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Background: This study aimed to evaluate the surgical risk and survival rates among octogenarian patients
with lung cancer undergoing surgery.

Methods: In this retrospective cohort study, we examined the outcomes of lung cancer surgery in
octogenarian patients between 2006 and 2019, and compared the outcomes with those of younger patients.
We measured the clinical data of age at operation, sex, percentage of vital capacity, forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV,), body mass index (BMI), smoking history, preoperative
carcinoembryonic antigen (CEA) level, standard uptake value max (SUV,,,,) of tumor, Charlson comorbidity
index (CCI), operative procedure, histology, pathological stage, postoperative complication(s), postoperative
hospital mortality, hospital stay, postoperative adjuvant therapy, and observation time.

Results: We cvaluated 1,260 patients who underwent lung cancer surgeries and assigned them to three
groups, according to age: young (<60 years; Y group; n=170), middle-aged (60-79 years; M group; n=958),
and old (>80 years; O group; n=132). The clinical characteristics of the Y/M/O groups revealed that the O
group had significantly lower body mass index, higher CCI >2, higher percentage of limited surgery, non-
adenocarcinoma histology, longer hospital stay, and higher total complication rate (7.6%, 16.2%, and 18.2%,
respectively; P<0.05 for all). However, no increased mortality was observed (0.0, 0.7, and 0.0, respectively;
P=0.33). The 5-year overall, cancer-specific, and recurrence-free survival rates (%) of the Y/M/O groups
in pathological stage I were 91.8/95.4/86.9, 81.9/90.5/82.2, and 71.6/85.1/80.4, respectively (P=0.04, 0.27
and 0.14). Lower body mass index, as well as higher standard uptake value max and pathological stage, were
independent negative prognostic factors for overall survival in the O group, of which variables were almost
consistent with those of the entire cohort.

Conclusions: The oncological survival of patients with stage I lung cancer in the O group was almost
equivalent to that of the younger populations, with reasonable postoperative complications based on
appropriate surgical indications and procedures. Lower body mass index, reflecting sarcopenia, was notable;

perioperative positive nutritional support and rehabilitation might improve overall survival in octogenarians.
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Introduction
Background

The proportion of older adults has been increasing
globally in both developing and developed countries (1).
Consequently, the number of older patients with lung
cancer undergoing surgery also increased (2-4). According
to previous studies, the postoperative morbidity and
mortality rates of octogenarian patients undergoing lung
cancer surgery were quite acceptable and the overall
survival rate was reasonable (5-10). However, the patients
were retrospectively analyzed, without comparison with
the outcomes of younger individuals. Additionally, survival
impact after pulmonary resection in older patients was
unclear because there was a considerable rate of non-
cancer-related deaths associated with cardiovascular and
cerebrovascular events, or pneumonia, which negatively
impacted overall survival.

Rationale and knowledge gap

Several clinical characteristics, such as male sex, pathological
stage, Glasgow prognostic score, Charlson comorbidity
index (CCI), prognostic nutritional index, and pathological
stage, were reported as significant risk factors for long-term
survival after lung cancer surgery in older patients (5,7,9-11).
However, the difference in survival after lung cancer surgery
between older and younger patients has not been clarified.
Especially, oncological survival of older patients undergoing
surgery compared with that of the younger population has

Highlight box

Key findings:

* Oncological survival of octogenarian patients with lung cancer
undergoing surgery was almost equivalent to that of younger
patients with acceptable morbidity and mortality.

What is known and what is new?

e It is known that the outcomes of surgery for octogenarian patients
with lung cancer were almost acceptable and reasonable.

® Our findings are reasonable even when compared with those of
younger patients.

What is the implication, and what should change now?

* Lower body mass index was a notable poor prognostic factor,
especially for octogenarian patients. Therefore, perioperative
nutritional intervention and rehabilitation to maintain muscle
weight against sarcopenia might improve their survival.
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not been elucidated to date.

Objective

We aimed to evaluate whether the perioperative surgical
results and postoperative survival rates in octogenarian
patients with lung cancer compared to those of younger
patients were superior or inferior. We also aimed to analyze
whether a difference exists in prognostic risk factors
between the older and younger population and to clarify
whether there was survival vulnerability so as to improve
surgical outcomes, particularly in older patients. We present
the following article in accordance with the STROBE
reporting checklist (available at https://ccts.amegroups.
com/article/view/10.21037/ccts-22-8/rc).

Methods

We performed this retrospective cohort study using a clinical
database at a single institution. A total of 1,511 consecutive
patients with primary lung cancer who underwent surgery
at our institution from 2006 to 2019 were investigated. We
included cases of complete resection for non-small cell lung
cancer, excluding cases of small cell lung cancer (including
combined small cell lung cancer), palliative surgery, history
of multiple lung cancer, carcinoma iz situ, patients with
missing data (especially preoperative clinical characteristics),
and patients who underwent preoperative treatment. Among
them, we included 1,260 patients with lung cancer. This
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The Research Review Board
at Kansai Medical University, Osaka approved this study on
September 8, 2021 (approval No. 2021135) and individual
consent for this retrospective analysis was waived.

We gathered the clinical database from the Kansai
Medical University Hospital, in which the patients
underwent surgery, and conducted data collection from
September 9, 2021 to December 31, 2021. All relevant data
are presented in this paper and its Supporting Information
files. Clinical data obtained included age at operation, sex,
percentage of vital capacity (% VC), forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV,),
body mass index (BMI), smoking history, preoperative
carcinoembryonic antigen (CEA) level, standard uptake
value max (SUV,,,) of tumor, CCI, operative procedure,
histology, pathological stage, postoperative complication(s),
postoperative hospital mortality, hospital stay, postoperative
adjuvant therapy, and observation time (12). Postoperative
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complications were defined by chart review, according to
the Clavien-Dindo classification (13). Adverse events graded
IT and over II were defined as postoperative complications,
whereas those graded III and over III were defined as severe
complications. To investigate the result of lung cancer
surgery in elderly patients, we assigned the patients to three
groups, according to age, as follows: young (<60 years;
Y group), middle-aged (60-79 years; M group), and old
(>80 years; O group). We defined the cutoff value of age for
older patient as >80 years, partly because there were many
publications for studying older patients with lung cancer
undergoing surgery at an age >80 years; the results were
almost similar, indicating that the surgical outcomes were
acceptable and reasonable. Although elderly individuals are
considered those aged >70 or 75 years, this definition might
not be suitable for lung cancer surgery since the mean or
median age of patients undergoing surgery is approximately
70 years and almost half the cohort was included in the O
group. An age of <60 years was considered as a cut-off value
for the younger individuals whose clinical characteristics
were completely different from those aged >80 years.
Therefore, we can clarify the true surgical results of older
patients, and compared them with the corresponding
of younger patients and patients with lung cancer aged
60-79 years undergoing surgery in terms of postoperative
complications and long-term outcomes. The general
indications for surgery, especially for octogenarians, were
as follows: performance status, 0-1; postoperative predicted
forced expiratory volume in 1 s >800 mL (14); clinical stage,
[-IIIA expected to be completely resectable; and mental
status, not senile. The overall survival time was calculated
as the time from the date of surgery to the date of death or
the last follow-up. The cancer-specific survival time was
calculated from the date of surgery to that of death due to
lung cancer. Recurrence-free survival time was calculated
from the date of surgery to the date of recurrence. The
tumor stage was determined according to the eighth edition
of the International Union Against Cancer (15). The tumor
histological type was determined according to the third
edition of the World Health Organization Classification of
Tumors (16).

Statistical analyses

We analyzed the clinical characteristics of the three groups
using the Kruskal-Wallis test and the clinical characteristics
of the two groups using the Mann-Whitney test with
Bonferroni correction. We calculated survival time using
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the Kaplan-Meier method and assessed the differences with
the log-rank test. The cutoff values for BMI to draw the
survival curves were set at the bottom quartile; 20.4 kg/m’
for the entire cohort and 22.6 kg/m’ for the O group.
We performed univariate and multivariate analyses for
overall survival using the Cox proportional hazards model.
Additionally, we analyzed risk factors for postoperative
complication grade > II using logistic regression analysis
among the Y, M, and O groups. Univariate analysis was
performed for each variable first; then, variables with P<0.2
were selected for multivariate analysis. We performed a
Kruskal-Wallis test, Mann-Whitney test with Bonferroni
correction, Kaplan-Meier method with log-rank test,
and the Cox proportional hazards regression and logistic
regression analysis using JMP software version 12 (SAS
Institute Inc., Cary, NC, USA). Statistical significance was
set at P<0.05.

Results

A total of 1,511 consecutive patients with primary lung
cancer who underwent surgery at our institution from
January 2006 to December 2019 were investigated. Cases
of small cell lung cancer (including combined small cell
lung cancer) (n=16), palliative surgery (n=93), history of
multiple lung cancer (n=51), carcinoma in situ (n=24),
patients with missing data or inappropriate case (n=27),
and patients who underwent preoperative treatment (n=40)
were excluded. The patient selection flow chart is presented
in Figure S1. Among the series of lung cancer surgeries, we
included 1,260 patients with lung cancer, and the number
of patients in the three groups were as follows: Y group,
n=170; M group, n=958; and O group, n=132. In the
total cohort, the 30- and 90-day postoperative mortality
rates were 0.2% (n=3) and 0.3% (n=4), respectively. The
preoperative clinical characteristics and postoperative
outcomes of the Y, M, and O groups are shown in Table 1.
The patients in the O group had significantly lower %VC,
lower FEV/FVC and BMI, higher CCI, higher percentage
of wedge resection or segmentectomy, non-adenocarcinoma
histology, postoperative complications, lower proportion
of adjuvant therapy, longer postoperative hospital stay, and
shorter postoperative observation time (P<0.05 for all).
However, there were no significant differences in sex, CEA
level, SUV,,,,, pathological stage, and postoperative hospital
mortality between the three groups (P>0.05 for all). The
rates of all postoperative complications were significantly

higher in the O group than in the Y group (P=0.01).
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Table 1 Clinical characteristics of 1,260 patients with lung cancer who underwent radical surgery stratified by age

Clinical characteristics Y group (n=170) M group (n=958) O group (n=132) P value
Age (years), mean [range] 53.1 [33-59] 70.6 [60-79] 82.2 [80-89] -
Sex, n (%) 0.10
Male 112 (65.9) 586 (61.2) 71 (53.8)
Female 58 (34.1) 372 (38.8) 61 (46.2)

Percentage of VC, mean (range)

FEV,/FVC, mean (range)

Pack-year index, n (%)

<600

>600

Unknown
Body mass index, mean (range)
CEA level, n (%)

>5

<5

Unknown

Standard uptake value,,,,, mean (range)

Charlson comorbidity index, n (%)

0, 1
=2
Procedure, n (%)
Sublobar resection
Wedge resection
Segmentectomy
Radical surgery
Lobectomy
Pneumonectomy
Histology, n (%)
Adenocarcinoma
Squamous cell carcinoma
Others
Pathological stage, n (%)
I
Il
1

103.5 (60.3-153.8)
76.4 (51.8-97.8)

106 (62.4)
53 (32.2)
11 (5.4)
23.3 (14.1-32.9)

38 (22.4)
113 (66.5)
19 (11.1)
5.53 (0.6-21.1)

149 (87.6)
21 (12.4)

19 (11.2)
4(2.4)

146 (85.9)
1(0.5)

135 (79.4)
14 (8.2)
21 (12.4)

119 (70.0)
28 (16.5)
23 (13.5)

99.3 (46.0-157.2)
72.7 (31.7-100.0)

484 (50.5)
424 (44.3)
50 (5.2)
22.6 (14.2-38.4)

249 (26.0)
573 (59.8)
136 (4.2)

5.22 (0-23.9)

693 (72.3)
265 (27.7)

135 (14.1)
54 (5.6)

766 (80.0)
3(0.3)

680 (71.1)
198 (20.7)
79 (8.2)

711 (74.2)
139 (14.5)
108 (11.3)

99.0 (564.7-143.5)  O/Y 0.03*; O/M 0.90; M/Y0.004*

71.0 (30.6-96.3) O/Y <0.001*; O/M 0.04%;

M/Y <0.001*
77 (58.3)
52 (39.4)
3(2.3) 0.004*

221 (14.7-30.0)  O/Y 0.02; O/M 0.60; M/Y 0.048
33 (25.0)
82 (62.1)
17 (12.9) 0.43
6.15 (0-24.1) O/Y 1.0; O/M 0.36; M/Y 0.30
90 (68.2)

42 (31.8) <0.001*

23 (17.4)
9(6.8)

100 (75.8)
0 (0.0) 0.049*

87 (65.9)

37 (28.0)
8 (6.1) <0.001*

96 (72.7)

21 (15.9)

15 (11.4) 0.84

Table 1 (continued)
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Clinical characteristics Y group (n=170) M group (n=958) O group (n=132) P value
Postoperative complications grade Il or over, n (%)

Yes 13 (7.6) 155 (16.2) 24 (18.2)

No 157 (92.4) 803 (83.8) 108 (81.8) 0.005*
Postoperative complications grade lll or over, n (%)

Yes 5(2.9) 58 (6.1) 8(6.1)

No 165 (97.1) 900 (93.9) 124 (93.9) 0.216
Postoperative hospital mortality, n (%)

Yes 0 (0.0 7(0.7) 0(0.0)

No 170 (100.0) 958 (99.3) 132 (100.0) 0.33
Postoperative hospital stay (days), 11 [5-51] 11 [3-347] 12 [4-125] 0O/Y 0.02; O/M 0.09; M/Y 1.0
median [range]

Postoperative adjuvant therapy, n (%)
Yes 70 (41.2) 250 (26.1) 6 (4.6)
No 100 (58.8) 708 (73.9) 126 (95.5) <0.001*

Observation time (months), mean
(range)

52.3 (1.2-159.8)

41.4 (0.23-76.0)

0O/Y <0.001*; O/M <0.001%;
M/Y 0.002*

22.6 (0.73-103.1)

*, P value <0.05. Y group: patients aged <60 years; M group: patients aged 60-79 years; O group: patients aged >80 years. VC, vital
capacity; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; CEA, carcinoembryonic antigen.

However, the rates of severe complications and hospital
mortality were not significantly different between the O
and Y groups (P=0.26 and 0.33). The preoperative clinical
characteristics and postoperative outcomes of the Y, M, and
O groups limited to pathological stage I were almost the
same as those of all stages (Tuble 2).

Kaplan-Meier survival curves for all 1,260 patients
stratified by age group, including all stages of lung cancer,
are shown in Figure 14-1C. The 5-year overall survival rates
for the Y, M, and O groups were 87.6% [95% confidence
interval (CI), 80.5-92.3%], 76.0% (72.4-79.2%), and 66.4%
(52.0-78.4%), respectively, indicating that the O group had
significantly shorter overall survival (P<0.001). The 5-year
cancer-specific and recurrence-free survivals of the three
groups were 90.1% (83.6-94.2%) and 76.2% (68.4-82.5%),
83.8% (80.6-86.5%) and 69.8% (66.3-73.1%), and 77.8%
(64.0-87.4%) and 69.2% (58.1-78.5%), respectively, which
indicated that oncological survival in the O group was
slightly lower or equivalent to that in the Y group (P=0.02
and 0.11).

In contrast to Kaplan-Meier survival curves that included
all stages, those limited to pathological stage I of 926 patients

© Current Challenges in Thoracic Surgery. All rights reserved.

stratified by age group are shown in Figure 24-2C. The
5-year overall survival rates of Y, M, and O groups were
91.8% (83.7-96.1%), 81.9% (78.0-85.2%), and 71.6% (53.0-
85.0%), respectively, which exhibited the same significant
difference for all cohorts (P=0.04). In contrast, the 5-year
cancer-specific and recurrence-free survivals of the three
groups were 95.4% (88.3-98.3%) and 86.9% (78.7-92.3%),
90.5% (87.3-92.9%) and 82.2% (78.6-85.3%), and 85.1%
(66.4-94.2%) and 80.4% (67.7-88.9%), respectively,
indicating that the O group had almost equivalent
oncological survival (P=0.27 and 0.14).

We analyzed the prognostic factors for overall survival
among the 1,260 patients and among the Y, M, and O
groups. The results are summarized in Tibles 3,4. Univariate
and multivariate analyses for overall survival revealed
that increased age, lower %VC, CEA >5, higher SUV,,,,
histology of squamous cell carcinoma and other pathology,
and higher pathological stage were independent negative
prognostic factors in all cohorts (P<0.05) (Table 3). Negative
independent prognostic factors stratified according to the
three groups were as follows: CEA >5 and higher pathological
stage in the Y group; lower % VC, histology of squamous

Curr Chall Thorac Surg 2023;5:23 | https://dx.doi.org/10.21037/ccts-22-8
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Table 2 Clinical characteristics of 926 patients with pathological stage I lung cancer who underwent radical surgery stratified by age

Clinical characteristics Y group (n=119) M group (n=711) O group (n=96) P value
Age (years), mean [range] 53.1 [33-59] 70.6 [60-79] 82.2 [80-88] -
Sex, n (%) 0.31
Male 73 (61.3) 426 (59.9) 50 (52.1)
Female 46 (38.7) 285 (40.1) 46 (47.9)

Percentage of VC, mean (range)

FEV,/FVC, mean (range)

Body mass index, mean (range)
Pack-year index, n

<600

>600

Unknown
CEA level, n (%)

>5

<5

Unknown

Standard uptake value,,,,, mean (range)

Charlson comorbidity index, n (%)

0, 1
>2
Procedure, n (%)
Sublobar resection
Wedge resection
Segmentectomy
Radical surgery
Lobectomy
Pneumonectomy
Histology, n (%)
Adenocarcinoma
Squamous cell carcinoma

Others

103.4 (60.3-153.8)

77.3 (51.8-97.8)

23.2 (14.1-32.9)

74
38

23 (19.3)
84 (70.6)
12 (10.1)

4.10 (0.6-13.6)

101 (84.9)
18 (15.1)

19 (16.0)
4(3.4)

96 (80.7)
0(0.0)

101 (84.9)
7 (5.9)
11(9.2)

Postoperative complications grade Il or over, n (%)

Yes

No

8(6.7)
111 (93.3)

99.7 (46.0-157.2)

72.8 (31.7-100)

22.6 (14.2-38.4)

380
288
43

161 (22.6)
453 (63.7)
97 (13.7)

4.14 (0-19.8)

506 (71.2)
205 (28.8)

125 (17.6)
48 (6.8)

538 (75.7)
0(0.0)

535 (75.3)
129 (18.1)
47 (6.6)

104 (14.6)
607 (85.4)

98.1 (61.5-143.5)

71.6 (45.5-96.3)

22.2 (14.7-30.0)

57
36

18 (18.8)
65 (67.7)
13 (13.5)

4.73 (0-16.2)

63 (65.6)
33 (34.4)

22 (22.9)
6 (6.3)

68 (70.8)
0(0.0)

66 (68.9)
27 (28.1)
3(3.1)

20 (20.8)
76 (79.2)

O/Y 0.02%; O/M 0.30;
M/Y 0.04*

0O/Y <0.001*; O/M 0.14;
M/Y <0.001*

0O/Y 1.0; O/M 1.0; M/Y 0.15

0.16

0.43

0O/Y 1.0; O/M 1.0; M/Y1.0

0.001*

0.24

<0.001*

0.008*

Table 2 (continued)
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Table 2 (continued)
Clinical characteristics Y group (n=119) M group (n=711) O group (n=96) P value
Postoperative complications grade Il or over, n (%)

Yes 4 (3.4) 42 (5.9) 6 (6.3)

No 115 (96.6) 669 (94.1) 90 (93.7) 0.4752
Postoperative hospital mortality, n (%)

Yes 0 4 (0.6) 0

No 119 (100.0) 707 (99.4) 96 (100.0) 0.35
Postoperative hospital stay (days), 10 [5-51] 11 [3-347] 11 [5-71] 0/Y 0.42; O/M 1.0;
median [range] M/Y 1.0
Postoperative adjuvant therapy, n (%)

Yes 26 (21.9) 103 (14.6) 2(2.1)

No 93 (78.1) 604 (85.4) 94 (97.9) <0.001*

Observation time (months), mean (range)

56.4 (4.2-154.7)

44.2 (0.23-172.8)

26.1 (0.73-1083.1

) O/Y <0.001%; O/M <0.001%;

M/Y 0.02*

*, P value <0.05. Y group: patients aged <60 years; M group: patients aged 60-79 years; O group: patients aged =80 years. VC, vital
capacity; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; CEA, carcinoembryonic antigen.
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572 449 344 271
56 38 25 18

Figure 1 Kaplan-Meier survival curves for the Y, M and O groups in 1,260 patients. (A) Overall survival curves; (B) cancer-specific survival

curves; (C) recurrence-free survival curves. *, statistically significant value.

cell carcinoma and other pathology, higher SUV, ., and
pathological stage in M group; and lower BMI, higher
SUV,...» and pathological stage in the O group (Table 4)
(P<0.05 for all parameters). Kaplan-Meier survival curves
among patients divided according to BMI are shown in
Figure 34 and Figure 3B. The 5-year overall survival rates of
patients with higher and lower BMI values were 78.8% (95%

© Current Challenges in Thoracic Surgery. All rights reserved.

CI, 75.4-81.9%) and 71.9% (95% CI, 65.0-77.8%) for
all patients and 75.4% (95% CI, 60.6-86.0%) and 37.0%
(95% CI, 13.3-69.2%) for the O group, with statistical
significance (P=0.02 and 0.04, respectively), indicating
that lower BMI values had a remarkable impact on the O
group. Moreover, we analyzed risk factors for postoperative
complication grade II and over II by univariate and,

Curr Chall Thorac Surg 2023;5:23 | https://dx.doi.org/10.21037/ccts-22-8
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Figure 2 Kaplan-Meier survival curves for the Y, M and O groups in 926 patients with stage I lung cancer. (A) Overall survival curves; (B)

cancer-specific survival curves; (C) recurrence-free survival curves. *, statistically significant value.

Table 3 Univariate and multivariate analyses with the Cox proportional hazards model for overall survival in all 1,260 patients with lung cancer

Univariate analysis

Multivariate analysis

Variables
Hazard ratio (95% CI) P value Hazard ratio (95% ClI) P value

Age (years) 1.03 (1.02-1.05) <0.0001 1.04 (1.01-1.06) 0.007*
Sex (male/female) 2.23 (1.66-3.04) <0.0001 1.28 (0.78-2.13) 0.33
Percentage of VC 0.98 (0.97-0.98) <0.0001 0.98 (0.97-0.99) 0.002*
FEV./FVC 0.99 (0.97-1.00) 0.08 1.01 (0.98-1.02) 0.83
Body mass index 0.97 (0.93-1.01) 0.16 0.95 (0.90-0.10) 0.10
Pack years (>600/<600) 2.09 (1.60-2.74) <0.001 1.13 (0.72-1.83) 0.58
CEA (>5/<5) 2.08 (1.58-2.73) <0.001 1.73 (1.19-2.50) 0.004*
Charlson comorbidity index (=2/0 or 1) 1.58 (1.20-2.07) 0.001 1.32 (0.88-1.96) 0.18
Sublobar resection (wedge resection or segmentectomy)/ 1.01 (0.73-1.37) 0.95
radical surgery (lobectomy or pneumonectomy)
Standard uptake value,,, 1.15(1.12-1.18) <0.001 1.12 (1.08-1.17) <0.001*
Histology/adenocarcinoma 1 1

Squamous cell carcinoma 2.21 (1.64-2.94) <0.001 1.00 (0.62-1.58) 0.99

Others 2.27 (1.53-3.27) <0.001 1.81(1.01-3.10) 0.045*
Postoperative complication (yes/no) 2.04 (1.50-2.74) <0.001 1.23 (0.79-1.88) 0.35
Postoperative adjuvant therapy (yes/no) 1.21 (0.93-1.58) 0.15 1.11 (0.73-1.67) 0.61
Pathology stage | 1 1

I 2.21 (1.60-3.03) <0.001 1.60 (0.98-2.56) 0.06

11l 3.74 (2.73-5.08) <0.001 2.90 (1.80-4.60) <0.001*

*, P value <0.05. VC, vital capacity; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; CEA, carcinoembryonic antigen; 95%

Cl, 95% confidence interval.

© Current Challenges in Thoracic Surgery. All rights reserved.
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Table 4 Result of multivariate analysis with the Cox proportional hazards model for overall survival in patients with lung cancer in the Y, M, and

O groups
Multivariate analysis
Variables Y group M group O group
Hazard ratio (95% CIl) P value Hazard ratio (95% CIl) P value Hazard ratio (95% CI) P value

Age (years) 1.02 (0.98-1.07) 0.29
Sex (male/female) 4.90 (0.08-858.7) 0.47 1.37 (0.79-2.39) 0.27 3.71(0.91-22.79) 0.07
Percentage of VC 0.98 (0.96-0.99) <0.001*
FEV,/FVC 1.01 (0.88-1.15) 0.92
Body mass index 0.77 (0.61-0.95) 0.01*
Pack-year index (>600/<600) 19.31 (0.93-1004.4)  0.06 1.02 (0.62-1.73) 0.93
CEA (>5/<5) 9.68 (1.40-119.1) 0.02* 1.40 (0.93-2.08) 0.11
Charlson comorbidity index (=2/0 or 1) 1.41 (0.91-2.17) 0.12
Sublobar resection (wedge resection or  11.48 (0.93-236.0) 0.06
segmentectomy)/radical surgery
(lobectomy or pneumonectomy)
Histology/adenocarcinoma 1 1

Squamous cell carcinoma 0.10 (0.001-5.01) 0.25 0.89 (0.53-1.49) 0.66

Others 0.79 (0.02-18.07) 0.88 2.12 (1.15-3.74) 0.02*
Standard uptake value,,, 1.48 (0.98-2.22) 0.04* 1.10 (1.05-1.16) <0.001* 1.18 (1.03-1.36) 0.01*
Postoperative complication (yes/no) 1.13 (0.70-1.77) 0.61
Postoperative adjuvant chemotherapy (yes/no) 0.64 (0.38-1.06) 0.09
Pathological stage | 1 1 1

I 2.97e-9 (0-17.67) 0.45 1.94 (1.11-3.32) 0.02* 2.64 (0.42-16.05) 0.29

n 23.48 (2.22-456.3) 0.01* 3.34 (1.87-5.92) <0.001* 8.90 (1.76-46.09) 0.009*

*, P value <0.05. VC, vital capacity; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; CEA, carcinoembryonic antigen; 95%

Cl, 95% confidence interval.

multivariate analysis and the results were as followed:
higher age and histology of squamous cell carcinoma for
the Y group, male sex, and lower vital capacity and lower
FEV,/FVC for M group, and lower CCI for the O group,
respectively (P<0.05).

Discussion
Key findings

The number of older adults in Japan has been rapidly
increasing and a similar trend is observed globally (17).
According to annual reports from the Japanese Association
of Thoracic Surgery (3,4), the number of older patients

© Current Challenges in Thoracic Surgery. All rights reserved.

(>80 years) with lung cancer who underwent surgery in
2017 increased 1.5-fold to 13.1% (5,779/44,140), compared
to 8.7% (2,273/26,092), which was recorded 10 years
previously. Several studies have compared the surgical
results of octogenarian patients with lung cancer to those
of septuagenarians, which was likely to almost same as two
groups (18-20). In contrast, little is known regarding the
difference in surgical results between octogenarians and
younger patients, thus far. Therefore, in the present study,
we demonstrated the surgical outcomes of octogenarian
lung cancer patients compared with those of younger
patients in detailed investigations. Our results revealed that
the overall survival of the O group was lower than that of
the younger patients, due to short life expectancy; however,

Curr Chall Thorac Surg 2023;5:23 | https://dx.doi.org/10.21037/ccts-22-8
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Figure 3 Kaplan-Meier survival curves of overall survival stratified by higher or lower body mass index. (A) Survival curves of all 1,260

patients; (B) survival curves of octogenarian patients. *, statistically significant value.

their oncological survival, particularly for pathological stage
I cases, appeared to be equivalent to those of the younger
patients, with no increased surgical mortality, which was not
clearly shown in past publications.

Explanations of findings

In the background, the higher prevalence of wedge
resection or segmentectomy in the O group was considered
to contribute to the reduction of severe complications and
the increase in survival time (Figures 2,3). Less invasive
procedures in the O group may also have contributed to
the reduction in postoperative mortality, which was as low
as that of younger patients. A recent Japanese nationwide
study suggested that wedge resection was an acceptable
oncological procedure for selected comorbid octogenarian
patients with early-stage lung cancer, which supports our
results (21). Based on this evidence, surgical treatment for
octogenarians was justified and acceptable, while being
cautious for perioperative higher morbidity. Furthermore,
the proportion of adjuvant therapy was significantly lower
in the O group. Among the participants in the O group,
we did not generally perform adjuvant therapy, due to
age-related organ damage and intolerance of physical
and mental conditions for chemotherapy based on a daily
clinical conference conducted on a case-by-case basis. As
a result, the lower proportion of adjuvant therapy might
be one reason for the poor survival of the O group. As for
the appreciably lower observation time of O group (mean:
22.6 months) than that of the other two groups (Y group:

© Current Challenges in Thoracic Surgery. All rights reserved.

52.3 months; M group: 41.4 months), several reasons
can be assumed, partly because more recent patients had
undergone surgery and partly because increased non-cancer
related deaths. Additionally, the life-expectancy period was
very short in our cohort. Regardless of the short observation
time, we considered these to be reasonable results and
that a future study with a longer observation time will also
ultimately confirm the trend we observed.

Comparison with similar researches

As an alternative procedure, stereotactic ablative radiation
therapy (SBRT) is generally indicated for high-risk older
patients with impaired cardiopulmonary function, lower
performance status, or senile mental condition, based on the
surgeon’s decision related to case-by-case peculiarities. It was
reported that SBRT resulted in low postoperative morbidity
but worse long-term survival due to both oncological and
non-oncological events compared with patients undergoing
surgery (22). Therefore, we should carefully consider the
indication and surgical procedure in octogenarian patients
with lung cancer who have comorbidities that are being
controlled. Although challenging, it is very important to
select the optimal indication for older patients to ensure a
reasonable outcome.

Concerning short-term outcomes, postoperative
morbidity and mortality of octogenarian lung cancer
patients were reported to be 29.9-55.8% and 1.0-4.2%,
respectively, suggesting that it appeared worse but was
generally acceptable (23). According to another study, the

Curr Chall Thorac Surg 2023;5:23 | https://dx.doi.org/10.21037/ccts-22-8
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Table 5 Multivariate analyses by logistic regression analysis for postoperative complication grade II or over II in patients with lung cancer in the Y,

M, and O groups

Y group M group O group
Variables
Odds ratio (95% CI) P value Odds ratio (95% Cl) P value Odds ratio (95% CI) P value
Age (years) 1.45 (1.06-2.41) 0.01*
Sex (male/female) 1.55 (0.17-33.93) 0.71 1.95 (1.08-3.59) 0.03*
Percentage of VC 0.96 (0.91-1.01) 0.15 0.97 (0.95-0.98) <0.001*
FEV,/FVC 0.97 (0.95-0.99) 0.03*

Body mass index

Pack years (>600/<600)

CEA (>5/<5)

Charlson comorbidity index (=2/0 or 1)

Radical surgery (lobectomy or
pneumonectomy)/sublobar resection
(wedge resection or segmentectomy)

Histology/adenocarcinoma 1
Squamous cell carcinoma 10.06 (1.45-86.28)
Others

Standard uptake value,,,,

Pathological stage |
Il

0.02*
3.20e-9 (0-2.85) 0.18
1.11 (0.89-1.38) 0.33

0.95 (0.88-1.02) 0.13
0.84 (0.48-1.45) 0.52
1.32 (0.82-2.10) 0.25 2.58 (0.88-7.57) 0.08

0.88 (0.52-1.47) 0.63 0.25 (0.04-0.09)  0.048"

2.22 (0.95-5.93) 0.07 1.66 (0.45-8.12) 0.47

1 1
1.13 (0.61-2.07) 0.69 2.07 (0.66-6.34) 0.21
1.32 (0.60-2.77) 0.47 1.73e~7 (0-1.76) 0.12
1.05 (0.98-1.12) 0.16

1
1.12 (0.59-2.07) 0.71

1.07 (0.54-2.07) 0.84

*, P value <0.05. VC, vital capacity; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; CEA, carcinoembryonic antigen; 95%

Cl, 95% confidence interval.

cumulative rate of complication for patients >70 years was
not significantly lower than that of patients aged <70 years
(40.0% wvs. 36.3%, P=0.07). However, the 30-day mortality
was significantly higher (3.6% wvs. 2.2%, P=0.01) (24).
Similar results were also reported among octogenarian
patients from a database analysis in the Netherlands (25).
Conversely, in a limited case-control study that compared
surgical results between octogenarian and septuagenarian
patients with lung cancer, there was no significant difference
in surgical morbidity and mortality rates using propensity
score matching (18,19). In the present study, the total rate
of postoperative complications of octogenarian patients
undergoing lung cancer surgery significantly increased
in chronological order; however, severe complications
and mortality did not increase in octogenarian patients
compared to younger patients (Table I). It is believed that
these results reflect that the surgeon appropriately selected
operable patients and chose the optimal procedure based

© Current Challenges in Thoracic Surgery. All rights reserved.

on the patient’s comorbidity, cardiopulmonary function,
and performance status. Although the rate of postoperative
complications and mortality in octogenarian patients varied
in previous reports and appeared to be relatively higher
than those of younger patients, this was dependent on the
patient’s characteristics, type of procedures, and institute. In
addition, we performed a multivariate analysis to detect risk
factors for postoperative complications among each group
and demonstrated that those we identified were consistent
with prior reports and different in groups stratified by
age (Table 5) (8,10). However, the significant risk index
in patients of the O group revealed lower CCI according
to our result. It was considered that patients with higher
CClIs were likely to be indicated for the safer procedure of
wedge resection. In contrast, patients with lower CCls may
be more likely to undergo radical surgery of lobectomy.
As a result, the latter tended to have more complications
than patients with higher CCls in this cohort. Especially, a
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sublobar resection procedure might reduce postoperative
complications for high-risk patients with higher CCls,
and a radical lobectomy procedure for patients with lower
CCIs might have a higher likelihood of postoperative
complications, which should be carefully monitored,
postoperatively. Further, the data demonstrated “real world”
outcomes of lung cancer surgery for octogenarian patients,
which indicated that such patients can undergo radical
surgery via lobectomy or wedge resection as appropriate
providing that they meet the criteria for surgery.

Regarding survival for octogenarian lung cancer surgery,
the 5-year overall survival rate was reported as 49.9-
72.8%, which was considered acceptable, regardless of the
disadvantages of age, comorbidities, and less opportunity
for adjuvant therapy (8,10,19). As mentioned in other
studies, the overall, recurrence-free, and cancer-specific
survival rates of octogenarian patients with lung cancer were
equivalent to those of septuagenarians, using propensity
score matching (18,19). In this study, we demonstrated the
oncological impact of surgery for octogenarian patients,
showing that the 5-year cancer-specific and recurrence-
free survival of the O group at pathological stage I was not
significantly lower than that of the younger populations,
using raw data and not adjusting for clinical characteristics
(Figure 2B,2C). Considering the patients’ background,
the octogenarian patients had a considerable rate of non-
cancer death prior to cancer recurrence, which may have
obscured and decreased the chance of cancer recurrence
or death in the early postoperative period. Our past study
supports the evidence that the number of non-cancer-
related deaths exceeded that of cancer deaths from surgery
until approximately 1.5 years. However, subsequently,
the number of cancer deaths was a cross over from non-
cancer death, suggesting that non-cancer death had a
considerable impact on survival in the earlier postoperative
period among octogenarians (26). Based on these trends,
the oncological survival outcome of octogenarians was
considered as a result, which was consequently balanced
and adjusted for non-cancer and cancer events. Therefore,
we should carefully perform radical surgery for eligible
octogenarian patients with lung cancer, with considerations
of comorbidity to ensure that oncological survival is
guaranteed.

Regarding prognostic factors in octogenarian patients
undergoing lung cancer surgery, sex, histology, respiratory
function, Glasgow prognostic factor, CCI, extent of lung
resection, pathological stage, and BMI have been reported
as significant risk factors (5-10). Our results were quite

© Current Challenges in Thoracic Surgery. All rights reserved.
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consistent with the results of prior reports including all
cohorts; however, the percentage of VC, CEA, and histology
were not consistent in the group of octogenarians. This was
considered to be attributed to impaired cardiopulmonary
function and considerable non-cancer related death in the
elderly cohort, which affected the difference in prognostic
indices, compared to younger patients. In contrast, selected
lower BMI was strongly associated with worse survival in
all cohorts and in the octogenarian cohort, demonstrating
that higher BMI, as well as oncological variables, such as

lower value of SUV

max

and lower pathological staging, had a
potentially favorable index (27). In this study, we attempted
to assess sarcopenia by using the BMI, a simple variable
representing preoperative weight loss and the potential
influence of cachexia on surgical results among patients
stratified by age. Our results confirmed that lower BMI was
a strong factor for long-term survival among octogenarians,
demonstrating that nutritional condition is of great value for
patients with lung cancer preoperatively, especially for older
patients, in addition to the CCI. Therefore, even without
collecting detailed, complicated variables, such as muscle
volume and albumin value, we can detect high-risk patients
by assessing lower BMI preoperatively. Originally, a higher
BMI, is a well-known negative risk factor for mortality in
cardiovascular diseases and type II diabetes as well as in
various malignancies (28). In contrast, obesity appears to
have a protective effect on survival in lung cancer patients,
which is the so-called “obesity paradox” (29). According to
a previous study, a “metabolically healthy obese” patient
with lung cancer who possesses considerable muscle
volume tends to have a good prognosis (30). Particularly,
in Asian populations, higher BMI values in overweight
patients (25-30 kg/m’) and mildly obese individuals
may provide sufficient nutritional reserves for adequate
response to stressors, which is a possible explanation for
the impact of the obesity paradox in all cohorts as well as in
octogenarian patients with lung cancer. Conversely, lower
BMI values are closely associated with “sarcopenia,” which
is an age-related reduction in body weight with muscle
shrinkage (31). This was also a strong negative predictor
in patients with lung cancer undergoing surgery (32).
Recent publications mentioned a significant correlation
between sarcopenia and lower oncological survival (cancer-
specific and recurrence-free survival) among patients
undergoing lung cancer surgery, which supports our results
(33,34). Therefore, lower BMI, reflecting sarcopenia, was
notable among octogenarians; an interventional approach,
including perioperative positive nutritional support and
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physical training, as a method of rehabilitation to maintain
body weight and muscle volume, may improve survival,
particularly for octogenarian patients (35). A prospective
study to assess individual perioperative management could
confirm the reason for the prolonged survival.

Strengtbs and limitations

This study had some limitations. First, selection bias
cannot be ruled out, because older patients with multiple
comorbidities may or may not have been chosen for surgery
at the attendant surgeons’ discretion and the selected
surgical procedure also varied depending on the patient’s
condition. Second, the study was retrospectively conducted
at a single institution. Third, the observation period was
>10 years, during which time chemotherapeutic agents
changed; this could have affected the survival rate. Fourth,
we could obtain only limited clinical characteristics that
affect surgical results, and assessment of patients’ pre-
and postoperative status, mental and cognitive condition,
and performance status might be desirable to analyze
postoperative course more precisely, especially for older
patients. Nevertheless, we demonstrated the oncological
feasibility of lung cancer surgery in elderly patients versus
younger patients, with acceptable surgical complications.
Moreover, lower BMI was one valuable prognostic factor,
especially in the older cohort, which is a possible, simple
candidate for intervention in the course of lung cancer
surgery. We believe this information would enable surgeons
to suitably perform radical surgery for elderly patients.

Implications and actions needed

Lower BMI, reflecting sarcopenia and lower nutritional
status, was notable in the O group, and perioperative
nutritional support and rehabilitation to maintain body
weight with muscle volume might improve their overall
survival. A large prospective study promoting nutritional
intervention and physical activity in daily exercise for
elderly patients with lung cancer might contribute to
survival in this population.

Conclusions

We showed that the oncological outcomes of cancer-
specific and recurrence-free survival among octogenarian
patients with lung cancer undergoing surgery were slightly
lower or almost equivalent to those of younger populations,

© Current Challenges in Thoracic Surgery. All rights reserved.
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regardless of differences in clinical characteristics.
Prognostic factors for lung cancer patient were varied
among age groups, especially for older patients, lower BMI
was notable; perioperative nutritional intervention might
contribute to prolonging their postoperative survival.
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Supplementary

Lung cancer patient undergoing surgery from 2006-2019 in Kansai Medical University

(n=1,511)
Excluded (n=251);
® Small cell lung cancer (n=16)
e Carcinoma in situ (n=24)
>»| e Preoperative treatment (n=40)
e History of multiple lung cancer (n=51)
o Palliative surgery (n=93)
¢ Missing data and inappropriate case (n=27)
Y
Enrolled in this study
(n=1,260)
v , v
Y group M group O group
(under 60 years old) (aged from 60 to 79 years old) (aged 80 or over 80 years old)
n=170 n=958 n=132

Figure S1 Patient selection flow chart.
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