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(FARFX., AR FARBR . A mine . HELSEEE) EARFER ORE TR E .
RIGACTTE RHEA W) (B RS E XAR R IR AE) 2R, EWABEARG 1dARET dWARHE
A A H bR IE [ R PE AN (CD3'CDA'T 41 . CD3'CDS' T4l . CDI6°CDS6'NK 4iifitd ) 5 7 [f1) 4 28
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Frpz i (COR) . {2 MR ER (ACTH) . B ERE (EPD RRAER T CRIEM (CRP) . H
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Abstract

Background and Aims: It has been proven that enhanced recovery after surgery (ERAS) offers
advantages for patients undergoing surgery. However, the effects of ERAS on cellular immune function
and stress response at the molecular level in patients undergoing radical gastrectomy are still rarely
reported. Therefore, this study was conducted to investigated the effects of ERAS concept and protocol
on tumor cell immunity, inflammatory factors and stress hormones in patients undergoing laparoscopic
radical gastrectomy.

Methods: From January 2018 to December 2020, 90 patients with gastric cancer undergoing
laparoscopic radical gastrectomy were selected and divided into ERAS group (43 cases) and control
group (47 cases). The patients in ERAS group received ERAS perioperative management, while those in
control group received the traditional perioperative management. The general clinical data (sex, age,
BMI, ASA grade, TNM stage, and tumor size), surgery related variables (surgical procedure, anastomosis
method, operative time, intraoperative blood loss, and lymph node dissection), and postoperative
variables (time to postoperative ambulation, time to postoperative anal gas passage, length of
hospitalization, and postoperative complications) were compared between the two groups. The
percentages of positive immunoregulatory cells (CD3'CD4'T cells, CD3'CDS8'T cells and
CD16'CD56'NK cells), negative immunoregulatory cells [granulocytic myeloid-derived suppressor cells
(G-MDSC), monocytic myeloid-derived suppressor cells (M-MDSC) and regulatory T cells (Treg)] and
regulatory B cells (Breg) in the peripheral blood at 1 and 7 d after operation, as well as the levels of
stress response indexes that included cortisol (COR), adrenocorticotropic hormone (ACTH), epinephrine
(EPI) and C-reactive protein (CRP) and the inflammatory factors that included the interleukin-6 (IL-6)
before and 24 h after operation were compared between the two groups.

Results: There was no significant difference in terms of sex, age, BMI, ASA grade, TNM stage, tumor
size, surgical procedure, anastomosis method, operative time, intraoperative blood loss and number of
lymph node dissection between ERAS group and control group (all 7>0.05). Both times to postoperative
ambulation and first postoperative anal gas passage in ERAS group were significantly earlier than those
in control group (25.01 h ws. 37.01 h, P=0.000; 74.51 h w»s. 135.31 h, P=0.000), the length of
hospitalization in ERAS group was significantly shorter than that in control group (7.01 d »s. 9.81 d, P=
0.000), and the overall incidence rate of postoperative complications in ERAS group was significantly
lower than that in control group (9.3% wvs. 19.1%, P=0.027). At 1 and 7 d after operation, the percentages
of CD3'CD4'T cells, CD3'CD8'T cells and CD16'CD56'NK cells in ERAS group were higher than
those in control group, while the percentages of G-MDSC, M-MDSC and Treg cells as well as Breg cells
in ERAS group were lower than those in control group (all P<0.05). There was no significant difference
in concentrations of COR, ACTH and EPI as well as CRP and IL-6 between ERAS group and control
group before operation (all P>0.05), but above parameters were significantly lower in ERAS group than

those in control group at 24 h after operation (all P<0.05).
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Conclusions: Using ERAS concept during perioperative period of laparoscopic radical gastrectomy can

decrease the interference of surgical trauma on cellular immunity, enhance the positive immune

regulation, inhibit negative immune regulation, and reduce the inflammatory and stress responses.
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24 GIBET, e PEE 10 T 98 BIFE T, BEE
HEi. PR o ilm LRgia iy, B
B LR A R O 2, (E I I R O AR R AT T
25%~30% Z [, T B RE W HFAERAR LK
FCAbrE P, 1% G0 BT R 0T A B 5 BB Y
A5 I RAE K AR, 12.5%~39% . Jind B 2 A1 B
(enhanced recovery after surgery, ERAS) J&3E Tk
BE oAk 4 09— R 50 Bl TR 2 2 BRI 425 18
R, AL DO T R BRI BOR L RAEEBUR
ARIGERATTAREFH (AR E R HE . 230
S5, LAk 20 s A BT R B 8 0 BRI AR B 1 A
VORI AT RN, 20 R E IR LR S R
K PR B H R, ERASTEFIEAMRL . H g
SEBE L DCE SR R T FLANRE A T
B2 WEFE " E ERAS AT 46 A AT e i ) o0 £ B
P BEE RS IMRARIERE | fE A
B . WD R KGR O HUIRAS . R I,
R S AR g AR IR AR S AN M S T RE K
L LA 3 5 7K P L B8 5 i AT e DL AT 5 AR GE .
ASCE AR T K BT 584 3% ERAS 19 B DI BR AR
SE S T JRE I 1) B G 1o B 5 R A AR D L R 1R B 4R
i (regulatory B cell, Breg) %t & AFA4L . XN ¥R
N R A B R K BT B &R (adrenocorticotropic
hormone , ACTH) . i (cortisol, COR) FI' L
B ZE (epinephrine, EPI) KX % 4E [ C Jz v & H
40 4 R 6
(interleukin 6, IL-6) MJEZWH, LLAE 4 F /K L
T ERAS X i 40 M S E DI BE . AR AR 5 S LR
VL FR) 5 W

(c-reactive protein , CRP)
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ARWFFT A 2018 4 1 H —2020 4F 12 A [a] 7
N R B 5 AR CA 1Y E B 0 i, 4r
ERAS 41 X A 4] . v ERAS 4 43 3] 2 4 78 ERAS
LTS NATH F AR S B, X RE4] 47 5] B 1
ZHOE AR B . AdibRE . (1) BT R 4
Y ahe b B Q) RETRATHOT A (50)
fR7 s (3) FE AR AT A & B i b ¥ H , Wi o
W T3 RULE, aTFARUIGR; (4) BEAAAETEY
ARuTR ARG FR; G BRELTE 5T H 2
B2y FAR s EEHF AL HIBRbRE: 1) &
HAFAE AT G R ) B BT AR
VIBR B35 (3) VP Al B Tk 52 F RIG 97 4 5
(@) iR AN RESE AT ST s (5) A RAEMEEL A &
PEGO A, . IBD e 5 . PR BE R — SRR T 4
P i 5% 8 P A AR T T B B AR YA R . AR E R
LR PEZ 5L & A Al .
1.2 FWA*E
1.2.1 @z WA ERBEFARM T RERLAETAR
Hi L REE R ARG S . RJF2~3 dfFE WAL TTHER
JEATIRGES, RESINATHRE, RiF6d
B IEEWIKE .
1.2.2 L5420 ERAS BEGH T 45 WA 41 8 3 [
FARBIAH, HA B S % 2016 i & Z LR,
ARHFT: (1) 8 F P55 M ERAS S2Hi N 245, JExT 3% i
TTamOoMi T, BIEEEIEMmERNS, If
HAMMEEEH, REEPREGE; 2 ARAT6h
A R 2 h K H <400 mL B K AL &40, X B8 IR
I K 11 IR 500 mL AEMA W ; (3) RFTJCH #LE W
EHESR; @R ERESE, kAR HKA.
A )RR G SR (2 FAREAERZAF
Y, 4% MR ERAS Ji W) 52 Z0OKE A 45 VR AR, S o el
AT, AR R TR U R B A5 R R R
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B) TR, e FARERAE (25£2) C, BHFKHE
TREE=36 C5 () WK, ¥ B Ar S m il R
MR G WARE ;. 5) I AT R, CE 1R IE
Sl BZY A H 5 (6) B, R A A # 2UH k 1k W
B (PCA) +HRAE S ARBTR 2y, Wi B] Fr 281k 9
Ziffi . RfE: DERBESFIRENEERG 1L, XF
A R 185 AE RS P ACRS 0 FIR SRR IR R B o I
02 mg, 1/, SiEjE 2= ARG 2~3 dKBE TR .
PRI 5| i A I R FE AR JF 55 2 ds (2) ARSI BE IS
B, ARJG 1 dWIRISE I8 E, &S B R 7E 1~2 h;
ARG 2 d 1% I E B0 & 2~4 b, DLJS 4E R4 H G
BT[] 4~6 hs (3) T AR J5 24 K H WG A B, oK &
200~300 mL, #HRERHIERG1d, K2 dHEE
HE3FE 1 000~1 500 mL, AJF 3 dHE % 2 000~2 200 mL,
BB T AR B R O AT T B W HER S s @) B H
PR A B A U TR iR 9, 2 000~2 500 mL
H B AR, HRA R =2000 mL i, % ki B 45
Wb HAEZMH: ARHT30 min FIAR G 4 K& 17K
1.3 WEHEHR

1.83.1 FARAXFEAF ICRIF LR WAL RE — R
B, AFE . ML R R E TS A (body mass
index, BMI) . ZEEFREFEINNF4 (American society
of Anesthesiologists, ASA) & 4% 5 & ¥F Al 70 9% .
TNM 73081 . B R/ s FRAHSCHE bR, (. T
AKX &I FARBE . ARt i
LA E A8 RIEFER, B4 RIE TIKIEsh
] . AT R HEA RS ()L B i T B R O
RAE o

1.3.2 MWHRPT.Balfiiaiists RF14dM
7 5 SR A AN R KM 10 mL, BR 3 mL in A
CD3. CD4., CD8. CDIlb, CDI4, CDI5, CDI6,
CD25. CD33, CD56. CDI127 (3 [H Invitrogen 23 7l )
DI 2 & S D SR S = o 1 0K Y& i
1F 1) B0 2 9 T 40 IS (CD3*CD4'T 48 il . CD3*CD8*'T
4 . CDI6°CDS6'NK 4iifd ) 5 i) 7 5 28 1 545 41l g
[ ook R 4 Ff Y i R VR M B0 48 i G-MDSC,
CD11b*CD15°CD33*CD14-G-MDSC) . A% 4 Jifi 154 - B
TEAEI I 408 (M-MDSC, CD11b*CD15°CD33*CD14*,
T-HI 4L (Treg, CD4'CD25'CD127"") 1} Breg 4fl
JLI B 43 Lo

1.3.3 KUEZ B #IEA R ERAS 41 Kokt B4 [
HFART ARG 24 h il R # K020 mL, B0 5 B
b, RAAMZEEGIED & COR, ACTH, EPI ¥
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&, RH ELISA 5 & (32 Invitrogen 24 F]) il
CRP K TL-6 Y 4 &
1.4 FitFEaE

B d 43 Hr 2R 1 SPSS 20.0 B E AR, B8 + Ay
M2 (v+s) RWIESHAM IR TRL, K5 H]
FUA M. I8 (Ha) o (%) [HFHRER
THECPERE, A ) HE AR ) X2 A 56 B Fisher B D) A 56
Bio P<0.05 R ERA G X

2 # A

21 FWAEAMRMIKIGERERLE

ERAS 41 5 X AL fE PR 1] . 4F ¥ . BMI, ASA
9. TNM -3 B Ko FARITRK . AT
X FAREEE AR i R ik B2 8O T
S G EE X (¥ P005), HAEL
(K1),

#1 ERASHAESXTRBAINGKERLLEn (%) ]

Table 1 Comparison of the general clinical data between
ERAS group and control group [z (%)]

. ERAS#] Xof B2
S (n=43) (n=47) X P
(% )]

b 23(53.5)  30(63.8)

i 20(46.5)  17(36.2) 031 042
(P 7 £ 5) 59.45+10.35 61.24+9.36 -1.730.48
BMI(kg/m?,x + s) 21.724¢1.57 22.85%1.92 -1.460.59
ASA 434

144 21(48.9)  23(48.9)

N3 22(51.1)  24(51.1) HE
TNM 43 #[n(%)]

144 13(30.2) 13(27.7)

1144 20(46.5)  25(53.2) 1.37 0.82

1114 10(23.3) 9(19.1)
JifgE K/ (em, & + 5) 3.1x1.1 3.2#0.8  0.65 0.78
FARTH[n(%))]

JHE I A Bt ity B DIBR AR 20(46.5)  22(46.8) 534 0.6

A A B YRR 23(53.5)  25(53.2)

W4 2 [n(%)]

B2 Roux-en-Y W& 23(53.5)  25(53.2)

5% E 45 Billroth 1N 4 12(27.9)  10(21.3) 153 0.59

5% 25 [ Roux-en-Y W) & 8(18.6) 12(25.5)

FAREAE (min, % £ 5) 234.45+21.67 239.54+19.58 1.34 0.22
A H IR (mlL, 5+ 5) 125.01+50.01 115.05+60.01 0.79 0.44
REZEEF (L, % + 5) 2417 2546 1.86 0.25
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22 FHEBERBIRKSHILE B G I K& AE RN TR (9.3% vs. 19.1%, P=
ERAS 41 AR J5 F IR 36 a0 i 8] AR J5 0] o o HE 0.027) (%3).
A ] 3 BT R R (25.01+3.20) hos. (37.01%

®2 ERASESMRAZBERFIREASHILER (x+5)
5.81) h, 1=11.38, P=0.000; (74.51+10.81) h vs.

Table 2 Comparison of the postoperative clinical parame-

(13531+15.11) h , 1=12.63, P=0.000], ERAS il 1£ ters between ERAS group and control group (x + s)
NI ARG FRIEST  ARIBATTTERHER.  fERERTR]
5t B (6] 5 F %) AR 2 7.01£0.72) d wvs. (9.81 % 5
b o I 6 XE AL C ) dws ( = ) ) (@)
0.31) d, =16.40, P=0.000] (%2). FRAS4 25.0143.20 74.51+10.81 7.0140.72
2.3 WMAREREHEELLE X N 37.01£5.81 135.31x15.11 9.81+0.31
ERAS L5 LU 141, s aksfe 149, B 1491, : 1138 1263 1040
P 0.000 0.000 0.000

WA e 1, % BRZE A5 R 301, ek e 3 4]
BRELG, W& O 6], MR 1 #], ERASZ4H

*3 ERASASXMRBAZRERFHEZEX R (%) ]

Table 3 Comparison of postoperative complications between ERAS group and control group [n (%)]

P NEFi¥ 2hs
A " W i Ua W RORIEC)
ERAS4] 43 1(2.3) 1(2.3) 1(2.3) 1(2.3) 0(0.0) 4(9.3)
papiisE| 47 3(6.4) 3(6.4) 1(2.1) 1(2.1) 1(2.1) 9(19.1)
¥ _ _ _ — — — 18.37"
P — — — — — — 0.027
1+ 1) 2K Fisher B PIHER 1k
Note: 1) Using Fisher's Exact test
2.4 WHEBEMEEXERIEIRLE P<0.05) (£ 4). ERAS 41 8 7 1] 4 2 09 45 41 g

TEARF1dRTd, ERAS 2 e iF 1) G ns 8 35 (G-MDSC . M-MDSC Fl Treg) FT i A 43 b DA Bz 300 1]

41 g (CD3'CD4'T 40 8 . CD3'CDS'T 40 g . Jib J68 G 25 FH & 1Y) Breg 20 M BT 5 T 43 LU AR T 6 BR 4
CD16°CD56'NK 41 il ) A /5 F 43 kb & T AP Bl (3% (¥)P<0.05) (%£5).

R4 ERASHASXEBASBREARF1 A7 dEERBEAEMHEESLLEE (%, 7 +5)

Table 4 Comparison of the percentages of positive immunoregulatory cells between ERAS group and control group at 1 and
7 d after operation (%, x + s)

-~ ; CD3"CDAT4ifE CD3"CD8 T i CD16'CD56"'NK 4l
ARJ51d ARJF74d ARJF1d ARJ57d ARJE1d ARJE7d
ERAS4] 43 41.83%5.34 48.83+5.44 27.81+3.12 31.8124.91 11.12+2.93 14.63+2.23
Xif HR L 47 33.84+5.12 34.12+5.95 21.84+4.44 24.82+5.95 7.83+2.44 10.73+4.13
! 4.071 4.587 3.187 4.843 4431 4921
P 0.011 0.013 0.010 0.021 0.011 0.007

R5 ERASAHASMBAZREARFIAINTAdIEREEEFAEMAEESLLLER (%, z+5)

Table S Comparison of the percentage of negative immunoregulatory cells between ERAS group and control group at 1 and 7 d
after operation (%, x + s)

5 " G-MDSC M-MDSC Treg Breg
ARJE1d RIF7d ARJE1d RIE7d RJE1d RIE7d RJE1d RIGE7d
ERAS 41 43 18.83+1.95  14.83+1.87  2.83+0.45 1.93+0.32 3.4120.29 1.83+025  22.89+3.45  18.83+4.75
of HEZH 47 2234+1.32  1833%1.95  4.83+0.95 3.73+1.05 5.86+0.95 478+0.65  31.83x2.95  25.73+4.34
t 1.591 1.801 1.544 1.348 1.872 1.564 1.570 1.578
P 0.016 0.012 0.014 0.013 0.014 0.012 0.017 0.019
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R H, ERAS4 COR. ACTH. EPI ¥ J&Z 5 %} I
HEFTLRITFEE XL (¥ P>005); K524 h,
ERAS 41 COR. ACTH . EPI ¥k & 270 &% T % B 41

(¥ P<0.05); ARHj, ERAS 4 CRP. IL-6 ¥ J&¥ 5 X%}
M =R EGEIFE XL (P>0.05), RiF24h,
ERAS 41 CRP . IL-6 ¥k B2 ¥ B W AIC T X5 BRAHL (35 P<
0.05) (%6),

#6 ERASHSXRAFARAIGEMMKRIERIRLE (x +5)

Table 6 Comparison of stress and inflammatory indexes between ERAS group and control group before and after operation

(x =)

- COR (nmol/L) ACTH (pmol/L.) EPI(pmol/L) CRP(mg/L) IL-6(ng/L)
2 n — - — - — - — 5 — -

AHI ARJF 24 h AHi RJ5 24 h AHL AJF24h KRR ARJ5 24 h AHi ARJ5 24 h
ERASZ]l 43  229.58+24.28 304.58+30.26 12.81+1.31 14.16+£1.32 30.17+2.57 41.2843.46 3.65+0.64 49.26+9.37 9.62+1.83 52.46+8.24

AR 47 227422531 380.87:37.42 12.52+1.24 17.98£1.56 30.52+2.74 56.37+4.85 3.58+0.74 83.27+13.51 9.74=1.69 73.83+11.46
: 4.126 19.463 3.927 11376 3587 16379 1347 8.365 1257 13482
P 0.732 0.000 0.859 0.029 0.762 0.000  0.745 0.017 0.826 0.032

3 it it oK B WL S A O 3R S A 2 IV AT 52 W A 2 10 2 2

ERAS HUE& F LB AN R AR 09 A Bk & £ i Sh
B BN 5 K R TR B, AR T TR KU,
T LB EZa" . KB 2R, RH ERAS
B B AT BT R A T R T R A 4 xR
HOOH AR PRI AR SN KRN R, AR AL IR
EIRE, WG I LAE W & A IE N8 R
ST A A T X PR Sk g A R T AR
Ji7 U0 5 AR B B2 4T ERAS & 3, ERAS 4 B # K5
I RAEAR T XA, RIFEFREREREN . AT
WEAMAE AT A EE . B &R E
Xof Hz 57 16 R B 4l By S AR TR R R E B R A
K ERAS, ERAS 41AM . AT U HEACHT ) |
HEAH B R) L AR ID L A B A TR R 2R R AR T
WY, RFMEAEA . CRP, IL-6 M [FF55 R 7
PO F 8 Al . M B GO0 SR BN ERAS LS 2R A
b5 I T R N R TR IR SOl - s e
RE (5%

ARSI ERAS AR J5 T IRTE 3l AL T THES
BF R 46 5, AFBem) R 46 %6, 578 ERAS Al i &
JEAE R, A B 5E 45 R 5 A0 N SClk i GE g5 R —
FHUW, T ERAS U5 £ 19 Meta 43 BT {2 7 X i &
H I F AR R ERAS 45 B, n] 45 40 8 & 1F B i
L1 o (0 E 77 LA = 5 (1 A o 1 WO R T R
B T 45 3T WL G 26 CD4* A CD8* 41 it %k H 2% 1 4
FeAR Ak, 1 R KOG BR T R0 B 40 0 T RE WE AT 4
T 5% o

T R S L R PR R AN O L AR T R
T AN A S BRI R A0 MG T A 2 R L
i HILAA G E FR S8 I A R TR TR R A T
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R R G0 22 40 A %) 43 A6 R BT L T bk B A R L A
2 55 IR G 8 S I Y I B A M B, CD3TRE T 4 i
I o TS o Sl N 7/ BN O A2 S U = LT I
CD3*CD4* #l CD3*CD8* V. #f , 1fif CD3*CD8* W 7
HEER B R, AT 50 WAL IL-2 Fl IFN-vy 7
PR 20 L, P2 MHC-T 2K 43 T35 5 T 808 0% %
PR 20 R T AR, X PR e A 2R A0 RO
A I i o A R, AR R R AR A7
BIEVIBRAREH 1 RMT KR, SX AL, ERAS
A A8 A PR b B AR R S e I R R A
Ty AE (9 1F 1] e % A 4R T A0 i B £, KA
CD3'CD4" ., CD3'CD8"F1 CD16°CD56" il it /1 4> He ¥ &
FFE L 78 ERAS X T 40 M i T 35 A/
T 20 i b HoAl I, 0 G-MDSC . M-MDSC Fl Treg 4H
JiL iR e vh e R PE AR, A 4 ) R
B, R 1 b JRE 200 B e e b R, I S5 2 R 4
MIAEAE A A7, (R E IR A 5 7% o T 41 i e v
% %) G-MDSC ., M-MDSC Fl Treg = F 41l Jitd () £ Pk 7
B KM RERERGH 1MTR, SXEA
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