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ABSTRACT

Introduction: Racial and ethnic disparities in the presen-
tation and outcomes of lung cancer are widely known. To
evaluate potential factors contributing to these observa-
tions, we measured systemic immune parameters in Black
and White patients with lung cancer.

Methods: Patients scheduled to receive cancer immuno-
therapy were enrolled in a multi-institutional prospective
biospecimen collection registry. Clinical and demographic
information were obtained from electronic medical records.
Pretreatment peripheral blood samples were collected and
analyzed for cytokines using a multiplex panel and for im-
mune cell populations using mass cytometry. Differences
between Black and White patients were determined and
corrected for multiple comparisons.

Results: A total of 187 patients with NSCLC (Black, 19;
White, 168) were included in the analysis. Compared with
White patients, Black patients had greater comorbidity
(median Charlson Comorbidity Index 5 versus 3; p ¼ 0.04)
and were more likely to have received previous chemotherapy
(79% versus 47%; p ¼ 0.03). Black patients had significantly
lower levels of CCL23 and CCL27 and significantly higher
levels of CCL8, CXCL1, CCL26, CCL25, CCL1, IL-1b, CXCL16,
and IFN-g (all p < 0.05, false discovery rate < 0.1). Black
patients also exhibited greater populations of nonclassical
CD16þ monocytes, NKT-like cells, CD4þ cells, CD38þ
monocytes, and CD57þ gamma delta T cells (all p < 0.05).

Conclusions: Black and White patients with lung cancer
exhibit several differences in immune parameters, with
Black patients exhibiting greater levels of numerous
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proinflammatory cytokines and cell populations. The etiol-
ogy and clinical significance of these differences warrant
further evaluation.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
The incidence, presentation, and outcomes of many

cancers differ according to patient race. For instance, Black
patients have greater incidence and mortality from prostate
cancer.1 Compared with White patients, Black individuals
develop lung cancer after less smoking, at younger age, at
more advanced stage, and have decreased survival.2

To evaluate these observations further in the
immuno-oncology era, studies have also evaluated im-
mune parameters according to patient race and
ethnicity. IL-6 and CRP levels are elevated in healthy
Black populations compared with White populations.3

Differences also exist within oncology populations. For
instance, Black patients with prostate cancer have higher
levels of CXCL2 and CXCL5 than do White patients.4 In
resected lung cancer specimens, cell proliferation path-
ways and macrophage subtypes differ between Black
and White patients.5

Given the persistent racial health disparities in lung
cancer presentation and outcomes and the growing
awareness of differences in inflammatory markers
across populations, we analyzed systemic cytokines and
immune cell populations in White and Black patients
with NSCLC.

Methods
Study Protocol and Clinical Data

This was a prospective multi-institutional registry
study approved by the University of Texas Southwestern
Institutional Review Board (IRB #STU 082015-053) and
the IRBs of all participating centers. Patients provided
written informed consent before undergoing any study-
specific procedures.

For this study, eligible patients had a diagnosis of
NSCLC and were planned for but had not yet initiated
immune checkpoint inhibitor (ICI)-based therapy,
including concurrent and sequential combination regi-
mens. Enrolled individuals underwent collection of
clinical data from the electronic medical record
(including age, sex, race, cancer stage and histology,
systemic treatment history, body mass index, tumor
programmed death-ligand 1 expression, smoking status,
autoimmune disease history, and use of systemic
immunosuppressive medications within 30 days of
starting ICI). We collected Charlson comorbidity index
(maximum score 37) data based on previously published
guidelines using International Classification of Diseases
codes within the previous 1 year of the cancer diag-
nosis.6,7 Peripheral blood samples were collected before
ICI initiation.

For this analysis, we analyzed patients with NSCLC of
any stage who self-identified as non-Hispanic Black or
non-Hispanic White.

Biospecimen Processing and Cytokine Analysis
As previously described,8 we used the Bio-Plex Pro

Human Chemokine 40-plex Panel (Bio-Rad Laboratories,
Hercules, CA) on a Luminex 200 System to measure
plasma cytokines. Supplementary Table 1 lists the cyto-
kines included in the panel. Cytokine concentrations were
transformed on a log2 scale and batch-corrected using the
ComBat parametric empirical Bayes framework.9

Cytometry by Time of Flight
Cryopreserved peripheral blood mononuclear cells

were thawed and stained with a panel of 36 antibodies
(metal isotope-labeled conjugates, Maxpar Direct Im-
mune Profiling Assay Panel by Standard BioTools). We
analyzed cells on a Helios mass cytometer (Standard
BioTools). Data were normalized and analyzed with
gating on CD45þ cells using the cloud-based computa-
tional platform OMIQ.ai (Dotmatics Software Company).
We identified cluster immune phenotypes following
standard immunophenotyping for the Human Immu-
nology Project.

Statistical Analysis
We used chi-square tests, Fisher’s exact tests, and

Mann-Whitney U tests to assess for associations between
case characteristics and race. Log2-transformed and
batch-corrected cytokine values were compared be-
tween the two groups using the Mann-Whitney U test. To
account for multiple comparisons, the Benjamini–
Hochberg procedure was applied to evaluate false dis-
covery rates (FDRs). All analyses were conducted with R
(version 4.1.3) or GraphPad Prism 10.2.3. We defined
significance as p less than 0.05 and for cytokine analysis
p less than 0.05 and FDR less than 0.1.

Pathway Analysis
We used the online tool string-db.org to analyze

pathway interactions among cytokines exhibiting signif-
icant (p < 0.05; FDR < 0.1) differences between Black
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Table 1. Clinical Characteristics in the Overall Cohort and According to Race

Characteristic, n (%)
Overall,
(N ¼ 187a), n (%)

White,
(N ¼ 168a), n (%)

Black,
(N ¼ 19a), n (%) p Value

Age, y 0.54
�65 121 (65) 107 (64) 14 (74)
<65 66 (35) 61 (36) 5 (26)

Sex 0.76
Male 107 (57) 95 (57) 12 (63)
Female 80 (43) 73 (43) 7 (37)

Cancer stage
II 2 (1) 2 (1) 0 (0) 0.07
III 33 (18) 26 (15) 7 (37)
IV 152 (81) 140 (83) 12 (63)

Histology 1
Squamous 39 (21) 35 (21) 4 (21)
Nonsquamous 148 (79) 133 (79) 15 (79)

PD-L1 0.09
<1% 35 (35) 28 (31) 7 (64)
1–49% 36 (35) 33 (37) 3 (27)
�50% 30 (30) 29 (32) 1 (9)

Smoking status 0.62
Former 118 (73) 102 (71) 16 (84)
Current 19 (12) 18 (13) 1 (5)
Never 25 (15) 23 (16) 2 (11)

Pack years
Median (IQR) 30 (15, 50) 34 (14, 50) 25 (19, 44) 0.53

BMI 0.32
<18.4 5 (3) 5 (3) 0 (0)
18.5–24.9 62 (39) 55 (38) 7 (39)
25–29.9 57 (35) 53 (37) 4 (22)
>30 37 (23) 30 (21) 7 (39)

Line of systemic therapy 0.33
First 93 (55) 85 (56) 8 (42)
Second 55 (32) 46 (30) 9 (47)
Third and above 22 (13) 20 (13) 2 (11)

Previous therapyb 0.03
None 71 (42) 68 (45) 3 (16)
Immunotherapy 6 (3) 5 (3) 1 (5)
Chemotherapy without immunotherapy 86 (51) 71 (47) 15 (79)
Targeted or other without

chemotherapy or immunotherapy
7 (4) 7 (5) 0 (0)

Autoimmune disease 1
Yes 19 (10) 2 (13) 17 (14)
No 115 (61) 14 (88) 101 (86)

Charlson comorbidity score 0.04
Median (IQR) 3 (2–6) 3 (2–5) 5 (2–10)

Pre-ICI immunosuppressionc 0.26
Yes 20 (15) 16 (14) 4 (25)
No 114 (85) 102 (86) 12 (75)

aCategories that do not contain a sum of 187 cases in the overall column, 168 cases in the White column, or 19 cases in the Black column represent missing
data.
bIncluding systemic therapy (adjuvant, concurrent, etc.) for nonmetastatic disease.
cWithin 30 days of starting ICI.
BMI, body mass index; ICI, immune checkpoint inhibitor; IQR, interquartile range; PD-L1, programmed death-ligand 1.
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and White patients. Both Gene Ontology (biological
process) and Pathways (Kyoto Encyclopedia of Genes
and Genomes [KEGG] Pathways and wikiPathways) were
analyzed.

Results
A total of 187 patients (Black, 19; White, 168) were

identified for this study. Among these individuals, 57%
were male, 65% were above 65 years old, and 81% had
stage IV disease. Additional case characteristics are
found in Table 1. Age, sex, race, and cancer stage and
histology were available for all patients. For other vari-
ables, the number of cases with available data was as
follows: programmed death-ligand 1 status (N ¼ 100,
53%), smoking status (N ¼ 162, 87%), pack-year history
(N ¼ 170, 91%), systemic treatment history (N ¼ 170,
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91%), autoimmune disease (N ¼ 134, 72%), immuno-
suppression use (N ¼ 134, 72%), and Charlson comor-
bidity index (N ¼ 161, 86%). Black patients were more
likely to have previous chemotherapy (79% versus 47%;
p ¼ 0.03) and a higher Charlson comorbidity index
(median 5 versus 3; p ¼ 0.04). There was a near-
significant trend toward earlier stage disease in Black
patients (p ¼ 0.07).

Cytokine levels were available for all 187 patients.
Among the 40 cytokines analyzed, 35 (88%) had results
that met technical criteria for inclusion in the study. Of
these cytokines, 10 (29%) exhibited statistically signifi-
cant differences between Black and White patients
(Fig. 1). For eight of the cytokines with significant dif-
ferences between races (80%), levels were higher in
Black patients, with CCL23 and CCL27 representing the
only exceptions. Supplementary Table 2 displays levels
of all 35 included cytokines according to race.

Pathway analysis of the 10 cytokines with significant
differences (p < 0.05; FDR < 0.1) indicated strong as-
sociations with five inflammatory signaling pathways,
including IL-17, NF-kappa B, TNF, and NOD-like receptor
signaling pathway (Supplementary Fig. 1).

We performed sensitivity subgroup analyses limited
to patients with stage IV disease (Supplementary
Table 3) and former smokers (Supplementary Table 4)
to determine whether cytokine differences between
races persisted when controlling for these variables. We
observed a similar trend in cytokine differences for both
Figure 1. Cytokine analysis. Ten of 35 analyzed cytokines exhib
Black and White populations. FDR, false discovery rate.
subgroup analyses; however, some cytokine differences
became nonsignificant in the subgroup analysis, likely
due to smaller sample sizes and loss of statistical power.

We analyzed peripheral blood mononuclear cells by
cytometry by time of flight for 48 patients (Black, 16;
White, 32; 26%). Among 62 identified immune cell
clusters (Fig. 2A), seven (11%) had statistically signifi-
cant differences between races (Fig. 2B and
Supplementary Fig. 2), all of which were elevated in
Black patients (p < 0.05) (Fig. 2C). These included
monocytes, natural killer (NK) T cell-like (NKT-like)
cells, CD4þ, and gamma-delta T cells (gdT).

Discussion
Immune responses play central roles in cancer

development and progression, including chronic
stressors associated with racial and ethnic disparities.
We observed significant differences between Black and
White patients for approximately 30% of evaluated cy-
tokines/chemokines and approximately 10% of evalu-
ated immune cell populations.

For almost all parameters, proinflammatory cytokine
levels were higher in Black persons. Notably, almost all
observed racial differences also seemed to have favorable
prognostic implications for White individuals. The cyto-
kine with substantially higher levels among White pa-
tients was CCL23, which in cancer tissue correlates with
the presence of macrophages, PD-1, CTLA-4, TIGIT, LAG-3,
and TIM-3 immune checkpoints,10 and is associated
ited significant differences (p < 0.05 and FDR < 0.1) between



Figure 2. Immune cell profiling by CyTOF analysis. (A) UMAP revealing 62 clusters (with major cell populations revealed)
identified by PhenoGraph-guided metaclustering of CD45þ cells in PBMCs. An equal number of cells per sample (38,614 cells/
sample) in a total of 48 Black and White patients to create the UMAP map. (B) UMAP revealing seven of 62 clusters (11%) with
significant differences between Black and White populations. (C) Seven immune cell subsets exhibited significant differences
between Black and White populations. Plots reveal median with interquartile range. P values by Mann-Whitney U test. CM,
central memory; CyTOF, cytometry by time of flight; EM, effector memory; NKT, natural killer T; PBMC, peripheral blood
mononuclear cells; UMAP, uniform manifold approximation and projection.
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favorable outcomes in immunotherapy-treated patients
with lung cancer.11 Conversely, CCL8, CXCL1, and
CCL26—all significantly higher in Black patients in this
study—promote tumorigenesis and cancer progression in
various malignancies.12–14

Results from the analysis of immune cell populations
seem to correlate with our cytokine findings. We
observed higher levels of nonclassical monocytes and
NKT-like cells in Black patients. Nonclassical (CD16þ)
monocytes have potent inflammatory properties, serving
as the primary producers of IL-1b, which was elevated in
Black compared with White patients. Among other cy-
tokines, activated NKT cells produce IFN-g,15 which was
elevated in Black patients.

The effect of these cells and their cytokines is to
create a proinflammatory state. Further evaluation of
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these cellular findings is warranted as higher macro-
phage or CD4þ T cells can lead to a tolerant tumor
microenvironment that does not allow immune-
mediated rejection. In contrast, NK cells and gamma-
delta T cells are associated with cancer cell rejection
and killing. Therefore, future efforts to evaluate subsets
of these cell types to determine their transcriptional
phenotype to infer activity are warranted.

Our observations correspond to findings in other
populations. For instance, Black patients with prostate
cancer have lower levels of CCL23 than do White pa-
tients with prostate cancer.4 Nevertheless, in a popula-
tion study evaluating inflammatory markers associated
with risk of lung cancer in Black and White individuals,
IFN-g was associated with lung cancer risk in both
races.16 Among the five markers uniquely elevated in
Black patients, the three included in our data set (IL-10,
MCP-4/CCL13, and MIP-1/CCL3) were not associated
with race in this study. Although our study focused on a
different research question (comparing immune param-
eters in patients with existing lung cancer according to
race), reasons for these differences are unclear. Our
study expands on this previous study by incorporating a
more extensive cytokine multiplex panel, additional
analysis of circulating cell populations, and computa-
tional biological pathway analyses. Importantly, several
markers identified in our and other studies in oncology
populations have also been linked to other exposures. As
an example, experiencing racial discrimination is asso-
ciated with increased levels of proinflammatory cyto-
kines (IL-1b, IL-6, IL-8, IL-10, TNF-a, and IFN-g) in Black
adolescents.17

Reasons for our observed differences are not
known. Black patients were more likely to have
received previous chemotherapy. Previous studies
have mixed findings, with some finding reduced cyto-
kine levels after chemotherapy and others finding
increased levels.18,19 Black patients also had higher
comorbidity burden. Again, the existing literature
provides mixed results. Serum cytokine levels may be
elevated in specific conditions, such as autoimmune
disease (which were not more common in Black pa-
tients in this study), but do not necessarily correlate
with general comorbidity burden.20,21 The potential for
confounding factors when considering differences be-
tween Black and White patients is consistent with the
increasing recognition that race and ethnicity repre-
sent social constructs rather than biologic variables.22

This study focused exclusively on baseline inflam-
matory and immune cell characteristics. Future studies
could also evaluate how these change with treatment.
Especially in the context of ICI therapy, immune pa-
rameters may predict favorable responses or potential
for immune-related adverse events. Comparing absolute
differences in inflammatory/immune cell levels and
changes from baseline to follow up will provide deeper
insight into the dynamic nature of the host immune
system during ICI therapy for lung cancer.

A key limitation of this study is the limited number of
Black patients, which in part reflects our inability to
enroll patients at clinical sites providing care to large
numbers of under-represented minorities during the
coronavirus disease 2019 pandemic. We also lack in-
formation on socioeconomic status, which may influence
inflammatory states and immune markers. Owing to the
relatively small size of the study, subgroup analyses for
former smokers and patients with stage 4 disease may
be underpowered. Furthermore, the heterogeneity of
cancer stage, histology, line of therapy, and treatment
precludes meaningful assessment of clinical outcomes,
such as progression-free survival and overall survival.
Strengths of the study include multicenter participation
and inclusion of immune cell populations and pathway
analysis in addition to cytokines.

Despite a relatively small sample size, this study re-
veals a more proinflammatory cytokine and cellular
phenotype for Black patients with lung cancer. Although
Black patients tended to have earlier stage cancer in our
cohort, almost all identified differences in Black patients
are generally associated with worse outcomes. Further
studies investigating the etiology and modulation of
these observations are warranted.
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