
TURKISH JOURNAL of ONCOLOGY

The Prognostic Effects of Temporal Muscle Thickness and 
Inflammatory-Nutritional Parameters on Survival in Lung 
Cancer Patients with Brain Metastasis

Received: August 23, 2019
Accepted: August 27, 2019
Online: February 21, 2020

Accessible online at:
www.onkder.org

Turk J Oncol 2020;35(2):119–26
doi: 10.5505/tjo.2019.2030

ORIGINAL ARTICLE

 Havva YEŞİL ÇINKIR,1  Hale ÇOLAKOĞLU ER2

1Department of Medical Oncology, Gaziantep University Faculty of Medicine, Gaziantep-Turkey
2Department of Radiology, Gaziantep University Faculty of Medicine, Gaziantep-Turkey

OBJECTIVE
Brain metastasis develops in one-third of the patients with adult cancer and it causes significant morbid-
ity and mortality on the patients. In this study, we aimed to show the prognostic effects of temporal mus-
cle thickness and inflammatory (neutrophil-lymphocyte ratio, platelet-lymphocyte ratio and systemic 
inflammation response index) and prognostic nutritional index on survival in lung cancer patients with 
brain metastasis.

METHODS
In this study, a total of 94 cancer patients diagnosed with brain metastasis lung cancer were evaluated 
retrospectively. Routine blood sampling was tested within 10 days of brain MR imaging before the use 
of steroid therapy.

RESULTS
Temporal muscle thickness was significantly associated with overall survival, according to cut-off 4.32 
(95% CI 0.66-0.99; p=0.040). The risk of death increased by 18.8%, with every millimeter reduction in tem-
poral muscle thickness. Neutrophil-lymphocyte ratio, systemic inflammation response index and prog-
nostic nutritional index were associated with overall survival (p=0.002, p=0.008, p=0.001, respectively).

CONCLUSION
The findings showed that the use of temporal muscle thickness and inflammatory-nutritional param-
eters for the evaluation of sarcopenia were practical and rapid methods. In this group of patients with a 
short duration of survival, the prognosis of patients can be predicted, and their exposure to toxic treat-
ment may be prevented by the evaluation of sarcopenia.
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The primary cancer region is known in the ma-
jority of brain metastasis, while the primary region is 
not known in 5-10% of the patients. Most of the brain 
metastases arise from lung (40-50%), breast (15-25%), 
melanoma (5-20%) and kidney (5-10%).[2]

Introduction

Brain metastasis develops in one-third of the patients 
with adult cancer. It causes significant morbidity and 
mortality on the patients.[1]
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Treatment options are surgical resection, radiother-
apy (whole-brain radiotherapy or stereotactic radio-
surgery) and systemic drugs. These treatments are ap-
plied according to the tumor location, number and size 
of the tumor in the brain, extracranial disease status, 
patient’s performance status, histological and molecu-
lar characteristics of the tumor.[1]

Several prognostic factors have been identified for 
predicting the outcome of the treatments, which in-
cluded the number of brain metastases, the extracra-
nial tumor status and the Karnofsky performance 
scale. However, these factors were insufficient to pre-
dict survival.[3]

Cancer cachexia is characterized by systemic inflam-
mation, negative protein and energy balance, loss of lean 
tissue mass.[4] Sarcopenia is defined as the mass and 
function of the skeletal muscle and has a core role in can-
cer-related cachexia.[4] It is associated with functional 
impairment and disability and can be used as an objec-
tive, measurable frailty parameter. Recent studies with 
various cancers have shown a decrease in long-term re-
sults with sarcopenia.[5,6] The majority of these obser-
vations were based on measurements of skeletal muscle 
index at the level of the third lumbar spine obtained by 
computed tomography (CT) scans. In one study, there 
was a positive relationship between the psoas major 
muscle cross-sectional area and temporal muscle thick-
ness (TMT).[7] Therefore, the measurement of cranio-
facial muscles concerning sarcopenia in patients with 
brain metastasis appears to be a suitable option.

Previous studies have shown the relationship be-
tween temporal muscle thickness measurement and 
survival in lung, breast and malignant melanoma pa-
tients with brain metastasis.[8,9]

Recently, it has been reported that the immuno-
logical status, including the state of inflammation and 
nutritional status, is important for survival in cancer. 
Routine immune and inflammatory cells, such as neu-
trophils, monocytes and lymphocytes in the systemic 
circulation, may contribute to tumor cell invasion and 
metastasis.[10] Different inflammation-based scores 
have been proposed and are considered useful in this 
respect.[11] Previous studies showed neutrophil-lym-
phocyte ratio (NLR) and platelet-lymphocyte ratio 
(PLR) as an indicator of inflammation; prognostic nu-
tritional index (PNI) was also studied in patients with 
lung cancer for nutritional status.[12,13] Systemic in-
flammation response index (SIRI), another marker of 
inflammation, has been shown to be associated with 
prognosis in other cancers [14,15] but has not previ-
ously been studied in lung cancer.

In this study, we aimed to show the prognostic im-
pact of temporal muscle thickness (TMT) measured in 
brain MR images and inflammatory (NLR, PLR, SIRI) 
and nutritional parameter (PNI) on survival in lung 
cancer patients with brain metastasis.

Materials and Methods

Patients and Study Design
A total of 94 cancer patients diagnosed with brain 
metastasis lung cancer were evaluated at the Gaziantep 
University Faculty of Medicine between 2011-2018, 
retrospectively. This study was approved by the ethics 
committee of Gaziantep University. The inclusion cri-
teria were as follows: available MR images examination 
of the brain, absence of craniectomy defect and muscle 
edema in the temporal muscle region, accessible lab-
oratory results, confirmed pathologically as the small 
cell lung carcinoma (SCLC) and non-small cell lung 
carcinoma (NSCLC). In SCLC, patients who had brain 
metastasis at the time of diagnosis and who had not re-
ceived radiotherapy before were included in this study. 
Informed consent was obtained from all individual 
participants before brain MR imaging. Routine blood 
sampling, such as the counts of neutrophils, lympho-
cytes, monocytes, platelets and albumin, was tested 
within 10 days of brain MR imaging before the use of 
steroid therapy. Systemic inflammation and nutrition 
parameters were calculated according to the following 
formula:

NLR: Peripheral neutrophil count (per mm3)/lym-
phocyte count ratio (per mm3)

PLR: Peripheral platelet count (per mm3)/lympho-
cyte count ratio (per mm3)

SIRI: Peripheral neutrophil count (per mm3)x mono-
cyte count (per mm3)/lymphocyte count (per mm3)

PNI: [10×serum albumin (g/dL)]+[0.005×total 
lymphocyte count (per mm3)]

Analyses of the Temporal Muscle Thickness
Temporal muscle thickness (TMT) measurement at 
diagnosis of brain metastasis was measured on the 
contrast-enhanced axial T1- weighted MR images. 
Measurement was made perpendicular to the long axis 
of the temporal muscle at the level of the orbital roof. 
On axial T1- weighted MR images, left and right TMT 
were measured by an experienced radiologist for all 
patients. The radiologist was blinded to the results of 
patients’ clinical characteristics. The parameters of ax-
ial T1- weighted MR images were a TR of 160 ms, a TE 
of 2 ms, a FOV of 210 mm, a slice thickness of 5 mm, 
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assembled from two groups that consisted of 71 pa-
tients with brain metastases from NSCLC and 23 pa-
tients with brain metastases from SCLC. The median 
age was 60 (range: 39-78); 87.2% of the patients were 
male. In the NSCLC group, the majority of patients (50; 
70.4%) had adenocarcinoma, while 21 (29.5%) patients 
had squamous cell carcinoma. The median TMT on the 
right side was 4.43 mm (range 1.9–9.5), and 4.36 mm 
(range 1.9–8.4) on the left side, resulting in a median 
of 4.38 mm (range 1.9–8.7) in the NSCLC group. The 
median TMT on the right side was 4.22 mm (range 
2.4–7.7), and 3.98 mm (range 2.2–6.2) on the left side, 
resulting in a median of 3.90 mm (range 2.4–6.7) in the 
SCLC group. According to median TMT 4.32, no dif-
ference was observed between the groups of metastasis 
at the time of diagnosis (p=0.778), brain metastasis at 
the time of diagnosis (p=0.148) and the number of ad-
ditional metastatic regions (p=0.548) (Chi-square test). 
Survival analysis was performed according to median 
TMT 4.32 value and Table 2 showed survival values for 
TMT and inflammatory-nutritional parameters. The 
OS analysis of all lung cancer patients was 13 weeks, ac-
cording to subgroups of TMT, 12 weeks for TMT <4.32 
and 15weeks for ≥4.32. There was no difference in OS 
between the values of <4.32 and ≥4.32 in the NSCLC 
group (15 weeks). In the SCLC group, the OS was 19 
weeks for ≥4.32, six weeks for <4.32 (p=0.016) (Fig. 2).

The cut-off point for NLR from inflammatory pa-
rameters was 3.80. Survival was 33 weeks for NLR 
<3.80, while six weeks for ≥3.80 (p=0.002); 16 weeks 
for PLR <188, 10 weeks for ≥188 (p=0.125). The cut-off 
point for SIRI was 2.81. Median OS analysis was seven 
weeks for SIRI <2.81 and 29 weeks for ≥2.81 (p=0.008). 
According to the PNI parameter for nutritional assess-

a gap of 1 mm. Examples of TMT assessment on MR 
images was shown in Figure 1.

Statistical Analysis
Median TMT was assessed by summing the measure-
ments from each side and then dividing by two, which 
resulted in one variable– the median TMT per patient. 
TMT was grouped according to the median per group. 
Overall survival (OS) was defined as from the diagnosis 
of brain metastasis to death or date of the last follow-up. 
The survival durations were presented as weeks. The Ka-
plan-Meier was applied to retrieve survival curves. The 
log-rank test was used to investigate differences between 
groups. TMT was entered as a scale variable in a Cox 
regression model to investigate the association with sur-
vival times. The strength of the association between two 
scale variables was calculated using a Spearman correla-
tion coefficient. A two-tailed p-value of<0.05 was con-
sidered statistically significant. Statistical analyses were 
performed using the Statistical Package for the Social 
Sciences, Version 22.0 (SPSS, Chicago, Illinois).

Results

The patients’ characteristics are shown in Table 1. 
Overall, 94 patients were available for further analysis, 

Fig. 1. Temporal muscle thickness measurement on a 52 
years- old-male patient with non-small cell lung 
cancer. Contrast-enhanced axial T1 weighted MR 
image shows temporal muscle thickness mea-
surement bilaterally.

Fig. 2. The Overall survival analysis of small cell lung 
cancer patients between the median temporal 
muscle thickness values of <4.32 and ≥4.32.
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A survival analysis using a Cox regression model 
was performed with baseline TMT diameters to predict 
survival time in general lung cancer patients, SCLC and 
NSCLC group. In general group, according to cut-off 
4.32, TMT was statistically significantly associated with 
survival prognosis with an HR of 0.812 (95% CI 0.66-
0.99; p=0.040). Markedly, the risk of death increased by 
18.8% with every millimeter reduction in TMT. How-
ever, this survival difference was not detected in SCLC 
and NSCLC subgroups (p=0.059; p=0.124).

ment, survival was 33 weeks for ≥42.7 and <42.7 for 
six weeks (p=0.001). Median OS in the SCLC group 
was six weeks for TMT <4.32 and 19 weeks for ≥4.32 
(p=0.016). OS was 19 weeks for NLR <3.80, five weeks 
for ≥3.80 (p=0.001); 18 weeks for PLR <188, five weeks 
for ≥188 (p=0.106); nine weeks for SIRI <2.81, 12 weeks 
for ≥2.81 (p=0.405); 22 weeks for PNI ≥42.7, four 
weeks for <42.7 (p=0.000). According to the Spearman 
correlation analysis, there was no correlation between 
median TMT and NLR, PLR, SIRI and PNI.

Table 1 An overview of the patients’ characteristics

  SCLC (n=23) NSCLC (n=71)
  n (%) n (%)

Gender
 Female 3 ( 3.1) 9 (9.5)
 Male 20 (21.2) 62 (65.9)
Pathologic subtype
 Adeno cancer  50 (70.4)
 Squamoz cancer  21 (29.5)
Metastatic at the time of diagnosis
 Yes 23 (100) 59 (83.0)
 No 0 12 (16.9)
Brain metastatic at the time of diagnosis
 Yes 12 (52.1) 37 (52.1)
 No 11 (47.8) 34 (47.8)
Additional metastasis site
 Absent 2 (8.6) 10 (14)
 1 site 4 (17.3) 18 (25.3)
 2 site 9 (39.1) 33 (46.4)
 ≥3 site 8 (34.7) 10 (14)
Status
 Alive 1 (4.3) 18 (25.3)
 Dead 22 (95.6) 53 (74.6)

  Mean±SD Mean±SD
  Median (range) Median (range)

TMT-Right site 4.45±1.32 4.52±1.49
  4.22 (2.4-7.7) 4.43 (1.9-9.5)
TMT-Left site 4.22±1.11 4.44±1.26
  3.98 (2.2-6.2) 4.36 (1.9-8.4)
TMT-Median 4.33±1.12 4.48±1.31
  3.90 (2.4-6.7) 4.38 (1.9-8.7)
Neutrophil (mm3) 5.452±2.136 7.492±3.466
  5.320 (1.450-10.170) 6.670 (1.980-16.720)
Lymhocyte (mm3) 1.618±0. 659 1.639±0.869
  1.500 (0.530-3.150) 1.490 (0.390-4.560)
Monocyte (mm3) 762±285 0.883±0.415
  0.680 (0.260-1.460) 0.800 (0.80-2.090)
Platelet (mm3) 326±120 295±116
  334 (88-577) 293 (35-603)

SCLC: Small cell lung cancer; NSCLC: Non-small cell lung cancer; TMT: Temporal muscle thickness
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skeletal muscles have been shown to be beneficial in 
predicting muscle mass loss, in addition to abdominal 
skeletal muscles. In Leitner et al.’s study, a high corre-
lation was found between TMT and lumbar skeletal 
muscle measurements.[16] In the study of Swartz et al., 
paravertebral muscles and sternocleidomastoid muscles 
in the third cervical vertebra region were measured in 
patients with head and neck cancer.[17] These results 
were correlated with muscle measurements in the third 
lumbar vertebra region. Kilgour et al. showed a loss of 
muscle mass with the cross-sectional measurement of 
neck muscles in the second cervical vertebrae in elderly 
patients.[18] Lisiecki et al.’s study, TMT was measured 
in patients with mandibular fractures due to trauma.
[19] As a result of the study, the duration of stay in the 
hospital, intensive care unit and the ventilator was re-
ported longer in patients with low TMT. In a study with 
children diagnosed with non-syndromic craniosynos-
tosis, a negative correlation was found between tempo-
ral muscle volume and length of hospital stay.[20]

In our study, there was a significant relationship be-
tween TMT and survival. The overall survival of patients 
with brain metastatic lung cancer was 13 weeks. In these 
patients, the risk of death increased by 18.8% with every 
millimeter reduction in TMT. The patients were clas-
sified into two main groups. Unfortunately, there was 
no difference in survival according to median TMT in 
SCLC and NSCLC group. This situation was thought to 
be due to the small number of patients in groups.

In the study of Further et al., median TMT was cal-
culated as 5.9 mm in patients with NSCLC and survival 
difference was shown.[9] In the study of Leitner et al., 
the mean TMT value was 6.1 mm.[16] In our study, the 
median TMT value of our patients was lower than the 
literature. This situation suggested that sarcopenia was 
advanced in our patients or there was a possibility of 
social difference.

In our study, the TMT value was not affected by age 
and gender. Further et al. reported a negative correla-
tion between age and TMT.[9] They emphasized that 
physical condition was more important than the pa-
tient’s age.

It was thought that the prognosis might be worse in 
patients with metastatic phase at the time of diagnosis, 
brain metastasis at the time of diagnosis or additional 
metastatic region other than brain metastasis. Chi-
square analysis performed with this thought; however, 
there was no correlation between TMT and these clini-
cal indicators (p=0.778; p=0.148; p=0.548).

Inflammation is recognized as one of the hallmarks 
of cancer.[21] Cancer-related inflammation plays an 

In the multivariate cox analysis, including TMT, 
NLR, PLR, SIRI and PNI parameters, only PNI showed 
a statistically significant association with survival prog-
nosis (HR 0.483; 95% CI 0.28–0.82; p=0.008).

Discussion

According to our experience in the daily population, 
an increase in the incidence of brain metastases is ob-
served upon the prolongation of the survival of cancer 
patients and the progression of imaging techniques.

BM is a heterogeneous group with the varied re-
sponse to treatment and survival. Therefore, it is im-
portant to consider the various factors affecting the 
prognosis of patients with BM before therapeutic de-
cision making.

In this study, the effects of both the measurement of 
TMT and inflammatory and nutritional parameters on 
survival in brain metastatic lung adenocarcinoma were 
investigated.

Multiple factors play a role in the etiology of cancer-
associated cachexia, which are malnutrition, catabolic 
metabolism, chronic inflammation, paraneoplastic ef-
fects, anti-neoplastic therapies, psychological reasons 
(such as anxiety disorder and depression) and other 
factors.

Sarcopenia is a loss of muscle and is used as an indi-
cator of cachexia. In previous publications, craniofacial 

Table 2 Survival values for the temporal muscle thick-
ness and inflammatory-nutritional parameters

  SCLC  NSCLC
  Weeks p Weeks p

TMT median  0.016  0.556
 <4.32 6  15
 ≥4.32 19  15
NLR  0.001
 <3.80 19  33 0.002
 ≥3.80 5  6
PLR   0.106  0.125
 <188 18  16
 ≥188 5  10
SIRI   0.405  0.008
 <2.81 9  29
 ≥2.81 12  7
PNI   <0.001  0.001
 <42.7 4  6
 ≥42.7 22  36

TMT: Temporal muscle thickness; NLR: Neutrophil-lymphocyte ratio;  
PLR: Platelet-lymphocyte ratio; SIRI: Systemic inflammation response index; 
PNI: Prognostic nutritional index; Statistically significant values are in italics 
(p<0.05)
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According to the literature review, SIRI has not been 
studied previously in lung cancer.

In our study, low SIRI was associated with improved 
survival in the analysis of all lung cancer patients (HR: 
1.70; 95% CI: 1.07-2.71; p=0.023). In subgroup anal-
ysis, the survival of SIRI was statistically significant 
in NSCLC and no difference was observed in SCLC 
(p=0.008; p=0.405). In this case, the small number 
of patients in the SCLC group was thought to be the 
causative factor.

PNI is a parameter that shows the immune and nu-
tritional status calculated by the combination of serum 
albumin and lymphocyte values. It predicts the prog-
nosis of patients with cancer independent of origin.
[30] It has not been studied previously in patients with 
brain metastasis. In our study, high PNI values were 
associated with increased survival in all lung cancer 
patients (HR: 2.59; 95% CI: 1.61-4.15; p<0.001). In 
subgroup analysis, survival in both SCLC and NSCLC 
was statistically significant (p<0.001, p=0.001).

In patients with brain metastases, temporal muscle 
measurements were performed to evaluate sarcopenia 
more quickly and easily. In one study, TMT measure-
ment was shown to last 30 seconds.[8] Similarly, our 
measurements were made in a short time. Abdominal 
imaging was not performed during the diagnosis of 
brain metastasis in the majority of patients. Therefore, 
abdominal muscular thickness measurement was not 
used for the evaluation of sarcopenia. Because of this 
reason, TMT measurement is useful for the evaluation of 
sarcopenia in patients with brain metastasis. The disad-
vantage of TMT measurement is that it is affected by oral 
and dental diseases and rheumatic diseases (e.g. tempo-
ral arteritis) in the differential diagnosis of headache in 
elderly patients. Therefore, both sides of the muscle were 
measured and analyzed according to the median value.

Patients who had steroid use and infection because 
of the effect of steroid use on hematological parameters 
and hypoalbuminemia as a negative acute-phase reac-
tion during infection were not included in this study.

There were restrictive aspects of our study. First, 
the number of patients in this study was low, and the 
number of patients in the subgroups was not evenly 
distributed; the second limitation was that this was a 
retrospective study.

The TMT value of our patients was lower than the 
other studies. The reason for this was the inclusion of 
more complicated cases in our study because our cen-
ter was the tertiary center. It is thought that the im-
portance of TMT and inflammatory-nutritional status 
assessment will be better understood in the future by 

important role in the development and progression of 
cancer. Immune and inflammatory cells are considered 
to be essential components of the tumor microenvi-
ronment.[14]

The actual mechanisms underlying how the NLR, 
PLR and SIRI affect prognosis in patients with cancer 
are unclear. High NLR represents increased neutrophil 
count and/or decreased lymphocyte count; similarly, 
high PLR indicates increased platelet and/or decreased 
lymphocyte count. In preclinical studies, neutrophils 
have been shown to increase cancer cell metastasis, in-
vasion and proliferation, but also help to escape the im-
mune system and thus promote tumor activity. Platelets 
can collect granulocytes and facilitate the early forma-
tion of metastatic niches. Platelet-derived growth fac-
tors and direct contact of the tumor cell with platelet 
can activate tumor pathways in malignant cells and fa-
cilitate the formation of metastases. Lymphocytes have 
strong effects that can inhibit tumor cell migration and 
growth and stimulate cytotoxic cell death. Monocytes 
can induce tumor cells or immune cells by produc-
ing chemokines, such as vascular endothelial growth 
factor, tumor necrosis factor-alpha and monocyte 
chemoattractant protein-1, to promote tumor forma-
tion, angiogenesis and distant metastasis.[22] Yu et al. 
conducted a meta-analysis of a large sample with 7219 
patients and demonstrated that a high NLR predicted 
poor OS (HR: 1.46; 95% CI: 1.30–1.64).[23] Liu et al. 
found that a high PLR was a significant independent 
prognostic factor for patients with NSCLC (HR: 2.025; 
95% CI: 1.405–2.919; p<0.001).[24] Dong et al. re-
ported that NLR was an independent prognostic factor 
for poor OS (HR: 1.954; 95% CI: 1.172–3.257; p=0.01), 
but not the PLR.[25] Mitsuya et al. reported a survival 
benefit in patients with low NLR levels who had been 
operated for brain metastasis (14 months versus five 
months, p=0.01).[26] Doi et al. reported that low NLR 
levels and positive programmed death-1 (PD-1) values 
in patients with brain metastasis might be associated 
with a strong immune response to tumor.[27]

Lung cancer is a heterogeneous group and has dif-
ferent subtypes. Therefore, Igor et al. investigated that 
NLR and PLR parameters may differ between subtypes 
in lung cancer patients.[28] As a result of their study, 
there was no difference between these subtypes con-
cerning NLR and PLR parameters. Similar results were 
found in the SCLC and NSCLC groups for NLR and 
PLR in our study (for NLR p=0.001, p=0.002; for PLR 
p=0.106, p=0.125).

The SIRI parameter has been studied in various can-
cers and can be used as a prognostic marker.[14,15,29] 
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al. A novel inflammation‐based nomogram system to 
predict survival of patients with hepatocellular carci-
noma. Cancer Med 2018;7(10):5027–35.
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matory indexes on the chemotherapeutic response in 
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ance and survival among patients with non-small-cell 
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temic inflammation response index (SIRI) predicts 
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target 2017;8(21):34954–60.
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One 2018;13(11):e0207849.
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studies that are prospectively designed and included a 
larger number of patients.

Conclusion

In this study, the findings suggest the use of TMT and 
inflammatory-nutritional parameters for the evalua-
tion of sarcopenia were practical and rapid methods 
in lung cancer patients with brain metastasis. In this 
group of patients with a short duration of survival, the 
prognosis of patients can be predicted and their expo-
sure to toxic treatment may be prevented by the evalu-
ation of sarcopenia.
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