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Abstract

Purpose To investigate the clinical value of the inflammation based prognostic scores for patients with radiosurgically treated
brain metastases (BM) originating from non-pulmonary primary tumor (PT).

Methods A retrospective analysis of 340 BM patients of different PT origin (melanoma, breast, gastrointestinal, or geni-
tourinary cancer) was performed. Pre-radiosurgical laboratory prognostic scores, such as the Neutrophil-to-Lymphocyte
Ratio (NLR), the Platelet-to-Lymphocyte Ratio (PLR), Lymphocyte-to-Monocyte Ratio (LMR), and the modified Glasgow
Prognostic Score (mGPS), were investigated within 14 days before the first Gamma Knife radiosurgical treatment (GKRS1).
Results In our study cohort, the estimated survival was significantly longer in patients with NLR <5 (p<0.001), LMR >4
(p=0.001) and in patients with a mGPS score of 0 (p<0.001). Furthermore, univariate and multivariate Cox regression
models revealed NLR >5, LMR <4 and mGPS score > 1 as independent prognostic factors for an increased risk of death
even after adjusting for age, sex, KPS, extracranial metastases status, presence of neurological symptoms and treatment with
immunotherapy (IT) or targeted therapy (TT).

Conclusions Summarizing previously published and present data, pre-radiosurgical mGPS and NLR groups seem to be the
most effective and simple independent prognostic factors to predict clinical outcome in radiosurgically treated BM patients.
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TT Targeted therapy
WBRT  Whole brain radiation therapy

Introduction

Over the last decades, there has been an increase in the
incidence of brain metastses (BM) due to improvements in
diagnostic workups, but also in systemic oncological thera-
pies [1]. Although lung cancer represents the most common
primary tumor (PT), the incidence of BM from other PT,
such as melanoma, breast, renal, colorectal cancer should
not be underestimated [1, 2].

In BM patients, several prognostic factors, including the
PT histology, patient’s age, the systemic disease status, the
Karnofsky Performance Status (KPS), as well as the num-
ber, size, and localization of BM, are of utmost interest [2].
Recently, several laboratory prognostic predictors for solid
and metastatic cancer patients have additionally gained
interest due to their simplicity and wide availability [3-5].
Therefore, leucocyte-based ratios, such as the Neutrophil-
to-Lymphocyte Ratio (NLR), the Platelet-to-Lymphocyte
Ratio (PLR), and the Lymphocyte-to-Monocyte Ratio
(LMR), have been previously reported to be prognostic for
overall survival in patients with surgically treated BM [4,
6]. However, the clinical data on NLR, PLR and LMR for
radiosurgically treated BM patients are still mainly limited
to non-small cell lung cancer (NSCLC) patients [7-9].

Moreover, the modified Glasgow Prognostic Score
(mGPS), consisting of albumin and C-reactive protein
(CRP), has also shown to be prognostic for survival in
cancer patients [10-12]. However, mGPS has rather been
applied for solid cancers so far, and clinical data in radio-
surgically treated BM patients are still lacking.

The aim of the study was to investigate the clinical value
of these laboratory prognostic scores in radiosurgically
treated BM patients of non-pulmonary PT origin.

Materials and methods

For this retrospective study, patients who have been treated
between June 2012 (implementation of the new Gamma
Knife® Perfexion™ at our institution) and December 2019
were included. Our inclusion criteria were patients with
an age > 18 years, at least one Gamma Knife radiosurgi-
cal (GKRS) treatment for at least one BM from melanoma,
breast cancer, gastrointestinal (GI) or genitourinary (GU)
cancer, and available laboratory parameters within 14 days
before the first GKRS (GKRS1) [7].

After excluding patients according to our criteria, and
patients lost to follow-up (FU), 340 patients could be
enrolled in this study (Fig. 1).
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Subsequently, all patients with available laboratory find-
ings for the calculation of NLR, PLR, and LMR, were clas-
sified according to the previously defined cut-off-values. The
cut-off values were 5 for NLR, 180 for PLR and 4 for LMR
[4,7,13]. As previously reported, the mGPS was defined as
follows: no abnormalities in CRP (<10 mg/l) and albumin
(=35 g/l) was classified as a mGPS score of 0, while both
abnormalities were classified as a mGPS score of 2. For
patients with elevated CRP but without decreased albumin,
a mGPS of 1 was allocated [14].

To review the clinical value of prognostic scores in rela-
tion to concomitant modern oncological therapies, data on
immunotherapy (IT) or targeted therapy (TT) were addition-
ally reviewed at the time of GKRS1 (+ 30 days). The study
complied with the Declaration of Helsinki and was approved
by the local ethics review committee (EK1788/2020).

Radiosurgical technique

As we have previously described, radiosurgical treatments
were planned with GammaPlan and performed with Lek-
sell Gamma Knife® Perfexion™ (Elekta AB, Stockholm,
Sweden). The planning sequences were performed on a 1.5
or 3.0 Tesla magnet MRI and always included Gadolinium
contrast-enhanced T1-weighted MRI sequences in axial and
coronal planes [15].

The median time between initial BM diagnosis and
GKRS1 was 0.5 months (0.0-99.4). About two-thirds of the
study population (204/340, 60%) underwent only one GKRS
treatment, while the others (136/340, 40%) received multiple
treatments due to newly diagnosed BM or two-fraction dose-
staged GKRS, as described before [16].

The median treatment volume was 0.6 cm? (0.1-29.0).
The prescribed doses mainly targeted the 50% (45-90)
isodose line, with a median prescription dose of 18 Gy
(6-24) and a median central dose of 32 Gy (12-45).

Outcome evaluation and statistical analyses

According to our standard follow-up procedure, all radio-
surgically treated patients were clinically and radiologically
assessed in a 3-month interval. The primary study endpoint
was defined as all-cause mortality. For further outcome data
evaluation, a death register comparison was performed.

Categorical data were presented as counts and percent-
ages, and continuous parameters as median and range. The
chi-square, Mann—Whitney U, and Wilcoxon signed-rank
tests were performed as statistically appropriate.

Median survival after the first GKRS was estimated by
the Kaplan—-Meier method and compared with the Log-Rank-
Test. Univariate and multivariate Cox proportional hazard
regression analyses were performed to estimate the associa-
tion of the prognostic scores with mortality and to evaluate
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Fig.1 Flow chart depicting the study inclusion algorithm. This
figure gives an overview of our study patient selection. At our institu-
tion, 483 patients with BM from melanoma, breast cancer, GI or GU
cancer were treated with GKRS for at least one BM between June
2012 (implementation of the new Gamma Knife® Perfexion™ at
our institution) and December 2019. After excluding 136/483 (28%)

for potential confounding clinical parameters. Multivari-
ate Cox regression analyses included sex, age group (<65
vs.> 65a), KPS group (< 80% vs.>80%), the presence of
extracranial metastases (ECM), the presence of neurological
symptoms (asymptomatic versus symptomatic patients), the
NLR, PLR, LMR, and mGPS groups [7].

For all tests, p values < 0.05 were considered to be statisti-
cally significant. Statistical analyses were carried out with
IBM SPSS Statistics for Windows (Version 26.0 Armonk,
NY: IBM Corp.).

Results
Patient characteristics and overall survival

The baseline characteristics of our study population are dis-
played in Table 1. The median age of the study population
was 63 (29-89) years and 52% (178/340) of the patients
were female. The most common PT in our study population
was melanoma (149/340, 44%), followed by breast cancer
(94/340, 28%), GI (55/340, 16%), and GU (42/340, 12%).
The median time between the diagnosis of the PT and BM
was 26.5 months (0.0-354.8). Furthermore, the estimated
median survival time was 56.0 months [95% confidence
interval (CI) = 46.3-65.8] after the initial diagnosis of the

- 7 patients lost to follow-up

patients without archived or sufficient laboratory parameters within
14 days before GKRS1, and 7/483 (1%) patients with lost to follow-
up, a total of 340/483 (71%) patients could be enrolled in this study.
BM brain metastases, GKRS Gamma Knife Radiosurgery, GKRS1
first Gamma Knife radiosurgical treatment, GI gastrointestinal, GU
genitourinary

PT, 12.0 months (95% CI = 9.6-14.3) after the initial diag-
nosis of BMs, and 9.1 months (95% CI = 7.1-11.1) after
GKRSI.

The estimated median survival was significantly longer
in female patients (p=0.026), younger patients with an age
of <65 years (p=0.015), KPS of 80% or above (p <0.001),
and neurologically asymptomatic patients (p=0.002). Inter-
estingly, the presence of ECM was not significantly associ-
ated with shorter survival (p=0.246).

After excluding six patients (6/340, 2%) without any
known data on IT or TT, the survival after GKRS1 was
evaluated for patients with and without IT or TT. This sub-
analysis showed a significantly longer estimated survival
in patients with IT or TT (182/340, 54%) than in patients
without IT or TT (152/340, 44%; p=0.036).

Neutrophil-to-lymphocyte ratio

In our study cohort, NLR values could be evaluated for
311/340 (92%) radiosurgically treated BM patients. Patients
with NLR <5 had a significantly longer estimated median
survival after GKRS1 than those with NLR >5 (p <0.001;
Fig. 2A). For NLR groups, the univariate Cox regression
model revealed a HR of 1.880 (95% CI = 1.436-2.462;
p<0.001). The multivariate Cox regression model, includ-
ing sex, KPS groups, age groups, ECM status and the
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Table 1 Baseline characteristics of the study population

Time of first
GKRS (n=340)

Age, in years, median (range) 60 (29-89)
Age groups
<65 201 (59%)
>65 139 (41%)
Female: male ratio 178:162
KPS, in %, median (range) 80 (40-100)
KPS groups
>80% 243 (72%)
<80% 97 (28%)
Neurological symptoms
Yes 228 (67%)
No 112 (33%)
Primary tumor
Melanoma 149 (44%)
Breast 94 (28%)
Gastrointestinal 55 (16%)
Genitourinary 42 (12%)
ECM Status at time of BM diagnosis
Yes 302 (89%)
No 38 (11%)
IT and/or TT
Yes 182 (53%)
No 152 (45%)
Unknown 6 (2%)
CNS treatment before GKRS1
None 260 (76%)
WBRT and/or fRT 23 (7%)
BM resection without RT 34 (10%)
BM resection with WBRT and/or fRT 23 (7%)
Localization of BM at initial diagnosis
Multiple 206 (61%)
Frontal 28 (8%)
Parietal 25 (7%)
Temporal 12 (4%)
Occipital 17 (5%)
Central 18 (5%)
Basal ganglia/brainstem/other 8 (2%)
Cerebellar 26 (8%)
Predicted survival after prognostic scores, in months, median (range)
GPA general 3.8 (2.6-11.0)
GPA specific 7.7 (3.0-25.3)
RPA 4.52.3-7.7)
SIR 6.0 (2.1-8.8)

This Table shows the detailed baseline characteristics of our 340
radiosurgically treated BM patients. Prior CNS treatment was mainly
performed for distant BM. To review the clinical value of these prog-
nostic scores in relation to IT or TT were reviewd at the time of the
first GKRS treatment (430 days)

BM brain metastases, CNS central nervous system, ECM extracra-
nial metastases, fRT fractionated radiotherapy, GKRS Gamma Knife
Radiosurgery, GPA Graded Prognostic Assessment, /QR InterQuartile
Range, IT immunotherapy, KPS Karnofsky Performance Status Scale,
RPA Recursive Partitioning Analysis, SIR Score Index for Radiosur-
gery, TT targeted therapy, WBRT whole brain radiation therapy
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presence of neurological symptoms, presented a KPS < 80%
(p<0.001), age>65a (p<0.017), and NLR >5 (HR: 1.805;
95% CI = 1.374-2.371; p<0.001) as independent prognostic
factors for an increased risk of death.

For the continuous NLR values, the univariate Cox
regression model displayed that each increase in the NLR
of 1 equaled an increase of 7.2% in risk of death (HR: 1.072;
95% CI = 1.048-1.097; p <0.001). Moreover, the multivari-
ate Cox regression model revealed KPS <80% (p <0.001),
age>65a (p=0.024), but also rising NLR values (HR:
1.060; 95% CI = 1.036-1.085; p<0.001) as independent
prognostic factors for an increased risk of death.

For the outcome evaluation in relation to IT or TT, NLR
was investigated separately for patients with and without IT
or TT (IT or TT treatment group). Interestingly, pre-radio-
surgical NLR values < 5 were associated with a significantly
longer estimated median survival in patients with IT or TT
(p=0.003), but also in patients without IT or TT (p=0.002).
Thus, in a next step, we included IT and TT groups in our
multivariate Cox regression model. Even after adjusting
for sex, age, KPS, ECM status, presence of neurological
symptoms and IT or TT group, NLR groups remained a
statistically significant independent prognostic factor for an
increased risk of death (HR: 1.822; 95% CI=1.384-2.399;
p<0.001).

Platelet-to-lymphocyte ratio

The PLR values could be evaluated for 311/340 (92%)
radiosurgically treated BM patients. Interestingly, the esti-
mated median survival did not show any significant differ-
ences between patients with PLR < 180 and patients with
PLR > 180 (p=0.226; Fig. 2B).

Lymphocyte-to-monocyte ratio

The LMR values could be evaluated in 302/340 (89%) radio-
surgically treated BM patients. The estimated median sur-
vival was significantly longer in patients with LMR >4 than
in patients with LMR <4 (p=0.001; Fig. 2C). Consequently,
the univariate Cox regression model for LMR groups dis-
played a HR of 1.694 (95% CI = 1.249-2.299; p=0.001).
The multivariate Cox regression model, including sex, KPS
groups, age groups, ECM status and the presence of neu-
rological symptoms, revealed KPS <80% (p <0.001), and
LMR <4 (HR: 1.593;95% CI = 1.171-2.166; p=0.003) as
independent prognostic factors for an increased risk of death.

However, the univariate and multivariate Cox regres-
sion analyses did not reveal continuous LMR values as a
predictor for survival.

Furthermore, pre-radiosurgical LMR values >4 were
associated with a significantly longer median survival in
patients without IT or TT (p=0.001). Nevertheless, this
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Fig.2 Prognostic scores in relation to survival after GKRS1. A
NLR in relation to survival after GKRSI. In our study cohort, NLR
values could be evaluated for 311/340 (92%) radiosurgically treated
BM patients. Patients with NLR <5 had a significant longer esti-
mated median survival after GKRS1 (210/311, 68%; 13.2 months,
95% CI = 9.6-16.8) than those patients with NLR >5 (101/311, 32%;
5.2 months, 95% = CI 3.3-7.1; p<0.001). B PLR in relation to sur-
vival after GKRS1. The estimated median survival did not show any
significant differences between patients with PLR <180 (153/311,
49%; 11.2 months, 95% CI = 8.6-13.7) and patients with PLR > 180
(158/311, 51%; 7.9 months, 95% CI = 4.2-11.6; p=0.226; Fig. 2B).
C LMR in relation to survival after GKRSI. Due to missing mono-
cyte values, the LMR values could be evaluated in 302/340 (89%)
radiosurgically treated BM patients. The estimated median survival
was significantly longer in patients with LMR >4 (84/302, 28%;

Time since GKRS1 (months)

20.6 months, 95% = CI 8.6-32.7) than in patients with LMR <4
(218/302, 72%; 8.0 months, 95% CI = 6.2-9.8; p=0.001). D mGPS
in relation to survival after GKRSI. Due to missing albumin values,
mGPS could only be evaluated in 105/340 (31%) radiosurgically
treated BM patients. The estimated median survival after GKRS1 was
significantly longer in patients with a mGPS score of 0 (76/105, 72%;
11.4 months, 95% CI = 8.0-14.8) than in patients with mGPS score
of 1 (11/105, 11%; 6.5 months, 95% CI = 2.4-10.7) or mGPS score
of 2 (18/105, 17%; 1.8 months, 95% CI = 0.0-8.1; p<0.001). BM
brain metastases, CI confidence interval, GKRS Gamma Knife Radio-
surgery, GKRS1 first Gamma Knife radiosurgical treatment, LMR
Lymphocyte-to-Monocyte-Ratio, mGPS modified Glasgow Prognos-
tic Score, NLR Neutrophil-to-Lymphocyte Ratio, PLR Platelet-to-
Lymphocyte-Ratio
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association could not be observed for patients with IT or TT
(p=0.195). In a next step, we included IT and TT groups in
our multivariate Cox regression model. Even after adjust-
ing for sex, age, KPS, ECM status, presence of neurological
symptoms and IT or TT group, LMR groups remained a
statistically significant independent prognostic factor for an
increased risk of death (HR: 1.571;95% CI = 1.152-2.143;
p=0.004).

Modified glasgow prognostic score

Due to missing albumin values, mGPS could only be evalu-
ated in 105/340 (31%) radiosurgically treated BM patients.
From these patients, the mGPS score was 0 for 76/105 (72%)
patients, 1 for 11/105 (11%) patients and 2 for 18/105 (17%)
patients. The estimated median survival after GKRS1 was
significantly longer in patients with a mGPS score of 0 than
in patients with mGPS score of 1 or 2 (p <0.001; Fig. 2D).

The univariate Cox regression model revealed that each
increase in the mGPS score was associated with an increased
risk of death (HR: 1.954; 95% CI = 1.460-2.613; p<0.001).

Furthermore, the multivariate Cox regression model,
including sex, KPS groups, age groups, the presence of ECM
and neurological symptoms, showed higher mGPS groups
(HR: 1.933; 95% CI = 1.447-2.583; p<0.001), and neu-
rologically symptomatic BM patients (HR: 1.767; 95% CI
= 1.057-2.951; p=0.030) as independent prognostic factors
for an increased risk of death.

Despite the small sample size, the correlation between
shorter estimated median survival after GKRS1 and increas-
ing mGPS could be observed for patients with IT or TT
(n=55/105, 52%; p <0.001), but also for patients without
IT or TT (n=48/105, 46%; p=0.033). Two of 105 patients
(2%) were excluded from this analysis due to missing data
on IT or TT. Furthermore, in a next step, we included IT and
TT groups in our multivariate Cox regression model. Even
after adjusting for sex, age, KPS, ECM status, presence of
neurological symptoms and IT or TT group, mGPS groups
remained a statistically significant independent prognostic
factor for an increased risk of death (HR: 1.836; 95% CI
= 1.361-2.476; p<0.001).

Discussion

Despite the improvements in the management of cancer
patients, the prognosis of patients with BM remains poor
as it is still associated with short survival duration [17]. As
the outcome of BM patients is known to be influenced by a
variety of patient- but also tumor-relevant factors, the indi-
vidual assessment for the optimal management with simple
methods is crucial [2, 18].
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In this retrospective analysis, simple laboratory param-
eters and their ratios, which are obtained in clinical routine,
were analyzed for their prognostic values in a clearly defined
cohort of Gamma Knife radiosurgically treated BM patients
from different non-pulmonary PT origins (melanoma, breast
cancer, GI and GU cancers).

In general, the main treatment goal for patients with BM
is the local control of the metastatic lesion, in order to main-
tain a satisfactory quality of life while preventing death from
neurological complications [17]. For local control, stereo-
tactic radiosurgery represents a non-invasive, highly-effec-
tive method, especially for patients with multiple or deeply
seated, and thereby non-resectable BM [2, 17]. Nevertheless,
the therapeutic decision making for patients with multiple
BM still remains challenging.

In the past, whole brain radiation therapy (WBRT) was
considered to be the treatment of choice for patients with
multiple BM. However, the lack of survival benefit together
with the impairment in quality of life and the neuro-cog-
nitive deterioration have recently heavily challenged the
therapeutic decision for WBRT [17-19]. At our institution,
stereotactic radiosurgery with a reduced prescription dose
for a high number of BM is regularly performed; this pro-
cedure has also been described as an innovative therapeutic
approach by other groups [17, 18].

Nevertheless, the decision of the therapeutic management
should be made individually, depending on the clinical con-
dition and prognosis of the patient [18]. Thus, easily avail-
able predictive scores are of a high interest in clinical routine
and for clinical trial inclusion [7, 20].

Systemic inflammation was identified to be associated
with cancer development, metastasis and progression. Simi-
larly, markers of inflammation, such as CRP, albumin or leu-
cocyte-based ratios, were shown to predict tumor progres-
sion in a variety of solid tumors [6, 8, 13, 14, 21, 22]. So far,
data on radiosurgically treated BM patients remain scarce
[5, 8]. Since NSCLC represents the most common cause
of BMs, we assessed the prognostic impact of these leuco-
cyte-based ratios in NSCLC patients with radiosurgically
treated BM in a previous report [7]. The current study adds
to the growing body of research on the clinical relevance of
systemic inflammation-based scores, mGPS and leucocyte-
based ratios, in radiosurgically treated BM patients with
non-pulmonary PT, including melanoma, breast, GI and
GU cancers. In this study cohort, pre-radiosurgical NLR and
LMR groups were generally associated with longer survival
duration after GKRS1. Of note, multivariate Cox regression
models, including sex, KPS, age, the presence of ECM and
neurological symptoms, revealed NLR and LMR groups as
independent prognostic factors for an increased risk of death
of 80.5% and 59.3%, respectively.

In addition to NLR and LMR groups, the prognostic val-
ues of the continuous metric values were also evaluated.



Journal of Neuro-Oncology (2021) 153:497-505

503

After univariate and multivariate Cox regression models,
only continuous rising NLR values were revealed as an inde-
pendent predictor for an increased risk of death. Even after
adjusting for age, sex, KPS and presence of neurological
symptoms or ECM, each increase in the NLR of one equaled
an increase of 6.0% in risk of death. A predictive value of
PLR could not be observed, neither for PLR groups nor con-
tinuous PLR values.

In recent years, the advent of IT and TT has significantly
changed the survival and the management of oncological
patients and even of patients with multiple BM [17, 18, 23].
This benefit of IT or TT treatment was reflected in our study
population as well. Patients with IT or TT showed a sig-
nificantly longer survival after radiosurgical treatment than
patients without IT or TT.

Thus, we additionally investigated these leucocyte-based
scores for their prognostic significance in BM patients with
and without systemic IT or TT at the time of first radiosur-
gical treatment [15, 23]. Of note, NLR and LMR groups
remained statistically significant independent prognostic
factors, even after adjusting for IT or TT treatment. We
have previously reported that the prognostic role of NLR is
superior to PLR or LMR superior in radiosurgically treated
NSCLC BM patients with concomitant IT or TT [24]. The
current study confirms that NLR may represent the most
important leucocyte-based ratio for radiosurgically treated
BM patients. Therefore, NLR could be easily applied in clin-
ical routine to predict clinical outcome after radiosurgical
treatment, even in patients with IT or TT treatment.

In addition to the leucocyte-based ratios, the pre-radio-
surgical modified Glasgow Prognostic Score represented
a strong prognostic predictor for survival after GKRS1 in
our radiosurgically treated BM patients. Further sub-anal-
ysis for mGPS showed that each increase in a mGPS score
was highly associated with an increased risk of death, even
after adjusting for sex, KPS, age, ECM status, presence of
neurological symptoms and IT or TT treatment. These find-
ings were achieved despite different PT origins and limited
patient numbers in each mGPS groups.

Several potential clinical parameters, such as female sex,
younger age, higher KPS, and neurological asymptomatic
patients, were shown to be associated with improved sur-
vival in BM patients in the previous literature and our study
population [2, 25, 26]. However, pre-radiosurgical mGPS
and NLR groups remained statistically significant predictors
despite these potential confounders. Thus, summarizing pre-
viously published and present data, pre-radiosurgical mGPS
and NLR groups seem to be the most effective and simple
independent prognostic factors to predict clinical outcome
in radiosurgically treated BM patients.

As we and others have commented before, the ability to
predict survival in cancer patients with simple and widely
available prognostic scores is of clinical importance and

may help to facilitate clinical decision making and appro-
priate stratification of future clinical trials [7, 20, 24]. Still,
we would like to further comment, that, at our institution,
patients in a palliative setting or with a high number of BM
are regularly treated radiosurgically if any benefit from the
treatment might be anticipated. Indeed, we do not want to
imply that patients with unfavorable scores should not be
treated. The clinical decision should always be made accord-
ing to the patients’ wishes and in the interdisciplinary agree-
ment of the radiosurgeon and the oncologist. However, sim-
ple oncological scores and ratios may help the clinician to
appropriately counsel their patients but should not prevent
treatment a priori.

Limitations

One of our study limitations was the retrospective design
in a non-randomized study cohort. Furthermore, several
patients had to be excluded from the mGPS analysis due to
missing pre-radiosurgical albumin values. This is explained
by the fact that, so far, albumin was not considered to be
clinically relevant for the radiosurgical planning MRI or
treatment per se.
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