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Abstract 

Background:  The systemic immune-inflammation index (SII) has recently emerged as a predictor of survival in non-
small cell lung cancer patients. There is also tight correlation between radiotherapy and immune status, and brain 
metastases (BM) radiotherapy is an important treatment in patients with BM from lung adenocarcinoma harboring 
epidermal growth factor receptor (EGFR) mutations. Hence, this study aimed to present the prognostic value of SII 
and its dynamic changes during BM radiotherapy in EGFR-mutant lung adenocarcinoma patients with BM.

Methods:  Patients with EGFR-mutant lung adenocarcinoma who received BM radiotherapy between November 
2011 and April 2021 were included in this retrospective study. The SII was calculated using data acquired within 1 
week before the start of radiation treatment and 1 week before its completion. According to the cutoff value of SII 
before radiation treatment determined using receiver operating characteristic curve analyses, we divided the patients 
into a high group and a low group. Patients were further classified into high–high, high–low, low–low, and low–high 
groups based on dynamic changes in SII. Prognostic values of the SII and other factors were determined using the 
Kaplan–Meier method, as well as univariate and multivariate Cox analysis.

Results:  A total of 202 patients met the inclusion criteria, and the median overall survival (OS) of the entire cohort 
was 36 months. According to the SII cutoff of 859.79, an SII value below this cutoff was associated with longer OS 
(hazard ratio 0.6653, 95% confidence interval 0.4708–0.9402, P < 0.05). The patients in the low–low group, whose SII 
within 1 week before the start and end of BM radiotherapy were below the cutoff, had a median OS of 55.2 months, 
which was significantly longer than the OS in all other groups (P < 0.05). Univariate and multivariate analyses con-
firmed that dynamic SII change (P = 0.032), Lung-molGPA (P < 0.001), and thoracic radiation (P = 0.048) were indepen-
dently correlated with OS.

Conclusions:  The SII and its dynamic change may have a prognostic value in patients with EGFR-mutant lung adeno-
carcinoma treated with BM radiotherapy.
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Background
The treatment of advanced lung adenocarcinoma has 
entered the era of molecular targeted therapy, and 
mutant epidermal growth factor receptors (EGFRs) 
are the most common therapeutic target. EGFR tyros-
ine kinase inhibitors (TKIs), as the first-line treatment 
for patients with EGFR-mutant lung adenocarcinoma, 
can significantly improve the prognosis and quality of 
life in this population [1]. Brain metastases (BM) occur 
in more than 40% of patients with non-small cell lung 
cancer (NSCLC), and in patients with advanced EGFR-
mutant NSCLC, this incidence exceeds 60% in long-
term survivors [2, 3]. Clinical data show that BM is 
associated with increased morbidity and mortality lead-
ing to a very poor prognosis. Brain radiotherapy is con-
sidered the cornerstone of BM treatment and remains 
a vital treatment for patients with brain metastases [4]. 
The median intracranial progression-free survival of 
patients with combination treatment (brain radiother-
apy and EGFR-TKIs) was longer than that of patients 
receiving EGFR-TKIs alone (21.5 vs. 15.0  months) [5]. 
This suggests that the addition of brain radiotherapy 
facilitates controlling intracranial metastatic lesions. 
Reliable predictive factors are needed for predicting 
the survival and prognosis of these patients after crani-
ocerebral radiotherapy to identify patient subgroups 
benefiting more from this treatment. This can help to 
determine the optimal therapeutic strategy and, thus, 
improve survival and quality of life in this patient 
population.

The immune system plays significant pro- and anti-
tumorigenic roles at all stages of tumorigenesis. At pre-
sent, it is generally believed that inflammation has a 
great influence on the composition of the tumor micro-
environment, which includes cancer cells, fibroblasts, 
vascular cells, and inflammatory immune cells, particu-
larly affecting the plasticity of tumor cells [6]. Several 
inflammation- and immune-based prognostic indices, 
developed to predict patient survival, are associated 
with overall survival (OS), for instance, the neutrophil–
lymphocyte ratio, platelet–lymphocyte ratio, and lym-
phocyte–monocyte ratio [7–9]. Recently, the systemic 
immune-inflammation index (SII), which is calculated 
based on the lymphocyte, neutrophil, and platelet 
counts, has been shown to be a good prognostic fac-
tor in various types of tumors [10]. Many studies have 
demonstrated that the SII is a convenient and readily 
available test that serves as an independent predictor 

of OS for patients with various malignancies, such as 
colorectal cancer [11], hepatocellular carcinoma [12], 
pancreatic cancer [13], and NSCLC [14].

The tight correlation between radiotherapy and 
immune status has been confirmed and the prognos-
tic value of SII in patients with BMs from EGFR-mutant 
lung adenocarcinoma who underwent brain radiotherapy 
remains elusive. Therefore, this study aimed to investi-
gate whether the SII value before brain radiotherapy and 
its dynamic changes during brain radiotherapy were pre-
dictive for OS in patients with BMs from EGFR-mutant 
lung adenocarcinoma.

Methods
Patient selection
We screened patients diagnosed with NSCLC at Shan-
dong Cancer Hospital and Institute between November 
2011 and April 2021. The inclusion criteria were as fol-
lows: (1) pathologically diagnosed as primary lung adeno-
carcinoma; (2) harboring an EGFR mutation; (3) presence 
of brain metastases diagnosed by computed tomography 
or magnetic resonance imaging at the initial diagnosis 
or in the course of the disease; (4) previously received 
BM radiotherapy, including whole-brain radiotherapy 
(WBRT), local radiotherapy, or WBRT + Boost; (5) no 
other primary malignancies; and (6) complete records 
of blood test results both within 1 week before the start 
of the BM radiation treatment and within 1 week before 
its completion. This retrospective study was approved by 
the Ethics Committee of Shandong Cancer Hospital and 
Institute and was conducted in accordance with the Dec-
laration of Helsinki. All the patients were diagnosed and 
treated in Shandong Cancer Hospital and Institute, so we 
obtained the permissions to access the data from the Eth-
ics Committee of Shandong Cancer Hospital and Insti-
tute. Considering the retrospective nature of the study, 
the informed consent was waived.

Data collection and definition
The following patient characteristics were included: 
sex, age, smoking history, EGFR mutation status, Lung-
molGPA class, brain radiation mode, thoracic radiation, 
chemotherapy, metastatic sites and full blood count for 
calculating the dynamic SII change. These data were 
acquired from the electronic medical record system of 
Shandong Cancer Hospital. OS was defined as the time 
from the date of diagnosis to the date of death due to any 
reason or the last date of follow-up.

Keywords:  Systemic immune-inflammation index, Dynamic change, Epidermal growth factor mutation, Brain 
metastases, Brain radiotherapy
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In this study, thoracic radiotherapy meant the radi-
otherapy for the primary lung tumors and thoracic 
metastatic lymph nodes. The dose of thoracic radio-
therapy ranged from 2  Gy per fraction to 5.5  Gy per 
fraction, and the total dosage ranged from 27 to 75 Gy. 
Most patients received palliative radiotherapy, and 
only a small number received curative radiotherapy. 
All patients included in study previously received 
BM radiotherapy. In patients who treated with whole 
brain radiotherapy, the total radiotherapy dose ranged 
from 25 to 50  Gy (median prescribed dose 40  Gy). 
The range of local radiotherapy was 20–62.5  Gy 
(median prescribed dose 50  Gy). Additionally, in the 
WBRT + Boost group, the range of whole brain radio-
therapy was 30–54 Gy (mediate prescribed dose 40 Gy) 
and the additional radiation boost for local metastases 
was 6–24 Gy (median prescribed dose 15 Gy).

Lung-molGPA is a new prognostic model for patients 
with brain Metastasis of EGFR-mutated NSCLC, 
which based on the patient’s age, KPS, the number of 
extracranial and BM, and the status of gene mutations. 
A score of 0–4 indicated significant impact on OS in 
patients. The grouping standard referred to our team’s 
previous study, which revealed that a statistical dif-
ference in median survival between the two groups of 
BM patients from EGFR-mutant lung adenocarcinoma 
with a score of 1–2 and a score of 2.5–4 [15].

The SII, NLR, PLR and LMR were calculated using 
the following formulas: SII = platelet counts × neu-
trophil counts/lymphocyte counts, NLR = neutrophil 
counts/lymphocyte counts, PLR = platelet counts/
lymphocyte counts, LMR = lymphocyte counts/mono-
cyte counts. Blood counts were obtained at two time 
points: one within a week before the start of BM radia-
tion treatment and another within a week before the 
completion of the radiotherapy. The SII cutoff value 
was determined using the blood counts before the 
radiation based on receiver operating characteris-
tic (ROC) curve analysis. Patients were subsequently 
stratified into high and low SII groups. The prognos-
tic significance of dynamic SII changes was explored 
in more detail in this study. According to the dynamic 
changes between SII within 1 week before the start of 
the BM radiation treatment and within 1 week before 
its completion, the study population was subsequently 
further divided into four subgroups: high–high group, 
high–low group, low–low group, and low–high group. 
The high–high group comprised patients who persis-
tently had SII values above the cutoff, whereas patients 
who transitioned from high to low SII values were 
included in the high–low group. The remaining groups 
were defined in the same manner.

Statistical methods
We performed all statistical analyses using SPSS software 
(version 25.0). ROC curves were generated to analyze the 
areas under the ROC curve, and the Youden Index was 
used to identify the optimal SII cutoff value. The rela-
tionship between SII and clinicopathological factors was 
analyzed using the chi-square test. The Kaplan–Meier 
method and the log-rank test were used to perform sur-
vival analyses and compare survival differences. The 
prognostic values of variables for OS were assessed using 
Cox proportional hazards regression and are expressed 
as P values, hazard ratios, and 95% confidence intervals. 
Variables with statistical significance in the univariate 
Cox analysis were included in the multivariate Cox analy-
sis. A two-sided P value of < 0.05 was considered statisti-
cally significant.

Results
Patient characteristics
Baseline patient characteristics are summarized in 
Table  1. Ultimately, 202 patients met the inclusion cri-
teria in this retrospective study, including 73 (36.1%) 
men and 129 (63.9%) women. In this study population 
with a median age of 54 (28–81) years, 44 (21.8%) of 
the patients had a smoking history, whereas 158 (78.2%) 
had never smoked. The majority of patients had EGFR 
mutations in exons 19 (83, 41.09%) and 21 (93, 46.04%). 
Other rare mutations, including exon 18 and 20 muta-
tions, accounted for a small proportion (12, 5.94%). 14 
(6.93%) unclear ones meant that patients with identified 
EGFR sensitive mutations who responded well to EGFR-
TKI treatment whereas it is not clear of the exon site of 
mutation due to negligence of medical record writer. 
According to the Lung-molGPA classification system, 
the numbers of patients with scores 0–2 and 2.5–4 were 
89 (44.1%) and 113 (55.9%), respectively. All patients 
received brain metastases radiotherapy: 76 (37.6%) 
patients received WBRT, 89 (44.1%) local radiotherapy, 
and 37 (18.3%) WBRT + Boost. There were 79 patients 
who received thoracic radiation and 168 ones who 
received chemotherapy. In addition to brain metastasis in 
all patients, 96, 129, 37, 41, 52 and 30 patients developed 
intrapulmonary metastasis, bone metastasis, liver metas-
tasis, adrenal metastasis, pleural metastasis and others 
respectively. Other metastases included kidney, pancreas, 
spleen, spinal cord, and soft tissue, which are aggregated 
together because of the small number.

The SII, with the area under the ROC curve of 0.620 
(Fig. 1A, P = 0.004), was larger than NLR, PLR and LMR, 
which area were 0.540 (Fig. 1A, P = 0.333), 0.577 (Fig. 1A, 
P = 0.0.063) and 0.527 (Fig.  1A, P = 0.519), respectively. 
The optimal cutoff value of SII established by ROC 
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curve analysis and the Youden Index was 859.79. Based 
on this cutoff, 93 (46%) patients had SII values of 859.79 
or greater, who were assigned to the high SII group, and 
109 (54%) patients with SII values less than 859.79 were 
included in the low SII group. According to the dynamic 
changes of SII within 1 week before the start of the radia-
tion treatment and within 1 week before its completion, 
the numbers of patients in the high–high, high–low, low–
low, and low–high groups were 59 (29.2%), 34 (16.8%), 67 
(33.2%), and 42 (20.8%) participants, respectively. The 
correlations between the SII value and various clinico-
pathological features were not significant (Table 1).

Survival outcomes for the entire study cohort
At the end of the last follow-up, 139 (68.8%) patients 
had died, and the median OS of the entire cohort was 
36 months (Fig. 2A). We used the Kaplan–Meier method 
to perform survival analyses and compared the survival 
differences between groups stratified by Lung-molGPA 
score, as this score has a significant impact on the prog-
nosis of the patients. The median OS was significantly 
different between groups with Lung-molGPA scores 0–2 
and 2.5–4 (32.2  months vs. 46.0  months, hazard ratio 
(HR): 1.935, 95% confidence interval (CI): 1.366–2.742, 
P < 0.05; Fig. 2B).

Table 1  Baseline characteristics of all 202 patients stratified by SII before brain radiotherapy

Characteristics Variables N (%) SII

< 859.79 ≥ 859.79 X2 P

Sex Female 129 (63.9) 72 57 0.494 0.482

Male 73 (36.1) 37 36

Age (years) < 60 140 (69.3) 77 63 0.198 0.656

≥ 60 62 (30.7) 32 30

Smoking status Never 158 (78.2) 87 71 0.355 0.551

Former/current 44 (21.8) 22 22

EGFR mutation Exon 21 93 (46.04) 46 46 6.542 0.088

Exon 19 83 (41.09) 50 33

Other (18 or 20) 12 (5.94) 3 9

Unclear 14 (6.93) 9 5

Lung-molGPA 0–2 89 (44.1) 51 38 0.716 0.398

2.5–4 113 (55.9) 58 55

Brain radiation mode WBRT 76 (37.6) 44 32 0.760 0.684

Local radiotherapy 89 (44.1) 46 43

WBRT + Boost 37 (18.3) 19 18

Thoracic radiation Yes 79 (39.1) 43 36 0.012 0.914

No 123 (60.9) 66 57

Chemotherapy Yes 169 (83.7) 93 76 0.476 0.490

No 33 (16.3) 16 17

Metastatic sites Lung 96 (47.5) 50 46 1.183 0.947

Bone 129 (63.9) 66 63

Liver 37 (18.3) 17 20

Adrenal gland 41 (20.3) 19 22

Pleura 52 (25.7) 27 25

Others 30 (14.9) 17 13

SII < 859.79 109 (54) NA NA NA NA

≥ 859.79 93 (46) NA NA

Dynamic change of SII High–high 59 (29.2) NA NA NA NA

High–low 34 (16.8) NA NA

Low–low 67 (33.2) NA NA

Low–high 42 (20.8) NA NA
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Correlations of OS with SII value before brain radiotherapy 
and dynamic SII change for each subgroup
We first assessed the relationship between the SII value 
before brain radiotherapy and median OS, the results 
showed negative correlations between OS and SII in 
all cohorts, but the median survival of patients in the 
low and high groups were significantly different, with 
42.1 and 34.5 months, respectively (HR: 0.6653, 95% CI: 
0.4708–0.9402, P < 0.05; Fig. 1B).

Similarly, in the comparison of the four subgroups 
categorized according to the dynamic SII changes dur-
ing BM radiotherapy, the OS rates of the patients in the 
different groups were significantly different (Fig. 3). The 
median survival time of patients in the low–low group 
was longest with 55.2  months, and in decreasing order, 
the median survival times of the high–low, low–high, 
and high–high groups were 37.5, 32.0, and 29.3 months, 
respectively (P < 0.05). The differences were statistically 
significant between the low–low and high–high groups 

Fig. 1  ROC was generated to evaluate the discriminatory ability of the SII, NLR, PLR and LMR (A); Kaplan–Meier curves of OS according to SII before 
brain radiotherapy (median overall survival, 42.1 vs. 34.5 months, HR (95%CI): 0.6653 (0.4708–0.9402), P < 0.05) (B)

Fig. 2  Overall survival (OS) of entire cohort (A) and OS of patients stratified according to Lung-molGPA (B)

Fig. 3  Kaplan–Meier analysis for OS of patients in four subgroups: 
high–high group, high–low group, low–high group, low–low group 
(median survival, 29.3 months vs. 37.5 months vs. 55.2 months vs. 
32 months, P < 0.05)
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(HR: 0.5285, 95% CI: 0.3322–0.8410, P = 0.003; Fig. 4B), 
the low–low and high–low groups (HR: 0.5470, 95% CI: 
0.3134–0.9549, P = 0.014; Fig. 4D), and the low–low and 
low–high groups (HR: 0.5801, 95% CI: 0.3578–0.9405, 
P = 0.017; Fig. 4F). However, there was no significant dif-
ference between the remaining group pairings (Fig.  4A, 
C, E).

Univariate and multivariate Cox regression analysis for OS
The results of the univariate and multivariate analyses 
regarding prognostic factors associated with OS are 
shown in Table 2. In univariate Cox regression analyses, 
the discriminating variables were sex (P = 0.862), age 

(P = 0.971), smoking status (P = 0.246), EGFR muta-
tion (P = 0.371), Lung-molGPA (P < 0.001), brain radia-
tion mode (P = 0.365), thoracic radiation (P = 0.010), 
chemotherapy (P = 0.114), and dynamic change of SII 
(P = 0.014). All variables with prognostic significance 
in the univariate analysis were further entered into the 
multivariate Cox regression analysis, and the results 
showed that dynamic change of SII (P = 0.032), Lung-
molGPA (P < 0.001), and thoracic radiation (P = 0.048) 
were independent indicators of brain radiotherapy out-
comes in patients with BM arising from EGFR-mutant 
lung adenocarcinoma.

Fig. 4  Kaplan–Meier analysis for OS of patients in four subgroups compared with each other (A–F)

Table 2  Univariate and multivariate Cox proportional hazard analysis of factors associated with OS

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Sex 0.970 (0.687–1.369) 0.862 NA NA

Age (years) 1.007 (0.702–1.443) 0.971 NA NA

Smoking status 0.792 (0.535–1.174) 0.246 NA NA

EGFR mutation NA 0.371 NA NA

Lung-molGPA 1.999 (1.423–2.808) 0.000 0.490 (0.345–0.696) 0.000

Brain radiation mode NA 0.365 NA NA

Thoracic radiation 1.588 (1.116–2.259) 0.010 0.698 (0.489–0.997) 0.048

Chemotherapy 1.429 (0.918–2.224) 0.114 NA NA

Dynamic change of SII NA 0.014 NA 0.032
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Discussion
Lung adenocarcinoma patients with EGFR mutations 
have a higher incidence of BM, both at initial diagno-
sis and during the course of the disease, usually lead-
ing to poor quality of life and survival prognosis, even 
after treatment with TKIs [16]. The Lung-molGPA can 
predict the prognosis of patients with BM from NSCLC 
and facilitate clinical decision-making [17]. In our 
study, higher Lung-molGPA scores corresponded to a 
better prognosis, which is consistent with the results of 
previous studies. However, Lung-molGPA is a prognos-
tic factor that may have little value for predicting the 
efficacy of brain radiotherapy. Brain radiotherapy plays 
an important role in the management of EGFR-mutant 
NSCLC patients with BM [18, 19]. A reliable factor to 
predict the survival and prognosis of these patients 
after cranial radiotherapy is still lacking.

Inflammation is a recognized hallmark of cancer, 
and inflammatory cells substantially contribute to the 
development, spread, and metastasis of malignancies 
[20, 21]. In past decades, inflammation has been shown 
to play a critical role in tumorigenesis after the first 
indication of a possible link between inflammation and 
cancer had been provided in the nineteenth century. 
Current research indicates that radiation can recruit 
inflammatory cells into the tumor microenvironment 
by stimulating the release of signals and chemokines, 
thereby invoking immune responses to support the sur-
vival of cancer cells or promote their death [22–24].

SII is a novel and integrated systematic inflamma-
tion index based on neutrophil, platelet, and lympho-
cyte counts. In the peripheral blood of patients who 
develop different types of cancers, the numbers of neu-
trophils and platelets increase remarkably, and these 
cells produce inflammatory cytokines and chemokines, 
which may contribute directly to malignant progres-
sion [25–27]. Although lymphocytes in tumors may not 
always be active due to immune escape or tolerance, 
increased infiltration is associated with a better prog-
nosis in cancer patients [28]. Therefore, it is concluded 
that inflammation plays a crucial role in the develop-
ment and progression of tumors, and SII may be a relia-
ble prognostic index for the survival of cancer patients. 
Compared with other existing indexes based on inflam-
mation, such as NLR, PLR, and LMR, SII was a more 
comprehensive and reliable indicator which had more 
value in predicting OS than other indices in this study. 
The prognostic role of SII has been demonstrated in 
patients with NSCLC, including NSCLC patients with 
BM harboring EGFR mutations and patients receiv-
ing treatment with EGFR-TKIs, and elevated SII values 
indicated a worse OS [29, 30]. Because of the tight cor-
relation between radiotherapy and immune status, we 

hypothesized that SII may be related to the efficacy of 
radiotherapy.

In this study, we explored the prognostic role of SII 
in EGFR-mutant lung adenocarcinoma patients who 
received BM radiotherapy, and the results were con-
sistent with those described above. We chose the pre-
radiotherapy SII of patients to obtain the optimal SII 
cutoff value and found that patients with SII > 859.79 had 
a worse prognosis than patients with lower SII values. 
Although the cutoff value of SII is not consistent across 
various studies, the results all show that the SII value is 
significantly negatively associated with OS. The reasons 
we chose the pre-radiotherapy SII to determine the opti-
mal cutoff value is to rule out any radiotherapy effect on 
the inflammatory state of the body and to observe the 
effects of changes in SII before and after radiotherapy on 
patient prognosis.

Tumor cells are constantly evolving to establish a net-
work of cellular and soluble components, which can 
induce several inhibitory mechanisms, thus allowing 
immune evasion and promoting tumor progression [31, 
32]. The malignant tumor, like any dynamic system, 
undergoes adaptive changes in response to external influ-
ences, including treatment, especially during targeted 
therapy or chemotherapy and radiotherapy, which may 
be related to tumor tolerance to these interventions. 
For instance, most patients with EGFR mutations will 
eventually develop a progressive disease course within 
about 1 year of EGFR-TKI treatment because of the 
most common mechanism—development of acquired 
EGFR T790M mutation, and approximately 3–10% of 
acquired resistance to EGFR-TKIs is associated with 
histologic transformation to small cell lung cancer [33, 
34]. Radiotherapy, as a major method of treatment for 
cancer patients, can trigger immune-mediated tumor 
responses and remodel the inflammatory microenviron-
ment [35, 36]. Therefore, we speculated that the SII may 
also change during radiotherapy, and different dynamic 
change patterns may be closely related to the prognosis 
of patients.

We extended the application of the SII by analyzing 
changes in its value. The result showed that the prog-
nosis of patients was significantly better in the low–low 
group than in all other groups, which indicated that the 
pathophysiology associated with a persistently low SII 
provided an environment more unfavorable for tumor 
growth, infiltration, and metastasis. At the same time, it 
reminds us that patients whose SII is persistently high 
need to be considered for further maintenance treatment 
and should be followed closely, which can help to detect 
recurrence and metastasis earlier in these patients and 
improve their prognosis. Excluding the low–low group, 
intergroup comparisons of the other three groups were 
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not significant, possibly because the total number of 
patients in this study was relatively small and the number 
of people assigned to each group was not equal. However, 
in univariate and multivariate Cox regression analyses, 
dynamic SII changes proved to be an independent prog-
nostic factor of OS.

Our research has some limitations. First, it was more 
susceptible to potential biases because this is a retrospec-
tive study. Second, the number of patients enrolled in this 
study was relatively small, so the sample size in subgroup 
analyses might not be sufficient to be representative. 
Third, different systemic regimens among subgroups may 
have affected the survival analysis. Hence, multicenter 
prospective studies with larger sample sizes are needed 
to verify the prognostic value of SII in this field.

Conclusions
As a biomarker reflecting the systemic immune-inflam-
mation status, the SII and its dynamic change may have 
a prognostic value in patients with EGFR-mutant lung 
adenocarcinoma treated with BM radiotherapy, which 
seemed to be a promising parameter for inclusion in 
future prognostic systems.
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