3 (¥ BEARE) 20244F 53455111
1036 DK FERFIARS CHINA ONCOLOGY 2024 Vol.34 No.11

. -‘L@ % L]

YT RDBE RS FIEAIRE B EMAEEEFEL
REHFR

PRITSE, A8, BXE, EEE, £EX
QLB T RS I B Be i R, Tk FE L 063000

[HE ] E=58/. WUYRIERE O A FHLIHEEEL (autonomic dysfunction, AD) AY& 4 FHN65%~80%, ADTF
SR . RS Z SRR, RV SR B AR, TSR AR . IR, O A A L R
gixtoA ONRERLC LN AT EEHER , ADSSEIERE O MR I K R AT A . ADAUE —FhT)6E
PRAS, T AT AR AR A U S B AR R . IR o, FEVRIRAERS . MRS INAS ER N R, SCiTR RS R SR
JOD BRI K B JE DRI E R S ADFR B SE, (02 B RTECT RO A B2 ) BE R B A SRS 2D, AR B
RN B A 0 ¢ A A L AN W . AS IS 3 ik X TS0 7 S 9.0 %8 5P (heart rate variability, HRV ) Z3pHr 22
S, RIS O X g £ O ME AR T BRI 3 e L 19 2RO B R R i 25 S, IR A ADIY
FIAM G N R, AIAEOT 005 A L AL SRR, DIYIRGE OB W TS A D RIE & . ik R/
AU £ 202342 H —20234F 12 H A d0 3R TR 24 B2 B o7 BHIGA AT OO 1 G IR 3 . AR : (D S
SR ARSI (I . FURE S e ) B @ ARUTENIE; @ EEATMEYMEL (Eastern Cooperative
Oncology Group, ECOG) P430~143; @ LA, DI BERATAE R4, © BEMNEFREIEBERET. Hbn
e O W2 MR iey s @ WP an ASE B0 . BRI RS O GIRRE . OIS E RN, @ 3
RUETERHPUO R F 258 O AREM 20T LA KR FE P R s e o SR FTHRVAMTTAS O 5 A 20 sE Y28
TEAEDL, K BRADI R AR BILL, HABF AT IRAL, SRR R ML FKlogistic B /M i kR B 807 5 %
He ADIYFI AR SRS R AL IERR & . AHFSE 2B HE TR 240 E RS T2 by 2t (1EFR44 S . 20230228020) .
LR RBFIT I BIRF A AR ST 25 PR B e £ 89, b AT 416 (46% ) BEWUT IR &L TDHEAD, Ji 4
DR EAIE (D,,,) (6273.500 ¢Gy vs 4 675.900 ¢cGy, P<<0.001) . OV &8 (D,,..,) (1 513.700 cGy
vs 452.050 ¢cGy, P<<0.001) FLOEAZFNS Gy Rk b5l RGO F O NESR B E 40 1L (V) (49.000% vs 21.250%,
P<<0.001) . V5 (30.500% vs 7.300%, P<<0.001) . Vi, (18.700% vs 3.600%, P<<0.001) . V, ( 10.900% vs 1.500%,
P<<0.001) & & FXRLL, ZFRKlogisticPIHMras R R, OIEV, & ONEADE A AL fER 2 [OR (95% CI) =
1.583 (1.093~2.291) , P=0.015] , OEV, REFM B PR MR 000 & A, M4 FHIEUA0.788, H17.1% 2 Dk v, il
DIFAD KA B AR ERWIE . 218 MESHOTIR, OAFADEE RO MG S AR I B m T s, Hoir, & T
17.1%H0F, B3 A O IEADRY RS B2 T 5

[E8BIA | MOdPioT s kMR ONEH EMETIRE; ORI, ONERG

RESYHES: R730.55  XEHRES: A DOIL 10.19401/).cnki.1007-3639.2024.11.006

A study of relationship between cardiac exposure dose-volume and cardiovascular autonomic dysfunction in
radiotherapy CHEN Hongyu, SU Pengyu, LUO Wenzi, PANG Dequan, WANG Feiran (Department of Radiotherapy,
Affiliated Hospital of North China University of Science and Technology, Tangshan 063000, Hebei Province, China)
Correspondence to: PANG Dequan  E-mail: pangdq1974@126.com

[ Abstract | Background and purpose: The incidence of autonomic dysfunction (AD) in patients with advanced cancer is
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approximately 65%-80%. The neurasthenic symptoms such as dizziness, palpitations and fatigue caused by AD are difficult
to alleviate even with sufficient rest, seriously affecting the patients’ quality of life. Meanwhile, the cardiovascular autonomic
nervous system plays a significant regulatory role in heart rate, myocardial function and myocardial blood flow. AD increases the
morbidity and mortality risk of cardiovascular diseases in patients. AD is not only a functional state but might also be an early
sign of overall myocardial lesion. Research indicates that after adjusting for age, gender and cardiovascular risk factors, previous
radiation exposure is associated with AD manifestations such as increased resting heart rate and abnormal heart rate recovery
after exercise. However, there are currently few relevant studies on the effect of radiotherapy on cardiac autonomic function,
and the specific injury effects and dose threshold of injury occurrence remain unclear. This study aimed to explore the impact
of thoracic radiotherapy on the cardiac autonomic function of patients with malignant tumors by comparing the differences in
heart rate variability (HRV) analysis parameters before and after radiotherapy, and to explore the dosimetric risk factors for the
occurrence of AD by comparing the dosimetry between the case group and the control group, providing a theoretical basis for
optimizing the dose distribution of radiotherapy regimens in order to improve patient prognosis and reduce the occurrence of
complications. Methods: We prospectively collected data of patients with malignant tumors who underwent thoracic radiotherapy
in the Radiotherapy Department of the Affiliated Hospital of North China University of Science and Technology from February
2023 to December 2023. Inclusion criteria: (1) Patients who were pathologically confirmed to have malignant tumors (lung cancer
breast cancer or esophageal cancer); (2) patients with radiation therapy indications as recommended by the guidelines; (3 patients
with an ECOG score of 0-1; @ patients with no significant abnormalities in electrocardiogram and echocardiography results.
Exclusion criteria: (D previously received chest radiotherapy; ) patients with obvious palpitation, chest tightness and chest pain
before treatment; (3) diabetes, heart disease and other serious underlying diseases; @) anti-arrhythmic drugs are currently being
used; (3 patients who cannot tolerate radiotherapy and who were lost or lost during follow-up. HRV analysis was used to evaluate
changes in autonomic nerve function after radiotherapy. Patients with AD were included in the case group, and the remaining
patients were included in the control group. Univariate and multivariate logistic regression analysis methods were used to explore
the dosimetric risk factors and cardiac dose limitations for the occurrence of AD after thoracic radiotherapy. This study was
approved by the ethics committee of Affiliated Hospital of North China University of Science and Technology (ethics number:
20230228020). Results: A total of 89 patients with thoracic tumors meeting the study criteria were enrolled in the study. Among
max (0 273.500 cGy vs 4 675.900 cGy, P<<0.001),
cardiac D, (1513.700 cGy vs 452.050 cGy, P<<0.001), cardiac V5 (49.000% vs 21.250%, P<<0.001), V5, (30.500% vs 7.300%,
P<<0.001), V3, (18.700% vs 3.600%, P<<0.001) and V,, (10.900% vs 1.500%, P<<0.001) were significantly higher in the case group
than in the control group. The results of multivariate logistic regression analysis showed that cardiac V;, was an independent risk
factor for the occurrence of cardiac AD [ OR (95% CI)=1.583 (1.093-2.291), P=0.015 ] . Cardiac V5, could predict the occurrence

of radiation-induced cardiac injury with an area under the curve of 0.788, and 17.1% was the optimal cut-off value of cardiac V3,

them, 41 (46%) patients experienced cardiac AD after radiotherapy. The cardiac D,

for predicting the occurrence of cardiac AD. Conclusion: After thoracic radiotherapy, the cardiac irradiation dose-volume was
significantly higher in patients with cardiac AD than in the control group. When cardiac V5, was higher than 17.1%, the risk of cardiac
AD in patients significantly increased.

[ Key words ] Thoracic radiotherapy; Malignant tumor; Cardiac autonomic function; Heart rate variability; Heart injuries
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Parameter Unit Normal reference value
TP x+s ms’ 3466£1018
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Lfnorm x=+s nU 5414
Hfnorm x+s nU 29+3
LF/HF range 1.5-2.0
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Whitneyf55. THECGORT A -8R, 1B
PHAL ] FL R 56 o X O U RS 39 R AR R S 4
(LA G s OED o D ED o FLOE VS
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Malignant chest tumor patients treated in
Department of Radiation, Affiliated Hospital
of North China University of Science and
Technology from February 2023 to December|

2023
Inclusion criteria: Exclusion criteria
(D Patients who were pathologically confirmed to > < (D Previously received chest radiotherapy;
have malignant tumors (lung cancer, breast cancer or v (2) Patients with obvious palpitation, chest tightness and chest
esophageal cancer); pain before treatment;

Patients who were eventually enrolled in
the cohort (n=289)

(2) Patients with radiation therapy indications (3 Diabetes, heart disease and other serious underlying

asrecommended by the guidelines; diseases;

(3 Patients with an ECOG score of 0-1; (4) Anti-arrhythmic drugs are currently being used;

(@ Patients with no significant abnormalities in v (5 Patients who cannot tolerate radiotherapy and who were lost
electrocardiogram and echocardiography results or lost during follow-up

Clinical symptoms and HRV parameters
before and after thoracic radiotherapy were

evaluated in all enrolled patients

Y

According to the changes of AD, patients with positive
symptoms or abnormal three or more HRY parameters
(TP, LF or Lfnorm, HF orHfnorm, LF/HF) after thoracic

radiotherapy were included in the case group, and the rest

27 were included in the control group v
Case group Control group
(n=41) (n=48)
- Statistical )
analysis
Y
Analyze and
discuss

Bl BEMNRREE

Fig. 1 Patient inclusion flowchart

®2 FABENELTRHWMER

Tab.2  analysis results of baseline data for the two groups of patients

[n(%)]
Parameter Case group Control group 7 value P value

Agelyear

<60 21(23.6) 25(28.1) 0.007 0.935

>60 20 (22.5) 23 (25.8)
Gender

Male 21(23.6) 25 (28.1) 1.210 0.271

Female 20 (22.5) 23 (25.8)
Smoking history

No 28 (31.5) 40 (44.9) 2.775 0.096

Yes 13 (14.6) 8 (9.0)
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2 (4)
Parameter Case group Control group % value P value
Drinking history
No 29 (32.6) 40 (44.9) 2.016 0.156
Yes 12 (13.5) 8(9.0)
Surgical history
No 24 (27.0) 21(23.6) 1.934 0.164
Yes 17 (19.1) 27(30.3)
Chemotherapy history
No 17 (19.1) 17 (19.1) 0.342 0.558
Yes 24 (27.0) 31(34.8)
Concurrent chemoradiotherapy
No 30(33.7) 34 (38.2) 0.060 0.807
Yes 11(12.4) 14 (15.7)
Pathological type
Lung cancer 14 (15.7) 17 (19.1) 1.489 0.475
Esophageal cancer 9 (10.1) 6 (6.7)
Breast cancer 18 (20.2) 25 (28.1)
3 ITRAMSTRIEHRVIEIRHIMGLE 45 R
Tab.3 Results of the t test for HRV indicators before and after radiotherapy in the control group
(xts)
Analysis indicator Before radiotherapy After radiotherapy t value P value
SDNN/ms’ 55.921£6.992 45.994+4.729 8.148 <0.001
RMSSD/ms’ 63.1071£10.036 50.813+7.630 6.757 <0.001
TP/ms’ 2255.210+489.788 1476.3104+339.241 9.057 <0.001
LF/ms’ 1205.980+215.261 788.980+174.079 10.436 <<0.001
HFms®) 933.100£303.403 607.380+170.103 6.488 <0.001
Lfnorm/nU 57.422+6.274 56.405+7.233 0.736 0.464
Hfnorm/nU 42.3214+6.193 43.487+7.262 -0.847 0.399
LF/HF 1.440£0.346 1.3754+0.371 0.881 0.381
SD1/ms’ 44.744+7.114 36.085+5.464 6.687 <0.001
SD2/ms’ 65.173+7.885 54.040+5.454 8.046 <0.001
SD2/SD1 1.473£0.150 1.518+0.202 -1.234 0.220
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x4 ROIERTATEHRVISIREIHEIE 45 R

Tab.4 Results of the t test for HRV indicators before and after radiotherapy in the case group

(xts
Analysis indicator Before radiotherapy After radiotherapy t value P value
SDNN/ms’ 52.217+8.564 38.1224+5.936 8.6602 <0.001
RMSSD/ms” 57.178 £13.105 44.717+8.551 5.099 <0.001
TP/ms’ 1991.220+403.911 986.660 +204.691 14.205 <0.001
LF/ms’ 1123.850+216.738 486.070+106.244 16.919 <<0.001
HF/ms 739.000+£221.210 434.630+148.136 7.320 <0.001
Lfnorm/nU 60.669t5.563 52.28119.864 4.743 <0.001
Hfnorm/nU 39.120£5.480 46.078£9.710 -3.996 <0.001
LF/HF 1.60710.406 1.220+0.462 4.035 <0.001
SD1/ms’ 40.478 £9.263 32.056 £6.329 4.807 <0.001
SD2/ms 61.598 £8.795 45.515+8.610 8.368 <<0.001
SD2/SD1 1.55540.181 1.443+0.238 2.398 0.019
&5 MWHBREFEZSHHPIMann-Whitney# 3625 R
Tab.5 Mann-Whitney test results of dosimetric parameters for two groups of patients
[M(QL,Q3)]
Parameter Case group (n=41) Control group (n=48) Z value P value
Total dose/Gy 54.000 (50.000, 60.000) 52.000 (50.000, 60.000) —1.753 0.080
Single dose/Gy x+s 2.051+0.264 2.12240.320 2914 0.091
Cardiac Dmin/Gy 0.491 (0.244, 1.285) 0.326 (0.215, 0.550) —1.803 0.071
Cardiac Dmax/Gy 62.735 (52.635, 65.028) 46.759 (32.256, 58.447) —4.079 <0.001
Cardiac Dmean/Gy 15.137 (5.334, 21.284) 4.521 (3.174,7.871) —4.400 <<0.001
Cardiac Vy/% 49.000 (21.250, 82.000) 21.250 (15.775, 31.150) —4.166 <<0.001
Cardiac V,/% 30.500 (8.550, 44.000) 7.300 (5.300, 12.750) —4.331 <0.001
Cardiac V3/% 18.700 (5.200, 29.800) 3.600 (1.900, 8.375) —4.664 <0.001
Cardiac V,/% 10.900 (1.550, 16.250) 1.500 (0.625, 3.875) —3.632 <<0.001
*: t value.
#6 LMFADHlogisticEl)3A % EE 54
Tab. 6 Multivariate logistic regression analysis of cardiac AD
Factor B SE Wald P value OR OR 95% CI
Cardiac D,,,,/Gy 0.000 0.000 2.995 0.084 1.000 1.000-1.001
Cardiac D,,.,,/Gy - 0.002 0.002 1.389 0.239 0.998 0.994-1.002
Cardiac Vy/% 0.032 0.040 0.638 0.425 1.033 0.954-1.118
Cardiac V,y/% - 0.062 0.109 0.318 0.573 0.940 0.759-1.165
Cardiac V;¢/% 0.459 0.189 5.916 0.015 1.583 1.093-2.291
Cardiac V,/% - 0.281 0.176 2.542 0.111 0.755 0.534-1.067
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