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Peripheral white blood cell counts and pancreatic cancer risk:
a Mendelian randomization study
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Abstract Background and Aims: Pancreatic cancer has an extremely poor prognosis, and effective screening
strategies for the general population are lacking. Circulating white blood cells are accessible
immunoinflammatory markers, but their causal relationship with pancreatic cancer risk remains unclear.

This study aimed to systematically evaluate the potential causal associations between peripheral white
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Methods: A two-sample MR design was applied. GWAS summary statistics for total white blood cell
count and five major subtypes were obtained from the Blood Cell Consortium. Pancreatic cancer
outcome data were derived from FinnGen release 12 (European population), with additional validation

using East Asian GWAS datasets. The inverse-variance weighted (IVW) method was used as the primary

Results: Univariable MR analysis showed that genetically predicted higher eosinophil count was
associated with a lower risk of pancreatic cancer (IVW: OR=0.886, 95% CI=0.793-0.990, P=0.033),
with consistent direction across methods. Multivariable MR confirmed that this protective association
persisted after adjusting for other leukocyte subtypes (OR=0.848, 95% CI=0.723-0.995, P=0.043).
Reverse MR provided no evidence for a causal effect of pancreatic cancer on white blood cell traits. The

East Asian validation analysis showed a consistent direction of effect. No robust associations were

Conclusion: Genetically predicted higher eosinophil levels may be associated with a reduced risk of

pancreatic cancer. These findings provide supportive evidence for the immunoetiology of pancreatic

5 3 3]
blood cell counts and pancreatic cancer risk using Mendelian randomization (MR).
analysis, complemented by multivariable MR, reverse MR, and multiple sensitivity analyses.
observed for other leukocyte traits.
cancer, but are not yet sufficient for direct clinical application.
Key words Pancreatic Neoplasms; Leukocytes; Eosinophils; Mendelian Randomization Analysis
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PANCREAS_EXALLC) , 244 A 381 888 i KX ¥ 4~
o R ORUE 3B AR R 0 — ok 5 TR AR
HAMER AT EE A, AR 5T LRI A B B9 R XL
FEA MR 4347 .

BEAN, R PP AT A A B A O R AR RN RE
AR, AR — LA R W AFEN T GWAS
FOHE IF R B 2 Mt o B0 Bt 28R AR ok U T
Biobank Japan (BBJ) 7287 a5 1Y [ 4f M 1 Zo Pk 4R
GWAS, ik 53 M 45 Ja B0 R U8 T 2 2R TR R o
GWAS % 42 (ebi-eas-GCST90018673) . 4% % #i 4
g . BREEAREIFE 1,

1.2 ®WRIEIT

AR 5T T RREA MR AESE , B JC7E RO A B
TSR B R B MR 43 0 DEAL 7S T A0 J i 11 20 e A bR
5 T R g XU 1 R SR DG IE KON (E R Ol B 5R
TE 5 1A br o 22 00 L ) KU A8 Ak . Bl . i PEAL
FREEREANFMHFE AP W T EE Y, #F—2
K AW HEOS TT GWAS BOH X AH S 1 40 it 3 # bk
R 55T R g DRI, ) G R R AT 35 UE A3 B, JF DA
Z AL (inverse-variance weighted, VW) 2% AR
R o LR, AL R B AR OGB4
S Y v RO A S RGN, BIF A i — 25 S T 2 AR
RN TR £ | 201 S G R 0 VA 1 A N S
M. BARZ AN AR . B R VR R 40 AR . v APk 40 AR )
) B g AR s E A9 i B A JE, 1 A B B 3
A R £ WAL Z R, S A — I ik gl &
H L EILLEN B FHH TR EMA, &
RWAABRL e, ke 56 PR 5 1) 1 HE B R
958 2 5 B0 H B AR B B R OGRS B
FEVEAT T RCIE MR A3 A, B DL IR A o B ER, L
2 140 H IR A A 25 R
1.3 IATEMiE

FEXRFEAR MR AEZL T, ARIEHHCME . Mtk S
HeAh Ve = A% O i, 48 OGS 00 40 R ik
FaXHAREMWAT (PSx10®) P [HE K



3

I, 3 S0 A B A T S R R UK R K B Y B R AL AT R 491

A T H AR & g S P, 8 £<0.001 TSNP 2 [7]
1 #E 25 >10 000 kb 1Y 0 2 5% 2F i 47 3% B O i i
v BGOSR E SRR EN RN G S
J7 )RG5 R e A5 3 ] SO A R ST D U 1)
Bro iR THEHM Faita, LB F<10 1955 T
AP Al Radial MRPY 4% 4 MR-PRESSO™ iy 77 = %f
SNP & Bf {8 i 47 1105 5 M B . Jf 42 A1 NHGRI-EBI

CatalogﬁfEEF%%?Eb%%%; TE 25 J5y ) i % B
WAFTE #2080 B ACHR AL 52 W) 3 A 4 . % & 1 40
Loy BRI AH SC M , TER i MR il L E R
I 5 T B AE PP AN % o0 Y i b ST RO o A% B R O
KN T HARR R . BT Ir 22 & FaEiT &
SERFAEAESE R L BN

Fz1 HERIE

Table 1 Data sources
Y/ i Ei FEA
ieu-b-29 B VA 44 (basophil cell count) 563 946
ieu-b-30 F1 21 B4 (white blood cell count) 563 946
ieu-b-31 PARZEAALT AL (monocyte cell count) 563 946
T s AR (BRI CHE) ieu-h-32 WKL A0 351 (lymphoceyte cell count) 563 946
ieu-b-33 WE MR A0 14X (eosinophil cell count) 563 946
ieu-h-34 PSR4 I X (neutrophil cell count) 563 946
finngen_R12_C3_PANCREAS_EXALLC JHEIRE PR 937 (malignant neoplasm of pancreas ) 381 888
bbj-a-12 WET K20 44 (basophil count) 62 076
bbj-a-20 WEFR AL 145 (eosinophil count) 62 076
bbj-a-36 PR EL A0 352 (Iymphocyte count) 62 076
IS UEA BT (R AHE) bbj-a-41 AR AT (monocyte count ) 62 076
bbj-a-44 R A H % (neutrophil count) 62 076
bbj-a-58 F 21 5254 (white blood count) 62 076
ebi-eas-GCST90018673 JfRSE (pancreatic cancer) 159 700
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Table 2 Characteristics and strength of instrumental variables for peripheral white blood cell traits

TR IRAASNPEL  BIMEBE 2R (%) P FSiTE FSiitaa Steiger Jy ] 14
WEB RT3 5L (eu-b-29) 191 3.76 92.11 29.75~1207.13 HE
BE A TE (leu-b-30) 466 9.21 105.78 28.22~1 612.01 i
AR AN 4L Geu-b-31) 487 15.39 153.98 27.13~4 181.29 SCHF
R AT T4L (ieu-b-32) 468 9.91 103.89 14.91~2 024.66 Bz
WERRVERL AN 4L (feu-b-33) 418 11.19 119.36 27.80~1 601.80 &R
MR AR 4L (feu-b-34) 399 7.72 96.64 11.20~1 488.86 X
£ SNP Wik OR (95% CI) P
WEDLERI AN 191 VW ——— 1.068 (0.888~1.285) 0.483
ieu-bh-29 MR-Egger *"""j"""""‘* 1.021 (0.726~1.435) 0.904
Weighted median e 1.055 (0.764~1.457) 0.746
Weighted mode i 1.068 (0.744~1.533) 0.721
PN SRR 466 VW = 1.014 (0.897~1.145) 0.829
ieu-bh-30 MR-Egger '—“—‘ 0.956 (0.742~1.231) 0.727
Weighted median U A 0.961 (0.785~1.177) 0.703
Weighted mode F“——*ﬁ“““* 0.958 (0.704~1.304) 0.784
AR AN 487 IVW e 1.015 (0.923~1.117) 0.752
ieu-b-31 MR-Egger '—°—‘ 0.950 (0.815~1.109) 0.519
Weighted median i 0.955 (0.813~1.123) 0.579
Weighted mode '_._E' 0.905 (0.775~1.056) 0.205
TR EL 44 468 VW = 0.911 (0.807~1.029) 0.134
ieu-b-32 MR-Egger '—'—‘ 0.965 (0.748~1.244) 0.781
Weighted median — 0.839 (0.691~1.019) 0.076
Weighted mode — 0.737 (0.553~0.983) 0.038
WERRIERI AT 418 VW 4 0.886 (0.793~0.990) 0.033
ieu-b-33 MR-Egger '—'—' 0.793 (0.640~0.982) 0.034
Weighted median " 0.831 (0.692~0.999) 0.048
Weighted mode “——*———? 0.814 (0.655~1.011) 0.063
R vkt ORI 399 VW 5 0.966 (0.845~1.105) 0.618
ieu-b-34 MR-Egger '—'—'—‘ 1.096 (0.831~1.446) 0.517
Weighted median — 0.929 (0.750~1.150) 0.498
Weighted mode ‘:' 1.002 (0.695~1.445) 0.990
ﬂ i 1%

RS

e AU

B RO B 6 IS E M B 4R AR 5 R AR XURE X X Y B2 25 88 MR 43 4

Figure 1 Univariable MR analysis of six peripheral white blood cell traits and pancreatic cancer risk in Europeans
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IVW ZER BRI B GE it 2 25 5k (3 P>0.05)
BITEM R EAES R ILE 2, FREGT RN, 1B

PR P L 200 i 5 1 e RIS =2 T g 3 1 O Bk
TEA R AL B — o —Hhk

=25 SNP Wik OR (95% CI) P
rEm R AT ER 57 IVW Fre— 1.151(0.753~1.758)  0.517
bbj-a-12 MR-Egger 1.190 (0.468~3.027)  0.716
Weighted median ——— 1.013 (0.510~2.009) 0.971
Weighted mode '_Eo—' 1.060 (0.516~2.180) 0.874
FEmR MR AR 72 IVW = 0.872 (0.557~0.967)  0.041
bbj-a-20 MR-Egger — 0.524(0.164~1.277)  0.280
Weighted median e 0.865 (0.442~1.392)  0.672
Weighted mode '_._! 0.772(0.297~1.005) 0.597
WREL A AT 50 IVW S 0.669 (0.383~1.170)  0.159
bbj-a-36 MR-Egger *“““‘f““““‘* 0.499 (0.117~2.117)  0.350
Weighted median = 0.520(0.233~1.159) 0.110
Weighted mode E 0.576 (0.113~2.930) 0.509
AT 80 IVW 2 0.958 (0.645~1.424)  0.833
bbj-a-41 MR-Egger ‘ 0.965 (0.300~3.108)  0.952
Weighted median = 1.386 (0.740~2.599)  0.308
Weighted mode E 1.643 (0.661~4.084)  0.288
G alccy v i ofa i 59 VW =5 0.957 (0.613~1.494)  0.847
bbj-a-44 MR-Egger ; 0.872(0.276~2.760)  0.817
Weighted median = 0.955 (0.486~1.874)  0.893
Weighted mode E 1.054(0.396~2.804)  0.917
FH 210 B 2 94 IVW g 0.943 (0.574~1.548)  0.816
bbj-a-58 MR-Egger D — 0.343 (0.084~1.392)  0.138
Weighted median — 0.889 (0.398~1.989) 0.775
Weighted mode : 0.782(0.222~2.757)  0.703
01 1 4
OR
A A

2 FRIEABESMNE I B R RE T E S BR BRI XURS SR BR B G IE 2 4

Figure 2 Validation analysis of associations between peripheral white blood cell counts and pancreatic cancer risk in East

Asians
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B A% Bk e T H 7R A 0 5 B R R Y AT R 5 25 K
AR MR IVW 7 3 BN A THE#E AT 5, 46
RER, BRE AWM ESN, HoR BN SIT
R, b B R R AN B T A TR R R XU
S ARG T D) RORE 3+ 99.9% o P AN B Bk S
TR 65.3% , 7 X T LT T RO A /N

I F FinnGen R12 [ B 9 45 ) B P8 19 80 FE A & a, HAG I e AR XA B .
381 888 f5il (3 f5il 3 139 i, XF A& 378 749 4] ), JIf-45
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Figure 3 Multivariable MR analysis and summary of results
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A: Results of the multivariable MR analysis (basophil, monocyte,

lymphocyte, eosinophil, and neutrophil counts were simultaneously included in the model to estimate the independent

associations of each leukocyte subtype with pancreatic cancer risk; total white blood cell count was excluded due to its high

correlation with the subtypes); B: Heatmap summarizing OR from univariable and multivariable MR analyses (colors range

from blue to red, representing lower to higher OR values, respectively; gray indicates not applicable; the results show that

eosinophil count consistently exhibits a protective direction in both univariable and multivariable analyses, suggesting a

partially independent inverse association with pancreatic cancer risk)
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Table 3 Results of sensitivity analyses
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