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Background: Over the past several decades, there has been an apparent improvement in survival of patients
with stage IIIA-N2 non-small cell lung cancer (NSCLC). Positron emission tomography (PET)-scanning for
NSCLC staging/restaging was approved by the Centers of Medicare and Medicaid Services (CMS) in 2001.
We sought to determine whether this survival improvement was due to more sensitive staging-modalities
and/or an evolution in surgical practice.

Methods: The Surveillance, Epidemiology, and End Results Program (SEER) database was queried
[1988-2013] to identify patients with N2M0/1-NSCLC. Comparisons were made between two time periods
defined by the time PET approval was granted by CMS: period-1 (P1) from 1988-2001 and period-2 (P2)
from 2002-2013. Patients treated surgically (1988-2001 vs. 2002-2013) were propensity matched.

Results: This study included 224,295 patients with N2-M0/M1 NSCLC. The 5-, 10-year overall survival
(OS) was 4.8%, 2.2% in P1 (median OS 6 months, 95% CI: 5.9-6.1 months), and 6.7%, 3.2% in P2 (median
OS 6 months, 95% CI: 6-6.1 months). There was a significant increase in the incidence of M1 disease in
P2 compared to P1 (63% wvs. 55%, P<0.001); 54,070 patients had T0-3N2MO and their OS was significantly
better in P2 (5-year OS rate: 16.3%, median OS: 15 months, 95% CI: 14.8-15.2 months), compared to
P1 (5-year OS rate: 11.8%, median OS: 12 months, 95% CI: 11.7-12.3 months) (P<0.001). Survival was
significantly better in P2 regardless of treatment modality. In patients undergoing surgical resection, there
was a significant increased use of lobectomy (69% vs. 76.5%) and a decreased use of pneumonectomy (19%
vs. 10%). Significantly more total lymph nodes were resected in P2 vs. P1 (9 vs. 7, P<0.001). In the matched
cohorts, 5-year OS was significantly improved in P2 (5-year OS rate: 34%, median OS: 34 months, 95% CI:
31.7-36.3 months) compared to P1 (5-year OS rate: 24%, median OS: 23 months, 95% CI: 21.7-24.3 months)
(P<0.001).

Conclusions: The main driver of the significant improvement in survival of ¢T0-3N2MO0-NSCLC patients
over the last 25 years was improved clinical-staging with increased PET utilization. Survival-improvements

might also be credited to surgical-practices evolution.
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Introduction

Approximately one-quarter of all cancer-related deaths in
the United States of America (USA) are attributable to lung
cancer (1). The 1970s through the 1990s showed very little
progress in terms of improvement in overall lung cancer
survival. However, in the late 1990s and early 2000s, there
appeared to be significant jump in lung cancer survival
(2,3). This was also observed in multiple single center
studies. The Moffitt Cancer Center saw a more than doubled
improvement in stage specific median survival and 5-year
stage specific survival from 1986 to 2008 (4). In addition, the
University of Texas M.D. Anderson Cancer Center compared
the time intervals of 1985-1989 with 2000-2004 and saw an
increased median survival from 12 to 17.5 months and an
increased probability of survival at 2 years from 26.5% to
40.8% (5).

It would be difficult to pinpoint a single cause for this
improvement as it may be due to multiple reasons. Scientific
progress has led to better chemotherapy, enhanced delivery
of radiation, and more precise surgery. In addition, anti-
tobacco education has led to significant decreases in smoking
rates in the USA today. Technologic progress has improved
the resolution of computer tomography (CT) and positron
emission tomography (PET) scanning. But why was there a
sudden improvement in lung cancer survival around the turn
of the century? Interestingly on January 1, 1998, the Centers
of Medicare and Medicaid Services (CMS) approved
coverage for PET imaging for use of characterization of
solitary pulmonary nodules and initial staging of non small
cell lung cancer (NSCLC). However, it was not until July
1, 2001 that CMS covered PET imaging for diagnosis,
staging, and re-staging of NSCLC (6). Accordingly, we
wanted to investigate what impact, if any, the introduction
of PET imaging had on lung cancer survival. In addition,
we wanted to see if any other factors could be identified
that might also have impacted survival. We present the
following article in accordance with the STROBE reporting
checklist (available at https://vats.amegroups.com/article/
view/10.21037/vats-22-25/rc).
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Methods
Study population

The current study included all patients >18 years who had
NSCLC with evidence of ipsilateral mediastinal nodal
disease (N2) in the Surveillance, Epidemiology, and End
Results Program (SEER) database [1988-2013]. We elected
to limit our analysis to this study period to have comparable
follow up period of the patients in the two groups. A flow
diagram outlining the study’s selection criteria is shown in
Figure 1.

In this retrospective, cohort, study, staging of patients’
disease followed the 7th edition of the American Joint
Committee on Cancer (AJCC) classification (7).

Study design

The study cohort was divided into two groups based on
the date the CMS covered PET imaging {P1 [1988-2001]
and P2 [2002-2013]}. Differences in demographics, tumor
characteristics, treatment modalities, and survival were
compared between the two groups both in the entire cohort
and in the propensity-matched groups. Factors associated
with cancer specific survival in patients who underwent
surgical resection were also assessed.

Statistical analysis

Categorical variables were expressed as numbers (%) and
were compared using Chi-squared test (x’). Continuous
variables were expressed as median [interquartile range
(IQR)], and were compared using Mann-Whitney U test.

Overall survival (OS) was estimated using Kaplan-Meier
method and differences in survival were estimated using
Log-rank test.

Factors associated with lung cancer specific survival were
estimated in patients who underwent surgical resection in
the entire cohort using Cox-regression analysis. Univariable
factors with P value <0.05 were included in the multivariable
model.
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Figure 1 Consort diagram outlining selection of the study population. y/o, years old; NSCLC, non-small cell lung cancer.
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Figure 2 Overall survival of all patients with N2-M0/M1 NSCLC.

OS, overall survival; NSCLC, non-small cell lung cancer.

To obtain a balanced cohort of patients who underwent
surgical resection in the two groups, a propensity score
matched analysis was done (logistic regression algorithm,
nearest neighbor, 1:1, matching with no replacement,
caliper 0.01). Matching variables included age, gender,
histology, tumor grade, surgery-radiation sequence,
procedure type, T-stage, and number of nodes resected. To
account for the paired nature of data, the McNemar test
was used to compare differences in categorical variables,
and the paired T test was used to compare differences in
continuous variables. In addition, the stratified log-rank test
was used to compare survival differences (stratified by the

© Video-Assisted Thoracic Surgery. All rights reserved.

matched pairs).

Two-sided P values were used to assess for statistical
significance between the study groups. Statistical
significance was evaluated at the 0.05 alpha level. Data
analysis was done using SPSS software (IBM SPSS Statistics
for Windows, V-22.0, IBM Corp, Armonk, NY, USA), and
propensity score (PS)-matching package V3.04.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Results

A total of 224,295 patients were identified with N2-M0/
M1 NSCLC. The 5- and 10-year OS was 4.8% and 2.2%
in P1 [1988-2001] vs. 6.7% and 3.2% in P2 [2002-2013]
(P<0.001) (Figure 2).

217,456 patients with N2 disease had a defined M
staged. We first looked to see if there was a difference in
the proportion of M1 disease between the two time periods.
Table 1 shows a significant increase in the incidence of M1
disease in P2 compared to P1 (63% vs. 55%, P<0.001).
When we further sub-divided the time periods (1988-1994,
1995-2001, 2002-2007, 2008-2013), the corresponding
rates of M1 disease were 53%, 56%, 62%, and 63 %,
respectively.

We next examined only the patients with T0-3N2MO0
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Table 1 Distribution of M stage over the study period

Year of diagnosis Percentage of M1 disease P value
1988-1994 53% <0.001
1995-2001 56%
2002-2007 62%
2008-2013 63%
1.0 1 5-year OS: 19% vs. 11%, P<0.001
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P1(1988-2001) 13748 3787 200 1349 1008 758
P2 (2002-2013) 40322 11485 5038 2486 1105 349

Figure 3 Overall survival of patients with T0-3N2MO0 NSCLC.

OS, overall survival; NSCLC, non-small cell lung cancer.

NSCLC (n=54,070). Within this group, there was a
significant improvement when comparing P2 and P1 in
S-year OS (19% wvs. 11%, P<0.001) (Figure 3). We also
had treatment information on 53,796/54,070 patients. In
comparing P2 vs. P1, there were similar rates of patients
having surgery without radiation (14.8% wvs. 14.5) as was
there a similar rate of patients having radiation therapy (RT)
without surgery (44% vs. 44.2%). There was, however, a
significant decrease in patients having surgery and radiation
in P2 vs. P1 (11.7% vs. 20.6%) and a significant increase
in patients having neither surgery nor radiation (29.5% vs.
20.8%), respectively. Overall, there was a decrease in use
of surgery from 44.2% in P1 to 37.5% in P2. However,
regardless of treatment modality, survival was improved
when comparing P2 and P1. For example, patients
undergoing surgery without RT in P2 vs. P1 had a 5-year
OS of 32% vs. 18% (P<0.001). Likewise, patients having
only RT had a S-year OS of 13.5% vs. 6.7% (P<0.001)
(Figure 4).

We further examined the group of patients who
underwent surgery (n=15,417) (Table 2). The average age
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Figure 4 Overall survival of patients with T0-3N2M0 NSCLC
treated with surgery or RT only. OS, overall survival; NSCLC,

non-small cell lung cancer; RT, radiation therapy.

was 66 years and there were 52% men. Adenocarcinoma
(57%) was the predominant histology followed by
squamous cell carcinoma (24%). There was a decrease
in pneumonectomy from P1 to P2 of 18.9% to 10.3%
(P<0.001) and an increased use of lobectomy from 68.8% to
76.5% (P<0.001). Also, from P1 to P2 there was an overall
decreased use of any RT in patients undergoing surgical
resection (58.7% vs. 44.2%, P<0.001) but there was an
increased use of induction RT (6.7% wvs. 12%, P<0.001).
Finally, pathology results revealed that resected tumors
were slightly smaller (3.5 vs. 3.2 cm) when comparing P1
vs. P2. In addition, there were more average lymph nodes
harvested in (7 vs. 9) but the median number that was
positive remained the same (2).

Within the surgical group, 5-year OS was also improved
regardless of operation type. Patients undergoing
lobectomy in P2 vs. P1 had a 5-year OS of 37% wvs. 25%;
pneumonectomy patients were 31% vs. 19% and sub-lobar
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Table 2 Characteristics of T0-3N2MO0 NSCLC patients who underwent surgical resection
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Characteristics P1[1988-2001] (n=4,801) P2 [2002-2013] (n=10,616) P value Total [1988-2013] (n=15,417)
Age, years 66 [58-72] 66 [59-73] <0.001 66 [58-73]
Gender <0.001
Male 2,633 (54.8) 5,351 (50.4) 7,984 (51.8)
Female 2,168 (45.2) 5,265 (49.6) 7,433 (48.2)
Race 0.14
White 4,036 (84.1) 8,882 (83.7) 12,918 (83.8)
Black 469 (9.8) 997 (9.4) 1,466 (9.5)
Asian 260 (5.4) 622 (5.9) 882 (5.7)
Others 36 (0.7) 115 (1.1) 151 (1.0)
Histology 0.005
Adenocarcinoma 2,656 (55.3) 6,107 (57.5) 8,763 (56.8)
Squamous CC 1,211 (25.2) 2,431 (22.9) 3,642 (23.6)
Others 934 (19.5) 2,078 (19.6) 3,012 (19.5)
Grade (n=13,722) <0.001
I/ 1,553 (36.2) 4,383 (46.5) 5,936 (43.3)
/v 2,742 (63.8) 5,044 (53.5) 7,786 (56.7)
Tumor size, cm (n=1,570) 3.5 [2.5-5] 3.2 [2.2-4.8] <0.001
T stage 0.37
0-1 1,338 (27.9) 3,062 (28.8) 4,400 (28.5)
2 2,558 (53.3) 5,625 (53.0) 8,183 (53.1)
3 905 (18.9) 1,929 (18.2) 2,834 (18.4)
Induction RT 323 (6.7) 1,273 (12.0) <0.001 1,596 (10.4)
Any RT 2,818 (58.7) 4,696 (44.2) <0.001 7,514 (48.7)
Procedure <0.001
Pneumonectomy 907 (18.9) 1,086 (10.3) 1,993 (12.9)
(Bi)lobectomy 3,296 (68.8) 8,100 (76.5) 11,396 (73.9)
SLR 590 (12.3) 1,407 (13.3) 1,997 (13.2)
No. of resected nodes (n=13,164) 7 [3-13] 9 [5-15] <0.001 8 [4-14]
<7 nodes 1,911 (50.7) 4,047 (43.1) <0.001 5,958 (45.3)
>8 nodes 1,859 (49.3) 5,347 (56.9) 7,206 (54.7)
No. of positive nodes (n=13,104) 2 [1-4] 2 [1-4] <0.001 2 [1-4]
<1 node 1,352 (35.0) 3,539 (38.3) <0.001 4,891 (37.3)
>2 nodes 2,506 (65.0) 5,707 (61.7) 8,213 (62.7)

Data are presented as n (%) or median [range]. NSCLC, non-small cell lung cancer; CC, cell carcinoma; RT, radiation therapy; SLR,

sub-lobar resection.
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Figure 5 Overall survival of patients with T0-3N2MO0 treated with

surgical resection. OS, overall survival.

resection (SLR) patients were 23% vs. 17%. However,
when we looked at 5-year OS over the entire time period,
we still found lobectomy patients to have significantly
improved survival when compared to patients undergoing
pneumonectomy or SLR and no difference in survival when
comparing pneumonectomy and SLR patients (Figure 5).
To account for possible population differences, we
performed a multivariable analysis on the surgical cohort of
stage IITA-N2 NSCLC patients. The results are shown in
Table 3. We then performed a matched analysis controlling
for the following variables: age (P=0.30), gender (P=0.64),
histology (P=0.88), tumor grade (P=0.59), surgery-radiation
sequence type (P=0.95), procedure type (P=0.78), T-stage
(P=0.90), and number of nodes resected (P=0.48). Five-year
OS in P2 vs. P1 was 34% vs. 24% (P<0.001) and 5-year cancer
specific survival was 51% wvs. 38%, (P<0.001) (Figure 6).

Discussion

The past 3 decades have seen significant changes in the
diagnosis and treatment of NSCLC. While it is difficult to
stratify which of these developments or discoveries have
had the greatest impact, there are a few that are noteworthy.
Platinum-based chemotherapy was first introduced in the
early 1980s (8). Neo-adjuvant and adjuvant therapy was
proven to be effective in the 1990s (9,10). Lung cancer
screening in the early 2010s has allowed for the earlier
detection and treatment of at-risk patients (11). And
now more recently the discovery of targeted therapy and
immunotherapy has shown very promising results as we
point towards the future (12). However, one of the most

© Video-Assisted Thoracic Surgery. All rights reserved.
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Table 3 MVA of factors associated with CSS in surgically resected T0-

3N2MO

Independents variables

Multivariable analysis

HR (95% CI) P value

Age, in years 1.011 (1.008-1.014) <0.001
Gender (male) 1.196 (1.128-1.268) <0.001
Tumor size, cm 1.002 (1.001-1.003) <0.001
T stage

0/1 Reference

2 1.347 (1.253-1.448)  <0.001

3 1.751 (1.590-1.927)  <0.001
Histology

Adenocarcinoma Reference

Squamous cell carcinoma 0.945 (0.877-1.018) 0.14

Other 1.030 (0.951-1.116) 0.47
Procedure

(Bi)lobectomy Reference

Pneumonectomy 1.179 (1.067-1.302) 0.001

SLR 1.238 (1.137-1.348) <0.001
Number of lymph nodes dissected 0.979 (0.975-0.984) <0.001
Number of positive lymph nodes 1.071 (1.063-1.080) <0.001
Histological grade (Grade IlI/IV) 1.155 (1.088-1.227) <0.001
Radiation therapy 0.897 (0.842-0.955) 0.001
Year of diagnosis

2008-2013 Reference

2002-2007 1.192 (1.104-1.288)  <0.001

1995-2001 1.518 (1.396-1.652)  <0.001

1988-1994 1.774 (1.596-1.972) <0.001

MVA, multivariable analysis; CSS, cancer specific survival; SLR,

sub-lobar resection.

impactful developments may have occurred in 2001 when
CMS approved PET imaging in the treatment of lung
cancer.

This retrospective study utilized the SEER database to
purposefully examine NSCLC patients with N2 disease in
the pre- and post-time periods centered on the introduction
of PET imaging (P1 & P2). Patients with N2 disease were
selected for this study given the higher likelihood of M1
disease when compared to patients that were NO/N1. Not
surprisingly, we found a significant increase in the rate of
M1 disease in the P2 group. In addition, when we focused
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Figure 6 Overall and cancer specific survival of patients with T1-3N2M0 NSCLC who underwent surgical resection, propensity matched

groups. OS, overall survival; NSCLC, non-small cell lung cancer.

on the subgroup of patients who were presumably stage
IIIA (N2MO), we found a significant difference in 5-year
OS between the groups. Even a matched analysis of surgical
patients, controlling for multiple variables including age,
gender, the use and timing of radiation, type of resection,
tumor size, and histology showed significant increases in
5-year OS favoring the P2 group.

This study clearly points to the sudden and dramatic
increased incidence of M1 disease in patients with N2
disease from P1 to P2. While it is possible that there has
been an increase in M1 disease over time, it seems more
plausible that the true incidence of N2M1 disease did
not increase. Rather, the ability to correctly diagnose it
did. Accordingly, patients in P1 had a worsened survival
compared to patients in P2 because many were likely under-
staged and had occult M1 disease.

PET imaging has an established superiority over CT
imaging for staging in NSCLC with improved sensitivity,
specificity, positive predictive values, and negative predictive
values. The first reported prospective evaluation of PET
imaging for mediastinal staging of NSCLC was published
in 1994 by Wahl and colleagues where they compared
PET and CT imaging and found PET to have superior
sensitivity (82% wvs. 64%), specificity (81% vs. 44%) and
accuracy (81% vs. 52%) (13). Scott and colleagues in 1996
further demonstrated that PET in combination with CT
was superior to CT alone with sensitivity and specificity
for PET approaching 100% for mediastinal staging (14).
Extra-thoracic disease was detected by PET imaging in
the adrenal gland and bone and subsequently PET was
evaluated as a whole-body examination for lung cancer

© Video-Assisted Thoracic Surgery. All rights reserved.

staging (15). Saunders et a/. reported in 1999 that in patients
under consideration for surgical resection PET imaging not
only detected distant metastatic disease in 16.5% of these
patients but it also changed the overall management in 37%
of these patients (16). Accordingly, PET was approved by
CMS in 2001 and has become the gold-standard in non-
invasive imaging for staging in NSCLC. Undoubtedly, the
value of PET scanning has been established in NSCLC.
While there have been many studies that have demonstrated
the value of PET imaging, the direct impact that PET
imaging has made in NSCLC has been more difficult to
fully measure. However, this study demonstrates the potential
impact that PET scanning has made in lung cancer survival
over the past decades. Our data clearly suggests a correlation
between the time of PET approval and an increased
detection of M1 disease in patients with N2 NSCLC.
Accordingly, it is possible that the improved survival seen in
patients with NSCLC over the past 3 decades may simply
be the end product of being able to more accurately stage
patients and thus allow for decreased stage migration and
improved stage specific survival. One can even extrapolate
that PET imaging’s greatest impact is seen in allowing for
more accurate staging and appropriate treatment across all
stages of NSCLC.

We also recognize that the introduction of PET may
not be the only factor that has contributed to the perceived
improved survival of patients over time. Our comparison of
the entire cohort of patients with N2MO0/1 disease over P1
and P2 showed an improved survival favoring the P2 group.
This clearly points to other potential factors affecting
survival. Advances in systemic therapy and RT techniques

Video-assist Thorac Surg 2022;7:22 | https://dx.doi.org/10.21037/vats-22-25



Page 8 of 9

have likely positively impacted lung cancer survival. The
data from this study also points to some potential surgical
factors. For example, in patients with stage 3A disease
we observed a 15% reduction in the use of surgery from
P1 to P2. In addition, patients having surgery had a 47%
reduction in pneumonectomy in P2 compared to P1
and an 11% increase in use of lobectomy over the same
time period. This data likely reflects changes in practice
patterns that may reflect data from the INT-139 study
in 2009 which showed significantly increased mortality
in patients undergoing pneumonectomy after induction
therapy for stage 3A NSCLC (17). Our data from this study
also supports the assertion that patients having lobectomy
as part of their treatment in stage IIIA NSCLC have a
survival advantage when compared to patients having either
pneumonectomy or SLR.

A recent study published by Lou et 4/. in 2018 using the
National Cancer Database (NCDB) also showed significant
improved survival in NSCLC when comparing patients
from 2004-2009 vs. 2010-2013 (18). They also found
that patients treated at academic centers had significantly
improved OS across all stages compared to patients treated
in community hospitals. Interestingly this improvement was
also predominantly seen in the earlier stages of NSCLC.
They concluded that the improvements in survival were
likely due to earlier detection, advancements in surgical and
radiation techniques, development of targeted therapies,
and use of adjuvant therapy. They also concluded that
patients in academic teaching hospitals did better as a result
of better surgical outcomes, better adherence to National
Comprehensive Cancer Network (NCCN) guidelines,
and improved access to clinical trials. While all of these
conclusions are valid, it is also possible that patients
treated at academic centers were more likely to have been
appropriately staged with PET imaging which led to more
appropriate treatment and improved stage specific survival.

The limitations of this study start with the retrospective
nature of the analysis. More importantly, however, is the
lack of specific information within the SEER database as to
what exact percentage of patients had PET imaging before
and after 2001. Our assumption is that with the approval
of PET imaging by CMS there would be significantly
increased utilization of PET imaging. To our knowledge,
there isn’t another database that includes this information,
and it would be impractical to perform a randomized study.
Another limitation is that the SEER database used did
not have information on chemotherapy or other systemic
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therapy usage. We presume that chemotherapy was given to
this cohort of patients with locally advanced and metastatic
NSCLC and that improvements in therapy had a positive
impact on survival as stated previously.

In conclusion, many factors have and will continue to
impact and influence the survival of patients with NSCLC.
PET imaging clearly does not directly affect survival.
However, major improvements in survival around the year
2000 were most likely due to stage migration secondary to
more accurate staging as a result of PET approval by CMS.
The importance and impact of correctly staging patients
with lung cancer cannot be overstated.
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