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Application of preoperative lymphocyte to C-reactive protein ratio

in predicting postoperative recurrence of gallbladder cancer
and its clinical value

CHENG Yang', CHEN Xiaobin’, WEI Zhihong'*, CHEN Jianwei'”, PENG Xiangyu', XIE Yunjun', YANG Fang*

(1. Fuzong Clinical Medical College, Fujian Medical University, Fuzhou 350025, China; 2. Department of General Surgery

3. Department of Hepatobiliary Surgery, the No. 900 Hospital, Joint Logistics Support Force of the Chinese People's
Liberation Army, Fuzhou 350025, China)

Abstract

Key words

Background and Aims: Systemic inflammation is closely associated with the development of most
malignant tumors. Studies of inflammation-related scores provide valid predictive information for
improving the risk stratification and prognosis of patients with cancer. However, the studies to evaluate
the relationship between inflammation scores and the risk of postoperative relapse in patients with
gallbladder cancer (GBC) are limited. Therefore, this study was conducted to investigate the relationship
between preoperative lymphocyte to C-reactive protein (CRP) ratio (LCR) and postoperative recurrence
in GBC patients and establish a nomogram model to predict the risk of postoperative recurrence of GBC.
Methods: The clinical data of 103 patients with GBC who received surgical treatment from May 2009 to
December 2021 in the No. 900 Hospital, Joint Logistics Support Force of the Chinese People's
Liberation Army were retrospectively analyzed. A receiver operating characteristic curve (ROC) of LCR
for predicting postoperative recurrence was drawn, and the optimal cut-off value was determined. Based
on the cut-off value, the patients were divided into high LCR group and low LCR group. The differences
in clinicopathologic characteristics between the two groups of patients were analyzed, and the risk
factors for postoperative recurrence were determined. According to the regression coefficient of risk
factors, the corresponding nomogram prediction model of postoperative recurrence in GBC patients was
created and validated by calibration curve and consistency index. Survival curves were drawn by the
Kaplan-Meier method, and the differences in overall survival (OS) and recurrence-free survival (RFS)
between two groups of patients were compared by Log-rank test.

Results: The area under the ROC curve of preoperative LCR for predicting postoperative recurrence in
GBC patients was 0.681 (95% CI1=0.560-0.802, P<0.05) and the cut-off value was 0.275. Results of the
univariate analysis showed differences in T stage, lymphnode metastasis, surgical procedure, combined
hepatectomy or not, combined choledochotomy or not, surgical margin, CA19-9, CEA, CA125 and LCR
between the two groups (all P<0.05). Multivariate Logistic analysis showed that T stage, CA19-9 and
LCR were independent risk factors for postoperative recurrence in GBC patients (all P<0.05). The
C-index of the nomogram established by integrating the risk factors was 0.736, and the calibration curve
indicated that the probability of recurrence predicted by the nomogram was in good agreement with the
actual observation. The Kaplan-Meier survival curve showed that the OS and RFS of patients in the high
LCR group were significantly higher than those of patents in the low LCR group (both P<0.001).
Conclusion: LCR can be used as a new indicator for predicting the postoperative recurrence of GBC
patients. The higher the preoperative peripheral blood LCR, the lower the risk of recurrence in patients.
The nomogram prediction model constructed on this basis will help clinicians provide better information
on individualized treatment and follow-up strategies for GBC patients.

Gallbladder Neoplasms; Recurrence; Lymphocyte Count; C-Reactive Protein; Prognosis

CLC number: R735.8
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532 4

A0 #E %  (gallbladder cancer, GBC) &% W
ARHE SR, P E, BAERERAN
4.03/100 000, HABE LTS HLEATZ K
Gy Gk, 1B SIE R IS R 1 %€
Y1) TG B T AR TR W B R IE B 4
22BN GBC 1Y & s KUK, I A i 2 AH G 1 B
NEIRER P R T GBC I R R I gk = 45 5+
P, A RAEAR BN BRI, 2 W N X, B2 i
O AP, W52, BFSEAFRKT
59 . A5 m UIHE AR TR D) BR T ORATS R B R E— BT
BATGBC I i, ARMIEMESCH R VIR, RIFHE
KA A 25%~65% . K [ Y Bk S & B2
( American Joint Committee on Cancer, AJCC) Pl 2
455 /\ R TNM 73 39 22 5 H i 78 Wi PR A2 e Tz
X GBC B # p Wl BA BB A58 & 2 . AR,
FEAT AL T BOR AT 76 AR oA Q) P2 48 45 T 2045 i 2
A, RETEARR 2 5985 GBC B 1Y S P4l
X PR Hh PR R A R e — E R, I, R
BB A RO A W A b B ST Y T A R A )
TARHFTIEAL GBC 3 R Ja AR AT REVE , i &
JE AR e R, T E e A B0 I R PR
T Mk 3% GBC B H I S -

Tz E ZAESE, RGEMERAES KEZ
FRUGEMEMR KA. EREDIMG. RIESS T
AR AS . MR ARG L R AR R B 1 25 A B
B, Mg o mT DL G B R /B 2o 7 A R
I J5T ok 3 B RS e e A i A IR o A A P
BLANNE . R A0 L il /ZNBR T B A BRI 40 i R
i, DLAdE C OB (C-reactive protein, CRP)
I A0 RAE N Y, 5 R AE SN AH OC B 76 25 2
F K P2 O g A A R AE KR AR i GBI &%
AT Ay TR g A XU 2 R AT B X Y AR
AR A M E A E RS TSk S Al B —
R, RIEAHOCH R A X = W, @1 CRP Y5
I L (CRP to ALB ratio, CAR) . Ak K740
M5 M AL B FLfE (neutrophil to lymphocyte ratio ,
NLR) R Ui /s B . 9k 2 40 B 5 50 4% 40 e 1L fH
(lymphocyte to monocyte ratio, LMR) [ F 45 % 3% %
5iE $5 %X (systemic immune-inflammation index, SII)
AE SRR S b e H XoF 88 I R S AR Y T0I A 41
Okugawa S5 L 8 4IF 52, ATk 2 40 314 5 CRP
Fbf (lymphocyte to C-reactive protein ratio, LCR) J&
55 1L g 8 TR TR S RN OR S A B A B TS R A
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SR, AT LCR 5 GBC 2 [a] () #H 5 M iy AS 75 46 .
B £ T A Ay 1900 5 o i 8 A A7 I O T W
Mt Al T RUBS R, BTz N T 2 R RE Y TR
Je VAR R, BN I R BE A AR ) B 2 1
L, AS A 53 38 1 1o 1 43 A % 5 103 1) GBC H
(I PR %R, #R3 AR B LCR 16 Wil GBC R J5 B &
MG RN A, T4 2 5 55 0E GBC R J5 & A R 1Y
S, BEASIESIEIREYT, # 8 GBC B #&
il 22 A Ak 8 I TR PR3

1 ARSI

1.1 —R&ER

[ JA1 4 iz 42 31 43 BT 2009 4F 5 H —2021 4F 12 A
7 N R A ik 25 056 0 £ s 3 BA 255 L O O 5 Bt 4%
Z FARIGITHY 103 4] GBC & B IG R 7 RE, Hop 5
P43 B, L 60 f; Fih<60 2 37, 4 ik>60 %
66 5 5 A /MK 5346 43 1, b 434k 60 491 5 T1
124, T2 8329 5], T3 447 5], T4 81561, 94
AFRUE . 24 290 B 22 UE 52 0 JR & Pk GBC; B
BIF BE T ARIFEZ T ARUIBRIGIT ;. RH0AR AT B
BT ST s BEVT TR SR L HEBRARE: &
IF H A g 5 R AT AR AE 2t 48 M IR P 9
T RGN, B FARWIET, AU
WIFEF HoAb B & 5 B/ ARAT R S =5, A
WF 5T G0 A HE Fim 387 R DR T 0L 955 27 5% 0 vh AR B
i 2 5FHMHFAAT BEAERE, K LeH
CiE W NIIE
1.2 FHik
1.2.1 A& yabk e @ RBE R N R
A4 GBC B #H LR, 46— MR (AEI .
PES . BEIR . gL ApS . FAREX . W
GAEOL . EREA ALY . R A G Y
B 2 ABCGIE S DIRRSE) © R 1 I 2 A
B4R AR[CRP . HI4HME . WREDAA . /iR . P 4R
FI. M08 . BESSHR 199 (CA19-9, If A {H
39 UmL) . FEMEBLE (CEA, I FLEH 10 ng/mL) Al
BE P IR 125 (CA125, If FH{H 35 UmL) 28], Bb
TR SRR OR (M H . B . SRR
G R 53 ). kS5 g %) o b LCR=#k 2
A% (A4/L) /CRP (mg/L) o Iifi IR 2 3] 5 18
AJCC B AT 55 N AR HEPT . 43 Ak 78 B AR 40 4 40
PR FNE . FARUGEN E LT RyVIBR:
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i 96 1 58 4 VI BR L R h Ve R B UL AR AR BT A D) %
BT, AR B TR IRSR; R VIBR: K
i IR R L bR 2 e D R, H YA VR B R R bR AR )
GARRME (20 EIAM%); RUIBR: K
AR Ke A v ¥4 V4 B 359 T D e 3 A 0T
1.2.2 FRFX X FTlaPbR, B&EFTHLH
PYIBRA s W T TIb~T3 B, & 47 AR A bk
AR LG AR By S5 5T U0 R RTS8 P A ok O 4
o 5 & B B0 IAS R G0 s Al 25 Bk ko
F e, MEE A IH S SO A & B UIBR s X T T4 0
g, AT b B PE IR BROR 0 R R IR R
AbHE e FLJE R 22 B 25 40 mT LA 52 B U B o kA7 d 4t
DU A R A R A B B D BR s X TR AN R B
GBC, TS —KFAFMHAT MG DI, Xt
TR E, EHE K FARIIE T LAY
EHE
1.2.3 K7 GBCEEATFARIKITERMITE.
HLIE B A BE S22 i AT B U R, 13 H
LK o BETFF GG B R AR G55 1R, AR KBl 7 B ]
K20224E T H 31 H ., XGF M RBERGHZE
Ko BETT R E R B U I R AE TG . GBC R JE &
BN TEREVIZ SRR SRR R
i 92 R AE VDB S 0 R R R B R FELDE AR B, 8k
R RE DN R EB A AR A b B O A B R i A RS E Ak
Ib R E Ak AR, B RS TR R 9 () R 2 R 1Y ik
F ARG H B 7 110 55 0 A 2 8
1.3 SritELE

M RIET (4.0.1 A ) I SPSS (26.0 iR A%)
BEATEAR M. TR RILLEIE. (F23 ) [n (%)
Fon, WECRH K% Zial#H TAEMZL (ROC)
i £k 70 Br LCR HUl GBC £ & FE 1= 2L fE o Kaplan-
Meier W5 2 il A2 A7 4 5 B . £ I E Logistic 7]
HaHrGBC R EARFERE LW ERKHE; NMHEZH
= Logistic 0] T 2 37 GBC B E AR5 & & B4 T A% 1L
i A A B AT AT A, O H R o il S — Bk
FeH (CHEH) i B A0 (% 00 of Aff 1k D R A B
71, «=0.05 5 7K .

2 4 R
2.1 AREjLCRTiGBC E2&EARFE XK ROC Hk

ST
2 il LCR /) ROC f#hi 26, ROC #ff €& T~ m L
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(AUC) 4 0.681 (95% CI=0.560~0.802, P=0.004) ,
Youden $5 %% A 0.460, X} 1 i 55 £E I B E R 0.275,
AL B H ARG 2 R A HURE R 75.0%, F5 BN
71.0% (& 1) o MR IZ G FE K 103 61 85 55
4, HP MR LCR 40 (LCR<0.275) 6314, w5 LCR4H
(LCR>0.275) 40 4,

100+

80

60|

40

U (%)

20

AUC
LCR: 68.122 8

100 8 60 40 20 0
R 5 (%)

El1 LCR¥MGBCEERFEELHROC B
Figure 1 ROC curve of LCR for predicting postoperative
recurrence in GBC patients

22 BELCRASKLCRAZENIERARES

i LCR 41 (LCR<0.275) 5 LCR #40 (LCR>
0.275) LR BN, WAAEFR . Rigs . F
ARy, BEER. VgGEAAMH. EGKEH
R VIBE . CA125 . WRELANMfL . CRP Jy i 25 55 A
Guit#E L (¥ P<0.05) (£1).
2.3 ARBILCR &M GBC £& AR5 £ % K Logistic

ST

R SHIEB, TorM . 2 I e 2
B, FAIFAX . BEGKASFUE. &6 AEY
. g EAPPE. CA19-9, CEA. CAI25. LCR
G2 L (¥P<0.05), LR 2R H S
R AE bR A AR, R IR BE DB A R
PR 75 B 4T £ K 2 Logistic 43 M7, 45 B4k, T4
. CA19-9 K LCR J& GBC & R J5 &2 % (1) 1h 57 16
W& (5 P<0.05) (£2),
2.4 %EZ Logistic B3I E & 1&EH

il 3t £ A & Logistic [ H 4381 & 8L, T 451 |
CA19-9, LCR & GBC B #H A J5 & & 094l 37 f&
W R 25, 4 HOK 5 24 1Y Logistic 119 2% 2% 46 g 1]
MAL G K, CHEECN 0736, RN ZINL K BA
B B0 DX 00 E R — B0k, LR o i R 1R 3 B B 4
L ABE 76 00000 ) 52 ARk 2R 55 0T 5 BA 1) b 1) S B R 5%
SR ZmAA -8 (K2),
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F®1 {RLCRASELCRAIGKKRIEIFMELLR[n (%) |
Table 1 Comparison of the clinicopathologic features between low LCR group and high LCR group [n (%)]
_ fRLCR 4L = LCR 41 _ fRLCR 4] BLCR4
7 P 7 P
&6 (n=63) (n=40) X &6 (n=63) (n=40) X
() Bk
<60 17(26.98) 20(50.00) 75 9(14.29) 22(55.00)
5.631  0.018 19277 <0.001
>60 46(73.02) 20(50.00) = 54(85.71) 18(45.00)
el Vi
B 23(36.51) 20(50.00) BRI 32(50.79) 31(77.50)
1.831  0.176 7.346  0.007
& 40(63.49) 20(50.00) B 31(49.21) 9(22.50)
W A WA FIIBR
= 6(9.52) 8(20.00) & 17(26.98) 8(20.00)
2286  0.131 0.649  0.420
s 57(90.48) 32(80.00) & 46(73.02) 32(80.00)
R ARSI
& 60(95.24) 8(20.00) v 47(74.60) 35(87.50)
5956  0.015 2507 0.113
= 3(4.76) 32(80.00) = 16(25.40) 5(12.50)
BE IR B HAb R g IRR
w 58(92.06) 4(10.00) w 51(80.95) 38(95.00)
0.131  0.718 4111 0.043
Sk 5(7.94) 36(90.00) & 12(19.05) 2(5.00)
ik e CA19-9(U/mL)
w5 37(58.73) 27(60.00) <39 24(38.10) 23(57.50)
0.800  0.371 3713 0.054
s 26(41.27) 13(40.00) >39 39(61.90) 17(42.50)
AR CEA(U/mL)
&b/ Ak 22(34.92) 21(52.50) <10 50(79.37) 35(87.50)
. 3.109  0.078 1123 0.289
A =N 41(65.08) 19(47.50) >10 13(20.63) 5(12.50)
T3 CA125(U/mL)
T1 5(7.94) 7(17.50) <35 23(36.51) 27(67.50)
9.408  0.002
T2 15(23.81) 14(35.00) >35 40(63.49) 13(32.50)
5704  0.127
T3 31(49.21) 16(40.00) ALB(g/L)
T4 12(19.04) 3(7.50) <30 1(1.59) 0(0.00)
0.641 0423
WKL >30 62(98.41)  40(100.00)
w5 25(39.68) 23(57.50) WBC(10%/L)
3.121  0.077
P 38(60.32) 17(42.50) <10 50(79.37) 37(92.50)
3217 0.073
JiheE e K EL AR (em) >10 13(20.63) 3(7.50)
<5 51(80.95) 32(80.00) WREL A (10°71.)
0.043  0.835
>5 12(19.05) 8(20.00) <32 63(100.00) 37(92.50)
4.867  0.027
g% H >3.2 0(0.00) 3(7.50)
Biy°3 55(87.30) 36(90.00) CRP(mg/L)
0.173  0.677
£ 8(12.70) 4(10.00) <5 9(11.11) 33(82.50)
47.142  <0.001
FARI >5 54(85.71) 7(17.50)
FriE 53(84.12) 23(57.50) 1/ (10°71)
it 5(7.94) 3(7.50) 12.071  0.002 <200 10(15.87) 10(25.00) 1303 0254
JEBE R TR 5(7.94) 14(35.00) >200 53(84.13)  30(75.00) ' '
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*R2 HMWGBCEERFTEANREEZE. SFEZE Logistic BJFEEI 4547
Table 2 Univariate and multivariate Logistic regression model analysis of influencing factors for postoperative recurrence in
GBC patients
_ LGS T EAGEwiT
FabR
OR(95% CI) P OR(95%CI) P
A (<60 % vs. >60 %) 1.187(0.497~2.835) 0.699 — —
e B vs. Z) 0.679(0.290~1.586) 0.371 — —
AR (75 vs. J2 ) 0.743(0.227~2.429) 0.623 — —
R (75 vs. J2) 0.473(0.133~1.684) 0.248 — —
BEIRAG (5 vs. J2) 0.848(0.198~3.634) 0.825 — —
RRAELS AT (B vs. J2) 0.950(0.400~2.258) 0.908 — —
AR (A A/ AR S Ak vs. o/ 4316) 1.221(0.522~2.856) 0.645 — —
T4
Tl 1 1
T2 5.357(0.995~28.855) 17.891(0.754~424.384)
<0.001 0.041
T3 34.167(5.978~195.287) 112.789(4.288~2 966.635)
T4 70.000(5.554~882.192) 15.259(0.300~776.813)
IRELESFERS (5 vs. J2) 11.818(4.011~34.818) <0.001 3.700(0.407~33.646) 0.245
fiby A K ELAR (5 em ws. >5cm) 1.929(0.588~6.327) 0.279 — —
Bl B (K vs. 2 K%) 2.339(0.481~11.365) 0.292 — —
FARI X
g 1 1
N 0.003 0.854
lizE 0.444(0.096~2.061) 2.055(0.142~29.665)
BRI 0.156(0.053~0.459) — 1.481(0.092~23.933) —
A IR (5 vs. ) 4.107(1.128~14.948) 0.032 4.537(0.085~243.128) 0.457
PG IR DIRR (5 vs. J2) 11.538(1.474~90.352) 0.020 9.930(0.238~414.521) 0.228
A AR DI (45 0. /) — 0.998 — —
Y% (B E vs. BAYE) 16.206(3.595~73.048) <0.001 3.260(0.200~53.144) 0.407
CA19-9(<39 U/mL vs. >39 U/mL) 12.629(4.273~37.323) <0.001 12.208(1.599~93.200) 0.016
CEA(<10 U/mL vs. >10 U/mL) 9.273(1.176~73.138) 0.035 1.443(0.034~37.916) 0.9400
CA125(<35 U/mL vs. >35 U/mL) 10.400(3.549~30.479) <0.001 3.740(0.446~31.340) 0.224
ALB(<30 g/Lvs. >30 g/L) — 1.000 — —
WBC(<10x10%/L vs. >10x10°/L) 2.056(0.542~7.803) 0.289 — —
LCR(<0.275 5. >0.275) 0.136(0.053~0.350) <0.001 0.119(0.017~0.827) 0.031
1L/ (200X 10%/L vs. >200x10%/L) 0.994(0.343~2.885) 0.992 — —
Lo e
0.8
0 10 20 30 40 50 60 70 80 90 100 e
Points L L E
™ T4 g Lo
A f 1 —
! ﬁlyzj VIYVI 39 U/ml E
CA19-9 : g 2 044
<39 U/mL
LCR <~ =
>0275 02+ ~ Meal
Total Points W60 S 100 130 10 16 10 %0 30 _ [ , . .
Relapse Risk - . ' 02 0.4 0.6 0.8 1.0
0.05 0.1 0.2030.40.50.60.70.8 0.9 0.95 0.99 0.999 A Nomogram Predicted Relapse B

B2 GBCEEAREE XM ZH L E R R B L 4 i 2k

AU LA e Hh 2k

A: GBC BE ARG E KM II LI BB B:

Figure2 Nomogram prediction model and calibration curve of postoperative recurrence probability in patients with GBC

A: Nomogram prediction model of postoperative recurrence probability in patients with GBC; B: Calibration curve of the

nomogram prediction model
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B3Rk

2.5 AELCR7KFH GBC BEWHEH
Kaplan-Meier/;'Eﬁ ek B, & LCR4 (LCR>

0.275) ARG B ATE (overall survival, 0S) B

B T LCR 41 (LCR<0.275), %S H Gil¥ 5

| I_I_IIIII_III_III I

3 AR LCR7KF GBC 2EHIARE Kaplan-Meier 4 77 #1 £

Figure 3 Kaplan-Meier survival curves of patients with different LCR values
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1E 41 Hanahan 255 A, (2 iR 28 48 B IA
ST MR AR AL DA R RE N — D E BRI AR
JEANEPE R, b e N TR S R RIE R IA
U S A0 M5 | RS A S8 RE RN, R AT RE X 0 4 A e
TE RN i i A= 2 PR R A R B B OCH A/ .
I 200 M R S 2T A AR B I 0 M R P e 5 A
AH DG Y BT 9 2% (W] I A 2 iR 0 BR B (tumor
microenvironment , TME) #2525 20 Ji% 38 40 o 88 5
Z W E SRS, RAE S ) TME $2 1 A P i
P o 1o S B e 8 R IOCH A AR S VERE O, fL R 4R
FRG T A5 518 S AR o B0 40 28 T 1y AR
R 1R 2R RS 0 20 0 A0 R B i L 15
o B [ g AL B R B AR, XK
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X (P<0.001); @& LCR 4l (LCR>0.275) AR5 JG
& %M AFE (recurrence-free survival, RFS) R BH & &
TARLCRZ (LCR<0275), 2FAGIT¥E L (P<
0.001) ([513),

P<0.001

lllllll‘ I 1)

A: OS; B: RFS
A: OS; B: RFS

P 3T g i At R R, AR AR T BT X 4% E
B LA ok 8 8 UG AL o e ah, Ab ] i A
PE e PR B A0 e )z i S B s A Ay 7 5, AR
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