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Background: A survival benefit from pulmonary resection was observed in octogenarians with non-small
cell lung cancer (NSCLC). Meanwhile, the identification of patients who can indeed benefit can be difficult.
Therefore, we aimed to establish a web-based predictive model to identify optimal candidates for pulmonary
resection.

Methods: Octogenarians with NSCLC in Surveillance, Epidemiology and End Results (SEER) database
were enrolled and split into the surgery and non-surgery groups based on whether they received pulmonary
resection. Propensity-score matching (PSM) was utilized to eliminate the imbalance. Independent prognostic
factors were identified. Patients in the surgery group who lived longer than the median cancer-specific
survival (CSS) time of the non-surgery group were assumed to benefit from the surgery. The surgery group
was further divided into the beneficial group and the non-beneficial group based on the median CSS time of
the non-surgery group. Among the surgery group, a nomogram was established through a logistic regression
model.

Results: A total of 14,264 eligible patients were extracted, with 4,475 (31.37%) patients receiving
pulmonary resection. Surgery was an independent favorable factor of prognosis after PSM (median CSS
time: 58 vs. 14 months, P<0.001). A total of 750 (70.4%) patients lived longer than 14 months (beneficial
group) in the surgery group. Factors including age, gender, race, histologic type, differentiation grade,
and tumor-node-metastasis (TNM) stage were used to formulate the web-based nomogram. The precise
discrimination and predictive capability of the model were validated through receiver operating characteristic
curves, calibration plots, and decision curve analyses.

Conclusions: A web-based predicted model was constructed to distinguish specific patients who can

indeed benefit from pulmonary resection among octogenarians with NSCLC.
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Introduction

With the popularity of low-dose computed tomography
(LDCT) as a chest physical examination for the past few
years, the detection rate of lung cancer particularly those
characterized by early-stage and ground-glass nodules has
greatly elevated (1). Meanwhile, the proportion of elderly
patients is also growing gradually with the aging of the
population (2,3). Approximately 14% of non-small cell lung
cancer (NSCLC) patients were older than 80 years old (4,5).

Surgeons are increasingly confronted with the question
of how to identify the optimal candidates for pulmonary
resection in octogenarians with NSCLC. The American
College of Chest Physicians the European Respiratory
Society and the European Society of Thoracic Surgeons
have recommended that elderly patients who are potential
candidates for resection should be evaluated for surgery
regardless of age (6,7). Despite this and the increased
proportion of localized tumors, the pulmonary resection
rate in octogenarians has decreased (5,8,9).

Numerous previous studies showed that NSCLC
patients who received pulmonary resection had more
postoperative complications, more perioperative mortality,
and worse long-term survival in octogenarians and older
patients compared with young patients (5,9-13), which has
led to a controversy over the appropriateness of subjecting
octogenarian patients with newly diagnosed NSCLC
to surgical resection. Recently, the differences between
surgery and non-surgery only in octogenarians have been
investigated in several retrospective studies. Surgical
resection of NSCLC is associated with improved long-term
survival in a substantial proportion of octogenarians and
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should not be withheld based on age alone (14-17).
Hitherto the role of surgical resection of NSCLC for
patients aged 80 years and above and the specific group
of octogenarians who do benefit are still not fully clear.
We, therefore, undertook this study to establish a user-
friendly web-based clinicopathologic prediction model
to identify optimal candidates for surgical resection of
NSCLC in octogenarians to give a suggestion for individual
therapy strategies and comprehensively understand their
characteristics in a large population of patients. We present
the following article in accordance with the TRIPOD
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-997/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Ethical Committee of Shanghai Cancer
Center, Fudan University IRB No. 2008223-9).

Study cobort

The Surveillance, Epidemiology and End Results (SEER)
database (2000-2019, November 2021 submission) is a
public database collecting tumor-associated data from
17 population-based cancer registries and accounts for
approximately 28% of the population in the United States.
Patients aged no less than 80 years diagnosed from 2010 to
2018 were extracted.

The inclusion and exclusion criteria are listed as follows:

Inclusion criteria:

(I) Lung and bronchus tumor (C34.0-34.9) with
histologic types of adenocarcinoma (8140-8141,
8143-8144, 8147, 8190, 8201, 8210-8211, 8221,
8230-8231, 8250-8257, 8260-8263, 8265, 8290,
8310, 8315, 8320, 8323, 8333, 8380-8384, 8401,
8440-8441, 8460, 8470, 84808482, 8490, 8504,
8510, 8512, 8514, 8525, 8542, 8550-8551, 8570-
8576), squamous cell (8015, 8050-8052, 8070-
8073, 8075-8076, 8078, 8082-8084, 8123) and
others (8560, 8012, 8014, 8034, 8000-8001, 8003,
8005, 80108011, 8020-8021, 8023, 8035, 8040,
8046, 8120, 8146, 8951, 8981, 8200, 8430, 8562,
8982, 8004, 8022, 8030-8033, 8074, 8972, 8980);

(II) Lung cancer was the only or first primary cancer
diagnosis;

(IIT) Aged more than or equal to 80 years.
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Exclusion criteria:

(I) Patients whose diagnosis was obtained through
death certificate or autopsy;

(II) Patients with unknown race information, unknown
tumor position, unknown histological grade,
unknown tumor-node-metastasis (INM) stage,
unknown treatment modality, or incomplete
survival time;

(III) Patients whose information is not enough for the
reclassification of TNM stage according to the
eighth edition of the American Joint Committee on
Cancer (AJCC) Cancer Staging manual;

(IV) Patients whose surgery to primary site record was
unknown.

The TNM stage was reclassified according to the eighth

edition of the AJCC Cancer Staging manual.

Propensity-score matching (PSM)

The eligible patients were divided into the surgery group
and the non-surgery group based on the treatment of the
primary site. Specifically, patients who received pulmonary
resection (pneumonectomy, lobectomy, segmentectomy,
and wedge resection) were classified into the surgery group.
Differences in confounding variables between the two
were compared through the chi-squared test (categorical
variables), z-test, or Wilcoxon rank-sum test (continuous
variables). PSM was utilized to eliminate the imbalance of
confounding variables between the two groups. Variables
that have an impact on the outcomes of treatment were
assigned a propensity score through the logistic regression,
including age, gender, race, tumor site, histologic type,
grade, TNM stage, radiotherapy, and chemotherapy. After
PSM with the nearest-neighbor method (caliper =0.0001),
patients were matched at a 1:1 ratio. Kaplan-Meier estimate
and log-rank test were used to compare the difference in
survival between groups.

Construction and validation of the nomogram

Cox proportional hazards regression model and competing
risk model were used to identify independent prognostic
factors of overall survival (OS) and cancer-specific survival
(CSS) in the matched population, respectively.

Patients who received surgical resection of NSCLC in
matched population were randomly split into the training
cohort and validation cohort at a ratio of 2:1. Meanwhile,
patients in the surgery group were classified into the

© Journal of Thoracic Disease. All rights reserved.
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nonbeneficial group (CSS time < median CSS time of the
non-surgery group) and the beneficial group (CSS time >
median CSS time of the non-surgery group).

A multivariable logistic regression model was established
in the training cohort, including variables identified as the
independent prognostic factors of OS and CSS or available
before surgery.

A nomogram identifying octogenarian patients who
can indeed benefit from surgical resection of NSCLC
was constructed based on the above-mentioned logistic
regression model. Receiver operating characteristic
(ROC) curves and calibration plots were utilized to assess
the predictive capability of the established nomogram.
Furthermore, decision curve analyses (DCA), quantifying
the net benefits with different threshold probabilities, were
used to evaluate the clinical application of the nomogram.

Risk group stratification

Patients in matched population were calculated the
predicted probabilities of benefit from NSCLC surgery-
resection based on the established nomogram, and divided
into the non-surgery group, surgery & non-beneficial group
(predicted probability <50%), and surgery & beneficial
group (predicted probability >50%). Kaplan-Meier survival
curves and the log-rank test were used to illustrate the
independent discrimination ability of the established
nomogram.

Statistical analyses

All statistical analyses were performed in R software (version
4.1.3) with the R packages as follows: “Matchlt”, “tableone”,

“foreign”, “survival”, “plyr”, “cmprsk”, “riskRegression”,
“rms”, “survminer”, “forestplot”, “broom”, “rmda”,

“pROC”, “DynNom”.

Results
Patient characteristics

A total of 14,264 eligible patients with NSCLC were
identified from the SEER database from 2010 to 2018
(Figure I). Of these eligible patients, 4,475 (31.37%)
underwent pulmonary resection. Obvious differences in
factors including age, gender, race, tumor site, histologic
type, grade, TNM stage, the performance radiotherapy,
and chemotherapy indicated the imbalanced baseline
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¢ Patients diagnosed through death certificate or autopsy;
e Patients with unknown race information, unknown tumor

¢ Patients whose information not enough to reclassification of

position, unknown histological grade, unknown TNM stage,
unknown treatment modality, incomplete survival time, and
unknown surgery to primary site record;

TNM stage according to AJCC 8th edition

(n=2,132)
Y Y
No-surgery group Surgery group
(n=1,066) (n=1,066)
Y Y
Training set Validation set
(n=711) (n=355)

Figure 1 Flowchart of the study identifying optimal candidates for primary tumor resection among non-small cell lung cancer patients,

along with recording of the number of patients and the reasons for exclusion from investigation. NSCLC, non-small cell lung cancer; SEER,

Surveillance, Epidemiology and End Results; TNM, tumor-node-metastasis; AJCC, American Joint Committee on Cancer.

characteristics of the two groups (surgery group and non-
surgery group) (Zable 1). Younger and female patients with
White race, lobe-located tumor, adenocarcinoma, grade
I-1I, stage T1-T2, stage NO-N1, and stage MO were
more likely to receive surgery. Variables that affected the
outcomes of treatment were included in PSM, including
age, gender, race, tumor site, histologic type, grade, TNM
stage, radiotherapy, and chemotherapy.

After PSM, 2,132 elderly patients were enrolled in the
following analysis. Baseline characteristics including age,
gender, race, tumor site, histologic type, grade, TNM
stage, radiotherapy, and chemotherapy were all balanced
(P>0.05).

© Journal of Thoracic Disease. All rights reserved.

Pulmonary resection affects the outcomes of elderly NSCLC
patients

Surgical resection of NSCLC was decreasingly performed
with age, especially in patients aged 80 and above
(Figure S1). Through the Kaplan-Meier curve and log-
rank test, patients who received surgery had an improved
OS and CSS than those not (Figure 2). After PSM, the
median CSS time of the surgery and non-surgery group was
58 months [95% confidence interval (CI): 48-67 months]
and 14 months (95% CI: 12-16 months), respectively. The
1-,2-, and S-year OS and CSS rates were also calculated
(Table S1).
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Table 1 Clinical characteristics of participants before and after PSM

Patients before PSM Patients after PSM
Variables AII_patients Non-surge Surger Non-surge Surger
(n=14,264) gery gery p gery gery p
(n=9,789) (n=4,475) (n=1,066) (n=1,066)
Age (years), mean (SD) 83.67 (3.25) 84.07 (3.43) 82.79 (2.60) <0.001 83.39 (2.94) 83.30 (2.95) 0.484
Gender, n (%) <0.001 0.696
Female 7,269 (51.0) 4,831 (49.4) 2,438 (54.5) 565 (53.0) 555 (52.1)
Male 6,995 (49.0) 4,958 (50.6) 2,037 (45.5) 501 (47.0) 511 (47.9)
Race, n (%) <0.001 0.147
White 12,066 (84.6) 8,169 (83.5) 3,897 (87.1) 941 (88.3) 928 (87.1)
Black 890 (6.2) 707 (7.2) 183 (4.1) 53 (5.0) 44 (4.1)
Other 1,308 (9.2) 913 (9.3) 395 (8.8) 72 (6.8) 94 (8.8)
Tumor site, n (%) <0.001 0.507
Lobe 13,810 (96.8) 9,389 (95.9) 4,421 (98.8) 1,056 (99.1) 1,057 (99.2)
Bronchus 315 (2.2) 308 (3.1) 7(0.2) 8(0.8) 5(0.5)
Over lapping lesion 139 (1.0) 92 (0.9) 47 (1.1) 2(0.2) 4 (0.4)
Laterality, n (%) 0.272 0.723
Right 8,257 (57.9) 5,636 (57.6) 2,621 (58.6) 642 (60.2) 651 (61.1)
Left 6,007 (42.1) 4,153 (42.4) 1,854 (41.4) 424 (39.8) 415 (38.9)
Histologic type, n (%) <0.001 0.491
Adenocarcinoma 8,112 (56.9) 4,977 (50.8) 3,135 (70.1) 619 (58.1) 636 (59.7)
Squamous cell 4,616 (32.4) 3,548 (36.2) 1,068 (23.9) 357 (33.5) 354 (33.2)
Other 1,536 (10.8) 1,264 (12.9) 272 (6.1) 90 (8.4) 76 (7.1)
Grade, n (%) <0.001 0.296
I 1,840 (12.9) 1,015 (10.4) 825 (18.4) 132 (12.4) 152 (14.3)
Il 5,346 (37.5) 3,228 (33.0) 2,118 (47.3) 426 (40.0) 436 (40.9)
-1V 7,078 (49.6) 5,546 (56.7) 1,532 (34.2) 508 (47.7) 478 (44.8)
T, n (%) <0.001 0.719
T1 3,760 (26.4) 1,932 (19.7) 1,828 (40.8) 314 (29.5) 310 (29.1)
T2 3,976 (27.9) 2,359 (24.1) 1,617 (36.1) 355 (33.3) 335 (31.4)
T3 3,110 (21.8) 2,409 (24.6) 701 (15.7) 241 (22.6) 253 (23.7)
T4 3,418 (24.0) 3,089 (31.6) 329 (7.4) 156 (14.6) 168 (15.8)
N, n (%) <0.001 0.694
NO 8,310 (58.3) 4,667 (47.7) 3,643 (81.4) 760 (71.3) 744 (69.8)
N1 1,221 (8.6) 782 (8.0) 439 (9.8) 85 (8.0 94 (8.8)
N2-3 4,733 (33.2) 4,340 (44.3) 393 (8.8) 221 (20.7) 228 (21.4)

Table 1 (continued)
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Table 1 (continued)
Patients before PSM Patients after PSM
. All patients
Variables (n=14,264) Non-surgery Surgery b Non-surgery Surgery b
(n=9,789) (n=4,475) (n=1,066) (n=1,066)
M, n (%) <0.001 0.067
MO 9,856 (69.1) 5,530 (56.5) 4,326 (96.7) 929 (87.1) 957 (89.8)
M1 4,408 (30.9) 4,259 (43.5) 149 (3.3) 137 (12.9) 109 (10.2)
Radiotherapy, n (%)
Received 5,500 (38.6) 5,145 (52.6) 355 (7.9) <0.001 260 (24.4) 291 (27.3) 0.138
Chemotherapy, n (%)
Received 3,023 (21.2) 2,593 (26.5) 430 (9.6) <0.001 156 (14.6) 178 (16.7) 0.211
PSM, propensity-score matching; SD, standard deviation.
A Surgery == No Yes B Surgery Yes = No
1.00 1.00 1 &
0S before PSM 5 0S after PSM
L 3
0.75 0754 %
= = 1
3 2 %
Qo Q
8 050 - Soso{
3 3 %
< < .
@ 1% *\
0.25 0.25 1
P<0.0001 ﬁ\‘
.
W“
L3
"*tmi‘
0.00 - 0.00 - ~—
30 60 90 120 0 30 60 90 120
Time, months Time, months
C Surgery == No Yes D Surgery Yes = No
1.00 1 1.00 1 &
CSS before PSM ; CSS after PSM
1
0.75 1 0.75 1;
z = [
3 3 *
[+ [  /
Q Q i 1
[] o
& 0.50 - & 0.50 - %.‘
I ®
= =
: : R
(] n
0.25 - 0.25 \"“»
P<0.0001 P<0.0001
M‘-&‘
h‘*ﬂ- -
-
0.00 A 0.00 +
30 60 90 120 0 30 60 90 120

Time, months

Time, months

Figure 2 Kaplan-Meier curves for OS (A,B) and CSS (C,D) of patients aged 80 before and after PSM. OS, overall survival; CSS, cancer

specific survival; PSM, propensity-score matching.
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Characteristics

All parents 1,066 1,066
Age group

80-82 years 512 (48.03) 496 (46.53)
>82 years 554 (51.97) 570 (53.47)
Gender

Female 555 (52.06) 565 (53.00)
Male 511 (47.94) 501 (47.00)
Race

White 928 (87.05) 941 (88.27)
Black 44 (4.13) 53 (4.97)
Other 94 (8.82) 72 (6.75)
Tumor site

Lobe 1,057 (99.16) 1,056 (99.06)
Bronchus 5(0.47) 8 (0.75)
Other 4(0.38) 2(0.19)
Laterality

Right 651 (61.07) 642 (60.23)
Left 415 (38.93) 424 (39.77)
Histologic type

Adenocarcinoma 636 (59.66) 619 (58.07)
Squamous cell 354 (33.21) 357 (33.49)
Other 76 (7.13) 90 (8.44)
Grade

| 152 (14.26) 132 (12.38)
Il 436 (40.90) 426 (39.96)
-1V 478 (44.84) 508 (47.65)
TNM 8th

| 476 (44.65) 489 (45.87)
] 210 (19.70) 205 (19.23)
Nl 270 (25.33) 230 (21.58)
\Y 109 (10.23) 137 (12.85)
Radiotherapy

Yes 291 (27.30) 260 (24.39)
No/Unknown 775 (72.70) 806 (75.61)
Chemotherapy

Yes 178 (16.70) 156 (14.63)
No/Unknown 888 (83.30) 910 (85.37)

Surgery, n (%) Non-surgery, n (%)

S HR(95%Cl) | P
" 0.39 (0.35-0.44) <0.001
» 0.39 (0.34-0.46) <0.001
»l 0.38 (0.33-0.45) <0.001
.l 0.39 (0.33-0.46) <0.001
- 0.38 (0.32-0.44) <0.001
] 0.40 (0.35-0.45) <0.001

[ 0.29 (0.16-0.52) <0.001

o 0.35 (0.23-0.54) <0.001
" 0.39 (0.34-0.43) <0.001
—eo | 0.71 (0.20-2.46) 0.584
= i 0.24 (0.02-2.67) 0.244
" 0.37 (0.32-0.43) <0.001
ol 0.42 (0.35-0.51) <0.001
. 0.41 (0.35-0.47) <0.001
- 0.33 (0.27-0.40) <0.001
e 0.50 (0.34-0.73) <0.001
ted 0.34 (0.23-0.49) <0.001
ol 0.38 (0.31-0.45) <0.001
» 0.39 (0.34-0.46) <0.001
o 0.31 (0.25-0.37) <0.001
ol 0.31 (0.24-0.39) <0.001
i 0.49 (0.40-0.61) <0.001
(B 0.49 (0.37-0.65) <0.001
roH 0.90 (0.73-1.12) 0.352
) 0.29 (0.25-0.33) <0.001
ro 0.62 (0.48-0.81) <0.001
- 0.35 (0.31-0.40) <0.001
|

Figure 3 Subgroup analysis using forest plots indicating the HR and 95% CI of each subgroup (HR <1 indicates surgery could improve survival of

elderly NSCLC patients). CI, confidence interval; HR, hazard ratio; NSCLC, non-small cell lung cancer; TNM, tumor-node-metastasis.

Subgroup analyses of CSS were also performed
considering the influences of confounding factors
(Figure 3). Pulmonary resection could provide a significant
survival benefit regardless of the TNM stage at the time
of diagnosis. However, patients with tumors located in the
bronchus and others and those who received radiotherapy
might not obtain a benefit.

© Journal of Thoracic Disease. All rights reserved.

Independent prognostic factors

Independent prognostic factors of OS and CSS were
identified through the multivariable Cox regression
model and competing risk model, respectively (Table 2).
Pulmonary resection was an independent factor associated

with improved OS [hazard ratio (HR): 0.39, 95% CI:
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Table 2 Independent prognostic factor of OS and CSS
os CSS
Variables
HR (95% CI) P HR (95% ClI) P

Surgery 0.39 (0.35-0.43) <0.001 0.44 (0.39-0.49) <0.001
Age (years)

80-82 Reference Reference

>82 1.07 (0.97-1.18) 0.149 0.96 (0.86-1.08) 0.520
Gender

Female Reference Reference

Male 1.35 (1.23-1.49) <0.001 1.15 (1.02-1.29) 0.024
Race

White Reference Reference

Black 0.94 (0.74-1.18) 0.570 0.92 (0.68-1.23) 0.560

Other 0.82 (0.68-1.00) 0.047 0.94 (0.76-1.15) 0.540
Tumor site

Lobe Reference Reference

Bronchus 1.53 (0.86-2.73) 0.150 1.94 (0.97-3.92) 0.063

Over lapping lesion 1.14 (0.47-2.76) 0.765 1.93 (0.84-4.46) 0.120
Laterality

Right Reference Reference

Left 0.98 (0.89-1.08) 0.692 0.95 (0.85-1.07) 0.410
Histologic type

Adenocarcinoma Reference Reference

Squamous cell 1.14 (1.02-1.28) 0.018 0.98 (0.85-1.12) 0.710

Other 1.41 (1.17-1.69) <0.001 1.17 (0.93-1.48) 0.180
Grade

| Reference Reference

Il 1.47 (1.25-1.74) <0.001 1.40 (1.14-1.71) 0.001

-1V 1.66 (1.40-1.97) <0.001 1.83 (1.49-2.25) <0.001
T

T1 Reference Reference

T2 1.26 (1.11-1.42) <0.001 1.58 (1.35-1.83) <0.001

T3 1.50 (1.31-1.72) <0.001 1.94 (1.64-2.29) <0.001

T4 1.72 (1.46-2.02) <0.001 2.09 (1.72-2.55) <0.001
N

NO Reference Reference

N1 1.24 (1.04-1.48) 0.015 1.12 (0.89-1.42) 0.320

N2-3 1.53 (1.33-1.75) <0.001 1.59 (1.37-1.85) <0.001

Table 2 (continued)

© Journal of Thoracic Disease. All rights reserved.
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(O] CSSs
Variables
HR (95% Cl) P HR (95% ClI) P

M

MO Reference Reference

M1 1.82 (1.56-2.13) <0.001 1.86 (1.54-2.24) <0.001
Radiotherapy 0.76 (0.68-0.85) <0.001 0.86 (0.75-0.98) 0.026
Chemotherapy 0.66 (0.56-0.77) <0.001 0.77 (0.65-0.91) 0.002

OS, overall survival; CSS, cancer-specific survival; HR, hazard ratio; Cl, confidence interval.
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Figure 4 A nomogram to identify the optimal candidates for pulmonary resection in octogenarians with NSCLC. NSCLC, non-small cell

lung cancer.

0.35-0.43, P<0.001] and CSS (HR: 0.44, 95% CI: 0.39-0.49,
P<0.001) in matched population. Furthermore, gender,
race, histologic type, grade, TNM stage, radiotherapy,
and chemotherapy were confirmed to be independent
prognostic factors.

Predicted model to identify optimal candidates for
pulmonary resection of NSCLC

The median CSS time of the non-surgery group was
14 months in the matched population. We assumed that
patients who received surgical resection of NSCLC and
lived longer than 14 months could benefit from the surgery.
A total of 750 (70.4%) patients who lived longer than

© Journal of Thoracic Disease. All rights reserved.

14 months after surgery were classified into the beneficial
group and the others (316, 29.6%) were classified into the
non-beneficial group (CSS <14 months).

A multivariable logistic regression model was established
in the training cohort, in which variables identified as the
independent prognostic factors of OS and CSS or available
before surgery were included. Although not identified as a
survival-affected factor, age was also included considering
that older patients had shorter survival.

A nomogram, which could identify the optimal surgery
candidates from octogenarians with NSCLC, was constructed
after a multivariable logistic regression model (Figure 4).
TNM stage and histologic type were the leading factors of
prognosis, followed by race, gender, grade, and age.
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Clinical use

To create user-friendly access, the established nomogram
was carried out in a web-based nomogram. Users can
estimate the individual probability of benefit from surgery
by choosing the clinicopathologic information. Figure 5
shows a screenshot of the web-based nomogram (https://
less.shinyapps.io/DynNomapp/). For example, a male,
white, 83-year-old patient with grade I and TINOM]I
stage lung adenocarcinoma has an 81% probability of
benefit from pulmonary resection estimated through our
nomogram.

Nomogram validation

ROC curves, calibration plots, and DCA curves were used
to evaluate the discrimination and predictive capability of
the established nomogram (Figure S2). The areas under
the curve (AUCs) of ROC curves were 0.714 and 0.718
in the training cohort and validation cohort, respectively.
Calibration plots showed good consistency between the
actual observation and estimated probability in both
internal and external validation. In DCA, the net benefit
of the established nomogram is better than that of the all-
treatment or non-treatment scheme when the threshold
probability was 0.40 to 0.93.

To validate the distinguishability of the established
nomogram, patients in the matched population were
classified into the non-surgery group, non-beneficial &
surgery group, and beneficial & surgery group based
on the nomogram-predicted probability. Through the
Kaplan-Meier curve, the beneficial & surgery group has

© Journal of Thoracic Disease. All rights reserved.

a significantly improved CSS than the non-surgery group
(HR: 0.34, 95% CI: 0.30-0.38) and non-beneficial &
surgery group (HR: 0.35, 95% CI: 0.28-0.44). Meanwhile,
no significant difference in CSS was observed between the
latter two groups (P=0.672). similar results of OS analysis
were observed (Table S2, Figure S3). We also observed
no significant difference in non-cancer-specific survival
(NCSS) between the beneficial & surgery group and
the non-beneficial & surgery group (P=0.258). Based on
the surgical approach, patients were further divided into
different subgroups (wedge resection, segmental resection,
and lobectomy). Figure S4 shows that, across all subgroups,
the beneficial group identified in our study has a better
prognosis than those in the non-beneficial group.

Discussion

Appropriate surgical resection of NSCLC in elderly
patients especially octogenarians is a crucial issue, several
retrospective studies have confirmed pulmonary resection
could improve the prognosis of certain patients (18,19).
For certain patients 80 years of age or older with early-
stage NSCLC who can tolerate lobectomy, Mimae
et al. investigated the difference in survival that different
surgical approaches might bring about and found that
wedge resection may be equivalent to lobectomy or
segmentectomy (20), which is in line with Mimae’s previous
study (21). Elderly patients, especially octogenarians, were
described as being underrepresented in cancer clinical trials
for evaluating treatments for NSCLC in a series of articles
(22-25). The most recent Japanese prospective randomized
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clinical trial JACS1303) has only been conducted on elderly
patients to integrate analysis of surgical strategy for elderly
lung cancer patients (26), and the current series shows that
octogenarians can be successfully treated through surgical
resection with an acceptable rate of severe complications
and mortality. They retrospectively this data and found
that mediastinal lymph node dissection (MLND) had no
significant impact on the prognosis of octogenarians with
NSCLC (27). In contrast to all previous studies, we only
focused on how to identify patients who could indeed
benefit from surgical resection of NSCLC to help thoracic
surgeons make the best choices. As far as we are aware,
our work is the first to develop a web-based, user-friendly
prediction model that identifies the optimal candidates for
surgical resection of NSCLC based on a large population of
octogenarian patients.

Our results revealed several remarkable findings. Firstly,
certain octogenarians with NSCLC have been shown
that could benefit from surgery. pulmonary resection was
associated with improved OS (HR: 0.39, 95% CI: 0.35-0.43)
and CSS (HR: 0.44, 95% CI: 0.39-0.49) in octogenarians,
in line with prior research. Furthermore, we have developed
a web-based, user-friendly predicted nomogram based on
a logistic regression model to identify optimal candidates
for pulmonary resection in octogenarians and to thorough
understanding of their clinical characteristics. Thirdly, the
utility and stability of the predicted model were validated by
ROC curves, calibration plots, DCA curves, and risk group
stratification.

We constructed the predictive model to distinguish
optimal candidates for pulmonary resection referred to
the design of Zheng ez a/l. and Liang er al. (28,29). Firstly,
octogenarians with NSCLC who received pulmonary
resection or not were enrolled and matched through PSM
in this study. After PSM, patients who underwent surgical
resection of NSCLC had a significantly improved CSS than
those who did not (median time: 58 vs. 14 months). The
surgery group was further split into the beneficial group and
non-beneficial group based on the median CSS of the non-
surgery group, and their clinicopathological variables were
included in a logistic regression model. This model’s precise
discriminative capability indicated its generalizability. For
the convenience of user access, we modified the model
by implementing underlying statistical formulas in web-
based nomograms. Finally, patients who could benefit from
surgical resection of NSCLC were selected. Based on the
surgical approach, patients were further divided into three
subgroups (wedge resection, segmental resection, and
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lobectomy). Among all subgroups, the beneficial & surgery
group consistently has an improved survival than those in
non-beneficial & surgery group.

In our model, histologic type and TINM stage are the top
two strongest factors to predict whether a certain patient
could benefit from surgery. As mentioned before, female
patients with early TNM-stage and well-differentiated
adenocarcinoma had a better prognosis than other
octogenarian NSCLC patients. These findings suggested
that individual characteristics and the tumor itself had an
impact on the outcome of octogenarian patients, possibly
as a result of the relatively lower difficulty of the surgical
procedures and the prolonged life expectancy.

Several limitations of our study must be taken into
account. Firstly, the SEER database lacks data on
comorbidities, nutritional status, and performance status
(such as cardiac and pulmonary functions), all of which are
valuable for surgeons to evaluate the surgical potential and
make a clinical decision. CSS was chosen as the primary
endpoint, which could somewhat mitigate the effects of
missing the aforementioned non-cancer factors. In other
words, cancer-specific death excluded the death from non-
cancer events, which could help us minimize the bias. The
incorporation of it into a more integrated predicted model
in future research is crucial. Secondly, the incomplete
record of chemotherapy, radiotherapy and immunotherapy
could not answer the question that whether underlying
treatment would improve the outcome of surgery in this
study. Thirdly, this study is retrospective in essence. To
identify specific patients who might benefit from surgical
resection, prospective randomized clinical trials are still
necessary. At all events, this model could be useful for future
clinical trial design since it can calculate surgical beneficial
probability based on SEER-accessible clinicopathologic
characteristics.

Conclusions

A web-based, user-friendly predicted nomogram was
developed and validated to identify specific patients who
might indeed benefit from surgical resection. The clinical
availability of the established model needs to be further
modified and confirmed.
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Supplementary

Table S1 The 1-, 2-, 5-year survival rate of OS and CSS in matched
population

Survival rate 1-year 2-year 5-year

CSS rate, %

Surgery 78.90 67.30 49.20

Non-surgery 52.17 35.53 19.17
OS rate, %

Surgery 74.06 61.01 34.27

Non-surgery 45.72 27.90 11.47

OS, overall survival; CSS, cancer-specific survival.

Table S2 Log-rank test for OS, CSS, and NCSS among non-surgery, non-beneficial & surgery, and beneficial & surgery group in matched population

(O] CSS NCSS
Grou Non-surgery group as  Non-beneficial & surgery Non-surgery group as  Non-beneficial & surgery Non-surgery group as  Non-beneficial & surgery
P reference group as reference reference group as reference reference group as reference
HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P
Non-surgery Reference - 1.09 (0.91-1.32) 0.345 Reference - 1.05 (0.85-1.28) 0.672 Reference - 1.28 (0.83-1.97) 0.266
Non-beneficial & 0.91 (0.76-1.10) 0.345 Reference - 0.96 (0.78-1.18) 0.672 Reference - 0.78 (0.51-1.20) 0.266 Reference -
surgery
Beneficial & 0.40 (0.36-0.44) <0.001 0.43 (0.36-0.53) <0.001 0.34 (0.30-0.38) <0.001 0.35 (0.28-0.44) <0.001 0.61 (0.50-0.74) <0.001 0.78 (0.51-1.20) 0.258
surgery

OS, overall survival; CSS, cancer-specific survival; NCSS, non-cancer-specific survival; HR, hazard ratio; Cl, confidence interval.
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Figure S1 Number of patients underwent pulmonary resection with increase of age.
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matched population (A,C,E) and stage I patients (B,D,F). CSS, cancer-specific survival.
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