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Abstract

BACKGROUND

The presence of liver metastasis (LM) is an independent prognostic factor for
shorter survival in non-small cell lung cancer (NSCLC) patients. The median
overall survival of patients with involvement of the liver is less than 5 mo. At
present, identifying prognostic factors and constructing survival prediction
nomogram for NSCLC patients with LM (NSCLC-LM) are highly desirable.

AIM
To build a forecasting model to predict the survival time of NSCLC-LM patients.

METHODS

Data on NSCLC-LM patients were collected from the Surveillance, Epidemiology,
and End Results database between 2010 and 2018. Joinpoint analysis was used to
estimate the incidence trend of NSCLC-LM. Kaplan-Meier curves were
constructed to assess survival time. Cox regression was applied to select the
independent prognostic predictors of cancer-specific survival (CSS). A nomogram
was established and its prognostic performance was evaluated.

RESULTS

The age-adjusted incidence of NSCLC-LM increased from 22.7 per 1000000 in 2010
to 25.2 in 2013, and then declined to 22.1 in 2018. According to the multivariable
Cox regression analysis of the training set, age, marital status, sex, race,
histological type, T stage, metastatic pattern, and whether the patient received
chemotherapy or not were identified as independent prognostic factors for CSS (P
< 0.05) and were further used to construct a nomogram. The C-indices of the
training and validation sets were 0.726 and 0.722, respectively. The results of
decision curve analyses (DCAs) and calibration curves showed that the nomo-
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gram was well-discriminated and had great clinical utility.

CONCLUSION
We designed a nomogram model and further constructed a novel risk classification system based

on easily accessible clinical factors which demonstrated excellent performance to predict the
individual CSS of NSCLC-LM patients.

Key Words: Non-small cell lung cancer; Liver metastasis; Nomogram; Risk classification system

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Metastatic disease to distant organs from non-small cell lung cancer (NSCLC) is the main reason
for poor survival. The liver is one of the most commonly involved extra-pulmonary sites of metastasis in
NSCLC patients. The presence of liver metastasis (LM) is an independent prognostic factor for shorter
survival in NSCLC patients. The median overall survival of patients with involvement of the liver is less
than 5 mo. At present, identifying prognostic factors and constructing survival prediction nomogram for
NSCLC patients with LM (NSCLC-LM) are highly desirable. We aimed to identify independent predictors
and further build a novel risk stratification system to predict cancer-specific survival (CSS) of NSCLC-
LM patients. To the best of our knowledge, our study was the first Surveillance, Epidemiology, and End
Results (SEER)-based study to determine prognostic factors affecting CSS in NSCLC patients with liver
involvement.

Citation: Wang JF, Lu HD, Wang Y, Zhang R, Li X, Wang S. Clinical characteristics and prognosis of non-small
cell lung cancer patients with liver metastasis: A population-based study. World J Clin Cases 2022; 10(30): 10882-
10895

URL: https://www.wjgnet.com/2307-8960/full/v10/i30/10882.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i30.10882

INTRODUCTION

Lung cancer is the leading cause of cancer morbidity and mortality worldwide, with more than 2.0
million new cases diagnosed (more than 10% of the diagnosed cancers) and approximately 1.8 million
deaths (close to 20% of the cancer-related deaths) in 2020[1]. Approximately 85% of all lung cancers
belong to the non-small cell lung cancer (NSCLC) type[2]. Patients presenting with distant organ
involvement account for 40% to 65% of the diagnosed NSCLC cases[3]. Their five-year survival rate is as
low as 5%[4,5]. Bone, brain, liver, and the adrenal glands are commonly affected extrapulmonary sites of
metastasis in NSCLC patients[3]. Liver involvement accounts for 17% of the NSCLC cases with distant
organ metastases and most of those patients have involvement of another extra-hepatic organ[3,6,7].
Recent reports have shown an association between specific organ metastases of NSCLC and survival
time, and the presence of liver metastasis (LM) is associated with the worst prognosis. The median
overall survival is approximately 4 mo and only a few patients have long lifespans[6,8]. A growing
number of researchers have realized that the individual survival disparities are caused by differences in
clinicopathological characteristics, such as marital status, age, sex, tumor site, tumor stage, and
treatment methods. However, studies focusing on how to stratify the prognosis of NSCLC patients with
liver involvement are relatively rare. Therefore, development of a risk classification system with
technical feasibility and easy accessibility to predict the survival of NSCLC patients with LM (NSCLC-
LM) is highly desirable.

Nomogram has been regarded as a practical and convenient clinical tool to estimate an individual’s
clinical outcome by utilizing several clinicopathological variables[9]. A nomographic chart transforms
complex patient information into a visual graph, which is characterized by its excellent predictive
accuracy and definite reliability when generally applied to decision-making by clinicians.

The purpose of our retrospective study was to determine the demographic information and
clinicopathological characteristics correlating with the prognosis of NSCLC-LM and further construct
and validate a nomogram predictive model using the SEER database. Then, the novel risk classification
system based on the nomogram scores was refined.
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MATERIALS AND METHODS

Data source and study design

The SEER database established by the National Cancer Institute is recognized as one of the most author-
itative sources of follow-up data for cancer patients in the world. The clinicopathological information of
millions of patients in 18 cancer registries of the United States has been recorded in detail over the past
40 years.

We identified and collected the data of all the NSCLC-LM cases diagnosed between 2010 and 2018.
The selection criterion was primary and microscopically confirmed NSCLC-LM. Patients with multiple
primary cancers and incomplete data regarding distant metastatic sites or survival were excluded.
Clinical variables for each case included age (< 65 and = 65 years old), marital status (married and
unmarried), sex (female and male), race (black, white, and other), primary site (upper lobe, middle lobe,
lower lobe, main bronchus, and other), histological type (adenocarcinoma, squamous cell carcinoma,
and other NSCLCs), T stage (T1, T2, T3, and T4), N stage (NO, N1, N2, and N3), metastatic pattern (liver
only; liver and bone; liver and brain; liver, bone, and brain), radiotherapy (yes and no/unknown), and
chemotherapy (yes and no/unknown). The primary endpoint of the study was cancer-specific survival
(CSS) which was defined as the length of time from the initial diagnosis of NSCLC-LM to the time of
death from NSCLC-LM.

Statistical analysis

All cases were randomly divided into a training cohort and a validation cohort at a 7:3 ratio. The
training cohort was used to establish the nomogram model, and the validation cohort was used to test
the model. Categorical variables are shown as frequencies and proportions. The training and validation
sets were compared using the chi-squared test.

The independent prognostic variables were first analyzed using the Kaplan-Meier method and the
log-rank test. Significant variables screened by univariate analysis were then entered into a multivariate
regression analysis, yielding hazard ratios (HR). Finally, those independent predictors were used to
construct a nomogram for predicting 3-, 6-, and 12-mo CSS. The predictive ability of the nomogram was
assessed by the concordance index (C-index), calibration curves, and decision curve analyses (DCAs)[10,
11]. DCAs were constructed to estimate the clinical applicability of the survival prediction model[12]. In
addition, a novel risk stratification system was introduced based on an individual’s nomogram scores
and was used to divide the training cohort into three risk groups with similar numbers of cases in the
low-, intermediate-, and high-risk groups. Joinpoint analysis was used to estimate the incidence trend of
NSCLC-LM.

All statistical analyses were performed using SPSS 24.0 (IBM Corporation, Armonk, NY, United
States) and R software version 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria). All data
were extracted using SEER*Stat Software version 8.3.9 (Information Management Services, Inc.,
Calverton, MD, United States). Two-sided P values of < 0.05 were considered statistically significant.

RESULTS

Incidence and survival of NSCLC-LM

Overall, the incidence rate of NSCLC-LM could be divided into two stages (stage 1: 2010-2013 and stage
2: 2013-2018). The age-adjusted incidence (AAI) of NSCLC-LM increased from 22.7 cases per 1000000 in
2010 to 25.2 cases in 2013, and then declined to 22.1 cases in 2018. The annual percentage change (APC)
was 4.19% and -2.63% (P < 0.05), respectively (Figure 1A). The median CSS of patients with NSCLC-LM

(12 mo) was significantly shorter than patients with bone (16 mo) or brain (14 mo) metastasis (P < 0.001)
(Figure 1B).

Patient characteristics

Overall, a total of 4475 NSCLC-LM patients meeting the eligibility criteria were divided into the training
(3135, 70%) and validation cohorts (1340, 30%). Table 1 shows the demographic and clinicopathological
characteristics of the NSCLC-LM patients. In all cohorts, the median age at diagnosis was 67 years
(range: 23-96 years). More than half of the patients were married (2463, 55.0%) and male (2537, 56.7%).
The majority of patients in all sets were white (3517, 78.6%) and had adenocarcinomas (2967, 66.3%). The
most common primary site of NSCLC was the upper lobe (2452, 54.8%). In terms of metastatic patterns,
more than one-third of the cases presented with liver and bone metastases (1701, 38.0%) and liver
involvement only (1598, 35.7%). The majority of patients (2417, 54.0%) received chemotherapy and 1871
patients (41.8%) received radiotherapy. The median age of the training cohort was 67 years (range: 23-96
years) and the median survival was 3 mo [95% confidence interval (ClI): 2.8-3.2]. The 3-, 6-, and 12-mo
CSS rates were 48.8%, 32.7%, and 17.0%, respectively. The median age of the validation cohort was 66
years (range: 32-93 years) and the median survival was 3 mo (95%CI: 2.6-3.4). The 3-, 6-, and 12-mo CSS
rates were 48.0%, 32.1%, and 16.9%, respectively. The demographic and clinicopathological character-
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Table 1 Baseline characteristics of the overall, training, and validation cohorts

Characteristic Overall cohort (n = 4475) Training cohort (n = 3135) Validation cohort (n = 1340) P value
Age, yr 0.839
Median (range) 67 (23-96) 67 (23-96) 66 (32-93)
<65 1930 (43.1) 1349 (43.0) 581 (43.4)
>65 2545 (56.9) 1786 (57.0) 759 (56.6)
Marital status 0.413
Married 2463 (55.0) 1713 (54.6) 750 (56.0)
Unmarried 2012 (45.0) 1422 (45.4) 590 (44.0)
Sex 0.808
Female 1938 (43.3) 1354 (43.2) 584 (43.6)
Male 2537 (56.7) 1781 (56.8) 756 (56.4)
Race 0.263
Black 566 (12.6) 413 (13.2) 153 (11.4)
White 3517 (78.6) 2451 (78.2) 1066 (79.6)
Other' 392 (8.8) 271 (8.6) 121 (9.0)
Primary site 0.922
UL 2452 (54.8) 1725 (55.0) 727 (54.3)
ML 198 (4.4) 133 (4.2) 65 (4.9)
LL 1219 (27.2) 853 (27.2) 366 (27.3)
MB 240 (5.4) 167 (5.3) 73 (5.4)
Other 366 (8.2) 257 (8.2) 109 (8.1)
Histological type 0.786
ADC 2967 (66.3) 2085 (66.5) 882 (65.8)
scC 1169 (26.1) 810 (25.8) 359 (26.8)
Other NSCLCs 339 (7.6) 240 (7.7) 99 (7.4)
T stage 0.910
T1 507 (11.3) 362 (11.5) 145 (10.8)
T2 1197 (26.7) 839 (26.8) 358 (26.7)
T3 1204 (26.9) 839 (26.8) 365 (27.2)
T4 1567 (35.0) 1095 (34.9) 472 (35.2)
N stage 0.170
NO 831 (18.6) 596 (19.0) 235 (17.5)
N1 358 (8.0) 239 (7.6) 119 (8.9)
N2 2312 (51.7) 1601 (51.1) 711 (53.1)
N3 974 (21.8) 699 (22.3) 275 (20.5)
Metastatic pattern 0.166
Liver only 1598 (35.7) 1117 (35.6) 481 (35.9)
Liver + bone 1701 (38.0) 1166 (37.2) 535 (39.9)
Liver + brain 415 (9.3) 301 (9.6) 114 (8.5)
Liver + bone + brain 761 (17.0) 551 (17.6) 210 (15.7)
Radiotherapy 0.497
Yes 1871 (41.8) 1321 (42.1) 550 (41.0)
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No/unknown

Chemotherapy

Yes

No/unknown

2604 (58.2) 1814 (57.9) 790 (59.0)

0.287
2417 (54.0) 1677 (53.5) 740 (55.2)
2058 (46.0) 1458 (46.5) 600 (44.8)

10ther only includes American Indian/ Alaskan Native and Asian/Pacific Islander.
UL: Upper lobe; ML: Middle lobe; LL: Lower lobe; MB: Main bronchus; ADC: Adenocarcinoma; SCC: Squamous cell carcinoma; NSCLC: Non-small cell

lung cancer.
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Figure 1 Incidence and survival of non-small cell lung cancer-liver metastasis. A: The age-adjusted incidence of non-small cell lung cancer patients
with liver metastasis between 2010 and 2018; B: Kaplan-Meier curves showing cancer-specific survival of patients with liver, bone, and brain metastasis.
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istics of the patients were not significantly different between the training and validation cohorts.

Independent predictors of NSCLC-LM

The Cox proportional hazards regression model was performed in the training cohort to identify
independent prognostic factors of CSS. Age, sex, race, pathological type, T stage, metastatic pattern, and
chemotherapy were significantly associated with CSS in univariate analysis, and all of those variables
were further proved to be independent predictors of CSS by multivariate analysis (Table 2).

Nomogram construction and validation
Based on the independent variables above, a nomogram was constructed to predict 3-, 6-, and 12-mo
CSS (Figure 2). The nomogram also generated corresponding scores for each predictive variable
(Table 3). The probability of an individual’s CSS can be easily calculated by adding the corresponding
nomogram points for the patient. The forecasting model also indicated that chemotherapy made the
greatest contribution to a patient’s CSS. For each predictor, a vertical line is drawn downward to
determine the nomogram points, and the points are added together to obtain the patient’s total
nomogram points. A vertical line is drawn from the location of the total point axis down to the survival
axes. The number on this line indicates the predicted 3-, 6-, and 12-mo CSS. For example, a 65-year-old
(score of 20), married (score of 0), black woman (score of 31.7) had squamous-cell lung carcinoma (score
of 12.9). The tumor size was 2 cm (T1 stage, score of 0) but had metastasized to the liver (score of 0). She
received chemotherapy (score of 0). The total nomogram score of this patient was 64.6, and a line was
drawn down to the survival axes to determine the 3- (78%), 6- (64%), and 12-mo (48%) CSS probabilities.
The nomogram was validated internally and externally in the training and validation cohorts,
respectively. The C-indices were 0.726 (95%ClI: 0.708-0.744) and 0.722 (95%CI: 0.692-0.751), respectively.
Both the internal (Figure 3A) and external (Figure 3B) calibration curves showed a good correlation
between the actual and predicted probabilities of 3-, 6-, and 12-mo CSS. In addition, DCAs
demonstrated that the predictive model yielded preferable net benefits among an extremely wide field
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Table 2 Univariate and multivariate analyses of cancer-specific survival in the training cohort

Univariate analysis Multivariate analysis
Characteristic

HR 95%Clof HR  Pvalue HR 95%Clof HR  Pvalue
Age, yr
>65vs< 65 1.312 1.221-1.411 <0.001 1.236 1.147-1.332 <0.001
Marital status
Unmarried vs Married 1.245 1.158-1.338 <0.001 1.103 1.023-1.189 0.011
Sex
Male vs Female 1.219 1.134-1.311 <0.001 1.196 1.109-1.289 <0.001
Race
White vs Black 1.128 1.043-1.221 0.003 1.061 0.953-1.182 0.281
Other' vs Black 0.781 0.714-0.855 <0.001 0.718 0.610-0.844 <0.001
Pathological type
ADC s SCC 0.814 0.749-0.884 <0.001 0.905 0.829-0.988 0.026
Other NSCLCs vs SCC 0.786 0.677-0.913 0.002 0.880 0.756-1.025 0.101
T stage
T2vs T1 1.195 1.052-1.357 0.006 1179 1.037-1.340 0.012
T3 vs T1 1.277 1.124-1.451 <0.001 1.226 1.078-1.395 0.002
T4 vs T1 1.358 1.201-1.536 <0.001 1.308 1.155-1.482 <0.001
N stage
N1 vs NO 1.050 0.901-1.225 0.530 - - -
N2 vs NO 1.019 0.925-1.122 0.709 - - -
N3 vs NO 0.988 0.883-1.105 0.831 - - -
Metastatic pattern
Liver + bone vs Liver only 1.181 1.086-1.285 <0.001 1.281 1.176-1.396 <0.001
Liver + brain vs Liver only 1.328 1.166-1.512 <0.001 1.541 1.351-1.758 <0.001
Liver + bone+ brain vs liver only 1.244 1.121-1.381 <0.001 1.562 1.400-1.742 <0.001
Radiotherapy
Yes vs No/unknown 0.967 0.900-1.040 0.364 - - -
Chemotherapy
Yes vs No/unknown 0.346 0.321-0.373 <0.001 0.352 0.326-0.381 <0.001

10ther only includes American Indian/Alaskan Native and Asian/Pacific Islander.
HR: Hazard ratio; CI: Confidence interval; ADC: Adenocarcinoma; SCC: Squamous cell carcinoma; NSCLC: Non-small cell lung cancer.

of threshold probabilities, suggesting the substantial clinical benefit of the formulated model (Figure 4).

Novel risk classification system construction

A novel risk classification system for CSS was also established to classify all patients based on their
individual total scores generated by the formulated nomogram scale. The system classified the patients
into three risk groups of nearly equal numbers. According to the risk stratification system, the patients
in the training cohort were divided into low-risk (1007/3136, 32.1%; score 0-119.9), intermediate-risk
(1102/3136, 35.1%; score 120.0-199.9), and high-risk groups (1026/3136, 32.7%; score 200.0-267.0). In the
training cohort, the median CSS rate of patients in the low-, intermediate-, and high-risk groups was 9.0
mo (95%Cl: 8.3-9.7), 4.0 mo (95%ClI: 3.7-4.3), and 1.0 mo (95%CI: 0.9-1.1), respectively (Figure 5).
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Table 3 Corresponding nomogram scores of each variable

Characteristic Nomogram score
Age, yr

<65 0

265 20.09207

Marital status

Married 0
Unmarried 9.018027
Sex

Female 0

Male 16.9568
Race

Black 31.70234
White 37.39893
Other' 0
Histological type

ADC 2.971477
SCC 12.914637
Other NSCLCs 0

T stage

T1 0

T2 16.23500
T3 21.12835
T4 27.17024

Metastatic pattern

Liver only 0

Liver + bone 23.05159
Liver + brain 41.91404
Liver + bone + brain 43.49717
Chemotherapy

Yes 0
No/unknown 100

Other only includes American Indian/ Alaskan Native and Asian/Pacific Islander.
ADC: Adenocarcinoma; SCC: Squamous cell carcinoma.

DISCUSSION

Distant metastasis, particularly to the liver, is an important negative prognostic factor for NSCLC
patients and leads to a reduction in health-related quality of life and a significant increase in cancer-
related mortality. Despite recent advances in various treatment strategies, such as tyrosine kinase
inhibitors and immune checkpoint blockade therapy, to prolong patient survival compared to
traditional chemotherapy, NSCLC patients who present with LM are still regarded as belonging to a
special subgroup whose odds of survival is slim beyond the first 8 mo after diagnosis[6,13-16].
Therefore, investigations into the prognostic factors associated with survival and the construction of
feasible risk stratifications for NSCLC-LM is critical for treatment selection and prognosis assessment.
The nomogram model is a statistical tool which consists of several significant variables to estimate an
individual’s prognosis in the form of a graphic display. Several nomograms for NSCLC have already
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Figure 2 Nomogram for predicting 3-, 6-, and 12-mo cancer-specific survival of patients presenting with liver metastases at the initial
diagnosis of non-small cell lung cancer.
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Figure 3 Calibration curves for predictions of cancer-specific survival at 3, 6, and 12 mo. A: Training cohort; B: Validation cohort. CSS: Cancer-
specific survival.
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been formulated in previous studies[17,18]. As far as we know, this is the first survival prediction
nomogram developed using the data from an extensive number of NSCLC-LM from a large contem-
porary population-based cohort database. All predictors integrated into the model were common
patient clinical variables which are readily available to clinicians. This nomogram also stratified patients
into different risk subgroups, which might be meaningful and informative for individual treatments.
Furthermore, these survival prediction models may be helpful for designers of clinical trials to
formulate appropriate inclusion and exclusion criteria and arrange reasonable patient groups. In
addition, the SEER database includes 18 registries and covers 28% of the US population, which makes
our results more representative and more generalizable than other single-center studies.
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Figure 4 Decision curves of the nomogram for predicting cancer-specific survival at 3 mo, 6 mo, and 12 mo in the training cohort. A: 3 mo;

B: 6 mo; C: 12 mo.
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In this retrospective study, we primarily explored independent prognostic factors for the CSS of
NSCLC-LM patients. Several clinicopathological features, including age, sex, race, pathological type, T
stage, metastatic pattern, and chemotherapy were identified that could independently affect the CSS.
First, this retrospective study showed that the metastatic pattern was an important prognostic factor
which independently affected the CSS of NSCLC-LM patients. In our study, the most common
metastatic pattern was liver and bone, followed by liver only, liver, bone, and brain, and liver and brain.
The metastatic pattern of liver, bone, and brain had a significantly higher HR for death compared to
other clinicopathological variables by multivariate regression analysis (HR = 1.562, 95%CI: 1.400-1.742, P
< 0.001). Several studies have explored the association between the number of metastatic sites and the
prognosis of NSCLC patients and reported that multiple organ involvement was significantly associated
with poorer survival[5,19]. Therefore, we further divided multiple organ involvement into different
metastatic patterns, and then investigated the effect of the metastatic patterns on survival time.

This study also showed that patients of younger ages (< 65 years old) had survival advantages over
older patients, which was similar to previous studies. Wu et al[20] also found that age > 65 years was an
independent factor affecting the survival of stage I-IIIA NSCLC patients. Two other studies explored the
outcomes of immunotherapy for different age groups and found that older patients had a significantly
higher HR for death than younger patients[21,22]. Subramanian et al[23] attributed the age-related
prognostic differences to differences in the clinical characteristics, including sex, pathology, and
diagnosis stage, between the younger and older patients. The organ function of the younger patients
was in a relatively balanced state, which was significantly different from that of the elderly patients.
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Figure 5 Kaplan—-Meier curves of cancer-specific survival for patients in the training cohort according to the novel risk stratification. Low
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This also made a significant contribution to the different prognoses[24,25]. As for gender, this study
revealed that female gender was a favorable prognostic factor in NSCLC, which was consistent with the
results of many previous studies[26-28]. Yoshida et al[26] explained that women were prone to early-
stage disease, contributing to longer survival times compared to men. Similarly, Hanagiri et al[28] also
reported that 69% of the female patients were found to have NSCLC through medical tests for other
diseases and 45% of the male patients were diagnosed with lung cancer-related symptoms, so there
were more late male NSCLC patients than female. Interestingly, a previous study suggested that most
lung adenocarcinomas occurred in the non-smoking population, whereas most of the women were non-
smokers. Furthermore, the survival advantage of women with NSCLC disappeared after adjustment for
the confounding factor of smoking. Thus, the main factors affecting the prognosis of lung cancer were
smoking and pathological types, rather than sex[29]. We also explored the effect of marital status on the
CSS of NSCLC-LM patients and found that unmarried patients were at significantly higher risk for
poorer prognoses. Wu et al[30] retrospectively analyzed more than 70000 NSCLC patients and
concluded that unmarried patients had shorter survival time compared to married patients, regardless
of the stage of the disease. The living conditions of married patients are more stable and the interaction
with and caretaking of a spouse play important roles in the physiology and psychology of patients with
cancer. Most married patients receive care and support from their spouses in life and have high
compliance with medical treatment and regular examinations. As for the treatment, our study revealed
that the CSS was better in the chemotherapy cohort than in the non-chemotherapy cohort. We believe
that this is because chemotherapy and radiotherapy were the cornerstone of lung cancer treatment
strategy for advanced NSCLC before the era of molecular targeted therapy and immunotherapy and
only three therapeutic measures, including surgery, chemotherapy, and radiotherapy, are included in
the SEER database. However, we found that radiotherapy did not improve the survival of NSCLC-LM.
This may be because most of the patients in our study had multiple organ metastases. Previous studies
showed that extrahepatic metastasis, as well as the size and number of liver lesions, significantly
affected the outcome of radiotherapy in NSCLC-LM[31]. Considering the stage, we found that higher T
stages were significantly associated with poorer survival, whereas the N stage did not affect the
prognosis, which was consistent with two previous studies[6,32]. Those studies reported that lymph
node involvement was associated with a poor prognosis for patients with lung cancer, but that effect
was not seen in the prognosis of NSCLC-LM, a finding not explained by clinical experience[6,32].
Multivariate analysis also demonstrated that race and histological type were independent predictors,
which was also consistent with the results reported by previous studies[33-35]. Deng et al[36]
demonstrated that the survival of adenocarcinoma patients was superior to that of patients with other
histological types in metastatic NSCLC patients, but that study did not directly compare the survival
rates of squamous cell carcinoma and adenocarcinoma patients. Wang et al[33] found that squamous cell
carcinoma was a risk factor for poor prognosis compared to adenocarcinoma in localized and regional
metastatic NSCLC patients, but no significant difference was found in patients with distant metastases.
Interestingly, the present study showed that squamous cell carcinoma was the worst prognostic factor
among histological types in NSCLC-LM. With regard to race, Lathan et al[37] reported that black
patients who underwent surgical staging, but did not receive resection, had a better prognosis than their
white counterparts. In our study, white patients had an inferior prognosis to black patients among those
with liver involvement. The primary cause of such obvious differences between our study and those of
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others might be differences in the inclusion criteria and sample size. That is, our study indicated that the
clinicopathological characteristics had different influences on the prognosis of patients with liver
metastasis. All the risk factor information is easily available and deserves close attention in clinical
work. Moreover, more active treatment measures should be provided to patients with these risk factors.
In addition, several clinicopathological characteristics were poor indicators for patients with hepatic
metastasis from NSCLC. These characteristics might be good prognostic indicators for patients with
other organ involvement, which suggests that clinicians should personally evaluate the potential
survival of each of their NSCLC patients.

Based on the risk factors extracted by the Cox proportional hazards model, a prognostic nomogram
for predicting 3-, 6-, and 12-mo CSS in NSCLC-LM was constructed. High C-indices in the internal and
external validation demonstrated perfect discrimination ability of the new model and the calibration
plots revealed that the nomogram prediction agreed well with observed rates. In addition, the DCAs
showed good clinical applicability of the model. All these factors ensured that the formulated model
could conveniently and accurately predict patient prognosis, facilitating the formulation of effective
treatment strategies or interventions. Finally, using the corresponding nomogram scores, a novel risk
classification system was formulated to stratify all patients into low-, intermediate-, and high-risk
groups. High-risk patient populations should receive closer attention and more rigorous follow-up in
order to monitor carefully for any progression or reoccurrence and adjust treatment plan in a timely
manner as changes in their condition occur. In addition, by identifying high-risk patients, palliative care,
like spiritual guidance or psychological support, can be given sooner and their participation in clinical
trials of anti-cancer drugs can be encouraged.

Our study was innovative and superior to other risk models and generated a reliable tool that
clinicians can easily use by gathering and entering clinicopathological variables to assign patient risk
and predict survival. Nonetheless, several limitations deserve attention and need to be improved. One
of the main limitations resulted from the SEER dataset itself. For example, the specific clinical
information of certain patients, such as chemotherapy and radiation therapy, was not always given
clearly and was labeled as “no/unknown”. This did not reflect the real situation and reliable
conclusions could not be drawn after statistical analysis. In addition, the absence of therapeutic
regimens, including molecular targeted therapy and immunotherapy, could reduce the long-term
significance of the prognostic model. Besides, the types of data accessible through the SEER program
were limited. For example, there is a lack of data on changes in tumor size during the course of the
disease, type of gene mutations, performance status, and the sequence of treatments. These factors
might have a major impact on the prognosis of NSCLC-LM patients. Furthermore, as a retrospective
study, inherent selection biases were inevitable. Finally, the constructed nomogram was validated in a
subgroup of patients that met the inclusion criteria, but the strictest external validation based an
independent large sample size needs to be performed.

CONCLUSION

A nomogram was constructed using several key variables and was validated as a convenient and
reliable instrument for survival prediction in NSCLC-LM. Based on the prognostic nomogram, a novel
risk classification system was developed and effectively identified a high-risk population, which could
aid in guiding treatment strategies and prognostic evaluation for clinicians.

ARTICLE HIGHLIGHTS

Research background
The risk factors affecting the cancer-specific survival (CSS) of non-small cell lung cancer (NSCLC)
patients with liver metastasis (LM) (NSCLC-LM) are not well known.

Research motivation
A nomographic chart transforms complex patient information into a visual graph, which is charac-
terized by its excellent predictive accuracy and definite reliability when generally applied to decision-
making by clinicians.

Research objectives
To build a forecasting model to predict the survival time of NSCLC-LM patients.

Research methods
Joinpoint analysis was used to estimate the incidence trend of NSCLC-LM. Cox regression was applied
to identify the independent prognostic predictors of CSS. A survival prediction model was constructed
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for predicting 3-, 6-, and 12-mo CSS. The predictive ability of the nomogram was estimated using
calibration curves and decision curve analyses (DCAs).

Research results

Clinical variables including age, marital status, sex, race, histological type, T stage, metastatic pattern,
and whether the patient received chemotherapy or were identified as independent prognostic factors for
CSS (P < 0.05) and were further used to construct a nomogram. The results of DCAs and calibration
curves showed that the nomogram was well-discriminated and had great clinical utility.

Research conclusions
A convenient and credible nomogram model was constructed, which could aid in guiding treatment
strategies and prognostic evaluation for clinicians.

Research perspectives
Our study may serve as a reference for clinicians to identify high-risk populations for providing
individualized therapy.
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