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[ Abstract] Objective To investigate the value of cardiopulmonary exercise testing
(CPET) in the cardiopulmonary functional assessment of lung cancer patients before and
after radiotherapy. Methods Lung cancer patients who were to undergo radiotherapy in the
radiotherapy department of Xuzhou Central Hospital from July 2020 to December 2022 were
included, and CPET (including static lung function) were performed one day before and one
week after radiotherapy. The core indexes, circulatory indexes, respiratory indexes and static
lung function indexes in the resting phase, warm-up phase, anaerobic threshold phase, limiting
phase and recovery 3 min phase were derived from the test system. The results of data analysis
were used to assess the overall functional changes of lung cancer patients before and after
radiotherapy. Results A total of 45 patients with lung cancer were enrolled. After radiotherapy,
among the core indexes, the anaerobic threshold as a percentage of predicted value (AT%pred),
and peak oxygen pulse were lower (P<0.05) and the carbon dioxide ventilation equivalent
slope was higher in lung cancer patients after radiotherapy than those before radiotherapy, with
statistically significant differences (P<0.05). Among the circulatory indexes, heart rate at rest,
warm-up, anaerobic threshold, limit, and recovery 3 min states and carbon dioxide ventilation
equivalent at rest, anaerobic threshold, limit, and recovery 3 min states were significantly higher
in patients with lung cancer compared with those prior to radiotherapy (P<0.05), and oxygen
pulse at rest, warm-up, anaerobic threshold and limit state were significantly lower than before
radiotherapy (P<0.05). Among the respiratory indexes, the partial pressure of carbon dioxide
at rest, warm-up, anaerobic threshold, and limit states was lower (P<0.05) and the partial
pressure of oxygen at warm-up and anaerobic threshold states was higher (P<0.05) than those
before radiotherapy. There was no statistically significant difference in the changes of static lung
function indexes before and after radiotherapy. Conclusion The cardiopulmonary function
of lung cancer patients after radiotherapy is lower than that before radiotherapy, especially the
damage of circulatory function and cell metabolism. CPET, as a diagnostic method, can be used

to evaluate the cardiopulmonary function of lung cancer patients before and after radiotherapy.
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( radiation—induced lung injury, RILI) ™, — H
PUAER, ST B R S8R, BN
RE5R o S, BT SR A O R FE A2,
FEIRERETAY T PP e 0 e 6 A e B 2 5 O U
MY, FECOIEREREIALO P

51 R B T w0 o i s s TSR
RERVITAL B ZhEL, QUG RE R & . SO
SEISE, HIXSEPEA, T HALARE R Wil o0 il D g
0L, JC WA T PEAG 50T X0 i X B 1Y) 4452
Wi o E N, Rl PR T BRI g 2
ek PR %3 i 98 AP I B4 il B A2 A 1 328 ¥
ZEIEA, R0, KE O R BR T 245
PRAGITAL, G0 h eI A A A7 BT i R (SF-
36) UM, X BB G T vkt T ERZ R R )
AR N W, HELL AT, UL D S e R
O HIRERYEAL . Oz 3SR ( cardiopulmonary
exercise testing, CPET ) V& — T K 4 59 P45 £
AR, BRAE T JE PRz gl A b e f L IR
a1 DRECRI EMAEAR, RIRHA AT 18 <R
PRSI RIN , BB MR b 1k 28 0900 i i e

( cardiorespiratory fitness, CRF) , 7EIlfG K )71z
TS Wr . - EREIAL . BITRCRIAN
T WO K g SR Ry A Y AR B
i3 B CPET X i 98 £ 8 0y /i O il D BE Y
AL HEAT AT . BIASEITEAL, AR AT R
i eE S D I BB R, AR T % L 8
AN RSN e A e AR AR T R SRR AR
1 BARETE
1.1 #HEXR

T HL 2020 4F 7 & 2022 4F 12 H AR M T
HRC IR B S RREA T RS TR Il i S S SR
R, A BT T i — KA T 4 R s —
JH AT CPET fidr . IABRHE: OFF G (heps
Fox il RI2I fE M (2022 i) ) PRI
PR, JELRILAL LU L i QBT 4
AEBA MG H o | W 2 7 B @R IRIIRE
R ( Karnofsky Performance Status, KPS ) P>
60 73 HEBRBRMHE: DG IFH AR 825
Q@B 3N AWK EI . Ik 255
@FFAE CPET AHOCAS RIERY B . AP AN
HiPO BE BEAR B A 2 el (b5 XZXY-
LJ-20191112-033 ) .

1.2 CPETK ##aSAfiZhre i

CPET R H B 5t i e il e B £ A7 BR A =) 4=
PR il s (S TIRE ), Al
SMAXS8CE . iy AR 4ha 2 P A A Yt AR5
MR A TR HE , s B AU e
THT S0 B e U M A, AR A
P 10~20 W/min (1) Ramp J5 28 #E47RE DR R ] 14
RS s, X2l # R &z 3 e
AR SRS e . 12 FECCHIE L, fE ., Bk SE
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REF (60+5) v/min FYFHE DR AT R4, H
2 PUERBR ], FEATCHATIZ 5] 3 min 1],
i 3 min oW RS ORE . 2 A B R
BRI G BRI A AR - QO R PRIE RN (5) R
JRCHE 57 TC 1 e Ap e 1 s (M el Sk S AN TS AE AR 5
@i AL (Sp0,) iKT 88%; @A H B
ST Be#f #5 > 0.2 my 5 ST-T Bt /K P50 F AR
fii> 0.2 mv'"",

AT RR AL S 2 TG i (slow vital capacity,
SVC) . M JififiiE & (forced vital capacity, FVC)
N fx K il R & (maximal voluntary ventilation,
MVV) =ik A, fEBEAMTE T N i#fT, 2
W3, B3 WIFEE, HBHES% ERS-93
i
1.3 CPETH#EtRAEL ST

CPET 4§ #r: R I V- &3 2k 8 2 0 A 1

(‘anaerobic threshold, AT ) , M CPET Jll i & &4t
oS A OGS, AT I (B (VO,peak
VO,peak/kg, VO,peak%pred ) . AT B} £ & =&

(VO,@AT, VO,/kg@AT, VO,%pred@AT ) , I
{HANk# (VO/HRpeak ) . A fbBii < >4 A}
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B dEbr. RO EEFEIB. RE B,
AT BB, W% BR B B AV 52 3 min B B 09 176 26
Ehr, WHEBEEE (Vo) . 0% (HR) | Ik
45 H (SBP) . &3k & (DBP) . %k (VO
HR) . VE/NCOslope, VLKW H8 bR, 645§
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WA (RR) | FEIRAUASEH A (RER) | 2%
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THMAERE S RIEE, e e 2 R s 3
AT RZSR, HR 4 757 B mL/min, mL/min/kg
TR, Yopred M F R SEBRIAHE &5 WA R L],
R WL A R 1432 B
B A il Ty BE 48 bre BRI TS =
(FVC., FVC%pred) . H1FH HE=
# (FEV1. FEVI1%pred) . 5 1% ] Jj 0
Aoa b H i & F 4 b (FEVIFVC)
B KPR P B (MMEF) | ) Kl < &
(MVV, MVV%pred ) . PSR S IE(E ( PEF,
PEF%pred )
1.4 MEEBEEMT AR
PN BE AT AR BOTY, SR X B4t
BHUR RS BT, R EER BE R
GEUEATARER, A R I PR X R
1 50~66 Gy, 1.8~2.0 Gy/ ¥k, 5 /J, bty
25~30 WY, Z/AE T 95% MR IXARE; XU
V20 < 28%, ME V30 < 40% . V40 < 30%.
1.5 Fi+ZESH
K HH SPSS 23.0 AR X R A T ae 2R Ab H
PR IE A5 A 1 0ERE R I 5 R b o 22
(x+s) Fow, BETYTHTG R HBER B
At KGR WERFF A IEAS A0 H TR ERER H
DB IR (M ( Py, Pog) | 3mn, HF
JYHTE LR HAES G 55, DL P < 0.05 M2
CENE -0

2 R
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3UH, Lotk 14 B, PR (618+7.0) . A
B H AR YT IR BT 25~30 LT s Ly
TR 21 5] . SRIRAHRIE 19 451 . /Nt AR s S 41,
TNM 7314558 T, 5 JF 1 6 491] v 1A 4 3]
e LG 4 ) e 3 s BRI T A
iy, P4 (4.83+1.72) DR, Hrb 31 AW,
P (32.13+10.03) /45 6 N AA AR
I YT I Z 6 AL MR 17 A
REZ T8 N BRURIR 26 A, BEHRZEHL 19 A,
15 ATCHIRAEIREIL, AR AS
2.2 MITRIECPETHuLERRELES

fili 9 2 H T JiVO,peak ( mL/ min .
mL/min/kg, %pred) . AT (mL/min
ml/min/kg. %pred ) . VO,/HRpeak, WRpeak ¥J%5;
BT TR, VE/VCO,slope 8507 /i A+, Horh
AT%pred. VO,/HRpeak. VE/VCO,slope 5 99T
ML, ZRAAGIHFEL (P<005), &1,
2.3 MITEIECPETIEIFEHRILES

it R B TR0 IR AE A IRAS I ) HR R |
AT, B PR 3 min RASHFEY VE/VCO, B80T
A b, AT, ABRARZS Y SBP AR 2 5
AT, WERARZSHAY VO/HR BT RTIEAG, 25

R1 ERERTIIECPETZLEFRILE (x5 )
Table 1. Comparison of core indicators of CPET in lung cancer patients
before and after radiotherapy (x + s)

EiEL 7 i exgif il egE) LN PlE
VO,peak

mL/min 1 032.60 + 283.13 1 015.51 +281.65 0.539 0.593

mL/min/kg 1599 +4.42 15.67 +3.93 0.630 0.532

Yopred 63.87 +15.07 62.98 + 13.34 0.485 0.630
AT

ml/min 785.38 +191.48 741.98 + 194.93 1.633 0.110

mL/min/kg 12.11 £2.89 11.47 £2.86 1.451 0.154

Yopred 51.26 + 12.55 47.28 + 12.47 2.257 0.029
VO,/HRpeak (mL/¥K% ) 8.39+2.07 7.91£2.02 2.043 0.047
VE/VCO,slope 28.22 +4.82 2991 +6.33 -2.110 0.040
WRpeak (w) 89.93 +28.81 89.49 + 28.54 0.147 0.884

iE: VO,peak. M{HAR A F; AT. RAB; VO,/HRpeak. ¥AL ANk ; VE/VCO,slope. —HAMaKA A S F 45 ; WRpeak. R KI5,
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PIHAS B (P<0.05) , W#E2, RSB E PCO, BT BT FEAG, # 5. AT RS
2.4 YT EISCPETMEIRIEFREL B B PO, B HOT I8, 2R EA G248 L

il B WO SR AE R R . BB AT, R (P<0.05), Wi&3
x2 i EERYTAIECPETEIMERILE (x+5 )

Table 2. Comparison of circulatory indicators of CPET in lung cancer patients
before and after radiotherapy (x +s)

EiEga) ST i TG N P{H
VO, ( mL/min )
IR 240.66 + 48.08 235.89 +39.62 0.754 0.455
HEPIRAS 506.84 + 95.08 496.91 + 85.96 0.895 0.376
ATIRE 780.48 + 192.69 748.48 + 201.00 1.265 0.213
e BRAR S 1039.34 +282.73 1015.98 +283.28 0.748 0.458
R 3 minfk 7S 650.74 + 156.04 657.54 +236.12 -0.183 0.856
HR (¥X/min)
R 83.69 = 12.15 93.38 + 14.56 -4.423 <0.001
HERTS 97.78 + 15.73 103.69 = 14.44 -2.249 0.030
ATHRAS 111.16 = 13.14 115.69 + 15.02 -2.086 0.043
I BRARAS 132.33 £ 16.94 139.47 + 19.43 -2.150 0.037
A3 minf k7S 110.24 + 14.70 119.53 + 14.93 -3.883 <0.001
SBP (mmHg)
IR 125.09 + 14.58 122.09 + 14.99 1.444 0.156
HEPIRAS 135.50 + 19.39 132.57 +24.49 1.058 0.296
ATIRE 148.46 + 22.39 140.59 = 23.04 2.513 0.016
MRS 168.24 +29.50 159.44 +24.78 2.446 0.019
R 3 minfk 7S 160.77 +23.13 154.56 + 22.37 1.989 0.053
DBP (mmHg)
R 80.89 + 8.51 80.09 + 8.62 0.549 0.586
HERTS 82.23 +12.42 79.25 +10.15 1.644 0.107
ATHRAS 79.98 + 12.67 77.50 +9.88 1.397 0.170
I BRARA 82.18 = 16.30 79.87 + 10.85 1.070 0.291
3 minfR7S 79.84 + 14.89 78.79 +9.83 0.471 0.640
VO,/HR (mL/%)
IR 2.90 +0.63 2.61+0.63 3.495 0.001
EPIRS 5.26 +1.21 488+ 1.07 2.535 0.015
ATIRE 7.10 + 1.82 6.51+1.70 2.517 0.016
M BRARAS 8.41+2.09 7.89+2.01 2.264 0.029
M3 mindRAS 5.94+1.28 5.49+1.78 1.564 0.125
VE/VCO,
R 40.85 £7.94 43.32 £7.98 -2.806 0.008
MEPIRTS 35.53 +5.68 36.76 +5.92 -1.791 0.080
ATIRZS 31.81 +4.71 33.84 +5.36 -3.365 0.002
I BRARA 31.07 + 4.88 32.80 + 6.04 -2.527 0.015
3 minf k7S 34.57 +5.15 36.19 + 6.39 -2.167 0.036

iE: VO, R4 8; HR. &, SBP. W4 /E;

DBP. 473K )% ;

VO,/HR. &JWik#; VE/VCO, =R AL iE
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R3 MEEENITEIECPETIERIEFRLLE (x+5 )
Table 3. Comparison of respiratory indicators of CPET in lung cancer patients
before and after radiotherapy (x + s)

EiEta) il exgili W7 S il PlH
VE ( L/min)
H R 10.60 +2.91 10.83 +2.60 -0.661 0.512
BRI 18.23 +4.76 18.57 +4.34 -0.702 0.486
AR 26.58 +6.92 26.87 +7.29 -0.372 0.712
BRI 37.92 £ 12.79 38.86 + 14.57 -0.669 0.507
A3 mindfR7 27.67 + 8.39 28.70 £9.42 -0.759 0.452
TV (L)
HEURA 0.55+0.16 0.55+0.16 0.163 0.871
BRI 0.83+0.21 0.85 = 0.20 -0.463 0.642
AR 1.09 +0.28 1.09 = 0.30 0.018 0.986
M BRARAS 1.32+0.37 1.36 + 0.62 -0.605 0.548
A3 minfR7S 1.11 £0.29 1.09 +0.29 0.607 0.547
BF ( ¥/min )
H R 20+4 20+4 -1.148 0.257
BRI 2+4 2+4 0.164 0.871
AR 25+4 25+4 -0.780 0.440
BRI 29+6 306 -0.797 0.430
A3 mindfR7 265 27+6 -1.655 0.105
RER
R 0.89 +0.15 0.90 + 0.09 -0.119 0.906
BRI 0.91 +0.07 0.92 = 0.09 -0.091 0.928
AR 1.00 = 0.01 1.02+0.15 -1.058 0.296
M BRARAS 1.11 £0.08 1.09 + 0.09 1.159 0.253
A3 mindfR7S 1.15 +0.09 1.14 +0.11 0.978 0.334
PCO, (mmHg )
R 29.65 + 4.54 27.33+3.93 4.905 <0.001
BRI 34.41 £4.30 32.29 + 4.47 4.154 <0.001
AR 37.60 + 4.91 35.45 + 4.67 3.759 0.001
M BRARAS 37.93 £5.19 36.43 +5.45 2.729 0.009
A3 mindfR7S 34.32 +4.86 33.02 £5.62 1.957 0.057
PO, (mmHg)
H R 118.19 + 4.88 119.59 +4.20 -1.862 0.069
BRI 113.25 £ 4.42 114.78 £ 4.91 -2.129 0.039
AR 112.56 + 3.94 114.32 = 4.61 -2.863 0.006
RTINS 114.95 + 4.97 115.24 +5.51 -0.417 0.679

W 3 minfhA

119.25 +4.59

119.42 +5.52

-0.231

0.819

E: VEHARAE; TV MAE; BR FAME; RER FRARTHE; PCO2 —fM# S E; PO2 An /.,

2.5 MITRIEER SAmIhBEIEtRELEL
fiti J5 H 97 J5 VC. FVC%. FEV1%.

FEV1/FVC% MMEF I MVV% 555 5 MO RiFE
S HGIFEY (P<0.05), W4,
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x4 Pl BE YT RISCPETAASMINEEIEARILE (x+5 )
Table 4. Comparison of lung function indicators of CPET in lung cancer patients

before and after radiotherapy (x + s)

£ e} BT R i1 Pl

VG 10.60 +2.91 10.83 +2.60 -0.661 0.512
FVC% 18.23 £4.76 18.57 £4.34 -0.702 0.486
FEV1% 26.58 £6.92 26.87 £7.29 -0.372 0.712
FEV1/FVC% 37.92+£12.79 38.86 + 14.57 -0.669 0.507
MMEF (L/s) 27.67 £ 8.39 28.70 £9.42 -0.759 0.452
MVV% 67.14 £19.95 66.05 +20.17 0.445 0.659

E: VC. iES; FVC. AAMES; FEVI. $148 he:4%; FEVI/FVC. F1# A AFA T E A AMESTE 45 4b; MMEF. X FA P HEA

#; MVV. RRBAE,

3 itk

XF T 0 FEAT T AR DR 1 Je) S e 1 it g A
H, HUT ORI HEIR T ik — T B
B RGN, 5T AR OGN KU 5 5
. th T4 5 b B U A B, 1ET i
A RGN Y IE i A sz B, 5l
A RILIMS PR IR ARG e, ] FRTII 32 i 241
S, (A R TR SO A AN T 3k o b A2 3]
YT, AR O BERT G (radiation—induced
heart disease, RIHD ) """, HFy, X}l &
ST HE VAL S I D RE M sh S8 1k . 2B
Prit iR, PR LEARERIT AL R
A BB O Bl AL 20 22305 4 Tei F8 55 4,
(B 326 T ELO R 50T 2 O I D RE 0 DG TE A8
4, HB= ZWPE. CPET L8 APl 32 ik #
TERRGE . PR R G M AN AR 0 b 2, w]
LIS Bh M ek g, PEAR AT SO TS, LA
Xof A M B A T D RE DAL

AREFFREER IR, 7E CPET Bdabn, Al
J65 FE IUIT TR ) AT%pred . VO./HRpeak 3 %5 it
JTHT TR, T VE/VCO,slope BRI, H2E
SRR G EE L AT RS Zehi ik
FIFHERE T, RSB TfT, BUH TR
feR BEAABENEE T . VO/HR & V0, 5
HR MLl , SBEBUTE VO/HRpeak FRE, St
T YT BRE OISR AT —E i E
VE/VCOslope f M 5 4830 ~UMIE I 22 18] 1 DL
B P HR/NRLCGHEI L A . FER
HORK RN RSz 256 6 P il FR A BT, il
HAEAZ IR, SR Z eI, A, il 4E

BH 7385 | e A CoHE I & T R, AT S5 B0 A< i
WA 25 9 P9l VE/VCO,slope 1 FH i R T
T X BRI R G T — R RYRE .

R Ris R, BEBITRERE . A5
AT, WBRFIKE 3 min RS HR Y807 R
WETE, EXTN 5 ARE T B VO, BA TR
e, HESTZEIFEE L. VO, 504 E%
YIREL, O R A O E S A O E SR
17 (1 R R N RN S PR R W OE= RN
B3 A Y IO i PR T AR s AR
BIHLIRE) VO, BE TR VO, A A1k,
RERILC A AL, X AT R 5 AR IE 1RE
ARG, {H HR THE 7R 85O WE 0 S
R, FE, 5AMRET R DBP ¥k A 3%
Ak, AR RO I R A T FUS BRI T
B0 BB U I A i R R RO AR,
W £B A O e DRI AR DI RE R T R, RO S
R . A AT AR 4 4-RETF VO/HR &
FRE, FEFRE . AT, HBRAKE 3 min IRET
VE/NCO, B3 Th i, T B O RES i, 538
HERESI TR

BEWOTEEIRE 3 min RS, HE4 44
R PCO, BRI HIREAR, A S A AT AR
B PO, BT RIFH R, R WL E I bk,
Heh co, 2, PUREBEAES R, BH
) VE. TV, BF Fll RER $§Fr17E& A IRE T T
IR fE T B 25 5%, VAR XTI R Se (4
B Z G, WlRe SFesshid B, rF
RGeS LUAEIR R GeniAa O, T ) i
AT REFE PR BB HIAH HL 4 B E AR R, BAIE
BT X — s, X SWOBLT Y i g R — 5L
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AR WAFE—E MR B, TFREMAR
YN UAEZ O R, RIUTRIE#H KZ
RIEBIA BRI TR, 2O A & T3, N
TS5 E, HMATENRED, AR
AR HK, AWFEARXS B AT IS T,
XY P HE S AR T AN G 4xi

i bRk, FiE R E DT A 2 HBLO i) BE
TEERTEOL, BN AP A A I RE,
WP D REAL T AR AU i B ~OIRES , 4%
TATHOHAE AT B B, O SR R B
JFH CPET B—TiZ 4, Jofl, W, i,
HE I RR A Tk, A ERE RO 0T )R
Ol RE S AR HEAT 2 WLE TR PPAL . LT AT
FEXT i £ 0T e O D BE AL 3 A 4G
JEHIEEI R G IR R G IIREAE AL, A
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