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Lung cancer remains the most common
cause of cancer mortality in both Rhode
Island and the United States (US). In
2008, 880 Rhode Islanders were diag-
nosed with lung cancer, and 600 died
from this disease.1 Nationally, about
213,000 people were newly diagnosed
and 124,000 died from lung cancer in
2007. Stage IV metastatic lung cancer is
considered non-curable, and treatment
with systemic chemotherapy has been
shown to modestly increase quality of life
and overall survival.2,3

A 2002 Centers for Disease Con-
trol and Prevention (CDC) report sug-
gested that the overall decline in death
rates of colorectal, breast, and prostate
cancers was less pronounced in the Afri-
can American population.2  Another re-
cent report suggested that African Ameri-
can race was a poor survival indicator in
colorectal malignancies.4  In this and
other reports it was unclear if the pre-
dominant part of the survival disparities
could be explained by inequalities in
treatment or differences in biological dis-
ease characteristics between races.

In metastatic non-small cell lung
cancer (NSCLC), it is not clear how race
affects survival. We present an analysis of
survival differences by race and ethnicity
among US patients diagnosed with meta-
static NSCLC.

METHODS
Data source

The Surveillance, Epidemiology, and
End Results (SEER) Program database
from the National Cancer Institute includes
approximately 26% of the United States
population across several geographic re-
gions, including all residents of CA, CT,
HI, IA, KY, LA, NJ, NM, and UT, as well
as the metropolitan areas of Atlanta, De-
troit, and Seattle, selected rural Georgia
counties and the American Indian and
Alaskan Native populations in AK and AZ.
SEER began collecting data on cancers di-
agnosed on January 1, 1973, which enables

the analysis of longitudinal trends as well as
current patterns of cancer. When com-
pared with the total US population of vari-
ous ethnic groups as per the 2000 US Cen-
sus, SEER coverage includes 23% of all
African Americans in the US, 40% of His-
panics, 42% of Native Americans and
Alaska Natives, 53% of Asians, and 70% of
Hawaiian/Pacific Islanders.  This allows for
a broad assessment of disease characteris-
tics and health disparities across a wide spec-
trum of the US population. The SEER Pro-
gram data are considered the international
standard for cancer registry data quality.
SEER data include patient demographic
information as well as primary tumor site,
tumor histology and differentiation and
stage at diagnosis, certain details about the
first course of cancer treatment, and follow
up for vital status.  The SEER Program ob-
tains accurate and complete mortality data
by collecting information on all deaths oc-
curring in the US from the National Cen-
ter for Health Statistics on an annual basis.

Study population and outcome
of interest

We included patients in the SEER reg-
istry diagnosed after 1990 with NSCLC and
confirmed metastatic disease.  We excluded
patients with insufficient information to de-
termine stage or histology.  The outcome of
interest was lung cancer-specific survival,
which was determined using cause of death
information provided by SEER. Survival time
was expressed in months of survival after di-
agnosis of the malignancy.  The SEER data-

base also allows for identification of causes of
death other than lung cancer.  It is well
known that racial disparities play a role in
the mortality from certain non-malignant
causes of death such as cardiovascular dis-
ease.  In order to control for differences in
survival introduced by racial disparities in the
care for non-lung-cancer-related diseases
(mainly cardiovascular disease care), patients
dying from other causes were excluded from
our analysis.

To evaluate for the introduction of
differential attrition and selection biases,
we also performed an analysis in which we
removed all patients who died from causes
other than NSCLC. This analysis included
patients dying from causes other than
NSCLC, while our final analysis excluded
such patients.

Exposure
The exposure under study was race/

ethnicity, identified by SEER as non-Hispanic
white; Hispanic; African American; Ameri-
can Indian/Alaskan Native (AI/AN); Filipino;
Japanese; Chinese; Hawaiian; and “other.”
SEER determined race from the variable
“Race1” and the Indian Health Service (IHS)
link.  When race was identified as “White”
and an IHS link was identified, the person’s
race/ethnicity was defined as AI/AN.  The
NAACCR Hispanic Identification Algo-
rithm (NHIA) was used to define Hispanic
ethnicity. Persons with Hispanic ethnicity
could be of any race.  Persons who did not
fulfill race/ethnicity criteria for non-Hispanic
white, Hispanic, African American, Ameri-
can Indian/Alaskan Native, Filipino, Japanese,
Chinese, or Hawaiian were included in the
category “Other,” which mainly consisted of
a mix of Asian subpopulations (e.g., Korean,
Vietnamese, and Thai).

Other demographic, clinical,
and pathological predictors of
the outcome

Along with race/ethnicity, several
other demographic, clinical, and patho-
logical features have been described as
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prognostic markers in NSCLC.  We ex-
amined gender, age, histologic subtype
and marital status as other potential pre-
dictors of the outcome. During the time
period of this study, the Food and Drug
Administration (FDA) approved several
novel chemotherapeutic agents for the
treatment of metastatic NSCLC. To ac-
count for changes in available treatment
regimens based on year of diagnosis, we
included a variable to address the time
period of diagnosis (1991-1997, 1998-
2003). Although grade can be consid-
ered a relevant predictor for survival, the
previous literature suggests a significant
inter-rater variability when differentiation
patterns are determined, i.e. tumors are
graded. Hence, we excluded differentia-
tion pattern from the analysis in our fi-
nal model.

Statistical analysis and study
endpoints

We performed descriptive statistics
to describe the demographic composi-
tion of the study population and the dis-
tribution of other relevant predictors of
the outcome.  We performed non-para-
metric survival analysis according to
Kaplan Meier to evaluate the lung-can-
cer-specific survival across the different
race strata and to investigate which vari-
ables were of predictive relevance. Dif-
ferences along the strata of predictors of

interest were evaluated using a log-rank
test. If the log-rank test was statistically
significant, the covariates were retained
in the final model. In the final model, we
performed Cox proportional hazards re-
gression to determine hazard rate ratios.
Post-estimation diagnostics were per-
formed to analyze if the proportional
hazard assumptions were violated, using
graphical and computational methods.
All analyses were performed using
STATA 9.0 (College Station, TX).

Gender (male, female), marital sta-
tus (married, not married) and time pe-
riod of diagnosis (1991-1997, 1998-
2003) were introduced as binary vari-
ables while age at diagnosis and histologic
subtype were analyzed as continuous (age
in years) and four-level variable (adeno-
carcinoma; bronchoalveolar carcinoma;
squamous cell carcinoma; and other non-
small cell histologies, which mainly con-
sisted of large cell carcinomas), respec-
tively.

RESULTS
Baseline characteristics

Our inclusion criteria were met by
47,532 individuals diagnosed with
NSCLC between 1990 and 2003.  Of
those, 37,822 were Caucasian, 5,430 were
African American, 138 were American
Indians/Alaskan natives (AI/AN), 794
were Chinese, 598 were Japanese, 566

were Filipino, 353 were Hawaiians, 1400
were Hispanics, and 431 were included
in the “other” category as seen in Table 1.
A higher percentage of AI/AN (57%)
were diagnosed in the earlier time period
of 1991-1997 as compared to Caucasians
(51%), Chinese (47%), Filipinos (42%),
and individuals in the “other” category
(39%).  In all race subgroups, we identi-
fied more men than women with NSCLC,
consistent with results from previous epi-
demiological analyses.  Overall, the ma-
jority of individuals were married.  Only
the African American and the AI/AN sub-
groups had a minority of married indi-
viduals (39% and 41%, respectively) as
compared to 58% of Caucasians, 71% of
Chinese and 70% of Filipinos who were
married. The pathological characteristics
were well-balanced, although a slightly
increased incidence of favorable histolo-
gies, such as bronchoalveolar sub-types,
was found in the Japanese, Chinese, and
Filipinos as compared to Caucasians.

Survival analysis
We calculated the cumulative survival

for eight different racial/ethnic subgroups
at one, two, and five years of follow up as
well as the median overall survival in Table
2.  The AI/AN population demonstrated
the worst outcomes at all time points as
compared with the Caucasians. The Chi-
nese, Japanese, and Filipino subpopula-
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tions demonstrated the most favorable
outcomes. In univariate analyses, marital
status, gender, histological subtype, age,
period of diagnosis and race had a statisti-
cally significant impact on survival and
were therefore retained in the final model
in Table 3.  The risk of lung-cancer spe-
cific death was greatest among American
Indians/Alaskan Natives with a hazard ra-
tio of 1.33 (95% CI 1.09-1.62) as com-
pared with that for Caucasians. In con-
trast, the hazard ratios for the Chinese and
Filipino populations were statistically sig-
nificantly lower than for Caucasians, 0.84
(95% CI 0.77-0.91) and 0.80 (95% CI
0.73-0.88), respectively. African Ameri-
can, Hispanic, Japanese, and Hawaiian
patients demonstrated similar rates of lung-
cancer specific death as compared to Cau-
casians as shown in Table 3.

DISCUSSION
We present a large scale population-

based analysis that demonstrates differ-
ences by race/ethnicity in disease-specific
survival in US patients with metastatic
NSCLC.  Our study revealed several in-
teresting findings.

First, patients of American Indian/
Alaskan native descent had the worst
lung-cancer specific survival rates. Previ-
ous reports have reflected an increased
incidence of tobacco-related malignan-
cies in this ethnic/racial subgroup.5,6

These findings clearly demand further
investigations of the underlying cause of
this survival disparity.

Second, in this analysis, African
Americans had similar rates of lung-can-
cer specific survival as compared with
Caucasians. Previous studies have sug-
gested that African Americans may seek
medical attention at more advanced dis-
ease stages than Caucasians7 and have
been found to have a worse survival across
all stages.8  Follow up studies suggested
that the racial disparities in lung-cancer
specific survival were secondary to differ-
ences in performance status at presenta-
tion 7,9 and differences in surgical ap-
proaches.10  Other studies emphasized

that equal treatment resulted in equal
outcomes and that being identified as
African American was not an indepen-
dent predictor of poor outcome in lung
cancer,11 but rather a function of differ-
ences in treatments.  While this issue re-
mains an area for further investigation,
our study suggests that African Ameri-
can race itself does not confer a survival
disadvantage.

Third, Asian subgroups had a supe-
rior survival outcome compared to all other
groups.  Previous reports have demon-
strated that Asians with early stage lung can-
cer have better outcomes.12 One prospec-
tive trial investigating combination chemo-
therapy of docetaxel and carboplatin iden-
tified Asian ethnicity as a positive survival
indicator.13  Recent reports have suggested
that Asian subpopulations with NSCLC
have a greater likelihood of responding to
tyrosine kinase inhibitor therapy, including
gefitinib and erlotinib, which translated into
longer survival.14 Further molecular stud-
ies have shown that certain molecular mark-
ers that predispose to a better tumor re-
sponse are more common in Asians than in
Caucasians.15  However, this finding has
been established specifically for newer tar-
geted treatment strategies; our analysis pre-
dates the introduction of these therapies
into the US market. Recent studies on
EGFR-associated biomarkers in NSCLC
specimens, however, have demonstrated
that certain molecular markers also predict
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a response to “traditional” chemotherapy.
The INTEREST trial16 compared gefitinib
and docetaxel in platinum-pretreated pa-
tients and demonstrated a response rate of
21% in patients with EGFR-mutant tu-
mors, a response rate that superseded the
expected rate observed in previous phase
III trials.17 Additionally, the INVITE trial,
which compared single agent vinorelbine
to gefitinib therapy in EGFR FISH posi-
tive pretreated patients, reported that pa-
tients in the vinorelbine arm had a supe-
rior survival.18 This suggests that mutations
and over-amplifications of EGFR, which
are more common in the Asian subpopu-
lations, may potentially improve tumor re-
sponse and survival. This may explain the
superior outcome of the Asian subgroups
in our study.

Finally, although we detected statisti-
cally significant survival differences by ra-
cial subgroups, the median survival was
dismal across all subgroups. The measur-
able difference between the worst per-
forming AI/AN subgroup and the best
performing Asian subgroup was only two
months (3 vs. 5 months).  This again em-
phasizes the need for more effective treat-
ment strategies for metastatic NSCLC.

Our study has several limitations.
There are inherent problems in utilizing
the SEER database for analysis. First, since
the information is obtained from medical
documentation, the data provided by the
registry is only as exact as the medical record
itself.  Misclassification regarding certain
covariates has been reported and seems to
differentially affect certain races and areas
of recording.  Second, the SEER database
does not enable further analysis and cor-
rection for specific treatment administered.
Previous studies have reported a decreased
utilization of systemic chemotherapy in cer-
tain racial minorities, when compared to
Caucasians. Our analysis relies on the as-
sumption that patients are receiving com-
parable therapeutic regimens.
Underutilization of chemotherapy might in
fact have confounded our hazard ratio es-
timates for several racial subgroups.  In ad-
dition, the SEER database does not allow
adjustment for several other well-established
predictors of survival in stage IV NSCLC
including smoking, performance status, and
newer molecular markers.

This analysis included patients diag-
nosed after 1990, when third-generation
platinum doublet chemotherapies

emerged as a standard of care for meta-
static NSCLC. The currently available
SEER database did not provide sufficient
survival information after 2003. Therefore
our analysis was not able to incorporate
the potential effects on survival of more
recent therapeutic developments includ-
ing targeted treatments and newer che-
motherapies, which may improve survival.
Our analysis only included patients with
stage IV NSCLC defined by metastatic
disease.  The revised staging system for
NSCLC also classifies patients with pleu-
ral disease as stage IV.19  We did not in-
clude this patient group in our analysis.

In conclusion, we present a large-
scale study of patients with metastatic
NSCLC that demonstrates significant
race/ethnicity-specific differences in me-
dian survival.  It must be emphasized that
although we identified these statistically
significant differences, median survival
remains dismal across all racial/ethnic
subgroups.   It is imperative that we pur-
sue further research to understand and
correct the underlying disparities and
work to improve survival for all of our
patients with metastatic NSCLC.
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