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HE . BHH B8k XA&F Z 5507 (PLDR) 5 =& HHEAT (IMRT) 3L R FE R
JTRCR TSR e TR B B B  #vf . JTik SRR 2022551 A—2025F 1 A Kié EF IR BT ERKE
984 LA MAE R B, MHIIFEES> AL (PLDR) Ao B4 (IMRT), &494), WRAmAETHK, &
Ji e FHEE AR 19-9 (CA19-9), EAEHR (CEA). #k&mieEiia (SCC), E AL KEF (VEGE).
L 4B E a9 (MMP—9) BJIMEf2CD3*, CD4*, CD4*/CD8", RRR W, R MRMEILIAXEST
SR (P <0.05), MELLEITE CA19-9, CEA, SCC, VEGFA=» MMP—9/K-F & T2 40 (P <0.05); B4
%97 /& CA19-9. CEA. SCC. VEGF#» MMP-9/K-F¥MK T 47737 (P <0.05), MIRMET )G CD3'. CD4t,
CD4'/CD8" 3 & T8 (P<0.05); HL&J7)5CD3", CD4", CD4"/CD8" 3 & Tiés7# (P<0.05), MLE
G JE AR EBCR AR TR (SSA) KT AL (P <0.05); FLLE ST 6 SSAFES KT 873 (P<
0.05), MELAEWASERE K| EHMIEIF KK AR B R RS EK A RPRT AR (P<0.05), it
PLDR #6548 3 A AR E RO TR, REBLEERBIEE, THCA19-9, CEA. SCCHFMBMIRERE T, #y
THEMIIIEIN R, AT B EARG 09 2 5

L . ARSI ; Mot XA BRAT ; SRS HIRRAS ; THREEBEE ; R RS

FESES . R735.1 XEAFRIZAED . A

Efficacy of pulsed low-dose-rate radiotherapy in the treatment of
recurrent esophageal carcinoma and its effects on
T lymphocyte subsets*
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(Department of Radiotherapy, Heping Hospital Affiliated to Changzhi Medical College, Changzhi, Shanxi
046000, China)

Abstract: Objective To compare the short-term efficacy of pulsed low-dose-rate radiotherapy (PLDR) and
three-dimensional conformal intensity-modulated radiotherapy (IMRT) in the treatment of recurrent esophageal
carcinoma, and to assess their effects on peripheral blood T-lymphocyte subsets. Methods A total of 98 patients
with recurrent esophageal cancer admitted to Heping Hospital Affiliated to Changzhi Medical College between
January 2022 and January 2025 were selected and randomized using a random number table into an observation
group (PLDR) and a control group (IMRT), each comprising 49 patients. The efficacy, post-treatment serum
carbohydrate antigen 19-9 (CA19-9), carcinoembryonic antigen (CEA), squamous cell carcinoma antigen (SCC),
vascular endothelial growth factor (VEGF), matrix metalloproteinase-9 (MMP-9), peripheral blood CD3", CD4", and

ks HiY : 2026-03-24
* AT ¢ VGRS AT LI (202404030401171)
[EfE1EE | k88, E-mail: 18035578676@163.com

.« 82 -



#

16 14

BARME, A Bk U RO T IR YT SR M A YT AUBON T K L0 B T P 5

CD4'/CD8’, and adverse reactions were compared between the two groups. Results The overall response rate in the
observation group was higher than that in the control group (P < 0.05). Following treatment, levels of CA19-9, CEA,
SCC, VEGF and MMP-9 in the observation group were all lower than those in the control group (P < 0.05). In both
groups, levels of CA19-9, CEA, SCC, VEGF and MMP-9 were lower after treatment than before treatment (P <
0.05). In the observation group, levels of CD3", CD4", and CD4'/CD8" were all higher than in the control group after
treatment (P < 0.05). In both groups, levels of CD3", CD4", and CD4"/CDS8" were all higher after treatment than
before treatment (P < 0.05). The SSA score in the observation group after treatment was lower than that in the
control group (P < 0.05). The SSA scores in both groups after treatment were lower than those before treatment (P <
0.05). The incidence of acute radiation esophagitis, acute radiation pneumonitis and the overall incidence of adverse
reactions were all lower in the observation group than in the control group (P < 0.05). Conclusion PLDR can
enhance the efficacy of treatment for recurrent esophageal cancer, improve patients' swallowing function,
downregulate tumor microenvironment factors such as CA19-9, CEA and SCC, protect T-lymphocyte immune
function, and reduce the incidence of severe radiation damage.

Keywords: recurrent esophageal carcinoma; pulsed low-dose-rate radiotherapy; three-dimensional conformal

intensity-modulated radiotherapy; T lymphocyte subsets; adverse reactions
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B8 S OE 3, S BUXE i R 4 i R R A
I IE LA SR, H AT OC T PLDR 72
52 RN A IR T R R LA (B BN FR A S T

B4 36 97 IS AT T SRy A8 B X A R B IR Pk A . BB AR SEE S 0 AN S0y . BE TG, KRB E
ERMEEERIGKRHZH, ¥ UETHEARWIN 72 H PLDR 5% ML IMRT & ¥7 52 & 1E £ 45 ) i i
M MR TSR . R L SR W ROy YT AL, IR E AUDEIA YT RS A AN I T bk A
BURFAE , AU E 2R E S SRR T SRR AR, DU B R TR SR E LY
i, BaRHAEAMERG Y, BEE R R AR R
VRO PR BT . 9 SR = 48 JE R o
Jr (intensity—modulated radiotherapy, IMRT ) HHAR, ! 32‘3*4577;%
u%ﬁ%ﬁ%ﬁ%ﬁw RO ERA 11 gkl

o R, T E YO E IR, AR
ﬁﬁlﬁ%ﬁll BONPEERAE R MR EF A
BE RIS AR 2 T e A TR R, TR, AR AR T
Xﬁﬁ%ﬂl%%ﬂ%ﬂ%%ﬁiﬁ?ﬁiﬁfﬁ FEGARIT R
EE S e T R O N I QULE=VE (i R =9 g

PEHL 2022 4F 1 A —2025 4 1 A 76 K34 B 24 B bt
J& ANV BE BETR YT 1 98 B &2 & M i e AR, B
LB R BB (B o ISR LLRI HR 4, 4% 49 A1)
PIZALAE IS | PERIA AR . A2 & (R] B B E] . TNM 43 19
P BRI AR S A B L, & e xRS, Z R

(pulsed low—dose—rate radiotherapy, PLDR ) J& — 1 Giitok i X (P >()_()5) C BAR e (WED . A
U O, OB A AR I RIBER S A B gy g B B BE 2% 10 T 5L & HE ME[ (2021)
{0 S e, A B o SR DR, R 003 2.
20 Y A ARG i 9 O BRI R R 2 2 T
F1 WMA—WEARLLE (n=49)

1 @?%/(5, B/ Eﬁil‘ﬁuiﬁﬁa‘rﬁ]/ TNM 534 151 (%) SRAE TR (%)

x*s) i (H.x%s) it Vait B fey F Bz i e B Jy R B
WA 61.45+6.07  30/19 1921 £3.15 38(77.55)  11(22.46)  4(8.16)  13(26.53)  21(42.86)  11(22.45)
XFHE 2 6131610  32/17 19.08 +3.08 39(79.59)  10(20.41)  3(6.12)  14(28.57)  19(38.78)  13(26.53)
thC1H 0.114 0.176 0.207 0.061 0.447
P{H 0.910 0.675 0.837 0.806 0.930
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121 satnf OZWRHZRBBRYE (G4
K) w2 g e ", H AT R R
R XA K s @5 % SCHR(8], S I I IR 43 1
RIS Va8, B PG JEim b 48 B @R IK
WEERBIE 3270 73 s @FGHA A =6 1 H ;@&
s R EIF A S 5 AT .
122 Hrkdrg  OFTEEARER; OBRE#EZ
1 W AR T s G I H A AR 5 ) B S R
@FIFERL . L WIREA 4, Tk
ZIT s QAR AL B M B B A B G g T P
(© U 3% 30 280 0 L A0) 2 P s COAF TR 1B A
FEfd, JCILBC AR YT AL s @M, Tt
Toik S R R VR T 7 SR BB
1.3 Fik

JIT AT 8 R A FMAE, 7 P — A% e PR 08 s
17 A7 CTAAUE A2 141 OZ 5 3 mm) |, IR &5
&5 & Varian Eclipse {97 1T R R4 . BRI
AL 20 2= /0 2 A4 B FAE DL R HRFRAY B 2 R 52
TR X R A B g B0 2 1 KA iR AR BRUE Sy
1458 CT /8 PET-CT @il & RIER E Al WLy 52 % ki
TE MGGl b = 4E 3 2] 5h 7 0.5 ~ 0.8 em B 1 I PR HE
X (clinical target volume, CTV ), #M" {5 [l 75 AR 45 4
RS E (AEHE . RILAE) MR OC R EAT
ARA T R FE CTV Bl b, &5 &AL i 1
WZEDN, Z4E¥SHMY 0.5 em B BT R 4B X
(planning target volume, PTV ) . ‘& ¥ 2] il f& S #% B ,
FL 45 A i CERE O IE OSUI (A2 ) L H (ER A e
). E R FEARE. AERESR GEFHH
I PRGN A2 B o B ) e . A2l V,,<28%, O IE
V., <40% , U IESF- 2550 5 <26 Gy, B R H 2B
TEPEAGEN AR R OO R R 2 YT [ B
] K Wit SRR AR W 25 OGRS R AT PR . Herb,
UOHT 45 R AR E KRG =6 1> A BB, AR
TBCHT T 8 i e ) o R — AR TR 45 Gy LLR 5 ]
B <6 /1> 1 i R A5 ) i 2 BT T 52 I (B Y SR
IO 36 4 ek AR P B e PR, O ad i O Ak T Rl B
ST RE WS RE 2 B IR o T TR R A
i 95% K PTV MR B, 550 48 3 2] 1 4% i 7% 95% ~
107% s

Xof HE 4 BB B2 32 W L IMRT . B Ak 5 ) 1

20 Gy, BHEG 1K, BRZEZRITSd (H—=
JAT), By 5, EAL T 5 50 Gy, 3 25 1K
o

W 5% 20 fB 3 12 3% PLDR. A Ak 75 ¥ #8450 Gy,
5325 WS L, VRYT R R BRAH . g H AL 5 R
720 Gy, 7304 10 A4S 550 5 Ik b FE AT ik
BIAEAS K vp 35 50 0.2 Gy, 14 25 i 11 77 i %
BEE 9 100 MU/min, BBk b U EE 905, 3697 A
SR, HEA TR o ko 2 1) A E T R (E]
3 min. ESCIIRIATT SR K, (I
FARITIR . PO BB T 00 4 RO 0
6.7 ¢Gy/min .

P 4R RO T 0 e B e sz R DAY . B2
B (HEASAER) 260 mg/m®, T84 6 #1195
1 R ER K (R BT ) >30 min) 5 T4 25 mg/m”,
TRA IS 1~ 3 K¢k, 2148110
W, JLSERl 2 AR . B AT R ST AR 1A
) 26 T4 o
1.4 BRI
L4t s B SCRI01EAT T Bl . D%
LM A E R AR TR R AR L ATk,
HAERFI () >4 J A7 o B 9 L2 465 10 e Al 1 A
WA 7N 2 <10 mm s Q) FF 53 G2k - T A HE e K Y
2 5 RN A8 B 2 KT 8 /0 230% , L5 SE I [H] >4 ] .
VARSI A) R AT AT 7 Akt s OB TasE - FIr g
RO b 10 A R R B LK 08/, HLAR A 3 5 4
G i pm i CRIAR /N <30% ) , 8 A 15 31 95 95 1F Je A o
(BRI HE K <20% ) 5 Ak 309 18] R H B0 AE: AnT 8 4 9 AL 5
@ F < BT A7 BB kL 0 LA BN BIB T T IR e
0 3% B 1Y fc /M 38 0 =209% , B4 %5 58 01 >5 mm;
I LA ECE A AL . A= a5
fift + BT 53 G2 i B AR ) 18 S L X 100%
142 diFgasAaaal TR RIRIT A RR
LJE N, 20 R B T A 0 2 e 2 R e JD UL 5 mL o
4 °C. 3000 r/min B.0> 15 min, 4B, R
B A g M B I A W i VE OBE 28 4 e 19-9
(carbohydrate antigen 19-9, CA19-9) . & JIE i J5
(carcinoembryonic antigen, CEA) | 5% IR 20 it 98 T IR
(squamous cell carcinoma antigen, SCC) . IM&E N A&
K ¥ (vascular endothelial growth factor, VEGF) 5
B4 8 E M B -9 (matrix metalloproteinase-9,
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MMP-9) 7K,

143 THEmBEESN  TIRITH RIAT S
WG LEN, RESHIRESEFFKILS mL, R
FH I GRS I 4M JE il D3, CD4* . CD8™ T ik
ELAH AL T 20 Fb L T35 CD4T/CD8 T itk B 20 Jfd HL (i .
144 BRIk FIRITHTMIGIT ARG 1R,
K e o F W Ih g BF F B & (standardized
swallowing assessment, SSA) " PEAL IR D RE, ML
I RAG 2 (8 ~ 2343 ) &M 5 mL KIS (5~ 1243) .
HIH 60 mLAKIKER (5~ 1243) . EA4T M 18 ~ 4647,
Oy, IR T AR

145  RRAE  CFGT A 2k R
R DVERCHTERIZ . A AR - B I aE RO

ZHERNRE RN EAEEN, RIE (GEEESE
SE B ZT 8 18 A B ARTERRE) AT, L
23R () RNRRMELER.
15 SHir=zHE

BOHE A>T R I SPSS 26.0 e 34k 1F o 4 %R
DIIIHE + b 2E (xxs) Fon, HBHMSIAEA ¢
R 06 ol e %t ¢ A6 s ST ROEORE DU AR e s (%)

2 #R

F AT LR

WA 5 X A DA BOR L, & K%,
ZRAGIHFE N (x*=4346, P=0.037); WEH
RARCRE XA, W2,

F2 WATHLER

2.1

[n=49, #(%)]

HH) R WMOHR PONRE  BINIERE BAR
WZEAL 9(18.37) 24(48.98) 13(26.53)  3(6.12)  46(93.88)

XTREZE 3(6.12)  18(36.73) 18(36.73) 10(20.41) 39(79.59)

2.2 WABFTEENEFEIRKENETL

W5 4 5 X BAL IR YT T CA19-9. CEA. SCC.
VEGF Fl MMP-9 7K V- He 8%, e REAR ¢ kg, 2
S TG E L (P>0.05), WAL 5% BL4E
J7J5 CA19-9, CEA. SCC. VEGF Fil MMP-9 /K [t
B, &M EAR KRR, 2RYBFEHEITFE XL
(P<0.05); WMEHIAIT G CAI9-9, CEA. SCC.
VEGF F1 MMP-9 K V- 54X T X BR4H . ] —2H TR
UG LA, Sl K%, ZRYAESIT¥HEX

For, WEMNXCHEE., P<005HESFAHGT® (P <0.05); MW4HIEIT 5 CAI9-9, CEA. SCC.
B VEGF Fl MMP-9 7K-F- I TR HT . WL 3.
®3 WMABTEIGMEZEEIREE (n=49, x+5)

a5 CA19-9/(u/ml.) CEA/(ng/mL) SCC/(ng/ml.)

bevig:i] bepid= bepagilll bevigd=t bevig: i} ey =
MERH 58.36 + 6.47 38.74 + 5.06' 1025 £2.11 496 +1.25" 5.82+1.06 2.18+0.57"
Xt I 57.91+6.22 43.15+5.83" 10.17 £2.20 6.72+ 1.41° 5.94+1.03 3.05+0.72°
t1E 0.351 3.999 0.184 6.538 0.568 6.632
P{H 0.726 0.000 0.855 0.000 0.571 0.000
- VEGF/(pg/mL) MMP-9/(ng/ml.)
WEE L 512.45+98.74 28532 £ 62.61" 188.32 £45.23 105.47 £ 22.14}
it B L 505.89 + 102.16 350.17 + 85.88" 192.75 + 48.90 135.62 = 30.25'
t1H 0.323 4271 0.466 5.630
P{H 0.747 0.000 0.643 0.000

s PHIRIT TS, P <0.05,

FEBTEIE T HE AT E KR

WAL 5 % BALVR Y7 | CD3T . CD4™ ., CD4*/
CD8'HAE, ST HEA /Y, ZFH LG #E
X (P >0.05) . WA 5 X MARITJE CD3T |
CD4" . CD4*/CD8* LA, LM i FEAS ¢ K00, 2557

2.3

WAHG 3 X (P<0.05); WEHIEIT)E CD3Y .,
CD4* . CD4*/CD8* ¥y T X R4l . 7l — 41 iR YT
G, SBCx ks, ZFWASRIFE X
(P<0.05); MZHIEYT )G CD3T . CD4* . CD4t/CD8™*
¥im TR, WAk 4,
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®4 WARTHETHEAMTEKFLLE (n=49,xxs)

- CD3%/% CD4/% CD4™/CD8™

IR HT bepid= IRTTHT biepid= YRYTHT bevid =
pUEZSAE | 60.31+3.25 68.59 +3.47 37.52+2.33 45.18 +2.84 1.22+0.25 1.68 +0.32°
Xof HR 2 60.05 +3.98 64.22 £3.11" 37.89 +2.75 41.45 +3.20" 1.20+0.28 1.42 £0.30°
i 0.354 6.565 0.719 6.103 0.373 4.149
P1H 0.724 0.000 0.474 0.000 0.710 0.000

TE - T 5IRIFHT AL, P <0.05,

2.4 WEERFEIEEWINEEHTK #*5 WAHBTTAIESSAESLLE (n=49, 7}, x+5)

NLELZH 55 %F BEAL IR J7 A SSA W4 Fudss, 4 isT. 253 R BT
HERtRE, 22 LHRITFENL (P>0.05), W WEEL 36.62 + 2.85 25.15 +2.92"
2H 5 % AR YT o SSA PEAr He S, G ST REAS ¢ K R4 36.71 +2.78 2874 +3.26'
B, ERAGIEE Y (P<0.05); WE4GITE A 0.158 3742
SSAVEAME T X B2, [l — 241 as TG ik, & P 0875 0.000

R ) N

BRI, SRS E L (P<0.05); 3 s FITTIERL P <0.05.
y N4 N = In et e N Je s S
TP SSATEIMETIRIT T WS- VE RO 6 | R I 56 5 2 %R BRI
2.5 MWMANRRMEZERSRLE BRI, Ak, 2RI EE Y

WAL S AL A % . BIIE RN (P<0.05); WA AMMEH RS % . 2Mist
R ZHRAERE, xR, 2RI PRI R & AR RN BRIV & A R IR T R4l
Gt X (P>0.05), WEA 5B ERS  Wke.

*6 MEAFARBEHREZRLE [n=49, (%))

2151 AR TEREER A R SE) ot 5 i i Zh &1t

WEEL 2(4.08) 1(2.04) 0(0) 2(4.08) 1(2.04) 6(12.24)

Xt AR 8(16.33) 6(12.24) 1(2.04) 3(6.12) 0(0) 18(36.73)

X MH 4.009 3.846 1.010 0.211 1.010 7.946

PfH 0.045 0.050 0.315 0.646 0.315 0.005

3 Tt ARSI oK, 452 PLDRIAYT B9 WL 520 A4

FRCRE TR, SRR e —, WA

5 P A VAT I I B 7% R Bk %
SRR RN OR IR B WRBE AR e B e R

PR T BOAR R B 2R T T B, EH AL 4% MR T PLDR i 4% F ]
Z PR T UORT R I 412U BAUR O K ﬁiu%g&ﬁ*ﬂ%nﬂhﬁﬁ%ﬁm} N
o 38 2 JE AT H AR, AR DRI Jag 8 42 4 4 ] I " N ' o
N TR L I A 2 1 2 G PP TR A R 00 4 O R
& AR S . PLDR S —Fgioeo e SO0 PORL S AT = R DS A i
UL RN e AT I R Gy VKot el BE R R 2 iR A A 45" T A R A U G
# PLDR 5% #0 IMRT 76 8 & P & a5 m o s . W, IR0 Kb 740 S AR XTHE B9 S 300 b 783 490 M 14 I
it R s R BE A R . s T Re s K BOEBUGEE LS AL, fkobal i E 6 ) AR
BIF RN TN ES, BE MR GME  oToh IE & 4 SV 42 (3 W SO 340 18 52 0 i (1) B
HEAH o F, A H DNA 45458 = AL 75 B0 55 0 0% . i T
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T 7= A AR 75 S 1 A S A, AR IE
U] I 2 Ik o JE SRS ) SRRV L SIS GE AL
LU BEREE R . ARAFSCR A H R &R 2.0 Gy,
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2 471 T G i 5 TR 4R 28 e R0 K
TR, 457 PLDR ] 68X 90 6988 P9 I 45 A il AR 22
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A VR 28 1 B A SR 12

MG T — A% L & 2 PLDR X T ik I 48 il
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ELANME IR T, I T AR UE G AH G 40 B 743006 o
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