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Abstract

Obijective: To identify risk factors and develop predictive web-based nomograms for the early
death of patients with bone metastasis of lung adenocarcinoma (LUAD).

Methods: Patients in the Surveillance, Epidemiology, and End Results database diagnosed with
bone metastasis of LUAD between 2010 and 2016 were included and randomly divided into
training and validation sets. Early death-related risk factors (survival time <7 months) were
evaluated by logistic regression. Two predictive nomograms were established and validated by
calibration curves, receiver operating characteristic curves, and decision curve analysis.
Results: A total of 9189 patients (56.59%) died from all causes within 7 months of being diag-
nosed, including 8585 patients (56.67%) who died from cancer-specific causes. Age >65 years,
sex (men), T stage (T3 and T4), N stage (N2 and N3), brain metastasis, and liver metastasis were
risk factors for all-cause and cancer-specific early death. The area under the curves of the
nomograms for all-cause and cancer-specific early death prediction were 0.754 and 0.753
(training set) and 0.747 and 0.754 (validation set), respectively. Further analysis showed that
the two nomograms performed well.

Conclusions: Our two web-based nomograms for all-cause and cancer-specific early death
provide valuable tools for predicting early death in these patients.
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Introduction

Lung cancer (LC) is a serious threat to
human survival and health, with the
second highest incidence (11.4% of all
cancer types) and mortality rate (18.0% of
total cancer deaths) worldwide.! The most
common type of LC is lung adenocarcino-
ma (LUAD), which accounts for 40% of all
LC cases.” Approximately 55% of patients
with LC develop distant metastasis, and
bone metastasis is the most common type
(30%-40% of all patients).>* Gaining a
further understanding of the physiological
and pathological status of LC and the
implementation of biomarker-based thera-
pies have improved the survival rates of
patients.”’ However, approximately 30%
to 40% of patients with LC have bone
metastasis, and the median survival time
of these patients is less than 7 months.®
Therefore, it is important to identify high-
risk factors associated with early death and
provide treatment options for patients with
LUAD with bone metastasis. Studies on
high-risk factors have been conducted in
gastrointestinal tumors and endometrial
cancers, but few have been reported in
LUAD.”'"! Furthermore, risk factors for
early death in patients with bone metastasis
of LUAD have not been well documented.
Therefore, analyzing risk factors of early
death (survival time <7 months) in patients
with LUAD and bone metastasis is clinical-
ly significant.® As a new tool, nomograms
have been widely used to predict the
occurrence and prognosis of diseases, espe-
cially various tumors.'>!®  Web-based
nomograms have a more user-friendly oper-
ation interface, and accurate evaluation

values can be obtained according to the
different disease characteristics of each
patient.m’15 Therefore, based on the
Surveillance, Epidemiology, and End
Results (SEER) database, this study aimed
to identify risk factors and establish two
web-based nomograms for predicting early
death in patients with LUAD and bone
metastasis.

Materials and methods

Data collection

All patients diagnosed with LUAD and
bone metastasis between 2010 and 2016
were selected from the SEER database.
Patients who met the following criteria
were included in the study: (I) adenocarci-
nomas of the lung (C34.9, 8140/3), (IT) year
of diagnosis between 2010 and 2016, and
(IIT) bone metastasis (SEER Combined
Mets at DX-bone (2010+)). Patients with
incomplete or missing information were
excluded. Patient characteristics included
the following: race, sex, age, surgery, radio-
therapy, chemotherapy, T stage, N stage,
brain metastasis, liver metastasis, lung
metastasis, cause of death, survival dura-
tion (months), and vital status record. All-
cause early death and cancer-specific
early death were defined as a survival time
<7 months from diagnosis to all causes
of death and cancer-specific causes of
death, respectively. Because public and
anonymous data were used, the need for
informed consent and ethics committee
approval was waived. The reporting of this
study conforms to STROBE guidelines.'®
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Nomogram construction and statistical
analysis

The primary outcomes of this study were
all-cause early death and cancer-specific
early death. X-tile software was used to
obtain the optimal cut-off point for age.'’
All data were randomly divided into train-
ing and validation sets at a ratio of 7:3
using the “caret” package.'®™'” The chi-
square test was used for the comparison
of categorical variables between the training
set and validation set. The odds ratio (OR)
was calculated to quantify the effect of each
predictor on all-cause early death and
cancer-specific early death. Based on uni-
variate logistic regression analysis (p-value
<0.05), a multivariate logistic regression
model was used to further analyze the var-
iables. The variables with p-values <0.05 in
the multivariate regression analysis were
considered significant risk factors. Based
on the significant variables associated with
all-cause and cancer-specific early death,
two sets of forest maps were established.
Significant variables were also included in
establishing two nomograms. Receiver
operating characteristic (ROC) curves, cal-
ibration curve analysis, and decision curve
analysis (DCA) were used to evaluate the
performance of the nomograms. The
“DynNom” software package was used to
build two network-based nomograms that
could accurately calculate the probability
of early death. All statistical analyses were
conducted using R (www.r-project.org).

Results

Patient characteristics

In our study, 16,239 patients with LUAD
with bone metastasis were included and
divided into training (n=11,368) and vali-
dation (n=4871) sets. A total of 9189
(56.59%) patients were defined as all-
cause early death. For cancer-specific

survival or death, 15,149 patients with
bone metastasis of LUAD were included
and divided into training (n=10,605) and
validation (n =4544) sets. Specific inclusion
and exclusion criteria are shown in
Figure 1. Of these, 8185 (56.67%) patients
died early from cancer-specific causes. The
optimal age cut-off (Figure 2) of patients
with LUAD with bone metastasis was
65 and 75 years old for the all-cause death
group and cancer-specific death group,
respectively. Therefore, we converted age
from a continuous variable to a categorical
variable (<65, 6675, and >75 years old).
Most patients were <65 years (n=7397,
45.55%) and men (n=_8656, 53.30%). The
main primary race was white (n= 12,509,
77.03%), followed by black (n=1953,
12.03%), and others (American Indian/
Alaska Native, Asian/Pacific Islander,
n=1777, 10.94%). The most common T
and N stages were T4 (n=15404, 33.28%)
and N2 (n=7599, 46.79%), respectively.
Among these patients, 4302 (26.49%)
patients had Dbrain metastases, 3660
(22.54%) had liver metastases, and 5127
(31.57%) had intrapulmonary metastasis.
Regarding treatment plans, 9342
(57.53%), 10,651 (65.59%), and 284
(1.75%) patients underwent radiotherapy,
chemotherapy, and surgery, respectively.
Additional details are shown in Table 1
(all-cause early death) and Table 2
(cancer-specific early death).

Risk factors for early death

The univariate logistic analysis results of
16,239 patients with LUAD (all-cause
death group) showed that age, sex, race, T
stage, N stage, brain metastasis, liver metas-
tasis, lung metastasis, chemotherapy, and
surgery influenced the onset of all-cause
early death (p<0.001). The results of the
multivariate logistic analysis showed that
age (65-75 and >75), T stage (T2, T3, and
T4), N stage (N2 and N3), brain metastasis,
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Lung adenocarcinoma patients between
2010 and 2016 from SEER database

Exclusion criteria:
TNM stage unknown
Therapy method unknown

Distant metastasis unknow
Age <18 years
Follow-up time was unknown )

Patients with bone metastasis
(n=16239)

|
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Calibrations, the receiver operating characteristic curves, and decision curve analysis

l

‘ Two web-based nomograms |

Figure |. Patient selection and study design flow chart.

SEER, Surveillance, Epidemiology, and End Results.

and liver metastasis were associated with
higher all-cause early death (p<0.001).
Chemotherapy, surgery, and race (others)
were protective factors and associated
with survival longer than seven months
(p<0.01). The univariate logistic analysis
results of 15,149 patients with LUAD
(cancer-specific death group) showed that
age, sex, race, T stage, N stage, brain metas-
tasis, liver metastasis, lung metastasis, che-
motherapy, and surgery influenced the
onset of cancer-specific early death
(p<0.01). For cancer-specific death, age

(65-75 and >75), T stage (T2, T3, and
T4), N stage (N2 and N3), brain metastasis,

and liver metastasis were risk factors
(p<0.01). Chemotherapy, surgery, and
race (others) were protective factors

(p<0.01). Additional details are shown in
Table 3 (all-cause early death) and Table 4
(cancer-specific early death).

Forest plots and nomogram construction

We established two sets of forest plots for
all-cause (Figure 3a—b) and cancer-specific
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Figure 2. The appropriate cut-off values for age. The cut-off values were assessed by X-tile analysis. The
frequency distribution histogram (a) with appropriate cut-off values of age (65 and 75 years old) and survival
curve of the three groups (b) for the all-cause early death group. The frequency distribution histogram

(c) with appropriate cut-off values of age (65 and 75 years old) and survival curve of the three groups (d) for

the cancer-specific early death group.

(Figure 3c—d) early death. Based on the results
of multivariate logistic analysis, we con-
structed two prognostic nomograms, including
all significant independent factors of all-cause
(Figure 4a) and cancer-specific (Figure 4b)
early death. Using these nomograms, the
early death probability of each patient can
be determined by adding the specific numerical
value of each predictive variable.

Performance of nomograms

In the ROC curve analysis, the area under
the curve of the nomograms (Figure 5) for
all-causes and cancer-specific early death

prediction was 0.754 and 0.753 in the train-
ing set and 0.747 and 0.754 in the validation
set, respectively. In addition, calibration
curves showed the robust calibration of
all-cause early death nomograms and
cancer-specific early death nomograms
(Figure 6). DCA showed that the nomo-
grams provide excellent tools to assess the
risk of early death after bone metastasis in
patients with LUAD (Figure 7).

Web-based nomogram

were
all-cause

Two web-based
constructed to

nomograms
predict  the
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Table |I. Demographic and clinicopathological variables for patients with lung adenocarcinoma in the all-
cause early death group.

Total set Training set Validation set
(N=16,239) (N=11,368) (N=4871)
Variables n % n % n % 1 p-value
Age (years) 1.321 0517
<65 7397 45.55 5210 45.83 2187 44.9
65-75 5118 31.52 3572 31.42 1546 31.74
>75 3724 22.93 2586 22.75 1138 23.36
Race 0316 0.854
White 12,509 77.03 8746 76.94 3763 77.25
Black 1953 12.03 1368 12.03 585 12.01
Other 1777 10.94 1254 11.03 523 10.74
Sex 0.037 0.848
Women 7583 46.70 5314 46.75 2269 46.58
Men 8656 53.30 6054 53.25 2602 53.42
T stage 2413 0.491
Tl 2279 14.03 1599 14.07 680 13.96
T2 4439 27.34 3071 27.01 1368 28.08
T3 4117 25.35 2882 25.35 1235 25.35
T4 5404 33.28 3816 33.57 1588 32,6
N stage 2.734 0.434
NO 3483 21.45 2438 21.45 1045 21.45
NI 1359 8.37 925 8.14 434 891
N2 7599 46.79 5336 46.94 2263 46.46
N3 3798 23.39 2669 23.48 1129 23.18
Brain metastasis 1.784 0.182
No 11,937 73.51 8322 73.21 3615 74.21
Yes 4302 26.49 3046 26.79 1256 25.79
Liver metastasis 1.037 0.309
No 12,579 77.46 8781 77.24 3798 77.97
Yes 3660 22.54 2587 22.76 1073 22.03
Lung metastasis <0.001 0.996
No 1,112 68.43 7779 68.43 3333 68.43
Yes 5127 31.57 3589 31.57 1538 31.57
Radiotherapy 6.084 0014
No 6897 42.47 4757 41.85 2140 43.93
Yes 9342 57.53 6611 58.15 2731 56.07
Chemotherapy 0.035 0.852
No 5588 34.41 3917 34.46 1671 34.31
Yes 10,651 65.59 7451 65.54 3200 65.69
Surgery 1.995 0.158
No 15,955 98.25 11,180 98.35 4775 98.03
Yes 284 1.75 188 1.65 96 1.97
Early death 1.488 0.223
No 7050 4341 4900 43.1 2150 44.14
Yes 9189 56.59 6468 56.9 2721 55.86

#Chi-square test was performed to compare the training set and validation set.
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Table 2. Demographic and clinicopathological variables for patients with lung adenocarcinoma in the
cancer-specific early death group.
Total set Training set Validation set
(N=15,149) (N =10,605) (N =4544)
Variables n % n % n % P p-value
Age (years) 1.078 0.583
<65 7003 46.23 4874 45.96 2129 46.85
65-75 4733 31.24 3325 31.35 1408 30.99
>75 3413 22.53 2406 22.69 1007 22.16
Race 0.386 0.825
White 11,689 77.16 8178 77.11 3511 77.27
Black 1799 11.88 1254 11.82 545 11.99
Other 1661 10.96 1173 11.06 488 10.74
Sex 0.328 0.567
Women 7084 46.76 4943 46.61 2141 47.12
Men 8065 53.24 5662 53.39 2403 52.88
T stage 3.679 0.298
Tl 2090 13.80 1436 13.54 654 14.39
T2 4148 27.38 2927 27.6 1221 26.87
T3 3830 25.28 2708 25.54 1122 24.69
T4 508l 33.54 3534 33.32 1547 34.04
N stage 1.317 0.725
NO 3189 21.05 2240 21.12 949 20.88
NI 1264 8.34 901 8.5 363 7.99
N2 7110 46.93 4961 46.78 2149 47.29
N3 3586 23.67 2503 23.6 1083 23.83
Brain metastasis 4.723 0.030
No 11,084 73.17 7705 72.65 3379 74.36
Yes 4065 26.83 2900 27.35 1165 25.64
Liver metastasis 7.745 0.005
No 11,682 77.11 8112 76.49 3570 78.57
Yes 3467 22.89 2493 23.51 974 21.43
Lung metastasis 0.408 0.523
No 10,339 68.25 7221 68.09 3118 68.62
Yes 4810 31.75 3384 31.91 1426 31.38
Radiotherapy 8.633 0.003
No 6365 42.02 4374 41.24 1991 43.82
Yes 8784 57.98 6231 58.76 2553 56.18
Chemotherapy 0.130 0.718
No 5162 34.07 3604 33.98 1558 34.29
Yes 9987 65.93 7001 66.02 2986 65.71
Surgery 0.049 0.825
No 14,891 98.30 10,426 98.31 4465 98.26
Yes 258 1.70 179 1.69 79 1.74
Early death <0.001 0.997
No 6564 43.33 4595 43.33 1969 43.33
Yes 8585 56.67 6010 56.67 2575 56.67

#Chi-square test was performed to compare the training set and validation set.
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Table 3. Univariate and multivariate logistic analysis based on all variables for all-cause early death.

Univariate analysis Multivariate analysis

Variables OR 95%Cl p-value OR 95%Cl p-value
Age (years)

<65 Reference Reference

65-75 1.282 1.716—1.397 <0.001 1.231 1.118-1.355 <0.001

>75 1.751 1.588-1.930 <0.001 1.374 1.228-1.539 <0.001
Race

White Reference Reference

Black 1.108 0.986—1.245 0.086 1.054 0.924-1.201 0.432

Others 0.42 0.372-0.475 <0.001 0.408 0.356-0.458 <0.001
Sex

Women Reference Reference

Men 1.386 1.287-1.494 <0.001 1.485 1.366—1.615 <0.001
T stage

Tl Reference Reference

T2 1.248 I.106—-1.409 <0.001 1.248 1.089-1.430 0.001

T3 1.397 1.236—-1.580 <0.001 1.329 1.154-1.531 <0.001

T4 1.496 1.330-1.682 <0.001 1.428 1.243—1.641 <0.001
N stage

NO Reference Reference

NI 1.002 0.862-1.166 0.975 1.173 0.989-1.392 0.068

N2 1.385 1.285-1.526 <0.001 1.600 1.432—-1.788 <0.001

N3 1.273 1.140-1.422 <0.001 1.621 1.426—1.843 <0.001
Brain metastasis

No Reference Reference

Yes 1.266 I.164-1.378 <0.001 1.379 1.253-1.519 <0.001
Liver metastasis

No Reference Reference

Yes 1.606 1.466—-1.760 <0.001 1.673 1.511-1.853 <0.001
Lung metastasis

No Reference Reference

Yes 1.152 1.063—-1.248 0.001 1.030 0.933-1.136 0.558
Radiotherapy

No Reference

Yes 1.046 0.970-1.128 0.241
Chemotherapy

No Reference Reference

Yes 0.143 0.130-0.157 <0.001 0.138 0.125-0.153 <0.001
Surgery

No Reference Reference

Yes 0.594 0.444-0.794 <0.001 0.617 0.444-0.855 0.004

OR, odds ratio; Cl, confidence interval.

(https://wenn23.shinyapps.io/pmedlabm/) The nomogram forecast is shown on the
and cancer-specific (https: //wenn23.sh left side of the page for all-cause early
inyapps.io/pmedlabmess/) early death of  death (Figure 8a). As an example for calcu-
patients with bone metastasis of LUAD. lating the risk of all-cause early death, we
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Table 4. Univariate and multivariate logistic analysis based on all variables for cancer-specific early death.

Univariate analysis

Multivariate analysis

Variables OR 95%Cl p-value OR 95%Cl p-value
Age (years)

<65 Reference Reference

65-75 1.208 1.105-1.320 <0.001 1.154 1.045-1.275 0.005

>75 1.716 1.551-1.898 <0.001 1.311 1.167—-1.473 <0.001
Race

White Reference Reference

Black 1.19 1.053-1.345 0.005 1.148 1.001-1.317 0.049

Others 0.449 0.396-0.509 <0.001 0.423 0.368-0.488 <0.001
Sex

Women Reference Reference

Men 1.344 1.244-1.451 <0.001 1.418 1.301-1.546 <0.001
T stage

TI Reference Reference

T2 1.314 1.158-1.492 <0.001 1.302 1.129-1.501 <0.001

T3 1.485 1.306—-1.689 <0.001 1.385 1.194-1.607 <0.001

T4 1.59 1.406—1.799 <0.001 1.557 1.346—1.801 <0.001
N stage

NO Reference Reference

NI 0.958 0.821-1.119 0.589 1.05 0.882—1.251 0.581

N2 1.374 1.243-1.519 <0.001 1.504 1.340-1.687 <0.001

N3 1.253 1.117-1.405 <0.001 1.528 1.339-1.744 <0.001
Brain metastasis

No Reference Reference

Yes 1.255 1.150-1.369 <0.001 1.314 1.190-1.450 <0.001
Liver metastasis

No Reference Reference

Yes 1.635 1.489-1.795 <0.001 1.715 1.545—-1.903 <0.001
Lung metastasis

No Reference Reference

Yes 1.131 1.041-1.228 0.004 1.007 0.910-1.114 0.897
Radiotherapy

No Reference

Yes 1.063 0.984-1.150 0.122
Chemotherapy

No Reference Reference

Yes 0.143 0.130-0.159 <0.001 0.14 0.126-0.155 <0.001
Surgery

No Reference Reference

Yes 0.485 0.358-0.656 <0.001 0.566 0.402-0.797 0.001

OR, odds ratio; Cl, confidence interval.

included the case of a white 63-year-old
female patient with LUAD. Her clinico-
pathological features were T1 stage, N3
stage, and no brain or liver metastasis.

Chemotherapy and surgery were not per-
formed. The patient characteristics are
shown on the left side of the web-based
nomogram. The graphical summary
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Figure 3. Forest plots. Forest plots depicting the efficacy of different prognostic factors for predicting all-
cause early death by univariate logistic regression analysis (a) and multivariate logistic regression analysis (b).
Forest plots depicting the effects of different prognostic factors on cancer-specific early death by univariate
logistic regression analysis (c) and multivariate logistic regression analysis (d).

Cl, confidence interval.

(Figure 8b) and numerical summary
(Figure 8c) showed the probability of all-
cause early death by line and precise numer-
ical values [early death prediction=0.753,
95% confidence interval (CI)=0.719—
0.784], respectively. For cancer-specific
death, the nomogram forecast is shown on
the left side of the page (Figure 8d), and the
results are displayed on the right side. The
graphical summary (Figure 8e) and

numerical summary (Figure 8f) showed
the probability of early death by line and
precise numerical values (early death pre-
diction = 0.749, 95%CI1=0.713-0.782),
respectively.

Discussion

Previous epidemiological studies revealed
that the prognosis of patients with LC and
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Figure 4. Nomograms developed in this study. Nomograms for predicting all-cause (a) and cancer-specific

(b) early death (*p < 0.0l and **p < 0.001).

bone metastasis is poor."?® Cho et al.
showed that the median time to bone
metastasis after LC  diagnosis was
2.5 months, and the median survival time
of patients with bone metastasis was
7 years.®?! As reported in the study by
Klikovits et al., approximately 75% of
patients with LUAD developed bone
metastasis within 1 month after being diag-
nosed.”” Coleman reported that the inci-
dence of bone metastases in patients with

advanced LC was 30% to 40% at first diag-
nosis.”> Sandler et al. concluded that the
median survival times after the diagnosis
of bone metastases was 6 to 12 months.*
In conclusion, patients with LUAD are
prone to bone metastasis during the early
stage, and they usually have a poor
prognosis.

Studies of metastatic LUAD have usual-
ly focused on predicting patient surviv-
al.>>*  For malignant and advanced
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Figure 5. ROC curves. The ROC curves for predicting all-cause early death in the training set (a Blue line,
AUC = 0.754) and validation set (a Red line, AUC = 0.747). ROC curves for cancer-specific early death in
the training set (b Blue line, AUC =0.753) and validation set (b Red line, AUC =0.754).

ROC, receiver operating characteristics; AUC, area under the curve.

tumors, only a few studies have investigated
early death.” '' Based on different diseases
and risk factors, many studies have defined
early death.””* Using a definition of early
death that is too long or short is not con-
ducive for clinicians to provide effective
treatment. Therefore, we defined -early
death as a survival time <7 months.® For
patients with more aggressive tumors, the
risk of early death is higher.*® Therefore,
for patients with LUAD and bone metasta-
sis, it is particularly important to calculate
the risk of early death to select the most
effective treatment. Calculating the risk of
early death will facilitate personalized diag-
nosis and treatment strategies. For patients
at high risk, the benefits of treatment in
hospitals do not outweigh the associated
side effects. In addition, clinicians often
overestimate overall survival, which some-
times leads to overtreatment.*!-*

In our study, 9189 (56.59%) patients
with LUAD and bone metastasis were
defined as all-cause early death, and 8585
(56.67%) patients died early from cancer-
specific causes. Therefore, we constructed
two web-based nomograms for the

prediction of early death in these patients.
To the best of our knowledge, this is the
first study to establish an early death risk
prediction model with internal validation
for patients with LUAD and bone metasta-
sis. In addition, two web-based nomograms
derived from the SEER database of patients
with bone metastasis of LUAD were estab-
lished. These web-based nomograms can be
used to help physicians formulate personal-
ized treatment and follow-up plans in
patients with LUAD and bone metastasis.

Retrospective analysis based on the
SEER database has shown that radiothera-
py is closely related to the prognosis of
patients with LUAD with bone metasta-
sis.>>2% However, our results showed that
radiotherapy did not affect cancer-specific
early death. Therefore, according to the
different needs of the same patient, the
type of nomogram should be adjusted.
Furthermore, we found that patients with
bone metastasis of LUAD rarely underwent
surgery (n =284, 1.75%), but surgical treat-
ment of the primary tumor improved the
prognosis of these patients (OR=10.617,
95%CI =0.444-0.855, p-value =0.004).
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Figure 6. Calibration curves. The calibration curves for predicting all-cause early death in the training set
(2) and validation set (b). Calibration curves for cancer-specific early death in the training set (c) and

validation set (d).

From a clinical perspective, this phenome-
non may be related to specific patient con-
ditions. Our study showed that the
simultaneous presence of liver metastasis
and brain metastasis with bone metastasis
was a risk factor for all-cause early death
and cancer-specific early death. In contrast,
multivariate logistic regression analysis
showed that intrapulmonary metastasis
was not a risk factor (OR=1.030, 95%
CI=0.933-1.136, p-value=0.558). Similarly,
Nakajima et al. confirmed that the prog-
nostic impact of intrapulmonary metastases
in non-small cell lung cancer was less than

that of extrapulmonary metastases.>* It is
well-established that age, T stage, and N
stage influence LC prognosis. Based on
our results, we further confirmed that age,
T stage, and N stage affected early
death after bone metastasis in LUAD.
Surprisingly, we identified sex (male) as a
risk factor for early death in patients with
LUAD and bone metastases, and this was
possibly closely related to smoking.*>°
There are still some limitations to our
research. First, the nomograms did not
include potentially relevant factors. For
example, the level of smoking is associated
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Figure 8. Web-based nomogram. The nomogram forecast is shown on the left side of the page for
all-cause early death (a). As an example of calculating the risk of all-cause early death, we included the case of
a 63-year-old white female patient with LUAD. Her clinicopathological features were T1 stage, N3 stage, and
no brain or liver metastasis. Chemotherapy and surgery were not performed. The line segment of the
graphical summary shows the approximate range of all-cause early death risk (b). The numerical summary
shows the precise numerical value of all-cause early death risk (c). The nomogram forecast is included on the
left side of the page for cancer-specific early death (d). The line segment of the graphical summary shows the
approximate range of cancer-specific early death risk (e). The numerical summary shows the precise
numerical value of cancer-specific early death risk (f).

LUAD, lung adenocarcinoma; Brain mets, brain metastasis; Liver mets, Liver metastasis.
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with the prognosis of LC.*” Second, the
included indicators lacked a more detailed
classification, especially the specific type of
surgery, radiation dose, and chemotherapy
drug. Third, due to the lack of data from
other databases, our nomograms were not
verified externally. Finally, this is a retro-
spective study, and only patients with com-
plete data were included. Excluding patients
with incomplete data from the study inevi-
tably led to bias.

Conclusion

We constructed two nomograms and corre-
sponding network-based nomograms to
identify all-cause and cancer-specific early
death in patients with LUAD and bone
metastasis. The early death prediction
models can help oncologists develop better
treatment strategies.
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