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Background: At present, although there are some known molecular markers for the prognosis of non-
small cell lung cancer (NSCLC) brain metastases, but there are still shortcomings in sensitivity and 
specificity. Lactate dehydrogenase (LDH) is one of the key enzymes involved in malignancy vital glycolytic 
pathway. Elevated serum LDH levels are reported significantly associated with a poor prognosis in various 
malignancies. However, there is currently no consensus regarding the prognostic value of LDH in NSCLC 
patients with brain metastases.
Methods: We retrospectively analyzed 224 patients diagnosed with lung cancer brain metastases between 
January 2006 and June 2020 after excluding patients meeting combined with other malignancies and 
inaccurate clinical information. The LDH cutoff values were obtained using a restricted cubic spline (RCS) 
model, and the patients were divided into two groups according to the optimal cut-off value (180 U/L). 107 
patients with LDH ≤180 (47.77%) and 117 patients with LDH >180 (52.23%) were identified. Univariate 
and multivariate logistic regression analyses were performed to identify the risk factors. The overall survival 
(OS) time was defined as the time from the first diagnosis of brain metastases to the last follow-up or death. 
Of the included patients, 147 survived and 77 died. The Kaplan-Meier method was used to illustrate the OS 
difference between the two groups. Finally, sensitivity analysis was employed to evaluate the robustness of 
the results.
Results: The OS rate was significantly lower in the high LDH group versus the low LDH group (P=0.009). 
The median survival times of the high and low LDH groups were approximately 16 and 33 months, 
respectively. Multivariate analysis showed that high LDH was associated with a significantly worse OS 
[adjusted hazard ratio (aHR), 1.567; 95% confidence interval (CI): 1.058 to 2.32, P=0.025] with adjustment 
for covariables that P<0.05 in univariate analysis. Sensitivity analysis indicated that the results of this study 
are robust, despite potential unmeasured confounders.
Conclusions: High level of serum LDH indicates poor prognosis for patients with NSCLC brain 
metastases. This finding may provide useful prognostic information for patients and clinicians to choose 
more aggressive treatment strategies.
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Introduction

Lung cancer is the leading cause of malignancy-related 
death worldwide, accounting for approximately 18% of 
all cancer-related deaths (1). Non-small cell lung cancer 
(NSCLC) accounts for 80–85% of all lung cancers. The 
prognosis of NSCLC is poor, but with continued advances 
in treatment modalities, the 5-year survival rate for patients 
with NSCLC has improved to 19.8% (2). The brain is the 
most common metastatic site, which can lead to disease 
progression and a poor prognosis (3), seriously affecting the 
survival and quality of life of patients. There are a variety 
of known molecular markers for the prognosis of brain 
metastases from NSCLC. Carcinoembryonic antigen (CEA) 
is a tumor associated glycoprotein. It was found that CEA 
levels were significantly higher in patients with NSCLC 
brain metastases and related to worse prognosis (4,5). As 
a tumor carbohydrate antigen, the level of CA125 was 
closely related to the stage and degree of invasion of lung 
cancer. It had certain value in predicting and evaluating 
the development and prognosis of brain metastases. NSE 
is a key enzyme in glycolysis (6). The serum NSE level was 
higher in lung cancer patients with brain metastases which 
may be related to the damage of brain tissue caused by 
tumor brain metastasis. The reduction of NSE expression 
level also indicated better therapeutic effect. Thus serum 
NSE could be used as a prognosis marker for lung cancer 
patients with brain metastases (7). Biomarkers mentioned 
above have some advantages in the prognosis of brain 
metastasis of NSCLC, but their sensitivity and specificity 
are still insufficient, thus a single tumor marker has certain 
limitations. At present, the generally accepted prognostic 
scoring system for NSCLC brain metastasis is the 
diagnosis-specific graded prognostic assessment (DS-GPA), 
which includes four prognostic indicators: age, Karnofsky 
Performance Status (KPS) score, extracranial metastatic 
lesions, and the number of brain metastatic lesions (8,9). 
Nevertheless, DS-GPA score is not perfect in evaluating 
survival. Even in the two most favorable groups, occasional 
patients survive for less than 3 months. Moreover, in the 
unfavorable group, survival beyond 12 months has been 
recorded as well. In other words, marked heterogeneity 
in outcomes for patients with brain metastases exists (10). 

Therefore, the development of new markers is urgently 
needed.

Some serum tumor markers are associated with the 
prognosis of lung cancer patients (11). The detection of 
serum markers has many advantages, including its non-
invasive nature and ability to obtain rapid and easily 
repeatable measurements. Lactate dehydrogenase (LDH) 
is a key enzyme in glycolysis metabolism, which acts as a 
catalyst for the conversion of pyruvate to lactic acid (12). 
Tumor cells require 30 times more glucose and produce 
40 times more lactate through glycolysis than normal  
cells (13), and this feature is more prominent in patients 
with brain metastases. In addition, LDH can also promote 
tumor angiogenesis as well as cell migration and metastasis 
by promoting the expression of vascular endothelial growth 
factor (VEGF) (14). This may ultimately lead to a poor 
prognosis and shorter survival times in patients. Several 
previous studies have shown that LDH is associated with 
the prognosis of several cancers, including breast (15),  
cervical (16), lung (17), and gastric (18) cancers. However, 
there are currently few studies on NSCLC patients with 
brain metastases. Therefore, the present study aimed 
to evaluate whether LDH is a prognostic factor in 
NSCLC patients with brain metastases. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1502/rc).

Methods

Patients

This study is a retrospective analysis of NSCLC patients 
diagnosed with brain metastases at Tumor Hospital of 
Yunnan Province between January 2006 and June 2020. 
The survival data of patients, serum LDH level and other 
confounding factors that may affect the prognosis of 
patients were collected to explore the effect of LDH level 
on the prognosis of patients. The patients were divided 
into two groups using a restricted cubic spline (RCS) 
model according to the level of LDH level. Univariate, 
multivariate, subgroup and sensitivity analyses were used to 
analyze the risk factors affecting the prognosis of patients. 
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The following variables were collected for analysis: age, 
sex, extracranial metastases (lung/chest/liver/bone/adrenal), 
KPS score, number of brain metastases, smoking status, 
American Joint Committee on Cancer (AJCC) T stage, 
AJCC N stage, AJCC M stage, treatment (i.e., whether the 
primary tumor was treated with surgery/chemotherapy/
targeted therapy), and pathological type. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and was approved by the ethics 
committee of Tumor Hospital of Yunnan Province (No. 
KYLX2022130). The requirement for individual consent 
for this retrospective analysis was waived. 

We selected patients based on the following inclusion 
criteria: (I) age >18 years; (II) pathological diagnosis of 
NSCLC; (III) presence of brain metastases diagnosed by 
surgical pathology or imaging; (IV) currently undergoing 
chemotherapy, targeted therapy, and primary surgery; and 
(V) survival time (defined as the time interval between 
the date of diagnosis and the date of death) of more than  
30 days. The exclusion criteria were as follows: (I) presence 
of other malignant tumors; (II) inaccurate information on 
primary tumor surgery, chemotherapy, and targeted therapy; 
and (III) absence of important data. For Cox regression 
analysis of survival data, outcome events should be at least 
5–10 times the number of independent variables. Finally, 
224 patients were selected for further analysis considering 
the included variables according to the above-mentioned 
inclusion and exclusion criteria.

Patients were followed up for survival status every  
3 months after the diagnosis of NSCLC brain metastasis, 
then every 6 months for 3 years, and once a year for 5 years. 
Follow-up was carried out by outpatient and inpatient re-
examination and telephone inquiry.

Clinical characteristics

The overall survival (OS) time was defined as the time from 
the first diagnosis of lung cancer brain metastases (rather 
than the first diagnosis of lung cancer) to the last follow-
up or death. Definition of outcome indicators: surviving 
patients were marked as 1, and non-surviving patients 
were marked as 0. The survival time and status were also 
collected. The 8th version of the AJCC TNM staging 
system was used for staging. Patients who had smoked no 
more than 100 cigarettes in their lifetime were defined as 
non-smokers. Smokers were defined as current smokers 
or individuals who had quit smoking within 1 year before 
diagnosis. The LDH cutoff values were obtained using a 

RCS model, and the patients were divided into two groups 
according to the optimal cut-off value (180 U/L). Based on 
the baseline LDH levels in selected patients, 107 patients 
with LDH ≤180 (47.77%) and 117 patients with LDH >180 
(52.23%) were identified.

Statistical analysis

A combined RCS model was established using the rms 
package of R software (R Core Group, Vienna, Austria) to 
explore the dose-response relationship between continuous 
changes in LDH and patient prognosis, and the continuous 
variable LDH was converted into a binary variable. Kaplan-
Meier survival curves were drawn using the survival 
package, and the log-rank test was used to compare survival 
differences between the two groups. 

Univariate and multivariate analyses of the predictors 
were performed using the Cox proportional hazards 
(PHs) regression model with the forestplot package. The 
prognostic value of LDH was explored through Kaplan-
Meier curves and Cox regression. 

Our study may be affected by many other unknown 
confounding factors. Even if we have collected enough 
known confounding factors based on previous research, 
there may still be unknown confounding factors that 
affect the reliability of our results. From the perspective 
of epidemiology, we need to know how stable or reliable 
our results are, that is, if there are one or several unknown 
confounding factors, how much “power” these confounding 
factors need to fully explain the results of our study. The 
sensitivity analysis of the EValue package developed by 
Ding and VanderWeele (19-21) was used to further evaluate 
the robustness of the main analysis results. Sensitivity 
analysis method E-value takes relative risk (RR) as the main 
research indicator and constructs a statistical model for RR 
sensitivity analysis, so as to predict the minimum strength 
of association between unknown confounding factors and 
exposure factors i.e., serum LDH level or outcomes i.e., 
prognosis that can be explained by the RR value.

Results

Correlation between the LDH level and prognosis of 
NSCLC patients with brain metastasis

To verify the relationship between LDH levels and the 
prognosis of NSCLC patients with brain metastases, we 
constructed an RCS model and found that LDH levels were 
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linearly associated with the prognosis of NSCLC patients 
with brain metastases (overall association test: P=0.049; 
non-linear association test: P=0.023). The RCS model 
showed that for LDH ≤180, the risk of death changed 
slowly with increasing LDH; for LDH =180, the cutoff 
point/inflection point was hazard ratio (HR) ≈1; and for 
LDH >180, the risk of death increased significantly with 
increasing LDH. After removing two extreme LDH values, 
it was found that the LDH level of NSCLC patients with 
brain metastases exhibited a skewed distribution (Figure 1).

Baseline characteristics of the participants

Figure 2 displays the patient selection flow diagram. After 
applying the inclusion and exclusion criteria, we finally 
selected 224 participants for analysis. Of the included 
patients, 147 survived and 77 died. We constructed two 
baseline data tables based on the outcome indicators and 
LDH levels. Among the included variables, the proportion 
of patients who underwent primary tumor surgery was 
significantly different between the surviving and non-
surviving patients (P<0.05) (Table S1). Based on the baseline 
LDH levels in selected patients, 107 patients with LDH 
≤180 (47.77%) and 117 patients with LDH >180 (52.23%) 
were identified. There were significant differences between 
the low and high LDH groups in terms of the clinical stage 
(including N and M stages, P=0.034 and 0.006), primary 
tumor operation (P<0.001), and extracranial metastasis 
(lung, liver, bone, and adrenal gland, P=0.011, 0.044, 
0.002 and 0.018). There were no statistically significant 
differences in age, sex, body mass index (BMI), KPS score, 
total number of metastases, smoking status, AJCC T stage, 
chemotherapy, targeted therapy, pathological type, or DS-
GPA between the two groups (Table 1).

Kaplan-Meier survival curve analysis

We used the survival package of R language to draw the 
total survival time Kaplan-Meier curves of the different 
groups (Figure 3). Compared with the OS of patients in 
the low LDH expression group, that of patients in the high 
LDH expression group (HR =1.549, P=0.009) was worse. 
Moreover, the median survival time of patients in the high 
and low LDH groups was approximately 16 and 33 months, 
respectively. The log-rank test indicated that this difference 
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Table 1 Characteristics of patients grouped by LDH level

Variables Total (n=224) LDH ≤180 (n=107) LDH >180 (n=117) P

Age_cat, n (%) 0.057

~50 78 (34.82) 45 (42.06) 33 (28.21)

51–60 73 (32.59) 34 (31.78) 39 (33.33)

61~ 73 (32.59) 28 (26.17) 45 (38.46)

Sex, n (%) 0.138

Female 84 (37.5) 46 (42.99) 38 (32.48)

Male 140 (62.5) 61 (57.01) 79 (67.52)

BMI_cat, n (%) 0.478

Normal 163 (72.77) 75 (70.09) 88 (75.21)

Overweight 61 (27.23) 32 (29.91) 29 (24.79)

KPS, n (%) 0.319

~70 13 (5.8) 4 (3.74) 9 (7.69)

70–80 60 (26.79) 32 (29.91) 28 (23.93)

80~ 151 (67.41) 71 (66.36) 80 (68.38)

Metnum, n (%) 0.189

1 108 (48.21) 54 (50.47) 54 (46.15)

2–3 60 (26.79) 32 (29.91) 28 (23.93)

4~ 56 (25.0) 21 (19.63) 35 (29.91)

Smoking, n (%) 0.143

No 130 (58.04) 68 (63.55) 62 (52.99)

Yes 94 (41.96) 39 (36.45) 55 (47.01)

AJCC.T, n (%) 0.103

T1 29 (12.95) 14 (13.08) 15 (12.82)

T2 85 (37.95) 48 (44.86) 37 (31.62)

T3 32 (14.29) 9 (8.41) 23 (19.66)

T4 64 (28.57) 29 (27.1) 35 (29.91)

Tx 14 (6.25) 7 (6.54) 7 (5.98)

AJCC.N, n (%) 0.034

N0 33 (14.73) 21 (19.63) 12 (10.26)

N1 25 (11.16) 16 (14.95) 9 (7.69)

N2 86 (38.39) 41 (38.32) 45 (38.46)

N3 67 (29.91) 25 (23.36) 42 (35.9)

Nx 13 (5.8) 4 (3.74) 9 (7.69)

Table 1 (continued)
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Table 1 (continued)

Variables Total (n=224) LDH ≤180 (n=107) LDH >180 (n=117) P

AJCC.M, n (%) 0.006

M1 17 (7.59) 6 (5.61) 11 (9.4)

M1a–M1b 73 (32.59) 46 (42.99) 27 (23.08)

M1c 134 (59.82) 55 (51.4) 79 (67.52)

Surgery, n (%) <0.001

No 145 (64.73) 56 (52.34) 89 (76.07)

Yes 79 (35.27) 51 (47.66) 28 (23.93)

Chemotherapy, n (%) 0.12

No 71 (31.7) 28 (26.17) 43 (36.75)

Yes 153 (68.3) 79 (73.83) 74 (63.25)

Targeted, n (%) 0.944

No 169 (75.45) 80 (74.77) 89 (76.07)

Yes 55 (24.55) 27 (25.23) 28 (23.93)

Histologic, n (%) 0.947

LAC 194 (86.61) 92 (85.98) 102 (87.18)

Others 30 (13.39) 15 (14.02) 15 (12.82)

MetLung, n (%) 0.011

No 111 (49.55) 63 (58.88) 48 (41.03)

Yes 113 (50.45) 44 (41.12) 69 (58.97)

MetChest, n (%) 0.227

No 84 (37.5) 45 (42.06) 39 (33.33)

Yes 140 (62.5) 62 (57.94) 78 (66.67)

MetLiver, n (%) 0.044

No 206 (91.96) 103 (96.26) 103 (88.03)

Yes 18 (8.04) 4 (3.74) 14 (11.97)

MetBone, n (%) 0.002

No 141 (62.95) 79 (73.83) 62 (52.99)

Yes 83 (37.05) 28 (26.17) 55 (47.01)

MetAdrenal, n (%) 0.018

No 191 (85.27) 98 (91.59) 93 (79.49)

Yes 33 (14.73) 9 (8.41) 24 (20.51)

DS_GPA, n (%) 0.056

0 5 (2.23) 2 (1.87) 3 (2.56)

0.5 8 (3.57) 3 (2.8) 5 (4.27)

Table 1 (continued)
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was statistically significant (P=0.009).

Univariate and multivariate Cox regression analyses

In the Schoenfeld residual diagram, the change in the visible 
curve with time was not obvious, so LDH satisfied the PH 
hypothesis (P=0.95) (Figure S1), which confirms that the 
Cox regression model (PHs regression model, proportional 

risk regression model) is meaningful. 
The results showed that in univariate survival analysis, 

LDH >180 U/L [HR =1.549, 95% confidence interval 
(95% CI): 1.115–2.152, P=0.009], age (51–60 and >61 
years, P=0.004 and 0.001), KPS score (70–80, >80, P=0.025 
and 0.003), smoking (P=0.003), AJCC N stage (N2, N3, 
P=0.008 and 0.005), AJCC M1c stage (P=0.007), primary 
surgery (P<0.001), thoracic metastasis (P<0.001), and liver 

Table 1 (continued)

Variables Total (n=224) LDH ≤180 (n=107) LDH >180 (n=117) P

1 29 (12.95) 12 (11.21) 17 (14.53)

1.5 42 (18.75) 21 (19.63) 21 (17.95)

2 51 (22.77) 19 (17.76) 32 (27.35)

2.5 36 (16.07) 18 (16.82) 18 (15.38)

3 27 (12.05) 16 (14.95) 11 (9.4)

3.5 14 (6.25) 5 (4.67) 9 (7.69)

4 12 (5.36) 11 (10.28) 1 (0.85)

LDH, lactate dehydrogenase; BMI, body mass index; KPS, Karnofsky Performance Status; Metnum, number of metastasis; AJCC, American 
Joint Committee on Cancer; LAC, lung adenocarcinomas; MetLung, lung metastasis; MetChest, chest metastasis; MetLiver, liver metastasis; 
MetBone, bone metastasis; MetAdrenal, adrenal metastasis; DS_GPA, diagnosis-specific graded prognostic assessment.

Figure 3 Kaplan-Meier analysis showing the OS in patients grouped according to LDH level. LDH, lactate dehydrogenase; OS, overall 
survival.
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metastasis (P=0.034) were risk factors for OS. However, 
patients with KPS scores ≥70 and primary surgery exhibited 
a lower risk of death. In the multivariate analysis, high LDH 
(HR =1.567, 95% CI: 1.058–2.32, P=0.025), age (51–60 and 
>60 years, P=0.019 and 0.002), smoking (P=0.046), AJCC 
M1c stage (P=0.01), and thoracic metastasis (P=0.003) were 
all identified as independent risk factors for OS (Figure 4).

Subgroup analysis

The effects of different covariables including age, sex, 
extracranial metastasis (lung, breast, liver, bone, and adrenal 
gland), KPS, number of brain metastases, smoking, AJCC 
T stage, AJCC N stage, AJCC M stage, BMI, and treatment 
(primary focus surgery/chemotherapy/targeted therapy) 
on the prognosis of patients grouped by serum LDH levels 
(high LDH group vs. low LDH group) were assessed. The 
likelihood ratio test showed that there was no significant 
difference between the level of serum LDH and other 
covariables; that is, there was no significant interaction 
between LDH and the above covariables (Figure 5).

Sensitivity analysis

In this study, there may have been unmeasured or 
unknown confounding factors that could lead to bias in the 
research results. We used sensitivity analysis to explore the 
robustness of the research results (Figure 6). The E value of 
LDH was 2.07 (95% CI: 1.055–2.65) and the RR was 1.36, 
indicating that the findings were still reliable, despite the 
possible presence of unmeasured confounding factors.

Discussion

This study evaluated the prognostic value of serum LDH in 
NSCLC patients with brain metastases. The survival time 
of patients with brain metastases from NSCLC is limited, 
and strategies for the detection of representative markers 
are worthy of further research, as the application of such 
strategies could prolong the survival time of patients. Our 
findings suggest that LDH is an independent prognostic 
factor for OS in NSCLC patients with brain metastases. 
The findings of this study remained reliable despite the 
possible presence of unmeasured confounders.

Brain metastasis is a serious complication of NSCLC. 
Tumor cells use 30 times more glucose and produce 
40 times more lactate through glycolysis than normal  
cells (13), and this feature is more prominent in patients 

with brain metastases. One of the key enzymes in the 
glycolytic pathway is LDH, and five isoenzymes are 
widely present in human tissues. On the one hand, LDH 
participates in glycolysis during the process of cancer cell 
proliferation, provides energy for cancer cells, and promotes 
their growth (22). On the other hand, LDH promotes the 
immune escape of cancer cells by inhibiting the function 
of cluster of differentiation 8+ (CD8+) cells and natural kill 
(NK) cells (23,24). In addition, it can also promote tumor 
angiogenesis as well as cell migration and metastasis by 
promoting the expression of VEGF (14). This ultimately 
leads to a poor prognosis and shorter survival times in 
patients.

High serum LDH levels are associated with resistance 
to various chemotherapy regimens, such as bevacizumab 
20, platinum-based agents, and programmed cell death 
protein 1 (PD-1), in advanced NSCLC (25). Resistance is 
the result of the conversion of lactate to pyruvate by stromal 
cells, which promotes cancer cell progression and increases 
their resistance to chemotherapeutic agents (26), thereby 
reducing patient survival. Patients with advanced NSCLC 
are usually treated with targeted therapy and chemotherapy. 
In patients with advanced NSCLC treated with immune 
checkpoint inhibitors (ICIs), elevated pretreatment LDH 
is an independent marker of poor prognosis. Moreover, the 
continuous increase in LDH during treatment is associated 
with poor OS (27). In advanced NSCLC patients receiving 
platinum-based chemotherapy, increased LDH (≥20%) 
and high LDH before treatment are associated with lower  
OS (28). 

In this  study,  we enrolled patients undergoing 
chemotherapy, targeted therapy, and primary surgery. 
Their LDH values before imaging diagnosis or surgical 
pathology were determined, and NSCLC patients with a 
baseline LDH >180 U/L were selected. NSCLC patients 
with brain metastases demonstrated a significantly increased 
risk of death, which is consistent with previous findings. 
This study also found through univariate analysis that age 
(51–60 and >61 years), KPS score (70–80, >80), smoking, 
AJCC N stage (N2, N3), AJCC M1c stage, primary 
surgery, thoracic metastases, liver metastases, and LDH  
>180 U/L were significantly associated with a higher risk of 
death, while a KPS score of ≥70 points and primary tumor 
surgery were related to increased survival time in patients. 
After multivariate adjustment, high LDH was still an 
independent risk factor for OS (HR =1.43, 95% CI: 1.004–
2.038, P=0.048); age (51–60 and >60 years), smoking, AJCC 
M1c stage, and thoracic metastasis were also independent 
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Characteristics 
Age_cat(ref=~50) 
51~60
61~
Sex(ref=Female) 
Male
BMI_cat(ref=Normal) 
Overweight
KPS(ref=~70)
70~80
80~
Metnum(ref=1)
2~3
4~
Smoke(ref=No)
Yes
AJCC.T(ref=T1)
T2
T3
T4
Tx
AJCC.N(ref=N0)
N1
N2
N3
Nx
AJCC.M(ref=M1) 
M1a~M1b
M1c
Surgery(ref=No)
Yes
Chemotherapy(ref=No) 
Yes
Targeted(ref=No)
Yes
Histologic(ref=LAC) 
Others
MetLung(ref=No) 
Yes
MetChest(ref=No) 
Yes
MetLiver(ref=No) 
Yes
MetBone(ref=No)
Yes
MetAdrenal(ref=No) 
Yes
LDH_cat(ref=~180) 
181~

n(%)

73(32.6)
73(32.6)

140(62.5)

61(27.2)

60(26.8)
151(67.4)

60(26.8)
56(25)

94(42)

85(37.9)
32(14.3)
64(28.6)
14(6.2)

25(11.2)
86(38.4)
67(29.9)
13(5.8)

73(32.6)
134(59.8)

79(35.3)

153(68.3)

55(24.6)

30(13.4)

113(50.4)

140(62.5)

18(8)

83(37.1)

33(14.7)

117(52.2)

Unadj.HR (95%CI)

Hazard ratio Hazard ratio

1.814(1.209−2.721)
1.958(1.299−2.951)

1.147(0.821−1.602)

0.839(0.577−1.22)

0.475(0.248−0.91)
0.406(0.222−0.742)

1.252(0.839−1.87)
1.459(0.974−2.185)

1.653(1.189−2.298)

1.205(0.708−2.049)
1.703(0.904−3.21)
1.554(0.886−2.727)
1.67(0.768−3.628)

1.107(0.528−2.32)
2.059(1.204−3.521)
2.266(1.287−3.99)
1.298(0.559−3.01)

1.794(0.846−3.802)
2.743(1.317−5.714)

0.459(0.319−0.66)

0.926(0.654−1.312)

0.912(0.624−1.335)

1.125(0.694−1.825)

1.268(0.914−1.758)

2.087(1.46−2.982)

1.832(1.048−3.201)

1.382(0.987−1.936)

1.324(0.847−2.069)

1.549(1.115−2.152)

P value

0.004
0.001

0.421

0.359

0.025
0.003

0.271
0.067

0.003

0.492
0.099
0.124
0.196

0.789
0.008
0.005
0.544

0.127
0.007

< 0.001

0.667

0.636

0.632

0.155

< 0.001

0.034

0.06

0.218

0.009

0.25 0.50 1.0 2.0 4.0

Adj.HR (95%CI)

1.743(1.094−2.777) 
2.143(1.318−3.483)

0.597(0.353−1.007)

0.992(0.663−1.486)

0.622(0.294−1.316) 
0.656(0.324−1.328)

0.899(0.57−1.417) 
0.947(0.577−1.552)

1.666(1.01−2.747)

1.237(0.686−2.232) 
1.222(0.59−2.53) 
1.041(0.543−1.994) 
2.502(0.991−6.315)

1.27(0.561−2.872) 
1.507(0.8−2.84) 
1.413(0.715−2.791) 
0.574(0.208−1.582)

2.312(1.024−5.221) 
3.042(1.305−7.09)

0.481(0.308−0.75) 

1.413(0.932−2.143) 

0.889(0.582−1.36) 

0.949(0.544−1.655) 

0.804(0.544−1.189)

1.881(1.235−2.864)

1.114(0.572−2.172)

0.912(0.599−1.391)

0.877(0.523−1.47) 

1.567(1.058−2.32)

P value

0.019
0.002

0.053

0.97

0.214
0.242

0.646
0.828

0.046

0.48
0.59
0.904
0.052

0.566
0.204
0.32
0.283

0.044
0.01

0.001

0.103

0.588

0.853

0.275

0.003

0.75

0.67

0.619

0.025

0.25 0.50 1.0 2.0 4.0

Figure 4 Forest plots of the univariate and multivariate factor analyses. Uadj.HR, unadjusted hazard ratio; CI, confidence interval; Adj.HR, 
adjusted hazard ratio; BMI, body mass index; KPS, Karnofsky Performance Status; Metnum, number of metastasis; AJCC, American Joint 
Committee on Cancer; LAC, lung adenocarcinomas; MetLung, lung metastasis; MetChest, chest metastasis; MetLiver, liver metastasis; MetBone, 
bone metastasis; MetAdrenal, adrenal metastasis; LDH, lactate dehydrogenase.
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Characteristics
Age_cat 
~50
51~60 
61~

Sex 
Female 
Male 

BMI_cat 
Normal 
Overweight 

KPS
~70
70~80 
80~ 
Metnum 
1
2~3

4~ Smoke 
No
Yes 

AJCC.T

T1
T2
T3
T4
Tx

AJCC.N
N0
N1
N2
N3
Nx

AJCC.M
M1
M1a~M1b 
M1c

Surgery
No
Yes 

Chemotherapy 
No
Yes

Targeted
No
Yes 

Histologic 
LAC
Others 
MetLung

No
Yes 
MetChest 
No
Yes 
MetLiver

No
Yes
MetBone

No
Yes 
MetAdrenal 
No
Yes

n(%)

78(34.8)
73(32.6)
73(32.6)

84(37.5)
140(62.5)

163(72.8)
61(27.2)

13(5.8)
60(26.8)
151(67.4)

108(48.2)
60(26.8)
56(25)

130(58)
94(42)

29(12.9)
85(37.9)
32(14.3)
64(28.6)
14(6.2)

33(14.7)
25(11.2)
86(38.4)
67(29.9)
13(5.8)

17(7.6)
73(32.6)
134(59.8)

145(64.7)
79(35.3)

71(31.7)
153(68.3)

169(75.4)
55(24.6)

194(86.6)
30(13.4)

111(49.6)
113(50.4)

84(37.5)
140(62.5)

206(92)
18(8)

141(62.9)
83(37.1)

191(85.3)
33(14.7)

Unadj.HR (95%CI)

Unadj.HR(95%CI)

Hazard ratio Hazard ratio 

1.354(0.74,2.478)
1.379(0.793,2.398)

1.669(0.929,3)

1.851(1.079,3.174)
1.411(0.927,2.147)

1.639(1.112,2.416)
1.44(0.754,2.752)

0.346(0.084,1.419)
1.093(0.576,2.072)
1.947(1.286,2.947)

1.528(0.961,2.429)
1.219(0.623,2.382)
1.917(0.948,3.879)

1.456(0.934,2.271)
1.547(0.948,2.523)

1.535(0.577,4.082)
1.693(1.004,2.855)
1.536(0.547,4.313)
1.46(0.777,2.742)
0.973(0.259,3.651)

1.651(0.633,4.306)
1.04(0.315,3.435)
1.485(0.905,2.437)
1.608(0.85,3.04)
0.73(0.159,3.343)

5.845(0.662,51.564)
1.265(0.713,2.245)
1.57(1.02,2.415)

1.285(0.863,1.916)
1.428(0.773,2.64)

1.406(0.778,2.543)
1.652(1.107,2.466)

1.749(1.195,2.561)
1.081(0.556,2.102)

1.67(1.172,2.378)
0.837(0.338,2.076)

1.314(0.825,2.09)
1.772(1.082,2.903)

1.488(0.852,2.598)
1.573(1.044,2.369)

1.503(1.066,2.12)
1.391(0.38,5.089)

1.481(0.977,2.244)
1.526(0.866,2.688)

1.57(1.1,2.241)
1.15(0.441,3.003)

P value

0.325
0.255
0.087

0.025
0.108

0.012
0.269

0.141
0.786
0.002

0.073
0.563
0.07

0.098
0.081

0.391
0.048
0.415
0.239
0.967

0.305
0.949
0.117
0.144
0.685

0.112
0.422
0.04

0.217
0.256

0.259
0.014

0.004
0.818

0.004
0.701

0.25
0.023

0.163
0.03

0.02
0.618

0.064
0.144

0.013
0.775

 0.12  0.50  1.0  2.0  4.0  8.0 16.0 32.0

HR (95%CI) for interaction

ref
1.004(0.444,2.269)
1.315(0.569,3.037)

ref
0.824(0.42,1.616)

ref
0.809(0.38,1.724)

ref
3.833(0.963,15.251)
7.185(1.971,26.191)

ref
0.742(0.334,1.65)
1.442(0.626,3.323)

ref
1.109(0.574,2.139)

ref
1.049(0.358,3.074)
1.239(0.313,4.899)
0.924(0.299,2.849)
0.579(0.12,2.797)

ref
0.527(0.115,2.422)
0.756(0.258,2.217)
0.83(0.264,2.613)
0.287(0.053,1.549)

ref
0.395(0.07,2.228)
0.55(0.103,2.924)

ref
1.083(0.522,2.248)

ref
1.109(0.545,2.259)

ref
0.592(0.275,1.274)

ref
0.545(0.207,1.433)

ref
1.389(0.708,2.723)

ref
1.073(0.54,2.134)

ref
0.819(0.218,3.073)

ref
1.013(0.504,2.039)

ref
0.801(0.295,2.178)

P for interaction

0.993
0.521

0.573

0.583

0.057
0.003

0.465
0.39

0.759

0.93
0.76
0.89
0.497

0.41
0.61
0.75
0.147

0.293
0.483

0.83

0.775

0.18

0.218

0.339

0.84

0.767

0.97

0.664

 0.062  0.250  1.00  4.00 16.00

Figure 5 Subgroup analysis forest plot. Uadj.HR, unadjusted hazard ratio; CI, confidence interval; Adj.HR, adjusted hazard ratio; BMI, 
body mass index; KPS, Karnofsky Performance Status; Metnum, number of metastasis; AJCC, American Joint Committee on Cancer; LAC, 
lung adenocarcinomas; MetLung, lung metastasis; MetChest, chest metastasis; MetLiver, liver metastasis; MetBone, bone metastasis; MetAdrenal, 
adrenal metastasis.
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Figure 6 Calculated E-value, bar chart, and the functional relationship between RREU and RRUD. AJCC, American Joint Committee on 
Cancer; MetChest, chest metastasis; LDH, lactate dehydrogenase; Metnum, number of metastasis; MetLung, lung metastasis; MetLiver, liver 
metastasis; MetBone, bone metastasis; MetAdrenal, adrenal metastasis; KPS, Karnofsky Performance Status; LAC, lung adenocarcinomas; BMI, 
body mass index; RREU, maximum relative risk (RR) for any specific level of the unmeasured confounders (U) comparing those with and 
without exposure (E) i.e., serum LDH level, with adjustment already made for the measured covariates; RRUD, maximum relative risk (RR) 
for the denouement (D) i.e., prognosis comparing any 2 categories of the unmeasured confounders (U), with adjustment already made for 
the measured covariates.

AJCC.M: M1c vs. M1 
AJCC.M: M1a–M1b vs. M1 

Age_cat: 61~ vs. ~50 
Surgery: yes vs. no 
MetChest: yes vs. no 

Age_cat: 51–60 vs. ~50 
Smoke: yes vs. no 

LDH_cat: 181~ vs. ~180 
Targeted: yes vs. no 
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Metnum: 2–3 vs. 1 
MetLung: yes vs. no 
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KPS: 70–80 vs. ~70 
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Chemotherapy: yes vs. no 
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AJCC.T: Tx vs. T1 
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risk factors. 
Based on the above findings, patients with high LDH, 

AJCC M1c stage, thoracic metastases, and age ≥51 years 
tend to experience worse survival outcomes, and these 
patients may require better follow-up care. Therefore, 
the routine detection of LDH levels in patients with 
brain metastases diagnosed by imaging or by surgical 
pathology may provide valuable prognostic information. 
Moreover, for patients who require chemotherapy, the 
treatment of elevated LDH levels prior to cancer treatment 
may reduce tumor pressure and improve the efficacy of 
chemotherapeutic drugs, thereby prolonging the survival 
time of patients. 

Currently, various effective LDH inhibitors have been 
used in clinical treatment, and the inhibition of LDH has 
a minimal effect on normal tissues (29). More importantly, 
reducing LDH activity has been shown to inhibit several 
other measures of cancer proliferation in vivo (30). 
Galloflavin, oxalate, and other inhibitors can be used to treat 
breast cancer (31), hepatocellular carcinoma (32), endometrial 
cancer (33), pancreatic cancer (34), nasopharyngeal  
cancer (35), Burkitt lymphoma (36), and other malignant 
tumors. In the future, more types of LDH inhibitors may be 
used in patients with advanced NSCLC, thereby improving 
the survival time of patients.

There are some limitations to this study that should 
be noted. Firstly, this study suffers from the limitations 
inherent to retrospective analyses of observational data 
from a single center. It also lacks LDH gene expression 
analysis in NSCLC patients with brain metastases, analysis 
of NSCLC brain metastases before and after chemotherapy, 
and a comparative study of LDH in patients with metastatic 
disease. In addition, LDH levels may be affected by other 
factors. Although this study has certain limitations, it still 
has a certain guiding significance for the treatment of 
patients with advanced NSCLC with brain metastases.

Conclusions

The mortality risk increases sharply in NSCLC patients 
with brain metastases with LDH >180 U/L. High LDH is 
an independent risk factor for NSCLC patients with brain 
metastases.
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Supplementary

Table S1 Characteristics of patients grouped by survival

Variables Total (n=224) 0 (n=77) 1 (n=147) P

Age_cat, n (%) 0.092

~50 78 (34.82) 34 (44.16) 44 (29.93)

51~60 73 (32.59) 20 (25.97) 53 (36.05)

61~ 73 (32.59) 23 (29.87) 50 (34.01)

Sex, n (%) 0.913

Female 84 (37.5) 28 (36.36) 56 (38.1)

Male 140 (62.5) 49 (63.64) 91 (61.9)

BMI_cat, n (%) 0.628

Normal 163 (72.77) 54 (70.13) 109 (74.15)

Overweight 61 (27.23) 23 (29.87) 38 (25.85)

KPS, n (%) 0.091

~70 13 (5.8) 1 (1.3) 12 (8.16)

70~80 60 (26.79) 20 (25.97) 40 (27.21)

80~ 151 (67.41) 56 (72.73) 95 (64.63)

Metnum, n (%) 0.65

1 108 (48.21) 34 (44.16) 74 (50.34)

2~3 60 (26.79) 23 (29.87) 37 (25.17)

4~ 56 (25) 20 (25.97) 36 (24.49)

Smoke, n (%) 0.17

No 130 (58.04) 50 (64.94) 80 (54.42)

Yes 94 (41.96) 27 (35.06) 67 (45.58)

AJCC.T, n (%) 0.933

T1 29 (12.95) 11 (14.29) 18 (12.24)

T2 85 (37.95) 27 (35.06) 58 (39.46)

T3 32 (14.29) 11 (14.29) 21 (14.29)

T4 64 (28.57) 24 (31.17) 40 (27.21)

Tx 14 (6.25) 4 (5.19) 10 (6.8)

AJCC.N, n (%) 0.138

N0 33 (14.73) 16 (20.78) 17 (11.56)

N1 25 (11.16) 11 (14.29) 14 (9.52)

N2 86 (38.39) 22 (28.57) 64 (43.54)

N3 67 (29.91) 23 (29.87) 44 (29.93)

Nx 13 (5.8) 5 (6.49) 8 (5.44)

AJCC.M, n (%) 0.234

M1 17 (7.59) 9 (11.69) 8 (5.44)

M1a~M1b 73 (32.59) 23 (29.87) 50 (34.01)

M1c 134 (59.82) 45 (58.44) 89 (60.54)

Surgery, n (%) 0.031

No 145 (64.73) 42 (54.55) 103 (70.07)

Yes 79 (35.27) 35 (45.45) 44 (29.93)

Chemotherapy, n (%) 0.784

No 71 (31.7) 23 (29.87) 48 (32.65)

Yes 153 (68.3) 54 (70.13) 99 (67.35)

Targeted, n (%) 0.846

No 169 (75.45) 57 (74.03) 112 (76.19)

Yes 55 (24.55) 20 (25.97) 35 (23.81)

Histologic, n (%) 0.938

LAC 194 (86.61) 66 (85.71) 128 (87.07)

Others 30 (13.39) 11 (14.29) 19 (12.93)

MetLung, n (%) 0.641

No 111 (49.55) 36 (46.75) 75 (51.02)

Yes 113 (50.45) 41 (53.25) 72 (48.98)

MetChest, n (%) 0.292

No 84 (37.5) 33 (42.86) 51 (34.69)

Yes 140 (62.5) 44 (57.14) 96 (65.31)

MetLiver, n (%) 0.383

No 206 (91.96) 73 (94.81) 133 (90.48)

Yes 18 (8.04) 4 (5.19) 14 (9.52)

MetBone, n (%) 0.993

No 141 (62.95) 49 (63.64) 92 (62.59)

Yes 83 (37.05) 28 (36.36) 55 (37.41)

MetAdrenal, n (%) 0.738

No 191 (85.27) 67 (87.01) 124 (84.35)

Yes 33 (14.73) 10 (12.99) 23 (15.65)

DS_PGA, n (%) 0.522

0 5 (2.23) 0 (0) 5 (3.4)

0.5 8 (3.57) 2 (2.6) 6 (4.08)

1 29 (12.95) 11 (14.29) 18 (12.24)

1.5 42 (18.75) 13 (16.88) 29 (19.73)

2 51 (22.77) 19 (24.68) 32 (21.77)

2.5 36 (16.07) 11 (14.29) 25 (17.01)

3 27 (12.05) 8 (10.39) 19 (12.93)

3.5 14 (6.25) 6 (7.79) 8 (5.44)

4 12 (5.36) 7 (9.09) 5 (3.4)
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Figure S1 Schoenfeld residual diagram of LDH. LDH, lactate dehydrogenase.


