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Abstract

Purpose Lung cancer mortality has been shown to vary by race and ethnicity in cancer registries; however, studies often do
not account for smoking status. We sought to summarize the independent contribution of race and ethnicity to survival in
US lung cancer patients, accounting for important variables including smoking status.

Methods PubMed was used to identify 1,877 potentially eligible studies of which 27 were included. Studies were excluded
if they did not account for age, race and/or ethnicity, and smoking status. Fixed- and random-effects meta-analyses were
conducted using the reported adjusted hazard ratios (HR) of Hispanic ethnicity and Asian and African-American race com-
pared to Non-Hispanic whites (NHWSs) on overall survival in lung cancer.

Results Hispanic ethnicity and Asian race were associated with decreased adjusted risk of death (Hispanic: N gies =3,
Ngubjects = 108,810, HR=0.95, 95% CI1 0.90-1.00; Asian: N =6, Nypjecrs = 128,950, HR =0.86, 95% CI 0.81-0.90). The
results were similar when excluding studies of solely never-smokers. There was no significant difference in survival between
African-American and white race after adjustment (Nyygies = 10, Ngypjecis = 131,378, HR=0.98, 95% CI 0.96-1.01). Other
prognostic factors were female gender (HR =0.88, 95% CI 0.87-0.89), unmarried status (HR =1.08, 95% CI 1.04-1.11),
ever-smoking status (HR=1.11, 95% CI 1.08-1.15), having comorbidities (HR=1.39, 95% CI 1.24-1.56), and treatment
receipt (surgery: HR =0.33, 95% CI 0.32-0.34; radiation: HR =0.87, 95% CI 0.85-0.88; chemotherapy: HR =0.64, 95%
CI 0.63-0.65).

Conclusions Even after adjustment for clinical factors and smoking status, Hispanics and Asians experienced improved

survival compared to NHWs. Future studies are needed to elucidate the drivers of these survival disparities.
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Introduction

Lung cancer is the leading cause of cancer death for both
men and women in the United States (US), accounting for
over 150,000 deaths in 2017 [1]. Ethnic minorities experi-
ence heterogeneous mortality rates compared to whites, with
some groups higher and some groups lower. According to
data from the Surveillance, Epidemiology, and End Results
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(SEER) database, African-American (AA) patients have the
highest rate of lung cancer mortality, although the disparity
is decreasing, possibly because of decreasing smoking ini-
tiation by AA adolescents [2]. AA patients are more likely
to present at an advanced stage [1, 3] and are less likely to
undergo definitive therapy (treatments with intent of cure)
[3, 4]. After adjustment for age, sex, stage at diagnosis and
histology, AA non-small cell lung cancer (NSCLC) patients
have significantly lower survival, and Hispanics have sig-
nificantly greater survival than white patients [5]. Asian-
Americans have the lowest rate of lung cancer mortality in
the United States [3]. An important limitation of the large-
scale cancer registries is that many lack robust covariate
data, most notably smoking [5, 6]. Cigarette smoking is the
primary risk factor for developing lung cancer in the US and
may be a prognostic marker, as it has been shown to influ-
ence treatment outcomes [7, 8]. Other potential confounders
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of the relationship between race/ethnicity and lung cancer
survival that may not be available in large-scale registries
include comorbidities (smoking-related and smoking-inde-
pendent), socioeconomic status, and social support [5].
Institutional series often offer greater covariate information
but many have small sample sizes. To better understand the
differences in survival by race/ethnicity and robustly sum-
marize the existing literature, we conducted a meta-analysis
assessing the independent contributions of race/ethnicity to
survival as well as the potential demographic (e.g., gender,
marital status) and molecular drivers of lung cancer survival.

Materials and methods
Search strategy

The PubMed database was searched to identify peer-
reviewed manuscripts published through June 30, 2018,
written in English and not using animal models. Combi-
nations of search terms in the following categories were
applied: “lung cancer,” “survival,” “United States,” and
“minorities” (see Online Resource 1 for a detailed list of
search terms). All of the racial and ethnic group classifica-
tions included in the United States Census [9] were incor-
porated into the keyword search, as well as other common
terms. The goal of our PubMed search was to ensure that
we considered a wide array of studies related to our a priori
hypothesis. We then applied rigorous eligibility criteria to
select only studies that accounted for important variables
that we hypothesized a priori to be related to lung cancer
survival.

Eligibility criteria

Studies investigating the causes of lung cancer survival dis-
parities in United States minority populations were eligible
for this review. The following inclusion criteria were used
in the initial selection of articles: (i) primary data analysis
used; (ii) study population consisted of incident primary
lung cancer patients in the US, (iii) that included non-
Caucasian and/or Hispanic participants; and (iv) survival
statistics were reported for at least one sociodemographic,
genetic, or environmental exposure variable. During manu-
script review, we applied additional inclusion criteria: (v)
the survival (overall or lung cancer-specific) statistics were
in the form of adjusted hazard ratios (HR) and associated
95% confidence intervals (CI) in a multivariable model that
(vi) accounted for at minimum age, race and/or ethnicity,
and smoking status. We chose to exclude studies that did
not account for smoking status because we believed a priori
that smoking status may confound the relationship between
race/ethnicity and survival in lung cancer. Smoking status
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has been shown to influence response to lung cancer treat-
ments, including chemotherapy, radiation, and surgery [7,
8]. By including only studies that accounted for smoking
status, we would be better able to tease apart the associations
with survival attributed to smoking versus race/ethnicity.
Accounting for covariates could be in the form of restriction,
stratification, or inclusion as a covariate in the regression
model. Common reasons for exclusion included presenta-
tion of univariate Cox regression results only, lack of clarity
about which covariates were included in the final model, no
adjustment for or stratification by smoking status, and publi-
cation of HR and p value but no 95% CI. The extraction was
independently performed by two authors who resolved any
disagreements in person by consensus.

Data abstraction

Results related to study design, subject population, outcome
variable, and adjustment variables were extracted from each
study. The adjusted HRs and 95% ClIs were extracted for the
following covariates: gender (female vs. male), race [Afri-
can-American vs. white or Non-Hispanic white (NHW),
Asian vs. white or NHW], ethnicity (Hispanic vs. NHW
or Non-Hispanic], smoking status (ever vs. never or cur-
rent vs. former/never), treatment (receipt of chemotherapy,
radiation, and/or surgery), comorbidities/performance status,
and marital status. Of note, one study compared non-whites
versus whites and was considered in the African-American
model because 98% of the subjects in the non-white group
were African-American [10]. In addition, another study
compared Asians to Non-Asians [11], which was comprised
of 89% Caucasians; this study was included in the Asians
versus white model. When multiple models were reported,
we chose the maximally adjusted model. When the reference
group varied by study (e.g., male vs. female), the recipro-
cals of the hazard ratio and 95% CI were extracted from
the study with the less commonly used reference group. For
articles with overlapping patient populations (i.e., [12, 13],
and [14, 15]) or articles with overlapping models (i.e., [13]),
all unique HRs of interest were extracted. When similar HRs
were reported in those studies with overlapping populations,
the HR was extracted from the one with the larger population
(i.e., [12, 15]). If dummy variables for race/ethnicity were
further stratified by foreign versus US-born, the hazard ratio
for the dummy variable of larger sample size was chosen.

Statistical analyses

All statistical analyses were performed using STATA (v
15.1, STATA Corporation, College Station, TX, US). The
HRs and 95% Cls were pooled for each covariate and
summary-effect estimates were calculated. All of the HRs
accounted for age, sex, smoking status, and stage, and



Cancer Causes & Control (2019) 30:1231-1241

1233

many also accounted for treatment, histology, and meas-
ures of socioeconomic status. These HRs were then used
to estimate the meta-analyses HRs. We chose to employ
fixed-effects models for the main analysis due to (a) wide
variation in sample size across studies, as these models
are less influenced by studies of lower sample size, and (b)
low heterogeneity was assumed given the strict covariate
criteria required for inclusion in the study [16, 17]. Ran-
dom-effects models were also employed for comparison.
Graphical presentations in the form of forest plots were
generated. Heterogeneity among studies was determined
using the /? test of homogeneity and the Cochran Q statis-
tic. We characterized I? values of 25, 50, and 75% as low,
moderate and high heterogeneity, respectively [18].
Sub-analyses were also performed to assess if the dif-
ference in survival between race and ethnicity groups,
when accounting for at least age, sex, and smoking status,
varied by lung cancer presentation (NSCLC only, early
stage vs. late stage, smokers vs. non-smokers). Three addi-
tional sub-analyses assessed if the difference in survival
between race and ethnicity groups remains the same with
the addition of other potentially meaningful covariates.
These analyses included studies that accounted for socio-
economic status (marital status, measures of poverty, or
insurance), histology (e.g., adenocarcinoma, squamous
cell carcinoma), and treatment (chemotherapy, radia-
tion, surgery, or a combination), in addition to age, sex,
race/ethnicity and smoking status. Publication bias was

Fig. 1 Flowchart presenting the

assessed via funnel plots and the Begg’s test (with conti-
nuity correction).

Results

The initial keyword searches yielded 1,877 manuscripts of
which 1,023 titles were selected for abstract review (Fig. 1).
Subsequently, 660 full manuscripts were assessed, and 208
articles were selected for further evaluation. 27 studies met
our final inclusion criteria [10-15, 19-39]. Table 1 summa-
rizes the study populations of the included articles. The stud-
ies were conducted in populations spanning the US. Nine
studies reported the presence of Hispanics in their study
population, 24 reported the presence of African-Americans,
and 11 reported the presence of Asian-Americans. Per eli-
gibility criteria, all included studies accounted for age, race
and/or ethnicity, and smoking status; all included studies
also happened to account for stage in the models. A majority
of studies accounted for socioeconomic status (V. =16)

studies —
and histology (IV =19), and nearly all studies accounted
for treatment (N,

tudies=2’3)‘

Hispanic ethnicity as compared to whites (or Non-His-
panics) was found to be associated with a 5% decreased
risk of death (Nyygies =35, Nyupjects = 108,810, HR=0.95,
95% CI 0.90-1.00), with moderate heterogeneity pre-
sent (I>=57.4%) (Fig. 2). The findings were similar and

heterogeneity was minimal when excluding studies that

tudies
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Records excluded on the basis of title
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a  All lung cancers
Hispanics vs. Non-Hispanic whites African-Americans vs. whites Asians vs. whites
or Non-Hispanics (Nyy,; = 108,810, Nyig;=6,249) (Nawj = 131,378, Nxa=12,499) (Nasj = 128,950, N pgian=2,565)
Author Period HR (95% Cl)
Author Period HR (95% Cl) Brzezniaketal.  2003-2013 j 090 (0.7, 1.07) Author Period HR (95% CI)
Wan etal not provided 357 (051, 11.11)
Gomez etal 19982008 i 1.41 085, 239) Tannenbaum etal.  1996-2007 ; 0.99 (0.96, 1.02) Gomez etal. 1998-2008 t 1.17 (089, 1.54)
Biswas et al 2001-2010 * 0.98 (0.87, 1.10) Duchene et al. 2003-2005 0.83 (0.47, 1.49)
Duchene et al. 2003-2005 ———— 2,06 (1.07,3.99) Aldrich et al. 2002-2011 0.99 (0.74,1.32)
Brzezniaketal.  2003-2013 - 0.80 (0.66, 0.96)
Brzezniaketal.  2003-2013 Ao 1.16 (0.83, 1.63) Pennellactal.  2007-2010 0.96(0.68, 1.37)
Muligan et al 1990-2000 1.03(0.85,1.25) Tannenbaum et al. 1996-2007 = 0.85 (0.76, 0.95)
Tannenbaum et al. 1996-2007 ~‘ 0.94 (0.89, 1.00) Oustal 19812005 097078, 122) Ouetal 1991-2008 5 086 (081, 092)
Ouetal. 1991-2005 = 0.92 (0.80, 1.05) Xuetal. 1998-2010 1.16(0.79, 1.71) Ouetal. 1991-2005 = 0.79 (0.6, 0.94)
a0 o Williams et al. 20012010 . 0.97(0.93, 1.02)
Overall (I-squared = 57.4%, p = 0.052) 0.95 (0.90, 1.00) - - -
Overall (I-squared = 0.0%, p = 0.809) ‘ 0.98 (0.96, 1.01) Overall (I-squared = 22.6%, p = 0.264) 0 086 (0.81, 0.90)
3 155 3 5 1153 5 1152 3

b Studies that included smokerst
Hispanics vs. Non-Hispanic whites
or Non-Hispanics (n = 108,074, Ny;;,=6,165)

African-Americans vs. whites
(Ngubi = 131,378, Nsx=12,499)

Asians vs. whites
(Naubj = 128,214, Npgian=2,303)

Author Period HR (95% CI)
Author Period HR (95% CI)
Author Period HR (95% CI) Brzezniak etal.  2008-2013 j 090 (0.77,1.07)
Wan etal. not provided 357 (051, 11.11) ;
) Tannenbaum etal. 1996-2007 . 0.99 (0.96, 1.02) Brzezniak et al. 2003-2013 + 0.80 (0.66, 0.96)
; Biswas et al 2001-2010 % 098 (067, 1.10)
Brzezniak etal.  2003-2013 1.16 (0.83, 1.63) Aldrich et al. 2002-2011 0.99 (0.74,1.32) Tannenbaum et al. 1996-2007 - 0.85 (0.76, 0.95)
Tannenbaum et al. 1996-2007 - 0.94 (0.89, 1.00) Pennella et al 20072010 0.96 (0.68,1.37) Ouetal. 1991-2005 = 0.86 (0.81, 0.92)
' Mulligan et al. 1990-2000 i 1.08(0.85, 1.25) ;
Quetal. 1991-2005 0.92 (0.80, 1.05) Ouetal. 1991-2005 0.97 (0.78, 1.22) Quetal. 1991-2005 * 0.79 (0.66, 0.94)
Xuetal 1998-2010 L 1.16(0.79, 1.71) A
Overall (I-squared = 0.0%, p = 0.448) 0.94 (0.89, 0.99) Williams et al. 2001-2010 o 0,97 (093, 1.02) Overall (I-squared = 0.0%, p = 0.726) 0 0.85 (0.81,0.89)
Overall (I-squared = 0.0%, p = 0.809) 0.98 (0.96, 1.01) |
5 1155 3 5 153 5 152 3

FThese studies excluded studies that contained only never-smokers. The included studies consisted of a mix of smokers and never-

smokers.

Fig.2 Summary risk estimates for death associated with race/eth-
nicity in United States lung cancer patients, with (a) and without (b)
never-smoking papers. The solid diamond symbols represent each
study’s published adjusted hazard ratio (HR), with the size propor-

were comprised of only never-smokers (studies con-
taining a mix of never-smokers and smokers were still
included) (Nyygies =35 Nbjects = 108,074, HR=0.94, 95%
CI 0.89-0.99, 12<0.1%). The decreased risk of death in
Hispanics ranged from 5 to 8% in subgroup analyses with
minimal heterogeneity (Table 2). However, Hispanic eth-
nicity was a negative prognostic marker when analyses
were restricted to studies of early stage and never-smok-
ers Ol’lly (eaﬂy stage: Nsludies =1, NHispanic/Nlotal =36/1954,
HR =2.64, 95% CI 1.06-6.62; never-smokers: N gies = 25
Nyispanic/ Niowa1 = 84/73, HR=1.62, 95% CI1 1.08-2.42). All of
the Hispanic survival estimates used in the overall analyses
accounted for SES, histology, and treatment, so those sub-
group analyses have identical hazard ratios and heterogene-
ity estimates. There was evidence of publication bias for
Hispanics (pgeg,'s=0.03) and examination of the funnel plot
demonstrated right skew (Online Resource 3). Publication
bias was no longer evident with restriction to models with
ever-smokers only (pgeges>0.99).

African-American race was not significantly associated
with survival (vs. whites, Ny, gies = 10, N, =131,378,

subjects

tional to the number of cases and horizontal lines representing the
95% Cls; summary ORs and 95% CIs were calculated using fixed-
effects models

HR=0.98, 95% CI 0.96-1.01), with minimal heterogeneity
(I’<0.1%) (Fig. 2). Of note, none of the studies in the main
analysis of African-American versus white race examined
solely never-smokers, so results are unchanged in subgroup
analyses excluding studies that modeled survival in never-
smokers only. These findings remained true in subgroup
analyses, except in one study of never-smokers only that
reported 75% increased risk of death in African-Americans
(HR=1.75,95% CI10.96-3.18) (Table 2). There was no evi-
dence of publication bias (pge,, s =0.28) (Online Resource
3). Among individual studies publishing results in uniquely
stratified models, e.g., types of insurance, African-Amer-
ican race was still not a predictor of survival. One study
found that African-American versus white race was not a
significant independent predictor of survival among each
stratum of health insurance [25], and another among each
stratum of main treatment modality [12]. Asian race (vs.
Non-Asian, Non-Hispanic white, or Caucasian race) was
also significantly associated with increased survival across
all studies (N gies =06, N. =128,950, HR=0.86, 95% CI

tudies subjects

0.81-0.90) with low heterogeneity (#=22.6%). Results were
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Table 2 qugroup anal.ysis of Subgroup Number of  Number of subjects Heterogeneity HR (95% CI)

race/ethnicity (accc.)untmg for. studies [P (%); p value]

age, sex, and smoking status) in

relation to.survival in US lung Hispanic® Nisispanic/Niota

cancer patients NSCLC only® 3 5,986/103,754 47.8,0.15 0.95 (0.90-1.01)
Early-stage cases only® 1 36/1,954 n/a 2.64 (1.06-6.62)
Late-stage cases only? 2 288/6,994 0.0; 0.74 0.92 (0.81-1.06)
Never/non-smokers only 2 84/736 0.0; 0.37 1.62 (1.08-2.42)
Accounted for SES® 5 6,249/108,810 57.4; 0.05 0.95 (0.90-1.00)
Accounted for histologyf 5 6,249/108,810 57.4;0.05 0.95 (0.90-1.00)
Accounted for treatment® 5 6,249/108,810 57.4;0.05 0.95 (0.90-1.00)
African-American” N A fricanAmerican’ Niotal
NSCLC only® 8 11,255/124,245 0.0; 0.63 0.98 (0.96-1.01)
Early-stage cases only® 3 3,199/20,989 0.0; 0.71 0.97 (0.93-1.02)
Late-stage cases only! 3 414/7,428 0.0; 0.75 0.92 (0.80-1.06)
Never/non-smokers only 1 271274 n/a 1.75 (0.96-3.18)
Accounted for SES® 6 9,001/131,500 0.0; 0.94 0.99 (0.96-1.02)
Accounted for histology' 8 11,532/129,991 0.0; 0.65 0.98 (0.96-1.00)
Accounted for treatment® 7 8,694/111,525 0.0; 0.57 0.99 (0.96-1.02)
ASiani NAsian/Nlolal
NSCLC only® 4 2,379/123,894 44.8;0.14 0.86 (0.82-0.91)
Early-stage cases only® 1 189/1,954 n/a 0.67 (0.41-1.09)
Late-stage cases onlyd 2 373/6,994 0.0; 0.64 0.81 (0.70-0.93)
Never/non-smokers only 3 581/6,575 55.0;0.11 0.90 (0.79-1.02)
Accounted for SES® 6 2,565/128,950 22.6;0.26 0.86 (0.81-0.90)
Accounted for histologyf 6 2,565/128,950 22.6;0.26 0.86 (0.81-0.90)
Accounted for treatment® 6 2,565/128,950 22.6;0.26 0.86 (0.81-0.90)

#Compared to Caucasian/whites, Non-Hispanic whites (NHW), or Non-Hispanics

*Non-small cell lung cancer

“Studies restricted to stages I-IIIA (or a subset) only. All NSCLC
dStudies restricted to stage ITIB or IV NSCLC or extensive disease SCLC

“Defined as measures of poverty, marital status, and/or insurance type

"Must include at least two histologies more specific than subtype (e.g., adenocarcinoma, squamous cell car-
cinoma; these are more specific than SCLC or NSCLC)

£Radiation, surgery, and/or chemotherapy

"Compared to Caucasian/whites or Non-Hispanic whites. In one study [10], “non-white” described a sam-

ple of 98% African-Americans

iCompared to Caucasian/whites, NHWs or, in one study [11], Non-Asians (89% NHW)

similar in subgroup analyses for the Asian HR (Table 2).
There was no evidence of publication bias (Ppeges>0.99)
(Online Resource 3). The results were similar in random-
effects models for each race/ethnicity category (Online
Resource 2).

Other potential drivers beyond ethnicity were identi-
fied. Female gender was found to be significantly inde-
pendently associated with improved survival (Ngies = 12,
Ngypjects= 110,813, HR=0.88, 95% CI 0.87-0.89) with low
heterogeneity (I =36.7%) (Table 3). These findings were
similar with low heterogeneity when restricting the analy-
sis to studies of NSCLC cases. Subjects with high comor-
bidities or lower performance status experienced a 39%

@ Springer

increased risk of death compared to those without comor-
bidities or with the highest performance status (HR =1.39,
95% CI 1.24-1.56, N gies =4), With minimal heterogene-
ity (?<0.1%). Not being married was associated with an
8% increased risk of death (HR=1.08, 95% CI 1.04—1.11);
however, there was high heterogeneity (/>=86.1%). Sub-
jects who reported being an ever or current smoker expe-
rienced an 11% increased risk of death (HR=1.11, 95%
CI 2.08-1.15), with moderate heterogeneity (I =56.0%).
Receipt of surgery was associated with a two-thirds reduc-
tion in risk of death and was the treatment associated
with the greatest survival benefit, with low heterogene-
ity (HR=0.33, 95% CI 0.32-0.34, I’=31.0%) (Table 3).
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Table 3 Analysis of fact.or.s . Covariate Number of Number of subjects Heterogeneity HR (95% CI)

otheF than race .and .ethmclty in studies [P (%): p value]

relation to survival in US lung

cancer patients (fixed-effects Female 12 110,813 36.7; 0.10 0.88 (0.87-0.89)

model) NSCLC only 8 32,102 0.0:0.76 0.84 (0.82-0.87)
Early-stage cases only” 2 2,523 73.5;0.05 0.93 (0.76-1.12)
Late-stage cases 01‘1lyb 2 6,994 0.0;0.41 0.83 (0.78-0.89)
Never/non-smokers onlyd 2 2,113 0.0; 0.82 0.79 (0.71-0.88)
Ever-smokers only 1 18,301 n/a 0.85 (0.82-0.88)
Accounted for SES® 7 108,885 60.0; 0.02 0.88 (0.87-0.89)
Accounted for histology’ 6 108,608 43.4;0.09 0.88 (0.87-0.89)
Accounted for treatment 9 107,788 38.4;0.11 0.88 (0.86-0.89)
Ever/current smoker® 9 112,389 56.0; 0.02 1.11 (1.08-1.15)
NSCLC only 5 25,750 18.8; 0.30 1.06 (1.01-1.12)
Early-stage cases only 2 2,523 0.0; 0.69 1.09 (0.76-1.56)
Late-stage cases only 2 6,994 0.0; 0.78 1.34 (1.14-1.57)
Accounted for SES 6 111,520 69.5; 0.01 1.11 (1.08-1.15)
Accounted for histology 8 112,186 59.8; 0.02 1.11 (1.08-1.15)
Accounted for treatment 8 110,038 57.9; 0.02 1.12 (1.08-1.16)
Receipt of surgery? 5 120,303 31.0; .22 0.33 (0.32-0.34)
Receipt of radiation? 5 195,503 85.5;<0.001 0.87 (0.85-0.88)
Receipt of chemotherapy® 5 101,637 98.5;<0.001 0.64 (0.63-0.65)
Comorbidities’ 4 5,452 46.1;0.14 1.39 (1.24-1.56)
Not married® 2 24,922 86.1; 0.007 1.08 (1.04-1.11)

The bold represents the overall analysis of the variable (e.g. Female versus Male)

Studies restricted to stages I-IIIA (or a subset) only. All non-small cell lung cancer (NSCLC)
®Studies restricted to stage ITIB or IV NSCLC or extensive disease SCLC

“Ever or current smoker versus never/non-current smoker. Some studies additionally adjusted for smoking

pack-years

d0ne extensive disease small cell lung cancer-only article was excluded from this analysis due to substan-
tial heterogeneity and limited clinical use of surgery/radiation in this disease type and stage

“Receipt of any chemotherapy or consolidation chemotherapy

"High versus low number of comorbidities or performance status

£Single, separated, divorced, or widowed versus married

Radiation and chemotherapy were also protective markers,
although less so and with high heterogeneity (radiation:
HR =0.87, 95% CI 0.85-0.88, I’ =85.5%; chemotherapy:
HR =0.64, 95% C1 0.63-0.65, I*=98.5%).

Of note, eight [10, 26, 27, 29, 35-37, 39] of the 27
studies presented unique genetic/molecular markers asso-
ciated with lung cancer survival. Six studies stratified their
genetic analysis by race (African-American vs white) [26,
27, 29, 35-37]. Four of them identified biomarkers/vari-
ants that were significantly associated with survival in
one but not the other race; these markers included serum
interleukins 10 and 12 [27] and variants in the matrix met-
alloproteinase—1 gene [27], in eicosanoid pathway genes
[36] and in the mannose-binding lectin 2 gene [35]. None
of the studies investigated the same markers.

Discussion

While multiple institutions and population registries in
the US have assessed the role of race and ethnicity in sur-
vival in lung cancer, this is the first report, to the best of
our knowledge, to summarize this relationship in a meta-
analysis. We found that Hispanic ethnicity and Asian race
are associated with superior survival in US lung cancer
patients. Compared to whites, African-American race is
not associated with better or worse survival. These find-
ings generally remained when analyzing only early-stage
cases, late-stage cases, and never-smokers; studies exclud-
ing never-smokers; and studies that adjusted for socioec-
onomic status, histology, and treatment. Female gender
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was associated with improved survival in lung cancer after
accounting for clinical and social factors, and these find-
ings are similar to those reported in a prior meta-analysis
[40]. Comorbidities, smoking, and marital status were
found to be significantly associated with mortality.

The Hispanic paradox refers to findings showing simi-
lar or better health outcomes in Hispanics than in non-
Hispanic whites in the US, despite lower average socio-
economic status [41, 42]. This has been most consistently
demonstrated in CVD: Hispanics have lower rates of coro-
nary heart disease, CVD mortality, and overall mortal-
ity despite a greater prevalence of CVD risk factors. The
Hispanic paradox has also shown in NSCLC in large-scale
studies [5], but these findings are not adjusted for smoking.
In the present meta-analysis that included over 100,000
subjects with lung cancer, of which over 6,000 identified as
Hispanic, and accounted for smoking and other important
covariates, we found evidence of the Hispanic paradox.
There was stronger evidence of the paradox when exclud-
ing analyses of solely never-smokers. While the drivers
of this paradox are still not fully elucidated, there are sev-
eral theories: data artifacts, migration effects, and cultural
effects [43]. The first theory relates to issues of misclas-
sification of Hispanics on death certificates; however, it
has been shown that the net ascertainment of Hispanic
origin is 5% higher on survey records than on death cer-
tificates, which is not enough to explain the approximately
20% age-adjusted mortality advantage in Hispanics [44].
Hypotheses that there is self-selection of healthy Hispanic
immigrants to the US, and that sick Hispanics return to
their home countries when near death, have been demon-
strated to exert minimal influence on mortality differences
[45-47]. The role of Hispanic culture on health has been
shown based on comparison of US-born and foreign-born
Hispanics, the latter with generally superior outcomes
[48]. It has been proposed that with those who are less
acculturated are more likely to have healthier diets [49,
50]; a better social support network, particularly among
those of lower socioeconomic status [51]; decreased smok-
ing [52, 53]; and decreased alcohol use [54]. However,
studies have shown that the CVD mortality benefit is still
present even after adjusting for smoking and other soci-
odemographic factors [45, 55]. Soneji et al. [56] found
that Hispanics had better overall survival in early-stage
lung cancer relative to Non-Hispanic Whites (adjusted for
clinical and demographic factors but not smoking) that
was largely driven by a decreased risk of death from other
causes than lung cancer. They hypothesized the improved
survival could be related to decreased smoking-related
comorbidity. Of note, the term “Hispanic paradox” does
not take into account heterogeneity among Hispanics:
studies have shown differences in disease risk factors and
mortality by country or region of origin [57, 58].

@ Springer

Regarding the Hispanic paradox in lung cancer, there is
some evidence that foreign-born Hispanics have decreased
lung cancer mortality compared to US-born Hispanics [28,
59]. This may point to differences in acculturation as men-
tioned above or perhaps different environmental exposures
in Hispanic countries and the United States. Smoking habits
are particularly important when considering acculturation’s
role in lung cancer mortality. One study showed that Hispan-
ics are over five times more likely to be light intermittent
smokers than Non-Hispanic whites, although it also found
African-Americans to be nearly four times as likely to be
light intermittent smokers as well [60]. These results indi-
cate that smoking may capture some but not all of the differ-
ences. While all of the studies accounted for smoking, smok-
ing status of ever versus never (the most common metric
in this meta-analysis) may not capture dose and frequency
differences in Hispanic and non-Hispanic smokers. Environ-
mental exposures leading to different mutational profiles in
Hispanics may also explain some of the survival advantage.
Importantly, none of the included studies evaluated genetics
in Hispanics alone. This may be due to low sample size and
supports the importance of the development of a Hispanic/
Latino Lung Cancer Registry to identify mutation profiles
for NSCLC in this population [61]. This registry has dem-
onstrated an increased frequency of EGFR mutations rela-
tive to Caucasians, similar to findings of East Asian lung
cancer patients, as well as a decreased frequency of TP53
mutations. The increased frequency of EGFR may be due
to increased wood smoke exposure, decreased smoking, and
increased tuberculosis exposure [41].

We also demonstrated that when adjusting for clinical
and social factors, African-American and white subjects
with lung cancer had similar survival. This suggests that
the increased unadjusted mortality of African-Americans
compared to whites can be explained by known prognos-
tic factors (e.g., stage, treatment receipt) and social factors,
particularly smoking status. Importantly, many of the studies
in the meta-analysis had patient populations with similar
socioeconomic status or health insurance (e.g., Veterans
Health Administration systems). Of note, there have been
a few studies in which accounting for socioeconomic sta-
tus, but not smoking, has demonstrated decreased risk of
adverse outcomes in African-Americans versus whites. This
includes decreased risk of in-patient mortality after surgery
[62] and, in stage IIl NSCLC patients, increased overall sur-
vival [63]. Asian-Americans with lung cancer were found to
have superior survival in the meta-analysis and in subgroup
analyses. Of note, one study of Asian-American patients [32]
found that gender and smoking status were not significant
predictors of death. Some theories of why Asians may have
superior survival include high rates of never-smokers with
lung cancer and higher prevalence of favorable and action-
able genetic mutations including EGFR [11]. This is likely
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secondary to environmental tobacco smoke exposure [64]
and household coal use [65, 66].

Our study has a number of strengths and limitations.
We are the first to assess by meta-analysis the independent
(accounting for age and smoking) effect of race and ethnic-
ity in survival from lung cancer in a large sample of US
patients. Our studies were selected in a systematic and objec-
tive manner. We found that the overwhelming majority of
studies assessing the role of race and ethnicity in survival in
lung cancer did not account for smoking, so excluding these
articles substantially reduced smoking’s confounding effect
and heterogeneity of results. However, using a binary vari-
able for smoking status does not account for as detailed of a
smoking history as more refined exposure assessments such
as pack-years of smoking. Unfortunately, the vast majority
of studies did not account for or report an adjusted HR for
pack-years of smoking and this level of analysis was not
feasible. Another strength of our study is that we assessed
the robustness of our findings using sensitivity and subgroup
analyses. If the overall results were heterogeneous, subgroup
analyses aimed to explain and reduce heterogeneity were
further conducted. A limitation of our study includes low
number of studies with such robust statistics available for
extraction. Because many of our analyses had fewer than ten
studies, interpretation of statistical tests for publication bias,
either using Begg’s or Egger’s tests, should be limited due to
low power [67]. However, results were generally consistent
across the studies, particularly in subgroup analysis, lending
confidence to our findings. In addition, our findings were
similar in fixed- and random-effects analyses. Furthermore,
there was evidence of publication bias in the reporting of the
HR of Hispanic ethnicity. Notably, inspection of the funnel
plot demonstrated high right skew among the small-scale
studies, suggesting potentially unpublished studies sup-
porting our main findings. This may be indicative of a file
drawer effect due to low sample sizes of Hispanics typically
observed in studies and thus limited power for publication.

In summary, racial/ethnic differences in overall survival
from lung cancer in Americans are present; notably, Hispan-
ics and Asians had improved survival relative to NHWs.
Future studies are needed in light of our findings. There
are several factors that may influence lung cancer survival
whose independent effects should be investigated: environ-
mental exposures other than tobacco, use of targeted thera-
pies, and utilization of lung cancer screening. Furthermore,
given that some racial/ethnic groups were independent pre-
dictors of survival, factors related to survival differences
(including nationality in Hispanics) should be examined in
those populations. Comorbidities, measures of social sup-
port including marital status, and particularly smoking (ide-
ally utilizing pack-year data to avoid residual confounding)
should be considered as covariates in analyses of future stud-
ies as we have shown an association with mortality in this

review. In our study, we found a particularly elevated HR of
having comorbidities compared to no comorbidities even
after accounting for smoking, suggesting that differences
in smoking-related and smoking-unrelated comorbidities
by race/ethnicity could at least partially explain racial/eth-
nic differences in survival in lung cancer. In addition, while
there were no significant differences in survival in African-
Americans versus NHWs after controlling for age and smok-
ing; these results should be replicated in study populations
with a greater range in access to health care. The ultimate
goal will be to develop interventions that will successfully
mitigate drivers of survival disparities.
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