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Risk factors and a new
nomogram for predicting brain
metastasis from lung cancer: a
retrospective study

Bo Wu1,2, Yujun Zhou1,2, Yong Yang2* and Dong Zhou1,2*

1The Second School of Clinical Medicine, Southern Medical University, Guangzhou, China,
2Department of Neurosurgery, Guangdong Provincial People's Hospital (Guangdong Academy of
Medical Sciences), Southern Medical University, Guangzhou, Guangdong, China
Objective: This study aims to establish and validate a new nomogram for

predicting brain metastasis from lung cancer by integrating data.

Methods: 266 patients diagnosed as lung cancer between 2016 and 2018 were

collected from Guangdong Academy of Medical Sciences. The first 70% of

patients were designated as the primary cohort and the remaining patients

were identified as the internal validation cohort. Univariate and multivariable

logistics regression were applied to analyze the risk factors. Independent risk

factors were used to construct nomogram. C-index was used to evaluate the

prediction effect of nomogram.100 patients diagnosed as lung cancer between

2018 and 2019 were collected for external validation cohorts. The evaluation of

nomogram was carried out through the distinction and calibration in the internal

validation cohort and external validation cohort.

Results: 166 patients were diagnosed with brain metastasis among the 266

patients. The gender, pathological type (PAT), leukocyte count (LCC) and

Fibrinogen stage (FibS) were independent risk factors of brain metastasis. A

novel nomogram has been developed in this study showed an effective

discriminative ability to predict the probability of lung cancer patients with

brain metastasis, the C-index was 0.811.

Conclusion:Our research provides a novel model that can be used for predicting

brain metastasis of lung cancer patients, thus providing more credible evidence

for clinical decision-making.

KEYWORDS

lung cancer, brain metastasis, risk factors, nomogram, gender, pathological type,
leukocyte count, fibrinogen stage
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Introduction

With the supreme morbidity and mortality, lung cancer is still

the most malignant growth at present. The cumulative incidence of

brain metastasis (BMs) in lung cancer in 1 year and 5 years is 14.8%

and 16.3% (1), respectively, which is the first incidence of all types of

tumors. In addition, 80-85% of lung cancer patients are diagnosed

as non-small cell lung cancer(NSCLC) (2), so NSCLC is the most

familiar primary neoplasm in brain metastasis. We found in some

research that the rate of brain metastasis with NSCLC is about 10%

to 20% (3–5), and the rate is even higher in advanced NSCLC, about

30% to 50% (4, 6–8). The median survival of brain metastasis is

about 6 to 30 months, but early diagnosis is propitious to prolong

the survival time (3, 4). Therefore, it’s positive for patients if

clinicians can determine the probability of brain metastasis early.

At present, a great many essays have been issued to analyze the

risk factors for brain metastasis of lung cancer (9, 10). However,

their assessment criteria are more complex. In this study, we aimed

to analyze the risk factors for brain metastasis in lung cancer

patients and establish an effective and noninvasive nomogram for

the possibility of brain metastasis in lung cancer patients by

adopting advanced statistical analysis. In our nomogram, we can

speculate the possibility of brain metastasis through simple blood

routine and pathological type, and this nomogram is easier to apply

to clinical practice than others of the same type.
Materials and methods

Clinical data of all patients was uninterruptedly enrolled and this

study was ratified by the Guangdong Provincial People’s Hospital. All
Frontiers in Oncology 02
enrolled patients were carefully screened according to the following

inclusion criteria: Group of primary lung cancer:(a) Patients

diagnosed with pathological results;(b) Patients diagnosed only

primary neoplasms without brain metastasis;(c) Patients diagnosed

between 2016 and 2018;(d) Patients with completely clinical

characteristics. Group of brain metastasis:(a) Patients diagnosed

with pathological results;(b) Patients diagnosed between 2016 and

2018;(c) Patients with completely clinical characteristics. Finally, a

total of 100 patients with primary lung cancer and 166 patients with

brain metastasis who were diagnosed at the Department of

Neurosurgery, the Guangdong Provincial People’s Hospital from

2016 to 2018 were enrolled in this retrospective study.

All patients were randomly arranged. The first 70% of patients

were designated as the primary cohort, and the remaining patients

were identified as the internal validation cohort. The verification of

the nomogram was also assessment in an independent external

validation cohort which included 100 patients from 2018 to 2019

who was diagnosed with primary lung cancer and brain metastasis.
Clinical characteristics

As shown in Table 1, the clinical characteristics include gender,

age, pathological type (PAT), location of primary tumor, smoke,

drunk, blood routine tests, glucose count, protein count, albumin

count, electrolyte and coagulation indicators were obtained from

medical records. The blood routine tests include erythrocyte count,

leukocyte count (LCC), platelet, eosinophil ratio count, lymphocyte

ratio count, monocyte ratio count and neutrophil ratio count,

basophil ratio count. The electrolyte including kalium count,

natrium count, chlorine count, calcium count, magnesium count,
TABLE 1 Detail of patients’ characteristics.

characteristics primary lung cancer (mean±SD/no.%) brain metastasis (mean±SD/no.%)

Total(n) 70(37.6%) 116(62.4%)

gender

Male 42 (22.6%) 43 (23.1%)

Female 28 (15.1%) 73 (39.2%)

age 51.07±10.472 57.49±9.574

AS

low 17(9.1%) 9(4.8%)

middle 40(21.5%) 56(30.1%)

high 13(7.0%) 51(27.4%)

PAT

squamous carcinoma 8(4.3%) 12(6.5%)

Adenocarcinoma 53(28.5%) 92(49.5%)

Neuroendocrine tumors 3(1.6%) 2(1.1%)

Lymphoepithelioma-like carcinoma 2(1.1%) 2(1.1%)

(Continued)
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TABLE 1 Continued

characteristics primary lung cancer (mean±SD/no.%) brain metastasis (mean±SD/no.%)

others 4(2.2%) 8(4.3%)

drunk

yes 1(0.5%) 10(5.4%)

no 69(37.1%) 106(57.0%)

LCC 6.56±2.238 8.43±3.297

LCS

low 39(20.1%) 23(12.4%)

middle 20(10.8%) 45(24.2%)

high 11(6.0%) 48(25.8%)

PLTC 254.59±70.729 282.64±71.682

PLTS

low 32(17.2%) 26(14.0%)

middle 19(10.2%) 40(21.5%)

high 19(10.2%) 50(26.9%)

NRS 0.59±0.101 0.66±0.976

LRC 0.31±0.108 0.23±0.838

LRS

low 14(7.5%) 48(25.8%)

middle 21(11.3%) 45(24.2%)

high 35(18.8%) 23(12.4%)

ERS

low 16(8.6%) 43(23.1%)

middle 29(15.6%) 40(21.5%)

high 25(13.4%) 33(17.7%)

ALBS

low 19(10.2%) 50(26.9%)

middle 31(16.7%) 30(16.1%)

high 20(10.8%) 36(19.4%)

GLUS

low 32(17.2%) 37(19.9%)

middle 20(10.8%) 41(22.0%)

high 18(9.7%) 38(20.4%)

KC 3.83±0.297 3.95±0.413

KS

low 27(14.5%) 36(19.4%)

middle 30(16.1%) 33(17.7%)

high 13(7.0%) 47(25.3%)

ClC 105.43±5.097 103.59±3.322

(Continued)
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phosphorus count. And the coagulation indicators including

Activates partial thromboplastin time (APTT), Fibrinogen count

(FibC), Thrombin time (TT), International normalized ratio (INR),

Prothrombin activity (PTA) and Plasma prothrombin time

determination (PT). This study divides all the continuous

variables into low, medium, and high groups with the third point

as the dividing line.
Variables selection

Univariate analysis was performed by SPSS (v26.0). The

meaningful variables of single factor analysis(p<0.1) were

introduced into logistic regression for multivariate analysis, p<

0.05 was statistically significant. The independent risk factors

were included By R Studio (v4.2.1) to construct nomogram. C-

index was used to judge the predictive capacity of nomogram. We

then verified the appropriate calibration in the primary cohort and

validation cohorts. The ROC curve was used to assess the

nomogram. Furthermore, the DCA analysis shows that the model

possesses favourable clinical practice value.
Frontiers in Oncology 04
Result

Univariate and multivariate analysis of
risk factors

Univariate analysis showed that the factors affecting brain

metastasis included the following factors (Table 2): gender

(P=0.001, B=-1.009), pathological type (PAT) (P=0.074, B=-

0.253), leukocyte count (LCC) (P<0.001, B=0.005), Fibrinogen

stage (FibS) (P<0.001, B=1.396).

Introducing the significant factors of single factor analysis into

Logistic regression for multivariate analysis and then we got

independent risk factors as fol lows: gender (P=0.033

HR=2.692,95% CI 1.085-6.677), PAT(P=0.009), LCC (P=0.008

HR=1.339,95% CI 1.078-1.661), Fibs(P<0.001) (Table 2).
Development of final prediction model

Based on the results of multivariate analysis, we constructed a

nomogram (Figure 1). The risk factors introduced in the model
TABLE 1 Continued

characteristics primary lung cancer (mean±SD/no.%) brain metastasis (mean±SD/no.%)

ClS

low 19 (10.2%) 47(25.3%)

middle 24(13.0%) 42(22.6%)

high 27(14.5%) 27(14.5%)

FibC 3.47±1.269 4.43±1.127

FibS

low 40(21.5%) 14(7.5%)

middle 20(10.8%) 46(24.7%)

high 10(5.4%) 56(30.1%)

TTC 16.56±0.889 16.09±1.130

TTS

low 17(9.1%) 47(25.3%)

middle 20(10.8%) 41(22.0%)

high 33(17.7%) 28(15.1%)

T

T1 57(30.6%) 48(25.8%)

T2 6(3.2%) 36(19.4%)

T3 5(2.7%) 21(11.3%)

T4 2(1.1%) 11(6.0%)

N

N0 55(30.0%) 45(24.2%)

N1 15(8.1%) 71(38.2%)
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TABLE 2 Univariate and Multivariate analysis of risk factors.

Univariate analysis of risk factors

B S.E. Wald df Sig. Exp(B)
95% CI for Exp(B)

Lower Upper

gender -1.009 0.312 10.477 1 0.001 0.364 0.198 0.672

age 0.044 0.015 8.854 1 0.003 1.045 1.015 1.076

AS 0.74 0.233 10.094 1 0.001 2.096 1.328 3.308

PAT -0.253 0.142 3.19 1 0.074 0.777 0.588 1.025

drunk 1.873 1.06 3.122 1 0.077 6.509 0.815 51.993

LCC 0.378 0.087 18.894 1 0 1.459 1.23 1.73

LCS 1.047 0.215 23.69 1 0 2.849 1.869 4.344

PLTC 0.005 0.002 6.826 1 0.009 1.005 1.001 1.009

PLTS 0.541 0.187 8.389 1 0.004 1.718 1.191 2.479

NRS 0.835 0.207 16.236 1 0 2.305 1.536 3.46

LRC -9.191 1.93 22.678 1 0 0 0 0.004

LRS -0.887 0.208 18.227 1 0 0.412 0.274 0.619

ERS -0.351 0.196 3.223 1 0.073 0.704 0.48 1.033

ALBS -0.365 0.195 3.494 1 0.062 0.694 0.473 1.018

GLUS 0.415 0.192 4.696 1 0.03 1.515 1.04 2.205

KC 0.96 0.419 5.246 1 0.022 2.611 1.148 5.936

KS 0.468 0.186 6.3 1 0.012 1.596 1.108 2.3

ClC -0.183 0.059 9.653 1 0.002 0.833 0.742 0.935

ClS -0.524 0.194 7.323 1 0.007 0.592 0.405 0.866

FibC 0.673 0.143 22.173 1 0 1.96 1.481 2.594

FibS 1.396 0.228 37.332 1 0 4.038 2.58 6.318

TTC -0.354 0.148 5.745 1 0.017 0.702 0.525 0.937

TTS -0.556 0.191 8.424 1 0.004 0.574 0.394 0.835

T 0.917 0.221 17.168 1 0 2.502 1.621 3.861

N 1.755 0.348 25.431 1 0 5.785 2.924 11.445

Multivariate analysis of risk factors

B S.E. Wald df Sig. Exp(B)
95% C.I.for EXP(B)

Lower Upper

Step 4d

gender 0.99 0.464 4.562 1 0.033 2.692 1.085 6.677

Pathological type 15.448 5 0.009

Squamous cell cancer 0.361 1.017 0.126 1 0.723 1.435 0.196 10.528

small cell carcinoma -2.23 1.174 3.606 1 0.058 0.108 0.011 1.074

adenosquamous carcinoma -0.972 1.431 0.461 1 0.497 0.378 0.023 6.255

other types -24.185 27193.07 0 1 0.999 0 0 .

neuroendocrine carcinoma -1.488 1.57 0.899 1 0.343 0.226 0.01 4.897

Leukocyte count 0.292 0.11 6.992 1 0.008 1.339 1.078 1.661

(Continued)
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were given various weights in conformity with the degree of

influence, and received different scores according to the

individual information of patients. The scores are added together

to obtain the ultimate scores, and the forecast results could be found

in the nomogram. The C-index in this study was 0.811, showing a

good prediction effect. Figure 2 shows the receiver operating

characteristic (ROC) curves of these independent risk factors for

predicting the risk of brain metastasis. These factors are quite

accurate in predicting brain metastasis (the area under the curve

[AUCs] of those factors were 0.768, 0.746, 0.446, 0.377).
Frontiers in Oncology 06
Afterwards, we verified a appropriate calibration in the primary

cohort and validation cohorts (Figure 3).
Clinical usage

Figure 4 showed that if the threshold probability of a patient or a

doctor is in the range from 0 to 0.85, the net benefit is equivalent, in

accordance with DCA. The y-axis shows the net benefit, which is the

different value between the ratio of false positive patients and the ratio of
FIGURE 1

BMs-related nomogram prediction score. BMs-related nomogram was constructed to predict BMs for lung cancer patients, with the gender, PAT,
LCC and FibS. The nomogram showed the probability of brain metastasis in patients with a pathological diagnosis of lung cancer. PAT, pathlogicl
type; LCC, leukocyte count; FibS, Fibrinogen stage.
TABLE 2 Continued

Multivariate analysis of risk factors

B S.E. Wald df Sig. Exp(B)
95% C.I.for EXP(B)

Lower Upper

Step 4d

gender 0.99 0.464 4.562 1 0.033 2.692 1.085 6.677

Pathological type 15.448 5 0.009

Squamous cell cancer 0.361 1.017 0.126 1 0.723 1.435 0.196 10.528

small cell carcinoma -2.23 1.174 3.606 1 0.058 0.108 0.011 1.074

adenosquamous carcinoma -0.972 1.431 0.461 1 0.497 0.378 0.023 6.255

other types -24.185 27193.07 0 1 0.999 0 0 .

neuroendocrine carcinoma -1.488 1.57 0.899 1 0.343 0.226 0.01 4.897

Leukocyte count 0.292 0.11 6.992 1 0.008 1.339 1.078 1.661

Fib grade 30.594 2 0

Fib middle grade -2.888 0.587 24.173 1 0 0.056 0.018 0.176

Fib high grade -0.571 0.544 1.102 1 0.294 0.565 0.194 1.641

Constant -0.97 1.495 0.421 1 0.516 0.379
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true positive patients, weighted by the relative harm of forgoing

treatment and the negative effects of unnecessary treatment (11). The

sloping glossy full line stand for the assumption that all patients have

BMs. The horizontal glossy full line stands for the assumption that all

patients have no BMs. The sloping dashed lines stand for all patients

considered to be BMs according to the nomogram. The decision curves

in cohorts shows that if the threshold probability is between 0 and 0.80,

then the use of the integrated nomogram predicts that BMs will yield

more benefits than treating all patients or none, while the perfect model

is the model with the highest net benefit under any

threshold probability.
Discussion

In our study, the rate of brain metastasis in female is higher than

that of male. To understand this situation, we must know that
Frontiers in Oncology 07
gender differences in human growth, development, disease, and

death are so common that people almost acquiesce to gender

differences as reasonable. Understanding these differences needs

comprehensive analysis at the molecular, cellular, and tissue level.

In recent years, this relationship has attracted more and more

attention, with researchers investigating the role of gender-related

molecular patterns. Thus, this adds to the understanding of

fundamental gender differences, identifying mutational (12) and

methylation profiles (13), followed by transcriptomes (14) and

tumor metabolism (15). Analysis of cellular immanent

mechanisms, central to the biology of human cancer cells, is the

devitalization of RB1 and p53 functions (16). The change of p53

function may engender differential effects on males and females in

multiple species. This partly explains the conclusions of our study.

Preliminary characterization of mice with complete loss of p53

function suggests that they develop normally but have an increased

rate of spontaneous tumor formation (17). It reflects the effect of
FIGURE 2

Figure 2 shows the receiver operate characteristic (ROC) curves of these risk factors for predicting the risk of brain metastasis.
A B C

FIGURE 3

The Calibration curves of nomogram. (A) The Calibration curves of nomogram in primary cohort. (B) The Calibration curves of nomogram in internal
validation cohort. (C) The Calibration curves of nomogram in primary cohort in external cohort.
A B C

FIGURE 4

Decision curve analysis of nomogram. (A) The DCA curves of nomogram in primary cohort. (B) The DCA curves of nomogram in internal validation
cohort. (C) The DCA curves of nomogram in primary cohort in external cohort.
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P53 on the tumor. By using astrocytes as the cell of origin in a

mouse model of glioblastoma, the loss of p53 function was found to

result in significantly increased in growth in vitro and tumorigenesis

in vivo of male astrocytes (18); when RB1 and p53 function are used

up, both male and female astrocytes put up analogical tumor-

forming potential. This evidence suggests that when P53 and RB1

are intact, gender differences in their regulation have a significant

impact on malignant transformation. Both male and female

astrocytes differ in cAMP synthesis and degradation, leading to

differences in basal cAMP levels (19). The connection between

intra-cellular cAMP and tumor growth has been established for

decades (20). Analysis of non-intracellular mechanisms, first, there

are tremendous differences in immunologic function between males

and females, especially in autoimmune diseases. Multiple sclerosis

(MS) and rheumatoid arthritis (RA) are twice as common in

females compared to males (21, 22), and more than 90% of SLE

cases are in females (23, 24); second, another significant and

possibly cancer-related gender discrepancy is the effect of gender

on vascular function. Cardiovascular disease occurs more

frequently in males than females (25). The mechanistic basis for

these maturing observations is dimness and may include gender

discrepancy in responses to early environmental stressors and acute

vascular effects of gender hormones. Possible hormone-dependent

mechanisms include estrogen-irritative vasodilatory effects of nitric

oxide and prostacyclin, and anti-inflammatory and antioxidant

effects of estrogen (26). As mentioned earlier, P53, RB1 and

cAMP have important roles in tumor growth and reproduction.

The significant difference in basal cAMP between males and females

contributes to the difference in the incidence of brain metastases in

males and females. The specific mechanisms of P53, RB1 and cAMP

affect tumor growth and reproduction need to be further

investigated experimentally. In addition, the effect of gender on

vascular function is evident. It is well known that the occurrence of

brain metastases requires several steps: the shedding of tumor cells

at the original site, entering the blood vessels, penetrating the blood-

brain barrier with the blood vessels, entering the fixed value site in

brain, extravasating to the brain parenchyma, and completing brain

metastases. Therefore, blood vessels play a very important role in

brain metastasis. As we all know, brain metastases usually occur in

areas with rich blood vessels. And the difference of vascular function

between male and female can explain to some extent why there are

gender differences in brain metastasis.

A retrospective analysis based on the SEER database revealed

that the occurrence of BM in non-small cell lung cancer was 9%,

and the lowest incidence of squamous cell carcinoma in NSCLC

histology was 6% (27). This conclusion is consistent with our

research. Adenocarcinoma is a risk factor for brain metastasis in

lung cancer. Meanwhile, another study noted that squamous cell

carcinoma was significantly related to low BM occurrence in

patients with non-small cell lung cancer (28).

Ekaterina Friebel et al. performed a high-parameter single-cell

mapping of the tumor microenvironment of patients with brain

metastasis, and the results showed that metastasis favored T cell

and monocyte-derived macrophage invasion (29). Besides,
Frontiers in Oncology 08
inflammatory mediators are also involved in several steps of

tumor metastasis. EMT,the first step of metastasis, makes

migration possible (30). EMT can be enhanced by activating the

NF-kB/STAT3 pathway and producing inflammatory cytokines

(31). The extracellular matrix (ECM) is then modified, particularly

through inflammatory mediators, to allow cancer cells to enter

blood vessels and lymphatic vessels (32). Finally, extravasation of

cancer cells is induced by chemokines (a family of pro-

inflammatory mediators) (33). Then, the process of BMs is

completed. Neutrophils accounts for 50-70% of all leukocytes

(34) and can mirror the condition of host inflammation, a

hallmark of cancer (16). The influence of neutrophils in cancer

is multifactorial and still not know it inside out. They can

participate in different periods of the carcinogenic process,

including tumor origination, growth, propagation, or metastatic

spread (35, 36). The release of reactive oxygen species (ROS),

reactive nitrogen species (RNS) or proteases from neutrophils can

promote tumorigenesis and metastasis (37). Neutrophils can

promote tumor propagation and metastasis by destroying the

immune system. Moreover, insulin receptor substrate 1 (IRS1)

activation of PI3K signaling also mediates tumor propagation as

neutrophil elastase metastasizes to cancer cells (38). Ultimately,

neutrophils can also promote metastatic spread by repressing

natural killer function and promoting exosmosis of tumor cells

(39, 40). As seen here, the role of neutrophils in cancer spread

is complicated.

Fibrinogen, the most ample plasma coagulation factor, is

synthesized by hepatocytes. Animal experiments have proved that

increasing local coagulation function will lead to an increase in BMs.

This is the same with our conclusion (41). Fibrinogen has been

revealed to have prognostic implications in a variety of cancers,

including lung cancer (42–45). There is increasing evidence of a

correlation between fibrinogen and metastatic spread (46, 47). The

process of BMs is divided into: tumor cells oozing from the primary

site, tumor cells entering the vasculature, tumors reaching the brain

with the vasculature and tumor cells oozing from the vasculature to

the brain parenchyma to complete the BMs. Elevated serum

fibrinogen concentrations alter blood viscosity, rheology, and

endothelial function, which may increase the probability of tumor

cells exuding from the vasculature to the brain parenchyma and thus

promote BMs. Fibrinogen can enhance brain tumor-initiating cells

(BTICs) intercellular adhesion and improve the motility of BTIC,

thereby increasing the invasiveness of BTIC (48). Clinical studies

have shown that prophylactic anticoagulation in lung cancer patients

does not increase the risk of bleeding (49–51). Can lung cancer

patients use anticoagulation prophylactically to reduce the BMs?

More basic and clinical studies are needed to confirm our conjecture.

Even though our nomogram displays encouraging results among

the cohorts, there are still certain shortcomings. Due to the retrospective

method is adopted in this study, inherent deviations such as selection

deviation and detection deviation is inevitably occur. Furthermore,

continuous monitoring of changes in certain parameters cannot be

completed. In addition, molecular mechanism researches and large-

scale and multi-center clinical trials are required to revise the model.
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Conclusion

This research provided a better understanding of the risk factors

for brain metastases among lung cancer patients. Besides, we have

developed a new pragmatic nomogram, which immensely extends

the range of clinical practice to calculate the characteristics of

patients with brain metastases from lung cancer.
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