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Evidence shows that inflammatory responses play an essential role in the development of brain 
metastases (BM). The goal of this meta-analysis was to critically evaluate the literature regarding 
the use of the neutrophil to lymphocyte ratio (NLR) to predict the prognosis of patients with BM to 
help clinicians institute early interventions and improve outcomes. We conducted systematic review 
and meta-analysis, utilizing data from prominent databases, including PubMed, Cochrane Library 
and China National Knowledge Infrastructure databases. Our inclusion criteria encompassed studies 
investigating the studies that assessed the association between NLR and overall survival (OS). We 
included 11 articles, with 2629 eligible patients, to evaluate the association between NLR and OS. 
High NLR was significantly associated with shorter OS, with a pooled hazard ratio (HR) of 1.82 (95% CI 
1.57–2.11). Subgroup analysis revealed that this association was consistent across different regions, 
with HRs of 2.03 (95% CI 1.67–2.46) in Asian populations and 1.58 (95% CI 1.35–1.84) in non-Asian 
populations. Additionally, in a subgroup analysis based on NLR cut-off values, patients with NLR ≥ 3 
had an HR of 1.69 (95% CI 1.46–1.96), while those with NLR < 3 had an HR of 2.26 (95% CI 1.64–3.11). 
Sensitivity analysis confirmed that no single study significantly influenced the pooled effect size. Our 
meta-analysis confirmed the prognostic value of NLR in patients with brain metastasis.
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Brain metastases (BM) represent the most prevalent form of central nervous system neoplasms in adult1, 
and their incidence is progressively increasing2. Treatment of BM ranges from supportive care to multimodal 
strategies considering surgery, fractioned radiotherapy, whole brain radiotherapy, stereotactic radiosurgery, or 
chemotherapy3–5. Despite advancements in treatment modalities, the prognosis for patients with BM remains 
grim3, underscoring the critical need for reliable prognostic markers to guide therapeutic decision-making and 
improve patient outcomes. Existing prognostic models, such as radiation therapy oncology group–recursive 
partitioning analysis, score index for radiosurgery, basic score for brain metastasis, and graded prognostic 
assessment, offer valuable insights but are not without limitations, often due to subjective scoring elements that 
introduce uncertainty6,7

The neutrophil-to-lymphocyte ratio (NLR) emerges as a potential objective marker, routinely collected in 
clinical settings, that could overcome the subjectivity associated with traditional model8. Although prior meta-
analyses have explored the prognostic value of NLR in lung cancer8 patients with BM, its applicability across 
other cancer types remains less understood. Our study aims to comprehensively assess the association between 
pre-treatment NLR and overall survival (OS) in patients with BM from various cancer origins, offering updated 
insights into its prognostic utility.
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Materials and methods
Literature search
Articles on the prognostic significance of preconditioning NLR in cancer patients with BM were searched from 
the establishment of PubMed, the Cochrane Library and China National Knowledge Infrastructure databases 
until January 20, 2024. This systematic review was not prospectively registered due to time constraints. Despite 
the time limitations, we have conducted this review with rigorous methodology. Searches were conducted 
using the following keywords: brain metastasis, BM, leptomeningeal metastasis, neutrophil to lymphocyte 
ratio, neutrophil-to-lymphocyte ratio, neutrophil–lymphocyte ratio, neutrophil/lymphocyte. Two investigators 
performed the search without mutual communication. When disagreements arose, a third reviewer discussed 
and made a final decision.

Selection criteria
A study was included if it met the following criteria: studies in patients with cancer with a clinical or histological 
diagnosis of BM; studies that assessed the association between NLR and OS; studies in which NLR, and their cut-
off values were adequately and accurately defined; and NLR values must be recorded at the time of BM diagnosis 
or within one month prior to initial treatment, including any form of radiotherapy, chemotherapy, or surgery.

The following studies were excluded: (1) case reports, letters, conference abstracts, non-clinical studies, 
and reviews without available data; (2) duplicated publications; and (3) studies with insufficient information to 
evaluate Hazard Ratios (HRs) and 95% confidence intervals (CIs).

Data extraction
A standardized form was used to extract the following information from the included studies: first author, 
sample size, average age, sex distribution, NLR cut-off values, cancer type, and outcome measures (e.g., HR and 
95% CI). When available, we extracted the explicitly stated HR and 95% CI from each study.

Sensitivity and subgroup analyses
To ascertain the stability of our meta-analysis findings, we conducted a sensitivity analysis by sequentially 
excluding each study and recalculating pooled HRs and heterogeneity (I2). This allowed us to assess the influence 
of individual studies on the overall results. Stability was confirmed if no single study’s removal significantly 
altered the pooled HR or markedly affected heterogeneity.

Additionally, to explore the potential impact of different NLR cut-off values on prognostic outcomes, we 
conducted a subgroup analysis. Studies were divided into two groups based on their NLR cut-off values: NLR < 3 
and NLR ≥ 3. For each subgroup, we calculated the pooled hazard ratio (HR) and its 95% confidence interval 
(CI). Heterogeneity within subgroups was assessed using the I2 statistic and Cochran’s Q test. The statistical 
significance of differences between subgroups was evaluated using a test for subgroup differences.

To address the potential impact of tumor heterogeneity, we also performed a subgroup analysis based on 
cancer types. Studies were categorized into two groups: “lung cancer only,” which included studies exclusively 
on lung cancer patients, and “mixed cancer types,” which included studies on patients with various types of 
cancer. For each subgroup, we calculated the pooled HR and its 95% CI. Heterogeneity within subgroups was 
assessed using the I2 statistic and Cochran’s Q test. The test for subgroup differences was employed to evaluate 
the statistical significance of differences between these two cancer type groups.

Statistical analysis
We used Review Manager software (version 5.4) for statistical analysis. The HR and its associated 95% CI were 
used as statistical effect size. Heterogeneity was tested using the Q-test and I2 statistics before the meta-analysis. 
When P > 0.1 or I2 < 50%, and heterogeneity was deemed insignificant, a fixed-effects model was applied for 
the analysis. When P ≤ 0.1 or I2 > 50%, significant heterogeneity was deemed to be present in the incorporated 
studies, a random-effects model was applied for the analysis. When significant heterogeneity was observed 
among the included studies, we conducted sensitivity analyses by sequentially excluding studies and performing 
subgroup analyses based on NLR cutoff values, as well as comparing Asian and non-Asian regions, to identify 
potential sources.

To accurately represent the demographic characteristics of the included studies, we calculated a weighted 
average for variables such as patient age. This weighted average was derived by accounting for the sample sizes 
of each individual study, providing a more precise summary of the overall population. By incorporating this 
approach, we aimed to minimize potential bias introduced by disproportionate sample sizes and ensure a robust 
representation of the study population.

Result
Literature selection results
Based on the search strategy, 114 articles were identified. After initial screening of titles and abstracts, 83 articles 
were excluded due to literature type, duplicate publications, unclear diagnosis, and poor relevance. After full-
text screening, 20 articles were further excluded due to data unavailability. A total of 11 article 1–5,9–14 involving 
2629 cases were included (Fig. 1). Table 1 presents the basic characteristics of the included studies. The included 
studies, published between 2017 and 2022, had sample sizes ranging from 65 to 1250 patients, with average ages 
between 52.7 and 67 years. They investigated the prognostic value of pre-treatment NLR in various cancers, with 
NLR cutoff values ranging from 2.43 to 7. The studies reported hazard ratios (HRs) for NLR ranging from 1.53 
(95% CI 1.03–2.26) to 5.16 (95% CI 1.43–18.63).
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Results of meta-analysis
Eleven studies reported on the association between NLR and OS among patients with BM from cancer, and a 
random-effects model was employed for analysis. The HR was 1.82 (95% CI 1.57–2.11, P < 0.001), suggesting a 
statistically significant association between NLR and OS in cancer patients with BM (Fig. 2).

Sensitivity and subgroup analysis
The results for publication bias are shown in Fig. 3. The funnel plot does not exhibit apparent bias.

The sensitivity analysis involved sequentially removing individual studies, and the results are shown in Table 
2. This analysis indicated that the overall HRs remained consistent, with a fixed-effect model value of 1.67 (95% 
CI 1.52–1.84) and an I2 value of 22%. The HRs after excluding individual studies ranged from 1.72 (95% CI 
1.52–1.94) to 1.95 (95% CI 1.65–2.31), with I2 values ranging from 0 to 28%. These results suggest that the 
heterogeneity among the studies remained low to moderate, indicating the robustness of our meta-analysis 
results.

Subgroup analysis was conducted to further investigate the relationship between NLR and OS. The results 
suggested that patients with high NLR had shorter OS in both Asian and non-Asian populations, although a 
significant difference between the two regions indicates a potential regional influence (Fig. 4).

Additionally, a subgroup analysis based on NLR cut-off values (NLR < 3 vs. NLR ≥ 3) was performed to 
explore potential sources of heterogeneity. For NLR ≥ 3, the combined HR was 1.69 (95% CI 1.46–1.96) with an 

Fig. 1.  Flow diagram of study selection.
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I2 value of 17%. For NLR < 3, the combined HR was 2.26 (95% CI 1.64–3.11) with an I2 value of 0%. The overall 
combined HR for all studies was 1.82 (95% CI 1.57–2.11) with an I2 value of 19% (Fig. 5). For the “lung cancer 
only” subgroup, the combined HR was 2.28 (95% CI 1.82–2.86) with an I2 value of 0%. For the “mixed cancer 
types” subgroup, the combined HR was 1.56 (95% CI 1.40–1.74) with an I2 value of 0%. The test for subgroup 
differences showed a significant difference (P = 0.003) (Fig. 6).

Discussion
In this study, we scrutinized eleven studies that aligned with our inclusion criteria. Our meta-analysis revealed a 
significant association between elevated NLR and reduced OS in cancer patients with BM.

NLR is widely recognized as a prognostic marker in various cancers, as it reflects systemic inflammation that 
promotes tumor progression15. In patients with brain metastases, elevated NLR may have an especially strong 
prognostic impact due to the unique immune environment of the brain. This underscores NLR’s relevance across 
different cancer types while highlighting its specific significance in the context of brain metastases. Our findings 

Fig. 2.  Forest plot of the correlation between NLR and mortality in cancer patients with BM.

 

Study Year
Sample 
size

Average 
age Outcome measures

Sex 
(female: 
male)

Cutoff 
value of 
NLR HR (95% CI) Cancer type

Huanhuan Cui 2022 125 65 PreNLR, LUAD 56:69 2.8 2.4 (1.204–4.782) Lung adenocarcinoma

Mudit Chowdhary 2018 188 55.2* NLR, BM 97:91 6 1.53 (1.03–2.26) NSCLC, breast, melanoma, RCC

Gundu Naresh 2021 85 52.7* NLR, NSCLC NR 2.5 5.16 (1.43–18.63) NSCLC

Hongwei Li 2020 133 53.6* NLR, BM, EGFR, 
NSCLC 81:52 2.99 2.122 (1.276–3.529) NSCLC

HIROSHI DOI 2019 100 67 NLR, NSCLC 38:62 5 2.556 (1.4420–
4.5628) NSCLC

Ye Hong 2022 109 56 NLR, LM, SDLL 67:42 2.43 2 (1.14–3.51) Adenocarcinoma, squamous carcinoma, squamous 
carcinoma

Lukas Käsmann 2017 65 58.9* NLR, SCLC, PLR 25:40 4 2.05(1.06 ~ 3.95) SCLC

HelderPicarelli 2022 200 56 NLR, PLR, MLR 110:90 3.832 2.07 (1.31–3.25) NSCLC, breast cancer, cancers of the gastrointestinal tract

Lifeng Zhang 2020 195 56 NLR 103:92 3.13 1.494 (1.031–2.164) Lung cancer, breast cancer, esophagus cancer, GI

Angelika M 2021 1250 62 NLR, LLR, PLR, 
MLR, BM 588:662 5.07 1.55 (1.38–1.75) Lung cancer, breast cancer, melanoma, renal cell 

carcinoma, colorectal cancer

Ren BX 2020 179 62 NLR, NSCLC, SCLC 51:128 7 2.28 (1.43–3.62) SCLC, adenocarcinoma

Table 1.  Basic characteristics of the study data. *The weighted average age was calculated using representative 
ages based on the distribution within and across specified age segments. For segments defined as ‘ > 65’, 
a representative age of 70 was chosen, while for segments ‘ ≤ 65’, a representative age of 50 was assumed. 
Additionally, the calculated weighted average age is presented rounded to the nearest tenth to provide a precise 
age estimate, reflecting our aim to offer a comprehensive and accurate age metric for the sample population. 
PreNLR Pre-treatment neutrophil-to-lymphocyte ratio, LUAD lung adenocarcinoma, NLR neutrophil-to-
lymphocyte ratio, BM brain metastasis, NSCLC non–small-cell lung cancer, EGFR epidermal growth factor 
receptor, LM leptomeningeal metastases, SDLL simultaneous diagnosis of lung cancer and leptomeningeal 
metastasis, SCLC small cell lung cancer, PLR platelet-to-lymphocyte ratio, MLR monocyte-to-lymphocyte ratio, 
LLR lymphocyte-to-leukocyte ratio, HR hazard ratio, CI confidence interval, NR not reported, RCC renal cell 
carcinoma, GI esophagus cancer.
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are consistent with previous studies, which have identified inflammation, represented by NLR, as a critical factor 
in cancer progression and metastasis. Elevated NLR may reflect a systemic inflammatory response that fosters 
tumor growth and treatment resistance, leading to poorer patient outcomes16,17.

Previous meta-analyses have primarily focused on the prognostic value of NLR in patients with BM from 
lung cancer8. But these studies did not fully explore the implications of NLR for patients with BM from other 
cancer types, which limits the generalizability of their conclusions. Our meta-analysis addresses this gap by 
including a broader spectrum of cancers, such as breast, gastrointestinal, and renal cancers, offering a more 
comprehensive understanding of NLR’s prognostic significance. Furthermore, by incorporating recently updated 
data, we provide more current and robust insights. This allows our study to demonstrate the potential of NLR as 
a widely applicable biomarker, enhancing its relevance across various cancer types.

In our study, there are some limitations. First, detailed information of unknown pretreatment (i.e., physical 
conditions, comorbidities, infective symptoms, medication, hypertension, lifestyle habits, and diabetes mellitus) 
could influence the NLR value, thus weakening its actual relationship with cancer-specific endpoints. Second, 
the NLR cut-off points differed in some studies and the purpose of their study was different, increasing the 
heterogeneity among studies and making the clinical application more difficult. Third, although no significant 
deviation was observed in the funnel plot, we did not identify any negative results.

Additionally, leptomeningeal metastasis (LM) and brain parenchymal metastasis (BPM) are associated with 
different prognostic outcomes, potentially due to variations in their underlying inflammatory mechanisms. 
While our meta-analysis did not specifically separate these two types of metastasis, some included studies 
grouped LM and BPM together, which could obscure differences in the prognostic value of NLR between them. 

HR 95% CI I2 (%)

Using a fixed-effect model 1.67 [1.52, 1.84] 22

All trials 1.82 [1.57, 2.11] 22

Excluding trials with Huanhuan Cui 2022 1.8 [1.54, 2.10] 23

Excluding trials with Mudit Chowdhary 2018 1.9 [1.60, 2.26] 28

Excluding trials with Gundu Naresh 2021 1.72 [1.52, 1.94] 8

Excluding trials with Hongwei Li 2020 1.81 [1.54, 2.12] 24

Excluding trials with HIROSHI DOI 2019 1.75 [1.52, 2.01] 15

Excluding trials with Ye Hong 2022 1.83 [1.55, 2.16] 27

Excluding trials with Lukas Käsmann 2017 1.83 [1.56, 2.15] 27

Excluding trials with HelderPicarelli 2022 1.79 [1.54, 2.08] 22

Excluding trials with Lifeng Zhang 2020 1.91 [1.60, 2.27] 27

Excluding trials with Angelika M 2021 1.95 [1.65, 2.31] 0

Excluding trials with Ren BX 2020 1.76 [1.52, 2.05] 18

Table 2.  Sensitivity analysis of meta-analysis between NLR and mortality.

 

Fig. 3.  Results of publishing bias. Funnel plot using data of NLR to detect publication bias.
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Future research with more detailed stratification is needed to determine whether NLR has distinct significance 
in these subgroups.

Furthermore, existing prognostic models offer valuable insights but are not without limitations, often due to 
subjective scoring elements that introduce uncertainty. The accuracy of these models can vary, and our study 

Fig. 5.  Subgroup analysis based on NLR cut-off values (NLR < 3 vs. NLR ≥ 3).

 

Fig. 4.  Subgroup analysis conducted on Asian and non-Asian population.
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demonstrates that NLR, a simpler and more objective marker, provides a reliable prognostic value for patients 
with BM. This suggests that NLR could complement existing models by adding a quantifiable and reproducible 
parameter, enhancing the overall prognostic accuracy and aiding in better patient management and treatment 
decisions.

The clinical relevance of our findings lies in the potential for physicians to use NLR as an auxiliary tool 
in prognostic evaluation, guiding treatment decisions. Patients with elevated NLR may benefit from more 
aggressive therapeutic approaches and closer monitoring to improve their prognosis. Furthermore, our results 
suggest potential areas for future research, such as examining the association of NLR with prognosis in different 
cancer types and treatment contexts, which may provide valuable insights for improving patient management. 
In summary, our study not only reinforces the value of NLR in assessing the prognosis of patients with BM but 
also provides clinicians with a useful marker for better managing and treating this patient group.

Conclusion
Our meta-analysis confirmed the prognostic value of NLR in patients with BM. NLR could serve as a reliable 
prognostic indicator for unfavorable outcomes in patients with BM, with variations observed across different 
geographic regions and cancer types.

Data availability
The datasets supporting the conclusions of this article are available in the PubMed, Cochrane Library and China 
National Knowledge Infrastructure databases. All data generated or analyzed during this study are included in 
this published article and its supplementary information files.
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