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Abstract

Background: The prognosis of lung cancer with synchronous brain metastasis (LCBM) is very poor, and patients
often die within a short time. However, little is known about the early mortality and related factors in patients with
LCBM.

Methods: Patients diagnosed with LCBM between 2010 and 2016 were enrolled from the Surveillance,
Epidemiology, and End Result (SEER) database. Univariate and multivariate logistic regression analysis were used to
identify significant independent prognostic factors, which were used to construct nomograms of overall and
cancer-specific early death. Then, the prediction ability of the model was verified by receiver operating
characteristic (ROC) curve. At last, the clinical application value of the model was tested through decision curve
analysis (DCA).

Results: A total of 29,902 patients with LCBM were enrolled in this study. Among them, 13,275 (44.4%) patients had
early death, and 11,425 (38.2%) cases died of lung cancer. The significant independent risk factors for overall and
cancer-specific early death included age, race, gender, Gleason grade, histological type, T stage, N stage, bone
metastasis, liver metastasis and marital status, which were used to construct the nomogram. The ROC curve
demonstrated good predictive ability and clinical application value. The areas under the curve (AUC) of the training
group was 0.793 (95% Cl: 0.788-0.799) and 0.794 (95% Cl: 0.788-0.799), in the model of overall and cancer-specific
early death respectively. And the AUC of the validation group were 0.803 (95% Cl: 0.788-0.818) and 0.806 (95% Cl:
0.791-0.821), respectively. The calibration plots of the model showed that the predicted early death is consistent
with the actual value. The DCA analysis indicated a good clinical application value of this model.

Conclusions: We established a comprehensive nomogram to predict early death in lung cancer patients with
synchronous brain metastases. Nomograms may help oncologists develop better treatment strategies, such as
clinical trials and hospice care.
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Introduction

Brain metastases (BM) are the most common malignant
tumor in the central nervous system [1, 2]. It is reported
that the incidence of brain metastases is 10 times higher
than that of primary malignant brain tumors [3]. Most
brain metastases progress rapidly, with an average sur-
vival time of 13 months [4]. Lung cancer is the leading
cause of brain metastasis, accounting for more than 80%
[5].

Currently, there is no reliable treatment for lung
cancer with synchronous brain metastasis (LCBM).
Surgical treatment is not recommended for patients
with LCBM because it has no significant impact on
the long-term prognosis, although the symptoms are
temporarily relieved [6]. In comparison, intracranial
tumor biopsy is the gold standard for the diagnosis
of LCBM, which can not only determine the nature
of intracranial lesions, but determine their source.
The combination of radiotherapy and targeted ther-
apy has gradually become the current treatment of
primary lung cancer [7]. And regular MRI review
was used to monitor the therapeutic effect. With
the development of molecular biology, more and
more abnormal signal transduction and tumor-
driving genes have been found, and increasing tar-
geted drugs have been designed to prolong the
overall survival of patients [8-10]. However, it is
difficult obtain effective drug concentration in cere-
brospinal fluid, due to the existence of the blood-
brain barrier (BBB) [11]. As a result, the treatment
of lung cancer will be very poor once brain metas-
tases occur.

Death within a short period of time after diagnosis is
defined as early death. And many patients with LCBM
die early death due to intracranial hypertension and
tumor-related epilepsy [12]. An in-depth understanding
of the relationship between tumor-related factors and
early death may help us reveal the causes of early death
in high-risk patients, and provide basis for further active
treatment, clinical trial consideration and supportive
treatment. However, few studies have focused on the
early death of patients with LCBM. Little is known about
the early mortality and related factors in patients with
LCBM currently. Thus, it’s of great significance to iden-
tify the risk factors of early death for prognostic evalu-
ation and clinical treatment guidance in patients with
LCBM.

In this study, patients with LCBM in Surveillance, Epi-
demiology, and End Results (SEER) database were in-
cluded as the research objects to evaluate the incidence
of early death and explore the risk factors of early death
(<3 months). In addition, we developed a module con-
taining prognostic factors to predict the early mortality
of patients with LCBM.
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Methods

Patients

The SEER project of the National Cancer Institute
provides data on cancer incidence and survival rate
of 28% of the population in the United States
(http://seer.cancer.gov) [13]. In this study, data of
malignant lung and bronchial cancer patients with
synchronous brain metastasis was extracted from the
SEER database (2010-2016) by the SEER*Stat soft-
ware version 8.3.8 (reference number: 17293-
November 2019). The study cohort included the fol-
lowing histological codes from the third edition of
the International Classification of Diseases for On-
cology (ICD-O-3): large cell carcinoma (LCLC):
8012, 8014; squamous cell carcinoma (SQLC):8070,
8071, 8072, 8073, 8074, 8083; adenoma (AD): 8140,
8200, 8230, 8250, 8255, 8260, 8290, 8310, 8323;
small cell carcinoma (SCLC): 8041, 8043, 8044, 8045
and ICD-O-3 site code C34.0-34.8. The exclusion
criteria are as follows: (1) Patients without histo-
logical examination; (2) Patients without complete
follow-up; (3) Patients with missing or incomplete
information about survival time, survival status,
cause of death, or other important characteristics;
(4) Patients not primary. In addition to topography
and morphology, it also includes clinical information
such as gender, race, age, TN stage, insurance status,
and marital status. The patients diagnosed in 2010—
2015 were used as a training cohort to develop a
nomogram, and the patients diagnosed in 2016 were
selected as the internal validation group.

28 patients with LCBM from Renmin Hospital of Wu-
han University were included in the study. The defin-
ition of cancer-specific early death in the hospital cohort
was: death within 3 months after initial diagnosis of pri-
mary lung cancer with brain metastases. This retrospect-
ive study of the hospital cohort was approved by the
ethics committee of Renmin Hospital of Wuhan Univer-
sity in accordance with the ethical standards approved
by the Helsinki declaration.

Statistical analysis

Categorized data were described by numbers and per-
centages (N, %). Early death, defined as death within 3
months after diagnosis, was the endpoint of interest for
this study. Histogram and pie chart were drawn with
SPSS25 (IBM Inc., Chicago, IL, USA). Univariate and
multivariate logistic regression models were performed
using SPSS25 to determine variables that were signifi-
cantly related to early death of patients with LCBM.
Two-tailed P values less than 0.05 were considered sta-
tistically significant. All statistical analysis below was
performed using the R programming language and
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environment (http://www.r-project.org/). The “regplot”
software package was used to construct a nomogram of
independent factors predicting early death of patients
with LCBM [14]. For calibration, the nomogram pre-
dicted probabilities were contrasted with the actual
probabilities by bootstrapping with 1000 resamples. The
receiver operating characteristic (ROC) curve was used
to judge discrimination. The higher the area under the
curve (AUC) was, the better the accuracy would be.
AUC values vary from 0.5 to 1.0, where 0.5 represents
random chance, and 1.0 represents full compliance. And
AUC value greater than 0.7 means a reasonable estimate
[15]. Decision curves analysis (DCA) was used to assess
the clinical benefit and utility of the model. DCA is one
way to evaluate the clinical benefit of alternative models,
and is applied to nomograms by quantifying the net
benefit under different threshold probabilities. The
curves of the treatment plan (representing the highest
clinical cost) and no treatment plan (representing no
clinical benefit) for all patients are drawn as two refer-
ences [16, 17].

Result

Demographic and clinical characteristics of lung cancer
patients with synchronous brain metastasis

This study included 29,902 patients diagnosed with syn-
chronous brain metastases of lung cancer from 2010 to
2016 in the SEER database (Fig. 1). Table 1 listed the
demographic and clinicopathological characteristics of
patients in the training cohort (n=26,272) and valid-
ation cohort (n =3630). In general, most of the patients
were over 40 years old, and the male was slightly more
than the female. 79.5% of the cases were white and
12.2% were black. Most of them were adenocarcinoma
(51.6%), and SQCC, SCLC and LCLC accounted for
10.6, 17.0 and 2.3%, respectively. Gleason grade III lung
cancer was significantly higher than other grades. Some
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cases were accompanied with liver metastases (20.7%) or
bone metastases (33.5%). Very few patients received sur-
gical treatment (3.2%), a small number of patients re-
ceived radiotherapy (21.1%), and about half of the
patients received chemotherapy (56.1%). There was no
significant difference in composition between the train-
ing group and the validation group.

Mortality of early death

Among all lung cancer patients, 27.5% had early death,
and 22.6% of them were caused by lung cancer (Fig. 2A).
However, the early mortality of patients with LCBM was
44.4% (13275), and 38.2% (11425) of them were caused
by lung cancer (Fig. 2B). From 2010 to 2016, the early
mortality of patients with LCBM remained stable
(Fig. 3A). The early mortality increased significantly with
age, was slightly higher in white people than in other
ethnic groups, and higher in male than in female (Fig.
3B, C, D).

Identifying independent factors for early death

Univariate and multivariate logistic regression were used
to analyze the risk factors of early death in patients with
LCBM in the SEER training cohort. The results of uni-
variate and multivariate analysis were shown in Table 2
and Table 3. In univariate analysis, most clinical and
pathological characteristics such as gender, race, age at
diagnosis, Gleason grade, histology, T stage, N stage,
bone metastasis, liver metastasis and marital status were
related to the probability of overall early death. All sig-
nificant factors were included in the multivariate ana-
lysis. And multivariate analysis showed that gender, race,
age at diagnosis, Gleason grade, histology, T stage, N
stage, bone metastasis, liver metastasis and marital status
were independent risk factors for predicting overall early
death in patients with LCBM. The result of cancer-

Patients with synchronous brain metastases
lung cancer diagnosed between 2010 and
2016 in SEER database (n=39395)

Patients excluded (n=9493)
Without Positive histology:8115
Without active follow up:14

|
Y

Patients in analysis (n=29902)

|
¥ L4

No survival time or status:354
Not primary:242
Other important information missing:768

diagnosed in 2010-2015
(Training set, n=26272)

diagnosed in 2016
(Validation set, n=3630)

Fig. 1 The flowchart of patient selection from SEER database
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A earlydeath

B Cancer-specific early-deat
®Non-cancer- specific early
B Not early-death

¥ Cancer-specific early deat
®Not early death
®Non-cancer- specific early

Fig. 2 Distribution of the incidence of overall and cancer-specific early death in all lung cancer patients (A) and lung cancer with synchronous
brain metastasis patients (B)
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Fig. 3 Rate of overall and cancer-specific early death in lung cancer with synchronous brain metastasis patients stratified by year of diagnosis (A),
age at diagnosis (B), race (C) and gender (D)
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specific early death is consistent with that of overall early

death.

Nomogram construction

Depending on the multivariate logistic regression ana-
lysis model, the risk factor prediction nomogram of the
SEER cohort was determined. An example of using

nomogram to predict the survival probability of a given
patient was shown in Fig. 4A. The total number of
points can be attached to the overall probability of early
death by calculating each variable point. And most pa-
tients had a total score of between 200 and 350 in this
study. The predicting nomogram of the probability of
cancer-specific early death was shown in Fig. 4B.
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Fig. 4 The predictive nomogram for the overall (A) and cancer-specific (B) early death of lung cancer with synchronous brain metastasis patients

in the SEER database diagnosis between 2010 and 2015
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Nomogram validation

The nomogram showed good prediction efficiency on
the probability of early death. The ROC curve used to
assess the nomogram of overall and cancer-specific
early death was shown in Fig. 5. The areas under the
curve (AUC) of overall early death was 0.793 (Fig.
5A; 95% CI: 0.788-0.799), while the AUC of cancer-
specific early death was 0.794 (Fig. 5B; 95% CIL:
0.788-0.799) in the training group. And the AUC in
the validation group were 0.803 for overall early death
(Fig. 5C; 95% CI: 0.788-0.818) and 0.806 for cancer-
specific early death (Fig. 5D; 95% CIL: 0.791-0.821),
respectively. The calibration plots of the model
showed that the predicted early death was consistent
with the actual value (Fig. 6). In addition, the DCA
analysis indicated a good clinical application value of
this model. (Fig. 7). Then, patients were scored by
the nomogram in a hospital cohort. We only used the
nomogram for cancer-specific early death, since the
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cause of early death in all patients was lung cancer
and related factors. The total score of patients in the
hospital cohort ranged from 145 to 279, which we
divide them into high-score and low-score groups by
setting the cutoff to 210 It showed that the early
mortality in high score group was much higher than
that in low score group, and the AUC was up to
0.792 (Fig. 8; 95% CI: 0.636—0.947).

Web-based probability calculator

On the basis of the previous nomogram to predict the
early death of patients with LCBM, the overall (Fig. 9A)
and cancer specific (Fig. 9B) early death probability cal-
culator based on Web was constructed (https://
lcbmdynnom.shinyapps.io/lcbmofall/ and https://
lcbmdynnom.shinyapps.io/lcbmcss/). The clinical char-
acteristics of patients can be directly input to predict the
early death probability of patients.
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Fig. 5 ROC curves for the nomogram. (A) The ROC curve for the overall early death nomogram in the SEER database diagnosis between 2010
and 2015; (B) The ROC curve for the overall early death nomogram in the SEER database diagnosis at 2016; (C) The ROC curve for the cancer-
specific early death nomogram in the SEER database diagnosis between 2010 and 2015; (D) The ROC curve for the cancer-specific early death
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Discussion

Brain metastasis is one of the common causes of
death in cancer patients, and lung cancer is the main
primary tumor of brain metastasis. Nowadays the sur-
vival time of patients has been significantly prolonged
attributed to the early diagnosis and standardized
treatment of lung cancer. However, once brain metas-
tases occur, it will lead to neurological dysfunction,
epilepsy and even delirium, which seriously endangers
the survival of patients [18]. Thus, brain metastatic
from lung cancer has become a major problem in
neurosurgery.

The poor prognosis of brain metastatic lung cancer
has always been a concern. However, most studies
focus on the long-term survival of lung cancer pa-
tients with brain metastases, the early death of these
patients has not been explored [19-22]. The defin-
ition of early death varies from studies and is usually

defined as 30days to 3 months after diagnosis. In
this study, early death was defined as 3 months.

This study found that the overall early motality of lung
cancer was 27.5%, and the rate increased to 44.4% once
brain metastasis occurred, which indicated poor progno-
sis of lung cancer patients. Although the prognosis of
lung cancer patients has improved in recent years, we
found that the early mortality of patients with LCBM
remained stable from 2010 to 2016, which indicates that
we need to pay more attention to early death and related
factors to reduce the risk of early death. Further studies
found that age, race, gender, Gleason grade, histological
type, T stage, N stage, bone metastasis, liver metastasis
and marital status were independent risk factors for
early death of patients with LCBM. Previous studies has
shown that these risk factors have significant impact on
the long-term survival of lung cancer patients (except
bone metastases to SCLC), while it also shows that they
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have impact on the early death of patients with LCBM
in this study [23].

The study on early death has been applied to advanced
cancers in other systems and has shown important clin-
ical significance. Song et al. established a nomogram
chart to predict the early mortality of uterine sarcoma,
which was significantly better than FIGO stage system
[24]. Yang et al. established a model to predict the early
mortality of stage IV gastric cancer, and the AUC was as
high as 0.847 [25]. These studies demonstrate the feasi-
bility and significance of nomograms in predicting early
cancer motality. In our study, we established nomograms
of overall and cancer-specific early death probability, ac-
cording to the risk factors obtained from logistic regres-
sion analysis. The nomograms showed good predictive
ability and clinical applicability. Internal validation of the
nomogram showed good agreement between the pre-
dicted early deaths and the actual ones. DCA curves
showed that our nomograms have good clinical value
and practicability in predicting survival rate. It could
provide a portable early death screening and clinical

decision-making tool for clinicians, so as to customize
the targeted therapy after diagnosis with LCBM.

This study also has several limitations. First of all,
there is no information on molecular pathological indi-
cators in SEER data set, and there are no positive prog-
nostic variables. These variables may be an effective
supplement to the existing system, which will be the
main part of our future research. In addition, some indi-
cators related to patients’ basic information, such as co-
morbidity rate, were not included in the study. In
addition, although external validation is carried out, the
amount of data is small, and the model still needs exter-
nal validation of larger samples to estimate the accuracy.

Conclusion

In conclusion, we established a comprehensive nomo-
gram to predict early death in lung cancer patients with
synchronous brain metastases. Nomograms may help
oncologists develop better treatment strategies, such as
clinical trials and hospice care.
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