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Background and Purpose: Leptomeningeal metastases (LM) is the end-event of lung cancer and the prognosis is dismal. Few
studies explored the prognostic performance of systematic immunological levels in lung cancer patients with LM. Our study aimed to
explore the possible relationship between the prognosis of LM and systematic immunological level and other clinical characteristics.
Methods: This retrospective, multi-institutional, observational study was conducted in 4 tertiary centers in China. Patients were
screened from January 2009 to May 2019. Patients with radiographically or histologically confirmed LM were enrolled. The data of
systematic immunological level and other clinical characteristics of each patient were extracted and statistically analyzed to establish a
prognostic model based on statistical analysis results. The predictive accuracy and discriminative capability of the model were
evaluated by the calibration curve and concordance index (C-index).
Results: A total of 109 patients were enrolled in the study. Patients with adenocarcinoma, tumors harboring EGFR mutation, at their
age of 50–59, with either bone, brain, or lung metastases, were enriched in this cohort. The median overall survival (OS) was 20.4
months (95% CI: 15.2–25.6). Cox univariate and multivariate analysis revealed better PS (0–1), no distant lymph nodes metastasis
(DLNM), simultaneous diagnosis of lung cancer and leptomeningeal metastasis (SDLL), and lower neutrophil to lymphocyte ratio
(NLR), were associated with better OS. Based on these independent prognostic variables, a prognostic nomogram model with a
C-index for OS prediction of 0.71, was constructed. The actual probability of survival at 1-, 2- and 3-year showed good concordance
with the prediction curve of our nomogram.
Conclusion: The systematic immunological level was an independent prognostic factor of lung cancer patients with LM. The
prognostic model based on statistical analysis had a good ability to predict the OS of patients.
Keywords: leptomeningeal metastases, lung cancer, prognosis, survival, nomogram model

Introduction
Lung cancer is a lethal disease affecting millions of people worldwide.1 Most patients are diagnosed at a late stage, losing the
opportunity of surgery. For those who suffered from advanced non-small cell lung cancer (NSCLC), the prognosis is
significantly improved with the advent of targeted therapy and immunotherapy.2,3 Leptomeningeal metastasis (LM), affecting
3–5% of patients, is considered a late-stage event. The outcome remains dismal in these patients,4,5 with a median overall
survival (OS) of 3–11 months.6,7 Notably, with modern imaging technology, the incidence of LM has remarkably increased.8,9

There is increasing interest in the prognostic predictors of LM patients. Most reports focused on clinical characteristics (age,
performance score, EGFR mutation, and extracranial metastasis), few studies investigated the influence of systematic
inflammatory level.4,10–15
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The systematic inflammatory reaction is a reflection of the immune response, which acts as the interface between the
immune system and cancer. Accumulating evidence revealed the correlation between systematic immunity and cancer
occurrence, evolution, and prognosis.16–19 However, it is hard to evaluate the status of systematic immunity comprehen-
sively and precisely. Because the immune system is mainly composed of different types of immune cells and factors both
locally and in circulation, measuring circulating immune cells such as lymphocytes, or neutrophils, is a simple and
feasible way to reflect the local immunological response. Currently, few, if any, studies on the association between the
prognosis of patients with LM and the systematic inflammatory level were reported. In this study, we explored the
possible relationship between the prognosis of LM and the neutrophil to lymphocyte ratio (NLR), which stood as an
indicator of systematic inflammatory reaction.

Patients and Methods
Patients
This retrospective, multi-institutional, observational study was conducted in 4 tertiary centers in China. Patients were
screened through the Hospital Information System electronic files from January 2009 to May 2019. Patients with
pathologically confirmed, metastatic lung cancer were screened. LM was defined as either abnormal leptomeningeal
appearance on gadolinium-contrast magnetic resonance imaging (MRI) or positive cytology findings in cerebrospinal
fluid (CSF).9,20 Suspected cases with only clinical symptoms or signs were excluded due to unreliable diagnosis.

Data Collection
Medical records of enrolled patients were reviewed. Retrieved data regarding demographic features, date of lung cancer
and LM diagnosis, lung cancer histology and driver mutation status, treatment history, clinical outcomes and imaging
examination results were collected.

We collected the data of complete blood count including white blood cell, platelet, neutrophil, lymphocyte,
eosinophil, basophil, monocyte, and also biochemistry data including albumin, globulin, at the time of LM diagnosis.
Here, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR),
albumin-to-globulin ratio (AGR) were calculated. The cut-off values of these factors were based on ROC analysis. All
these baseline data were plotted for each patient (Figure 1).

Genetic Testing
Genetic testing was performed on tumor tissues. EGFR mutation or ALK rearrangement was detected in our domestic,
College of American Pathologists-certified lab in West China Hospital. Tumor content was assessed by board-certified
pathologists using hematoxylin and eosin staining. All specimens contained more than 10% of tumor content. DNA was
extracted using the QIAamp DNA mini kit (Qiagen). In some patients, comprehensive genomic profiling was performed
by Next Generation Sequencing (NGS) with 56 cancer-related gene panels covering the whole exons of the EGFR or

Figure 1 The distribution of circulating blood composition. (A) The distribution of circulating blood composition at the time of diagnosis of advanced lung cancer. (B) The
distribution of circulating blood composition at the time of diagnosis of lung cancer with leptomeningeal metastases.
Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; AGR, albumin-to-globulin ratio.
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ALK gene at a mean coverage depth of >800X. The genomic alterations including single base substitution, insertions/
deletions, copy number variations, as well as gene rearrangement and fusions were assessed.

Outcome Measurement
The treatment response of LM was commonly evaluated based on Response Assessment in Neuro-Oncology (RANO)
working group consensus.9,21 Due to the clinical application of the RANO criteria is complex, the evaluation is difficult
to unify, and there is lack of objective criteria. To avoid the influence of these factors, this study used OS as only
outcome, which was mostly objective. OS was defined as the period from the diagnosis of LM to death of any cause.

Statistical Analysis
All statistical analysis was performed on SPSS (ver. 25, IBM Inc, IL) and R software (ver. 3.6.1; http://www.Rproject.org).
Chi-square test, Spearman, and Kendall’s tau-b test were used for correlation analysis. For analysis, continuous variables
except for age were dichotomized into low or high-risk categories according to the cut-off values from receiver operating
characteristic (ROC) analysis or the median value. The cut-off value of age was categorized according to a previous study,
where the age < 60 years predicted a better survival.5,11 Univariate and multivariate analysis were used to identify
independent variables that were associated with OS and construed a prognostic nomogram model. We also used a
prognostic model named molecular graded prognostic assessment model (molGPA) constructed by three factors including
PS, EGFR mutation, and extracranial lesions to analyze patients in this study. P < 0.05 upon two-sided testing was
considered significant for all analyses.

Results
Demographic Characteristics
A total of 109 patients were enrolled from 4 referral centers. The demographic characteristics were listed in Table 1. The
median age was 56 (range: 32–86). Most patients were female (61.5%), non-smokers (72.5%), relative fit (ECOG
performance score, PS≤2, 81.7%), and had adenocarcinoma (96.3%). EGFR mutation (70.6%) was the most frequent
driver mutation. And further analysis revealed a slightly higher frequency of L858R mutation (38.5%) than exon 19
deletion (31.2%). The median time to the onset of LM from the diagnosis of LC was 8.0 months (range: 0–83.0). The
aberrant appearance was common in MRI imaging (89.9%) except in only 11 patients no signs were found, Cerebellum
was the most commonly involved site. Most patients had neurological symptoms (66.1%). Patients were diagnosed either
at the baseline (n=38, 34.9%) or during the treatment course. For the latter, most patients had sudden onset of LM, when
their extra-cranial lesions were well controlled (55/71, 77.4%). In this study, patients received the following treatments:
tyrosine kinase inhibitors (TKI) for EGFR or ALK, chemotherapy, and whole-brain radiotherapy.

Clinical and Genetic Features
Further analysis revealed this cohort of patients was enriched for patients aged 50–59 (n=46, 42.2%). Most patients were
neither very old nor very young (age 40–79, n=103, 94.5%, Figure 2A). Patients were prone to multiple metastases. The
most common metastatic site was bone, followed by the lung, brain, pleural, adrenal gland, and liver. (Figure 2B). The
time from the onset of lung cancer to the occurrence of metastases (Time 1) was positively associated with the time from
metastases to LM development (Time 2) (relative score=0.16, P=0.033), while the latter was inversely associated with the
survival after the diagnosis of LM (relative score=−0.20, P=0.003, Figure 2C). This study also tried to explore possible
genetic aberrations associated with LM. At this time, 16 patients had the NGS data of the primary tumors. We compared
the data with those from 36 advanced lung cancer patients harboring EGFR mutation without LM. Commonly involved
genes were TP53 and CDK4, etc. No significant difference in genetic aberrations between groups was observed
(Figure 3).
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Prognostic Factors
The median OS of our patients was 20.4 months (95% CI: 15.2–25.6), and the median follow-up was 35.73 months (95%
CI: 22.67–48.80, Figure 4). Here we found PS, distant lymph node metastasis (DLMN), simultaneous diagnosis of lung
cancer, and leptomeningeal metastasis (SDLL), were related to survival. Also, NLR, MLR, PLR were related to poor
prognosis. Neither chemotherapy (p=0.091), or TKI (p=0.392), or whole brain radiotherapy (WBRT) (p=0.592) was
statistically associated with survival. Osimertinib is believed to improve the control of intracranial lesions, but in our
patients receiving osimertinib (n=33), no survival benefit was observed (p=0.444) compared with those receiving other
EGFR TKI (n=41).

Cox Regression Model
Here both univariate and multivariate analyses were performed. In univariate analysis, NLR, PLR, MLR, PS, DLNM,
and SDLL were significantly associated with survival (Figure 5). In multivariate analysis, NLR remained an independent
survival factor, together with PS, DLNM, SDLL (Figure 6A).

Table 1 Characteristics of the 109 Lung Cancer Patients with Leptomeningeal Metastasis

Characteristics Total (n=109), n (%)

Median age (range) y 56 (32–86)
Age

<60 73 (67.0)

≥60 36 (33.0)
Gender

Female 67 (61.5)

Male 42 (38.5)
Smoking

Yes 30 (27.5)
No 79 (72.5)

Histology

Adenocarcinoma 105 (96.3)
Squamous carcinoma 2 (1.8)

Adeno-squamous carcinoma 1 (0.9)

Neuroendocrine carcinoma 1 (0.9)
ECOG performance score ≤2 89 (81.7)

>2 20 (18.3)

Neurological symptoms
Yes 72 (66.1)

No 37 (33.9)

Diagnosed at base-line
Yes 38 (34.9)

No 71 (65.1)

The method of diagnosis of LM
MRI 83 (76.1)

CSF cytology 11 (10.1)

Both 15 (13.8)
Gene mutation

EGFR mutation 79 (70.6)

ALK rearrangement 2 (1.8)
Other mutations 2 (1.8)

Without mutation 16 (16.5)

Unknown 10 (9.2)

Abbreviations: MRI, magnetic resonance imaging; CSF, cerebrospinal fluid.
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Figure 2 Clinical features of patients. (A) The distribution of age when patient diagnosed as leptomeningeal metastases. (B) The distribution of common metastatic sites.
(C) The time from the initiation of metastases to the involvement of leptomeningeal metastases (Time 2) was related positively to the time from the onset of lung cancer to
the metastases (Time 1), while negatively to the survival after leptomeningeal metastases.
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Nomogram Establishment and Validation
Based on the previous Cox model, four variates (PS, NLR, DLNM, and SDLL) were integrated into the nomogram to
predict the 1-, 2, 3-year OS (Figure 6B). The concordance index (C-index) for OS prediction was 0.71. The calibration
plot for the probability of survival at 1, 2, and 3 years after diagnosis of LM showed a good correlation between the
prediction by nomogram and actual observation (Figure 6C).

The Prognostic Performance of molGPA
We exploratively analyzed the predictive value of the molGPAmodel for the prognosis of 99 evaluable patients, and finally
concluded that only patients in the high-risk group (0 points, 6 patients) and low-risk groups (1.5–2 points, 48 patients) had

Figure 3 The comparison of genetic aberrations of 16 leptomeningeal metastases patients with EGFR mutation and 36 similar advanced lung cancer patients harboring EGFR
mutation without leptomeningeal metastases.
Abbreviation: LM, leptomeningeal metastasis.
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significant difference in OS (4.8 months vs 22.67 months, P=0.003). There was no statistically difference in overall survival
between the high- and intermediate-risk groups (0.5 −1 points, 45 patients), the intermediate- and low-risk groups. Notably,
the intermediate-risk group was numerically superior to the high-risk group (17.97 months vs 4.8 months) in OS, and the
low-risk group was better than the intermediate-risk group (22.67 months vs 17.97 months) in OS.

Discussion
Lung cancer has the highest incidence and mortality among all malignancies.1 Its prognosis is improved with novel
treatments, but those with leptomeningeal involvement still had poor life expectance.9,22 It is critical to screen the
patients with a high risk of leptomeningeal metastases. Previous studies indicated patients with adenocarcinoma, with
EGFR mutation, esp. L858R point mutation might be highly susceptible to this complication.11,12 Our cohort of LM
patients also have high proportion of these patients. And we further found patients at their age of 50–59, with either bone,
brain, or lung metastases were enriched in this cohort. Our results argued the clinical features of leptomeningeal
metastases were unique.

Our study comprehensively evaluated the prognostic factors of these patients, both from clinical aspects and
laboratory parameters. Our results showed better PS (0–1), no DLNM, SDLL, and lower NLR, were associated with
better OS. Based on these variables, an integrated nomogram was constructed, with a C-index for OS prediction of 0.71.
The actual probability of survival at 1-, 2- and 3-year showed good concordance with the prediction curve of our
nomogram. The nomogram further supported the prognostic value of these factors.

Figure 4 Summary of patients’ survival and the association between survival and clinical features including gender, age, smoking, PS, pathology, EGFR, NLR, and SDLL.
Abbreviations: NLR, neutrophil to lymphocyte ratio; SDLL, simultaneous diagnosis of lung cancer and leptomeningeal metastasis.
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Different prognostic factors of lung cancer with LM were proposed in previous reports, including age, gender, EGFR
status, PS score, systematic metastasis, and TKI treatment4,10–13,21,23–26 (Figure 7). We tested these factors in our cohort,
but most failed to be validated to be prognostic. On the other hand, our findings of DLNM, SDLL, PS were supported by
most reports. We believe the seemingly discordant results might be due to the heterogeneity of these patients in different
studies.

Besides our prognostic model, other models were suggested before. One model was constructed according to
PS, neurological deficits, systemic disease, and encephalopathy differentiate patients to good or poor prognosis.
Three factors including PS, EGFR mutation, and extracranial lesions were included in another model, the
molecular graded prognostic assessment model, namely the molGPA model.10 We analyzed our cohort by
using this model, but with unsatisfactory prognosis discriminating capability. This might be due to the limited
patient number, but it also argued the application of this model would not be universal. Compared with the above

Figure 5 The forest plot for cox univariate analysis. In univariate analysis, NLR, PLR, MLR, PS, DLNM, and SDLL were significantly associated with overall survival.
Note: *Demonstrated that variables were significantly associated with overall survival.
Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; DLNM, distant lymph nodes metastasis;
SDLL, simultaneous diagnosis of lung cancer and leptomeningeal metastasis.
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Figure 6 The independent prognostic factors and nomogram model for leptomeningeal metastasis. (A) Multivariate analysis showed NLR together with PS, DLNM,
and SDLL were independent survival factor for leptomeningeal metastasis. (B) Establishment of a nomogram to predict the likelihood of 1-, 2- and 3-year survival. To
use the nomogram, the value attributed to an individual patient is located on each variable axis, and a line is drawn upwards to determine the number of points
received for each variable value. The sum of these numbers is located on the total points axis, and a line is drawn downward to the survival axis to determine the
likelihood of 1-, 2- and 3-year survival. The 0 and 1 values of SDLL represented yes and no, respectively. The 0 and 1 values of NLR represented < 240 and ≥ 240,
respectively. The 0 and 1 values of DLNM represented no and yes, respectively. The 0 and 1 values of PS represented < 2 and ≥ 2, respectively. (C) the calibration
curve for OS at 1-, 2- and 3-year.
Note: *Demonstrated that variables were significantly associated with overall survival.
Abbreviations: NLR, neutrophil to lymphocyte ratio; DLNM, distant lymph nodes metastasis; SDLL, simultaneous diagnosis of lung cancer and leptomeningeal metastasis;
OS, overall survival.
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models, our nomogram model was based on laboratory results besides clinical characteristics and might be
comprehensive.

Our study revealed the systemic inflammatory status significantly influenced the survival of patients with leptome-
ningeal metastases. Circulating neutrophils, lymphocytes were components of system immunity. Not surprisingly,
circulating hematological compositions such as NLR were related to the occurrence, progression, and prognosis of
many tumors.16,27–30 Our finding was interesting because whether the onset of leptomeningeal metastases was related to
immunity remained unknown, and our results provided clues to this problem. Recently, two clinical trial where immune
checkpoint inhibitors were used to treat lung cancer patients with LM were reported.31,32 The results of two trials both
suggested some patients with LM do benefit from immune checkpoint inhibitors treatment. This supported the notion that
the immune system may play a role in the control of LM. These trials, together with our results, supported the
immunological aspect of leptomeningeal metastases.

This study had its limitations. Firstly, due to the nature of the retrospective study, the bias was almost inevitable.
Secondly, although we performed a multi-center study, the sample size was still limited. Also, the genetic aberrations
were only available for a few patients. Thus, the conclusion of our results should be interpreted with caution, and
prospective large sample-sized studies are urgently needed for leptomeningeal metastases.

In summary, our study suggested a high-risk population might be susceptible to leptomeningeal metastases. Good PS,
no DLNM, SDLL, and lower NLR were significantly associated with better OS. Our study may contribute to the
identification and management of leptomeningeal metastases in the clinic.

Data Sharing Statement
All data analyzed during this study are included in this published article.

Ethical Statement
This retrospective study was approved by the Ethics Committee on Biomedical Research, West China Hospital of
Sichuan University (2021年审(1076) 号). The requirement for written informed consent was waived by the Ethics
Committee on Biomedical Research, West China Hospital of Sichuan University. The study was performed in accordance
with the ethical standards of the Declaration of Helsinki (1964) and its subsequent amendments.

Figure 7 Summary of prognostic factors of leptomeningeal metastases in literature and this study.
Abbreviations: WBRT, whole brain radiation therapy; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; TKI, tyrosine kinase inhibitors; LC, lung cancer; LM,
leptomeningeal metastasis; SDLL, simultaneous diagnosis of lung cancer and leptomeningeal metastasis; DLNM, distant lymph nodes metastasis; NLR, neutrophil to
lymphocyte ratio.
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