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Background: Increased incidence of lung cancer in older adults is attributed to increased life expectancy,
increased risk for many types of cancer, age-associated comorbidities and physical performance status.
Contraindicatory tumor resection is suggested to benefit survival outcomes in stage IV non-small-cell
lung cancer (NSCLC). We analyzed the clinical characteristics of older adults >70 years old with stage IV
NSCLC and investigated whether radical local treatment may benefit this population.

Methods: This retrospective, population-based cohort study analyzed patient data from the USA
Surveillance, Epidemiology and End Results (SEER) Program during 2004-2016. Eligible patients were
aged >70 years and diagnosed with stage IV NSCLC. Primary endpoints were overall survival (OS) and
lung-cancer-specific survival (LCSS). Propensity-score matching (PSM) and Cox regression analysis were
performed to assess the prognostic role of surgical resection of primary tumor or metastasis.

Results: Among 54,310 stage IV NSCLC older patients, 7.50% received radical local treatment of the
primary tumor or metastasis. PSM resulted in a balanced study population consisting of a treatment group
(n=4,037) and a matched no-local-treatment group (n=15,658). After adjusting for confounders, radical local
treatment was significantly associated with increased LCSS [hazard ratio (HR): 0.85, 95% confidence interval
(95% CI): 0.72-1.00] but decreased OS (HR: 1.97, 95% CI: 1.31-2.97, P=0.0012).

Conclusions: In older adults >70 years old with stage IV NSCLC, radical local treatment is associated
with increased LCSS but decreased OS. Additional prospective studies are warranted to confirm the benefit
of radical local treatment for primary or metastatic NSCLC.
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Introduction and the concomitant increase in the risk of many types
An increased incidence of lung cancer in older adults is of cancer (1). Older patients differ from their younger
attributed mainly to the increase in human life expectancy counterparts by having more comorbidities, including
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more smoking-related comorbidities, and poorer physical
performance status and inactivity (2,3). Therefore,
this population appears to need focused assessment of
their specific lung cancer risk factors and evaluation of
appropriate therapies.

The World Health Organization (WHO) reported
in 2015 that lung cancer was the fifth leading cause of
mortality with 1.7 million deaths worldwide (4). Older
adults are affected disproportionately (5), with two-thirds
of all new cases occurring in individuals aged 65 years
or older (6). Since the twentieth century, the primary
therapeutic strategy for patients with stage IV non-small
cell lung cancer (NSCLC) has been systemic monotherapy
with chemotherapeutic agents such as gemcitabine and
vinorelbine, which showed significant benefit in survival
that was not surpassed by combination chemotherapy (1).
However, aside from results of two phase III trials in
Italy showing that therapy with these drugs was more
beneficial than supportive care alone in older adults with
lung cancer (7,8), evidence of the efficacy of chemotherapy
for elderly patients remains limited (2). It has been shown
that older adults have higher rates of toxicity when
undergoing chemotherapy (9), but evidence is otherwise
scarce. Treatment also may be complicated by multiple
morbidities that are common among older adults (10). Also,
compromised immune systems and comorbidities make
older adults a “special population”, and they are not always
accepted in clinical trials; the classic endpoints also are not
valid in geriatric populations because causes of death cannot
always be ascribed precisely as disease progression, toxicity,
or comorbid conditions (11).

More recently, radical approaches have been suggested
for select patients with stage IV disease, including surgery
for primary and metastatic disease (12-14). However, we
do not know whether patients with more advanced age may
receive the potential benefits of radical local treatments
as readily as younger patients. Although some older
adults are reported to tolerate surgical treatment deemed
appropriate for their tumor stage (9), treatment strategies
still appear to differ considerably between age groups (3).
While curative-intent treatment and survival have increased
for all NSCLC patients over time, the increase is less
substantial among older adult patients (3). Several recent
studies have documented the potential benefits of surgery
on survival for patients with metastatic NSCLC (12-14),
and all reported survival benefits and an apparent beneficial
role for surgery. Although these studies were not focused
exclusively on elderly NSCLC patients, one study reported

© Translational Cancer Research. All rights reserved.

5337

a median age of 65-70 years, and the authors suggested
that definitive conclusions cannot be made about the role
of surgery in older patients with metastatic disease until
more information is available about systemic therapies and
comorbidities (14).

Two studies that focused specifically on older adult
patients with NSCLC both emphasized that comorbid
conditions are often the reason for exclusion from
surgical resection on the basis of tumor stage, and that
understanding predictive factors may help in the selection
of older patients who are likely to benefit from surgical
treatment (15,16). Therefore, the purpose of the present
study was to analyze the clinical characteristics of older
adults with stage IV NSCLC and to determine whether
radical local treatment may benefit this patient population.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-19-2796).

Methods
Data source

This study extracted patient data from the Surveillance,
Epidemiology and End Results (SEER) Program (www.seer.
cancer.gov) Research Data (2004-2016), National Cancer
Institute (NCI), Division of Cancer Control and Population
Sciences (DCCPS), Surveillance Research Program (SRP),
Surveillance Systems Branch. The SEER program is a
national collaboration of health information agencies in
the United States that collects data from cancer registries
on cancer incidence and survival from 18 geographic areas
around the USA, representing about 30% of the USA
population (17). The SEER database contains information
from approximately three million patients with cancer from
a variety of geographic regions in the USA. The SEER
program has authorized access to the database by research
scientists who may request permission from the NCI (18).

Study design and ethical considerations

"This is retrospective, population-based cohort study. All SEER
data obtained from electronic hospital medical information
systems are de-identified by the SEER Program and data
analysis for research purposes does not require approval of the
Internal Review Board or informed consent by participating
subjects. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).
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Study population

Patients considered eligible for inclusion were those
aged 70 years and older who were diagnosed with any of
the following histological subtypes of NSCLC: NSCLC
not otherwise specified, adenocarcinoma, squamous cell
carcinoma or large cell carcinoma or any of their variants.
All codes and rules in the present study followed guidelines
established by the SEER program. Patient data were
extracted from the SEER-18 cancer registry based on
the International Classification of Diseases for Oncology,
Third Revision (ICD-0O-3) codes (8010/3, 8012/3, 8020/3,
8046/3, 8050-8052/3, 8070-8078/3, 8140/3, 8141/3,
8143/3, 8147/3, 8250-8255/3, 8260/3, 8310/3,8430/3,
8480/3, 8481/3, 8490/3, 8560/3, and 8570-8575/3) and
topographical codes C34.0-C34.9 (bronchus and lung). The
primary cohort included only patients with stage IV disease
at presentation, with definitive T and N stage, and with
only one primary site. Patients for whom it was unknown if
surgery was performed or not, or with missing information
regarding race/ethnicity and follow-up time, were excluded
from the primary cohort.

Endpoints

Patient outcomes were obtained from the SEER database
until December 31, 2013. The primary endpoints were
overall survival (OS) which was calculated from the date of
diagnosis to the date of death due to any cause, and lung-
cancer-specific survival (LCSS), which was calculated from
diagnosis until cause-specific death from lung cancer.

Study variables

Independent variables evaluated for each case included
patients” demographic data (age at diagnosis, sex, race/
ethnicity) and clinical characteristics (tumor histologic
subtypes, characteristics of metastasis, T and N stage), whether
or not they received radical local treatment (defined as
resection of primary tumor or metastasis), and whether or not
they received radiation therapy as the first course of treatment.
Information about chemotherapy received and adjuvant
treatment after the first course were not recorded in the SEER
database and therefore were not included or analyzed.

Propensity-score matching (PSM)

Selection bias is always a concern especially in retrospective
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study design. Because the included cohort was
nonrandomized, unbalanced baseline characteristics may
exist and selection bias may undermine estimation of the
treatment effect. Therefore, a PSM algorithm was applied
to minimize the influence of possible confounding by
indication. The propensity score is defined in this analysis as
the probability of being assigned to surgery for the primary
tumor or metastatic disease. In the calculation of propensity
scores, the logistic regression model was used considering
the following baseline characteristics: age, sex, race, T
stage, N stage, site of metastases, histological subtypes,
characteristics of metastasis and whether or not radiation was
received. Patients who received surgical treatment for the
primary tumor or metastases were matched with patients who
received no surgical treatment with an algorithm of nearest-
neighbor 1:4 matching. This approach has been validated and
applied in previously published studies (14,19-21).

Statistical analysis

Patients’” demographic and clinical characteristics are
summarized as n (%) for total patients, and OS and lung-
cancer-specific-survival (LCSS) are summarized as n (%)
for patients’ given demographic and clinical characteristics.
Univariate and multivariate Cox regression analyses were
performed to estimate the effects of surgical treatment
on OS and LCSS. Variables with significant associations
(P<0.05) in univariate analysis were placed into multivariate
analysis. Results are presented as hazard ratios (HRs) with
corresponding 95% confidence intervals (95% Cls) and P
values. OS and LCSS were both graphed in Kaplan-Meier
curves for total patients and for given surgery types along
with log-rank test. Median survival times with 95% CI of
median time were summarized accordingly. All statistical
assessments were two-tailed and considered significant at
P<0.05. Data were analyzed using SAS 9.0 (SAS Institute
Inc., Cary, NC, USA).

Results

Basic characteristics

Between January 1, 2004 and December 31, 2016, the
SEER database collected data on 6,024,624 patients. After
the inclusion and exclusion criteria were applied, the final
study cohort consisted of 54,310 patients. A flow diagram of
the selection process is presented in Figure 1.

Overall, 4,075 patients (7.50%) received radical local
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SEER database between 2004-2016
(N=6,024,624)
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Y

Inclusion criteria
2,342,362 cases, older or equal to70 years old
357,078 cases, Malignant neoplasm bronchus and lung
267,035 cases, Non-small cell lung cancer
183,931 cases, Only one primary site
68,929 cases, Stage IV at presentation
58,614 cases, Stage T1-T4
54,549 cases, Stage NO-N3

Exclusion criteria

165 cases, Unknown if surgery performed
> 74 cases, Missing information about race, surgical
treatment and follow-up time

Y

Study population
N=54,310

Figure 1 Flow chart of selection population.

treatment, and 50,235 patients (92.50%) did not. Patients’
baseline characteristics are summarized in Table 1. Patients
receiving radical local treatment were younger (P<0.0001),
more likely to be white (P=0.0045), with histology of
adenocarcinoma variants (P<0.0001), with metastasis to
distant organs (P<0.0001), of T1-T?2 stage (P<0.001), node
positive (P<0.0001) and did not receive radiation (P<0.0001)
(Table 1).

Survival outcomes before PSM

Kaplan-Meier curves of OS and LCSS according to
whether or not radical local treatment was performed in the
unmatched population are shown in Figure 24,B. For the
whole population, a statistically significant difference was
found in OS and LCSS favoring the local treatment group
(OS, P=0.0009; LCSS, P<0.0001) (Figure 2).

Survival outcomes after PSM

The propensity matching process resulted in a balanced
study population consisting of a radical local treatment
group (n=4,037) and a matched no-local-treatment group
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(n=15,658). Table 2 shows the distribution of study variables
before and after matching. No significant differences were
found regarding age, sex, race/ethnicity, T stage, N stage
and histological subtype between the two groups after PSM
(1able 2). Kaplan-Meier curves of OS and LCSS after PSM
according to whether or not radical local treatment was
performed are shown in Figure 34,B.

The results of univariate and multivariate Cox regression
analyses for OS in the matched population are shown in
Table 3. In univariate analysis, radical local treatment was
associated with increased OS (HR: 0.85, 95% CI: 0.76-0.95,
P=0.0054). However, after adjustment in multivariate
analysis, radical local treatment was significantly associated
with decreased OS (HR: 1.97, 95% CI: 1.31-2.97,
P=0.0012). The results also indicated that race/ethnicity,
histological subtype, characteristics of metastasis, T stage,
surgical extension of primary tumor, surgery for metastatic
disease and radiation therapy were independent prognostic
factors for OS (All P<0.05) (Table 3).

Table 4 shows the results of univariate and multivariate
Cox regression analyses of prognostic factors for LCSS in
the matched population. In univariate analysis, radical local
treatment was associated with increased LCSS (HR: 0.60,
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Table 1 Baseline characteristics of stage IV NSCLC patients included in the analysis

Characteristics Radical local treatment (surgery to primary tumor or metastases), n (%) No radical local treatment, n (%)
Total 4,075 50,235
Age, years

70-84 3,844 (94.33) 43,448 (86.49)

>85 231 (5.67) 6,787 (13.51)
Sex

Female 1,977 (48.52) 23,714 (47.21)

Male 2,098 (51.48) 26,521 (52.79)
Race

White 3,423 (84.00) 41,198 (82.01)

Black 338 (8.29) 4,836 (9.63)

Others 314 (7.71) 4,201 (8.36)
Histological subtype

NSCLC, not otherwise specified 577 (14.16) 14,168 (28.20)

Squamous cell carcinoma variants 774 (18.99) 10,810 (21.52)

Large cell carcinoma 152 (3.73) 1,314 (2.62)

Adenocarcinoma variants 2,572 (63.12) 23,943 (47.66)
Characteristics of metastasis

Distant organ metastases 1,914 (46.97) 25,246 (50.26)

Distant lymph node metastases 113 (2.77) 985 (1.96)

Pleural/pericardial effusion 72 (1.77) 1,636 (3.26)

Contralateral lung nodules 429 (10.53) 6,490 (12.92)

Undetermined

T stage
T1-T2
T3-T4

N stage
Node positive
Node negative

Surgical extent of primary tumor
None
Local tumor destruction
Sublobular resection
Lobectomy
Pneumonectomy

Surgery, no otherwise specified

1,547 (37.96)

2,098 (51.48)
1,977 (48.52)

2,236 (54.87)
1,839 (45.13)

1,968 (48.29)
101 (2.48)
949 (23.29)
921 (22.60)

87 (2.13)
49 (1.20)

15,878 (31.61)

18,468 (36.76)
31,767 (63.24)

36,393 (72.45)
13,842 (27.55)

Table 1 (continued)
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Characteristics

Radical local treatment (surgery to primary tumor or metastases), n (%) No radical local treatment, n (%)

Surgery to metastases

None 1,857 (45.57) -

Yes 2,218 (54.43) -
Radiation

None 2,411 (59.72) 31,553 (63.23)

Yes 1,626 (40.28) 18,351 (36.77)

NSCLC, non-small cell lung cancer.

A Overall survival (P=0.0009)

Product-limit survival estimates
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0.6

0.4
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Survival time (months)

Treatment
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B  Lung cancer-specific survival (P<0.0001)
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Figure 2 Kaplan-Meier curve of (A) OS and (B) LCSS between
radical local treatment or not (before PSM). OS, overall survival;
LCSS, lung-cancer-specific survival; PSM, propensity-score
matching.
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95% CI: 0.58-0.63, P<0.0001). After adjustments, radical
local treatment remained significantly associated with
increased LCSS (HR: 0.85, 95% CI: 0.72-1.00, P=0.0458).
Sex, age, race/ethnicity, histological subtype, characteristics
of metastasis, T stage, N stage, surgical extent of primary

tumor and radiation were the other significant prognostic
factors for LCSS (All P<0.05) (Table 4).

Discussion

In the present study, we evaluated the prognostic role of
radical local treatment in adults aged 70 years and older
diagnosed with stage IV NSCLC, using PSM to balance
the preoperative patient characteristics in the treatment and
comparison groups to obtain less biased estimates. After
adjusting for all confounders, radical local treatment was
shown to be significantly associated with increased LCSS,
and a 15% risk reduction of lung-cancer-specific death. In
contrast, however, radical local treatment was associated
with decreased OS in this populations, that is, increased risk
for overall morality.

Several recent studies have examined the potential
benefits of surgical resection specifically in older adult
populations with NSCLC. Okamoto ez 4/. (15) attempted to
clarify the surgical management of NSCLC patients over
age 75 years—a group among whom comorbid conditions
often lead to intraoperative or postoperative complications.
In 44 patients receiving partial resection or lobectomy, no
significant differences were found in variables between the
two groups but a significant difference was seen in OS in
all but stage I patients, and no difference was seen between
groups in disease-free survival. The authors noted less
surgical risk in sub-lobar resection and generally better
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Table 2 Patients’ demographic and clinical characteristics before and after PSM

Unmatched Matched

Radical local
treatment (surgery

Radical local

. No radical local
treatment (surgery  No radical local

Characteristics

for primary tumor or treatment, n (%) P value for primary tumor or treat(r;)e)nt, n P value
metastases), n (%) metastases), n (%)

Total 4,075 50,235 4,037 15,658

Age <0.0001* 0.9475
70-84 3,844 (94.33) 43,448 (86.49) 3,808 (94.33) 14,774 (94.35)
>85 231 (5.67) 6,787 (13.51) 229 (5.67) 884 (5.65)

Sex 0.1074 0.9201
Female 1,977 (48.52) 23,714 (47.21) 1,962 (48.60) 7,596 (48.51)
Male 2,098 (51.48) 26,521 (52.79) 2,075 (51.40) 8,062 (51.49)

Race 0.0045* 0.7231
White 3,423 (84.00) 41,198 (82.01) 3,389 (83.95) 13,218 (84.42)
Black 338 (8.29) 4,836 (9.63) 336 (8.32) 1,247 (7.96)
Others 314 (7.71) 4,201 (8.36) 312 (7.73) 1,193 (7.62)

Histological subtype <0.0001* 0.8038
NSCLC, not otherwise specified 577 (14.16) 14,168 (28.20) 570 (14.12) 2,277 (14.54)
Squamous cell carcinoma variants 774 (18.99) 10,810 (21.52) 764 (18.92) 2,949 (18.83)
Large cell carcinoma 152 (3.73) 1,314 (2.62) 148 (3.67) 535 (3.42)
Adenocarcinoma variants 2,572 (63.12) 23,943 (47.66) 2,555 (63.29) 9,897 (63.21)

Characteristics of metastases <0.0001* 0.0014~
Distant organ metastases 1,914 (46.97) 25,246 (50.26) 1,896 (46.97) 7,891 (50.40)
Distant lymph node metastases 113 (2.77) 985 (1.96) 110 (2.72) 389 (2.48)
Pleural/pericardial effusion 72 (1.77) 1,636 (3.26) 72 (1.78) 275 (1.76)
Contralateral lung nodules 429 (10.53) 6,490 (12.92) 426 (10.55) 1,660 (10.60)
Undetermined 1,547 (37.96) 15,878 (31.61) 1,533 (37.97) 5,443 (34.76)

T stage <0.0001* 0.0468*
T1-T2 2,098 (51.48) 18,468 (36.76) 2,078 (51.47) 7,785 (49.72)
T3-T4 1,977 (48.52) 31,767 (63.24) 1,959 (48.53) 7,873 (50.28)

N stage <0.0001* 0.0363*
Node positive 2,236 (54.87) 36,393 (72.45) 2,216 (54.89) 8,882 (56.72)
Node negative 1,839 (45.13) 13,842 (27.55) 1,821 (45.11) 6,776 (43.28)

Radiation <0.0001* 0.0005*
None 2,411 (69.72) 31,553 (63.23) 2,411 (59.72) 8,876 (56.69)
Yes 1,626 (40.28) 18,351 (36.77) 1,626 (40.28) 6,782 (43.31)

Significant values are in *. PSM, propensity-score matching; NSCLC, non-small cell lung cancer.
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A Overall survival (P=0.0051)
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Figure 3 Kaplan-Meier curve of (A) OS and (B) LCSS between
local treatment or not (after PSM). OS, overall survival; LCSS,

lung-cancer-specific survival; PSM, propensity-score matching.

outcomes. Stage was important in another study in which
those with stages I or II had a median OS of 5.6 compared
to 3.5 years in those receiving stereotactic body radiation
therapy (SBRT) (22). In adult patients, but not necessarily
elderly, with stage IV NSCLC, surgery for primary and
metastatic sites were predictive of OS, and survival benefits
were not found in metastasis surgery for those with
squamous or large cell carcinoma or N1 staging; and the
maximum benefit was shown in NSCLC patients receiving
primary site surgeries with stage NO (23). Another study of
aggressive surgical strategy for stage IV NSCLC showed a
S-year OS of 23.3% and a disease-free survival of 15.8%;
those authors suggested that surgical treatment of stage
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IV disease can extend life only if the patients can tolerate
surgery, which may again exclude elderly patients (24).
Patients with stage IV NSCLC are considered incurable
and most often receive best supportive care with the intent
of palliation rather than cure; but surgical intervention for
NSCLC patients remains controversial between studies and
authors. Kwint ez 4l. (25) investigated OS and progression-
free survival (PFS) in NSCLC patients with mean age
60 years who received radical treatment consisting of systemic
treatment, radical radiotherapy, and intrathoracic surgical
resection or radiofrequency ablation. In that study, favorable
OS and PFS were found in patients with good performance
status, which may point to a key factor in determining
potential survival benefit for older adult patients undergoing
surgical or other radical treatment for lung cancer.

In a narrative review by David et 4/. (12), it was suggested
that future studies should focus on possibly including
surgery as part of the therapeutic strategy, in addition
to systemic therapies for appropriately selected stage IV
NSCLC patients. A previous study that also used data
of NSCLC patients from the SEER database found, as
we did, that all types of surgery (primary site, metastasis
site, or both) had significantly better OS than no surgery,
even in stage IV patients (26). The deciding factor in all
studies seems to suggest patient selection, considering age,
comorbidities, and specific sites of metastases (liver and
bone had poorer survival statistics than adrenal or nervous
system metastases); stage also appears to be a determinate
of the aggressiveness of surgery, with complete resection
contributing to better survival than partial (27). In contrast,
Yang et al. (13) conducted a population-based study using
a nationwide database and evaluated prognostic factors for
survival of specific M1 diseases, concluding that surgery
does not appear to compromise outcomes as compared to
non-surgical therapies. Also, results of multivariate analysis
reported by Abdel-Rahman (14) showed that combined
surgery of primary tumor and metastatic disease did not
benefit OS in oligometastatic NSCLC. Similarly, results
of the present study show that although surgery increases
cancer-specific survival, it decreases OS in the same
population. Taken together, these inconsistent findings in
our study and the evidence in the literature do not allow a
definitive conclusion to be made about whether radical local
treatment benefits survival, and which patient subgroup
may benefit from surgery.

Nearly all authors examining surgery for NSCLC,
recognized the need for additional studies on chemotherapy
among the older adult patient population due to the
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Table 3 Prognostic factors for OS in the matched population
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Prognostic factors

Univariate

Multivariate

Beta HR (95% ClI) P value Beta HR (95% Cl) P value

Radical local treatment

None Reference Reference

Yes -0.16  0.85(0.76, 0.95)* 0.0054* 0.68 1.97 (1.31, 2.97)* 0.0012*
Sex

Male Reference Reference

Female 0.07 1.07 (0.96, 1.20) 0.229 0.07 1.08 (0.96, 1.21) 0.2013
Age

70-84 Reference Reference

>85 -0.18  0.83(0.60, 1.15) 0.2649 -0.21 0.81(0.59, 1.13) 0.2123
Race

White Reference Reference

Black 0.11 1.11(0.90, 1.37) 0.3135 0.12 1.12 (0.91, 1.38) 0.2767

Others 0.33 1.4 (1.19, 1.64) <0.0001* 0.3 1.35(1.15, 1.60)* 0.0003*
Histological subtype

Adenocarcinoma variants Reference Reference

NSCLC, not otherwise specified -0.52  0.59(0.47,0.76)* <0.0001* -0.51 0.6 (0.47, 0.76) <0.0001*

Squamous cell carcinoma variants ~ -0.15 0.86 (0.74, 1.00) 0.0536 -0.15 0.86 (0.73, 1) 0.0552

Large cell carcinoma -0.87  0.42(0.24,0.73)* 0.0019* -0.89 0.41(0.24, 0.71) 0.0016*
Characteristics of metastases

Distant organ metastases Reference Reference

Distant lymph node metastases 0.3 1.35(1.01, 1.83)* 0.0462* 0.28 1.33(0.98, 1.80) 0.0677

Pleural/pericardial effusion 0.71 2.02 (1.42, 2.89)* 0.0001* 0.72 2.05 (1.43, 2.95)* <0.0001*

Contralateral lung nodules -0.09 0.92 (0.77, 1.08) 0.3083 -0.06 0.94 (0.79, 1.13) 0.5064

Undetermined 0.32 1.38 (1.21, 1.58)* <0.0001* 0.4 1.49 (1.30, 1.71)* <0.0001*
T stage

T1-T2 Reference Reference

T3-T4 -0.12  0.89(0.79, 1.00)* 0.0436* -0.19 0.83 (0.74, 0.93) 0.0022*
N stage

Node positive Reference Reference

Node negative -0.13  0.87(0.78, 0.98)* 0.0202* -0.11 0.9 (0.80, 1.01) 0.068

Table 3 (continued)
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Table 3 (continued)
Univariate Multivariate
Prognostic factors
Beta HR (95% CI) P value Beta HR (95% Cl) P value

Surgical extent of primary tumor

None Reference Reference

Local tumor destruction -0.7 0.5 (0.23, 1.05) 0.0652 -1.3 0.27 (0.12, 0.63)* 0.0022*

Sublobular resection -0.23 0.8 (0.67, 0.95)* 0.0134* -0.87 0.42 (0.27, 0.64)* <0.0001*

Lobectomy -0.25 0.78(0.67, 0.91)* 0.0013* -0.91 0.4 (0.27, 0.61)* <0.0001*

Pneumonectomy -0.1 0.91 (0.56, 1.47) 0.6925 -0.79 0.45 (0.24, 0.86)* 0.0154*

Surgery, no otherwise specified 0.06 1.06 (0.44, 2.55) 0.8992 -0.76 0.47 (0.18, 1.22) 0.1188
Surgery to metastases

None Reference Reference

Yes -0.12 0.89 (0.74, 1.06) 0.1935 -0.55 0.58 (0.41, 0.82)* 0.0021*
Radiation

None Reference Reference

Yes 0.15 1.16 (1.04, 1.30) 0.0105* 0.15 1.16 (1.02, 1.31) 0.0239*

Significant values are in *. OS, overall survival; HR, hazard ratio; 95% CI, 95% confidence interval; NSCLC, non-small-cell lung cancer.

absence of elderly patients in studies that evaluated
systemic therapy for NSCLC. Nevertheless, because
systemic therapy remains an important part of the picture
in treating NSCLC in older adults, we must also mention
briefly the recent advances such as pembrolizumab as first-
line therapy for metastatic NSCLC. After conducting an
earlier study of the potential benefits of pembrolizumab,
a monoclonal immunotherapy that blocks interaction
between programmed death-1 and programmed-death-
ligands 1 and 2 (28), the author recently published a
review study examining trials evaluating pembrolizumab
as first-line therapy for NSCLC; both OS and PFS were
significantly improved and adverse outcomes were fewer
than with platinum-based chemotherapy (29). In discussing
both studies, the author suggested that both the anti-
tumor effects of pembrolizumab and patient selection are
jointly responsible for the positive outcomes. A phase III
trial (KEYNOTE trial) (30) found that pembrolizumab
improved or maintained health-related quality of life in
NSCLC patients compared to chemotherapy and may
represent the new standard of care for advanced NSCLC
patients who express programmed death ligand-1. Although
this issue is beyond the scope of the present study, future
studies are needed to take such new systemic therapies into
account.

© Translational Cancer Research. All rights reserved.

Strengths and limitations

Results of the present study were strengthened by using
the large and comprehensive SEER database with its vast
number of patients representing almost one-third of the
US population. To the best of our knowledge, this study is
among the first to evaluate the prognostic role of radical
local treatment in stage IV NSCLC in patients aged
70 years and older.

This study also has several limitations. First, it is a
retrospective study and the evidence derived may be of
lower methodological quality than that from randomized
trials. Also, since only the patients who had complete
information were included in the analysis, selection bias may
possibly exist. The SEER database has under-reported the
information and details of chemotherapy and radiotherapy
and did not include data of concomitant systemic therapy
and interventions after the first course of treatment, either
of which may have influenced our results if included.
The SEER data also lacked important information about
the physical performance status and comorbidities of the
included patients, so these data could not be included in the
analyses. Also, although important, data of postoperative
complications, quality of life and cost-effectiveness of the
radical local treatment were not included in the database
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Table 4 Prognostic factors for LCSS in the matched population

Qiu et al. Surgery for stage IV NSCLC in older adults

Univariate Multivariate
Prognostic factors
Beta HR P value Beta HR P value
Radical local treatment
None Reference Reference
Yes -0.5 0.60 (0.58, 0.63)*  <0.0001* -0.17 0.85 (0.72, 1.00)* 0.0458*
Gender
Male Reference Reference
Female -0.2 0.82 (0.80, 0.85)*  <0.0001* -0.16 0.85 (0.82, 0.87)* <0.0001
Age
70-84 Reference Reference
>85 0.2 1.22 (1.15,1.30)*  <0.0001* 0.18 1.2 (1.13, 1.28) <0.0001
Race
White Reference Reference
Black 0.01 1.01 (0.95, 1.07) 0.7288 -0.01 0.99 (0.93, 1.04) 0.6261
Others -0.17 0.84 (0.79,0.89)*  <0.0001* -0.23 0.8 (0.75, 0.85)* <0.0001*
Histological subtype
Adenocarcinoma variants Reference Reference
NSCLC, not otherwise specified 0.39 1.47 (1.41,1.54)*  <0.0001* 0.25 1.28 (1.23, 1.34)* <0.0001*
Squamous cell carcinoma variants 0.09 1.1 (1.06, 1.14)* <0.0001* 0.1 1.1 (1.06, 1.15)* <0.0001*
Large cell carcinoma 0.35 1.41 (1.3, 1.53)* <0.0001* 0.29 1.33 (1.23, 1.44)* <0.0001*
Characteristics of metastases
Distant organ metastases Reference Reference
Distant lymph node metastases -0.38 0.68 (0.62, 0.75)*  <0.0001* -0.55 0.58 (0.52, 0.64)* <0.0001*
Pleural/pericardial effusion -0.25 0.78 (0.69, 0.88)*  <0.0001* -0.31 0.74 (0.65, 0.83)* <0.0001*
Contralateral lung nodules -0.58 0.56 (0.53, 0.59)*  <0.0001* -0.61 0.54 (0.51, 0.57)* <0.0001*
Undetermined -0.26 0.77 (0.74,0.80*  <0.0001* -0.26 0.77 (0.74, 0.80)* <0.0001*
T stage
T1-T2 Reference Reference
T3-T4 0.3 1.34 (1.30, 1.38)*  <0.0001* 0.29 1.34 (1.30, 1.38)* <0.0001*
N stage
Node positive Reference Reference
Node negative -0.33 0.72 (0.70, 0.74)*  <0.0001* -0.23 0.79 (0.77, 0.82) <0.0001*

Table 4 (continued)
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Table 4 (continued)
Univariate Multivariate
Prognostic factors
Beta HR P value Beta HR P value
Surgical extent of primary tumor
None Reference Reference
Local tumor destruction -0.38 0.69 (0.55, 0.85) 0.0006* -0.17 0.84 (0.65, 1.09) 0.1942
Sublobular resection -0.69 0.5 (0.46, 0.54)* <0.0001* -0.47 0.62 (0.58, 0.73)* <0.0001*
Lobectomy -1.2 0.3 (0.28, 0.33)* <0.0001* -0.98 0.38 (0.32, 0.45) <0.0001*
Pneumonectomy -0.94 0.39 (0.30, 0.51)*  <0.0001* -0.83 0.44 (0.32, 0.60)* <0.0001*
Surgery, no otherwise specified -0.36 0.7 (0.51, 0.95)* 0.0238* -0.36 0.7 (0.50, 0.98)* 0.0355*
Surgery to metastases
None Reference Reference
Yes -0.02 0.98 (0.93, 1.03) 0.3867 0.06 1.07 (0.91, 1.25) 0.4208
Radiation
None Reference Reference
Yes 0.03 1.03 (0.99, 1.06) 0.1071 -0.18 0.83 (0.81, 0.86)* <0.0001*

Significant values are in *. LCSS, lung-cancer-specific survival; HR, hazard ratio; 95% CI, 95% confidence interval; NSCLC, non-small-cell

lung cancer.

and therefore could not be investigated. Data of exact
distribution of metastases also was unknown. Prospective
studies are still needed to confirm our findings, considering
and adjusting for comorbidities, performance status and
systemic therapies.

Conclusions

In stage IV NSCLC in patients aged 70 years and older,
radical local treatment is associated with increased LCSS
but OS is decreased. The inconsistent finding in our study
and others in the literature hinder a definitive conclusion
on the role of surgery as part of the therapeutic strategy for
this population. Further well-designed prospective studies
are warranted with careful adjustment of comorbidities,
patients’ performance status and systemic therapies.
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