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Abstract

Background: Despite a substantially worse risk factor profile, Hispanics in the United States experience lower incidence of
many diseases and longer survival than non-Hispanic Whites (NHWs), an epidemiological phenomenon known as the
Hispanic Health Paradox (HHP). This systematic review evaluated the published longitudinal literature to address whether
this pattern extends to lung cancer survival. Methods: Searches of Medline, PubMed, Embase, Web of Science, and the
Cochrane Library were conducted for publications dated from January 1, 2000, to July 18, 2018. Records were restricted to
articles written in English, employing a longitudinal design, and reporting a direct survival comparison (overall survival [OS],
cancer-specific survival [CSS]) between NHW and Hispanic lung cancer patients. Results: A final sample of 29 full-text articles
were included, with 28 fully adjusted models of OS and 21 of CSS included. Overall, 26 (92.9%) OS models and 20 (95.2%) CSS
models documented either no difference (OS = 16, CSS = 11) or a Hispanic survival advantage (OS = 10, CSS = 9). Both larger
studies and those including foreign-born Hispanics were more likely to show a Hispanic survival advantage, and 2 studies of
exclusively no-smokers showed a survival disadvantage. A number of reporting gaps were identified including Hispanic back-
ground and sociodemographic characteristics. Conclusions: Hispanics exhibit similar or better survival in the context of lung
cancer relative to NHWSs despite a considerably worse risk factor profile. These findings support the HHP in the context of
lung cancer. Further research is needed to understand the potential mechanisms of the HHP as it relates to lung cancer.

Despite improvements in screening, detection, and early inter-
vention, lung cancer remains the leading cause of cancer
death in the United States, currently accounting for more than
135 000 annual deaths (1). Both racial and socioeconomic sta-
tus (SES) disparities are associated with lung cancer incidence
and mortality; non-Hispanic Black (NHB) men, those without a
high school degree, and those under the poverty level experi-
ence the greatest lung cancer burden and highest rates of
death (2). A variety of factors, including smoking status, tumor
biology, access to care, and treatment inequities, are demon-
strated contributors to these robust racial and SES disparities
(2,3).

There are clear connections between race, SES, and lung can-
cer disparities for NHBs, but these relationships are not as
straightforward for Hispanics and Latinos (hereafter, referenced
as Hispanics). Like NHBs, Hispanics tend to have lower SES and
are more likely to be diagnosed with late-stage disease and to
experience treatment delays (4,5). They also have substantial

Received: 22 January 2021; Revised: 29 March 2021; Accepted: 20 May 2021
© The Author(s) 2021. Published by Oxford University Press.

health-care barriers, including under- and uninsured status,
lower quality of care, and lack of regular care providers (4-6).
These care disparities, coupled with broader socioeconomic dis-
advantages, should predict incidence and survival disparities
for Hispanics relative to non-Hispanic Whites (NHWsS).
However, as clearly demonstrated by incidence data, Hispanics
are less likely to be diagnosed with lung cancer than NHWs
(27.7 vs 56.1 per 100 000) (4). Although this difference may be
partially driven by lower smoking rates among Hispanics com-
pared with NHWs (10.7% vs 16.6%) (7), Hispanics still experience
a lower risk of lung cancer when compared with NHWs with
similar smoking histories (8,9). Furthermore, emerging evidence
suggests that Hispanics have a survival advantage in the con-
text of a lung cancer diagnosis. For example, a recent meta-
analysis reported relative survival advantages for Hispanic lung
cancer patients compared with NHWs (10). Although this study
was limited in scope, including only 5 studies based on breadth
of search (eg, PubMed exclusively) and study-specific inclusion
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criteria, it supports the possibility of a Hispanic survival advan-
tage in the context of lung cancer.

A survival advantage in the context of lung cancer would be
consistent with an epidemiological phenomenon commonly re-
ferred to as the Hispanic Health Paradox (HHP). The HHP is sup-
ported by the large body of research demonstrating lower
incidence of most diseases and greater longevity in the context
of disease than NHWs (11). For example, Hispanics experience
lower rates of cardiovascular disease, many types of cancer, and
stroke and live equally as long or longer in the context of these
conditions compared with NHWs (12,13). These effects are large,
robust, and replicated (11,14,15).

Using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (16,17), the current aim
was to extend the existing literature through a large-scale sys-
tematic review that more definitely addressed whether
Hispanics have better lung cancer survival outcomes compared
with NHWs. Based on risk profile disparities among Hispanics,
studies were considered consistent with the HHP if they either
documented Hispanic survival advantages or showed compara-
ble survival outcomes between lung cancer groups.

Methods

Search Strategy

This systematic review was registered on the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42018115081). Preliminary searches revealed a paucity of
available studies published before the 2000s; thus, January 2000
was used as the beginning search date based on this “natural
window.” After consultation with a university medical librarian,
we conducted electronic database searches for publications dated
from January 1, 2000, to July 18, 2018, using Medline, PubMed,
Embase, Web of Science, and the Cochrane Library. To capture
the largest possible sample of potential articles, 2 search term cat-
egories were used: 1) Hispanic (Hispanic, Latino, Mexican, Puerto
Rican, Cuban) and 2) lung cancer (lung cancer, thoracic neoplasm,
non-small cell lung cancer [NSCLC], small-cell lung cancer [SCLC])
(see Supplementary Methods, available online, for example,
search strategy). Searches were restricted to articles and abstracts
with publication dates from 2000 to 2018, published in English,
and involving human subjects. We then supplemented electronic
searches by manually examining the reference sections of past
reviews and studies meeting inclusion criteria to locate articles
not identified in the database searches. Lastly, when information
was incomplete, we contacted authors of potentially relevant
abstracts to request additional papers or relevant data.

Eligibility Criteria

The population of interest for this review was patients aged 18
years and older diagnosed with lung cancer, including any his-
tological type or stage. We included only published studies
meeting the following criteria: 1) written in English; 2) using a
longitudinal design; 3) providing a direct survival comparison
between NHWSs and Hispanics with lung cancer, reported in
terms of hazard ratios (HRs) or risk ratios (RRs). Primary out-
comes included overall survival (OS) and lung cancer-specific
survival or cause-specific survival (CSS), and articles were sepa-
rated based on type of survival measured. Both OS and CSS out-
comes were included as they offer distinct information relevant
to patients, clinicians, and other stakeholders.

We included only studies with individual data and excluded
reports with exclusively aggregated data (eg, census-level statis-
tics). Randomized, controlled trials or longitudinal, nonexperi-
mental observational studies were considered for inclusion.
Conference abstracts were conditionally included in our initial
search, but were only included in the final literature review if the
study had been published in a refereed, full-text article. Authors
of such works were contacted to verify whether a full-text article
could be identified.

Data Extraction and Quality Assessment

The results of the computerized search were imported into
EndNote X8 by the first author (SNP). All abstracts were read to
identify studies potentially meeting inclusion criteria. To identify
eligible studies, 2 independent reviewers (SNP and MF) first
screened titles and abstracts of all articles, and if the article could
not be excluded based on the title and/or abstract, both reviewers
then separately consulted the full text article to determine eligibil-
ity. After conducting independent reviews, SNP and MF compared
results and resolved the majority of discrepancies. A third indepen-
dent reviewer (JMR) then resolved any outstanding discrepancies
through joint review and discussion with the primary reviewers.
Final review inclusion was confirmed by consensus between all
study authors.

Although the feasibility of a meta-analysis was explored, it was
determined that such an analysis was not appropriate given the
substantial overlap of data used (ie, Surveillance, Epidemiology,
and End Results [SEER] Registry or California Cancer Registry) be-
tween studies and the inability to determine exactly which cases
overlapped and had potential for bias.

After determining which studies to include, SNP used a stan-
dardized form to extract several objectively verifiable character-
istics of the studies: 1) the number of participants and their
composition by ethnicity, nativity, or country of origin (when
available), lung cancer type, and lung cancer stage; 2) length of
follow-up; 3) research design; 4) any covariates included in
models; 5) comparison in OS and/or CSS; and 6) data source
used. Once completed, the data extraction form was checked by
MF. The Newcastle-Ottawa scale (NOS) (18), a quality assess-
ment tool for use in nonrandomized studies included in sys-
tematic reviews, was used as the quality indicator. The NOS is
among the most widely-used tools for assessing nonrandom-
ized studies and has been previously endorsed for use in sys-
tematic reviews of nonrandomized (cohort and case-control)
studies by the Cochrane Collaboration (19).

Interpretation

We considered models to be supportive of the HHP if, after ad-
justment for key factors (age and stage at diagnosis), hazard ra-
tios for Hispanic survival (compared with the NHW reference)
were not greater than 1, and their respective upper and lower
95% confidence interval (CI) limits were below 1 (Hispanic ad-
vantage) or contained 1 (no statistical difference between
Hispanic and NHW).

Results

Trial Flow

Electronic searches identified 1049 citations (see Figure 1).
Hand-searching reference sections of included papers identified
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. NA = not applicable; NHW= non-Hispanic White

1 additional citation. After duplicates were removed, 719 unique
abstracts remained. All 719 abstracts were reviewed for inclu-
sion. Based on titles and abstracts, 658 studies were excluded,
62 full-text articles were reviewed, and the authors of 13 confer-
ence abstracts were contacted to determine availability of pub-
lished data based on these potentially eligible abstracts; 33 of
the 62 full-text articles and 13 abstracts were excluded based on
entry criteria. One of the 13 abstracts resulted in a publication
dated after the initial search date, which was then included in
the study. This search method yielded a final sample of 29 full-
text articles.

Study Characteristics

Data were reported from 8 unique data sources: various subsets
of the SEER database (14 studies), the California Cancer Registry
(8 studies), the Lung Cancer Mutation Consortium (1 study), the
Cancer Care Outcomes & Surveillance Consortium (2 studies),
the San Francisco Bay Area Lung Cancer Study (1 study), the
Nevada Cancer Registry (1 study), the New Jersey State Cancer
Registry (1 study), and the Department of Defense Automated
Central Tumor Registry (1 study). Data collected from the final
29 studies spanned from 1973 to 2013, although publication
dates ranged from 2002 to 2018. Although intervention studies
were considered for inclusion in this review, no intervention
studies met criteria because all had insufficient numbers to

detect differences in survival by race and ethnicity (most stud-
ies enrolled fewer than 5 Hispanic participants). The majority
(25) of included articles used a retrospective cohort study de-
sign, and 4 used a prospective cohort study design.

Of the 29 studies, 4 contained datasets that were entirely or
mostly contained within larger datasets used by other studies
(20-23). These studies were nevertheless included as they
reported on specific subpopulations or reported slightly differ-
ent variable adjustment in their survival analyses.

Characteristics of Participants

In 6 of the 29 studies, the exact number of Hispanic and NHW
participants included in regression models was unclear, al-
though estimates could be calculated from percentages in 2
studies (24-29). In the remaining studies reporting numbers of
both Hispanic and NHW participants (excluding the 4
completely overlapping studies noted above), there were
946070 NHW participants and 78327 Hispanic participants,
with the number of Hispanics included in individual studies
ranging from 28 to 18206 and the number of NHWs ranging
from 163 to 137 321. Although it is impossible to determine the
exact number of unique participants involved because the ma-
jority of studies used the same or similar databases in overlap-
ping years, the most conservative estimate (including only
nonoverlapping studies) would indicate at least 186 386 unique
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cases for OS models (174176 NHW and 12 210 Hispanic patients)
and 208063 unique cases for CSS models (191511 NHW and
16 552 Hispanic patients). This estimate was reached by exam-
ining a combination of study data sources, years of data collec-
tion, and inclusion criteria. Study results from nonoverlapping
studies only are presented in Supplementary Figure 1 (available
online).

Among the 29 included studies, 17 included only NSCLC
cases, 1 included only SCLC, and the remainder (11) were inclu-
sive of all histologic lung cancer types. Five studies included
only those with early stage or local disease (stages I-II) at time
of diagnosis, 4 included only those with advanced stages (III
and/or IV), 3 included stages I-Ill, and the remainder (17) in-
cluded participants with any stage of disease.

Across 8 studies reporting trends in histology by race and
ethnicity, Hispanics were overrepresented among bronchioloal-
veolar carcinoma (2 studies) (26,30) and adenocarcinoma sub-
types (5 studies) (22,24,31-33), which are more common among
nonsmokers and tend to be associated with better prognoses
(30). Gomez and colleagues (34) found no difference in tumor
characteristics by race and ethnicity, however. Compared with
US-born Hispanics, foreign-born Hispanics were more likely to
be diagnosed at younger ages, with more advanced disease, and
were less likely to receive surgery, chemotherapy, or radiation
(35).

Only 3 studies (30,34,35) collected self-reported nativity data
(eg, US-born vs foreign-born Hispanic), and only 1 of these (30)
classified Hispanics by native country. Of 30 papers, 6 (20.0%)
reported participants’ smoking history (21,34,36-39), and only 1
(39) reported on proportion of different oncogenic drivers in
NHW and Hispanic populations. These limitations likely reflect
the reliance on SEER data, which does not report these variables
and made up nearly half (48.3%) of the included studies.

Quality of the Included Studies

All but 4 studies used retrospective database cohort designs.
Four studies used prospective cohort designs. The NOS, a risk of
bias assessment tool for observational studies recommended by
the Cochrane Collaboration, was used to assess study quality.
The NOS assigns a maximum of 9 points for the smallest risk of
bias in the following domains: selection of cohort (4 points),
comparability of cohorts (2 points), and assessment of outcome
(3 points). Regardless of study design, the studies were of high
quality, with all scoring 7 or greater out of 9 on the NOS (a score
>5 is considered high quality and low bias risk). Using the NOS,
the studies scored on average 3.6 out of 4 stars for cohort selec-
tion, 1.9 of 2 stars for cohort comparability, and 2.3 of 3 stars for
assessment of outcome. The most common reason for lost
points was lacking a statement about the number of subjects
lost to follow-up, followed by failing to control for age and stage
at diagnosis. Only 1 study did not receive a star for representa-
tiveness because this study was conducted in a military popula-
tion (38).

Survival

A total of 113 different models comparing OS and CSS for
Hispanics vs NHWs were presented across the 29 studies. The
models with the most covariates from each paper are presented
in Figures 2 and 3, and the covariates included in these models
are presented in Tablel. Hazard ratios and 95% confidence
intervals were not included from 1 study (39) because of its

relatively small sample size, minimal model adjustment, and
wide 95% confidence intervals, which limited comparison with
other studies. It is also important to note that many studies did
not include P values along with hazard ratios and their 95% con-
fidence intervals, so a model was considered supportive of a
survival advantage if the confidence interval was below 1.0,
supportive of no difference if the confidence interval included 1,
and supportive of a disadvantage if the confidence interval
range was above 1.0. Selecting fully adjusted models from each
paper resulted in 28 models predicting OS and 21 predicting
CSS. From the 29 included studies, 28 fully adjusted models
evaluated ethnic differences in OS (20,22,26,29-32,34-
38,41,42,45,46,48). From the 29 included studies, 21 evaluated
ethnic differences in CSS (22-25,27,28,33,35,40-44,46,47). Note
that some studies presented both estimates.

Overall Survival

In 28 models, 26 (92.9%) documented either no difference or a
Hispanic advantage in OS. This includes 10 (35.7%) models that
demonstrated an OS advantage for Hispanic patients compared
with NHWs [6.0%-19.0% lower risk of death; see Figure2 (26,29-
32,35,41,46)] and 16 (57.1%) models (20,26,34-38,42,45) that
showed no difference between Hispanics and NHWs. Only 2
models showed a Hispanic disadvantage in OS (at any given
time t, Hispanics experienced mortality at approximately twice
the rate of NHWs) (21,34). Notably, both of the disadvantage
models were from studies of exclusively never-smokers. When
examining SEER studies alone, 7 of 19 (36.8%) models docu-
mented a Hispanic OS advantage, and the remaining 12 (63.2%)
documented no overall survival difference between Hispanics
and NHWs.

Several trends emerged within the data. As expected, studies
with the largest patient samples yielded the narrowest confi-
dence intervals. These studies were also most likely to docu-
ment Hispanic survival advantages and to be derived from SEER
or the California Cancer Registry (30,31,35,46). For example, in-
cluding only studies with clear sample sizes, the mean sample
size in the Hispanic advantage models was approximately 2.6
times larger than the mean samples from the no-difference
models: 77887 (range = 12964-17 238) vs 31778 (range = 472-
151601). These proportional differences in sample size are im-
portant in considering strength of study findings. Of note, the 2
studies reporting the greatest magnitude of survival difference
between Hispanics and NHWs (Hispanic disadvantage; HR >
2.00) (21,34) were also among the smallest samples and con-
sisted of never-smokers only, whereas the largest studies in-
cluded more representative samples and reported a smaller
magnitude of difference in the direction of a Hispanic survival
advantage (HR = 0.85-0.94).

A small number of models reported nativity effects on over-
all survival. Two models from large studies with samples in ex-
cess of 150000 evaluated survival differences between foreign-
born Hispanics and NHWs, with both showing a robust Hispanic
advantage (10.0%-13.0% more likely to be alive at study follow-
up; HR = 0.87 and 0.90, respectively) (30,35). In contrast, Gomez
et al. (34) showed no difference among foreign-born Latinas and
NHW women in a relatively small sample of 472 patients (HR =
1.41, 95% CI = 0.85 to 2.33). Again, none of the 3 models docu-
mented a disadvantage for foreign-born Hispanics.

Three models tested OS differences between US-born
Hispanics and NHWs. These studies documented mixed results,
with the largest (30) showing a Hispanic advantage of
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Study and Associated Estimate

Advantage

Cetinetal, 2011 | non-BAC
David et al., 2017

Osuoha etal, 2018

Patel et al., 2013 | Foreign-born
Saeed et al,, 2012 | Foreign-born HW
Saeed et al, 2012 | US-born HW
Soneji et al., 2017

Tantraworasin et al., 2018
Varlotto et al,, 2018b | Stage IV
Varlotto et al., 2018b | TP

No Difference

Brzezniak et al, 2015
Cetinetal, 2011 | BAC
Cetinetal, 2011 | Large cell
Cetinetal.,, 2011 | Other
Cetinetal, 2011 | Squamous
Duetal, 2011

Gomez et al., 2011 | Foreign-born Latina
Mehta et al, 2018

Quetal, 2007 | Stage IA*

Qu et al,, 2007 | Stage IB*
Quetal, 2008

Quetal, 2009

Patel etal., 2013 | US-born
Varlotto et al,, 2018a | ESR*
Varlotto et al, 2018a | TS*
Zell et al.,, 2008
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Clement-Duchene et al., 2016*
Gomez et al., 2011 | US-born Latina
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0.91
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0.90
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Figure 2. Forest plot of overall survival hazard ratios and 95% confidence intervals. Shorter confidence intervals (error bars) correspond to larger, more precise esti-
mates. Circles correspond with effect size, with larger circles indicating a larger effect. Asterisk indicates the study population is entirely (or almost entirely) overlap-
ping with another included study. CI = confidence interval; BAC = bronchioalveolar carcinoma; ESR = early stage resectable; HR = hazard ratio; HW = Hispanic White;
NHW = non-Hispanic White; TP = total population.

Study and Associated Estimate

Advantage HR
Aizer etal, 2014 097
David etal, 2017 0.80
David etal , 2015" 074
Elis etal, 2018 | Female 089
Ellis et al, 2018 | Male 092
Jemal et al, 2017 095
Laraetal, 2014 0.89
Patel et al, 2013 | Foreign-born 0.85
No Difference

Clegg et al, 2002 | Female 1.00
Clegg etal, 2002 | Male 1.10
Duetal, 2011 0.80
Jemal et al, 2004 | Female 104
Niuetal, 2010 | Male 098
Patel et al, 2013 | US-born 099
Smithetal, 2011 098
Soneji et al, 2017 095
Varlotto et al, 2018a | ESR* 088
Variofto et al,, 2018a | TS* 097
Wisnivesky et al, 2005 1.09
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Jemal et al., 2004 | Male 1.08
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Figure 3. Forest plot of cancer-specific survival hazard ratios and 95% confidence intervals. Shorter confidence intervals (error bars) correspond to larger, more precise
estimates. Circles correspond with effect size, with larger circles indicating a larger effect. Asterisk indicates the study population is entirely (or almost entirely) over-
lapping with another included study. CI = confidence interval; ESR = early stage resectable; HR = hazard ratio; NHW = non-Hispanic White; TS = total surgical

population.
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approximately 15.0% (HR = 0.85, CI = 0.83 to 0.86) and a second
analysis from the Patel et al. (35) study showing no difference
(HR = 1.00, 95% CI = 0.99 to 1.04). The third model, as reported
by Gomez et al. (34), notes a clear disadvantage (HR = 2.05, 95%
CI =1.18 to 3.55).

Cause-Specific Survival

In 21 models, 20 (95.2%) documented either no difference or a
Hispanic advantage in cancer-specific mortality. Nine (14.9%) of
the 21 models demonstrated a CSS advantage for Hispanic
patients compared with NHWSs (3.0%-60.0% lower risk of death
given respective follow-ups; see Figure 3) (23,24,28,35,40,41,43,44).
Of the 21 models, 11 (52.4%) showed no difference between
Hispanics and NHWs (22,25,27,33,35,42,44,46,47). Only 1 model
found a Hispanic disadvantage in cancer-specific survival (8.0%
higher risk of death) but only among men (27). When examining
SEER studies alone, 2 (16.7%) of 12 models documented a
Hispanic CSS advantage, 9 (75.0%) documented no cause-specific
survival difference, and 1 (8.3%) documented a survival disad-
vantage for Hispanics with lung cancer compared with NHWs.

Similar to the OS findings, studies and models with the larg-
est patient samples generally yielded the narrowest confidence
intervals and demonstrated the strongest Hispanic CSS advan-
tage compared with NHWs (24,28,35,40,43). Including only stud-
ies with clear sample sizes, the mean sample size in the models
reporting an advantage was approximately 1.4 times larger than
the mean of the models reporting no difference (96 337 [range =
7587-181060] vs 69225 [range =16036-151601]). Again, studies
with the largest sample sizes generally demonstrated a smaller
magnitude of survival difference between Hispanics and NHWs
in the direction of an advantage (HR = 0.89-0.97) (24,35,40,43).

Only 2 models tested nativity differences in cancer-specific
survival compared with NHWSs. Both models stem from the study
by Patel et al. (35) and mirror the trends observed for OS. Once
again, US-born Hispanics were found to have similar cancer-
specific survival, and foreign-born Hispanics were found to have
lower cancer-specific mortality compared with NHWs (35).

Model-Level Findings: Assessment of Covariates and
Potential Mechanisms

Although we present only the most complex models from each
study in Figures2 and 3, 113 models in total were examined
across the 29 studies. The majority of studies included adjusted
models for age, sex, and stage at diagnosis, and several com-
pared the influence of different covariates on racial and ethnic
differences in survival. Of the models tested, 18 (15.9%) had
minimal adjustment (unadjusted or adjusted only for age, sex,
and stage), 12 (10.6%) had moderate adjustment (adjusted for
demographic characteristics and clinical characteristics such as
histology and treatment received), and the remaining 83 (73.5%)
had extensive adjustment (controlling for SES, marital status,
neighborhood characteristics, etc.). Although not all studies
published unadjusted or minimally adjusted hazard ratios,
when reported, models with minimal adjustment were less
likely to show a Hispanic survival advantage (see Table1l).
Eleven percent of models with minimal adjustment, 25.0% of
models with moderate adjustment, and 50.0% of models with
extensive adjustment were supportive of a Hispanic survival ad-
vantage. Broadly, only 9 (8.0%) of the 113 models tested showed
a Hispanic survival disadvantage, 47 (41.6%) showed a survival
advantage, and the remainder (57; 50.4%) showed no difference.
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Generally, controlling for the effect of SES-related variables
increased the effect size of hazard ratios depicting a Hispanic
survival advantage, reduced any disparities for Hispanics to
zero, or even reversed a disadvantage to an advantage
(21,24,33,35,36,42,44,47). These findings underscore the impor-
tance of SES-related variables in understanding ethnic outcome
differences in the context of lung cancer.

A handful of studies attempted to control for treatment dis-
parities with mixed results. Some studies included in this re-
view suggest that adding treatment variables into adjusted
models eliminates disparities (35,47), others found that remov-
ing treatment variables eliminates disparities (21), and still
others found that adding these variables makes no difference
(34,38). These differences likely reflect heterogeneity in treat-
ment variables within and across studies as well as the overall
lack of associated critical information reported such as timing
and quality of treatment.

Although stage at diagnosis is an important covariate to con-
sider because Hispanics tend to be diagnosed at later stages of
disease than NHWs, patterns appeared fairly consistent across
all stages (see Supplementary Figures 2 and 3, available online,
for OS and CSS by stage). One-quarter of models examining
cohorts diagnosed with lung cancer at advanced stages (IIIB-IV)
demonstrated a Hispanic survival advantage, and the remain-
der (75.0%) showed no difference in survival between NHW and
Hispanics, which was identical to the ratio of advantage to no
difference models found among early stage (I-IIB) patients. The
majority of models including patients of all stages demon-
strated either a Hispanic survival advantage (46.7%) or no differ-
ence (40.0%). Varlotto and colleagues (31) found a Hispanic
survival advantage compared with NHWs when analyzing both
the total population and stage IV patients alone. When compar-
ing hazard ratios between different target populations exam-
ined using the same datasets (eg, SEER 9, SEER 13, SEER 18,
overlapping years of the California Cancer Registry), results
were generally consistent across lung cancer types and stages
within data sources. In their examination of stage IV patients
using SEER 9, Cetin et al. (26) and Clegg et al. (25) found no sur-
vival difference between NHWs and Hispanics for those with
NSCLC or with any type of lung cancer. Among SEER 13 studies,
Zell et al. (48) and Du et al. (42) also found consistent results be-
tween those diagnosed at advanced stages (IIIB-IV) and those
diagnosed at any stage. Among California Cancer Registry stud-
ies, Ou and colleagues found similar results for SCLC and NSCLC
(no survival difference) during overlapping years (approxi-
mately 1989-2005) (20,36,45). Comparing hazard ratios for 4 dif-
ferent subgroups of NSCLC patients examined across 2 studies
using the SEER 18 dataset (stage IV only, total population,
early stage resectable, and total surgical population) (22,31),
it appears that the paradox may be more pronounced for
patients with more advanced or inoperable disease, although
the fact that hazard ratios for the surgical populations were ad-
justed using additional covariates (lateral location, number
of nodes examined, node density) limits the strength of this
conclusion.

Sex emerged as another potentially important covariate,
with the Hispanic survival advantage appearing more pro-
nounced in women than men. Ellis and colleagues (24) found
that Hispanic men and women had a survival advantage com-
pared with NHWs, but the magnitude of this effect was stronger
for women, Niu and colleagues (44) found a Hispanic survival
advantage for women but no survival difference for men, and
Jemal and colleagues (27) found no survival difference for
women but a disadvantage relative to NHWs for Hispanic men.


https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkab062#supplementary-data

100f12 | JNCI Cancer Spectrum, 2021, Vol. 5, No. 5

Discussion

The 29 studies published over the last 2 decades overwhelm-
ingly illustrate that Hispanics exhibit similar or better survival
in the context of lung cancer relative to NHWs despite a sub-
stantially worse risk factor profile. These results strongly sup-
port the HHP in the context of lung cancer survival. Specifically,
among fully adjusted models, 26 of 28 models (92.9%) evaluating
overall survival and 20 of 21 (95.2%) evaluating cancer-specific
mortality documented either no difference or a Hispanic sur-
vival advantage. Larger studies and those models comparing
NHWSs with foreign-born Hispanics were more likely to show a
Hispanic survival advantage. Together, these findings extend
the known health advantages associated with Hispanic ethnic-
ity and support further investigation into resilience mecha-
nisms both for lung cancer specifically and health outcomes
broadly.

Several moderators (eg, variables that impact the strength
and direction of a statistical relationship) emerged as critical to
understanding the trends in differential risk. Generally, control-
ling for the effect of SES-related variables increased the effect
size of hazard ratios depicting a Hispanic survival advantage,
reduced any disparities for Hispanics to zero, or even reversed a
disadvantage to an advantage. Despite limited data, nativity
status also emerged as a reliable determinant of outcomes with
foreign-born Hispanics experiencing some of the strongest
advantages. These findings are particularly paradoxical given
that foreign-born Hispanics tend to be among the lowest in SES
and have relatively greater disparities in health-care resources
compared with their US-born counterparts and to NHWs, gener-
ally (4). However, both the independent and combined effects of
SES and nativity on survival outcomes are consistent with the
broader findings on comparative Hispanic health.

Importantly, the observed findings were not contingent on
stage of diagnosis. The majority of reviewed studies did not
identify stage as an important moderator of findings, and com-
parable findings were noted in studies that focused on either
early (I-IIA) or late (IIIB-IV) stage diagnostic categories. Hispanic
lung cancer patients are more likely to be diagnosed at later
stages. Yet, even within these later stages, their odds of survival
remain comparable to advantageous.

This study also points to potential sex differences in the
magnitude of the HHP, as some analyses separated by sex found
that Hispanic women show a greater survival advantage rela-
tive to NHWs than their male counterparts. Future research
should investigate whether the effect of Hispanic ethnicity on
lung cancer survival is moderated by sex. Although a previous
meta-analysis did not find a moderating effect of sex on the
Hispanic mortality paradox (14) and challenged the generaliz-
ability of the relationship between SES and disease risk, the pre-
sent finding that the HHP may be stronger among women with
lung cancer also aligns with previous findings that the SES gra-
dient appears to be stronger for men than for women across
many health outcomes (49).

Despite our ability to make these specific observations, criti-
cal gaps in the literature must be noted. Most of the literature is
reliant on a few key public health databases, which makes dis-
aggregating for purposes of a meta-analysis problematic. These
databases generally lack potentially important moderators, in-
cluding standard markers of SES, stage of diagnosis, and
Hispanic ancestral background. Hispanics are not a homoge-
nous group, and the lack of associated demographic data under-
mines the specificity of knowledge and targeted intervention
efforts.

The robust nature of the broader paradoxical outcomes sup-
ports a shift from questioning their validity to investigating po-
tential mechanisms of action. A lower rate of smoking among
Hispanics is an important factor to understand reduced lung
cancer incidence, and this variance may also help explain mor-
tality differences once diagnosed with lung cancer (50). This
pathway is potentially supported by 2 studies of exclusively
nonsmokers that showed a Hispanic mortality disadvantage. It
is important to note that there are limited data regarding ethnic
differences in smoking rates among lung cancer patients (51).
However, the 3 studies included here report measures of smok-
ing continue to support the paradox after controlling for that be-
havior. We can reasonably infer from this evidence that
whatever differences in smoking exist, when accounted for,
they do not fully explain the HHP in the context of lung cancer.

Moreover, differential smoking rates do not explain the
broader HHP beyond lung cancer, which is evident in multiple
studies controlling for smoking status and history. For example,
a recent study of more than 161000 postmenopausal women in
the United States found a robust Hispanic mortality advantage
even after controlling for smoking status (52). Recent research
also shows that although elimination of key health-risk behav-
iors (eg, smoking, obesity) would reduce health disparities, the
impact would be greater on NHB-NHW differences than on
Hispanic-NHW differences (53,54). Thus, the aggregate evidence
to date suggests that although smoking may impact the degree
of Hispanic advantage, it does not account for the broader HHP
or the specific trends in the context of lung cancer.

Lung cancer histology is also important to consider; Saeed
and colleagues (30 ) noted higher rates of bronchioloalveolar
carcinoma subtype among Hispanics, suggesting that Hispanics
may be more likely to be diagnosed with lung cancer subtypes
associated with never-smoker status and better prognoses.
However, our analysis revealed multiple studies that controlled
for histology and continued to report a mortality advantage for
Hispanics. Only 1 relatively small study included in this review
explored the prevalence of specific oncogenic drivers among
Hispanics and NHWs with lung cancer (39). With the increasing
prevalence of direct treatment strategies targeting specific
mutations (eg, EGFR), the presence of these oncogenic drivers
may play a greater role in survival differences, because they
may not be evenly distributed by race and ethnicity. Some re-
search suggests that Hispanics have a higher prevalence of on-
cogenic drivers than NHWs, but these results are inconsistent
and complicated by the fact that Hispanics comprise a racially
and genetically diverse group, and rates of certain mutations
like EGFR vary based on country of origin (55). These inconsis-
tencies, coupled with the fact that Hispanics face substantial
barriers to care (lower rates of treatment, underrepresentation
in clinical trials), suggest that differential somatic mutations
alone are insufficient to explain racial and ethnic disparities in
lung cancer outcomes (55,56). Other proposed mechanisms, in-
cluding ethnic differences in diet (eg, bean consumption) (57)
and cellular aging (eg, epigenetic methylation) (58), have less
empirical and conceptual support and are unlikely to meaning-
fully drive lung cancer mortality differences.

Within the broader Hispanic health literature, the dominant hy-
pothesis to explain Hispanic health advantages concerns the role of
cultural factors facilitating social integration; these mechanisms
must be seriously considered in the context of lung cancer as well
(11). Social integration is among the most robust psychosocial deter-
minants of a range of objective health outcomes, with a strong sub-
literature demonstrating effects on objective outcomes including
mortality (59). Indeed, meta-analytic findings suggest that greater



social integration rivals reduced smoking in terms of mortality im-
pact (59). Social integration may be a particularly impactful resil-
ience factor for Hispanics, given cultural values of collectivism and
family (referred to as familismo), and interpersonal harmony (re-
ferred to as simpatia). Moreover, such values may be stronger in
less acculturated Hispanic patients contributing to the consistently
observed nativity benefits. In the context of lung cancer, cultural
moderation of social pathways may engender a more sustained
postdiagnosis integration benefit leading to clinical advantages for
Hispanic lung cancer patients. Direct examination of this hypothe-
sis is a critical next step in understanding mortality benefits and in
pursuing culturally informed interventions focused on resiliency
and social integration.

In summary, the current review strongly supports Hispanic
lung cancer outcomes as generally consistent with the HHP.
These findings further challenge generalized notions of minor-
ity health and of standard predictive models and should moti-
vate efforts to elucidate potential resilience mechanisms.
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