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NoN–small cell lung cancer (NSCLC) is the most 
common type of lung cancer, as well as the most 
common primary tumor for developing brain me-

tastases (BMs).1,2 Given an increasing number of diagnos-
tic imaging methods and improved imaging quality, the 
incidence of BMs is constantly rising.2,3 Local treatment 

options include microsurgical resection, whole-brain ra-
diation therapy (WBRT), fractionated radiotherapy, and 
stereotactic radiosurgery. The local BM treatment should 
be tailored according to each patient’s clinical condition, 
histopathological and molecular tumor characteristics, 
and number, volume, and localization of BMs.2,4 Gamma 

ABBREVIATIONS BM = brain metastasis; CT = computed tomography; DS-GPA = diagnosis-specific GPA; ECM = extracranial metastasis; GKRS = Gamma Knife radio-
surgery; GKRS1 = first GKRS treatment; GPA = graded prognostic assessment; IT = immunotherapy; KPS = Karnofsky Performance Status; lung-molGPA = lung-specific 
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OBJECTIVE The purpose of this study was to assess the impact of temporal muscle thickness (TMT), a surrogate 
marker for sarcopenia, in radiosurgically treated patients with brain metastases (BMs) from non–small cell lung cancer 
(NSCLC).
METHODS For 566 patients with BMs from NSCLC in the period between June 2012 and December 2019, TMT values 
were retrospectively measured on the planning brain magnetic resonance imaging (MRI) studies that had been obtained 
before their first Gamma Knife radiosurgery treatment (GKRS1). Predefined sex-specific TMT cutoff values were used to 
stratify the study cohort into patients at risk for sarcopenia and patients with normal muscle status. Cox regression mod-
els adjusted for other prognostic parameters were used to evaluate sarcopenia as an independent prognostic factor.
RESULTS In sarcopenia patients with a TMT below the sex-specific cutoff values, the risk of death was significantly in-
creased (HR 1.908, 95% CI 1.550–2.349, p < 0.001). In addition, sarcopenia was revealed as an independent prognostic 
factor even after adjusting for age groups, sex, number of BMs, presence of extracranial metastases, NSCLC subtypes, 
Karnofsky Performance Status groups, recursive partitioning analysis classes, and concomitant immunotherapy or 
targeted therapy (HR 1.680, 95% CI 1.347–2.095, p < 0.001). However, patients at risk for sarcopenia showed no signifi-
cant differences in the estimated mean time until local BM progression after GKRS1, compared to patients with normal 
muscle status (p = 0.639).
CONCLUSIONS TMT obtained from planning MRI studies is an independent prognostic marker in radiosurgically 
treated patients with BMs from NSCLC and may aid patient stratification in future clinical trials.
https://thejns.org/doi/abs/10.3171/2021.12.JNS212193
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Knife radiosurgery (GKRS) is generally performed in pa-
tients with a good clinical condition but may even be used 
in a palliative setting. GKRS involves the application of a 
high dose of radiation precisely targeted to a lesion, thus 
enabling high tumor control rates and a rapid radiation 
falloff to surrounding brain parenchyma.5,6 In contrast to 
microsurgical resection, GKRS allows the treatment of 10 
and more BMs in one session.7 In addition, neurocognitive 
risks have been shown to be significantly reduced com-
pared to those with WBRT.6

In general, patients suffering from NSCLC with BMs 
are known to have poor overall survival; however, the indi-
vidual survival duration can vary widely.8,9 In clinical set-
tings, a variety of prognostic measures, such as the general 
or diagnosis-specific graded prognostic assessment (DS-
GPA), lung-specific molecular marker (lung-mol)GPA, 
recursive partitioning analysis (RPA), and score index 
for radiosurgery (SIR), are used to estimate the outcome 
of BM patients. Those scales all include the Karnofsky 
Performance Status (KPS). Consequently, subjective judg-
ment of the patient’s condition by the attending physician 
has been reported to show high observer variability and 
thus seemingly provides little accuracy.9–13

Sarcopenia is the progressive loss of skeletal muscle 
mass and strength, primarily found in elderly people or 
secondarily due to systemic disease.14 In 2018, the Eu-
ropean Working Group on Sarcopenia in Older People 
(EWGOP) defined sarcopenia by three diagnostic fea-
tures: muscle strength, muscle quantity, and physical per-
formance.15 Sarcopenia highly impacts patient prognosis 
in various cancer types and is associated with cancer-
related cachexia.16–22

Despite knowledge of the individual and socioeconom-
ic importance of preventing the loss of skeletal muscle 
mass and function, diagnostic procedures to establish an 
overview of skeletal muscle status are not yet routinely 
integrated into the clinical workflow.23 For patients with 
extracranial tumors, muscle mass at the level of the third 
lumbar vertebra in cross-sectional areas on computed to-
mography (CT) scans can be measured.22,24,25 Not only 
lumbar muscle mass but also craniofacial muscles can 
be used as surrogate parameters to determine skeletal 
muscle mass. Previous studies have shown a significant 
correlation between temporal muscle thickness (TMT) 
and lumbar skeletal muscle mass as well as arm muscle 
circumference and calf circumference.26,27 TMT has also 
been shown to be highly correlated to grip strength of the 
dominant hand in healthy volunteers, as well as in patients 
with different types of neurological illnesses, and to the re-
sults of the SARC-F questionnaire for stroke patients.28–30 
Furthermore, TMT has been shown to be an independent 
survival predictor in patients with glioblastoma, primary 
central nervous system lymphoma, and newly diagnosed 
BMs.17–19,31

Although TMT measurements have recently been de-
scribed as highly predictive of outcome in oncological 
patients, the clinical relevance in radiosurgically treated 
BM patients has not yet been evaluated. Thus, the purpose 
of the current study was to assess the impact of TMT on 
the outcome of radiosurgically treated patients with BMs 
from NSCLC.

Methods
Study Population

For this retrospective analysis, we considered all 573 
patients with BMs from NSCLC who had undergone ra-
diosurgical treatment at the Department of Neurosurgery 
of the Medical University of Vienna between June 2012 
and December 2019. As standard practice, planning mag-
netic resonance imaging (MRI) sequences were obtained 
before the first GKRS treatment (GKRS1). However, in 7 
patients (1%), MRI examinations could not be performed 
because of patients’ contraindications. For these patients, 
CT with contrast was performed for treatment planning; 
therefore, these patients were excluded from our study. In 
the remaining 566 patients, the thickness of the temporal 
muscle could be measured on cranial contrast-enhanced 
T1-weighted GKRS planning MRI sequences. All radio-
surgically treated patients with BMs had been routinely 
monitored at a 3-month interval with clinical and radiolog-
ical follow-up in outpatient care. Clinical data, including 
current status of the primary tumor, extracranial metasta-
ses (ECMs), as well as oncological treatments and patient 
conditions, were collected via retrospective chart review. 
In addition, the general or DS-GPA, lung-molGPA, RPA, 
and SIR were assessed and compared between sarcopenia 
groups.9–12 These scores all include the KPS. Patients who 
had been lost to follow-up were included in the study but 
excluded from the outcome analysis. Furthermore, a death 
register comparison for all study patients was performed.

The study was approved by the local ethics committee 
of the Medical University of Vienna and complied with 
the Declaration of Helsinki.

Analysis of TMT
TMT was retrospectively analyzed on the radiosurgical 

planning MRI studies that had been routinely performed 
at the time of GKRS treatment in the NSCLC patients. 
The measurements were taken on isovoxel contrast-en-
hanced T1-weighted MR images without fat saturation, 
perpendicular to the long axis of the temporal muscle. 
Predefined anatomical landmarks consisted of a parallel 
orientation to the anterior commissure–posterior commis-
sure line, the sylvian fissure (anteroposterior landmark), 
and the level of the orbital roof (craniocaudal landmark). 
For further statistical analysis, mean TMT values were 
included with separate measurements of right and left 
TMT. If previous interventions had had an impact on the 
TMT on one side (e.g., muscle edema or atrophy from ear-
lier craniotomy or radiation therapy), those measurements 
were excluded from further analysis. Examples of TMT 
measurements on contrast-enhanced T1-weighted MR im-
ages are presented in Fig. 1. 

Previously, sex-specific TMT cutoff values were de-
fined as 2.5 SDs below the mean TMT values of a nor-
mative reference, comprising a healthy volunteer cohort 
between 18 and 40 years of age, to identify patients at risk 
for sarcopenia.15,29 Those cutoff values were set as ≤ 6.3 
mm in male patients and ≤ 5.2 mm in female patients and 
were used in the current study to classify patients into two 
groups (normal muscle status > TMT cutoff value, at risk 
for sarcopenia ≤ TMT cutoff value).29
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Statistical Analyses
Continuous variables were presented as their median 

and range, and categorical variables were shown as fre-
quencies and percentages. To compare differences be-
tween the two groups, chi-square and Mann-Whitney U-
tests were performed as appropriate. The Kaplan-Meier 
method was used to estimate survival in patients below 
and above the sex-specific TMT cutoff values. To compare 
differences in overall survival or progression-free survival 
after the GKRS1 between the TMT groups, the general-
ized Wilcoxon-Breslow test or log-rank test was applied 
as appropriate. Univariate Cox proportional hazards re-
gression analyses were applied to estimate the effect of 
sarcopenia on overall survival after GKRS. In a next 
step, multivariate Cox regression models with an auto-
mated stepwise forward selection and a threshold p value 
of 15% were performed, including age groups (≤ 65 vs > 
65 years), sex, number of BMs (single vs multiple), pres-
ence of ECMs, NSCLC subtypes, KPS groups (< 80% vs 
≥ 80%), RPA classes, concomitant immunotherapy (IT) or 
targeted therapy (TT), and TMT/sarcopenia groups. Sta-
tistical analyses were performed with IBM SPSS Statistics 
for Windows (version 24, IBM Corp.). A two-sided p value 
< 0.05 was considered statistically significant.

Results
Study Population

Patient baseline characteristics are listed in Table 1. 
The median TMT value for the whole study population of 
NSCLC patients with BMs at GKRS1 was 5.3 mm (range 
1.7–9.4 mm). TMT values were shown to be significantly 
higher in male patients (5.6 mm, range 1.8–9.4 mm) than 
in female patients (4.9 mm, range 1.7–8.4 mm; p < 0.001). 
Based on the sex-specific TMT cutoff values, the study 

population consisted of 357/566 (63%) patients at risk for 
sarcopenia (TMT value ≤ sex-specific cutoff value; fe-
male: 176/357; male: 181/357) and 209/566 (37%) patients 
with a normal skeletal muscle status (TMT value > sex-
specific cutoff value; female: 121/209; male: 88/209). Fur-
thermore, patients at risk for sarcopenia were significantly 
older (p = 0.001), had significantly lower KPS scores (p = 
0.001), and had significantly shorter survival as predicted 
by all prognostic scores. Patients at risk for sarcopenia 
also tended to be male (p = 0.048). Moreover, among pa-
tients with no risk for sarcopenia (190/209, 91%) a higher 
percentage of adenocarcinomas was diagnosed compared 
to patients at risk for sarcopenia (285/357, 80%; p < 0.001). 

Association of TMT With Survival After GKRS1 
Of the 566 study-eligible patients, 8 (1%) were lost to 

follow-up. Therefore, 558/566 patients (99%) could be 
included in the survival analyses. Kaplan-Meier survival 
estimates showed that after GKRS1, patients at risk for 
sarcopenia (351/558 [63%]) showed a significant shorter 
survival with an estimated median survival time of 7.5 
months (95% CI 6.2–8.8 months), in comparison to pa-
tients with a normal muscle status (207/558 [37%]) whose 
estimated median survival time was 18.6 months (95% CI 
16.2–21.0 months, p < 0.001; Fig. 2A) In a subanalysis, 
the influence of sarcopenia on the estimated median sur-
vival duration after GKRS1 was separately evaluated for 
female and male patients. The patients at risk for sarco-
penia had significantly shorter median survival durations 
after GKRS1, regardless of their sex (female, p < 0.001; 
male, p < 0.001).

We also assessed the potential influence of NSCLC 
subtypes on survival. Patients with adenocarcinoma 
(467/558 [84%]) had a significantly longer median surviv-
al after GKRS1 (11.5 months, 95% CI 9.9–13.1 months) 
than the patients with non-adenocarcinomas (91/558 
[16%], 3.5 months, 95% CI 2.3–4.8 months; p < 0.001). 
This significant difference was further evaluated in terms 
of the presence or absence of the risk for sarcopenia. 
Among patients at risk for sarcopenia, those with adeno-
carcinoma revealed a significantly longer median surviv-
al after GKRS1 (279/351 [79%], 8.8 months, 95% CI 7.4–
10.1 months) than the patients with non-adenocarcinoma 
(72/351 [21%], 3.5 months, 95% CI 2.2–4.9 months; p < 
0.001). Similarly, among patients with a normal muscle 
status, those with adenocarcinoma also showed a sig-
nificantly longer median survival (188/207 [91%], 19.4 
months, 95% CI 16.5–22.2 months) than the patients with 
non-adenocarcinoma (19/207 [9%], 3.0 months, 95% CI 
0.5–5.5; p < 0.001).

Of note, patients with a single BM at the GKRS1 had 
a significantly longer estimated median survival after 
GKRS1 (12.0 months, 95% CI 9.7–14.4 months) than the 
patients with multiple BMs (9.1 months, 95% CI 7.5–10.7 
months; p = 0.025). In a next step, the influence of sar-
copenia on the estimated median survival duration after 
GKRS1 was separately evaluated for patients with mul-
tiple BMs and those with a single BM. In this subanalysis, 
patients at risk for sarcopenia had a significantly shorter 
median survival after GKRS1, regardless of their BM sta-
tus (single BM, p < 0.001; multiple BMs, p = 0.001).

FIG. 1. TMT measurements on axial contrast-enhanced T1-weighted 
MR images from 2 female NSCLC patients with BMs. A: Image obtained 
in a 72-year-old female patient with a mean TMT of 2.9 mm (below the 
sex-specific cutoff value) and a survival duration of 23.0 months after 
GKRS1. B: Image obtained in a 70-year-old female patient with a TMT 
of 5.4 mm and a survival duration of 43.0 months after GKRS1. To 
avoid any potentially influencing factors, 2 patients with similar baseline 
characteristics (adenocarcinomas, age > 65 years, KPS > 80%, multiple 
BMs, no ECMs, negative oncological markers, GPA/RPA/SIR classifica-
tions, and no previous oncological treatments before or at GKRS1) were 
chosen. 
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As expected, survival after GKRS1 differed signifi-
cantly among patients of the different RPA classes. The 
longest survival was observed among patients in RPA 
class 1 (25.2 months, 95% CI 12.3–38.1 months), fol-
lowed by patients in RPA class 2 (9.3 months, 95% CI 
7.9–10.7 months) and RPA class 3 (2.2 months, 95% CI 
1.0–3.4 months; p < 0.001). Next, the influence of sarco-
penia on estimated median survival duration after GKRS1 
was separately evaluated for patients in each RPA class. 
In this subanalysis, patients at risk for sarcopenia in each 
RPA class had significantly shorter median survival after 
GKRS1 (RPA class 1, p = 0.006; RPA class 2, p < 0.001; 
RPA class 3, p = 0.013).

Data on concomitant IT or TT at or after GKRS1 were 

available for 541/558 patients (97%). Of note, patients with 
concomitant IT or TT at or after GKRS (16.0 months, 
95% CI 12.5–19.5 months) had a significantly longer sur-
vival after GKRS1 than the patients without IT or TT (5.1 
months, 95% CI 4.1–6.2 months; p < 0.001). Next, the in-
fluence of sarcopenia on estimated median survival du-
ration after GKRS1 was separately evaluated for patients 
with and without concomitant IT or TT. In this subanaly-
sis, patients at risk for sarcopenia had significantly shorter 
median survival after GKRS1, regardless of their concom-
itant IT or TT status (patients with concomitant IT or TT, 
p < 0.001; patients without, p < 0.001).

As a next step, we performed univariate followed by 
multivariate Cox regression analyses to validate sarcope-

TABLE 1. Overview of baseline characteristics at GKRS1

Total Sample
Patients w/ No Risk 

for Sarcopenia
Patients at Risk 
for Sarcopenia p Value

No. of patients 566 209 (37) 357 (63)
Median age in yrs 63 (27–87) 62 (28–82) 65 (27–87) 0.001
Male 269 (48) 88 (42) 181 (51) 0.048
Median KPS in % 80 (40–100) 80 (40–100) 80 (40–100) 0.001
KPS group
 ≥80%
 <80% 

391 (69)
175 (31)

164 (78)
45 (22)

227 (64)
130 (36)

<0.001

NSCLC subtype
 Adenocarcinoma
 Non-adenocarcinoma 

475 (84)
91 (16)

190 (91)
19 (9)

285 (80)
72 (20)

0.001

ECM status at time of BM diagnosis
 Yes
 No

378 (67)
188 (33)

136 (65)
73 (35)

242 (68)
115 (32)

0.508

No. of BMs at GKRS1
 Single
 Multiple

231 (41)
335 (59)

93 (44)
116 (56)

138 (39)
219 (61)

0.172

CNS treatment before GKRS1
 Yes
 No

89 (16)
477 (84)

39 (19)
170 (81)

50 (14)
307 (86)

0.142

Neurological symptoms
 Yes
 No

403 (71)
163 (29)

139 (67)
70 (33)

264 (74)
93 (26)

0.059

Median predicted survival after prognostic scores in mos 
 DS-GPA 
 General GPA
 Lung-molGPA      
 RPA                  
 SIR 

5.5 (3.0–14.8)
3.8 (2.6–11.0)

13.7 (5.3–46.8)
4.5 (2.3–7.7)
6.0 (2.1–8.8)

5.5 (3.0–14.8)
3.8 (2.6–11.0)

13.7 (5.3–46.8)
4.5 (2.3–7.7)
6.0 (2.1–8.8)

5.5 (3.0–14.8)
3.8 (2.6–11.0)

13.7 (5.3–46.8)
4.5 (2.3–7.7)
6.0 (2.1–8.8)

0.005
0.019

<0.001
0.001

<0.001
RPA class
 1
 2
 3

75 (13)
431 (76)
60 (11)

35 (17)
161 (77)
13 (6)

40 (11)
270 (76)

47 (13)

0.011

Median TMT in mm 5.3 (1.7–9.4) 6.4 (5.3–9.4) 4.6 (1.7–6.3) <0.001
IT or TT
 Yes
 No
 Unknown

277 (49)
267 (47)
22 (4)

109 (52)
94 (45)

6 (3)

168 (47)
173 (48)
16 (4)

0.318

Values are expressed as number (%) or median (range), unless indicated otherwise. Boldface type indicates statistical significance.
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nia as an independent outcome predictor. The univariate 
Cox regression analysis revealed that the patients at risk 
for sarcopenia at GKRS1 were significantly associated 
with an increased risk of death after GKRS (HR 1.908, 
95% CI 1.550–2.349, p < 0.001). Next, a multivariate for-
ward stepwise Cox regression analysis including sarcope-
nia groups, age groups, sex, number of BMs, presence of 
ECMs, NSCLC subtypes, KPS groups, RPA classes, and 
concomitant IT or TT was performed. The multivariate 
Cox regression revealed sarcopenia (HR 1.680, 95% CI 
1.347–2.095, p < 0.001), male sex (HR 1.360, 95% CI 
1.112–1.664, p = 0.003), multiple BMs (HR 1.400, 95% 
CI 1.135–1.729, p = 0.002), presence of ECMs (HR 1.734, 
95% CI 1.368–2.199, p < 0.001), non-adenocarcinomas 
(HR 1.678, 95% CI 1.288–2.186, p < 0.001), KPS < 80% 
(HR 1.934, 95% CI 1.536–2.436, p < 0.001), higher RPA 
classes (HR 1.557, 95% CI 1.241–1.952, p < 0.001), and no 
concomitant IT or TT (HR 2.537, 95% CI 2.039–3.156, p < 
0.001) as independent prognostic factors for an increased 
risk of death.

Association of TMT and Risk for Sarcopenia With Local 
BM Progression

In 443/558 (79%) patients, clinical and radiological fol-
low-up data were available. Among those patients, 261/443 
(59%) patients showed TMT values below the sex-specific 
cutoff values.

As suspected, no significant differences in the mean 
time until local progression after GKRS1 were observed 
between patients with a normal muscle status (182/443 
[41%], 69.1 months, 95% CI 63.2–75.1 months) and pa-
tients at risk for sarcopenia (261/443 [59%], 73.8 months, 
95% CI 67.9–79.7 months; p = 0.639; Fig. 2B). Even after 
separating the study cohort according to sex, no signifi-
cant differences could be observed for male and female 
patients.

Discussion
In this study, the prognostic role of TMT measure-

ments in radiosurgically treated NSCLC BM patients was 
investigated. To evaluate the measurement’s clinical rel-
evance, a clearly defined cohort of NSCLC BM patients at 
the time of their first radiosurgical treatment was selected. 
We separated the cohort into patients at risk for sarcope-
nia and patients with a normal muscle status, depending 
on predefined sex-specific TMT cutoff values.29 After the 
GKRS1, patients at risk for sarcopenia had a significantly 
shorter median overall survival with a 90.8% increase 
in the risk of death, compared to patients with a normal 
muscle status. The influence of the presence or absence 
of sarcopenia at the GKRS1 on survival after radiosur-
gical treatment was shown to be independent of estab-
lished prognostic factors such as age, sex, KPS, presence 
of ECMs or multiple BMs, NSCLC subtypes, RPA class, 
and concomitant IT or TT. Our findings are in accordance 
with the published literature. Muscle loss, represented 
by the reduction of temporal muscle diameter, has been 
shown to be an adverse prognostic parameter in patients 
with primary and secondary brain tumors.17–20,29,31

Although sarcopenia was revealed to be an independent 
prognostic factor for survival after GKRS1, several signif-
icant differences in patient characteristics were observed 
between those at risk and those not at risk for sarcopenia. 
The patients at risk for sarcopenia were significantly older 
than those with a normal muscle status. This finding may 
be explained by the fact that sarcopenia can be attributable 
to age (primary sarcopenia); to systemic disease, physical 
inactivity, or malnutrition (secondary sarcopenia); or to a 
combination of the two types.15

Moreover, patients at risk for sarcopenia had a signifi-
cantly lower KPS score, which is accompanied by the fact 
that both KPS and TMT represent the physical condition 
of patients.32 In contrast, the majority of patients at risk 
for sarcopenia were classified among the RPA class 1 or 

FIG. 2. A: Kaplan-Meier curve for survival after GKRS1, in relation to sarcopenia. Sex-specific TMT cutoff values dividing patients 
into those at risk for sarcopenia (≤ sex-specific TMT cutoff values indicated by red lines) and those with normal muscle status (> 
sex-specific TMT cutoff values indicated by blue lines). B: Kaplan-Meier curve for local progression after GKRS1, in relation to 
sex-specific TMT cutoff values. PFS = progression-free survival.

Brought to you by Medizinische Universitaet Wien | Unauthenticated | Downloaded 10/25/22 08:30 AM UTC



Cho et al.

J Neurosurg Volume 137 • October 20221004

2. As previously described, RPA includes 3 classes that 
are defined by patient age, KPS, ECMs, and status of pri-
mary tumor.10 Still, we could show that among each RPA 
class, the patients at risk for sarcopenia had a significantly 
shorter survival after the GKRS1. Moreover, as previously 
shown, TMT values were significantly lower in female pa-
tients than in male patients, which is in line with the over-
all sex-related body composition; therefore, sex-specific 
TMT cutoff values are highly important.22,29,33

A significantly different distribution of histological 
NSCLC subtypes was seen between patients with a TMT 
below and above the sex-specific cutoff values. As previ-
ously reported, we could also show that our NSCLC BM 
patients with adenocarcinomas had a significantly longer 
survival than the patients with non-adenocarcinoma. This 
difference in survival between the NSCLC groups was 
observed among both sarcopenia groups and may be at-
tributable to different age-specific incidences in each sub-
type.12,34

We used an algorithm of measuring TMT accord-
ing to previously described, highly reproducible, defined 
anatomical landmarks in patients with available data on 
the temporal muscle on routine MR images.17 TMT as-
sessment has been shown to have excellent interrater and 
intrarater reliability.17 In addition, in comparison to that 
with plane or volume muscle segmentation, TMT mea-
surement on MR images takes approximately 30 seconds 
per patient.17,28,29 Thus, we believe that the assessment of 
TMT, after validation of our results in a prospective set-
ting, could be a suitable parameter to be integrated into 
the clinical workflow. However, we do not want to imply 
that patients at risk for sarcopenia should not be treated 
radiosurgically. Indeed, at our institution, patients in a pal-
liative setting and even with multiple BMs are treated with 
GKRS, if any benefit for the patient can be anticipated. 
However, those decisions are always made according to 
patient wishes, along with the interdisciplinary agreement 
of the radiosurgeon and the oncologist.

Still, an awareness of the association between sarcope-
nia and cancer may induce further research and new ther-
apeutic targets since not only nutrition, but also exercise 
training, nutritional supplements such as omega-3 fatty 
acids, or medication-based concepts such as myostatin in-
hibitors may help in the prevention of muscle loss.17,35–37 It 
is, therefore, important to include muscle mass assessment 
in the routine clinical settings of cancer patients to confirm 
the loss of muscle mass close to its onset, so that steps to 
improve or delay the progression of muscle loss can be 
started as early as possible.

Study Limitations
Potential limitations of this study are its retrospec-

tive design and the fact that the thickness of the temporal 
muscle could be influenced by oral or dental disorders.38 
To minimize dental or oral muscle alterations, TMT val-
ues were measured on both sides, and a mean TMT value 
for each patient was determined. Since patients under-
went GKRS, we used MR images obtained at the time of 
GKRS1. If the temporal muscle on one side showed any 
signs of alteration due to previous interventions, the mea-
surement of that side was not taken into account.

Conclusions
In summary, our data showed that preradiosurgi-

cal TMT measurements are simple and easily accessible 
survival predictors for radiosurgically treated NSCLC 
patients with BMs. Integrating TMT measurements into 
clinical settings may help to predict the outcome of BM 
patients and may facilitate patient stratification for clinical 
trials. Further prospective studies may be needed to cor-
relate TMT with other clinical parameters.
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