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Abstract

Purpose: This study aimed to establish a nomogram to predict overall survival in lung squamous cell carcinoma patients with
metastasis for clinical decision-making. Methods: We investigated lung squamous cell carcinoma patients diagnosed with stage
M1 in the Surveillance, Epidemiology, and Final Results database between 2010 and 2015. They were divided into training cohort
and validation cohort. In the training cohort, statistically significant prognostic factors were identified using univariate and multivariate
Cox regression analysis, and an individualized nomogram model was developed. The model was evaluated by C-index, area under the
curve, calibration plot, decision curve analysis, and risk group stratification. Results: In total, 9910 patients were included in our study,
including 6937 in the training cohort and 2937 in the validation cohort. Factors containing age, T stage, N stage, bone metastasis, brain
metastasis, liver metastasis, surgery, chemotherapy, and radiotherapy were independent prognostic factors for overall survival and were
used in the construction of the nomogram. The C-index in the training cohort and validation cohort were 0.71 1 (95% confidenc inter-
val: 0.705-0.717) and 0.707 (95% confidenc interval: 0.697-0.717), respectively. The time-dependent area under the curve of both
groups was higher than 0.7 within 5 years. Calibration plots indicated that the nomogram-predicted survival was consistent with
the recorded 6-month, |-year, and 2-year prognoses. Furthermore, decision curve analysis revealed that the nomogram was clinically
useful and had a better discriminative ability to recognize patients at high risk than the TNM criteria-based tumor staging. And then we
developed an overall survival risk classification system based on the nomogram total points for each patient, which divided all patients
into a high-risk group and a low-risk group. Finally, we implemented this nomogram in a free online tool. Conclusion: Ve constructed
a nomogram and a corresponding risk classification system predicting the overall survival of lung squamous cell carcinoma patients with
metastasis. These tools can assist in patients’ counseling and guide treatment decision-making.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for 85% of lung
cancer, which remains the leading cause of cancer-related death
worldwide.! Lung squamous cell carcinoma (LUSC) is a highly
aggressive subtype of NSCLC, accounting for approximately
25% to 30% of all cases.> As with the majority of patients
with lung cancer, almost two-thirds of patients with LUSC
are diagnosed at an advanced stage." Compared with non-
squamous NSCLC, LUSC is more frequently located in the
proximal bronchus and is more likely to invade the large blood
vessels.? Besides, the incidence of comorbidities such as chronic
obstructive pulmonary disease and heart disease is higher.** Due
to these characteristics, the limited first-line treatment options
would lead to an undesirable impact on survival outcomes, particu-
larly for metastatic LUSC patients.® Despite a large number of rele-
vant studies, the prognosis of LUSC with metastasis is still
unsatisfactory (5-year survival rate is still less than 5%) owing to
the limitations of early diagnosis and treatment.”

Currently, the American Joint Committee on Cancer (AJCC)
eighth TNM staging system is the most widely used method to
assess the prognosis of lung cancer patients.” Although the M
stage was divided into Mla, Mlb, and Mlc in the latest
staging system, it still has inherent limitations attributed to
the lack of consideration of clinical pathology and treatment
information.'® Therefore, more accurate prognostic models
are urgently needed to inform clinical decisions for metastatic
LUSC patients. In recent years, the nomogram has been
widely used as a predictive method in oncology, which has
been shown to present better predictive power than traditional
TNM classification.'' ™" In our previous study, the nomogram
model also exhibited favorable discriminative ability for stage
[-IT LUSC. "

In this work, we developed a prognostic nomogram for metastatic
LUSC patients based on the Surveillance, Epidemiology, and End
Results (SEER) database and assessed its reliability and feasibility
by an independent internal cohort. Additionally, a dynamic
website has also been designed for clinical use.

Methods

Patients Selection

This study was conducted as a retrospective study using the
SEER database (http:/seer.cancer.gov/), which is an authorita-
tive population-based cancer registry that covers roughly
48.0% of the US population.” In this study, data of patients
diagnosed with metastatic LUSC from 2010 to 2015 were
retrieved using SEER*Stat version 8.3.6 (user name:
21304-Nov2020). Patients who met the following criteria
were included in the study: (1) Microscopically confirmed
LUSC (ICD-0-3 code: 8070/3, 8071/3, 8072/3, 8073/3, 8074/
3, 8075/3, 8084/3) with metastasis; (2) Elder than 18 years
and have complete demographic data; (3) With complete clini-
cal staging status. Patients with other primary tumors or incom-
plete follow-up information were excluded. The selection
criteria and screening process are illustrated in Figure S1.

Data Collection

The following clinical variables were extracted in the present
study: sex, age, race, marital status, laterality, grade, tumor
size, tumor extension, T-stage (T stage was restaged with infor-
mation on tumor size and extension based on the eighth
edition), N-stage, metastatic status, treatment information, and
follow-up data. The primary endpoint was overall survival
(OS), which was defined as the time from diagnosis to death
of any cause. Events that had not occurred by the last follow-up
date were recorded as censoring.

Statistical Analysis

Software R (Bell Laboratories, version 4.1.2) and SPSS (IBM,
version 24.0) were used for statistical analysis. We divided
patients into training and testing cohorts with a ratio of 7:3
using the “createDataPartition” function in the R “crate”
package to ensure that the outcome events (death or alive)
were randomly distributed between the 2 cohorts. The
chi-square test was used to compare the baseline data of the 2
cohorts. For the training cohort, the univariate proportional
hazards model was used to check each parameter’s power in
predicting OS. And then factors with P < .05 were further
included in a multivariate cox regression analysis. R “rms”
package was used to formulate a nomogram based on the
result of the multivariate analysis. Harrell’s C-index was used
to reflect the predictive accuracy and discriminative power of
the nomogram, a calibration curve (1000 bootstrap resampling)
was used to test the calibration of the nomogram, and DCA was
used to evaluate the nomogram’s clinical utility. Then the total
points of each patient were calculated according to the estab-
lished nomogram model, and based on this, the X-tile procedure
was used to divide 2 groups of patients with different prognostic
risks.'® Finally, we established a web-based version nomogram
with the R “DynNom” package. All statistical tests were two-
sided, and P values of less than .05 were considered to be stat-
istically significant.

Results

Demographic and Pathology Characteristics of the 2
Cohorts

We screened 9910 patients with LUSC diagnosed between
2010 and 2015 from the SEER database, all of whom were con-
firmed to have metastasis at the time of initial diagnosis. After
grouping all the patients by the “creatDataPartition” function in
a 7:3 ratio, there were 6937 in the training cohort and 2973 in
the validation cohort. There were more males in both training
cohort (65.4% vs 34.6%) and validation cohort (65.5% vs
34.5%). The median age of all patients was 69 (IQR: 62-77).
The proportion of patients older than 60 years in our study
was as high as 79.4%, indicating that LUSC with metastasis
predominantly occurs in elderly patients. In addition to this,
these patients tend to have a later T stage (41.7% in the training
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Table 1. Demographic Characteristics of the Training and Validation Cohorts.
Whole population Training cohort Validation cohort
Characteristics N (%) N (%) N (%) P value
Total 9910 6937 2973
Sex 208
Male 6480 (65.4) 4541 (65.5) 1939 (65.2)
Female 3430 (34.6) 2396 (34.5) 1034 (34.8)
Age 818
<60 2039 (20.6) 1460 (21.0) 579 (19.5)
61-75 5045 (50.9) 3511 (50.6) 1534 (51.6)
>75 2826 (28.5) 1966 (28.3) 860 (28.9)
Race .169
White 7946 (80.2) 5587 (80.5) 2359 (79.3)
Black 1411 (14.2) 958 (13.8) 453 (15.2)
Other 553 (5.6) 392 (5.7) 161 (5.4)
Marital status .536
Married 4991 (50.4) 3526 (50.8) 1465 (49.3)
Single/unmarried 1644 (16.6) 1146 (16.5) 498 (16.8)
Divorced/separated 1522 (15.4) 1051 (15.2) 471 (15.8)
Widowed 1753 (17.7) 1214 (17.5) 539 (18.1)
Grade .825
I 56 (0.6) 37 (0.5) 19 (0.6)
I 3248 (32.8) 2269 (32.7) 979 (32.9)
I 1905 (19.2) 1343 (19.4) 562 (18.9)
v 115 (1.2) 76 (1.1) 39 (1.3)
Unknown 4586 (46.2) 3212 (46.3) 1374 (46.2)
AJCC eighth T stage .92
Tl 999 (10.1) 707 (10.2) 292 (9.8)
T2 2523 (25.5) 1770 (25.5) 753 (25.3)
T3 2253 (22.7) 1568 (22.6) 685 (23.0)
T4 4135 (41.7) 2892 (41.7) 1243 (41.8)
AJCC eighth N stage 279
NO 2386 (24.1) 1691 (24.4) 695 (23.4)
N1 878 (8.9) 592 (8.5) 286 (9.6)
N2 4740 (47.8) 3327 (48.0) 1413 (47.5)
N3 1906 (19.2) 1327 (19.1) 579 (19.5)
Laterality .829
Left 4387 (44.3) 3066 (44.2) 1321 (44.4)
Right 5523 (55.7) 3871 (55.8) 1652 (55.6)
Bone metastasis 375
Yes 3177 (32.1) 2205 (31.8) 972 (32.7)
No 6733 (67.9) 4732 (68.2) 2001(67.3)
Brain metastasis .193
Yes 1681 (17.0) 1199 (17.3) 482 (16.2)
No 8229 (83.0) 5738 (82.7) 2491 (83.8)
Liver metastasis 706
Yes 1705 (17.2) 1200 (17.3) 505 (83.0)
No 8205 (82.8) 5737 (82.7) 2468 (83.0)
Lung metastasis 205
Yes 3051 (30.8) 2109 (30.4) 942 (31.7)
No 6859 (69.2) 4828 (69.6) 2031 (68.3)
Surgery 745
Yes 341 3.4) 236 (3.4) 105 (3.5)
No 9569 (96.6) 6701 (96.6) 2868 (96.5)
Chemotherapy .683
Yes 4981 (50.3) 3496 (50.4) 1485 (49.9)
No 4929 (49.7) 3441(49.6) 1488 (50.1)
Radiotherapy 511
Yes 4930 (49.7) 3466 (49.9) 1464 (49.2)
No 4980 (50.3) 3471 (50.1) 1509 (50.8)

Abbreviation: AJCC, American Joint Committee on Cancer.
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Figure 1. Nomogram for predicting 6-month, 1-year, and 2-year survival in lung squamous cell carcinoma (LUSC) patients with metastasis.

“Surgery” refers to surgery performed on the primary cancer site.

cohort and 41.8% in the validation cohort with the T4 stage) and
a later N stage (N2-N3 accounted for 67.1% in the training
cohort and 67.0% in the validation cohort). Bone (32.1%)
was one of the most common metastatic organs. The median
follow-up time was 63 months. At the end of follow-up,
death from any cause had occurred in 95850f 9910 (96.72%),
6724 of 6937 (96.92%), and 2861 of 2973 (96.23%) patients
in the total, training, and validation cohorts, respectively. The
demographic and pathology characteristics are listed in
Table 1, which showed there were no significant differences
between the 2 cohorts.

Construction of Nomogram in the Training Cohort

Independent risk factors included in the nomogram were
assessed in the training cohort. Univariate Cox regression anal-
ysis suggested that the following 10 factors may be significant
prognostic factors: age, marital status, T stage, N stage, bone
metastasis, brain metastasis, liver metastasis, surgery, chemo-
therapy, and radiotherapy. Nevertheless, the effect of marital
status on prognosis was attenuated in multivariate analysis.
Hence, we eventually selected the remaining 9 independent
prognostic factors as variables in the nomogram model
(Figure 1). The specific value of clinicopathological

factors in the nomogram in the training cohort could be
queried in Table S1. The nomogram’s Akaike information
criterion (AIC) is 104598.3, and Harrel’s C-index is
0.711 (95% CI: 0.705-0.717). The hazard ratio (HR),
95% CI, and the P value of each prognosis factor are
listed in Table 2.

Calibration and Validation of the Nomogram

We further calibrated and verified the nomogram. The Harrell’s
C-index in the training cohort and validation cohort were 0.711
(95% CI: 0.705-0.717) and 0.707 (95% CI: 0.697-0.717),
respectively. Receiver operating characteristic (ROC) curves
of 6 months, 1 year, and 2 years are plotted in Figure S1, and
time-dependent area under the curve (AUC) (Figure 2) was cal-
culated in both groups. It shows that the AUC was elevated than
0.7 in both cohorts within 5 years, which indicated favorable
discrimination by the nomogram. Figure 3 illustrated the nomo-
gram calibration curves for 6 months, 1 year, and 2 years, con-
firming a high degree of agreement between the anticipated and
actually observed survival probabilities in the training and val-
idation cohorts. Moreover, the decision curve analysis (DCA)
for the nomogram and TNM staging systems is presented in
Figure 4. The DCA demonstrated that the nomogram in
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Table 2. Univariate and Multivariate Cox Analyses on Variables for the Prediction of Overall Survival of Training Cohort.

Univariate analysis

Multivariate analysis

Characteristics HR 95% CI P value HR 95% CI P value
Sex

Male 1

Female 0.97 0.922-1.020 234
Age

<60 1 1

61-75 1.121 1.053-1.193 <.001 1.092 1.024-1.165 .007

>75 1.37 1.279-1.468 <.001 1.175 1.089-1.269 <.001
Race

White 1

Black 1.004 0.937-1.076 907

Other 0.935 0.842-1.039 213
Marital status

Married 1 1

Single/unmarried 1.087 1.016-1.164 015 1.006 0.938-1.079 .868

Divorced/separated 1.138 1.061-1.220 <.001 1.069 0.996-1.147 .065

Widowed 1.162 1.088-1.241 <.001 0.985 0.920-1.055 .67
Grade

I 1

II 0.88 0.633-1.223 445

111 0.787 0.565-1.095 155

v 0.82 0.550-1.223 331

Unknown 0.906 0.652-1.258 555
AJCC eighth T stage

Tl 1 1

T2 1.19 1.089-1.302 <.001 1.242 1.136-1.359 <.001

T3 1.293 1.181-1.417 <.001 1.394 1.272-1.528 <.001

T4 1.448 1.331-1.576 <.001 1.573 1.444-1.714 <.001
AJCC eighth N stage

NO 1 1

N1 1.131 1.028-1.244 011 1.216 1.105-1.339 <.001

N2 1.206 1.136-1.281 <.001 1.3 1.222-1.383 <.001

N3 1.132 1.052-1.218 .001 1.351 1.252-1.458 <.001
Laterality

Left 1

Right 1.04 0.991-1.091 115
Bone metastasis

No 1 1

Yes 1.384 1.315-1.457 <.001 1.472 1.396-1.552 <.001
Brain metastasis

No 1 1

Yes 1.281 1.202-1.364 <.001 1.552 1.452-1.658 <.001
Liver metastasis

No 1 1

Yes 1.38 1.295-1.469 <.001 1.279 1.199-1.365 <.001
Lung metastasis

No 1

Yes 0.982 0.932-1.034 496
Surgery

No 1 1

Yes 0.588 0.513-0.674 <.001 0.594 0.517-0.682 <.001
Chemotherapy

No 1 1

Yes 0.45 0.429-0.473 <.001 0.422 0.401-0.445 <.001
Radiotherapy

No 1 1

Yes 0.747 0.712-0.783 <.001 0.422 0.401-0.445 <.001

Abbreviations: AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio.
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Figure 2. Time-dependent area under the curve (AUC) for training cohort (A) and validation cohort (B).
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Calibration curves of training cohort (A-C) and validation cohort (D-F) for 6 months, 1 year, and 2 years.
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predicting OS is more beneficial than that of the TNM staging probabilities at different points in time. In conclusion, the
system in patients with LUSC metastasis, which displays large

above results demonstrated that the nomogram we constructed
positive net gains in predictive models for nearly all threshold had considerable discriminative and calibration capabilities.
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Figure 5. Graphs showing the Kaplan-Meier curves for 2 groups based on the predictors from the nomogram model in the whole population (A),

training cohort (B), and those in the validation cohort (C).

Risk Stratification of Overall Survival by the Nomogram
Model

In order to assess subgroups of patients positively affected by
the nomogram, we developed an OS risk classification system
based on the nomogram total points for each patient, dividing all
patients into a high-risk group and a low-risk group. The optimal
cutoff value for total points was 236.41, which was determined
using X-tile software version 3.6.1 with the minimal P value
approach.'® As depicted in Figure 5, the nomogram total points
showed good prognostic classification for LUSC patients with
metastasis in both the training cohort and the validation cohort.

Development of Webserver for Easy Access of Our
Nomogram Model

For the purpose of making our nomogram easier to apply in
clinic and more convenient for doctors and patients, we built
an online version of the nomogram in the form of a web tool
(https:/lusc-nomogram.shinyapps.io/LUSC-nomogram/). The
patient’s survival rate could be calculated once the clinical var-
iables which are displayed on the left side of the page selected
under each variable.

Discussion

The gloomy prognosis of LUSC is mainly due to the initial
diagnosis occurring at an advanced stage.! Although in TNM
staging, M1 all belong to stage IV, the prognosis of tumor
patients is still heterogeneous due to differences in age, meta-
static organs, and treatment methods.!”""? However, there is
no prognostic model available for M1 stage LUSC to date.
Using large population data as the study subjects in the
present study, we developed and validated a prognostic nomo-
gram for patients with M1 stage LUSC and stratified the
patients into different risk subgroups. The factors included in
the model are readily available from clinical data. Moreover,
we have verified the great performance of the model through
various verifications. The online tool developed based on this
can also bring great convenience to clinicians and patients.
Bone is a prevalent site of metastasis in various cancers,
including NSCLC, and 30% to 40% of patients with NSCLC
develop bone metastasis during the course of the disease.?’
Bone metastasis could lead to the occurrence of bone adverse
events and reduce the patients’ quality of life. A previous
study had discovered that multiple bone metastasis and alkaline
phosphatase in NSCLC patients are associated with poor
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prognosis.”’ In the present study, the HR of bone metastasis
was 1.472 (95% CI: 1.396-1.552). The presence of brain and
liver metastasis also greatly increases the risk for LUSC patients.
On the other hand, chemotherapy and radiotherapy are the basic
methods for NSCLC patients without the driver gene mutation.
Our study confirmed the importance of both treatments for
advanced LUSC patients. As for surgery, the National
Comprehensive Cancer Network guidelines did not recommend
surgery for stage IV patients, but our study suggested that surgical
resection of the primary site could bring OS benefits to patients.
Bateni et al.>* found that pneumonectomy was safe for stage IV
patients. Of course, surgical indications and preoperative examina-
tion may need to be more rigorous for these patients.

Previous studies have proposed that some factors may affect
OS in patients with advanced NSCLC, such as age, tumor size,
lymph node metastasis, and treatment modality.*** These
factors, which are generally considered to have a prognostic
impact, were taken into full account in our nomogram. Lung
adenocarcinoma (LUAD) and LUSC are the largest subgroups
of NSCLC. Nonetheless, increasing evidence confirms that
there are significant differences between the LUAD and LUSC in
histopathology, clinicopathological features, transcriptomic profiles,
driver genetic changes, and treatment response.”> As a result, the
prognostic factors between LUSC and LUAD are not entirely iden-
tical. At present, most studies on LUSC prognosis involve gene
expression”*?’ and methylation.*®** Since only a minority of
patients with advanced disease will undergo surgery (only 5.6% in
our study), it is difficult to obtain enough samples for genetic
testing. Thus, a simple and convenient prognostic model is desirable
for most advanced LUSC patients.

To the best of our knowledge, this is the first nomogram
model for patients with advanced LUSC. We analyzed a large
set of samples using the data from 18 medical centers registered
in the SEER database, which represented populations in differ-
ent regions. The Harrel’s C-index, time-dependent AUC, cali-
bration curve, and DCA all suggested that the nomogram had
potential clinical application value. In addition, we can distin-
guish high-risk patients from low-risk patients according to
the total points of the nomogram. The K-M plot and log-rank
analysis also show that there are significant differences in OS
between the 2 groups. As a consequence, we should attach
great attention to patients with a total point higher than 236.41.

Nevertheless, there are still several limitations in the current
study. Firstly, as a retrospective study, selection bias is inevita-
ble. A second limitation is that we did not calculate the sample
size, but included all eligible samples as most studies do,*%>'
which may affect the stability of the model. The information
on treatment in the SEER database is not so detailed, such as
the specific drug regimen of chemotherapy; in addition, factors
such as smoking history, Eastern Cooperative Oncology Group
(ECOG) status,*> PD-L1 expression level,>* and other tumor
markers that we consider to be prognostic factors were not avail-
able. In addition, although we fully considered the metastatic
organs, the information about the number of metastatic lesions
in the SEER database is lacking, so we cannot incorporate this
important factor into the model establishment. In the future, a

multicenter clinical trial is needed as an external validation to eval-
uate the utility of our nomogram.

Conclusion

In a nutshell, we successfully constructed a nomogram to
predict the OS for LUSC with metastasis. Our nomogram
staging technique has the advantages of high accuracy and
has good clinical application value.
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