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Abstract: Erlotinib, bevacizumab, and pemetrexed improved survival of metastatic non-small cell lung cancer (mN-
SCLC) in clinical trials, but their benefits are restricted to non-squamous histology. We studied recent survival trends 
in mNSCLC subpopulations defined by histology and associated clinical factors correlating with adenocarcinoma or 
endothelial growth factor receptor mutations. Using the Surveillance, Epidemiology and End Results database, we 
calculated relative survival at 1 year from diagnosis for mNSCLC cases diagnosed in 2000-2011. Trends by histol-
ogy, age, sex, race, prevalence of smoking or poverty, expressed as annual percent change (APC) using joinpoint 
regression, were compared by test of slope parallelism (Ppar). Among 226,446 cases, 47% had adenocarcinoma, 
20% squamous carcinoma, 6% other, and 27% unspecified histology. The proportion of cases designated as ad-
enocarcinoma significantly increased after 2005. One-year survival increased from 23.5% in 2000 to 30.5% in 
2010, significantly more for adenocarcinoma (APC, 3.3%) than squamous carcinoma (APC, 2.1%, Ppar=0.0018). For 
patients with adenocarcinoma, these trends were significantly better for Asians than Whites (Ppar=0.012) and for 
areas with fewer smokers (Ppar=0.014). Such differences were not observed for squamous carcinoma (Ppar=0.87 and 
0.14, respectively). The absolute disparity in one-year survival between adenocarcinoma and squamous carcinoma 
increased from 1.6% in 2000 to 5.5% in 2010. The disparity between Asians and Whites increased from 5.2% to 
13.1%, respectively. These data demonstrate that improvement in survival of mNSCLC since 2000 is now evident 
on a population scale. The superior increment for patients with adenocarcinoma, particularly among Asians and in 
communities with fewer smokers, suggests impact of the newly introduced, histology-specific agents, rather than 
better supportive care alone. Growing disparities between adenocarcinoma and squamous carcinoma highlight the 
needs to intensify research on treatment for subgroups that did not benefit from recent advances.

Keywords: Epidemiology, non-small cell lung cancer, relative survival, lung adenocarcinoma, squamous cell  
carcinoma

Introduction

The past decade was marked by significant 
advances in therapy of metastatic non-small 
cell lung cancer (mNSCLC). Increased attention 
to efficacious and timely delivery of palliative 
care was shown to improve both quality of life 
and survival in this incurable disease. 
Additionally, three novel agents approved by 
the United States (US) Food and Drug 
Administration (FDA) between 2000 and 2010 
demonstrated overall survival (OS) advantage 
over standard platinum-based doublet chemo-
therapy, primarily for non-squamous histolo-
gies. The epidermal growth factor receptor 
(EGFR) inhibitor erlotinib was initially approved 

in 2004 thanks to a modest OS benefit in sec-
ond-line therapy for unselected mNSCLC, but 
dramatic benefits were subsequently demon-
strated in the subset of 15-20% of tumors har-
boring EGFR mutations [1, 2]. These mutations 
correlate with certain clinical features: adeno-
carcinoma (ADE) histology, female sex, Asian 
race and non-smoking status [3-5]. Bevaci- 
zumab, a monoclonal antibody targeting the 
vascular endothelial growth factor (VEGF), was 
approved in 2006 in combination with carbopl-
atin and paclitaxel, specifically excluding 
patients with squamous carcinomas (SQC) 
because of an unacceptably high rate of severe 
hemoptysis [6]. Similarly, the survival benefit of 
pemetrexed, initially approved in 2004 for sec-
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ond-line treatment, proved to be restricted to 
non-squamous histology [7].

The differential impact of these agents on OS in 
histologic subtypes of mNSCLC has not been 
evaluated outside of the clinical trial setting. 
We hypothesized that a difference in popula-
tion-derived survival trends between ADE and 
SQC, and within populations with higher preva-
lence of ADE histology or EGFR mutations, 
would become detectable throughout the 
decade. Demonstration of such differential 
trends would strongly indicate that novel sys-
temic therapies acting through their histology-
specific mechanisms significantly contributed 

to survival in some subsets of mNSCLC, beyond 
the effects of stage migration or enhanced sup-
portive care. 

Methods—patients 

Data source 

We conducted a retrospective cohort analysis 
using data from the US Surveillance, 
Epidemiology and End Results (SEER) program 
[8]. The study used a de-identified public data-
set and was exempt from oversight of the insti-
tutional review committee for human subject 
protection. The SEER program collects cancer 

Table 1. Histologic subtypes of metastatic non-small cell carcinoma in the SEER data base according 
to the World Health Organization classification. Small cell lung cancer, pulmonary carcinoid and non-
carcinoma histologies were excluded
Histology grouping N ICD-O-3 code Description
Adenocarcinoma (ADE) 96,047 8140/3 Adenocarcinoma, NOS

17 8230/3 Solid carcinoma, NOS

3,472 8250/3 Bronchiolo-alveolar adenocarcinoma

213 8252/3 Bronchiolo-alveolar carcinoma, non-mucinous

414 8253/3 Bronchiolo-alveolar carcinoma, mucinous

27 8254/3 Bronchiolo-alveolar carcinoma, mucinous and non-mucinous

526 8255/3 Adenocarcinoma with mixed subtypes

1,240 8260/3 Papillary adenocarcinoma, NOS

255 8310/3 Clear cell adenocarcinoma, NOS

1,601 8480/3 Mucinous adenocarcinoma

1,586 8481/3 Mucin-producing adenocarcinoma

518 8490/3 Signet ring cell carcinoma

188 8550/3 Acinar cell carcinoma

Squamous carcinoma (SQC) 17 8052/3 Papillary squamous cell carcinoma

41,359 8070/3 Squamous cell carcinoma, NOS

2,750 8071/3 Squamous cell carcinoma, keratinizing, NOS

980 8072/3 Squamous cell carcinoma, large cell, nonkeratinizing

67 8073/3 Squamous cell carcinoma, small cell, nonkeratinizing

76 8083/3 Basaloid squamous cell carcinoma

17 8084/3 Squamous cell carcinoma, clear cell type

Other histologies (OTH), including: Large cell 8,681 8012/3 Large cell carcinoma, NOS

1,347 8013/3 Large cell neuroendocrine carcinoma

17 8014/3 Large cell carcinoma with rhabdoid phenotype

8 8082/3 Lymphoepithelial carcinoma

20 8123/3 Basaloid carcinoma

Adenosquamous Sarcomatoid 2,250 8560/3 Adenosquamous carcinoma

170 8022/3 Pleomorphic carcinoma

306 8031/3 Giant cell carcinoma

301 8032/3 Spindle cell carcinoma

544 8033/3 Pseudosarcomatous carcinoma

12 8972/3 Pulmonary blastoma

119 8980/3 Carcinosarcoma, NOS

Unspecified (NOS) 13,019 8010/3 Carcinoma, NOS

48,282 8046/3 Non-small cell carcinoma
ICD-O-3: International Classification of Diseases in Oncology, 3rd edition; NOS, not otherwise specified.
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incidence and survival data from 18 US geo-
graphic areas, currently representing 28% of 
the total population. The program mandates a 
98% case ascertainment rate and conducts 
quality assurance programs for completeness 
and consistency of coding. We queried the data 
base for records of all mNSCLC patients diag-
nosed between 2000 and 2011, with survival 
follow-up until December 31st, 2011. Patients 
had to have microscopically confirmed histolo-
gy and active follow-up with recorded survival 
time (i.e. cases diagnosed by autopsy or death 
certificate were excluded). mNSCLC was 
defined according to the 2000 World Health 
Organization (WHO) International Classification 
of Diseases for Oncology, 3rd edition, using a 
combination of topography (“lung and bron-
chus”, C340-C349) and histology codes, 
grouped into adenocarcinoma (ADE), squa-
mous cell carcinoma (SQC), other specified and 
unspecified (NOS) histology (Table 1) [9]. 
Metastatic disease was defined by the SEER 
“summary stage” variable indicating a “distant 
site involvement”. The summary stage is the 
most basic way of categorizing the spread of a 
cancer across evolving staging systems using 
all available clinical and pathologic information. 
It has been consistently applied by the US can-
cer registries since 2001 and used for epide-
miologic research [10, 11].

Variables and endpoints

The study cohort included all patients with 
mNSCLC, regardless of whether they received 
any cancer-directed treatment. Information 
about systemic chemotherapy was not record-
ed. Subgroups for trend analysis were defined 
by: age at diagnosis (dichotomized at rounded 
median as <70 or ≥70 years), sex, race (specifi-
cally White, Black, or Asian), prevalence of cur-
rent smokers (dichotomized at rounded median 
as <19% or ≥19%) and prevalence of persons 
living below the poverty level (dichotomized at 
rounded median of <15% or ≥15%) in the 
patient’s county of residence. The latter two 
attributes were derived from the 2007-2011 
Census American Community Survey, and two 
National Cancer Institute surveys (Behavioral 
Risk Factor Surveillance System and National 
Health Interview Survey), as previously descri- 
bed [12].

We used relative survival (RS) at 1 year from 
diagnosis as the primary endpoint. RS is a pop-

ulation survival measure, defined as the ratio of 
survival observed in the population under study 
to survival expected in the general population, 
calculated from the national life tables and 
stratified by calendar year, age, sex, and race. 
Although almost all patients with mNSCLC die 
as a consequence of their cancer, using RS for 
trend analysis has the advantage of automatic 
adjustment for survival trends occurring 
throughout the entire population [13]. Except 
for comparisons between age groups, all rates 
were age-standardized to also account for vary-
ing age distribution in the compared subpopu-
lations [14]. RS rates in each year were calcu-
lated using the period survival method, which 
provides more updated measures of survival 
trends than cohort-based methods [15]. For 
each calendar year, survival was calculated 
using only data from the two preceding calen-
dar years. Because of incomplete mortality 
records in the last year of each annual SEER 
data submission, RS survival was only calcu-
lated up to 2010 [16].

Statistical analysis

Tables of frequencies and all survival rates 
were calculated by SEER*Stat software (http://
seer.cancer.gov/seerstat/). Proportions of his-
tologies were compared as relative risk (RR) 
using log-binomial regression [17]. Linearized 
trends were analyzed using log-linear joinpoint 
regression (http://surveillance.cancer.gov/join-
point/) and expressed as annual percent 
change (APC) with 95% confidence intervals 
(CI). APC measures the average relative change 
in survival rates between two consecutive cal-
endar years. Because of the short timeframe of 
analysis (11 data points between 2000 and 
2010) we did not allow subsegments in join-
point regression lines. Trends in subpopula-
tions were compared using the test of trend 
parallelism [18]. We used unweighted regres-
sion for these comparisons in order to avoid dif-
ferential weighting of subpopulations of mark-
edly different sizes (for example, racial groups). 
As a sensitivity test, all significant results were 
confirmed using inverse variance-weighted 
regression. Statistical significance was defined 
as Pparalellism (Ppar) <0.05. Because of exploratory 
nature of the analysis, no correction for multi-
ple testing was introduced. All other statistical 
analyses were performed using Stata/SE 13.1 
(StataCorp LP, College Station, TX).
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Results 

Patient characteristics

We identified 226,446 mNSCLC cases (Table 
2) recorded in the SEER data between 2000 
and 2011. The median age was 69 years (inter-
quartile range, 60-77), unchanged during the 
decade. The proportion of women increased 
from 41.0% in 2000 to 44.7% in 2011. There 
were 81.1% White, 12.5% Black, and 6.4% 
Asian patients. The percentages of patients 
residing in areas with higher prevalence of 
smoking (54%) or poverty (43%) were relatively 
constant (±1%) between 2000 and 2011.

ADE was the predominant subtype (47%), fol-
lowed by SQC (20%) and other specified sub-
types (6%), but a large proportion of cases 
(27%) had unspecified histology. The “other 
specified” group consisted in 73% of large cell 
carcinoma (N=10,073), with 16% of adeno-
squamous (N=2,250) and 11% of sarcomatoid 
(N=1,452) subtypes. The proportion of cases 
diagnosed as adenocarcinoma was significant-
ly larger among patients younger than 55 years 

(RR, 1.13; CI, 1.12-1.15, P<0.00001—com-
pared with other age groups combined), women 
(RR, 1.20; CI, 1.19-1.21, P<0.00001) and 
Asians (RR, 1.22; CI, 1.20-1.24, P<0.00001—
compared with other races combined). 
Conversely, the proportion of SQC was signifi-
cantly higher in patients living in areas with 
high prevalence of smoking (RR, 1.22; CI, 1.20-
1.24, P<0.00001), or poverty (RR, 1.20; CI,  
1.18-1.22, P<0.00001). 

The aggregate number of reported mNSCLC 
cases increased between 2000 (N=17,110) 
and 2006 (N=19,546, Figure 1), but was stable 
afterwards. Between 2005 and 2011 the pro-
portion of ADE cases rapidly increased (from 
43% to 57%) with a corresponding decrease in 
cases with unassigned histology (from 33% to 
16%). The proportion of SQC cases increased 
slightly (from 18% to 22%).

Survival outcomes and trends 

Crude (not age-standardized) RS was 26.6% 
(CI, 26.4-26.8) at 1 year and 4.0% (CI, 3.9-4.1) 
at 5 years, with OS estimates of 25.9% and 

Table 2. Proportions of different metastatic non-small cell carcinoma histologies in subgroups de-
fined by socio-demographic characteristics

All histologies Adenocarcinoma Squamous cell Other histologya Unspecified

Variable Subgroup N N % N % N % N %
Total 226,446 106,104 (46.9) 45,266 (20.0) 13,775 (6.1) 61,301 (27.1)

Age (years) <55 30,115 15,708 (52.2) 4,311 (14.3) 2,022 (6.7) 8,074 (26.8)

55-64 52,817 25,152 (47.6) 9,903 (18.7) 3,342 (6.3) 14,420 (27.3)

65-69 34,514 15,725 (45.6) 7,366 (21.3) 2,126 (6.2) 9,297 (26.9)

70-74 36,335 16,152 (44.5) 8,153 (22.4) 2,156 (5.9) 9,874 (27.2)

75-79 34,378 15,408 (44.8) 7,591 (22.1) 2,030 (5.9) 9,349 (27.2)

≥80 38,287 17,959 (46.9) 7,942 (20.7) 2,099 (5.5) 10,287 (26.9)

Sex Male 128,616 55,402 (43.1) 29,671 (23.1) 8,172 (6.4) 35,371 (27.5)

Female 97,830 50,702 (51.8) 15,595 (15.9) 5,603 (5.7) 25,930 (26.5)

Raceb White 182,653 85,163 (46.6) 36,672 (20.1) 11,160 (6.1) 49,658 (27.2)

Black 28,031 12,243 (43.7) 6,257 (22.3) 1,932 (6.9) 7,599 (27.1)

Asian 14,432 8,154 (56.5) 2,029 (14.1) 617 (4.3) 3,632 (25.2)

Smoking prevalenceb,c <16% 59,055 29,467 (49.9) 10,055 (17.0) 3,422 (5.8) 16,111 (27.3)

16-18% 44,444 21,991 (49.5) 8,413 (18.9) 2,593 (5.8) 11,447 (25.8)

19-24% 74,140 34,174 (46.1) 14,830 (20.0) 4,255 (5.7) 20,881 (28.2)

≥25% 48,792 20,461 (41.9) 11,967 (24.5) 3,505 (7.2) 12,859 (26.4)

Poverty prevalenceb,c <10% 51,075 25,550 (50.0) 9,253 (18.1) 2,556 (5.0) 13,716 (26.9)

10-14% 77,101 36,834 (47.8) 14,310 (18.6) 4,103 (5.3) 21,854 (28.3)

15-19% 63,524 29,075 (45.8) 13,123 (20.7) 4,334 (6.8) 16,992 (26.7)

≥20% 34,732 14,634 (42.1) 8,579 (24.7) 2,782 (8.0) 8,737 (25.2)

All percentages are per row, and may not sum up to 100 due to rounding. aThe “other specified” histologies consisted in 73% of large cell carcinoma (N=10,073), 16% of 
adenosquamous (N=2,250) and 11% of sarcomatoid (N=1,452) subtypes; bExcluding <1% of cases with unknown values; cprevalence in patient’s county of residence.
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3.5%, respectively. One-year RS was signifi-
cantly higher for ADE (30.3%; CI, 30.0-30.6) 
than for SQC (26.2%; CI, 25.7-26.6), other spec-
ified (21.6%; CI, 20.9-22.4) or NOS histology 
(21.8%; CI, 21.5-22.2). The most common 
recorded causes of death included: lung cancer 
(85.9%), “miscellaneous cancer” (3.9%), cardi-
ac/cerebrovascular events (2.7%), and pulmo-
nary disease (1.0%).

Overall, between 2000 and 2010, RS increased 
from 23.5% (CI, 22.9-24.0) to 30.5% (CI, 30.0-
31.0), with an APC of +3.0% (CI, 2.7 to 3.3; 
Figure 2A). This was significantly larger for ADE 
(APC, +3.3%; CI, 2.9-3.7, Figure 2B) than for 
SQC (APC, +2.1%; CI, 1.8-2.4, Ppar=0.0018 ver-
sus ADE), other specified (APC, +2.1%; CI, 1.0-
3.1, Ppar=0.042 versus ADE) or NOS histology 
(APC, +2.1%; CI, 1.2-2.9, Ppar=0.05 versus ADE). 
As a result of this divergence, the absolute dis-
crepancy between 1-year RS of ADE and SQC 
more than tripled between 2000 and 2010, 
from 1.6% to 5.5%.

Survival trends in socio-demographic sub-
groups

Although younger patients had consistently 
better RS than those who were older (Figure 
3A), the improvement occurred at a similar rate 
for both age groups. There was no significant 
difference between the slopes in any histology 
except for the “other specified” group. Similarly, 
women had numerically better RS than men 

(Figure 3B), and more so 
for ADE than SQC, but the 
trends did not differ 
between genders for either 
histology. 

In contrast, the trends  
were highly heterogeneous 
among racial subgroups 
(Figure 3C). RS increased 
significantly more for 
Asians (APC, +4.4%; CI, 
3.9-4.9) than for Whites 
(APC, +2.8%;  CI, 2.5-3.0, 
Ppar=0.004) or Blacks  
(APC, +3.0%; CI, 2.4-3.6, 
Ppar=0.02 versus Asians, 
Ppar=0.17 versus Whites). 
This inequality in trends 
between Asians and Whites 
was statistically significant 

Figure 1. Number of cases diagnosed with histologic subtypes of metastatic 
non-small cell lung cancer, by year of diagnosis; percentage of each histology 
is listed.

for ADE (Ppar=0.012), but not for SQC (Ppar=0.87). 
In consequence, the disparity between Asian 
and White patients widened from absolute 
5.2% in 2000 to 13.1% in 2010. Furthermore, 
by 2010, Asians with ADE had 1-year RS of 
47.5%, contrasting with 33.3% among Whites 
and 30.5% among Blacks.

Survival among patients living in areas with 
fewer smokers was better (Figure 3D), and the 
improvement was more pronounced (APC, 
+3.4%; CI, 3.1-3.6) than in areas with higher 
prevalence of smokers (APC, +2.8%; CI, 2.5-
3.5, Ppar=0.010). When analyzed by histology 
subtype, this difference in trends was only sig-
nificant for ADE (Ppar=0.014). Conversely, the 
difference between areas with lower or higher 
prevalence of poverty was significant only for 
SQC (Ppar=0.002), with SQC patients from poor-
er areas experiencing little improvement (Figure 
3E). 

Discussion 

In this population-based analysis, we compared 
updated survival trends among different 
mNSCLC histologies, for the first time studying 
the period when erlotinib, bevacizumab and 
pemetrexed became available. We found a sig-
nificant increase in the proportion of cases des-
ignated as ADE between 2006 and 2011. Our 
main findings are that while survival improved 
in every histologic and clinical subgroup over 
the past decade, the extent of improvement 
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was significantly larger for ADE than for SQC or 
other histologies. Additional growing disparities 
by race and smoking prevalence—factors asso-
ciated with EGFR mutations—were evident in 
ADE, but absent in SQC. Given that benefits of 
supportive care should be similar regardless of 
histology, the trend differences between ADE 
and SQC can be plausibly explained by a differ-
ential effect of novel, histology-specific agents. 

EGFR inhibitors (gefitinib and erlotinib), bevaci-
zumab and pemetrexed have all improved sur-
vival of mNSCLC patients suitably selected in 
randomized trials. Representative one-year OS 
in those studies ranged from 43% in an interna-

tional trial of cisplatin/pemetrexed, 51% for 
carboplatin-paclitaxel-bevacizumab in the US 
Easter Cooperative Oncology Group 4599 trial, 
to 68% for gefitinib in the East-Asian IPASS 
Study [1, 2, 6, 7]. Most remarkably, Asian 
patients with EGFR mutations, which are pres-
ent nearly exclusively in ADE, can now achieve 
median survival of 28 months when treated 
with first-line EGFR inhibitors [19]. Population-
derived statistics in our analysis are markedly 
lower, encompassing patients who never 
received systemic therapy. 

The effects of new treatments on population 
statistics have been difficult to disentangle 

Figure 2. Trends in 1-year relative survival of patients with metastatic non-small cell lung cancer, for the entire co-
hort (A), and stratified by histologic subgroup (B). Point estimates with 95% confidence intervals (bars), and fitted 
values from log-linear models (lines) are shown. Selected point estimates in 2000 and 2010 are listed. APC, annual 
percent change; CI, confidence interval.
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from other phenomena concurrently affecting 
survival trends. Firstly, widespread application 
of positron emission tomography resulted in a 
significant stage migration between 1998 and 
2003, seemingly improving stage-specific out-
comes despite unchanged overall survival in 
aggregate NSCLC [20-22]. Stage migration 
explains our observation of the increasing 
absolute number of mNSCLC cases in 2000-
2006, but not afterwards. Secondly, utilization 
of first- and second-line chemotherapy 
increased thanks to development of less toxic 

regimens, prophylactic growth factors, and rec-
ognition of the quality-of-life advantage provid-
ed by chemotherapy [23, 24]. For example, 
researchers from the British Columbia Cancer 
Agency reported that the proportion of patients 
receiving chemotherapy increased from 16% to 
34% between 1998 and 2006 (without differ-
ence between histologies), and their median 
OS increased from 9.4 to 11.0 months. In con-
trast, survival did not change for patients 
receiving supportive care alone [25]. Although 
similar evolution was confirmed in the US, the 

Figure 3. Estimated trends in 1-year relative survival for patients with metastatic non-small cell lung cancer in 
subpopulations defined by: (A) age at diagnosis, (B) sex, (C) race, (D) prevalent smoking in the patient’s county of 
residence (dichotomized at median), (E) prevalent poverty in the patient’s county of residence (dichotomized at 
median). Point estimates, observed values in 2000 and 2010, and fitted trends from log-linear models (lines) are 
shown. Rates in panels (B-E) are age-standardized. Ppar: P value from the test of slope parallelism.
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proportion of mNSCLC receiving chemotherapy 
remains in the 25 to 55% range, depending on 
population statistics, and is strongly influenced 
by patients’ age, comorbidities and perfor-
mance status [26-29]. Thirdly, application of 
early, evidence-based palliative care and elimi-
nation of futile or excessively toxic therapies 
may also contribute to survival gains [30]. This 
contribution is difficult to quantify, because 
unfortunately delivery of palliative care remains 
suboptimal across the world, although it is not 
likely to differ for ADE and SQC [31-33].

In a 2008 meta-analysis of 16 randomized tri-
als, standard platinum-based regimens showed 
the same survival benefit for ADE or SQC [23]. 
Some population-based studies attempted to 
interpret survival trends using the cohort 
approach with cut-points set at years of specific 
drug approvals, but this “historical control” 
methodology is confounded by other factors 
affecting survival. One such study using the 
SEER data showed improved OS in four cohorts 
diagnosed between 1990 and 2005, without 
any difference between ADE and SQC up to 
2001, and a borderline disadvantage for SQC in 
2002-2005 (hazard ratio, 1.03; CI, 1.00-1.06) 
[34]. Our period survival methodology is more 
efficient for evaluation of updated survival 
trends, which exhibit a substantial divergence 
between ADE and SQC during the past decade. 
Although interpretation of this finding is limited 
by lack of direct chemotherapy records in the 
SEER data, a differential effect of histology-
specific treatments is plausible. The improve-
ment in RS was identical for SQC, other speci-
fied and NOS histologies (APC, +2.1%), consis-
tent with uniform effects of stage migration 
and supportive care, but it was significantly 
higher for ADE (APC, +3.3%). In consequence, 
the disparity between ADE and SQC, marginal 
in 2000, more than tripled by 2010. Additionally, 
after the approval of erlotinib, bevacizumab 
and pemetrexed, nearly half of the “unspeci-
fied” cases were successfully reclassified as 
ADE. This may represent clinicians’ greater 
efforts to determine specific histology using 
immunohistochemistry or repeat biopsies in an 
era when treatment decisions depend on 
explicit histology assignment [35].

Two studies used SEER data to compare sur-
vival of older mNSCLC patients receiving peme-
trexed- or bevacizumab-containing chemother-
apy, which was identified by linked Medicare 

claims. Owonikoko et al. found that enrollees 
who received pemetrexed (14%) or bevacizum-
ab (7%) in 2004-2005 had better OS than 
those who did not, but the very small propor-
tions of cases treated with those agents and 
rathera extreme hazard ratios (0.38 and 0.33, 
respectively) suggest an indication bias in this 
study, with the best-performing patients selec-
tively receiving the novel drugs [36]. In fact, 
using the same data source, Zhu et al. found no 
survival difference with or without bevacizum-
ab among 4,168 Medicare beneficiaries treat-
ed in 2002-2007 for non-SQC mNSCLC [37]. 
Two large observational studies reported on 
outcomes of first-line bevacizumab-containing 
regimens in the community. In a phase IV SAiL 
study of 2,212 patients from 40 countries 
treated with front-line bevacizumab (86% ADE), 
one-year OS was about 57% [38]. In the US 
ARIES cohort study of 1,967 patients (median 
age, 65 years), 1-year OS was about 52%, and 
was not significantly different between age 
groups [39]. Population-based statistics on the 
outcomes of EGFR inhibitor therapy in mNSCLC 
are limited to one post-marketing study of erlo-
tinib in Japan, in which the outcomes were also 
similar for all age groups [40]. This corroborates 
our finding of parallel survival increase in 
younger and older patients over the past 
decade. In the US, Ritzwoller et al. presented 
utilization data on 6,614 mNSCLC cases diag-
nosed between 2000 and 2007 from four 
health maintenance organizations, indicating 
that that by 2007 approximately 12% of all 
mNSCLC patients received first-line erlotinib 
and 11% received bevacizumab-containing 
chemotherapy [27]. Survival outcomes were 
not available in that report.

EGFR mutations strongly correlate with female 
sex, ADE histology, Asian race and non-smok-
ing status. In a multi-national screening study, 
they were detected in 40% of ADE (versus 3% of 
others subtypes), 51% of non-smokers (versus 
10%), 42% of women (versus 14%) and 30% of 
Asians (versus 8% among other races) [4]. In a 
predominantly Caucasian Spanish cohort, they 
were present in 18% of ADE, 30% of women 
(versus 8%), 37.7% of never-smokers, but only 
5.8% of current smokers [3]. We demonstrated 
a steep improvement in survival for Asians and 
for patients from areas with fewer smokers, but 
only within the ADE category. The largest treat-
ment-related impact on survival in mNSCLC 
might thus be due to the efficacy of EGFR inhibi-
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tors in subpopulations enriched with the driver 
mutations. Interestingly, we additionally found 
a significant improvement in survival for Asians 
with other specified and NOS histology, gener-
ating a hypothesis that many of those patients 
may have benefitted from novel therapies as 
well. By virtue of geographic concentration, 
some racial minorities are known to be overrep-
resented in the SEER registries, which cover 
only 25% of Whites, but over 50% of Asians in 
the US. Female sex also correlates with EGFR 
mutation, yet survival trends for women were 
not different from men in our analysis. This sug-
gests that many ADE cases in American women 
are tobacco-related rather than driven by spe-
cific mutations, thus mitigating the impact of 
targeted agents. Unfortunately, we did not have 
records of the actual EGFR mutation preva-
lence, and the use of surrogate survey-based 
measure of smoking further limits the interpre-
tation. Moreover, our methodology enabled 
only univariate comparisons, but the studied 
socio-demographic factors likely correlate with 
each other. Nevertheless, the lower rate of 
improvement among SQC patients from areas 
with high poverty (APC of only +1.6%) potential-
ly identifies a particularly vulnerable group with 
impaired access to chemotherapy and/or sup-
portive care. In the US reports by Ritzwoller et 
al. and Davidoff et al., patients from areas with 
the highest median income had odds ratio of 
1.4-1.5 for receipt of any chemotherapy when 
compared with the poorest areas [26, 27].

In conclusion, the beneficial effects of ADE-
specific systemic therapies in mNSCLC are now 
detectable on a population scale. Growing dis-
parities between ADE and SQC and between 
subpopulations with high or low estimated 
prevalence of EGFR mutations underscore the 
need to improve treatments for groups that did 
not benefit from the recent advances. In fact, 
such patients still constitute a majority of 
mNSCLC cases in the US. Clinical trials using 
immunotherapy that disrupt the programmed 
death-1 (PD-1) signaling pathway or agents that 
target newly identified oncogenic pathways 
operational in SQC hold the promise of curbing 
the current growing disparities [41, 42].
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