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Abstract

Background: The contribution of measurable immunological and inflammatory parameters to lung cancer development
remains unclear, particularly among never smokers. We investigated the relationship between total and differential white
blood cell (WBC) counts and incident lung cancer risk overall and among subgroups defined by smoking status and sex in the
United Kingdom (UK).
Methods: We evaluated 424 407 adults aged 37–73 years from the UK Biobank. Questionnaires, physical measurements, and
blood were administered and collected at baseline in 2006–2010. Complete blood cell counts were measured using standard
methods. Lung cancer diagnoses and histological classifications were obtained from cancer registries. Multivariable Cox
regression models were used to estimate the hazard ratio (HR) and 95% confidence intervals of incident lung cancer in
relation to quartiles (Q) of total WBC and subtype-specific counts, with Q1 as the reference.
Results: There were 1493 incident cases diagnosed over an average 7-year follow-up. Overall, the highest quartile of total
WBC count was statistically significantly associated with elevated lung cancer risk (HRQ4 ¼ 1.67, 95% CI ¼ 1.41 to 1.98). Among
women, increased risks were found in current smokers (ncases / n¼244 / 19 464, HRQ4 ¼ 2.15, 95% CI ¼ 1.46 to 3.16), former
smokers (ncases / n¼280 / 69 198, HRQ4 ¼ 1.75, 95% CI ¼ 1.24 to 2.47), and never smokers without environmental tobacco smoke
exposure (ncases / n¼108 / 111 294, HRQ4 ¼ 1.93, 95% CI ¼ 1.11 to 3.35). Among men, stronger associations were identified in
current smokers (ncase s / n¼329 / 22 934, HRQ4 ¼ 2.95, 95% CI ¼ 2.04 to 4.26) and former smokers (ncases / n¼358/71 616, HRQ4 ¼
2.38, 95% CI ¼ 1.74 to 3.27) but not in never smokers. Findings were similar for lung adenocarcinoma and squamous cell carci-
noma and were driven primarily by elevated neutrophil fractions.
Conclusions: Elevated WBCs could potentially be one of many important markers for increased lung cancer risk, especially
among never-smoking women and ever-smoking men.

Lung cancer is one of the most common malignancies in the
Western world, with over 312 000 newly diagnosed cases every
year in the European Union (EU) (1) and an estimated 234 030 in
the United States (USA) in 2018 (2). Lung cancer has an esti-
mated 5-year survival rate of only 18.6% because of diagnoses at
late stages (2), and care for lung cancer patients constitutes a
substantial economic burden in both the EU and USA (3,4).
Identifying disease mechanism and risk factors in at-risk groups
is crucial for devising population-level interventions.

Elevated white blood cell (WBC) counts and immune
markers have been associated with lung cancer in prospective
cohort studies, suggesting a role for immune and inflammatory

processes in lung cancer pathogenesis (5–12). However, gaps in
knowledge remain. In particular, the association between ele-
vated WBC counts and lung cancer risk has not been extensively
investigated among never smokers because of challenges in ac-
cruing cases in Western populations (12). Lung cancer is largely
considered to be driven by smoking (13) in Western countries.
However, it remains a notable malignancy among never smok-
ers (14,15), with estimated incidence rates of 14.4–20.8 cases per
100 000 person-years for never-smoking women and 4.8–13.7
per 100 000 person-years for never-smoking men (16,17).
Differences in immunologic and inflammatory parameters such
as WBC counts among these subgroups could contribute to the
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varying rates. Furthermore, previous epidemiologic studies
reported findings for total WBC counts, but not by WBC sub-
types that could differentially influence risk. Additionally, pre-
vious studies did not consider different histological subtypes of
lung cancer (ie, adenocarcinoma and squamous cell carcinoma
[SCC]), which have different risk factors and pathogenesis;
therefore, deeper investigation could provide insight into dis-
ease etiology.

To investigate the relationships between total and differential
WBC counts and incident lung cancer risk overall and among
subgroups defined by smoking status and sex, we analyzed data
from the United Kingdom (UK) Biobank, a prospective cohort
study of over half a million adults. This investigation expands
upon previous studies by including measurements of WBC sub-
types and assessment of lung cancer histology, which could pro-
vide deeper understanding of the role key immunological and
inflammatory processes play in lung cancer development.

Methods

Study Design

The study design and data access procedures of the UK Biobank
have been described elsewhere (http://www.ukbiobank.ac.uk/)

(18,19). Briefly, the target population was adults aged 40–69 years
who resided within 40 km of 22 assessment centers across the UK
(18). Of the 9.2 million individuals registered in the UK’s National
Health Service (NHS) who were mailed invitations, 503 317 (5.5%)
visited the assessment centers in 2006–2010 (19). These volun-
teers received physical examinations, provided biological sam-
ples including 40–50 mL of whole blood, and were administered
touchscreen questionnaires. Data from 502 616 participants were
initially available for our analysis. After applying the exclusion
criteria and data cleaning as specified in Figure 1, the final ana-
lytic sample size was 424 407 participants.

The UK Biobank study was approved by the National
Information Governance Board for Health and Social Care and
the NHS North West Multicenter Research Ethics Committee.
Electronic informed consent was obtained from all volunteer
participants (18,19).

WBC Counts

WBCs and their subtypes (ie, lymphocytes, neutrophils, mono-
cytes, eosinophils, and basophils) were measured in whole blood
obtained at baseline as described online (http://www.ukbiobank.
ac.uk/). Complete blood cell counts (cells/L) were measured using
a Coulter LH 750 System (Beckman Coulter, Brea, CA) as per

UK Biobank Dataset

(n = 502 616)

Eligible

(n = 437 603)

• (n = 3) negative person-time
• (n = 14 631) missing genetic sex or 

discrepancy between self-reported and 
genetic sex

• (n = 6217) self-reported diagnosis of  
hematologic/immunologic disorder 
at/before baseline

• (n = 44 098) any cancer diagnosis 
at/before baseline

• (n = 64) withdrew from study at time of 
analysis

• (n = 13 196) missing WBC count data

Analytic Sample

(n = 424 407)

WBC quartile 1

(n = 106 232)

WBC quartile 2

(n = 106 157)

WBC quartile 3

(n = 106 302)

WBC quartile 4

(n = 105 716)

• (n = 188) incident lung 
cancer cases 
(outcome)

• (n = 1 652) died or  
administratively 
censored

• (n =104 392) no 
outcome, death, or 
censoring by end of 
follow-up

• (n = 242) incident lung 
cancer cases 
(outcome)

• (n = 1 801) died or  
administratively 
censored

• (n = 104 114) no 
outcome, death, or 
censoring by end of 
follow-up

• (n = 330) incident lung 
cancer cases 
(outcome)

• (n = 2 249) died or  
administratively 
censored

• (n =103 723) no 
outcome, death, or 
censoring by end of 
follow-up

• (n = 733) incident lung 
cancer cases 
(outcome)

• (n = 3 221) died or  
administratively 
censored

• (n = 101 762) no 
outcome, death, or 
censoring by end of 
follow-up
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Figure 1. Flow chart of baseline exclusion criteria and the prospective follow-up. Abbreviation: WBC ¼white blood cell.
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manufacturer’s procedures. Measures of reliability/reproducibility
for WBC counts are described in Appendix 1 (available online).

Lung Cancer Ascertainment

Cancer diagnoses were provided to the UK Biobank by the Health
and Social Care Information Centre and the NHS Central Register
(NHSCR) (http://www.ukiacr.org/). Lung cancer diagnosis was defined
by International Classification of Diseases 10th revision (ICD-10
codes) C34.0-C34.9. ICD-O-3 code 8140 was used to define adenocar-
cinoma, whereas 8052, 8084, 8073, and 8083 were used for SCC.

Cohort Follow-Up

Follow-up time was counted from the date of visit to the assess-
ment center until the date of incident lung cancer diagnosis,
death, or administrative censoring (ie, January 31, 2016, for
England and Wales, and November 30, 2015, for Scotland),
whichever came first. The NHS Information Centre and the
NHSCR Scotland provided vital status, along with date and pri-
mary underlying cause of death.

Statistical Analysis

A detailed 25-level smoking variable was created as previously
described (20) (Table 1). A six-level variable for alcohol intake
was utilized (never, former, current infrequent [less than 3 times
per month], current modest [less than 1 drink per day], current fre-
quent [1 to 3 drinks per day], and current heavy [greater than 3
drinks per day]) (21). Body mass index (BMI, kg/m2) was catego-
rized as less than 18.5; 18.5 to 25.0; 25.0 to 30.0; 30.0 to 35.0; and
35.0 or greater kg/m2. Self-reported race/ethnicity/ancestry was
categorized as European, Asian (East and South), Black (African
ancestry), mixed, other, and missing/unknown/no answer. Less
than 9% of the cohort lacked data on any single covariate.
Indicator variables were created for missing data among cate-
gorical variables, whereas mean imputation was used to ac-
count for missing Townsend Deprivation Index (continuous).

Multivariable Cox regression models were used to estimate
cause-specific hazard ratios (HR) and 95% confidence intervals
(CI) of incident lung cancer diagnosis and its histological sub-
types, in relation to quartiles (Q) of total WBC, lymphocyte, neu-
trophil, monocyte, basophil, and eosinophil counts in separate
analyses. The lowest quartile (Q1) was the reference group. We
also analyzed the neutrophil-to-lymphocyte ratio (NLR). Those
who died or were administratively censored before the outcome
across the follow-up were not counted as outcomes. We ad-
justed for detailed smoking (20) (reference: never smokers),
race/ethnicity/ancestry (reference: European), study assessment
center, age at recruitment (continuous), sex (reference: male),
BMI (reference: 18.5 to 25.0 kg/m2), Townsend Deprivation Index
(continuous), and alcohol intake (reference: never drinker) (21).
We also considered environmental tobacco smoke (ETS) expo-
sure and ever having a self-reported respiratory disease as cova-
riates. However, adjusting for these variables did not
considerably change the estimates; therefore, results from the
more parsimonious model are presented. Follow-up time (days)
was used as the underlying timescale. Trends were tested by
analyzing the WBC categories as ordinal. Supremum tests were
used to assess proportional hazards assumptions.

The analyses were further stratified by a sex-smoking combi-
nation variable (ie, never-, former-, and current-smoking women
and men). The stratified analyses did not include cigar and pipe

smokers. We also conducted a sensitivity analysis restricting the
overall study population to European participants (94%) to assess
the influence of race/ethnicity/ancestry. For the main stratified
analyses, we based the quartiles of WBC count on the distribution
of each subgroup because of previously established differences
by sex (22,23) and smoking (24–27), as well as race/ethnicity/an-
cestry (22,23). We conducted sensitivity analyses of the subgroups
using common WBC quartile cutoffs from the overall analyses.
Multiplicative effect modification of WBC counts by a sex-
smoking combination variable and age was assessed using inter-
action terms. The interaction analyses with the sex-smoking
combination were conducted using the overall WBC quartile cut-
offs. In separate analyses, never-smoking women and men were
restricted to those not exposed to ETS (less than1 hour per week)
to mitigate the influence of secondhand smoke.

To assess the potential influence of underlying disease bias
on WBC counts, we conducted separate analyses in which cases
diagnosed before 2 years of follow-up were excluded as out-
comes. In additional sensitivity analyses, we restricted the overall
study population to: (1) those who reported not being exposed to
ETS (less than1 hour per week), 2) those who reported never hav-
ing a history of respiratory diseases, and 3) those aged younger
than 67 years at baseline because of potentially reduced ability to
produce higher WBC counts among the oldest participants (28).
All stratified, subgroup, and sensitivity analyses were defined a
priori with a hypothesis-driven approach.

Two-sided P-values< .05 were considered noteworthy. We
applied an extremely conservative Bonferroni corrected thresh-
old of a¼ 1.7 � 10�4 to account for multiple comparisons
(a¼ 0.05/295 total tests across all analyses).

Results

Study Population Characteristics

Among the participants with WBC data, we analyzed 1493 inci-
dent lung cancer cases over a maximum 10-year follow-up (7-
year average). The average age at recruitment was 56.2 6 8.1 SD
years. The cumulative person-time was 2.94 million person-
years (py) and the average age of lung cancer diagnosis among
cases was 65.2 6 6.0 SD years. There were 562 confirmed lung
adenocarcinomas and 285 confirmed lung SCC. Differences in
WBC counts between categories of various population charac-
teristics at baseline are shown in Table 1.

Total and Differential WBC Count and Lung Cancer Risk

Overall, we observed a positive trend in lung cancer risk with in-
creasing WBC count (Ptrend¼ 1.4 � 10�12). Compared to the low-
est quartile of total WBC, the highest quartile was associated
with an estimated 1.67 (95% CI ¼ 1.41 to 1.98, p¼ 4.4 � 10�9)
times increased risk (Table 2). This relationship was primarily
driven by an association with neutrophils (HRQ4 ¼ 1.57, 95% CI ¼
1.33 to 1.84, P¼ 7.1 � 10�8). There was also evidence for a mar-
ginal positive association between monocytes and lung cancer
risk (HRQ4 ¼ 1.17, 95% CI ¼ 1.00 to 1.36, P¼ .04); however, mono-
cytes comprise only a small fraction of WBC and displayed nar-
row statistical variability. There was no evidence for
interactions between quartiles of WBC count and age
(Pinteractions ¼ 0.63, 0.79, 0.88 across quartiles).
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Table 1. White blood cell counts by population characteristics in the UK Biobank (n¼ 424 407)

Total white blood cell count (109 cells/L)

n, subjects % Mean SD

Overall 424 407 100.0 6.88 1.87
Age at recruitment, y

37–46 68 228 16.1 6.87 1.83
47–56 130 826 30.8 6.80 1.83
57–66 183 107 43.1 6.89 1.89
67–76 42 246 10.0 7.08 1.94

Genetic sex
Female 224 139 52.8 6.86 1.83
Male 200 268 47.2 6.90 1.91

Self-reported race/ethnicity/ancestry
European 399 302 94.1 6.89 1.87
Black, African 6694 1.6 5.80 1.65
Asian, East and South 9955 2.3 7.20 1.78
Mixed 2522 0.6 7.06 1.85
Other 3904 0.9 6.81 2.06
Unknown, missing, no answer 2030 0.5 6.91 1.88

BMI kg/m2

< 18.5 1908 0.4 6.61 2.56
� 18.5 to < 25.0 132 902 31.3 6.56 1.87
� 25.0 to < 30.0 179 584 42.3 6.84 1.82
� 30.0 to < 35.0 73 931 17.4 7.20 1.79
� 35.0 28 647 6.7 7.72 1.89
Missing 7 435 1.8 7.14 2.03

Townsend Deprivation Index
Lower (< median of �2.13) 212 813 50.1 6.77 1.81
Upper (�median of �2.13) 211 594 49.9 6.99 1.92

Smoking status and history
Never 232 528 54.8 6.67 1.76
Current occasional smoker, smoked < 100 cigarettes in lifetime 538 0.1 6.89 1.79
Current occasional smoker, smoked � 100 cigarettes in lifetime 6656 1.6 6.92 1.74
Current occasional smoker, smoked cigars or pipes daily in past 265 0.1 7.27 1.94
Current occasional smoker, smoked cigarettes daily in past 2476 0.6 7.32 1.96
Current occasional smoker, smoked cigarettes daily in past, � 20 cigarettes/day 1436 0.3 7.60 1.95
Current cigar or pipe smoker, former cigarette smoker 1569 0.4 8.12 2.06
Current cigar or pipe smoker, not former cigarette smoker 744 0.2 7.56 1.97
Current cigarette smoker, < 10 cigarettes/day 6099 1.4 7.68 1.99
Current cigarette smoker, � 10 to < 20 cigarettes/day 12 863 3.0 8.47 2.10
Current cigarette smoker, � 20 to < 40 cigarettes/day 10 665 2.5 8.89 2.20
Current cigarette smoker, � 40 cigarettes/day 721 0.2 9.08 2.25
Former occasional cigarette smoker, smoked < 100 cigarettes in lifetime 6836 1.6 6.69 1.68
Former occasional cigarette smoker, smoked � 100 cigarettes in lifetime 38 349 9.0 6.68 1.71
Former occasional cigarette smoker, lifetime smoking unknown 3012 0.7 6.67 1.66
Former daily cigar pipe smoker 4215 1.0 6.98 1.79
Former cigarette smoker, < 20 cigarettes/day, quit < 1 year ago 907 0.2 7.39 1.92
Former cigarette smoker, � 20 cigarettes/day, quit < 1 year ago 1058 0.2 7.70 1.91
Former cigarette smoker, < 20 cigarettes/day, quit � 1 to < 5 year ago 4777 1.1 7.00 1.77
Former cigarette smoker, � 20 cigarettes/day, quit � 1 to <5 year ago 5886 1.4 7.34 1.91
Former cigarette smoker, < 20 cigarettes/day, quit � 5 to <10 year ago 5045 1.2 6.90 1.73
Former cigarette smoker, � 20 cigarettes/day, quit � 5 to < 10 year ago 7040 1.7 7.19 1.87
Former cigarette smoker, < 20 cigarettes/day, quit �10 to <20 year ago 8943 2.1 6.79 1.69
Former cigarette smoker, � 20 cigarettes/day, quit � 10 to < 20 year ago 12 256 2.9 7.04 1.90
Former cigarette smoker, < 20 cigarettes/day, quit � 20 year ago 20 302 4.8 6.66 1.78
Former cigarette smoker, < 20/day (less than 1/day), quit � 20 year ago 25 329 6.0 6.87 1.79
Other/unknown/missing 3892 0.9 7.23 2.34

Self-reported ETS exposure at home or outside
Unexposed (< 1 hour/week) 343 646 81.0 6.89 1.88
Exposed (�1 hour/week) 80 761 19.0 6.84 1.81

(continued)
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WBC Count and Lung Cancer Risk among Subgroups
Defined by Smoking Status and Sex

Among the 232 528 never smokers, the highest quartile of WBC
count, associated with increased risk of lung cancer, was com-
pared to the lowest quartile (HRQ4 ¼ 1.52, 95% CI ¼ 1.03 to 2.25,
P¼ .03; HRQ3 ¼ 1.00, 95% CI ¼ 0.64 to 1.50, P¼ .99; HRQ2 ¼ 1.10,
95% CI ¼ 0.75 to 1.62, P¼ .63).

Among women, risk estimates were elevated among never
smokers (HRQ4 ¼ 1.82, 95% CI ¼ 1.10 to 3.00, P¼ .02), former
smokers (HRQ4 ¼ 1.75, 95% CI ¼ 1.24 to 2.47, P¼ 1.4 � 10�3), and
current smokers (HRQ4 ¼ 2.15, 95% CI ¼ 1.46–3.16, P¼ 1.0 � 10�4)
(Table 3). Among never-smoking women, excluding those who
were exposed to ETS nominally increased the risk estimate
(HRQ4 ¼ 1.93, 95% CI ¼ 1.11 to 3.35, P¼ .02) (Table 3).

Among men, the associations were moderately stronger for
former smokers (HRQ4 ¼ 2.38, 95% CI ¼ 1.74 to 3.27, P¼ 6.3 �
10�8) and especially for current smokers (HRQ4 ¼ 2.95, 95% CI ¼
2.04 to 4.26, P¼ 8.5 � 10�9). However, noteworthy associations
were not observed for never-smoking men, with or without ex-
cluding those exposed to ETS (Table 3).

Based on the apparent differences among the stratified risk
estimates, we tested for multiplicative interactions between
WBC counts and the smoking-sex combination variable.
Compared to never-smoking men, there was no evidence of ef-
fect modification for never-smoking women (Pinteraction¼ 0.22);
however, there was evidence among former-smoking women
(Pinteraction¼ 0.04), current-smoking women (Pinteraction¼ 0.02),
former-smoking men (Pinteraction¼ 2.4 � 10�3) and current-smok-
ing men Pinteraction¼ 7.0 � 10�4).

We also analyzed current-smoking women and men stratified
by smoking intensity. The associations between WBC count and
lung cancer risk were slightly stronger among those who currently
smoke less than 20 cigarettes per day, compared with 20 or greater
cigarettes per day (Women: HRQ4¼ 2.55, 95% CI¼ 1.17 to 5.57, P¼ .02
vs. HRQ4 ¼ 0.60, 95% CI ¼ 0.26 to 1.40, P ¼ .24; Men: HRQ4 ¼ 5.23, 95%
CI¼ 2.12 to 12.90, P¼ 3.2� 10�4 vs. HRQ4¼ 1.83, 95% CI¼ 0.67 to 4.98,
P¼ .24). There was evidence for effect modification among women
(Pinteraction¼ 0.03), but not among men (Pinteraction¼ 0.11).

WBC Count, Lung Adenocarcinoma, and SCC

We also analyzed histological subtypes of lung cancer and
found similar trends for lung adenocarcinoma and SCC (Table 2)

relative to the overall analyses. Notably, there were similar risk
estimates for the analyses of WBC count and lung adenocarci-
noma (HRQ4 ¼ 1.68, 95% CI ¼ 1.28 to 2.22, P¼ 2.0 � 10�4) and SCC
(HRQ4 ¼ 1.55, 95% CI ¼ 1.04 to 2.29, P¼ .03), compared with over-
all lung cancer. Additionally, there was evidence for an associa-
tion between lymphocytes and SCC (HRQ4 ¼ 1.46, 95% CI ¼ 1.03
to 2.06, P¼ .03). Although the number of cases was small, we
also stratified the analyses of lung adenocarcinoma by smoking
status and sex. Similar patterns were found as the analyses for
overall lung cancer (Supplementary Table 1 available online).

Additional Analyses

In the 2-year lagged analyses, increased total WBC counts
remained associated with increased lung cancer risk
(Supplementary Table 2 available online). Additionally, compa-
rable results were found when restricting to Europeans
(Supplementary Table 3 available online). Furthermore, exclud-
ing those who self-reported ever having a respiratory disease or
ETS exposure, as well as excluding participants who were aged
67 years or older at recruitment from the analyses did not influ-
ence the results (data not shown). In the subgroup analyses, us-
ing subgroup-specific or overall quartile cut points did not
affect the findings (Supplementary Tables 4 and 5 available on-
line). Lastly, we found that increasing NLR was associated with
increased lung cancer risk overall (HRper 1.0 increase ¼ 1.14, 95% CI
¼ 1.09 to 1.19, P¼ 8.3 � 10�9), among never- and current-
smoking women, and ever-smoking men (Supplementary Table
6 available online).

Discussion

In a prospective cohort study of nearly half a million adults
from the UK, we observed that elevated total WBC count was as-
sociated with increased risk of developing lung cancer. The risk
estimates among current-, former-, and never-smoking women
were comparable to the overall analyses, while the associations
were stronger among former- and current-smoking men.
Similar elevated risk estimates were found for the two major
subtypes of lung cancer, adenocarcinoma and SCC. The associa-
tions between WBC counts and lung cancer were primarily
driven by elevated neutrophil counts, a key component of in-
nate immunity which constitutes 40%–60% of WBCs. Similar to

Table 1. (continued)

Total white blood cell count (109 cells/L)

n, subjects % Mean SD

History of respiratory disease (ie, asthma, chronic obstructive pulmonary disease, emphysema,
bronchitis, bronchiectasis, interstitial lung disease, asbestosis, pulmonary fibrosis, or other
respiratory problems)
No 371 250 87.5 6.83 1.85
Yes 53 157 12.5 7.20 1.99

Alcohol consumption
Never 18 460 4.3 7.00 2.01
Former 14 862 3.5 7.22 2.08
Current infrequent, < 3 times/month 94 731 22.3 7.06 1.98
Current modest, < 1 drink/day 105 131 24.8 6.78 1.84
Current frequent, � 1 to � 3 drinks/day 153 623 36.2 6.76 1.73
Current heavy, > 3 drinks/day 36 404 8.6 6.96 1.98
Missing 1196 0.3 7.09 1.95

Abbreviations: BMI ¼ body mass index; ETS ¼ environmental tobacco smoke.
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previous studies (29–31), we found that increasing NLR was as-
sociated with increased risk. Notably, our study is one of the
first of sufficient power to investigate the relationship between
WBC count and lung cancer risk among never-smoking women,
an under-studied group. Our findings are consistent and robust
across sensitivity analyses.

In the stratified analyses, there was evidence for a stronger re-
lationship between WBC count and lung cancer risk among smok-
ers. Additionally, the associations were generally greater among
men, with risk estimates being highest for current-smoking men.
Among current cigarette smokers, most of the moderate-to-heavy
smokers who smoked �20 cigarettes per day were men (61%),
which could partially explain the findings. However, the stronger
associations among men remained after performing the analyses
among current smokers adjusting for and stratified by smoking in-
tensity. Notably, we found positive associations between WBC
counts and lung cancer risk among never-smoking women but for
not never-smoking men, which could be due to the smaller sample
size for never-smoking men. Although WBC counts could contrib-
ute to lung cancer development, lung carcinogenesis among
never-smoking women is strongly linked to underlying driver
mutations and pathways (eg, Epidermal growth factor receptor
mutations [32], echinoderm microtubule associated protein-like 4 -
anaplastic lymphoma kinase gene fusions [33], proto-oncogene ty-
rosine-protein kinase rearrangements [34]).

Our findings are concordant with previous epidemiologic
studies of WBC count and lung cancer development (9–12,35)
(Supplementary Table 7 available online). An investigation in
the Women’s Health Initiative (WHI) found positive associa-
tions between WBC count and lung cancer among postmeno-
pausal women (12). However, the WHI study did not detect an
association among never-smoking women (estimates were not
reported) (12). Our study found a noteworthy association among
never-smoking women that was marginally stronger when fur-
ther restricting to those without ETS exposure. Several factors
could have contributed to the discrepancies including statistical
power and differences in analyses and the source populations.
Notably, the age-range of the WHI participants (50–79 years)
was higher than for the UK Biobank (37–73 years). Additionally,
the UK Biobank was a population-based cohort study, whereas
the WHI combined randomized trials with an observational
study, which could have introduced heterogeneity.

Similar to our investigation, an analysis of three male cohort
studies from the USA and UK found increased lung cancer inci-
dence and mortality with elevated WBC (9). Additionally, a co-
hort study of 4831 men and women from Wisconsin found that
those with elevated WBC counts over 6.4 �109 cells/L had nearly
triple the risk compared to those under this threshold (10).
Further, the Blue Mountains Eye Study and the second National
Health and Nutrition Examination Survey (NHANES II) found
non-statistically significantly positive associations between
WBC count and lung cancer mortality (11,35).

The interrelationship between inflammation and lung can-
cer development is widely accepted (36); however, underlying
mechanisms remain unclear. Chronic inflammation of lung tis-
sue caused by exposure to hazardous particulates could pro-
mote apoptosis and necrosis, which induces the release of
reactive oxygen species. These genotoxic chemicals can cause
deleterious changes to tumor suppressors or proto-oncogenes
with prolonged exposure. Indeed, various circulating immuno-
logical and inflammatory markers were statistically signifi-
cantly associated with lung cancer risk (6,7).

The role of lymphocytes is well-documented with respect to
lung cancer prognosis, but their relationship with future risk is

unclear. We did not detect associations between lymphocyte
count and future risk of developing lung cancer. Rather, we
found that the WBC-lung cancer association was driven by neu-
trophils. Taken together, these findings suggest that early
changes to innate response could be more pertinent to future
disease risk and etiology among cancer-free individuals,
whereas cell-mediated immune response may be more reflec-
tive of cancer progression. Indeed, neutrophils are considered
inflammatory “first responders” that have been shown in ani-
mal models to mediate clearance of early tumor cells (37) but
can promote drive tumor progression (38). In the few studies
that found positive associations between NLR and future risk
(29,31), the exposure-response could have been related to in-
creased neutrophils more so than changes in lymphocyte
counts.

This study has several strengths. First, the large sample size
provided adequate statistical power to detect modest effects
overall and stratified by smoking status and sex. Second, we
had data on histological subtypes of lung cancer, providing
greater insight into disease etiology. Third, lung cancer diagno-
ses were obtained from comprehensive government cancer reg-
istries linked to multiple sources. Fourth, we could establish
temporality between WBC counts and lung cancer development
with the prospective cohort study design. Fifth, we had exten-
sive information on smoking, which allowed tight control of re-
sidual confounding from tobacco use.

This study has limitations. We only had sufficient WBC
data from a single baseline blood draw and therefore could
not assess the influence of trajectories in WBC counts on
lung cancer risk. We assumed that WBC count at baseline
reflected levels in the etiologic window for lung carcinogene-
sis. WBC count varies in the short-term in response to infec-
tion and environmental exposures. Further, longitudinal
studies have found U-shaped patterns in WBC counts over
the life course (39). However, resting-state WBC counts at sin-
gle timepoints have been shown in many studies to be asso-
ciated with future risk of numerous chronic diseases and
mortality (40–45).

In summary, we found that increased total WBC count was
associated with increased lung cancer risk. This relationship
was primarily driven by neutrophil fractions, which are crucial
components of innate immune response. The associations
among current-, former-, and never-smoking women were com-
parable with the overall analyses, whereas stronger associa-
tions were found among former- and current-smoking men.
Notably, this was one of the few studies to report associations
among never-smoking women. Our study provides further evi-
dence that immunological and inflammatory processes contrib-
ute to lung carcinogenesis, particularly among never-smoking
women and ever-smoking men.
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