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Objective: To establish and verify a nomogram for predicting distant metastasis in invasive lung adenocarcinoma (IAC).

Study Design: Observational study.

Place and Duration of Study: Department of Thoracic Surgery, Jinan Central Hospital, Jinan, China, from December 2021 to
May 2022.

Methodology: To create a nomogram, univariate and multivariate logistic regression analyses were used to identify the inde-
pendent predictors of distant metastasis. The calibration, discrimination, and clinical performance of the nomogram were tested
by calibration plots, area under receiver operating characteristic curve (AUC), and decision curve analysis (DCA).

Results: Age at diagnosis (<70 years), histological type (invasive mucinous adenocarcinoma), T stage, N stage, surgical
approach, and lymph node dissection were independent predictors for the development of nomogram. Compared with the Amer-
ican Joint Committee on Cancer-8" edition staging system, AUC showed that this prediction model has a higher predictive perfor-
mance (training set: 0.922 vs. 0.790; verification set: 0.919 vs. 0.779). In addition, the overall survival time (OS) of IAC patients
was meaningfully different among the three groups of different risks stratified based on model score (p <0.001).

Conclusion: The prediction model constructed according to factors such as histological type and surgical approach in this

study can accurately predict distant metastasis in IAC patients and define high-risk patients according to nomogram score.
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INTRODUCTION

With an approximated 2206771 new cases and 1796144 fatali-
ties worldwide in 2020, the most common kind of cancer that
causes mortality is lung cancer. Non-small cell lung cancer
(NSCLC), which accounts for around 85% of occurrences, is the
most prevalentkind.’ Adenocarcinoma (LUAD), the most typical
histological type of lung cancer, was further divided into atyp-
ical adenomatous hyperplasia (AAH), adenocarcinoma in situ
(AIS), minimally invasive adenocarcinoma (MIA), and invasive
adenocarcinoma (IAC).? IAC is the most common type of LUAD,
mainly composed of invasive non-mucinous adenocarcinoma
andinvasive mucinous adenocarcinoma (IMA)." IACisone of the
highly invasive and lethal types of tumours, usually showing
diffuse multi-organ metastasis inthe advanced stage.’

Correspondence to: Dr. Liangming Zhu, Jinan Central
Hospital, Shandong University, Jinan, Shandong, China
E-mail: 201999000028@sdu.edu.cn

Received: June 03, 2022; Revised: October 04, 2022;
Accepted: October 25, 2022

DOI: https://doi.org/10.29271/jcpsp.2022.12.1563

The probability of distant metastasis largely determines the
treatment strategy and the possibility of long-term survival.
Treatments for LUAD have advanced recently, including surg-
ical resection, immunotherapy, and targeted therapy.
Currently, the best treatment for IAC is surgical resection. The
different effects of lobectomy and sublobectomy on distant
metastasis and long-term survival have received a lot of atten-
tion. With the development of gene detection technology and
the discovery of more molecular targets, targeted therapy has
made remarkable progress. The research on tumour microenvi-
ronment has promoted the progress of immunotherapy, which
was also an effective intervention for patients with IAC.° Never-
theless, the prognosis of IAC was still not satisfactory, whose 5-
year survival rate was less than 20%,” and metastatic lesions
werethemain cause of death.

After surgery, a precise estimate of the probability of distant
metastasisin IAC patients can help patients and doctors decide
adjuvant treatment options and follow-up frequency, as well as
provide patients and their families with information about long-
term survival outcomes. Some studies have shown that clinical
features of NSCLC patients were associated with their propen-
sity to distant metastasis.® Unfortunately, there is no reliable
prediction model to accurately predict IAC patients' distant
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metastasis. The method generally used to evaluate the risk of
metastasis and long-term survival is the American Joint
Committee on Cancer (AJCC) staging system. Althoughthe AJCC
staging system may be helpful for general survival prediction, it
may not be applicable for a personalised assessment of
patients. Nomogramis a new statistical prediction model, which
can predict accurately individuals.” Some studies have indi-
cated that nomogram has good application value in various
cancers.' In order to improve the prognosis of IAC, this study
aimed at evaluating various clinical features of different IAC
patientsand created anomogramthatintegrates essential clin-
icaland pathological featurestoimprovethe prediction effect of
traditionalmethods and guide clinical decision-making.

METHODOLOGY

The SEER database, which has information on about 30% of the
US population, provided the data for this study.'' SEER*STAT
8.3.9.2 software was used to retrieve the characteristics of
patients who received an IAC diagnosis between 2010 and 2015
from the database (1975-2018). The IAC was identified by the
site codes [8230, 8250, 8252, 8253, 8260, 8550, 8551] of the
International Classification of Diseases for Oncology third edition
(ICD-0-3). The inclusion criteria were precise pathological diag-
nosis; IAC was the single primary malignancy; age above 18
yearswhendiagnosed; and the desired clinical information of the
patients was known. Figure 1 depicts the flowchart for patient
selection.

Demographic and clinicopathological data included histological
type, tumour site, T stage, N stage, distant metastasis, surgical
approach, whether lymph node dissection was performed,
gender, race, age at diagnosis, as well as overall survival (0S). A
medianage of 69 years was used to convertthevariable age from
acontinuousto a categorical one. The histological type was clas-
sified as invasive non-mucinous adenocarcinoma and invasive
mucinous adenocarcinoma (IMA). The classification of the
tumour site included main bronchus, upper, middle, and lower
lobes, overlapping and others. The surgical approach included
non-operation, lobectomy and sublobectomy. The study's
outcome variable was chosen to be distant metastasis.

SPSS19.0software was used to complete the statistical analysis.
Continuous variableswerereported as median (quartile spacing)
and Mann-Whitney U test was applied to compare them across
the groups. Categorical variables were written as integers (pro-
portions) and Chi-sq. or Fisher's exact test were applied to
compare them across the groups. The survival was examined
using the Kaplan-Meier method and the Log-rank test. All
patients were allocated at random into training and verification
setswitha 7:3ratio. Variables connected to distant metastasisin
IAC patients were identified using univariate logistic regression
analysis. To screen out independent predictors, multivariate
analysis was used to examine factors having p-values < 0.05 in
the univariate study. Anomogram was developed on the basis of
thesecharacteristics, toforecastthe probability of distant metas-
tasis in IAC patients. By using calibration plots, the predictive
ability of the models in the training group and validation group

was evaluated. AJCC staging system and the model's predictive
performance were compared using AUC and DCA. In addition,
according to the scores predicted by the nomogram, the training
group was divided into three risk types. The Kaplan-Meier curve
of OS was drawn for each group, which can further evaluate the
clinical effectiveness of the model. The nomogram and the
related calibration plots, ROC and DCA, were built using the RMS
and PROC packages in R software (version 4.1.2). Ap-<0.05 was
statistically significant.

RESULTS

Afterbeingscreened, 5742 |ACpatientswhosatisfiedtherequire-
ments wereincluded and were assigned randomly to the training
group of 4021 and the validation group of 1721. The rate of
distant metastases and other factors were comparable across
the two groups, with no significant difference (p>0.05, Table I).
Age, gender, tumoursite, histologicaltype, Tstage, Nstage, surg-
icalapproach, and lymph node dissection were the factors linked
to distant metastasis, according to univariate analysis (p<0.05,
Table 1). Six of these factors were shown to be independent
predictors of distant metastasis after multivariate analysis: age
(<70: OR= 2.597, 95% CI: 2.050-3.291, p<0.001), histological
type (IMA: OR=1.813, 95% Cl: 1.434-2.293, p<0.001), T stage
(T2: OR=1.472,95% CI: 1.119-1.936, p=0.006; T3: OR=1.777,
95% ClI: 1.237-2.553, p=0.002; T4: OR= 1.722, 95% Cl:
1.171-2.534, p=0.006), N stage (N1: OR= 2.660, 95% CI:
1.789-3.955, p<0.001; N2: OR= 3.834, 95% Cl: 2.921-5.032,
p<0.001; N3: OR=4.005, 95% Cl: 2.671-6.006, p<0.001), surg-
ical approach (sublobectomy: OR= 0.363, 95% CI: 0.250-0526,
p<0.001; lobectomy: OR=0.125, 95% ClI: 0.071-0.221,
p<0.001), and lymph node dissection (yes: OR=0.170, 95% Cl:
0.071-0.221,P<0.001).

The six independent variables mentioned above were used in
this research to create a nomogram that may be used to predict
distant metastasesinIAC patients, as shownin Figure 2. The cali-
bration curves were almost 45° for the two sets, indicating good
calibration performance (Figure 3 A-B). The prediction accuracy
ofthe AJCCstaging system and nomogram were compared using
ROC curves. The nomogram's AUC value in the training set was
0.922 (95% Cl: 0.912-0.932), which was much higher than the
AJCCstaging system's value (0.790,95% Cl: 0.770-0.810, Figure
3C). The nomogram's AUC value in the validation set was 0.919
(95%Cl:0.902-0.936), whichwas alsomuch higherthanthe AJCC
staging system's value (0.779, 95%Cl: 0.748-0.810, Figure 3D).
According to DCA, in the two sets, the nomogram provided a
greater net benefit compared to the AJCC staging system (Figure
3E&F). Inaddition, the training set was also classified into three
risk groups based on the nomogram score with the cut-off value
calculated using X-tile software in order to assess the clinical
utility of the model. These risk groups are as follows: low-risk
group: 0to 110.54; moderate-risk group: 110.91 to 230.74; and
high-risk group: 231.73 to 353.93. Based on this score, Kaplan-
Meiersurvival curves were plotted for OSinthe threerisk groups,
showing an obvious grading ability (Figure 4). The aforemen-
tioned findings demonstrated that the model had high predictive
performanceandclinicalapplicability.
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Table I: Characteristics of patients with invasive adenocarcinoma.

Variables Cohort, No. (%) p-value
Total Training Validation
(n=5742) (n=4021) (n=1721)

Age, year, median (IQR) 69(61-76) 69(61-76) 69(61-76) 0.645
<70 3032(52.8) 2115(52.6) 917(53.3) 0.634
=70 2710(47.2) 1906(47.4) 804(46.7)

Gender
Female 3414(59.5) 2396(59.6) 1018(60.1) 0.758
Male 2328(40.5) 1625(40.4) 703(40.8)

Race
White 4513(78.6) 3181(79.1) 1332(77.4) 0.162
Black 578(10.1) 405(10.1) 173(10.1)

Others 651(11.3) 435(10.8) 216(12.6)

Tumour site
Main bronchus 29(0.5) 20(0.5) 9(0.5) 0.432
Upper lobe 2991(52.1) 2062(51.3) 929(54.0)

Middle lobe 301(5.2) 215(5.3) 86(5.0)
Lower lobe 2156(37.5) 1539(38.3) 617(35.9)
Overlapping 75(1.3) 49(1.2) 26(1.5)
Others 190(3.3) 136(3.4) 54(3.1)

Histology
Adenocarcinomas 4059(70.7) 2855(71.0) 1204(70.0) 0.426
Invasive mucinous adenocarcinomas 1683(29.3) 1166(29.0) 517(30.0)

Surgical approach
No 1601(27.9) 1128(28.1) 473(27.5) 0.714
Segmental resection 820(14.3) 581(14.4) 239(13.9)

Lobectomy 3321(57.8) 2312(57.5) 1009(58.6)

Lymph node dissection
No 1977(34.4) 1397(34.7) 580(33.7) 0.447
Yes 3765(65.6) 2624(65.3) 1141(66.3)

T stage
T1 3493(60.8) 2451(61.0) 1042(60.5) 0.607
T2 1309(22.8) 906(22.6) 403(23.4)

T3 476(8.3) 344(8.6) 132(7.7)
T4 464(8.1) 320(8.0) 144(8.4)

N stage
NO 4170(72.6) 2919(72.6) 1251(72.7) 0.249
N1 450(7.8) 331(8.2) 119(6.9)

N2 900(15.7) 614(15.3) 286(16.6)
N3 222(3.9) 157(3.9) 65(3.8)

Distant metastasis
No 4813(83.8) 3365(83.7) 1448(84.1) 0.670
Yes 929(16.2) 656(16.3) 273(15.9)

Note: Mann-Whitney U test for continuous variables; Chi-square test for categorical variables.

DISCUSSION

Among all malignancies, lung cancer has the greatest fatality rate
and continues to be the major cause of death worldwide.' IAC is
highly invasive and metastatic, with a very high possibility of
distant metastasis in the advanced stage, which is an essential
factor leading to poor prognosis. Therefore, early identification of
high-risk groups has significant guiding implications for the treat-
ment decision, the evaluation of long-term survival, and the formu-
lation of follow-up frequency. Currently, diagnostic imaging tech-
niques are still the conventional diagnostic methods for recur-
rence and metastasis, but they have no good predictive value.
Tumour markers such as CEA, CA125, CA199, and CYFRA21-1
were also commonly used monitoring indicators. Some studies
have indicated that CYFRA21-1 has a higher sensitivity in patients
with metastatic NSCLC," but these indicators were not specific to
lung cancer. In addition, some reports have revealed that the
effects of several markers, excluding CYFRA21-1, on prognosis
were not statistically significant.”

Therefore, to make it easier to predict the probability of distant
metastases in IAC patients at the individual level and to aid physi-

cians in screening high-risk patients for the appropriate interven-
tions, this study developed a nomogram based on demographic
and individual clinicopathological factors. The variables that make
up the nomogram include age, histological type, T stage, N stage,
surgical approach, and lymph node dissection, all of which are
readily available in the clinic so that doctors can easily use the
model. In both the groups, the nomogram exhibited outstanding
concordance between the predicted value and the actual value.
Notably, the greater AUC and DCA values supported the nomo-
gram's superior predictive ability and clinical efficacy over the
AJCC staging system.

Similar to Tian's findings, this study revealed that patients who
are younger had a greater probability of distant metastasis.™ It
might be related to young patients' infrequent examinations and
cancer's advanced state at the time of its initial discovery. It may
also be related to the fact that young patients have a tumour
microenvironment that is more suitable for metastasis. In addi-
tion, gender significantly impacts on the occurrence and metas-
tasis of NSCLC."” Smoking may be a key factor in why male
patients are more likely to develop distant metastases than
female ones.™
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Table II: Univariate and multivariate analysis of distant metastasis in invasive adenocarcinoma.

Variables Univariate analysis Multivariate analysis
OR (95% CI) p-value OR (95% CI) p-value
Age, year
=70 1[Reference] NA 1[Reference] NA
<70 1.228(1.037-1.454) 0.017 2.597(2.050-3.291) <0.001
Gender
Female 1[Reference] NA 1[Reference] NA
Male 1.278(1.080-1.513) 0.004 0.911(0.724-1.147) 0.417
Race
White 1[Reference] NA
Black 1.222(0.933-1.600) 0.145
Others 1.426(1.109-1.833) 0.006
Tumour site
Main bronchus 1[Reference] NA 1[Reference] NA
Upper lobe 0.077(0.029-0.201) <0.001 0.341(0.1021.139) 0.080
Middle lobe 0.081(0.029-0.224) <0.001 0.392(0.107-1.435) 0.157
Lower lobe 0.075(0.029-0.198) <0.001 0.323(0.097-1.080) 0.067
Overlapping 0.139(-0.044-0.442) 0.001 0.612(0.131-2.867) 0.533
Others 0.274(0.099-0.756) 0.012 0.639(0.178-2.288) 0.491
Histology
Invasive non-mucinous 1[Reference] NA 1[Reference] NA
adenocarcinomas
Invasive mucinous 2.527(2.128-3.001) <0.001 1.813(1.434-2.293) <0.001
adenocarcinomas.
Surgical approach
No 1[Reference] NA 1[Reference] NA
Segmental resection 0.112(0.083-0.151) <0.001 0.363(0.250-0.526) <0.001
Lobectomy 0.019(0.014-0.027) <0.001 0.125(0.071-0.221) <0.001
Lymph node dissection
No 1[Reference] NA 1[Reference] NA
Yes 0.031(0.024-0.041) <0.001 0.170(0.103-0.279) <0.001
T stage
T1 1[Reference] NA 1[Reference] NA
T2 3.030(2.467-3.720) <0.001 1.472(1.119-1.936) 0.006
T3 4.985(3.836-6.477) <0.001 1.777(1.237-2.553) 0.002
T4 4.389(3.338-5.770) <0.001 1.722(1.171-2.534) 0.006
N stage
NO 1[Reference] NA 1[Reference] NA
N1 2.898(2.140-3.924) <0.001 2.660(1.789-3.955) <0.001
N2 8.945(7.255-11.029) <0.001 3.834(2.921-5.032) <0.001
N3 20.805(14.627-29.594) <0.001 4.005(2.671-6.006) <0.001
0 10 20 30 40 50 60 70 80 90 100
Points C L L L L - L L L C 1
<70
- Age T !
IAC in SEER database >70
(n=13165) ;
Histology —
0
Exclude: n=7423 Tstage .—l—.—'T2 5
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(3) With other malignancy (n=5392) NO N2
(4) The information of Race, Surgical approach, LN dissection, Surgical approach : Subloblectomy .
Tumor size, Distant metastasis and Survival time were missing Lobectomy No
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IA? R . LN dissection T )
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Figure 2: Nomogram for predicting distant metastasis in IAC

patients. 0 replaces Invasive non-mucinous adenocarcinomas; 1

Figure 1: Patient selection flowchart. i . X
replaces Invasive mucinous adenocarcinomas.
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Figure 3: (A, B) Calibration graphs in the training and validation sets. (C, D) ROC curves of the nomogram and AJCC staging system (T stage +
N stage) in training and validation sets. (E, F) DCA of the nomogram and AJCC staging system (T stage + N stage) in training and validation

sets.
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Figure 4: Kaplan-Meier curves for patients’ OS among the three risk
groups based on the nomogram score in the training set.

In this study, gender was not an independent factor affecting
distant metastasis, which may be related to the differences in
subjects. The study population consisted of patients with IAC,
about 60% of whom were female, and who did not smoke
commonly. At the same time, smoking was much less strongly
associated with LUAD than squamous cell carcinoma (LUSC),"”
an important component of NSCLC. Patients with IMA in this
study had a greater probability of distant metastasis than
those with invasive non-mucinous adenocarcinomas. Huang et
al. reported that pathological subtypes of invasive non-muci-
nous adenocarcinoma were associated with organ-specific
metastasis in patients with LUAD."” However, the low incidence
of IMA leads to less related research at present, and its rela-
tionship with distant metastasis needs further investigation.

In the nomogram, the surgical approach played an important
role in predicting distant metastasis. It is generally accepted
that sublobectomy has a higher recurrence rate and metas-
tasis than lobectomy. However, with the development of exam-
ination methods and surgical techniques, this view is being
challenged. Raman et al. have indicated that lobectomy signifi-
cantly improved the survival rate compared with sublobec-
tomy for LUAD patients with tumour diameter larger than 10
mm."® Yu et al. have reported that lobectomy was linked to
better cancer-specific survival (CSS) and OS in NSCLC patients
with a 21-30 mm tumour size.” In contrast, Chan et al. have
shown no statistical difference between lobectomy and
sublobectomy in terms of metastasis or recurrence rates, recur-
rence-free survival, and OS in NSCLC patients at stage T1c.”®
This matter is still controversial, and patients who underwent
sublobectomy in this study had a greater probability of distant
metastasis than those who underwent lobectomy.

The risk of distant metastasis was greater in those without
lymph node dissection, which was in line with the National
Comprehensive Cancer Network (NCCN) guidelines for lymph

node dissection.” In general, the authors believe that the
prognosis of lung cancer will deteriorate with the increase of
tumour diameter. However, in this study, patients with IAC of
5-7 cm in diameter had the highest risk of distant metastasis,
which needs to be further investigated. Similar results have
not been found in other studies of NSCLC, but have been
reported in studies related to SCLC.”*

The probability of distant metastasis increased with N stage
in this study's nomogram, but there was no significant differ-
ence between N2 and N3 stages. Previous studies found no
statistical difference between N2 and N3 stages of OS and
CSS in lung cancer. Furthermore, there were some defects in
the AJCC staging system, suggesting that the number of
involved lymph nodes should be added to the staging
system.”*”

This study has several limitations. Firstly, a large-scale multi-
center investigation should be required because this was a
retrospective analysis with potential confounding biases.
Secondly, a model's over-fitting may occur because it lacks
external validation from other institutions. In the SEER
database, the number of patients treated with ablation was
tiny, making it impossible for the authors to include it in the
study of the surgical approach. In addition, some essential
clinicopathological factors such as tumour markers, smoking,
and gene mutation status were missing from the SEER
database, which needs to be further studied. Therefore, the
clinical practicability of this nomogram needs to be further
verified and supplemented.

CONCLUSION

Demographic and clinicopathological characteristics were
combined to identify the independent predictors of distant
metastases in IAC patients. A nomogram with outstanding
predictive performance and clinical value was established.
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