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Abstract
Introduction: To determine whether the patterns of extracranial metastasis (ECMs) provide supplementary
prognositc information to DS-GPA in elderly NSCLC patients with synchronous BM.

Methods: This study included 4974 NSCLC patients with initial BM diagnosed from 2010 to 2015 using
the Surveillance Epidemiology and End Results (SEER) program. Patients were divided randomly into
training and hold-out test sets. Patterns of ECMs were established based on the difference of survival via
competing risk analysis in the training set. A nomogram prediction of 6-month, 12-month, and 18-month
disease-speci�c survival (DSS) was built using independent prognostic factors.

Results: Three patterns of ECM were recognized: MA (neither liver, bone, nor lung involvement), MB
(without liver involvement), and MC (with liver involvement). Comparing MA, MB and MC showed
signi�cant correlation to survival (SHR, 1.126, 95% CI, 1.053-1.205, P<0.001; SHR, 1.46, 95% CI, 1.339-
1.592, P<0.001, respectively). In the hold-out test set, the AUC of the ROC curve for the 6-month DSS
prediction reached 0.778, whereas reaching 0.757 in the training set. The calibration curves did not
deviate from the reference line. Decision curve analyses revealed the net bene�t of the nomogram for
clinical utility.

Conclusions: These results help clinicians make decisions for brain-metastatic NSCLC in the era of
precision therapy. The risk strati�cation of extracranial involvements indicates differential treatment for
elderly NSCLC patients with synchronous brain-metastasis.

1. Introduction
Globally, lung cancer (LC) is the number one cause of cancer-associated death[1]. Most LC-related deaths
are due to metastasis, with brain being a common site. Non-small cell lung cancer (NSCLC) is the most
prevalent subtype and comprises about 85% of cases[2]. The incidence of brain metastasis (BM) in
NSCLC is growing due to imaging technique advancements, improved survival from novel regimens and
population aging[3]. The conventional therapies for NSCLC with BM include surgery, radiation and
chemotherapy with a median overall survival (mOS) ranging from 4.0 to 31.0 months[4]. The introduction
of tyrosine kinase inhibitors and the immune checkpoint inhibitors has improved the 5-year survival rate
from 30–60% in selected patients with metastatic NSCLC[5]. NSCLC with de novo BM has been
recognized as an entity with heterogeneous prognosis[6] and its risk strati�cation is a critical component
of standard management.

Several prognostic models have been applied to predict BM patients’ outcomes, such as the Disease-
Speci�c Graded Prognostic Assessment (DS-GPA). Besides age, DS-GPA considers four clinical factors:
Karnofsky Performance Status (KPS)[7], extracranial metastasis (ECM) and BM lesions. Genomic and
proteomic biomarkers have been reported to stratify patients, which necessitates invasive biopsy and
costly molecular sequencing[6]. The invasive nature of biopsy and the high cost of genomic tests limit
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their large-scale application. Meanwhile, utilizing readily available clinical data, recombination of the M1
stage for stage IV breast cancer can forecast prognosis and effects of primary surgery better[8].

This study on breast cancer has added additional details to DS-GPA, but no such research to modify DS-
GPA has been conducted for NSCLC yet. While more ECM lesions have proven to have a worse prognosis
in NSCLC patients with BM [9], the subdivision of ECM, other than the total number, might more
su�ciently address the medical challenges in NSCLC with BM. Noteworthy, half NSCLC patients are over
70-years-old[10]. Current epidemiological trends make LC in the geriatric population increasingly
recognized as a public health concern[11]. Yet, their prognostic estimates mainly stem from younger,
healthier patients enrolled in clinical trials[12], because patients over 70 years old have historically been
excluded from major landmark trials[13]. According to the WHO and published estimation, cancer is not
the number one cause of death in people older than 70-years[14]. Compared with the Cox proportional
hazards model, the competing risk model improves the strati�cation of senior patients with cancer by the
risk of dying from cancer relative to overall mortality[15].

A hospital-based cohort study of elderly NSCLC patients with de novo BM would be extremely
challenging, regarding to obtain samples su�cient to detect ECM patterns’ impact on survival. Due to
limitations of registries, the incidence of BM remains indistinct. Yet, the Surveillance Epidemiology and
End Results (SEER) program revealed data relevant to with or without BM at diagnosis of malignancies in
2016[16]. Given that it is a large population-based database, selection bias is largely reduced. Exploiting
NSCLC cohorts in SEER datasets, we analyzed the prognostic value of the ECM patterns in
septuagenarians and octogenarians with de novo BM and plotted a nomogram for clinical usage.

2. Materials And Methods

2.1 Patients
The study data set was retrieved from the SEER cancer registries, which are freely accessible via
SEER*Stat 8.3.8 (https://seer.cancer.gov). The SEER registry comprises 18 cancer registries across
America, taking up about 30% of the US population. The SEER data are periodically updated with clinical
information, such as tumor basics, therapies, secondary tumors, demographics and cause of death. The
present study was conducted in compliance with the Helsinki Declaration. Given that the SEER registry
contains only de-identi�ed information, ethical review and informed consent requirements were waived.

Following the ICD-O-3, all lung cancer cases (site codes C34.0-34.8) diagnosed between 2010 and 2015
were potentially included in our study. Restrictive inclusion items were applied and were as follows: 1)
NSCLC (histology codes, 8012/ 8013/ 8014/ 8046/ 8052/ 8070–8078/ 8083/ 8084/ 8140/ 8141/ 8143/
8144/ 8146/ 8147/ 8250–8255/ 8260/ 8310/ 8323/ 8481/ 8560); 2) malignant behavior; 3)
microscopically con�rmed primary lung cancer; 4) diagnosed between 2010 and 2015, 5) de novo BM
cases; 3) AJCC T1 to Tx stages.
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Given that elderly metastatic lung cancer patients rarely underwent surgeries, those who received surgery
(< 5%) were excluded from this study to improve the homogeneity of the study population. Other
exclusion criteria were: 1) aged younger than 70 years; 2) with prior or subsequent cancers; 3) underwent
surgical treatments; 4) less than one month of follow-up; 5) patients with unavailable information
regarding survival duration, status, cause of death or other important items.

We included clinical characteristics, such as gender, race, age, American Joint Committee on Cancer
(AJCC) T and N stage, histologic type, chemoradiotherapy, and ECM involvement. The included patients
were then randomly divided into a training and a hold-out test set in a 50/50 ratio. The former was used
to train the weights of the model, while the latter was to validate the predictive ability of the trained
model.

2.2 Statistics
Based on the accessibility of the SEER databank, ECM involvement in de novo brain-metastatic NSCLC
patients were separated into eight categories: none, bone alone, liver alone, lung alone, both bone and
liver, bone and lung, liver and lung, or all of the three. The main outcome was disease-speci�c survival
(DSS), and a competing risk is an event whose occurrence precludes the occurrence of the primary event
of interest.

The univariable and multivariable analyses of the competing risk model were conducted via Fine and
Gray’s regression, which led to the recombination of extracranial involvements for further investigation.
Multivariable analysis of the competing risk model was recalculated in the training, test, and whole sets,
followed by subgroup analysis and interaction tests. Multivariate analysis of overall survival (OS) was
carried out via Cox proportional hazards model. Sensitivity analyses were done to support the primary
analysis. Cumulative incidence curves for DSS and OS were estimated via Gray’s and log-rank tests,
respectively.

A nomogram of independent factors predicting DSS was depicted based on multivariate analysis of the
competing risk model. A stepwise variable selection method was applied. For calibration, estimated
probabilities were contrasted with the actual ones. Time-dependent ROC curves were used to judge
discrimination. Decision curves analysis (DCA) was applied to visualize the clinical bene�ts of alternative
models by calculating net bene�ts under different threshold probabilities. Curves of therapy plan (highest
cost) and no plan (no bene�t) were used as references.

Chi-square and Fisher exact test were used for categorical data. Statistical signi�cance level was set at a
P value (two-tailed) < 0.05, except for those that were speci�cally stated. Chi-square, Fisher exact test, Cox
proportional hazards model, Kaplan-Meier method, Gray’s test, and Fine-Gray regression model were
performed using R (version 3.4.3; The R foundation for statistics, Vienna, Austria).

3. Results
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3.1 characteristics
In total, 4,974 cases were identi�ed as de novo brain-metastatic NSCLC aged over 70 years, with both
training and hold-out test sets allocated 2,487 cases each. The most frequently involved organs were
bone, contra-lateral lung and liver. Clinicopathologic characteristics were well-balanced between the two
data sets. Speci�c basic characteristics are outlined in Table 1 and supplemental Table 1.



Page 6/20

Table 1
Baseline Demographic Data

  Total (n = 4974) Train (n = 2487) Test (n = 2487) P value

Age, n (%)     0.588

<=74 2246 (45) 1113 (45) 1133 (46)

> 74 2728 (55) 1374 (55) 1354 (54)

Race, n (%)     0.196

Black 460 ( 9) 230 ( 9) 230 ( 9)  

White 3954 (79) 1997 (80) 1957 (79)

Others 560 (11) 260 (10) 300 (12)  

Sex, n (%)     0.461

Male 2451 (49) 1212 (49) 1239 (50)

Female 2523 (51) 1275 (51) 1248 (50)

AJCC.T, n (%)     0.203

T1 532 (11) 256 (10) 276 (11)  

T2 1362 (27) 697 (28) 665 (27)  

T3 1103 (22) 558 (22) 545 (22)  

T4 1400 (28) 671 (27) 729 (29)  

Tx 577 (12) 305 (12) 272 (11)  

AJCC.N, n (%)     0.146

N0 1188 (24) 565 (23) 623 (25)  

N1 419 ( 8) 199 ( 8) 220 ( 9)  

N2 2225 (45) 1131 (45) 1094 (44)

N3 844 (17) 431 (17) 413 (17)  

Nx 298 ( 6) 161 ( 6) 137 ( 6)  

Histology, n (%)     0.669

AC 3574 (72) 1775 (71) 1799 (72)

SSC 756 (15) 380 (15) 376 (15)  

Abbreviations: AC, adenocarcinoma; SSC, squamous carcinoma; NSCLC, non-small cell lung
carcinoma, nothing otherwise special.
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  Total (n = 4974) Train (n = 2487) Test (n = 2487) P value

NSCLC 644 (13) 332 (13) 312 (13)  

Chemo-radiotherapy, n (%)   0.633

None 880 (18) 425 (17) 455 (18)  

Radiation 1762 (35) 890 (36) 872 (35)  

Chemotherapy 384 ( 8) 199 ( 8) 185 ( 7)  

Both 1948 (39) 973 (39) 975 (39)

Chemo-radiotherapy_2, n (%)     0.281

None 880 (18) 425 (17) 455 (18)

Yes 4094 (82) 2062 (83) 2032 (82)

Bone involvement, n (%)     0.386

None 3274 (66) 1652 (66) 1622 (65)

Yes 1700 (34) 835 (34) 865 (35)  

Liver involvement, n (%)   0.532

None 4070 (82) 2026 (81) 2044 (82)

Yes 904 (18) 461 (19) 443 (18)  

Lung involvement, n (%)     0.448

None 3589 (72) 1782 (72) 1807 (73)

Yes 1385 (28) 705 (28) 680 (27)  

Abbreviations: AC, adenocarcinoma; SSC, squamous carcinoma; NSCLC, non-small cell lung
carcinoma, nothing otherwise special.

3.2 Correlation between patterns of distant metastasis and
DSS
As depicted in Table 2, univariate analysis indicated that involvement of the liver, whether alone, with
concomitant bone or lung metastasis, or with concomitant both bone and lung involvement was
correlated with worse DSS (SHR, 1.43, 95% CI, 1.17–1.76, P < 0.01; SHR, 1.30, 95% CI, 1.09–1.55, P < 0.01;
SHR, 1.46, 95% CI, 1.16–1.85 P < 0.01; SHR, 1.33, 95% CI, 1.08–1.64, P < 0.01, respectively). Multivariable
analysis con�rmed that these four patterns of distant metastasis were independent prognostic factors
(SHR, 1.42, 95% CI, 1.15–1.76, P < 0.01; SHR, 1.35, 95% CI, 1.10–1.65, P < 0.01; SHR, 1.47, 95% CI, 1.17–
1.85, P < 0.01; SHR, 1.40, 95% CI, 1.13–1.74, P < 0.01, respectively). Regarding bone involvement alone, it
was associated with worse DSS. Although its univariate analysis is not statistically signi�cant (SHR, 1.09,
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95% CI, 1.04–1.22, P = 0.16), multivariable analysis gained signi�cance (SHR, 1.18, 95% CI, 1.05–1.33, P 
< 0.01). However, no signi�cant difference was observed with contra-lateral lung metastasis alone (SHR,
1.11, 95% CI, 0.98–1.24, P = 0.08; SHR, 1.07, 95% CI, 0.93–1.21, P = 0.35, respectively).
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Table 2
Univariate and Multivariate Analysis via Competing Risk Regression Model

  Univariate Analysis Multivariate Analysis

  SHR(95%CI) P value SHR(95%CI) P value

Age.cat        

<=74 Ref   Ref  

> 74 1.1(1.02–1.19) 0.01 1.06(0.97–1.15) 0.19

Race        

Black Ref   Ref  

White 0.977(0.86–1.11) 0.73 1.01(0.88–1.17) 0.87

Others 0.801(0.67–0.95) 0.01 0.85(0.70–1.03) 0.09

Sex        

Male Ref   Ref  

Female 0.917(0.85–0.99) 0.03 0.96(0.88–1.04) 0.31

AJCC.T        

T1 Ref   Ref  

T2 1.17(1.01–1.35) 0.03 1.17(1.01–1.35) 0.04

T3 1.29(1.11–1.49) < 0.01 1.24(1.06–1.46) < 0.01

T4 1.27(1.10–1.46) < 0.01 1.24(1.06–1.44) < 0.01

Tx 1.22(1.03–1.45) 0.02 1.21(1.02–1.45) 0.03

AJCC.N        

N0 Ref   Ref  

N1 0.879(0.74–1.04) 0.13 0.86(0.72–1.04) 0.12

N2 1.118(1.01–1.24) 0.03 1.14(1.02–1.27) 0.02

N3 1.13(0.99–1.28) 0.05 1.22(1.07–1.40) < 0.01

Nx 1.06(0.89–1.26) 0.5 0.93(0.76–1.15) 0.51

Chemoradiotherapy      

None Ref   Ref  

Abbreviations: AC, adenocarcinoma; SSC, squamous carcinoma; NSCLC, non-small cell lung
carcinoma, nothing otherwise special; Ref, reference.
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  Univariate Analysis Multivariate Analysis

Radiation 0.904(0.79–1.04) 0.15 0.91(0.79–1.04) 0.16

Chemotherapy 0.482(0.40–0.57) < 0.01 0.48(0.40–0.57) < 0.01

Both 0.518(0.46–0.59) < 0.01 0.51(0.44–0.58) < 0.01

Histology      

AC Ref   Ref  

SSC 1.38(1.24–1.54) < 0.01 1.29(1.14–1.45) < 0.01

NSCLC 1.32(1.18–1.48) < 0.01 1.25(1.10–1.41) < 0.01

Involvement        

None Ref   Ref  

Bone 1.09(1.04–1.22) 0.16 1.18(1.05–1.33) < 0.01

Liver 1.43(1.17–1.76) < 0.01 1.42(1.15–1.76) < 0.01

Lung 1.11(0.98–1.24) 0.08 1.07(0.93–1.21) 0.35

Bone + Liver 1.30(1.09–1.55) < 0.01 1.35(1.10–1.65) < 0.01

Bone + Lung 1.07(0.94–1.26) 0.45 1.06(0.89–1.27) 0.05

Liver + Lung 1.46(1.16–1.85) < 0.01 1.47(1.17–1.85) < 0.01

All 1.33(1.08–1.64) < 0.01 1.40(1.13–1.74) < 0.01

Abbreviations: AC, adenocarcinoma; SSC, squamous carcinoma; NSCLC, non-small cell lung
carcinoma, nothing otherwise special; Ref, reference.

3.3 Subcategories of M1 cohort
Based on independent prognostic factors from multivariable analysis of competing risk model, the eight
groups of extracranial involvements were recombined into MA, MB and MC subcategories (Supplemental
Table 2). The group with all three lesions topped the list, while the group without ECM ranked at the
bottom. Given that the SHR of the other three groups with liver metastasis was higher than that of the
bone solo group, they ranked higher. The two groups without independent prognosis ranked after the
bone solo group. Only two of the seven P values were < 0.05, making the cutoff among MA, MB, and MC.
The signi�cance of subcategory prognostic difference was con�rmed by SHR (MC VS. MB 1.15, 95%CI
1.05–1.26; MB VS. MA 1.11, 95%CI 1.02–1.2).

3.4 Multivariable analysis of the competing risk model
Validation of the M1 subcategory system is described and depicted in supplemental Table 3. Multivariate
analysis indicated that the MC and MB subcategories were risk factors in the training set (SHR, 1.097,
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95% CI, 0.998–1.206, P = 0.05; SHR, 1.392, 95% CI, 1.232–1.573, P < 0.001), hold-out test set (SHR, 1.145,
95% CI, 1.04–1.261, P = 0.006; SHR, 1.534, 95% CI, 1.363–1.725, P < 0.001), and whole dataset (SHR,
1.126, 95% CI, 1.053–1.205, P < 0.001; SHR, 1.46, 95% CI, 1.339–1.592, P < 0.001).

3.5 Cumulative incidence curves of DSS and OS
Cumulative incidence curves plotted the mortality augments across M1 subcategories in training, test and
whole data sets. Again, the validation of the M1 subdivision was con�rmed (Fig. 1).

3.6 Subgroup analysis and interaction tests
To study the interaction between treatment mortality and M1 subcategories, MB and MC were combined
and compared to MA (Fig. 2). In the subgroups of no-chemoradiotherapy, radiotherapy, and
chemoradiotherapy, presence of ECM was associated with unfavorable prognosis (SHR, 1.44, 95% CI,
1.21–1.71, P < 0.01; SHR, 1.22, 95% CI, 1.08–1.37, P < 0.01; SHR, 1.23, 95% CI, 1.07–1.41, P < 0.01,
respectively).

Further analysis of interaction was applied, and signi�cant interaction from the therapy regimen was
observed. Compared to no-chemoradiotherapy, both chemotherapy and chemoradiotherapy have
synergistic modi�cation effects on ECM (adjusted SHR, 0.67, 95% CI, 0.67–0.81, P < 0.01; adjusted SHR,
0.73, 95% CI, 0.67–0.81, P < 0.01, respectively), while solo radiotherapy imposed antagonistic
modi�cation effects on ECM (adjusted SHR, 1.25, 95% CI, 1.12–1.39, P < 0.01).

3.7 Kaplan-Meier curves and the Cox proportional hazard
model
Kaplan-Meier curves were depicted to investigate survival differences between the covariates (Fig. 3).
Compared to MA, MB and MC were associated with increased risk for OS (Supplemental Table 4). HR of
MB was 1.248 (95%CI, 1.133–1.374), 1.203 (95%CI, 1.094–1.323), and 1.226 (95%CI, 1.146–1.312) in the
training, test and whole datasets (P < 0.001), while HR of MC was 1.892 (95%CI, 1.685–2.124), 1.815
(95%CI, 1.612–2.044) and 1.856 (95%CI, 1.709–2.016) in the training, test and whole datasets (P < 
0.001).

3.8 Construction and validation of a competing risk
nomogram in the training set
A competing risk nomogram was built via the Fine and Gray model to predict the 6-month, 12-month and
18-month cumulative death probabilities (Fig. 4A). Calculation details are listed in Supplemental Table 5.

As depicted in Fig. 4B, the calibration curves for DSS were close to the standard curves. The ROC curve
used to assess the nomogram of DSS is shown in Fig. 5. AUC of DSS was 0.757, 0.748 and 0.738 for 6-
month, 12-month and 18-month prediction(Fig. 4C), respectively. DCA analysis proved the clinical value of
this model for 6- and 12-month prediction. (Fig. 4D-F).
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3.9 Validation of the nomogram in the hold-out test set
The calibration curves for DSS in the hold-out test set were plot in Fig. 5A. Again, calibration curves were
close to standard curves. The ROC curve used to assess the nomogram of DSS is shown in Fig. 5. AUC of
DSS was 0.778, 0.769 and 0.756 for the 6-month, 12-month, and 18-month prediction(Fig. 5B),
respectively. The DCA analysis indicated the good value of this model for 6- and 12-month predictions.
(Fig. 5C-E).

4. Discussion
In the present study, the Fine and Gray proportional sub-distribution hazard model revealed that the
anatomic extent of ECM is an independent prognostic factor for DSS in NSCLC with de novo BM. After
recombination of ECM into three subtypes (MA, MB and MC), multivariable analysis based on the
competing risk model was re-performed, with ECM subdivision, AJCC T and N, chemoradiotherapy, and
histology found signi�cantly associated with DSS. Furthermore, these independent predictive factors
were employed to create 6-month, 12-month, and 18-month nomograms for DSS. While in the training
cohort, the AUC for the 6-month DSS prediction reached 0.757, it reached 0.778 in the internal validation
cohort. The calibration curves did not deviate from the reference line. Decision curve analyses (DCA)
revealed the net bene�t of the nomogram for clinical utility.

The TNM8th classi�cation of LC addressed the existence of synchronous oligo-metastatic patients with a
single extrathoracic metastatic lesion (M1b), which is almost the same in prognosis to those presenting
with the intra-thoracic metastatic disease only (M1a)[17]. In terms of prognosis, these two groups stood
out from the other metastatic population (M1c), which involved multiple metastatic organs. Identi�cation
of this new category can be related to several factors, including improvement in diagnostic and imaging
accuracy, the continuous increase in systemic oncological treatment e�cacy, and the favorable
tolerability of local ablative treatments[18]. Given the outcome variability within M1c stages, identifying
independent, but complementary prognostic factors is of intense interest[19]. As mentioned in the
introduction, various models have been proposed to prognosticate patients with brain metastasis[20–22].
The DS-GPA incorporates the presence/ absence of ECM, but a wide range of individualized survival
probability was found within each DS-GPA class. In addition to its presence alone, more ECM lesions were
associated with a poorer prognosis in NSCLC patients with BM[9, 23].

According to our analyses, ECM patterns in NSCLC with BM is quali�ed to stratify prognosis. Patients
were divided into MA (neither liver, bone, nor lung involvement), MB (without liver involvement), and MC
(with liver involvement). The MA subcategory had relatively favorable prognosis, while the MC
subcategory had signi�cant survival disadvantage. Our strati�cation is consistent with previous
research[9, 24]. It has been proposed that distant metastases in LC are nonrandom and there may be
speci�c patterns of distant metastases[25]. According to the seed and soil hypothesis[26], there are
complex ways for disseminated cells to interact with the host organ microenvironment, hence different
interactions may result in distinctive patterns of metastatic events. According to our analyses, once the
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liver becomes involved, patient survival would be impaired. One reported theory is that, as the liver is an
immunosuppressive organ when metastases occur, liver metastasis impedes the liver’s immune
surveillance of other ongoing metastases[27]. Similarly, NSCLC patients with metastasis to their brain
and liver were more likely to progress when treated with PD-1 inhibitors.

Multivariable analysis of the competing risk model, as well as CIF, validated the independent prognostic
role of ECM subdivision in NSCLC with de novo BM. In a cohort of 4974 patients, our analysis harbored a
large number of NSCLC cases with initial BM, hence enough statistical power to examine the potential
correlation between ECM subdivision and DSS. The competing risk model was somehow different from
the Cox model, suggesting that the improvement in the competing risk model was relevant. Elderly LC
patients with BM have disadvantages in various aspects, such as immuno-senescence and decreased
physiologic reserve[28]. The competing risk model can improve strati�cation of elderly cancer patients
with cancer-speci�c death to overall mortality[15, 29]. Although the competing risk model was less than
perfect, it was validated in our data.

The nomogram allowed for individualized estimation of DSS and highlighted the potential to tailor
predictions to individual patients rather than group-wise estimations from other models like the DS-GPA.
This nomogram can be readily used in clinical practice to provide patients and their physician with an
individualized survival estimate, using readily available variables. As early as 2012, Jill S proposed a
nomogram for individual estimation of survival among patients with BM. They incorporated age, KPS,
primary sites, histology, status of primary disease, metastatic spread (brain alone or with ECM), and
number of brain lesions. After direct comparison with the DS-GPA, our nomogram was superior in
individualized estimations of survival. Compared to Jill S’ nomogram, our nomogram can provide an
even more detailed prognosis for elderly NSCLC patients with BM, although direct comparison between
these two nomograms wasn’t available due to lack of relevant information in SEER. Another nomogram
was plotted by Heng Shen to predict early death of LC patients with synchronous BM[30]. Age, race,
gender, Gleason grade, histological type, T stage, N stage, bone metastasis, liver metastasis and marital
status were included in the nomogram. The AUC of the ROC curve was 0.794 (95% CI: 0.788–0.799).
Similarly, in Heng Shen’s nomogram, synchronous liver metastasis in LC patients with BM signi�cantly
increases the risk of early death. Hence, this nomogram is consistent with ours.

This study had several limitations. The demographic and clinical information provided by SEER isn’t
complete.It also lacks detailed records of treatment, such as chemotherapy and radiotherapy. Both
targeted therapy and immunotherapy have become popular in the comprehensive treatment of NSCLC
with BM. However, the SEER database has neither speci�c information about these novel therapies nor
mutation data. Third, head-to-head comparisons between our nomogram and the DS-PGA were
unavailable because DS-PGA couldn’t be calculated based on SEER data. Additionally, we used internal
samples to validate the competing risk nomogram. It would be better if external validation from another
dataset was available. Thus, more studies are necessary to validate our results in the future.

5. Conclusion
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In conclusion, the extracranial subdivision of M1 categories harbors the type and number of metastatic
sites and provides extra information for prognosis in septuagenarians and octogenarians with De Novo
Brain-metastatic NSCLC. A created competing risk nomogram incorporated the pattern of ECM, AJCC T
and N, histology, and chemoradiotherapy. This may act as a useful implement for clinicians to evaluate
DSS and help to choose appropriate medical care.
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Figures

Figure 1

Curves of Cumulative Incidence (A-C) and Log-rank Test (D-F) among ECM patterns: the training set
(A&D), the hold-out test set (B&E), and the whole set (C&F).
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Figure 2

Competing risk nomogram predicting 6-month, 12-month, and 18-month cumulative probabilities of DSS
in elderly NSCLC patients with synchronous BM (A), calibration curves and ROC curves with AUC for 6-
month, 12-month, and 18-month prediction (B and C), DCA curves for 6-month (D), 12-month (E), and 18-
month (F) prediction, in the training set.

Abbreviations: AC, adenocarcinoma; SSC, squamous carcinoma; NSCLC , non-small cell lung carcinoma,
nothing otherwise special; Mets subdivision, extracranial metastasis subdivision.
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Figure 3

Validation of the nomogram in the hold-out test set: calibration curves and ROC curves with AUC for 6-
month, 12-month, and 18-month prediction (A and B), DCA curves for 6-month (C), 12-month (D), and 18-
month (E) prediction, in the hold-out test set.
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