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Introduction

Since surgically resected non-small cell lung cancer 
(NSCLC) cases account for the majority of long-term 
survivors among total lung cancer population, researchers 
investigated the role of adjuvant chemotherapy in early 
stage NSCLC for survival outcomes. Between late 
1990s and early 2000s, several large phase III trials were 

conducted internationally (1-6). Meta-analysis of the studies 
using cisplatin-based adjuvant chemotherapy demonstrated 
that adjuvant chemotherapy improves 5-year overall survival 
by approximately 5% over surgery alone in stage II–III (7). 
A subset analysis within stage IB later showed that adjuvant 
chemotherapy was associated with higher survival rates in 
patients with tumors ≥4 cm in diameter (8). Use of adjuvant 
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chemotherapy in this setting became standard management 
in mid 2000s. Thereafter, use of adjuvant chemotherapy 
in stage II–III NSCLC increased. Despite hesitancy in 
prescribing chemotherapy for elderly populations, its use 
was associated with improved survival in elderly groups in 
meta-analysis and retrospective studies (9,10). 

However, use of adjuvant chemotherapy remained low 
in elderly patients between the ages of 70–80 as compared 
to younger counterparts (age 66–69) according to SEER-
Medicare database analysis (11). Although use of adjuvant 
chemotherapy was reportedly increased from 2003 to 
2008 (12), recent trends after 2010 are unknown. While 
younger populations have adopted adjuvant chemotherapy, 
elderly groups in modern ages may not accept cytotoxic 
chemotherapy in the adjuvant setting due to toxicity 
concerns. This study focused on identifying recent trends 
in use of adjuvant chemotherapy in resected stage II–III 
NSCLC. We present the following article in accordance 
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/tlcr-19-564).

Methods

SEER is a publicly available cancer research resource 
that collects data on cancer cases since 1973 from United 
States state-wide cancer registries (1). It represents about 
28% of the US population, including 18 cancer registries. 
The SEER database contains information on patient 
demographics, clinical characteristics, tumor stage, first 
course treatment, and survival data (13). This population 
study used SEER-18 dataset with SEER* stat v. 8.3.5 
software (14-17).

Surgically resected, pathologically confirmed NSCLC 
cases that were diagnosed between 2004 and 2015 with 
pathologic stage II–III were identified. AJCC 6th version of 
TNM staging system, instead of 7th or 8th versions, was used 
because of availability throughout the period of diagnosis. 
Information on age, sex, race, histology, presence or 
absence of chemotherapy in the first course treatment were 
collected. Cases where chemotherapy use was unknown 
were assigned into no/unknown category.

Incidence of chemotherapy was assessed according to sex 
(male vs. female), race (white vs. others), age (20–69 vs. 70–
79 vs. 80+), year of diagnosis (2004–2009 vs. 2010–2015), 
histology (adenocarcinoma vs. others), and pathologic 
stage (II vs. III). SEER dataset does not define the timing 
of chemotherapy in relation to surgery, e.g., neoadjuvant, 
adjuvant, although it counts only for first course treatment. 

Information about systemic treatment for recurrent/
metastatic setting was not available. Elderly patients with 
age 70+ were then divided into two groups (70–79 vs. 80+) 
for subset analyses.

Univariate and multivariate analyses were conducted 
using JMP version 13 (SAS Institute, Cary, NC, USA). 
A two-tailed P value less than 0.05 was considered as 
statistically significant.

This is a population study that involves no identifiable 
information for individuals throughout the analyses. This 
study was reviewed by the institutional review board and 
was considered exempt from human subject research.

Results

A total of 35,009 cases were selected for the analysis. 
Clinical characteristics are shown in Table 1. In total, 
19,951 (57.0%) patients received chemotherapy. Its use 
was more frequent in female, non-white race, age 20–69, 
year of diagnosis between 2010 and 2015, adenocarcinoma 
histology, and stage III groups per univariate analysis.

Multivariate analysis demonstrated that younger age, 
recent year of diagnosis, adenocarcinoma histology, and 
stage III showed significantly higher rates of chemotherapy 
use (Table 2). Of note, young age [20–69] and recent 
diagnosis [year 2010–2015] had 2.67- and 1.27-fold 
higher incidence of chemotherapy use, respectively, per 
multivariate analyses. Subgroup analysis in age 70+ also 
demonstrated that the same variables including younger 
age [70–79] were associated with higher incidence of 
chemotherapy (Tables S1,S2).

Use of chemotherapy in the overall population increased 
by 12.9%, from 49.5% in 2004 to 62.4% in 2015 (Table 3). 
This increase was more prominent in age 70–79 (18.3%, 
from 39.9% to 58.2%) than in age 20–69 (11.0%, from 
59.1% to 70.2%) and age 80+ (11.3%, from 18.3% to 
29.6%) (Figure 1).

Increase in use of chemotherapy in the age 70–79 group 
was greater than in other age groups regardless of stage 
or histology (Table 3, Figures 2,3). It was more prominent 
in stage II (24.3% increase, from 33.6% to 57.9%). In 
patients age 80 and older, use of chemotherapy remains low 
(approximately 30%) and mildly increased over the decades.

To determine if increased use of chemotherapy resulted 
in improved survival, we conducted a survival analysis by 
determining 5-year survival rate (Figure 4). Our analysis 
was limited by available data up to year 2011. Analysis of all 
age groups showed that 5-year overall survival only mildly 
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Table 1 Characteristics of the patients with p-stage II–III diagnosed between 2004 and 2015

Variable
Perioperative chemotherapy

Chi-square P value
No/unknown Yes %

Total 15,058 19,951 57.0

Sex 0.009

Male 8,139 10,503 56.3

Female 6,919 9,448 57.7

Race <0.0001

White 12,901 16,649 56.3

Others 2,157 3,302 60.5

Age <0.0001

20–69 6,779 13,680 66.9

70–79 5,871 5,467 48.2

80+ 2,408 804 25.0

Year of diagnosis <0.0001

2004–2009 8,292 9,883 54.4

2010–2015 6,766 10,068 59.8

Histology <0.0001

Adenocarcinoma 5,646 8,564 60.3

Others 9,412 11,387 54.7

Stage <0.0001

Stage II 6,726 7,466 52.6

Stage III 8,332 12,485 60.0

Table 2 Univariate and multivariate analyses for association with use of perioperative chemotherapy

Variable
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Sex (male vs. female) 0.95 0.91–0.99 0.009 0.98 0.94–1.03 0.458

Race (white vs. others) 0.84 0.79–0.89 <0.0001 0.95 0.90–1.01 0.131

Age (20–69 vs. 70+) 2.66 2.54–2.78 <0.0001 2.67 2.56–2.79 <0.0001

Year of diagnosis (2010–2015 vs. 2004–2009) 1.25 1.20–1.30 <0.0001 1.27 1.22–1.33 <0.0001

Histology (adenocarcinoma vs. others) 1.25 1.20–1.31 <0.0001 1.23 1.17–1.28 <0.0001

Stage (III vs. II) 1.35 1.29–1.41 <0.0001 1.33 1.27–1.39 <0.0001

OR; odds ratio, CI; confidence interval.
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increased by 5.6%, from 37.3% in 2004 to 42.9% in 2011. 
In age 20–69, 70–79, 80+ groups, 5-year overall survival 
increased by 5.9%, 7.6%, and 1.0% respectively. 

Discussion

Researchers design and execute trials in various clinical 
settings. They are expected to address clinically relevant 
questions to provide guidance for clinicians. However, 
patient selection for these studies is often skewed by patient 
selection based on clinical characteristics for safety reasons. 
Elderly populations are often underrepresented in clinical 
trials because physician investigators are reluctant to enroll 
them due to safety concerns. These patients often have poor 
performance status and/or significant comorbidities that 
might influence toxicity analyses.

Adjuvant chemotherapy became standard of care in 
the setting of surgically resected stage II–III and large  
(T ≥4 cm) stage I based on several phase III trials and meta-
analyses (2-8,18-20). However, only a small number of 
elderly patients were enrolled in the studies. A retrospective 
study using SEER data showed that chemotherapy use 
in the age 66+ population was approximately 30–40% in 
2003–2006 despite increasing since 2000 (11). Recent trends 
in the use of adjuvant chemotherapy have not yet been 
reported.

Table 3 Increase in use of chemotherapy from 2004 to 2015

Category
Age group

Total
20–69 70–79 80+

Total 11.0% 18.3% 11.3% 12.9%

Stage II 16.3% 24.3% 12.0% 18.0%

Stage III 7.0% 14.1% 9.2% 9.0%

Adenocarcinoma 12.4% 18.2% 5.0% 13.6%

Non-adenocarcinoma 10.0% 18.4% 14.9% 12.2%
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Figure 1 Trends in use of perioperative chemotherapy in stage II–
III by age. The median % of population receiving chemotherapy 
was plotted. Total, all age groups.

Figure 2 Trends in use of perioperative chemotherapy by stage and age. The median % of population receiving chemotherapy was plotted. (A) 
Stage II; (B) stage III. Total, all age groups.
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Our s tudy demonstrates  that  increased use  of 
chemotherapy was greater in the age 70–79 group than 
in other age groups. The increase in the age 70–79 group 
was also more prominent in patients with stage II disease. 
Chemotherapy use remained low (approximately 30%) 
in the age 80+ group (11). Although the SEER database 
only provides presence or absence of chemotherapy use, 
we consider the majority of cases to have received adjuvant 
chemotherapy based on previous SEER-Medicare analysis 
data, which indicates that only 3.9% of patients received 
neoadjuvant chemotherapy (12). The increase in 5-year 
overall survival was modest in the age 20–69 and 70–79 
groups (Figure 4). There is minimal increase in 5-year 
overall survival in the age 80+ group.

We, however, acknowledge limitations in this study. As 
discussed previously, the SEER dataset does not define 

the timing of chemotherapy in relation to surgery, e.g., 
neoadjuvant, adjuvant, although it was classified into the 
“yes” category only if chemotherapy was delivered as 
first course of treatment. We assume that most patients 
probably received adjuvant chemotherapy based on 
previous reports (12). We did not exclude patients who 
died within the immediate post-surgical period. No detailed 
information about chemotherapy (e.g., number of cycles 
or regimens) was available. The analyses in this study 
were intended to review populations in the US for which 
Caucasians dominate. Trends in other ethnic groups or 
nations are unknown.  

The use of the AJCC 6th version of staging system may 
limit the interpretation. Because SEER adopted the AJCC 
7th version in 2010, cases prior to 2010 have never been 
staged based on the 7th version. We therefore were limited 
to use of the 6th version due to its consistent availability 
throughout the study period. Major differences between 
the 6th and 7th versions in surgical N0 cases were tumors 
with T >7 cm (T2/stage IB vs. T3/stage IIB, n=457) and 
T=5–7 cm (T2/stage IB vs. T2b/stage IIA, n=1,016), 
respectively (21). These tumors will be classified as stage II 
or III in the 8th edition requiring adjuvant chemotherapy. 
These cases staged as stage I according to 6th edition 
were not included in the current analysis. However, 
previous adjuvant trials using the 6th version demonstrated 
chemotherapy benefit in node positive cases. Because all the 
three versions of AJCC staging systems take N1+ for stage 
II and higher, most cases that benefit from chemotherapy in 
the 6th version remain stage II–III.

Nevertheless, we believe this study assists practicing 
oncologists in determination of whether to use adjuvant 

Figure 3 Trends in use of perioperative chemotherapy by histology and age. The median % of population receiving chemotherapy was 
plotted. (A) Adenocarcinoma; (B) non-adenocarcinoma. Total, all age groups.

Figure 4 Trends in 5-year overall survival in stage II–III cases by 
age. The five-year survival rate (%) was plotted according to year 
of diagnosis. Total, all age groups.
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chemotherapy in elderly populations. Further research 
is needed to determine whether adjuvant chemotherapy 
should be recommended in age 80+ group.

Conclusions

This study suggests that with recent guideline recommendations, 
oncologists are increasingly offering adjuvant chemotherapy 
to patients aged 70–79, and increased use of adjuvant 
chemotherapy led to modest improvement in overall survival 
in patients ages 70–79. However, oncologists still hesitate to 
treat age 80+ group with adjuvant chemotherapy. 
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Supplementary

Table S1 Characteristics of the patients with p-stage II–III in age 70 and older

Variable
Perioperative chemotherapy

Chi-square P value
No Yes %

Total 8,279 6,271 43.1

Sex 0.924

Male 4,461 3,374 43.1

Female 3,818 2,897 43.1

Race 0.132

White 7,308 5,484 42.9

Others 971 787 44.8

Age <0.0001

70–79 5,871 5,467 48.2

80+ 2,408 804 25.0

Year of diagnosis <0.0001

2004–2009 4,475 2,921 39.5

2010–2015 3,804 3,350 46.8

Histology <0.0001

Adenocarcinoma 3,093 2,661 46.2

Others 5,186 3,610 41.0

Stage <0.0001

Stage II 3,753 2,340 38.4

Stage III 4,526 3,931 46.5

Table S2 Univariate and multivariate analysis in prediction of use of perioperative chemotherapy in age 70 and older

Variable
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Sex (male vs. female) 1.00 0.93–1.06 0.924 1.03 0.96–1.10 0.391

Race (white vs. others) 0.93 0.84–1.02 0.132 0.99 0.89–1.09 0.775

Age (70–79 vs. 80+) 2.79 2.55–3.05 <0.0001 2.83 2.59–3.09 <0.0001

Year of diagnosis (2010–2015 vs. 2004–2009) 1.35 1.26–1.44 <0.0001 1.35 1.26–1.44 <0.0001

Histology (adenocarcinoma vs. others) 1.24 1.16–1.32 <0.0001 1.25 1.16–1.34 <0.0001

Stage (III vs. II) 1.39 1.30–1.49 <0.0001 1.39 1.30–1.49 <0.0001

OR; odds ratio, CI; confidence interval.


	26-TLCR-19-564（含附录）
	26-TLCR-19-564附录

