equal sized classes ac-
cording to the terciles of the tGPA.

All statistical analyses were performed 
with the Statistical Package for the So-
cial Sciences version 20.0 software (IBM, 
SPSS, Armonk, NY, USA) and SAS 9.3 
(SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics

A total of 230 patients (151 male, 79 fe-
male) with a median age of 56 years 
(range 33–78 years) at first diagnosis of 
NSCLC BM were included. All patients 
underwent neurosurgical resection as 
first line therapy for newly diagnosed 

BM. Histology was as follows: 165/230 
(71.7 %) patients had adenocarcinoma, 
29/230 (12.6 %) squamous cell carcino-
ma, 15/230 (6.5 %) adenosquamous carci-
noma, 17/230 (7.4 %) large cell carcinoma 
and 4/230 (1.7 %) patients had unknown 
histology. A history of cigarette smoking 
was reported by 169/230 (73.5 %) patients. 
Further patient characteristics are listed in 
. Table 1.

Tissue-based findings in brain 
metastasis specimens

Median Ki67 proliferation index was 
39.8 % (range 5–97 %), median HIF-
1 alpha index was 60 (range 0–270) and 
median MVD was 71/0.7  mm2 (range 
7–298/0.7  mm2). Of all specimens, 
102/230 (44.3 %) showed a predominance 
of microvascular sprouting (angiogenic 
type); 62/230 (27.0 %) specimens showed 
a silent angiogenesis with predominance 
of mature vessels and without signs of an-
giogenesis (silent type); 61/230 (26.5 %) 
specimens showed an equal distribution 
of microvascular sprouting and silent 
angiogenesis (balanced type) and 5/230 
(2.2 %) specimens were not definable due 
to too few classifiable vessels.

In BM specimens, MVD showed a sig-
nificant association with vascular pattern: 
MVD values increased when going from 
specimens with silent, to balanced, to an-
giogenic vascular patterns (Kruskal–Wal-
lis test, p< 0.001; . Fig. 1a).

Ki67 proliferation index was signifi-
cantly higher in BM specimens with squa-
mous histology as compared to cases with 
nonsquamous histology (Mann–Whitney 
U test, p = 0.002; . Fig. 1b).

Among BM specimens, no correlation 
was observed between Ki67 proliferation 
index and MVD (Spearman’s correlation 
coefficient − 0.039, p = 0.556) or vascular 
pattern (Kruskal–Wallis test, p = 0.587). 
Furthermore, no correlation between 
HIF-1 alpha index and MVD (Spearman’s 
correlation coefficient − 0.049, p = 0.459) 
or vascular pattern (Kruskal–Wallis test, 
p = 0.572) was present. No correlation 
between histology and MVD (Kruskal–
Wallis test, p = 0.311), HIF-1 alpha index 
(Kruskal–Wallis test, p = 0.321) or vascu-
lar pattern (χ-square test, p = 0.799) was 
evident. Weak correlation was observed 
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between Ki67 proliferation index and 
HIF-1 alpha index (Spearman’s correla-
tion coefficient 0.298, p < 0.001).

Comparative analyses of brain 
metastases and corresponding 
primary tumors

Tumor tissue from the corresponding 
primary tumor was available in 53/230 
(23.0 %) cases. Median Ki67 prolifera-
tion index of the primary tumor was 39 % 

(range 4–79 %) and did not significantly 
differ from the BM Ki67 proliferation in-
dex (paired t-test, p = 0.897). Median pri-
mary tumor MVD was 65/0.7 mm2 (range 
26–179/0.7 mm2), which was significant-
ly lower than in BM (71/0.7 mm2; paired 
t-test, p = 0.032). Median primary tumor 
HIF-1 alpha index was 30 (0–210), which 
was significantly lower than in BM (60; 
paired t-test, p = 0.013).

Survival analyses

Impact of parameters on time to 
diagnosis of brain metastases
Time to diagnosis of BM was only evalu-
ated in patients with subsequent diagno-
sis of BM and no synchronous diagnosis 
of primary tumor and BM (n = 103). No 
impact of Ki67 proliferation index, HIF-
1 alpha index, MVD or vascular pattern 
of the primary tumor on time to develop-
ment of BM (TTBM) was observed. Pa-

Strahlenther Onkol 2014 · 190:676–685  DOI 10.1007/s00066-014-0639-8
© Springer-Verlag Berlin Heidelberg 2014

A. S. Berghoff · A. Ilhan-Mutlu · A. Wöhrer · M. Hackl · G. Widhalm · J. A. Hainfellner · K. Dieckmann · 
T. Melchardt · B. Dome · H. Heinzl · P. Birner · M. Preusser

Prognostic significance of Ki67 proliferation index, HIF1 alpha index and microvascular 
density in patients with non-small cell lung cancer brain metastases

Abstract
Background.  Survival upon diagnosis of 
brain metastases (BM) in patients with non-
small cell lung cancer (NSCLC) is highly vari-
able and established prognostic scores do 
not include tissue-based parameters.
Methods.  Patients who underwent neu-
rosurgical resection as first-line therapy for 
newly diagnosed NSCLC BM were included. 
Microvascular density (MVD), Ki67 tumor cell 
proliferation index and hypoxia-inducible fac-
tor 1 alpha (HIF-1 alpha) index were deter-
mined by immunohistochemistry.
Results.  NSCLC BM specimens from 230 pa-
tients (151 male, 79 female; median age 
56 years; 199 nonsquamous histology) and 

53/230 (23.0 %) matched primary tumor sam-
ples were available. Adjuvant whole-brain ra-
diation therapy (WBRT) was given to 153/230 
(66.5 %) patients after neurosurgical resec-
tion. MVD and HIF-1 alpha indices were sig-
nificantly higher in BM than in matched pri-
mary tumors. In patients treated with adju-
vant WBRT, low BM HIF-1 alpha expression 
was associated with favorable overall sur-
vival (OS), while among patients not treated 
with adjuvant WBRT, BM HIF-1 alpha expres-
sion did not correlate with OS. Low diagnosis-
specific graded prognostic assessment score 
(DS-GPA), low Ki67 index, high MVD, low HIF-
1 alpha index and administration of adjuvant 

WBRT were independently associated with 
favorable OS. Incorporation of tissue-based 
parameters into the commonly used DS-GPA 
allowed refined discrimination of prognos-
tic subgroups.
Conclusion.  Ki67 index, MVD and HIF-1 al-
pha index have promising prognostic val-
ue in BM and should be validated in further 
studies.

Keywords
Survival · Whole-brain radiation therapy · 
Proliferation · Angiogenesis · Hypoxia

Prognostische Signifikanz von Proliferationsindex Ki67, HIF-1α-Index und mikrovaskulärer 
Gefäßdichte bei Patienten mit zerebralen Metastasen eines nicht-kleinzelligen Lungenkarzinoms

Zusammenfassung
Hintergrund.  Die Überlebensprognose von 
Patienten mit zerebralen Metastasen eines 
nicht-kleinzelligen Lungenkarzinoms (NSCLC) 
ist sehr variabel. Bisher werden gewebsba-
sierte Parameter nicht in die prognostische 
Beurteilung inkludiert.
Methoden.  Neurochirurgische Resektate ze-
rebraler NSCLC-Metastasen wurden in die-
ser Studie untersucht. Die Gefäßdichte („mi-
crovascular density“, MVD), der Ki67-Proli-
ferationsindex sowie der HIF-1α-Index wur-
den mittels immunhistochemischer Metho-
den analysiert.
Ergebnisse.  Insgesamt wurden Proben von 
230 Patienten (151 Männer, 79 Frauen; mitt-
leres Alter 56 Jahre; 199 Adenokarzinome) 
und korrespondierenden Primärtumoren 

(53/230; 23,0 %) eingeschlossen. Mit einer 
Ganzhirnbestrahlung nach neurochirurgi-
scher Resektion wurden 153/230 Patienten 
(66,5 %) behandelt. Eine höhere Gefäßdich-
te sowie ein niedrigerer HIF-1α-Index wur-
den in den korrespondierenden Primärtumo-
ren im Vergleich zu den zerebralen Metasta-
sen beobachtet. Ein niedriger HIF-1α-Index 
zeigte eine signifikante Korrelation mit dem 
Gesamtüberleben in Patienten mit postope-
rativer Ganghirnbestrahlung. In der Gruppe 
der Patienten ohne postoperative Ganzhirn-
bestrahlung hingegen konnte kein prognos-
tischer Einfluss des HIF-1α-Index beobachtet 
werden. Ein niedriger diagnosespezifischer 
Prognosescore (DS-GPA), ein niedriger Ki67-
Proliferationsindex, eine hohe Gefäßdichte, 

ein niedriger HIF-1α-Index sowie die Durch-
führung einer postoperativen Ganzhirnbe-
strahlung zeigten eine unabhängige und si-
gnifikante Korrelation mit dem Gesamtüber-
leben. Der Einschluss von gewebebasierten 
Parametern in der üblich verwendeten DS-
GPA ermöglicht die Unterscheidung prognos-
tischer Subgruppen.
Schlussfolgerung.  Die Analyse des Ki67-
Proliferationsindex, der Gefäßdichte sowie 
des HIF-1α-Index sollte in die prognostische 
Beurteilung von Patienten mit zerebralen 
NSCLC-Metastasen inkludiert werden.

Schlüsselwörter
Überleben · Ganzhirnbestrahlung · 
Proliferation · Angiogenese · Hypoxie
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tients with large cell carcinoma histolo-
gy (median TTBM: 4 months) developed 
BM earlier than patients with adenocarci-
noma (median TTBM: 12 months), squa-
mous cell (median TTBM: 11 months) or 
adenosquamous cell carcinoma histology 
(median TTBM: 9 months; log-rank test, 
p = 0.052; . Fig. 2). Furthermore, patients 
with large cell carcinoma (11/17, 64.7 %) 
or adenocarcinoma (99/165, 60.0 %) had 
more synchronous diagnosis of NSCLC 
and BM than patients with adenosqua-
mous (7/15, 46.7 %) or squamous cell 
carcinoma (8/29, 27.6 %; χ-square test, 
p = 0.009).

Impact of clinical characteristics 
on overall survival from 
diagnosis of brain metastasis
DS-GPA showed a statistically significant 
correlation with OS measured from first 
diagnosis of BM. Patients with DS-GPS 
class 1 had a median OS of 17 months, 
compared to 7 months in class 2, 5 
months in class 3 and only 1 month in pa-
tients with class 4 (log-rank test, p < 0.001; 
. Fig. 3a). However, no significant differ-
ence in OS was observed between DS-
GPA class 2 and DS-GPA class 3 (7 vs. 5 
months; log-rank test, p = 0.205).

Histology significantly influenced 
survival prognosis. Patients with adeno-
carcinoma had a median OS of 9 months 
from diagnosis of BM, compared to 8 
months in patients with large cell histolo-
gy, 6 months in patients with adenosqua-
mous histology and 4 months in patients 
with squamous histology (log-rank test, 
p = 0.008; . Fig. 3b).

Patients scheduled for adjuvant WBRT 
after neurosurgical resection of BM had a 
significantly longer median OS than pa-
tients without adjuvant WBRT after neu-
rosurgical resection of BM (9 vs. 5 months; 
log rank test, p < 0.001). Patients with a 
single BM received WBRT significantly 
less frequently after neurosurgical resec-
tion (100/164, 61.0 %) than did patients 
with 2–3 BM (38/47, 80.9 %) or > 3 BM 
(15/18, 83.3 %; χ-square test, p = 0.012). 
Furthermore, patients receiving chemo-
therapy after diagnosis of BM survived 
significantly longer than patients not re-
ceiving chemotherapy (15 vs. 6 months; 
log-rank test, p.0.005). Patients receiving 
combination therapy comprising WBRT 

Table 1  Patient characteristics

Characteristic Entire population (n = 230)

No. patients Percentage

Median age at first diagnosis of lung cancer, years (range) 56 (33–78)
Histology of primary tumor
–�Adenocarcinoma 165 71.7
–�Squamous cell carcinoma 29 12.6
–�Adenosquamous carcinoma 15 6.5
–�Large cell carcinoma 17 7.4
–�Unknown 4 1.7
Stage IV primary tumor
–�Yes 145 63.0
–�No 85 37.0
Surgery for primary tumor before diagnosis of BM
–�Yes 76 33.2
–�No 153 66.8
Number of extracranial metastatic sites
–�0 180 78.3
–�1 32 13.9
–�≥ 2 18 7.8
Visceral metastases before first diagnosis of BM
–�Yes 28 12.2
–�No 202 87.8
Number of chemotherapy lines before first diagnosis of BM
–�0 181 78.7
–�1 40 17.4
–�≥ 2 9 3.9
Time from first diagnosis of primary tumor to first diagnosis of 
BM, months (range)

11 (1–162)

Median age at first diagnosis of BM, years (range) 57 (34–78)
GPA class at first diagnosis of BM
–�I 64 27.8
–�II 114 49.6
–�III 47 20.4
–�IV 5 2.2
Status of primary tumor at first diagnosis of BM
–�No evidence of disease 55 23.9
–�Partial response 6 2.6
–�Stable disease 32 13.9
–�Progressive disease 10 4.3
–�Synchronous first diagnosis of primary tumor and BM 127 55.2
WBRT after surgery
–�Yes 153 66.5
–�No 76 33.0
–�Unknown 1 0.4
Chemotherapy after diagnosis of BM
–�Yes 79 34.3
–�No 146 63.5
–�Unknown 5 2.2
Event
–�Yes 203 88.3
–�No 27 11.7
Median overall survival from first diagnosis of lung cancer, 
months (range)

14.5 (0–168)

Median overall survival from first diagnosis of BM, months 
(range)

8.0 (0–141)

BM brain metastasis, GPA graded prognostic assessment score, WBRT whole-brain radiation therapy
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and chemotherapy after surgery had im-
proved survival (15 months) compared 
to patients receiving WBRT (8 months) 
or chemotherapy alone (14 months; log-
rank test, p < 0.001; . Fig. 3c).

A synchronous diagnosis of BM and 
primary NSCLC had been made for 
127/230 (55.2 %) patients. In this co-
hort, patients treated with surgical treat-
ment of both primary tumor and BM had 

a more favorable OS compared to pa-
tients in whom only the BM was resected 
(15 vs. 7 months; log-rank test, p = 0.004; 
. Fig. 3d).

Impact of tissue-based 
characteristics on overall survival 
from diagnosis of brain metastasis
Patients with a low Ki67 proliferation in-
dex in the BM tissue had an improved 

survival compared to patients with high 
Ki67 proliferation index (10 vs. 6 months; 
log-rank test, p = 0.011; . Fig. 4a). Patients 
with a low HIF-1 alpha index in the BM 
tissue had more favorable OS than pa-
tients with a high HIF-1 alpha index (11 
vs. 7 months; log-rank test, p = 0.013; 
. Fig. 4b). Patients with high MVD in 
the BM tissue survived significantly lon-
ger than patients with low MVD (10 
vs. 6 months; log-rank test, p = 0.049; 
. Fig. 4c). The vascular pattern did not 
show a significant impact on prognosis 
(log-rank test, p = 0.850).

In the cohort of patients treated with 
WBRT after neurosurgery, patients with 
a low HIF-1 alpha index had a more fa-
vorable median OS than patients with a 
high HIF-1 alpha index (15 vs. 7 months; 
p = 0.004; . Fig. 5a). However, HIF-1 al-
pha expression had no impact on OS in 
the cohort of patients without WBRT 
(log-rank test, p = 0.904; .  Fig.  5b). A 
trend was observed in multivariate inter-
action analysis of WBRT and HIF-1 alpha 
index (Cox regression model, p = 0.074).

Multivariable analysis 
of overall survival
According to the results of univariate 
analysis, we entered the following pa-
rameters into multivariate survival anal-
yses using the Cox regression model: DS-
GPA, primary tumor histology, chemo-
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therapy (yes/no), adjuvant WBRT (yes/
no), HIF-1 alpha index, Ki67 prolifera-
tion index and MVD. DS-GPA, WBRT, 
HIF-1 alpha index, Ki67 proliferation in-
dex and MVD remained independent 
prognostic parameters for survival from 
diagnosis of BM in multivariable analy-
sis (. Table 2). Furthermore, the tissue-
based characteristics were shown to add 
statistically significant information to 
the model (Cox regression model,three 
degrees of freedom, p < 0.001). Over-
all, the R2 measure showed that the sev-
en prognostic factors explained 34.04 % 
of the variability in OS time. Moreover, 
the partial R2 measure showed that the 
tissue-based prognostic characteristics in 
addition of the clinical prognostic char-
acteristics explained 10.62 % variability 

in OS time. After accounting for the ef-
fects of the clinical prognostic factors and 
the other respective tissue-based charac-
teristics, the partial R2 values for MVD, 
HIF-1 alpha index and ki67 proliferation 
index were 2.72, 2.18 and 4.38 %, respec-
tively (. Table 2).

Calculation of a prognostic 
score including tissue-based 
characteristics
To illustrate the potential of improved 
prognostication by incorporation of tis-
sue-based prognostic parameters into the 
DS-GPA, we calculated a tGPA. Using the 
terciles as cutoffs, the entire cohort was 
divided into three tGPA classes (class 1: 
76 patients; class 2: 77 patients; class 3: 77 
patients). A statistically significant asso-

ciation was observed between tGPA and 
median OS (class 1: 15 months, class 2: 9 
months, class 3: 4 months; log-rank test, 
p < 0.001; . Fig. 5c). As no significant dis-
crimination was observed between DS-
GPA class 2 and DS-GPA class 3, we ap-
plied the tGPA to this group of patients 
(n = 161). Herein, tGPA showed a stati-
cally significant discrimination. Patients 
with tGPA class 1 had median OS of 11 
months; for patients with class 2 this was 
8 months and patients with tGPA class 3 
had a median OS of 5 months (log-rank 
test, p < 0.001; . Fig. 5d).

Discussion

In this project we investigated for the first 
time the prognostic value of Ki67 pro-
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Fig. 3 9 a Overall surviv-
al (OS) from diagnosis of 
brain metastases (BM) ac-
cording to diagnosis-spe-
cific graded prognostic as-
sessment (DS-GPA) class. 
b OS from diagnosis of BM 
according to primary tu-
mor histology. c OS from 
diagnosis of BM accord-
ing to adjuvant treatment 
after surgery for BM. d OS 
from diagnosis of BM in pa-
tients with synchronous di-
agnosis of BM and primary 
non-small cell lung cancer 
(NSCLC) according to surgi-
cal strategy. WBRT whole-
brain radiation therapy
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Fig. 5 9 a Overall surviv-
al (OS) from diagnosis of 
brain metastases (BM) in 
patients receiving adjuvant 
whole-brain radiation ther-
apy (WBRT) after surgery of 
BM related to HIF-1 alpha 
index. b OS from diagno-
sis of BM in patients not re-
ceiving adjuvant WBRT af-
ter surgery of BM related 
to HIF-1 alpha index. c OS 
from diagnosis of BM relat-
ed to tissue graded prog-
nostic assessment (tGPA) 
class, d OS from diagnosis 
of BM in patients with GPA 
class 2 related to tGPA
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liferation index, HIF-I alpha index and 
MVD in a large and well-defined cohort 
of NSCLC BM. Our findings clearly show 
that these parameters are biologically and 
clinically relevant and may help to guide 
the management of patients with NSCLC 
BM.

In our large cohort of patients with 
NSCLC BM, we observed an indepen-
dent, significant prognostic impact of 
Ki67 proliferation index, HIF-1 alpha in-
dex and MVD on OS from diagnosis of 
BM. Our results are well in line with pre-
vious findings in primary NSCLC, which 
postulated that high Ki67 proliferation 
and high HIF-1 alpha indices be unfavor-
able prognosis parameters [22, 23]. How-
ever, our study is, to our best knowledge, 
the first to investigate these tissue-based 
prognostic factors in BM tissue. The as-
sociation of high MVD and favorable OS 
prognosis in our cohort might be per-
ceived as somewhat surprising, as a high 
MVD was shown to be associated with 
an impaired survival prognosis in pri-
mary NSCLC [24, 25]. However, a pre-
vious study of MVD in NSCLC lymph 
node metastases postulated a switch of the 
prognostic value of MVD in the metastat-
ic setting, as a high MVD in the lymph 
node metastases correlated with an im-
proved OS prognosis [26]. Taken togeth-
er, these results suggest a differential in-
fluence of MVD on prognosis in prima-
ry NSCLC tumors and NSCLC metastatic 
lesions. The surrounding microenviron-
ment might influence the pathobiolog-
ical behavior and the angiogenic poten-
tial of a given tumor, as postulated in the 

“seed and soil” theory [27]. While some 
primary NSCLCs were shown to grow in 
an alveolar pattern with only low neoan-
giogensis, preclinical data demonstrated 
a highly angiogenic behavior of NSCLC 
BM cells after extravasation into the peri-
vascular niche [28, 29]. Previously, che-
motherapy drug delivery through the in-
creased capillary surface was postulated 
to account for the improved survival of 
patients with highly angiogenic tumors 
[26]. However, we observed an indepen-
dent impact of high MVD in the multivar-
iate analysis, irrespective of chemothera-
py administration. Nevertheless, the rea-
sons for the unexpectedly observed bene-
ficial effect of increased BM angiogenesis 
on OS are not clear.

Our findings underscore the heteroge-
neity of tumor behavior among NSCLC 
subtypes and the relevance of these differ-
ences for the biology and clinical course of 
BM. Firstly, we found a higher prolifera-
tion rate in squamous, compared to non-
squamous BM tumors—a finding that 
mirrors the situation in primary NSCLC 
[30]. In line with these results, we found 
that patients with squamous cell BM had a 
poor outcome, with median OS reaching 
only 4 months and thereby significantly 
shorter than that observed for other tu-
mor types (6–9 months).

Interestingly, we found a profound 
effect of tumor histology on the time to 
BM development from first diagnosis of 
NSCLC. Patients with large cell carcino-
mas developed BM within a median 4 
months from diagnosis of the primary tu-
mor, while in other tumor types BM be-

came evident only after median follow-up 
times of more than 11 months. To the best 
of our knowledge, this result has not been 
described previously and warrants further 
investigation. It is of note that a relative-
ly high incidence of BM has been docu-
mented in adenocarcinoma and large cell 
carcinoma previously [31]. Additionally, 
a higher incidence of synchronous diag-
nosis of primary tumor and BM was ev-
ident for large cell and adenocarcinoma 
in our series, thus further highlighting the 
higher propensity of BM in these histo-
logical entities.

Concerning cases with synchronous 
diagnosis of BM and primary NSCLC tu-
mor, we observed a strong effect of surgi-
cal strategy on patient outcome. Patients 
treated with resection of both the CNS 
and the primary tumors fared significant-
ly better than patients treated with neu-
rosurgery only. Our study is limited by 
its retrospective nature; in particular, the 
prescription bias with respect to the ad-
ministered therapies may be a potential is-
sue of concern resulting from poorly stan-
dardized therapy approaches in patients 
with BM. Furthermore, statistical power 
may be an additional issue and prospec-
tive, randomized trials are urgently war-
ranted to reappraise our findings. Howev-
er, compared to previous studies, we were 
able to include and investigate an appre-
ciable sample size. Some small phase II 
prospective trials already exist and un-
derscore our findings: these have shown 
that a subgroup of patients with synchro-
nous diagnosis of NSCLC and oligomet-
astatic disease benefits from multimodal-
ity treatment including BM and lung re-
section [32–34].

We observed significant longer surviv-
al in patients receiving a multimodal ther-
apy approach including surgery, chemo-
therapy and WBRT as compared to pa-
tients receiving only adjuvant WBRT after 
surgery. Although a selection bias cannot 
be ruled out, our findings once more un-
derscore the shaky and ambiguous val-
ue of adjuvant WBRT after neurosurgi-
cal resection of NSCLC BM [35, 36]. A 
prospective phase III trial failed to dem-
onstrate an impact of adjuvant WBRT on 
OS in patients with one to three BM treat-
ed with neurosurgical resection or radio-
surgery [37]. However, time to intracra-

Table 2  Results of multivariate survival analyses

Parameter Exp(B) 95 % CI P-value Partial R2

DS-GPA 1.693 1.374–2.087 < 0.001 12.33 %

Histology (categorical) 1.40 %

–�Adenocarcinoma 0.657 0.7379–1.139 0.134

–�Squamous cell carcinoma 0.836 0.433–1.615 0.594

–�Adenosquamous cell carcinoma 0.665 0.307–1.442 0.302

–�Large cell carcinoma 1.378 0.799–2.377

Chemotherapy (yes/no) 0.753 0.545–1.041 0.086 4.91 %

Adjuvant WBRT (yes/no) 0.591 0.428–0.816 0.001 3.26 %

HIF-1 alpha index (continuous) 1.003 1.000–1.005 0.050 2.18 %

Ki67 proliferation index (continuous) 1.013 1.005–1.021 0.002 4.38 %

MVD (continuous) 0.996 0.993–1.000 0.031 2.72 %

DS-GPA diagnosis-specific graded prognostic assessment, WBRT whole-brain radiation therapy, MVD micro-
vascular density
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nial disease progression was significant-
ly prolonged in patients receiving WBRT. 
Considering the relative radioresistance 
of NSCLC and the long-term side effects 
of WBRT (e.g. neurocognitive decline), a 
predictive marker for patients profiting 
from adjuvant WBRT would be of clin-
ical relevance [38–40]. Our data suggest 
that the HIF-1 alpha index, which is fre-
quently used a as surrogate marker for hy-
poxia, might serve as a predictive mark-
er for WBRT. This is in good agreement 
with the results of previous studies indi-
cating the value of HIF-1 alpha expression 
as a predictor for the response to radio-
therapy in various primary tumors [41]. 
Our results clearly suggest the need for 
prospective studies to further investigate 
whether stratification of BM patients for 
adjuvant WBRT based on HIF-1 alpha ex-
pression is a feasible strategy.

Conclusion

In order to make appropriate personal-
ized and prognostic-based treatment de-
cisions, prognostic scoring systems have 
to be as precise as possible and include 
all relevant prognostic aspects. To date, 
established prognostic scores only in-
clude clinical prognostic factors and do 
not include radiological or pathological 
findings [2–4, 42]. In the present study, 
we could demonstrate the impact of pro-
liferation, MVD and hypoxia on surviv-
al in our cohort of patients with NSCLC 
BM. We illustrate by example that the ad-
dition of tissue-based parameters to tra-
ditional prognostic scores based on clin-
ical parameters alone may improve dis-
crimination between prognostic sub-
groups. Therefore, the inclusion of tissue-
based prognostic factors should be con-
sidered, but needs to be validated in in-
dependent patient cohorts and prospec-
tive studies.
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