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(cardiopulmonary exercise testing, CPET). WARIFIE SR 2 420 H 1 — MG 0L . Mk == EWtniy . OB B O3 RISEm AL,
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Assessment of cardiopulmonary exercise capacity in early stage of patients with breast cancer undergoing
neoadjuvant chemotherapy and related factors

CHAI Ye-zi', MA Jun’, JIANG Wen-long, LIU Qi-ming, LU Qi-fan, TAO Zheng-yu, JIANG Meng”, PU Jun®
Department of Cardiology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China

[Abstract] Objective:To assess the cardiopulmonary exercise capacity in patients with breast cancer after neoadjuvant chemotherapy in the early stage
and explore possible factors leading to the reduced functional tolerance in those patients. Methods* Fifty-two consecutive patients suffering from breast
cancer and receiving neoadjuvant chemotherapy were included and completed cardiopulmonary exercise testing (CPET), laboratory tests,
electrocardiograph and echocardiography after 1 cycle of chemotherapy in the Department of Cardiology, Renji Hospital, Shanghai Jiao Tong University
School of Medicine from September, 2020 to May, 2021. Fifty-two healthy age-, gender- and body mass index (BMI)-matched volunteers were enrolled
and received CPET as the control group. The general conditions, hematological biomarkers, electrocardiogram and echocardiography of the subjects in
the two groups were collected and recorded. Results:Compared to the control group, the group of patients receiving neoadjuvant chemotherapy had
reduced peak VO, [(18.22+3.48) mL/(min-kg) vs (22.80+3.13) mL/(min-kg), P=0.000], anaerobic threshold [(12.09+2.35) mL/(min-kg) vs (14.93+2.60)
mL/(min-kg), P=0.000] and oxygen pulse [(7.67+1.45) mL/beat vs (8.87£1.29) mL/beat), P=0.000]. On multivariable regression analysis, BMI was
independently associated with peak VO, (f=-0.528, P=0.047) of patients in the early stage of neoadjuvant chemotherapy. Conclusion-Decreased
cardiopulmonary function could be detected in the early stage of neoadjuvant chemotherapy on patients with breast cancer via CPET. High BMI can be an
independent predictor of the reduced peak VO,. Maintaining BMI at normal level by losing weight may help to improve patients’ cardiopulmonary
function and long-term cardiovascular prognosis.

[Key words] breast cancer; neoadjuvant chemotherapy; cardiopulmonary exercise testing (CPET); peak VO,; body mass index (BMI)
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Jigeg , A 2020 4E 2 BRFT RIS IR B E A 226 T, 2y
FAE R RIE R B 11.7%. — 51, BE&E LA 2T
F B SR A IR YT 25 R R, R I T AR A
M E TR P 55—, k2EiRyT (By7)
LK ) 250 5 A 0 L R AR KR B R T A
BRI 4 FUNR R R B R 25 4k Y. Rithimaki 45 4 %t
3 676 472 £ 5 M PE R RGHEAT TR 19 4R D, Hirh
122 217 2 PEAE A B 6012 S ZUAR R . FLA e 8 3 A
W HEC I FE T 353 5 10.4% F17.5%, BCIEARRE |
AW RBERRE, FUREERE S0 . 0
TRV Ath o 95 A6 T DU 4 1) 35 3 R 1,140 1.29 Fl
12445, Bk, B 1000 i 45 T B W 00 R 80 99 FS A G
PRI 2% % 7L M R X T ORI I U S — 2 A
PR E 880 (body mass index, BMI) S/ A A B8 2
FERME BRI, S0 BML 5.0 ) 580 . 56 09 55
LR A BIR I & R YIAE 5 B BMI S Z R0
P TR 1 g RS S22 T ARG 1, [T BMIL S It 25 386
HE SO RE 19 & KU o 0 il A2 B3 56 (cardiopulmonary
exercise testing, CPET) WJFE#FEN . 1z 3 LA KR & 1)
WS S5 R ROV R AR R L IR
OB AEHEBR 0B, X P AL LR IS SR A 0O i A £ T g
RA M BELERFTE 245 h T BMIG FLAR I 2 220 A
Wz R 3e WA T 45 ), 3658 2 DG L g o il B A 4
ANTF] BMIZK P 58 5 0O Bl D RE 22 5 . AR 5T 15 A6 i
CPET £ 2 48 % L Mt S5 35 0l B A7 L3 A0 it T g
JEIIEAN R BMIE & O i D il Mz s s /K1 25 5 .

1 MEeERE

L1 WFREXR

S A B 2020 4 9 A —2021 4% 5 H W1 RI7E 1 i 58 38
2 B 2 Bt B A 5 B2 e LR AN RHf 12 1) L Tt o
T S2BI AT, A A ZH LN S8 B S AR ) Al B
IT I % 4R, AR 28 d, HEAZEE (80 mg/m’,
B0, 8, 15, 22 H), A (25 mg/m?®, 251, 8, 15H)
WA BRIETT (UG 4 me/kg, HIREH 2 mgkg) o 58
BCHTRE BRI AR — RS . AR 2 CPET S5k 4 .
AERRE: OFEBEBEFLIRINEI OIS LI, 0 BRI S
FE KRR E (T/T8) BH . QFkE
18~70 % . @ ANFKFREAEKKTZIK2 (human epidermal
growth factor receptor 2, HER2) FHYE, ZFLIRINEL K H:
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HEL ., DFFFE I 259 IR AR IR ) Z R H % . O/ ™
Y 5 F R LA B I R S R AR (f
FE AN B T 7™ AW RS T SRR L IR R
). ©F SRR 3202 256 1 Bl . DR E
INH B EARE A S INARESE B HABE B, A 0 & K7
WhWEsh#H (izgh i, hEEESEIH) . Jms
S B SR . AEEY . BMIPC LI G RE RO il 0
25 7 Bl RIPTAR T 0 T 1 5 04 £ o A B A DA ) R
Ao BFFEAR I 5 3 K 2 I o g B I A 2 B A2 3L 2
et [HHES . PR (KY2020-189) 1, JETFIRA
RIGBAEETEM GENHS . NCT04510532) . Zik# M
I B G R A

1.2 IR B ki 4

W 2 HZ A — I AL, AT AR . B
R REFE A, MR BMUE LT 41835 43 Mk % R
i F 4l (BMI<25.00 kg/m?) . B KALKETE 4] (BMI=
25.00 kg/m®) o FAHCSZ I ML, K I N oK St B 76 ) 4
BK Ji (N-terminal pro-B type natriuretic peptide, NT-
proBNP) . BHEUEHIRAK (B-type natriuretic peptide, BNP) .
Al M A KO R IR H 2 28 1 (soluble growth

stimulation expressed gene2, sST2),

1.3 Z2Jf 8 ot s Pl 6y A5

A7 20 55 5 5 BUBT R ALY 58 — RS, 72 CPETA:
T oE W 2 R S L 3 | K & (LOGIQ E9; GE
Healthcare, €[ ). 4 A$8h5: Z2.0 5N (left atrial
dimension, LAD). ZLEEHKKINAE (left ventricular
end-diastolic dimension, LVEDD) . 2.0 % W46 K N 12
(left ventricular end-systolic dimension, LVESD) ., /&
B 4380 (left ventricular ejection fraction, LVEF) ., 7.0
% J5 BEJE & (left ventricular Posterior wall thickness,
LVPWT) . %[04 2 &  (interventricular septal thickness,
IVST).

1.4 CPET

I7 A 5 X AT O N FHE I B 2R R T, 8k
o o 128 15 Ty S5 f 0 R B R B 42 sk B . e sz
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WP R 30 At . BB Ao M IR i A . TR
WEAH A2 Bl i fe K22 30 s 11 3445 S et A o e {4 S i
(peak VO,) . CPET £ £ 45 9 [ iy 3155 H e (A i 24 i
peak MET) . & A H
(anaerobic threshold, AT). 4 ALl < HmARR (VE/
VCO, slope) . ki (oxygen pulse, O,P) “5f&hr, Hi#H
THUEE—FESINZ E CPET: B iR AE (f
FEEABR T o . PPUeiRsE . ko DS BHEEE
W2 HORZE; Bl B R B R O HRER

(peak metabolic equivalent,

L5 SilFirik

57 1] SPSS 22.0 £k HEA7 $H A B AN GE 2 4047 . (i
J Shapiro-Wilk test #E 4T IEZS TG K . £ A IES 06 1 E
it PR Xt KR, AFFS IR A 1Y i PR M
(0,, Q) Fmm. HAMFEAR THK . Mann-Whitney U
test LS EUBR ARG I LR 2 LRI 22 5 0 EPER B n (%)
TR, RH RS ST BB, 78 o ] A OC M K 56 £
Pearson #H 5 73 #7 o fift FH 22 50 2k % a1 3 43 Ar X A i 5 i)
peak VO, R bR AT H R M Z R I0HT

2 &R

2.1 SEZRVERHS A b bR

iy 4 A B A A AN 52 4wtk 2k, k|
Fis o ARI7 55 IR AR S . BMI 22 R RS2 &
SCs ARYT AR U 3 5 15.4%, A R R I AE S
S 11.5%, AR DR s 5.8%, A IR AR
H 1 5.8%; HALHER, SXRAMLL, fkras
HOOMENR SR . EFIRThRESIAL FIE R VL, 241 iR
Gt L.

2.2 fRITVALYS A BRALIY CPET 5 b b %

TP HSE MU BT 25 — RIS, 47 CPET Katr, 45
RWFR2, CPETRArid B Jo B MO s | R
ANRFMEA . HITHE peak VO, peak MET, AT & O,P
OO BRZH B W AR, 22 A Gei 2R S (¥ .P=0.000).

2.3 A [n] BMI K F- 18 FUBR o A8 8 B il Bh AL 97 L1 CPET
Bo JCAl A A4 b LE R
IEEET WA (n=39) S5HEKEHTA (=13)
CPET K H ARG A F8Am L AR R WL 3R 3, B8 51 S0 i 7 241
i peak VO, (P=0.006) . peak MET (P=0.004), AT (P=
0.017) BIEH K E VAR, 2RARITFEL; B
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Tab 1 Comparison of demographic data and clinical indicators between

chemotherapy group and control group

Indicator Control group Chemotherapy group P
(n=52) (n=52) value
Female/n(%) 52 (100.0) 52 (100.0) 1.000
Age/year 51 (43,60) 49 (41,58) 0.385
BMI/(kg-m™) 22.61+2.87 23.04+2.35 0.411
Clinical feature
Hypertension/n(%) 5(9.6) 8(15.4) 0.374
Hyperlipidemia/n(%) 4(7.7) 6 (11.5) 0.506
Diabetes/n(%) - 3(5.8) -
Smoking/n(%) - - -
Family history of cancer/n(%) - 3(5.8) -

Laboratory examination
NT-proBNP/(pg-mL™") 22.04 (12.93,32.34) 23.98 (11.04, 40.56) 0.902
BNP/(pg-mL™") 23.00 (16.00,35.00) 17.00 (13.00, 27.00) 0.098

ST2/(ng'mL™") 19.55+5.35 21.98+7.60 0.103

Indicators of Echocardiography

LAD/mm 34.27+4.14 33.58+4.43 0.387
LVEDD/mm 44.06+3.58 44.65+3.19 0.601
LVESD/mm 28.55+2.68 28.68+2.38 0.501
IVST/mm 8.24+1.35 8.08+1.36 0.388
LVPWT/mm 7.85+0.83 7.70+1.08 0.240
LVEF/% 64.61+3.39 64.02+3.77 0.734

®2 WTASEEMRAN CPETHERILE
Tab 2 Comparison of CPET indexes between chemotherapy group and

control group

. Control group  Chemotherapy 2
Indicator

(n=52) group (n=52)  value

Peak VOZ/(mL'min"'kg") 22.80+3.13 18.22+3.48 0.000

Peak MET 6.51+0.89 5.20£1.00  0.000
AT/(mL+min"+kg™") 14.93+2.60 12.09+2.35 0.000
VE/VCO, slope 27.35+3.08 27.13+3.28 0.728
AVO,/AWR/(mL-min™'-W™") 10.16+1.37 9.50+1.39  0.017
O,P/(mL-beat™) 8.87+1.29 7.67+1.45 0.000

Resting SBP/mmHg 118.93+17.69 116.08+16.27 0.550

Resting DBP/mmHg 68.59+10.92 71.76+10.16 0.285
Peak SBP/mmHg 158.27+24.61 150.95+25.22 0.155
Peak DBP/mmHg 72.58+14.19 73.27£17.04 0.828
Resting HR/(beat-min™") 68.35+8.76 68.51+11.15 0.945
Peak HR/(beat-min™") 147.79+15.33 143.31+17.43 0.167

Note: AVO,/AWR—oxygen uptake/power slope; SBP—systolic blood
pressure; DBP—diastolic blood pressure; HR—heart rate; bpm—pbeat/min;
1 mmHg=0. 133 kPa.

FOLBIE R, HEE LR 4 LAD % 1 5 U5 2 W 40
Bk (P=0.033), {HLVEF# 240 p 2R LS E XL
(P=0.691); 2RI AL 2 A VbR S 2= 5 gl

JUYRESV
FRE X,

EHSSIR R 2021, 41012) (@)
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Tab 3 Comparison of CPET indexes between overweight and obesity subgroup and normal subgroup

Indicator

Indicators of CPET

Peak VO,/(mL-min”'-kg™")
Peak MET
AT/(mL-min”"-kg™)
VE/VCO, slope
AVO,/AWR/(mL+min™'-W™)
O,P/(mL-beat™)

Resting SBP/mmHg
Resting DBP/mmHg

Peak SBP/mmHg

Peak DBP/mmHg

Resting HR/(beat* min™")

Peak HR/(beat*min™")

Indicators of echocardiography

LAD/mm
IVST/mm
LVPWT/mm

LVEF/%

Laboratory examination

BNP/(pg-mL™")

Normal BMI subgroup

(n=39)

18.84+3.62
5.39+1.04
12.44+2.51
27.07+3.52
9.39+1.02
7.52+1.55
117.37+17.79
72.58+11.10
148.94+25.31
74.71£17.27
67.66+10.08

144.15+16.79

32.77+4.23
7.93+1.33
7.55+1.02

63.90+3.04

21.44+14.38
27.17+19.76

Overweight and obesity subgroup

2021,41(12)

(n=13) P value
16.38+2.22 0.006
4.65+0.63 0.004
11.05+1.38 0.017
27.33+2.54 0.806
9.82+2.15 0.502
8.10+1.02 0.219
112.00+10.26 0.493
69.17+6.40 0.485
155.77425.32 0.419
69.85+£16.64 0.394
69.64+11.18 0.318
140.77+19.72 0.550
36.50+4.14 0.033
8.63x1.41 0.206
8.25+1.17 0.105
64.3845.56 0.691
23.83+£12.68 0.607
29.97+24.51 0.686

NT-pro BNP/(pg-mL™)

2.4 B FLIRAE B BT B ALY HLI9] peak VO, {1 5 A
# B DA AL Il V1 5y e
LSS 0 TRTATNNEE N S 28 T R a1
peak VO, 5 BMI. ##QU4i . IVST. LVPWTAHC, i
EREAE S s WE PRI s R i A s TG, £t
LPERNA TR (R4), B3 A BMIJE peak VO, 7
SLHUMRE ;. M BMIB S, B35 1) peak VO, B T
& (B=-0.528, P=0.047).
R4 WTAZIEHS peak VO, M EE R 5 S MEL M EEASH

Tab 4 Univariable and multivariable linear regression analysis of clinical

features and peak VO,

Univariable Multivariable

Indicator

B P value B P value
Age -0.216 0.124 = =
BMI -0.480 0.000 -0.528 0.047
Hypertension -0.113 0.512 = =
Diabetes -0.191 0.263 - -
Hyperlipidemia —-0.051 0.766 = =
Resting SBP -0.534 0.006 -0.475 0.093
IVST -0.411 0.011 -0.185 0.663
LVPWT -0.410 0.012 0.238 0.564
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FEHT B AT S A O it 2 T 2R O A L AT R 4 5 i)
K. BFRAS AR, 7ERHE LT 50, B ik
SR L M F A bR R O B 1 A A A R
W AR AR, A DI TIRER N % . 8 CPET
Kids &3, ALI7 400 peak VO,. O,P LAz AT 2445 i B %of
TEAHERRAS, ZFAGIT¥E L XMLy 4174 5y
Mo, R R SV 20 5 0E R AR 5 i P 41 peak VO, .
peak MET . AT F#E(%, 22RA G004 . BB . Pk
T LA R e i s AR IR A R R 5 & B, BMIZ 3 peak O,
RS TR R K% BMIAY TR, A Y peak
VO, Z WAL

Hi, CPETHFZYZ38 AR 7 Kot J1 3 iy
B, BUE L, RS SOOI R R e b
1707 S e i g TN 1 528 d o 10 1 o s i 1 77 R
M FAEbREY . OHRE, BroshEISGA. R,
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SR . AU, BEMBAEYrREY . B0 sl
FRIFE bR IE W A C B 22 5, (HCPET K& 45 R i
N, BE R R R O TR TR, B
PEARHEGEIA A, ¥ CPET 40 A ZL IR Bh A7 R O
REVEHr AR bR, X F A7 1 A0 il By R 45 43 11 10 %
5 S0 IR IR YT M TE S 8 LE R

CPET AJ A SRS T U 528 W I 52 3203 U P I 11
BEE . CEBRHEL B R DB R AR A AR R .
Hp, peak VO, CPET iy £ 2 E S5, RIFMEH
A AE O )Rl 32 BRI B 4 A v LA B A B 1Y) T 48 A o
Sato % 44 A 1 190 .0 Fy FEME R, & Bl peak VO,
BRI A B0 A DA O IR RE TS . AR BETS
WM, Palau F 1O X5 S0 BOGE B 0 ) R0 SR A T
Ja AT PEAL . &K peak VO, B4 peak VO, TN H 43 kb J&
O I R B 4 DA R 7 6 0B TN I 1) 2l S 00 P
AT S48 NAE G fr G 38 iz shad # b, AR 1R
A A N A AT B AL R RN T A, AR E
WA R s, AR T WL GRA R AR Re ) . 4wt
FEH, AT FE X REZH DL KTl B Ak 7 IE s R BTt Wl .
R AR K BEAL, R BH B A7 0 R
AR ) P RRRYEIRS, ML A AR TR R 3 T 4405
T4 1 BMIBE— 25 i 1 X Fpdbifl . i i CPET 44 A
peak VO, AT SEHEHRITA FLARIEE B4 B k)7 B 455, H
AAES, RSB D I DI BER T, X IR SR E Y
2T BRI R TAEA — 8 2 .

AW GE AR T LR B AR AT R A 0 il )
fE, 5 OCTE peak VO, 7E T i B AT 400 ) A AE K T R
Mg R . ZH KR8 &8, BMIJE peak VO, 1
FOHEAR DG 2 . BMIJE [ B - i i AR Jof 2 5 DA B
T fa B — A~ R bR . X T AE L, BMI A8k 32 %2
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