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Peripheral blood transcriptomes from 383 patients with newly diagnosed melanoma were subjected to dif-
ferential gene expression analysis. The hypotheses were that impaired systemic immunity is associated with
poorer prognosis (thicker tumors and fewer tumor-infiltrating lymphocytes) and evidence of systemic
inflammation (high-sensitivity CRP and fibrinogen levels). Higher fibrinogen levels were associated with thicker
primary tumors. In single-gene analysis, high-sensitivity CRP levels were significantly associated with higher
blood CD274 expression (coding for PD-L1), but each was independently prognostic, with high-sensitivity CRP
associated with increased mortality and higher CD274 protective, independent of age. Pathway analysis iden-
tified downregulation of immune cell signaling pathways in the blood of people with thicker tumors and
notable upregulation of signal transducer and activator of transcription 1 gene STATT in people with brisk
tumor-infiltrating lymphocytes. Transcriptomic data provided evidence for increased NF-kB signaling with
higher inflammatory markers but with reduction in expression of HLA class Il molecules and higher CD274,
suggesting that aberrant systemic inflammation is a significant mediator of reduced immune function in
melanoma. In summary, transcriptomic data revealed evidence of reduced immune function in patients with
thicker tumors and fewer tumor-infiltrating lymphocytes at diagnosis. Inflammatory markers were associated
with thicker primaries and independently with death from melanoma, suggesting that systemic inflammation

contributes to that reduced immune function.
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INTRODUCTION

The role of immunity in melanoma survival has long been
evident even at presentation because detection of tumor-
infiltrating lymphocytes (TILs) in primary tumors is associated
with better outcomes (Elder et al, 2005). Furthermore, immu-
nosuppressed recipients of solid organ transplants are at
increased risk of melanoma and are more likely to present with
higher-stage disease and to die of their melanoma (Park et al,
2020). More recently, sensitivity of melanoma to immune
checkpoint blockade has been demonstrated, consistent with
the presence of prior immune responses (Alexandrov et al,
2013). Expression of the immune checkpoint ligand PD-L1
by tumor cells in response to T-cell infiltration was also found

"Division of Haematology and Immunology, Leeds Institute of Medical
Research (LIMR), School of Medicine, University of Leeds, Leeds, United
Kingdom; “Leeds Institute of Data Analytics, University of Leeds, Leeds,
United Kingdom; *Population Health Sciences Institute, Faculty of Medical
Sciences, University of Newcastle, Newcastle, United Kingdom; *Division
of Radiotherapy and Imaging, The Institute of Cancer Research, London,
United Kingdom; and *Medlical Technology Research Centre, Anglia Ruskin
University, Chelmsford, United Kingdom

Correspondence: Julia Newton-Bishop, Leeds Institute of Medical Research
(LIMR), School of Medicine, University of Leeds, Clinical Sciences Building,
Leeds LS9 7TF, United Kingdom. E-mail: j.a.newton-bishop@leeds.ac.uk
Abbreviations: BMI, body mass index; FDR, false discovery rate; hsCRP,
high-sensitivity CRP; STAT, signal transducer and activator of transcription;
TIL, tumor-infiltrating lymphocyte; Th, T helper; TCR, T cell receptor
Received 7 August 2023; revised 18 February 2024; accepted 21 February
2024; accepted manuscript published online 5 April 2024; corrected proof
published online 20 June 2024

to have some predictive value for response to checkpoint
blockade (Gibney et al, 2016). Together, these observations
suggest that melanoma is a good model to explore host re-
sponses to cancer and immunotherapy.

The first hypothesis explored in this paper was that the dif-
ferential gene expression of circulating immune cells at first
diagnosis is associated with evidence of immune impairment
in people with melanoma with poorer prognosis. Further hy-
pothesis is that this association might generate hypotheses
relevant to putative adjuvant therapies or biomarkers. Dunn
et al (2002) proposed the concept of immunoediting and
consequent tumor escape, and in other cancers, local
cytokine-driven inflammation has been reported to contribute
to tumor cell escape from immunity (Germano et al, 2008; Tao
et al, 2021). The interaction between cancer cells and local
immune cells is complex such that effective adaptive immune
responses may be negated by protumorigenic inflammation as
we recently reported with respect to ulcerated melanoma
(Davies et al, 2022; Jewell et al, 2015; Storr et al, 2012). This
study was designed to explore a related hypothesis, which is
that systemic chronic low-grade inflammation independent of
tumor-generated inflammation may contribute to suppression
of antitumor immunity and that this might be identified in
circulating immune cells using transcriptomics. Chronic
systemic inflammation is characterized by increased levels of
IL-6 and IL-1f, which are known risk factors for cardiovascular
disease; a recent phase 3 clinical trial (CANTOS;
NCT01327846) in which canakinumab (a neutralizing anti-
body of IL-10) was used to reduce further cardiovascular events
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after myocardial infarction (Aday and Ridker, 2018) showed
that drug recipients (of which 70% were current and/or recent
smokers) had reduced lung cancer deaths (Ridker et al, 2017).
This suggests that systemic inflammation may drive cancer
progression as well as cardiovascular disease and that cancer
progression may be targeted by inhibition of the proin-
flammatory pathways.

Others have addressed the need to characterize immune
responses as putative predictive biomarkers (Hogan et al,
2018) using techniques designed to identify circulating im-
mune cell subgroups or TCR repertoires (Hogan et al, 2004).
In this study, we used differential gene expression in pe-
ripheral immune cell transcriptomes as a means of under-
standing variation in immune cell function in association
with both systemic inflammation and tumor growth. We
chose this approach to investigation of immune cell function
because of being both agnostic and a viable means of
generating complex data in a large patient cohort in which
other techniques such as single-cell RNA sequencing were
not feasible in 2013 and remain very expensive today. Bio-
markers must in clinical practice be robust to sample
collection and processing variation, and the collection of
RNA would therefore be a good candidate for biomarker
development.

Our results demonstrate that there are differences in the
peripheral blood transcriptome of patients with newly diag-
nosed melanoma associated with the presentation of thicker
tumors and with fewer TILs. There were particularly marked
transcriptomic differences associated with higher inflamma-
tory markers consistent with the view that chronic low-grade
systemic inflammation suppresses adaptive immunity at least
in part by upregulating checkpoint molecules (PD-L1).

RESULTS

A total of 393 newly diagnosed participants were recruited
between 2013 and 2016. Two withdrew, so data presented
are derived from the 391 samples taken within 4 weeks of
recruitment.

The characteristics of the participants, for example, age,
biological sex, and American Joint Committee on Cancer
stage at diagnosis, and the data they provided by question-
naire are shown in Supplementary Table S1. The mean age at
recruitment was 64 years in men and 61 years in women, and
the median age 65 years overall. Men were more likely to
have thicker tumors at age <65 years (P = .04) but not at age
>65 years (Fisher’'s P=.6) and to have higher-stage tumors at
age <65 years (Supplementary Table S1) (Fisher’s exact P =
.02) but not at age >65 years (Fishers exact P = .6). Tumors
were more commonly on the trunk in men and the limbs in
women, consistent with findings from previous population
studies (Yuan et al, 2019) (Supplementary Table S1).

Prevalence of reported lifestyle factors and comorbidities
associated with age and sex

The reported lifestyle/comorbidities were consistent with the
age and sex distribution of the cohort (Supplementary
Table S1). Men were more likely to have smoked in the
past (P = .04) and more heavily (median = 19.5 pack years in
men vs 12 in women), but this was driven by participants
aged >65 years. Men were also more likely to report having
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drunk alcohol in the preceding week (P = .002) and to report
higher consumption (median = 14 units compared with 9 in
women). Men had higher body mass index (BMI), although
the difference between men and women after age 65 years
was smaller, and they had correspondingly significantly
greater waist/hip ratios. Men were more likely than women to
report a history of hypertension, especially at age <65 years,
or to have reported an angina/heart attack (age >65 years)
and to have taken aspirin and/or statins at any stage, although
there was no difference in reported usage at diagnosis of
melanoma (at all ages).

Biomarkers of systemic inflammation variation by sex and
comorbidities

Because of the distribution of high-sensitivity CRP (hsCRP)
and fibrinogen levels, logarithmic transformation was per-
formed. Log10 hsCRP (median = 1.39, interquartile range =
2.8) and fibrinogen levels (log10 median = 2.8, interquartile
range = 0.9) were positively correlated with each other
(Spearman’s r = 0.50, P < .0001). The results of regression of
log10(hsCRP) and log10(fibrinogen) with demographic and
pathological features are shown in Supplementary Table S2.
Both were marginally lower in men and were, as expected
from the literature, higher in those with obesity and in older
persons, but each measure had different associations with
comorbidities. In univariate analysis, fibrinogen levels posi-
tively correlated (P < .05) with BMI, waist—hip ratio, hyper-
tension, and smoking. For hsCRP, similar analysis showed
associations with BMI, waist—hip ratio, <7 hours of sleep per
night, current smoking, and lack of exercise. Those who had
been exposed to statins had significantly reduced levels of
hsCRP (P = .003). Notably, self-reported inactivity and
obesity were much stronger predictors of higher levels of
inflammatory markers than reported associated comorbid-
ities. The measured levels were therefore subsequently used
as a marker of morbidities in association studies.

Hematological and biochemical parameters associated with
prognostic factors for melanoma
These data are presented in Supplementary Tables S3—5.
Higher fibrinogen levels were more strongly associated with
thicker tumors in a multivariable analysis than was hsCRP
(estimate [standard error] =1.68; P < .001) (linear regression
is shown Supplementary Table S4) and ulceration, albeit
nonsignificantly (OR [95% confidence interval] = 5.88; P =
.1) (Supplementary Table S3). Coulter counter neutrophil
counts were significantly higher in association with both
hsCRP and fibrinogen levels (P < .001 and P < .001,
respectively). Positive associations were seen between hsCRP
and Coulter counter—measured basophils (P = .02), mono-
cytes (P = .02), and lymphocytes (P = .04) and with fibrin-
ogen for lymphocytes (P = .001) and platelets (P = .002)
(data not shown). Supplementary Table S5 shows the analysis
of blood parameters in association with the histopathological
features of the tumor shown as out of the normal range.
Participants with thicker tumors were more likely to have
(in univariate analyses) lower vitamin D (P = .05), eosinophil
counts (P = .02), and mean corpuscular volume (P = .06)
(most frequently attributable to iron deficiency or chronic
inflammatory disease). All these factors were independently
predictive in multivariate analysis adjusted for age, sex, and



season of blood sampling (P < .05) (Supplementary Table S4)
except for mean corpuscular volume. No factors were sig-
nificant at P < .05 in the analysis of association with ulcer-
ation or the presence of brisk TILs, although higher
eosinophils (P = .07) approached significance in multivariate
analyses (OR = 0.37, 95% confidence interval Cl =
0.12—1.08). Thus, thicker tumors were associated with higher
inflammatory markers, lower vitamin D levels, and (border-
line) mean corpuscular volume in age-adjusted analyses,
consistent with late presentation or deleterious effect on tu-
mor growth in individuals with poorer health manifest as
higher inflammatory markers. Supplementary Table S6 shows
the distribution of histological markers of poor outcome in
the population studied.

Gene signal of immune cell subgroups in the blood
We used differential gene expression signatures (Pozniak
et al, 2019) to infer 27 immune cell scores in the periph-
eral blood transcriptome and tested their association with sex
and hsCRP (Table 1a. There were differences by sex: NK T
cell (P=.0001), activated CD4+ T cell (P=.001), CD56""8"
NK cell (P = .001), and effector memory CD8+ T cell (P =
.004) scores were all significantly lower in women after
allowing for multiple testing correction. In the CIBERSORT
analysis (shown in supplementary information Excel file), a
number of inferred cell types were also lower in women
(resting mast cells, P = .0002; CD8+ T cells, P = .003;
monocytes, P = .007; and resting dendritic cells, P = .04). It
is clear that it was difficult to compare the 2 approaches
given that they purport to infer different cell types but that in
both analyses, there were differences by sex, and therefore,
analyses were adjusted for sex. In the following analyses, the
CIBERSORT comparisons are reported when the 27 immune
cell score system describes inference of the same cell type.
Fibrinogen levels were positively associated with inferred
activated CD4+ T-cell (P = .001), neutrophil (P = .01)
(CIBERSORT P = .08), mast cell (P = .03) (P = .03 CIBER-
SORT for activated mast cells), memory B-cell (P = .03)
(CIBERSORT P = .3), and T helper (Th) 17 (P = .05) scores
and negatively associated with immature B-cell score (P =
.02). Similar relationships were seen for hsCRP with neutro-
phils and activated CD4+ T cells, but the associations were
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weaker. Eosinophils showed positive correlation with hsCRP
(P =.03) (CIBERSORT not significant). The 2 systems used to
infer cell types therefore suggested broad agreement of
increased cells typically described as innate immunity cells
in the presence of raised inflammatory markers.

We then looked at the associations with tumor character-
istics: thickness, ulceration, and brisk TILs (Table 2). Many
immune cell subgroup scores were associated with thinner
tumors, the strongest being CD56%™ NK cells (P = .01) and
NK T cells (P=.03) but also T cell (Th1 cells, P=.01; pan T
cells, P=.06) and pan cytotoxic cell (P =.05) scores as well
as eosinophils (P = .02) (CIBERSORT P = .38) and mast cells
(P = .03). Higher myeloid cell scores were associated with
reduced brisk TILs: macrophage (P = .02), eosinophil (P =
.02) (CIBERSORT P = .7), neutrophil (P = .03) (CIBERSORT
P = .18), and dendritic cell (P = .03) scores as well as Th17
scores (P = .06). Notably, although eosinophil scores were
higher in participants with higher hsCRP and were associated
with lack of brisk TILs, they were associated with thinner
tumors, and this was seen for both the inferred eosinophil
measures using transcriptomes (Tables 1 and 2) and Coulter
counter—measured cells (P = .001) (Supplementary Tables S3
and S4). The associations with ulceration were weak using
both methods of inference.

These results indicate that differences in inferred circu-
lating immune cell subgroups, especially activated CD4+ T
cells, correlated with fibrinogen levels and that thicker tu-
mors were associated with lower estimates of cells active in
innate and acquired immunity. Reduced brisk TILs were
moreover associated with higher circulating myeloid and
Th17 cell scores, suggesting that chronic systemic inflam-
mation is associated both with tumor progression and evi-
dence of detectable perturbation in circulating immune cells
even at first melanoma diagnosis, although we were unable
to corroborate these findings using CIBERSORT.

Differential gene expression pathway and network analysis

of the peripheral blood transcriptome data in association

with inflammatory markers

In total, transcriptomes were available from peripheral blood
sampling at diagnosis of 383 of the 391 patients with mela-
noma after excluding 2 samples dropped because of failed

Table 1. Bioinformatic Scores Predicting Immune Cell Subgroup Signals in the Peripheral Blood at Diagnosis of
Primary Melanoma: Most Significantly Associated Inferred Inmune Cell Scores with Sex, hsCRP, and Fibrinogen

hsCRP Fibrinogen
Female, Male,

Cell-Type Scores Mean (SE) Mean (SE) P-Value Cell-Type Scores Estimate (SE) P-Value Cell-Type Scores Estimate (SE) P-Value
NK T cells —0.08 (0.04)  0.15 (0.04) .0001 Eosinophil 0.17 (0.08) .03 Activated CD4 0.04 (0.01) .001
Activated CD4 cells —0.07 (0.04) 0.05 (0.03) .001 NK T cells —0.08 (0.04) .06 Neutrophils 0.02 (0.01) .01
CD56"8" NK cells —0.04 (0.03) 0.07 (0.02) .001 iDCs 0.16 (0.09) .07 Immature B cells —0.02 (0.01) .02
Memory B cells 0.06 (0.02) —0.02 (0.02) .004 Activated CD4 0.09 (0.05) .08 Mast cells 0.04 (0.02) .03
TFH cells 0.06 (0.02) 0 (0.02) .03 Neutrophils 0.06 (0.04) .09 Memory B cells 0.04 (0.02) .03
Effector memory CD8 —0.02 (0.03)  0.06 (0.03) .04 Tregs 0.2 (0.14) al Th17 0.03 (0.02) .05

Abbreviations: hsCRP, high-sensitivity CRP; iDC, interstitial dendritic cell; SE, standard error; TFH, T follicular helper; Th17, T helper 17; Treg, regulatory T

cell.

This table shows the most significantly associated inferred immune cell scores with sex, hsCRP, and fibrinogen. The cell scores reported were selected on the
basis of highest level of significance for each analysis. Significance of differences between males and females was tested using a Mann—Whitney U test.
Differences in hsCRP and fibrinogen levels were tested using linear regression, with log(hsCRP) and log(fibrinogen) as the endpoints. All analyses of hsCRP,
fibrinogen, tumor thickness, ulceration, and TILs were adjusted for age and sex, and those significant at the P < .05 level are shown in bold faces. These

bioinformatic scores are as reported by Angelova et al, 2015.
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Table 2. Bioinformatic Scores Predicting Immune Cell Subgroup Signals in the Peripheral Blood at Diagnosis of
Primary Melanoma: Top Associated Angelova Cell Scores with Ulceration, TILs, and log;o(Breslow) Thickness

log1o(Breslow) Ulceration TILs

Cell Type Estimate (95% CI) P-Value Cell Type OR (95% CI) P-Value  Cell Type OR (95% CI) P-Value
CD56%™ NK cells —0.126 (—0.223 to —0.028) 012 CD56%™ NK cells 0.48 (0.24—0.96) .04 Macrophages  0.46 (0.24—0.86) .02
Th1 —0.091 (—0.162 to —0.02) 013 T cells 0.65 (0.32—1.32) .23 Eosinophil 0.44 (0.22—0.85) .02
Eosinophil —0.108 (—0.199 to —0.017) .02 Th1 0.74 (0.45—1.23) .25 Neutrophils 0.71 (0.53—0.96) .03
NK T cells —0.059 (—0.111 to —0.008) .025  Effector memory CD8 0.74 (0.44—1.25) .26 DCs 0.46 (0.22—0.94) .03
Mast cells —0.127 (—0.244 to —0.009) .034 Central memory CD4  1.33 (0.7—2.55) .39 Immature B cells 1.56 (1.04—2.36) .03
Cytotoxic cells —0.047 (—0.095 to 0.001) .054 Macrophages 0.79 (0.43—1.43) 43 v-0 T cells 0.59 (0.34—1.01) .06

T cells —0.1 (=0.203 to 0.002) .055 Activated B cells 0.83 (0.51—1.34) 45 Th17 0.5 (0.24—1.03) .06
Activated B cells —0.063 (—0.132 to 0.006) .073 Cytotoxic cells 0.88 (0.63—1.23) 46 Memory B cells  0.49 (0.22—1.09) .08

Abbreviations: Cl, confidence interval; DC, dendritic cell; Th1, T helper 1; Th17, T helper 17; TIL, tumor-infiltrating lymphocyte.

This table shows the top associated Angelova cell scores with ulceration, TILs, and log;o(Breslow) thickness. Differences in ulceration were tested using a
logistic regression model, differences in TILs (absent, nonbrisk, brisk) were tested using ordinal logistic regression, and association with log;o(Breslow) was
tested using linear regression. All analyses of tumor thickness, ulceration, and TILs were adjusted for age and sex, and those significant at the P < .05 level
are shown in bold faces. These bioinformatic scores are as reported by Angelova et al, 2015.

quality control (samples were not available from all partici-  volcano plots for association between gene expression and
pants); for 8 participants, multiple samples were analyzed,  hsCRP, tumor thickness, ulceration, and TILs are shown in
and only the better-performing samples were retained. The  Figure 1 and in Supplementary Figure S1 for fibrinogen.
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Figure 1. Volcano plots showing downregulated (blue) and upregulated (black) genes associated with key variables after correction for age and sex together
with gene symbols for those genes with the smallest P-values. In a, the Y-axis reflects the adjusted P-value after correcting for multiple testing, whereas in b—d,
P-values unadjusted for multiple testing. (@) hsCRP. (b) Melanoma tumor thickness (Breslow). (c) Ulceration. (d) Brisk TILs. The specific results for more detail on
each plot are given in Supplementary Tables S7—S10. The volcano plot for tumor thickness analysis adjusted for sex alone (given the strong association between
thickness and age) for comparison is shown in Supplementary Figure S2. hsCRP, high-sensitivity CRP; TIL, tumor-infiltrating lymphocyte.
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Among all single gene studies of differential gene expression,
only analysis of hsCRP showed clear, significant associations
after adjusting for multiple testing with individual genes.

Genes associated with hsCRP level.  Figure 1a shows that
differential gene expression in association with hsCRP levels
was marked (482 after adjustment for multiple testing)
(Supplementary Table S7 provides the list of genes). Notably,
genes known to be expressed strongly in neutrophils (coding
for defensin proteins, matrix metalloproteinase 8, Fcy re-
ceptors, and PD-L1) were all significantly overexpressed in
association with higher hsCRP levels and increased fold
change. Using MetaCore, analysis of genes correlated with
hsCRP identified strong evidence of 2 significant networks,
both identifying nodal genes in the NF-kB signaling pathway
(P=4x10"3"and 8 x 107>, respectively) (Figure 2) using
DAVID (Database for Annotation, Visualization and Integrated
Discovery) (false discovery rate [FDR] = 0.07 and Jak—signal
transducer and activator of transcription [STAT] signaling
FDR = 0.05). The analysis in DAVID identified an association
with neutrophil extracellular trap formation (FDR = 0.02).
Upregulated nodal genes included those coding for IL-10, IL-
1B, TNF (TNFa), toll-like receptor 2, and IRAK4. The pathways
most strongly associated are listed in Supplementary Figure S3,
where Supplementary Figure S3b relates to the upregulation of
IFNo/B signaling through Jak/STAT, with evidence of increased
expression of STAT1, STAT2, STAT3, and STAT5 and down-
stream genes in the presence of raised hsCRP. Notably, the
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network identified as significantly associated with hsCRP level
was response to cytokine signaling (Figure 2c). The network
analysis for fibrinogen is shown in Supplementary Figure S4d,
which shows a similar association with NF-kb signaling.
Supplementary Figure S3d illustrates evidence of down-
regulated HLA class Il molecules and downregulation of Wnt-
b—catenin signaling in peripheral blood cells in people with
higher hsCRP, suggestive of uncontrolled IFN signaling in im-
mune cells aberrantly associated with reduced adaptive
immunity.

One of the most strongly overexpressed genes (significant
after adjusting for multiple testing as well as age and sex) in
association with hsCRP was CD274 (Supplementary
Table S7), which codes for PD-L1. Because IFNYy signaling
regulates STAT3 and upregulates PD-L1 expression in
myeloid cells, we then formally (Figure 3c) tested the asso-
ciation between hsCRP level and log CD274 expression (r =
0.33, P=5.8 x 107 '") and explored the prognostic signifi-
cance of both CD274 and hsCRP level. CD274 expression
was not associated with melanoma death in an unadjusted
analysis or when adjusted for age and sex but was borderline
protective when data were adjusted for hsCRP level, age, and
sex (P =.06). In a Cox proportional hazard analysis, CD274
and hsCRP levels were independently negatively and posi-
tively associated with death from melanoma, respectively
(Figure 3c), independent of age and American Joint Com-
mittee on Cancer stage. This analysis was repeated for CD274
and fibrinogen, and although these were positively correlated
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Figure 2. Illustrations generated with MetaCore pathway analysis tool (MetaCore, version 20.1, Clarivate Analytics). The map symbols description is in
Supplementary Figure S2. The small red halos near the gene name illustrate the level of gene overexpression, the small blue halos illustrate the level of relative
downregulation of gene expression, and the sky-blue larger halos indicate nodal genes. So, in b, the gene coding for IL-1f is a nodal gene that is upregulated in
this analysis. (a) The most significantly associated process network with hsCRP in analysis of all genes differentially expressed by immune cells. (b) Illustration of
the network in a. (c) The process network identified in analysis of genes differentially downregulated in association with hsCRP level. (d) Bottom left: The
MetaCore figure illustrating the process network. The networks show similar upregulation of NF-kB signaling and positive regulation of immune processes.

hsCRP, high-sensitivity CRP.
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Figure 3. CD274 expression, CRP level, and melanoma-specific survival. (a) The positive correlation of expressed CD274 (which codes for PD-L1) in circulating
immune cells and measured serum hsCRP at baseline in 368 patients. (b) A univariable analysis of immune cell expression of CD247 and melanoma-specific
survival in an unadjusted analysis and then adjusted progressively for hsCRP level, age, and biological sex. (c) An analysis of melanoma-specific survival in this
cohort using Cox proportional hazards. Participants were recruited to the study from the dermatology service. This analysis uses stage after further investigation.
The hazard ratio for death from melanoma was independently associated with CD274 expression, with higher levels of CD274 predicting improved survival
from melanoma; hsCRP level was independently associated with increased risk of death and so, as expected, were older age at diagnosis and AJCC stage. AJCC,
American Joint Committee on Cancer; Cl, confidence interval; hsCRP, high-sensitivity CRP.

(r=0.22, P=2 x 107°), there was no significant correlation
between fibrinogen and CD274 expressions with death from
melanoma in a multivariable analysis (data not shown).

Genes associated with Breslow thickness. ~ Genes differen-
tially expressed by circulating immune cells correlated with
tumor thickness are illustrated in Figure 1b and listed in
Supplementary Table S8. No single gene was significant after
correction for multiple testing. Pathway enrichment analysis
was carried out with genes differentially expressed at the P <
.05 level before correction for multiple testing in an analysis
adjusted for age and sex. Because tumor thickness is known
to increase with age, the analysis was repeated, adjusting for
sex alone (Supplementary Figure S4), which resulted in a
small change in the levels of significance but little change in
the genes identified.

The pathway analysis of genes downregulated in participants
with thicker tumors is shown in Figure 4. A significantly
associated pathway was the role of IL-8 in melanoma

Journal of Investigative Dermatology (2024), Volume 144

(Figure 4a), and MetaCore pathway image shows evidence of
increased expression of TNF and reduced expression of a range
of genes coding for integrins such as ITGB2, which is impor-
tant for extravasation of immune cells from blood into tissues
(Zhang and Wang, 2012). The analysis also identified 2 net-
works listed in Figure 4b and illustrated in Figure 4c and d. The
network most strongly associated with tumor thickness iden-
tified downregulation of signal transduction processes, partic-
ularly those involved in immune responses to microbiol
molecules and IL-1 signaling in the circulating immune cells of
people with thicker tumors. The nodal genes in these networks
were generally negatively associated with thickness and
include genes such as NFKB, HSP70, matrix metalloproteinase
9 gene MMP9, EFNATA, and NOS2. Supplementary Figure S5
lists the additional most significantly downregulated genes in
people with thicker tumors, such as those coding for NKG7
(NKG?) and RNases 2 and 3. In summary, thicker tumors were
associated with downregulation of signal transduction path-
ways relevant to cell migration and responses to foreign
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antigens, suggestive of a role for the systemic immune system  genes individually survived correction for multiple testing
in control of tumor growth in early disease. (Figure 1c). A total of 1717 transcripts differentially

expressed at the P < .05 level before correction for multiple
Genes associated with ulceration. The presence versus testing were used in a MetaCore pathway ana]ys]s (genes are
absence of reported ulceration was analyzed: none of the |[isted in Supplementary Table S9). Supplementary Figure Sé6a
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and b shows the most significant pathways identified in as-
sociation with ulceration, from upregulated and down-
regulated genes, respectively. Figure 5a and b shows the
pathways associated with signaling in dendritic cells with
downregulation of genes coding for HLA class Il molecules.
The first network identified canonical Wnt signaling as a key
process (P = 1.5 x 10™%) (Figure 5c), with B-catenin central
to the network highlighted; the second is related to innate
immune responses. The third network was identified as
relating to cell surface receptor signaling (P = 9.7 x 10'9)
with downregulated nodal genes MATK, MIF, EFNA1, PRL,
CFL1, and KALRN. In summary, the differential gene
expression analysis identified upregulation of Wnt—p-cat-
enin signaling and innate immune pathways in circulating
immune cells of patients with ulcerated primaries, consistent
with a proinflammatory status.
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Genes associated with Tils.  Differential gene expression
associated with histologically reported brisk compared with
nonbrisk or absent TILs identified 3862 genes; none individu-
ally survived correction for multiple testing (Supplementary
Table S10). The pathways associated with significance at P <
.05 were predictably associated with immune responses. The
upregulated gene pathway analysis of genes associated at P <
.05 (Figure 6a) identified pathways significantly related to Tand
B-cell receptor signaling (Figure 6b), notable upregulation of
NF-kB pathway genes HSP70 and HSP60, and the immune T-
cell costimulatory receptor CD28 known to be reduced in
immune cell senescence. A strong network was also identified
(P = 6.3 x 107°), in which nodal gene STATT identifying
cellular responses to cytokines and IL-1 and genes coding for
heat shock proteins identified regulation of immune responses
as the key processes associated with TILs. Upregulation of
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nodal genes coding for STATT, HSP60 and HSP70, and CD40 is
shown in Figure 6d. These data indicate activation of circu-
lating immune cells in people mounting a greater immune
response to their primary tumors, which in individuals at first
presentation to dermatology may reflect their immune health
per se rather than responses to the tumor.

The transcriptome data are available on request from Eu-
ropean Molecular Biology Laboratory. The nature of the
consent obtained from participants requires that the institute
requesting data must sign a data transfer agreement.

DISCUSSION

That men have a worse prognosis than women at all stages
of melanoma (Joosse et al, 2013) is poorly understood. In
this study, men aged <65 years more frequently presented
with tumors with poorer prognosis by site (trunk) and of
higher stage. If systemic inflammation plays a role in mel-
anoma progression, then men might also be more at risk of
melanoma death because of a higher prevalence of risk
factors for systemic inflammation. Indeed, a history of
smoking, higher BMI, waist/hip ratio, and hypertension
(Naik et al, 2019) were more common in men, especially at
age <65 years. Lifestyle may therefore contribute to the
poorer survival in men with melanoma. Inflammatory
markers were however marginally higher in women, which
has been reported previously across different ethnicities

even when analyses were adjusted for confounding vari-
ables (Lakoski et al, 2006). The complex relationship be-
tween obesity, sex, immune function, and response to
immunotherapies is illustrated by the obesity paradox:
worse outcomes for patients with obesity with cancer but
better responses to immunotherapy (Naik et al, 2019). Using
peripheral blood transcriptomics to better understand the
role of systemic inflammation on immune responses to
melanoma was the primary aim of this study and hypothesis
generation with respect to potential adjuvant suppression of
IL-1PB signaling in at-risk patients.

Is there significant evidence of immune insufficiency in
association with higher inflammatory markers?

We report higher levels of inflammatory markers in those
with obesity and who reported lack of exercise. Both hsCRP
and fibrinogen are acute-phase proteins synthesized in the
liver, but the coagulation factor fibrinogen plays a role in
chronic inflammation at least in part by binding to macro-
phages and activating the release of cytokines (Gobel et al,
2018). This function is consistent with our findings of a
stronger positive association between scores for activated
CD4+ T, neutrophil, mast, memory B, and Th17 cells and
higher fibrinogen levels, although these findings reflect
inference and are therefore hypothesis generating. It is of note
that lower hsCRP levels were seen in participants on statins,
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kinase.

suggesting a possible adjuvant function for these widely
available drugs in recently diagnosed melanoma patients.
We saw fewer TlLs in participants with a higher neutrophil/
lymphocyte ratio and higher inferred scores for circulating
macrophages, eosinophils, neutrophils, and dendritic cells,
providing some observational support for a relationship be-
tween systemic inflammation, associated increase in the
myeloid compartment, and impaired immune responses to
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melanoma. Our hypothesis was that systemic inflammation is
associated with reduced antitumor responses, and in vitro
data suggesting a direct inhibitory effect of hsCRP on immune
cell function in vitro in melanoma were recently reported by
the Weber laboratory (Yoshida et al, 2020). The peripheral
blood transcriptome analysis of differential gene expression
in association with hsCRP identified 2 gene networks asso-
ciated with upregulation of proinflammatory NF-kb signaling
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in immune cells. Upregulated nodal genes were IL1B, IL10,
TNF, and NFKB, and the pathway analysis (Supplementary
Figure S3) identified IFN-y signaling as upregulated with
increased STATI, STAT2, and STAT3. Conversely, the
pathway analysis also indicated reduced expression of HLA
class 1l genes, which would normally be increased as a result
of NF-kB signaling in adaptive immunity. We argue that the
IFN signaling is aberrant given the higher levels of STAT3,
concurrent increased expression of [L1B, and reduced
expression of HLA class Il genes. Downregulation of HLA
molecules was previously reported in circulating immune
cells to predict poorer response to immunotherapy (Krieg
et al, 2018; Yi et al, 2017). That we report evidence of
reduced expression of HLA class Il genes in the peripheral
blood patients with fewer TILs at first presentation to the
dermatologist argues that clinically significant peripheral
immune suppression may be detectable in patients long

before widespread metastasis is detected. Jak/STAT signaling
in response to cytokines plays a critical role in activation of
immune responses, but aberrant activation may drive in-
flammatory diseases (Shen-Orr et al, 2016; Yan et al, 2018).
IFN-y signaling also increases PD-L1 expression in myeloid
cells, and in this study, we report a strong positive association
of CD274 expression in circulating immune cells with hsCRP
levels. PD-L1 expression in immune cells is reported to be
greatest in macrophages (Liu et al, 2020) and moreover to
predict better outcomes from immunotherapy, and we were
able to confirm an association of increased CD274 expres-
sion in immune cells associated with a better outcome in the
dataset, although only in a multivariable analysis, with
hsCRP, age, and sex. These data imply that patients with both
high CD274 expression and higher levels of hsCRP are less
likely to survive and therefore that PDLT expression here may
reflect a feedback response to IFN-y signaling in aberrant
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systemic inflammation suppressing effective antitumor re-
sponses. High CD274 and low hsCRP are associated with
better survival, indicating more effective antitumor responses.

Inflammatory markers, inferred circulating white cell
subgroups, and progression of primary melanoma

If systemic inflammation is associated with reduced anti-
tumor immunity, we postulated that tumor growth prior to
resection would result in thicker, more frequently ulcerated
primaries. We report evidence for that because fibrinogen
level was independently associated with thicker tumors,
although not significantly with ulceration or TILs.

Higher serum vitamin D levels were associated with
thinner tumors, and vitamin D is reported to be negatively
correlated with systemic inflammation (Amer and Qayyum,
2012; Liu et al, 2018), but we have also previously re-
ported that vitamin D/vitamin D receptor signaling inhibits
tumor growth by suppressing B-catenin signaling in a
different dataset (Muralidhar et al, 2019).

In this study, we report that the inferred cell scores active in
both innate and adaptive immunity were associated with
thinner tumors, which lends support to the hypothesis that
individual variation in immune health is related to control of
tumor growth.

The analysis of differential gene expression pathway anal-
ysis of immune cells in association with thicker tumors
showed downregulation of signal transduction pathways and
pathways related to innate immunity. The network analysis
suggests reduced receptor signaling pathways, especially
relating to ephrin-mediated trafficking of immune cells

Journal of Investigative Dermatology (2024), Volume 144

(Darling and Lamb, 2019), and reduced innate immune re-
sponses are associated with thicker tumors, suggestive of a
role for systemic immune responses in the progression of
primary tumors.

The presence of microscopic ulceration in primary tumors is
an independent predictor of melanoma death. The pathway
analysis for ulceration was similar to that for thickness because
ephrin receptor signaling was the network downregulated in
ulcerated tumors and evidence for reduced expression of HLA
class 1l molecules. Ephrin receptors and ligands are recog-
nized to play a significant role in immune cell function,
including cell trafficking (Darling and Lamb, 2019), which is
crucial to immune responses to cancers. However, there was a
notable association between upregulated canonical Wnt
signaling in immune cells and tumor ulceration identified in
the network analysis, with increased expression of nodal
genes coding for WNT7A (which is primarily released by CD3
lymphocytes in the blood [Ochoa-Hernandez et al, 2012])
and epidermal GF and reduced expression of LRP6. Ulcera-
tion and thickness are strongly associated, so that these simi-
larities are not surprising but speak to similarly associated
inflammatory processes in circulating immune cells.

It was hypothesized that pathway analysis of differentially
expressed genes would inform an understanding of immune
responses to the tumor (Krijgsman et al, 2019), and the
pathway analysis provided evidence that upregulation of
genes mediating T and B-cell receptor signaling predicted
more TILs. The network identified upregulated nodal genes
STATI1, HSP60, CD40, HSP70, and CD83, which are func-
tionally attributed to cellular responses to cytokines and
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reduced activated protein 1 signaling and as regulators of
immune checkpoint (Atsaves et al, 2019). CD40 and CD83
are important activation markers for antigen-presenting cells,
and in this context, the analysis suggests that brisk TILs are
associated with increased T-cell priming. Furthermore, the
observations of an association between higher eosinophil
counts and thinner tumors less likely to be ulcerated are
consistent with the recent report of a critical role for eosin-
ophils and type 2 innate lymphoid cells in antimelanoma
responses (Jacquelot and Belz, 2021; Jacquelot et al, 2021).

In summary, we report evidence of reduced immune
function in patients with thicker tumors and fewer TILs, at
diagnosis. Although it is not possible to exclude the possi-
bility that these differences were induced by the tumor, it
seems likely that these were at least in part differences in the
host, which contributed to tumor progression. Inflammation,
which is controlled and directed toward tumors, is crucial for
survival from melanoma, but uncontrolled, aberrant inflam-
mation such as the one that is associated with chronic dis-
eases is harmful in the population overall. In this study, we
report evidence that such aberrant inflammation (defined by

Journal of Investigative Dermatology (2024), Volume 144

higher inflammatory markers) is also important in host versus
melanoma responses because higher inflammatory markers
were associated with thicker primaries, higher expression of
CD274, and death from melanoma. Markers were also
associated with higher circulating myeloid cells, which were
in turn associated with fewer TILs.

Importance

This study describes the immune health of patients with
melanoma at first presentation to dermatologists and the role
of systemic inflammation in limiting antitumor responses
using the analysis of circulating immune cell transcriptomes.
These observations raise the possibility of identifying blood-
derived biomarkers of prognostic and predictive signifi-
cance and of reducing relapse rate by modifying systemic
inflammation at first diagnosis.

MATERIALS AND METHODS

Study overview

The vitamin D and immunity study is a population-ascertained pri-
mary melanoma cohort of stage IB and higher (Davies et al, 2022) at
recruitment, which took place at the first visit to the Leeds



Melanoma Multidisciplinary Clinic. Participants completed a
comorbidities and lifestyle questionnaire (particularly relevant to the
metabolic syndrome and cardiovascular disease) at recruitment us-
ing questions previously trialed in the Leeds Melanoma Cohort
(Hardie et al, 2020). BMI was calculated. Clinicopathological details
of the melanoma were extracted from clinical records supplemented
using national death and cancer registration records. Blood samples
were taken at presentation and 4 weeks later at admission for wide
local excision and sentinel node biopsy. The study was approved by
the national ethics committee (REC 13-YH-0237) and was carried
out according to Helsinki Treaty. All participants gave written,
informed consent.

Clinicopathological data

Histopathological parameters were extracted from reports generated
by the Leeds Melanoma Multidisciplinary Clinic according to pro-
tocol. TILs were categorized as described originally by Clark’s group
(Clark et al, 1989) as either brisk, nonbrisk, or absent. The meth-
odology for assays of inflammatory markers, vitamin D levels, and
hematological measures is provided in Supplementary Materials and
Methods.

Generation of peripheral blood transcriptome data

Peripheral blood RNA was collected using the LeukoLOCK Total
RNA Isolation System (Ambion, Thermo Fisher Scientific) to isolate
circulating immune cells. Gene expression data were generated
from RNA at either of the baseline time points (0 or 4 weeks) at
whichever the hsCRP was lowest to reflect resting-state inflamma-
tion rather than that associated with concurrent infections. Whole-
genome expression data were generated from RNA (200 ng) using
the GeneChip Human Transcriptome Array 2.0 (Applied Biosystems,
Thermo Fisher Scientific) and GeneChip WT PLUS Reagent Kit ac-
cording to the instructions of a service provider (Hologic). The arrays
were processed in 5 batches, followed by data cleaning and quality
control of the transcriptomic data using standard procedures
(Supplementary Materials and Methods).

Statistical and bioinformatic analyses

Within each biological sex and between the sexes, the distribution of
clinicopathological factors between participants above and below
the median age of diagnosis were assessed using chi-square tests or
Fisher exact tests as appropriate.

To test the association of measured biochemical or hematological
factors with inflammatory markers (log10 levels of hsCRP or fibrin-
ogen), log(Breslow) tumor thickness, ulceration status, and the
presence of recorded TILs, multivariable linear regression models
adjusting for age and sex were fitted. The differences between par-
ticipants were tested both as a continuous variable and for levels
elevated above the normal range compared with those within the
normal range (the latter as possibly being more meaningful to cli-
nicians). Blood results for liver enzymes (alanine transaminase,
aspartate transaminase, and lactate dehydrogenase); fibrinogen;
hsCRP; 2 red cell markers (mean corpuscular volume and mean
corpuscular hemoglobin); and Coulter counter—measured mono-
cyte, eosinophil, neutrophil, total white cell, and platelet counts
were assessed. Multivariable models were constructed separately for
each endpoint containing all variables that had a significance of P <
.1 in univariable analyses. All analyses were adjusted for age and sex
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using Stata 14.2 (StataCorp). Except as noted in the text, significance
levels are reported unadjusted for multiple testing.

Differential gene expression was analyzed in association with
inflammatory markers, tumor thickness, ulceration, and histologi-
cally reported brisk versus absent/nonbrisk TILs. In our previous
work designed to interrogate the immune cell infiltration in mela-
noma primaries (Pozniak et al, 2019), a bioinformatic approach to
inferring the presence of immune cell subsets was developed on the
basis of the work of Angelova et al (2015). The Angelova immunome
system was derived from transcriptomes of FACS-sorted circulating
immune cells (Angelova et al, 2015). We applied the immunome
deconvolution in this study to infer scores of 27 immune cell sub-
types in peripheral blood using whole-genome transcriptomes. We
attempted to corroborate findings by comparison with a second
deconvolution tool (CIBERSORT, https:/cibersortx.stanford.edu),
although comparison was limited because of small numbers of cell
subtypes inferred by both systems, as has been reported previously
(Newman et al, 2017).

Pathway enrichment analyses of identified differentially expressed
genes were performed using MetaCore, version 20.1 (Clarivate An-
alytics, Clarivate) (Supplementary Materials and Methods provides
the details). For each variable dataset, 3 enrichment analyses were
performed: (i) on the basis of all differentially expressed genes, (ii) on
the basis of upregulated genes, and (iii) on the basis of down-
regulated genes. In this study, our interpretations have focused on
the outputs of the pathway and network analyses. Where the analysis
identified strong evidence of networks (gscore > 100), these are
shown preferentially in the figures, over individual pathways. Where
no network was identified or a pathway was illustrative of a partic-
ular immune cell function, then these were shown either in the main
text or supplementary data. The DAVID Functional Annotation
Bioinformatics Microarray Analysis system was used to test agree-
ment with the results in MetaCore for hsCRP.
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SUPPLEMENTARY RESULTS

Questionnaire data

There was no difference in reported atopy, but women were
more likely to have reported a history of autoimmune disease
at age <65 years. There were no differences by sex in the
highest education level achieved or in a number of factors
hypothesized to be associated with inflammation, namely,
recent infection of surgical wounds, sleep deprivation, and
reported physical activity.

Analysis of clinical blood analyses

Supplementary Tables S3—5 show the means and SDs of the
blood markers as determined by Coulter counter as well as
the association between our primary measures of systemic
inflammation (high-sensitivity CRP and fibrinogen) plus
vitamin D levels and our poor prognosis measures (high
Breslow thickness, ulceration). Supplementary Tables S3 and
S4 shows the results when the blood markers are considered
on a continuous scale, whereas Supplementary Table S5
shows the results when analysis involves participants
outside the normal range. For the most informative statistical
analysis, we focus on Supplementary Tables S3 and S4 but
include Supplementary Table S5 for comparison with normal
clinical measures. Supplementary Table S6 shows the distri-
bution of prevalence of Breslow thickness, ulceration, and
tumor-infiltrating lymphocytes in the population studied.

SUPPLEMENTARY MATERIALS AND METHODS

The vitamin D and immunity study

Patients presenting to the Leeds Teaching Hospitals NHS Trust
melanoma multidisciplinary team (Leeds Melanoma Multi-
disciplinary Clinic) with newly diagnosed, primary mela-
noma of American Joint Committee on Cancer stage IB or
higher were eligible. In the last year of recruitment, eligibility
was limited to those with stage IIA or higher to enhance the
proportion of the dataset with tumors of poorer prognosis. In
the United Kingdom, referral to the Leeds Melanoma Multi-
disciplinary Clinic is mandatory, so participants were
geographically ascertained.

Blood sampling

For preparation of blood for the transcriptomic analysis, 9 ml
of blood in EDTA tube were passed through a LeukoLOCK
filter within 2 hours of venepuncture to collect cells from
which RNA was extracted.

Generation of hematological and inflammatory marker data
from blood samples

Circulating white cell counts were generated by the Leeds
Teaching Hospitals Trust NHS laboratory (Leeds Teaching
Hospitals NHS Trust Blood Sciences) using standard Coulter
counter methodology. Measuring IL-6 levels is difficult
because of stability issues, so generally speaking, high-
sensitivity CRP has been preferred as a measure of inflam-
mation in similar studies, and we have measured this acute-
phase protein in the study. We also measured fibrinogen
levels as a second acute-phase protein, previously shown to
predict cardiovascular disease (Reinhart, 2003), and because
elevation of >1 acute-phase protein has been reported to
further increase the risk of cardiovascular pathology (Koenig,
2003). Sera and plasma were processed on the same day by
the NHS laboratories in Leeds to generate high-sensitivity
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CRP and fibrinogen (g/l) levels, respectively. Measurement
of serum vitamin D,/D3; was carried out using the Siemens
ADVIA Centaur XP immunoassay because ulceration was
previously reported to be associated with vitamin D defi-
ciency (Newton-Bishop et al., 2015). Measurement of
aspartate transaminase, alanine transaminase (spectropho-
metric assay using the Siemens ADVIA chemistry 1800), and
lactate dehydrogenase (ADVIA Chemistry XPT System) was
carried out by Leeds Teaching Hospitals NHS Trust Clinical
Biochemistry Laboratories.

Preprocessing of GeneChip Human Transcriptome Array 2.0
array data

The output CEL files were individually evaluated for pre-
normalization quality control measures (eg, probe cell in-
tensity) using Expression Console, version 1.4.1 (Affymetrix).
Multiarray preprocessing at gene level was performed using
the apt-probe set-summarize application of the Affymetrix
Power Tools suite. This was performed on MARCT, part of the
high-performance computing and Leeds Institute for Data
Analytics facilities at the University of Leeds. The SST-RMA
(Signal Space Transformation Robust Multichip Analysis) al-
gorithm was used, which applies GC correction background
reduction through GC count leveling and signal space
transformation intensity normalization to the standard robust
multichip analysis background adjustment, quantile normal-
ization, and summarization workflow. The resulting CHP files
for each sample were assessed for a number of quality control
metrics to assess the success of the normalization step using
Expression Console, version 1.4.1 (Affymetrix), including
signal intensity, signal histogram, principal components
analysis, area under the curve of positive and negative con-
trol probes, and the mean absolute deviation of the residuals
from the median for all probe sets. This step identified 2
samples, which had problematic data and were excluded
from all downstream analyses.

A summarized dataset containing patient metadata, sum-
marized gene expression intensities (transcript clusters, n =
67,528), and probe set annotations for all arrays was
compiled using R (version 3.5.3). Batch correction was per-
formed using the combat package (https://www.bu.edu/jlab/
wp-assets/ComBat/Abstract.html). Downstream analysis was
performed either using R or Stata 14 as described. For all
analyses, only those transcript clusters that were assigned a
gene symbol (n = 33,494) were considered.

Identification of differentially expressed genes

Differentially expressed genes associated with each of the
variables of interest were identified using limma (Linear
Models for Microarray Data) Bioconductor package in R,
which is designed for analyzing complex experiments with a
variety of experimental conditions and predictors. Linear
models were computed for each transcript cluster against each
target variable adjusted for age and/or sex in the model as
appropriate. Model result output includes log,(fold changes),
standard errors, t-statistics, and P-values. The basic statistic
used for significance analysis is the moderated t-statistic,
which is computed for each transcript cluster and for each
variable contrast. This differs from the ordinary t-statistic
because the standard errors have been moderated across
genes, that is, squeezed toward a common value, using a


https://www.bu.edu/jlab/wp-assets/ComBat/Abstract.html
https://www.bu.edu/jlab/wp-assets/ComBat/Abstract.html

simple Bayesian model. P-values arising from the moderated
t-statistic have increased degrees of freedom, reflecting the
greater reliability associated with smoothed standard errors.
False discovery rate correction was performed using the Ben-
jamini and Hochberg method. In cases where <1000 transcript
clusters were determined to be differentially expressed with an
false discovery rate <0.05, the list of genes significant with an
unadjusted P < .05 was taken for downstream analysis to
maximize input for pathway enrichment analysis.

We conducted differentially expressed genes analysis using
primarily measures of gene expression obtained by averaging
expression across the probes for each identified gene; the top
genes identified in each analysis are given in supplementary
tables. When results for an outcome show significance (P <
.05) after adjustment for multiple testing, we also report
analysis of each probe for completeness in subsequent tables.

MetaCore pathway enrichment analysis

To understand the genes that were differentially expressed in
each analysis in a wider context, we used the browser-based
MetaCore software package (Clarivate Analytics) to perform
an enrichment analysis using a comprehensive and well-
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known curated database of protein—protein and
protein—DNA interactions, signaling and metabolic path-
ways, transcription factor targets, as well as disease pathways
reported in the literature. Gene identifiers of differentially
expressed genes in the uploaded dataset are mapped to gene
identifiers within the MetaCore database. The analysis pro-
duced outputs corresponding to various ontological entities:
the highest rated (by P-value) pathway maps, gene ontology
processes, process networks, and diseases. Additional
network analysis calculations were also performed to identify
the most relevant biological networks by prioritizing the
number of fragments of canonical pathways in the network.
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Supplementary Figure S1. The table lists the top genes differentially expressed in circulating immune cells in association with tumor thickness. The full list is
provided in Supplementary Table S8. The volcano plot illustrates this, where the blue dots are genes significantly downregulated in association with tumor
thickness, and red dots denote the upregulated genes.
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Supplementary Figure S3. MetaCore pathway analysis of genes upregulated and downregulated in the circulating immune cells of participants with increasing
hsCRP. Figure was generated using the MetaCore pathway analysis tool. The genes analyzed are those significantly associated at a significance of P < .05,
adjusted for sex and age. (a) The top 5 pathways identified as significantly associated with hsCRP level for upregulated genes. (b) The MetaCore-derived figure
illustrating the differential expression of genes in the upregulated pathway map entitled immune response IFN-a/B signaling through Jak/STAT. In MetaCore
images, the thermometer-like symbols adjacent to the gene name indicate genes upregulated (thermometer is red) or downregulated (thermometer is blue. (c)
The top 5 pathways identified in association with hsCRP level for downregulated genes. (d) Bottom left of the figure: the MetaCore-derived image illustrating the
of top scoring downregulated pathway map labeled immune response induction of the antigen-presentation machinery by IFN-y. hsCRP, high-sensitivity CRP;
STAT, signal transducer and activator of transcription.
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Supplementary Figure S4. Fibrinogen pathway analysis. (a) A volcano plot of the genes differentially expressed in association with serum fibrinogen level, at the
significance level of P < .05 in an age- and sex-adjusted analysis. Blue dots represent genes expressed at a lower level in associated with higher fibrinogen

levels, and red dots represent those genes differentially upregulated in participants with higher fibrinogen levels. (b) The network significantly associated with
fibrinogen level is listed, whose process relates to proliferation pathways. (c) The MetaCore-derived figure representing this network identified in association
with higher fibrinogen levels whose nodal genes (large sky-blue halos) include those coding for IL-1B and TLR2. Akt, protein kinase B; TLR2, toll-like receptor 2.
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Supplementary Figure S5. MetaCore pathway analysis of genes downregulated in the circulating immune cells of participants with increasing Breslow
thickness adjusted for age and sex. The genes analyzed are those associated at a significance of P < .05 before adjustment for multiple testing. (a) A list of the top
downregulated genes in association with thicker tumors. (b) The top 5 pathways identified in association with downregulated genes. (c) A MetaCore-derived
figure illustrating the top scoring downregulated pathway in circulating immune cells of people with thicker tumors labeled protein and maturation and pro-
opiomelanocortin processing.
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Supplementary Figure S6. MetaCore pathway analysis of genes upregulated and downregulated in the circulating immune cells of participants in association
with ulceration. The genes analyzed are those associated at a significance of P < .05, adjusted for sex and age. (a) the top pathways identified for upregulated
genes. (b) The top pathways identified for downregulated genes. (c) Bottom right: Details of the pathway associated with downregulated genes labeled
maturation and migration of dendritic cells. (d) The network identified and the associated processes. (e) Bottom left: the process network identified for

downregulated genes.
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Supplementary Table S1. Description of the Reported Clinical Characteristics of the Melanoma Cases Who Participated in the Study Stratified by Age and
then Sex, Followed by Information on Prevalence of Exposures Associated with Systemic Inflammation (as Taken from Literature)

P dWNJOA “(+207) ASojorewsa aAneSnsaAul JO [ewino(  3°6ZST

All Ages Aged 265 yr Aged >65 yr
Trait Overall Men Women Overall Men Women Overall Men Women
Clinical Characteristics
t-test: P = .09 t-test: P = .03 t-test: P = .32
Median age (n [range]) 65.3 (391, [17  66.5(199 [17 642 (192 [17 502 (191, [17  55.6 (92 [17 50.5 (99 [17  73.5 (200 [65  73.5 (107 [65 73.5 (93 [65
—941) —88]) —94]) —64]) —64]) —64]) =911 —388]) —94])
Breslow thickness, mm Chi-square: P = .03 Fisher: P = .02 Fisher: P= 7
0—1 mm 46 (11.9) 19 (9.6) 7 (14.4) 9 (15.5) 0(11.0) 19 (19.8) 17 (8.5) 9 (8. 8 (8.7)
1—-2 mm 101 (26.2) 42 (21.2) 9 (31.4) 7 (30.5) 2 (24.2) 35 (36.5) 44 (22.1) 20 ('18 7) 4 (26.1)
2—4 mm 133 (34.5) 75 (37.9) 58 (30.9) 0 (32.1) 5 (38.5) 25 (26.0) 73 (36.7) 40 (37.4) 3 (35.9)
>4 mm 106 (27.5) 62 (31.3) 44 (23.4) 1(21.9) 4 (26.4) 17 (17.7) 65 (32.7) 38 (35.5) 7 (29.4)
Site of diagnosis Chi-square: P < .001 Fisher: P = .04 Fisher: P < .001
Trunk 138 (36.6) 88 (45.6) 50 (27.2) 78 (42.2) 3 (46.7) 35 (37.6) 60 (31.3) 5 (44.6) 15 (16.5)
Limbs 156 (41.4) 56 (29.0) 100 (54.4) 80 (43.2) 32 (34.8) 48 (51.6) 76 (39.6) 24 (23.8) 52 (57.1)
Head 6 (14.9) 39 (20.2) 17 (9.2) 16 (8.7) 12 (13.0) 4 (4.3) 40 (20.8) 27 (26 7) 13 (14.3)
Other/acral 27 (7.2) 10 (5.2) 17 (9.2) 11 (6.0) 5(5.4) 6 (6.5) 16 (8.3) 5 (5. 11 (12.1)
AJCC stage at diagnosis Fisher: P = .03 Fisher: P = .02 Flsher: P=.6
| 104 (26.9) 44 (22.2) 60 (31.8) 63 (33.3) 2 (23.9) 41 (42.3) 1(20.7) 2 (20.8) 19 (20.7)
Il 185 (47.8) 100 (50.5) 85 (45.0) 78 (41.3) 42 (45.7) 36 (37.1) 107 (54.0) 58 (54.7) 49 (53.3)
1} 96 (24.8) 54 (27.3) 42 (22.2 47 (24.9) 28 (30.4) 19 (19.6) 49 (24.8) 26 (24.5) 23 (25.0)
\% 2 (0.5) 0 (0) 2 (1.1) 1(0.5) 0 (0) 1(1.0) 1(0.5) 0 (0) 1(1.1)
TILs Chi-square: P = .4 Chi-square: P = .2 Chi-square: P =1
Not brisk 312 (84.6) 162 (86.2) 150 (82.9) 150 (83.3) 78 (86.7) 72 (80) 162 (85.7) 84 (85.7) 78 (85.7)
Brisk 7 (15.5) 6 (13.8) 31 (17.1) 0(16.7) 12 (13.3) 18 (20) 7 (14.3) 14 (14.3) 13 (14.3)
Ulceration Chi-square: P = .9 Chi-square: P =.7 Chi-square: P = .6
No 235 (60.7) 120 (60.3) 115 (61.2) 124 (66.0) 62 (67.4) 62 (64.6) 111 (55.8) 58 (54.2) 53 (57.6)
Yes 152 (39.3) 79 (39.7) 73 (38.8) 64 (34.0) 30 (32.6) 34 (35.4) 88 (44.2) 49 (45.8) 39 (42.4)
Exposures and traits associated with current (or past) systemic inflammation
BMI Fisher: P < .001 Fisher: P < .001 Fisher: P = .2
<18.5 2 (0.5) 0 (0) 2 (1.1 1(0.6) 0(0) 1(1.1) 1(0.5) 0 (0) 1(1.1)
18.5—25 106 (28.3) 37 (19.5) 9 (37.3) 63 (34.1) 18 (20.0) 5 (47.4) 43 (22.6) 19 (19) 4 (26.7)
25-30 163 (43.5) 90 (47.4) 3 (39.5) 71 (38.4) 42 (46.7) 9 (30.5) 92 (48.4) 48 (48) 4 (48.9)
>30 104 (27.7) 63 (33.2) 41 (22.2) 50 (27.0) 30 (33.3) 20 (21.1) 54 (28.4) 33 (33) 1(23.3)
Waist—hip ratio (WHO criteria) Chi-square: P < .001 Chi-square: P < .001 Fisher: P < .001
No 123 (32.9) 28 (14.7) 95 (51.9) 1(38.8) 19 (21.1) 52 (55.9) 52 (27.2) 9 (8.9) 43 (47.8)
Yes 251 (67.1) 163 (85.3) 88 (48.1) 112 (61.2) 71 (78.9) 41 (44.1) 139 (72.8) 92 (91.1) 47 (52.2)
Highest education achieved Chi-square: P = .5 Fisher: P= .3 Fisher: P= .7
Primary/secondary 97 (33.9) 45 (30.6) 52 (37.4) 40 (29.4) 14 (21.5) 26 (36.6) 57 (38.0) 31 (37.8) 26 (38.2)
Sixth form/university (not 32 (11.2 15 (10.2) 17 (12.2) 15 (11.0) 8 (12.3) 7 (9.9) 17 (11.3) 7 (8.5) 10 (14.7)
graduated)
University (graduated) 64 (22.4) 35 (23.8) 29 (20.9) 31 (22.8) 16 (24.6) 15 (21.1) 33 (22.0) 19 (23.2) 14 (20.6)
Vocational 93 (32.5) 52 (35.4 41 (29.5) 50 (36.8) 27 (41.5) 23 (32.4) 43 (28.7 25 (30.5) 18 (26.5)
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Supplementary Table S1. Continued
All Ages Aged 265 yr Aged >65 yr

Trait Overall Men Women Overall Men Women Overall Men Women
Recent infected surgical wounds Fisher: P = .8 Fisher: P = .4 Fisher: P =1

No 345 (97.2) 172 (96.6) 173 (97.7) 170 (96.6) 81 (95.3) 89 (97.8) 175 (97.8) 91 (97.9) 84 (97.7)

Yes 10 (2.8) 6 (3.4) 4 (2.3) 6 (3.4) 4 (4.7) 2(2.2) 4(2.2) 2(2.2) 2(2.3)
History of type 2 diabetes Fisher: P = .2 Fisher: P =1 Fisher: P = .2

No 261 (93.6) 131 (91.6) 130 (95.6) 131 (97.8) 63 (98.4) 68 (97.1) 130 (89.7) 68 (86.1) 2 (93.9)

Yes 18 (6.5) 12 (8.4) 6 (4.4) 3(2.2) 1(1.6) 229 5(10.3) 11 (13.9) 4 (6.1)
Hypertension Chi-square: P = .01 Fisher: P = .01 Chi-square: P = .4

No 187 (67.0) 86 (60.1) 101 (74.3) 105 (78.4) 4 (68.8) 61 (87.1) 82 (56.6) 2 (53.2) 0 (60.6)

Yes 92 (32.3) 57 (39.9) 35 (25.7) 29 (21.6) 0(31.3) 9 (12.9) 63 (43.5) 37 (46.8) 6 (39.4)
Angina/heart attack Fisher: P < .001 Fisher: P = .2 Fisher: P = .002

No 246 (88.2) 116 (81.1) 130 (95.6) 126 (94.0) 58 (90.6) 68 (97.1) 120 (82.8) 58 (73.4) 62 (93.9)

Yes 33 (11.8) 27 (18.9) 6 (4.4) 8 (6.0) 6 (9.4) 2(2.9 25(17.2) 21 (26.6) 4 (6.1)
Atopy Chi-square: P = .09 Chi-square: P = .08 Chi-square: P = .6

No 223 (79.9) 120 (83.9) 103 (75.7) 102 (76.1) 53 (82.8) 49 (70) 121 (83.5) 67 (84.8) 54 (81.8)

Yes 56 (20.1) 23 (16.1) 33 (24.3) 32 (23.9) 11 (17.2) 21 (30) 24 (16.6) 12 (15.2) 12 (18.2)
History of autoimmune disease Chi-square: P = .07 Fisher: P = .05 Chi-square: P = .3

No 233 (83.5) 125 (87.4) 108 (79.4) 120 (89.6) 61 (95.3) 59 (84.3) 113 (77.9) 64 (81.0) 49 (74.2)

Yes 46 (16.5) 18 (12.6) 28 (20.6) 14 (10.5) 3 (4.7) 11 (15.7) 32 (22.1) 15 (19.0) 17 (25.8)
Sleep, hr Chi-square: P = .2 Fisher: P = .6 Fisher: P = .06

<7 74 (26.2) 35 (24.0) 39 (28.5) 95 (69.9) 4 (66.7) 51 (72.9) 36 (24.5) 15 (18.8) 21 (31.3)

7=9 203 (71.7) 106 (72.6) 97 (70.8) 38 (27.9) 20 (30.3) 18 (25.7) 108 (73.5) 62 (77.5) 46 (68.7)

>9 6 (2.1) 5(3.42) 1(0.73) 3(2.2) 2 (3.0 1(1.4) 3 (2.0) 3 (3.8) 0 (0)
Activity Chi-square: P = .2 Fisher: P =1 Chi-square: P = .06

Inactive 168 (58.1) 79 (53.0) 89 (63.6) 85 (62.0) 1(62.1) 44 (62.0) 83 (54.6) 38 (45.8) 45 (65.2)

Minimally active 74 (25.6) 42 (28.2) 32 (22.9) 34 (24.8) 16 (24.2) 18 (25.4) 40 (26.3) 26 (31.3) 14 (20.3)

HEPA active 47 (16.3) 8 (18.8) 19 (13.6) 18 (13.1) 9 (13.6) 9 (12.7) 9 (19.1) 19 (22.9) 10 (14.5)
Smoking Chi-square: P = .02 Fisher: P = .8 Fisher: P = .005

Never 154 (53.5) 70 (47.3) 84 (60) 79 (57.7) 38 (57.6) 1(57.8) 75 (49.7) 32 (39.0) 3 (62.3)

Previous 108 (37.5) 67 (45.3) 41 (29.3) 41 (29.9) 21 (31.8) 0 (28.2) 67 (44.4) 46 (56 1) 1(30.4)

Current 26 (9.0) 11 (7.4) 15 (10.7) 17 (12.4) 7 (10.6) 0 (14.1) 9 (6.0) 4 (4. 5(7.3)
Pack yrs, median (IQR) 15.7 (27.6) 21 (30.5) 12.4 (21.8) 20.3 (26) 29.3 (28) 5(24.3) 10 (28.5) (31 7 9 (21.1)
Alcohol in preceding wk Chi-square: P = .002 Chi-square: P = .006 Chi-square: P = .06

No 118 (32.9) 46 (25.3) 72 (40.7) 48 (27.3) 15(17.7) 33 (36.3) 70 (38.3) 31 (32.0) 39 (45.4)

Yes 241 (67.1) 136 (74.7) 105 (59.3) 128 (72.7) 70 (82.4) 58 (63.7) 113 (61.8) 66 (68.0) 47 (54.7)
Alcohol units preceding wk, median 10.5 (17) 14 (20.5) 9 (12.5) 12 (16) 16 (27) 9.3 (12) 10.5 (16) 11.8 (17) 7.5 (13.5)
(IQR)
Aspirin (ever) Fisher: P < .001 Fisher: P = .003 Fisher: P = .001

No 251 (86.3) 117 (77.5) 134 (95.7) 131 (94.2) 60 (88.2) 71 (100) 120 (79.0) 57 (68.7) 63 (91.3)

Yes 40 (13.8) 34 (22.5) 6 (4.3) 8 (5.8) 8 (11.8) 0 (0) 32 (21.1) 26 (31.3) 6 (8.7)

(continued)
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Supplementary Table S1. Continued
All Ages Aged 265 yr Aged >65 yr
Trait Overall Men Women Overall Men Women Overall Men Women
Statins (ever) Chi-square: P < .001 Fisher: P = .003 Chi-square: P = .001
No 205 (70.5) 89 (58.9) 116 (82.9) 119 (85.6) 52 (76.5) 67 (94.4) 86 (56.6) 37 (44.6) 49 (71.0)
Yes 86 (29.6) 62 (41.1) 24 (17.1) 20 (14.4) 16 (23.5) 4 (5.6) 66 (43.4) 46 (55.4) 20 (29.0)
Aspirin (exposure at diagnosis) Fisher: P < .001 Fisher: P = .01 Fisher: P = .001
No 259 (89.0) 123 (81.5) 136 (97.1) 133 (95.7) 62 (91.2) 71 (100) 126 (82.9) 61 (73.5) 65 (94.2)
Yes 32 (11.0) 28 (18.5) 4 (2.9 6 (4.3) 6 (8.8) 0 (0) 26 (17.1) 22 (26.5) 4 (5.8)
Statins (exposure at diagnosis) Fisher: P < .001 Fisher: P = .006 Fisher: P = .002
No 207 (71.1) 91 (60.3) 116 (82.9) 120 (86.3) 53 (77.9) 67 (94.4) 87 (57.2) 38 (45.8) 49 (71.0)
Yes 84 (28.9) 60 (39.7) 24 (17.1) 19 (13.7) 15 (22.1) 4 (5.6) 65 (42.8) 45 (54.2) 20 (29.0)

Abbreviation: AJCC, American Joint Committee on Cancer; BMI, body mass index; HEPA, health advancing physical activity score; IQR, interquartile range; TIL, tumor-infiltrating lymphocyte; WHO, World

Health Organization.

Entries in each cell are numbers (and row percentage). Each statistical comparison shows the type of test (chi-square test with appropriate degrees of freedom; Fisher = Fisher exact test). Test P-value measures the

deviation from null hypothesis of no effect. Note, there are some missing data so totals are not always exactly the same for each factor tested. Significance at the <.05 level is indicated in bold.
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Supplementary Table S2. Associations between Inflammatory Markers and Clinicopathological Variables

Fibrinogen hsCRP

Clinical Characteristic n Univariable Estimate P-Value  Multivariable Estimate  P-Value n Univariable Estimate P-Value  Multivariable Estimate  P-Value
Age (per year) 364 0.002 (0.001—0.03) <0.001 0.002 (0.0006—0.0024) .001 373 0.006 (0.002—0.009) .001 0.009 (0.005—0.014) <.001
Sex

Female (baseline) 174 0 — 0 — 180 0 —

Male 190 -0.017 (-=0.037 to 0.003) 0.1 —0.028 (—0.054 to —0.002) .04 193 —0.097 (-0.197 to 0.004) .06 —0.158 (—0.287 to —0.028) .02
Breslow thickness (mm)

0—1 42 0.004 (—0.031 to 0.039) 0.8 —0.001 (—0.040 to 0.039) 1 44 —0.120 (—0.295 to 0.055) 2

1-2 (baseline) 94 0 — 0 — 98 0 —

2—4 127 0.019 (—=0.007 to 0.045) 0.2 0.021 (—0.009 to 0.052) 1 129  —0.103 (-0.233 to 0.027) A

>4 99 0.038 (0.011—0.066) 0.006 0.037 (0.005—0.069) .02 100 0.044 (—0.095 to 0.184) 5
Site of diagnosis

Trunk (baseline) 131 0 — 0 — 135 0 — 0 —

Limbs 149 —0.001 (—0.025 to 0.023) 0.9 151  —0.018 (—=0.135 to 0.099) .8 0.008 (—0.122 to 0.138) 9

Head 55 0.015 (—0.016 to 0.046) 0.4 54 0.120 (—0.038 to 0.278) N 0.170 (—0.018 to 0.342) .05

Other/acral 25 0.006 (—0.036 to 0.048) 0.8 25 —0.085 (—0.297 to 0.126) 4 —0.027 (—0.213 to 0.268) .8
Stage at diagnosis

| (baseline) 97 0 — 0 — 101 0 — 0 —

I} 172 0.026 (0.002—0.051) 0.04 177  —0.001 (—0.124 to 0.123) 1

11 92 0.00003 (—0.027 to 0.028) 1 92 —0.015 (—0.156 to 0.126) .8

\Y 2 0.037 (—0.098 to 0.171) 0.6 2 0.111 (—=0.683 to 0.706) 1
TILS

Not brisk TILs (baseline) 299 0 — 0 — 304 0 — — —

Brisk TILs 53 —0.005 (—0.033 to 0.024) 0.8 — — 53 0.056 (—0.089 to 0.200) 4 — —
Exposures and traits associated with current (or past) systemic inflammation
BMI

18.5—25 (baseline) 101 0 — 0 — 103 0 — 0 —

25-30 154 0.015 (—0.009 to 0.040) 0.2 0.002 (—0.027 to 0.030) 9 157 0.202 (0.082—0.321) .001 0.200 (0.065—0.336) .004

>30 95 0.055 (0.028—0.082) <0.001 0.048 (0.013—0.083) .03 99 0.406 (0.273—0.539) <.001 0.435 (0.267—0.604) <.001
Waist hip ratio (WHO criteria)

Not obese 117 0 — 0 — 117 0 — 0 —

Obese 234 0.028 (0.004—0.051) 0.02 0.021 (—0.008 to 0.051) 2 243 0.162 (0.042—0.282) .008 0.036 (—0.106 to 0.178) .6
Type 2 Diabetes

No (baseline) 247 0 — — — 255 0 — 0 —

Yes 18 0.027 (—0.020 to 0.075) 0.3 — — 18 0.144 (—0.100 to 0.387) 2 — —
Hypertension

No (baseline) 175 0 — 183 0 — — —

Yes 90 0.029 (0.003—0.055) 0.03 0.019 (—0.007 to 0.045) 2 90 0.018 (=0.115 to 0.150) .8 — —
Angina

No (baseline) 234 0 — — — 241 0 — — —

Yes 31 —0.006 (—0.045 to 0.032) 0.7 — — 32  —0.134 (-0.325 to 0.057) 2 — —

(continued)
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Supplementary Table S2. Continued

Fibrinogen hsCRP

Clinical Characteristic n Univariable Estimate P-Value  Multivariable Estimate  P-Value n Univariable Estimate P-Value  Multivariable Estimate  P-Value
Atopy

No (baseline) 213 0 — — — 217 0 — — —

Yes 52 —0.005 (—0.035 to 0.025) 0.8 — — 56 —0.082 (-0.230 to 0.065) 3 — —
History of autoimmune disease

No (baseline) 224 0 — — — 227 0 — — —

Yes 41  —0.113 (—0.044 to 0.022) 0.5 — — 46 —0.027 (—0.188 to 0.134) 7 — —
Sleep

7—=9 hr (baseline) 196 0 — — — 199 0 — 0 —

< 7 hrs 67  0.020 (—0.007 to 0.046) 0.2 — — 72 0.187 (0.054—0.320) .006 0.122 (—0.007 to 0.252) .06

>9 hrs 6  0.047 (—0.032 to 0.126) 0.2 — — 6 0.372 (—0.029 to 0.773) .07 0.234 (—0.139 to 0.608) 2
Exercise

Inactive (baseline) 159 0 — 0 — 165 0 — 0 —

Minimally active 71  —0.016 (—0.044 to 0.011) 0.3 —0.013 (—0.041 to 0.015) 4 72 —0.223 (—-0.360 to —0.087) .001 —0.202 (—0.335 to —0.069) .003

HEPA active 45 —0.031 (—0.063 to 0.002) 0.07 —0.018 (—0.052 to 0.016) 3 46 —0.157 (—0.318 to 0.004) .06 —0.087 (—0.247 to 0.073) 3
Smoking

Never 147 0 — 0 — 151 0 — 0 —

Previous 102 0.0003 (—0.024 to 0.026) 1 —0.003 (—0.030 to 0.023) .8 105 —0.085 (=0.211 to 0.040) 2 —0.027 (—0.151 to 0.097) 7

Current 25 0.042 (0.0008—0.084) 0.05 0.017 (—0.028 to 0.062) 5 26 0.245 (0.038—0.452) .02 0.162 (—0.042 to 0.367) N
Exposure to statins

No (baseline) 194 0 — — — 201 0 — 0 —

Yes 83  0.013 (—-0.014 to 0.041) 0.3 — — 84 —0.143 (—-0.281 to —0.006) .04 —0.180 (—0.327 to —0.032) .02
Statin exposure at diagnosis

No (baseline) 196 0 — 0 — 203 0 — — —

Yes 81 0.015 (—=0.013 to 0.042) 0.3 — — 82 —0.154 (—0.292 to —0.016) .03 — —
Exposure to aspirin

No (baseline) 238 0 — — — 248 0 — 0 —

Yes 39 0.044 (—0.031 to 0.039) 0.8 — — 37 —0.172 (-0.353 to 0.008) .06 —0.167 (—0.366 to 0.031) N
Aspirin exposure at diagnosis

No (baseline) 246 0 — — — 254 0 — 0 —

Yes 31 0.010 (—0.029 to 0.048) 0.6 — — 31 —-0.107 (=0.301 to 0.087) 3 — —

Abbreviations: HEPA, health enhancing physical activity; hsCRP, high-sensitivity CRP; TIL, tumor-infiltrating lymphocyte; WHO, World Health Organization

Analyses are performed as linear regression of log10 (fibrinogen or hsCRP) as the outcome with baseline as indicated by characteristic; the value of the regression coefficient (estimate) as well as 95% confidence
interval for that estimate and P-value for each exposure testing evidence for nonzero effect. Table also shows multivariate analyses using those factors with P < .1 in univariable analyses. Significance levels at P <

.05 are shown in bold.
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Supplementary Table S3. The Association between Measured Blood Parameters and Characteristics of the Primary Tumor of Participants in Univariable
Analyses

Log;o(Breslow Thickness) Ulceration (Yes/No) Brisk TILs (Yes/No)
Cases below Cases in Cases

Parameter Mean (SD) Standard Range = Normal Range Normal Range Elevated Estimate (SE) P-Value OR P-Value OR P-Value
hsCRP 2.95 (5.48) <6 mg/l — 330 44 0.060 (0.073) 4 1.15(0.75—1.77) 5 1.25 (0.69—2.26) 5
Fibrinogen 2.86 (0.67) 1.5—-3.9 g/l 3 322 40 0.859 (0.373) .02 6.11(0.65—57.8) 1 0.60 (0.03—13.1) 7
Vitamin D' 42.5(23.2)  20—100 nmol/l 43 243 4 —0.390 (0.197) .05 0.66 (0.20—2.17) 5 0.71 (0.14—3.55) 7
ALT 24.5 (16.1) <40 iu/l — 207 23 0.095 (0.219) . 0.51 (0.14—1.90) 3 0.37 (0.06—2.34) 3
AST 24.9 (9.55) <40 iu/l — 171 10 —0.387 (0.404) 3 0.15 (0.01—2.67) 2 6.62 (0.27—59.8) 2
Eosinophils 0.15 (0.12) <0.5 x 10%I — 280 5 —0.274 (0.127) .03 0.60 (0.28—1.28) 2 0.36 (0.12—1.04) .06
LDH 389 (90.7) 160—430 1U/1 1 284 87 0.040 (0.049) d 1.33 (0.99—1.79) .06 0.97 (0.64—1.48) 9
Lymphocytes 1.82 (0.67) 1.0—4.5 x 10%/I 20 266 — —0.046 (0.062) 5 1.00 (0.69—1.43) 1 1.19 (0.73—1.96) .5
MCH 30.2 (1.78) 2535 pg/cell 3 282 1 —0.035 (0.023) N 0.93 (0.82—1.07) 3 1.01 (0.83—1.21) 9
MCV 92.1 (4.94) 78—100 fl 1 271 14 —0.015 (0.008) .06 0.98 (0.94—1.03) 5 1.05 (0.98—1.12) N
Monocytes 0.43 (0.18) 0.1—-0.8 x 10%I 2 279 5 —0.301(0.297) 3 1.22 (0.21=7.15) .8 0.44 (0.04—5.43) .5
Neutrophils 4.77 (1.44) 2-7.5 x 107/ 4 268 14 0.018 (0.027) .5 1.08 (0.91—1.27) 4 0.96 (0.76—1.22) .8
Platelet 248.6 (62.6) 150—400 x 102 12 268 6 —0.389 (0.392) 3 0.47 (0.05—4.94) 5 1.79 (0.06—49.6) 7
Total WCC 10.8 (58.0) 4—11 x 107 3 268 15 —0.0004 (0.022) 1 1.05 (0.92—1.20) 5 0.99 (0.82—1.19) 9
Neutrophil/ — — — 0.227 (0.237) 3 1.58(0.39—6.47) .5 0.48 (0.07—3.46) .5
lymphocyte

ratio (log10)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; hsCRP, high-sensitivity CRP; LDH, lactate dehydrogenase; MCP, mean corpuscular volume; MCV, mean corpuscular volume; SE,
standard error; TIL, tumor-infiltrating lymphocyte; WCC, white cell count.

This table shows the age- and sex-adjusted univariable analysis of the associations between blood parameters at diagnosis of primary melanoma and key clinical indicators of melanoma-specific survival. Each
parameter is analysed as a continuous variable.

'Analyses adjusted for season, assuming blood was drawn in period January—March.
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Supplementary Table S4. The Association between Measured Blood Parameters and Characteristics of the Primary
Tumor of Participants in Multivariable Analyses

Measured Blood Parameter Measure of Association With Tumor Characteristics P-Value

Multivariable association with Breslow thickness (adjusted for age, sex, and season of blood draw)

Estimate (SE) P-value
Eosinophils (log;o) —0.340 (0.133) .01
Fibrinogen (logo) 1.680 (0.429) <.001
MCH 0.037 (0.046) 4
MCV —0.023 (0.017) 2
Vitamin D (logo) —0.046 (0.205) .03
Multivariable association with ulceration (adjusted for sex)

OR (95% Cl) P-value
Eosinophils (log 10) 0.47 (0.22—1.05) 0.07
Fibrinogen (log 10) 5.88 (0.40—86.6) 0.2
LDH 1.30 (0.89—1.91) 0.2
Multivariable association with brisk TILs (adjusted for age and sex)

OR (95% Cl) P-value
Eosinophils 0.37 (0.13—1.08) 0.07
MCV 1.06 (0.99—1.14) 0.1

Abbreviations: Cl, confidence interval; LDH, lactate dehydrogenase; MCP, mean corpuscular volume; MCV, mean corpuscular volume; SE, standard error;
TIL, tumor-infiltrating lymphocyte.

This table shows the age- and sex-adjusted multivariable analysis of the associations between blood parameters at diagnosis of primary melanoma and key
clinical indicators of melanoma-specific survival. Each parameter is analysed as a continuous variable.
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Supplementary Table S5. Association of Blood Test Results with Melanoma Characteristics Presented as Results of the Normal Range Rather than as
Continuous Variables (Normally Used in Clinical Work)

Log;o(Breslow Thickness) Ulceration Brisk TILs (Yes/No)
Cases below Cases in
Parameter Mean (SD) Standard Range Normal Range  Normal Range  Cases Elevated Estimate (SE) P-Value OR P-Value OR P-Value
Elevated versus normal range
ALT 24.5 (16.1) <40 iu/l — 207 23 0.062 (0.155) 7 0.81 (0.32—2.02) .6 0.97 (0.25—3.74) 1
AST 24.9 (9.55) <40 iu/l — 171 10 —0.342 (0.224) Nl 0.29 (0.04—2.39) 3 3.58 (0.82—15.69) .09
Eosinophils 0.15 (0.12) <0.5 x 10%/I — 280 5 —0.566 (0.301) .06 0.35 (0.04—3.16) 3 — —
Fibrinogen 2.86 (0.67) 1.5-3.6 g/l 3 322 40 0.230 (0.116) .05 1.89 (0.96—-3.72) .07 1.72 (0.72—4.09) 2
HsCRP 2.95 (5.48) <6 mg/l — 330 44 0.047 (0.110) 7 0.77 (0.40—1.50) 4 1.17 (0.49-2.80) 7
LDH 389 (90.7) 160-430 1U/1 1 284 87 0.078 (0.086) 4 1.29 (0.79-2.12) 3 0.75 (0.34—1.63) 5
MCH 30.2 (1.78) 25—35 pg/cell 3 282 1 0.514 (0.672) 4 — — — —
MCV 92.1 (4.94) 78—100 fl 1 271 14 —0.165 (0.186) 4 0.68 (0.22—2.13) 5 3.96 (1.21-12.99) .02
Monocytes 0.43 (0.18) 0.1-0.8 x 10%I 2 279 5 —0.043 (0.303) 9 1.95 (0.32—11.9) .5 — —
Neutrophils 4.77 (1.44) 2-7.5 x 10% 4 268 14 0.147 (0.184) 4 1.47 (0.50—4.36) .5 0.41 (0.05—3.23) 4
Platelet 248.6 (62.6) 150—400 x 10%1 12 268 6 —0.086 (0.281) .8 1.29 (0.25—6.59) 8 1.34 (0.15—12.04) .8
Total WCC 10.8 (58.0) 4-11 x 109/ 3 268 15 0.043 (0.178) .8 1.71 (0.59—4.90) 3 0.39 (0.05—3.08) 4
Below normal versus normal range

Lymphocytes 1.82 (0.67) 1.0—4.5 x 10%/1 20 266 — 0.057 (0.157) 7 1.01 (0.40—-2.55) 1 0.73 (0.16—3.32) 7
Platelet 248.6 (62.6) 150—400 x 101 12 268 6 0.107 (0.203) .6 1.22 (0.37—4.01) 7 0.58 (0.07—4.82) .6
Vitamin D' 42.5 (23.2) 20—100 nmol/Il 43 243 4 0.235 (0.112) .04 2.25 (1.16—4.38) .02 0.92 (0.36—2.36) 9

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; hsCRP, high-sensitivity CRP; LDH, lactate dehydrogenase; MCV, mean corpuscular volume; SE, standard error; TIL, tumor-infiltrating
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lymphocyte; WCC, white cell count. Significance values at P < .05 are shown as bold.
"Vitamin D analysis adjusted for season, assuming blood drawn in winter.
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Supplementary Table S6. Distribution of Poor
Prognosis Markers among Participants in the Study

Breslow Thickness Absence of Number of
>4 mm Ulceration Brisk TILs Participants
Y Y Y 61 (17%)
Y Y N 5 (1%)

Y N Y 32 (9%)
Y N N 2 (1%)

N Y Y 66 (18%)
N Y N 11 (3%)
N N Y 152 (41%)
N N N 39 (11%)
Total 368 (100%)

Abbreviations: hsCRP, high-sensitivity CRP; N, no; TIL, tumor-infiltrating
lymphocyte; Y, yes.

This tables shows an analysis of the distribution of the poor prognosis
markers in the 355 participants in whom hsCRP level was available.
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