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Abstract

Objective: To explore the value of multidomain routine chest CT phenotyping for predicting 12-
month moderate-to-severe acute exacerbation in patients with chronic obstructive pulmonary dis-
ease (COPD). Methods: This retrospective study included 684 patients with COPD, who were ran-
domly divided into derivation and validation cohorts at a ratio of 7:3. Clinical variables and routine
chest CT features, including emphysema score, mucus plug score, pulmonary artery-to-aorta ratio,
pectoralis muscle area index and pectoralis muscle attenuation, were collected. LASSO and multi-
variable logistic regression were used to develop clinical, imaging and combined models. Results: A
total of 252 patients developed 12-month moderate-to-severe exacerbation. The combined model
achieved AUCs of 0.884 and 0.851 in the derivation and validation cohorts, respectively, and showed
better calibration and clinical net benefit than single-domain models. Conclusion: Multidomain rou-
tine chest CT phenotyping may help identify patients with COPD at high risk of exacerbation and
provide an explainable basis for follow-up management.
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Figure 1. Flowchart of participant inclusion, imaging meas-
urements, and model evaluation
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Table 1. Comparison of baseline characteristics between the two groups of COPD patients

3% 1. #4E COPD BEELERLE

17N REEEMMEM=432) REAMINE®D=252) G B/ PE P&
(D) 67.4+17.5 71271 t=-6.46; SMD=0.52 <0.001
Eitis 288 (66.7) 195 (77.4) 72=881; p=0.11 0.003
BMI (kg/m?) 23.9+34 223+3.6 t=572; SMD=0.46 <0.001
i R A 151 (35.0) 125 (49.6) ¥=1431; 9=0.14  <0.001
W AR F H () 31.0 (12.0, 48.0) 45.0 (25.0, 64.0) Z=-642; r=025  <0.001
COPD JHFE(4F) 6.8+3.7 94+42 t=-8.61; SMD=0.66 <0.001
mMRC P¥5(45) 1.0 (1.0, 2.0) 2.0 (1.0, 3.0) Z=-794; r=030  <0.001
CAT W4 (47) 126+5.3 184+6.1 t=-13.03; SMD=1.02 <0.001
M E R R 144 (33.3) 133 (52.8) 1=2545; 9=0.19  <0.001
IR E R 116 (26.9) 130 (51.6) =4239; 9=025 <0.001
BRAT A% B M i sk 52 (12.0) 71 (28.2) =2882; 9=021  <0.001
FRERIT S 34(7.9) 58 (23.0) =3167; =022  <0.001
GOLD 3~4 % 147 (34.0) 124 (49.2) P=1545; ¢9=0.15 <0.001
FEV1%TiiHA(%) 56.7+12.8 44.9 + 13.6 t=11.33; SMD=0.90 <0.001
FEVI/FVC 0.54 £ 0.08 0.48 +0.09 t=8.74; SMD=0.71 <0.001
DLCO% i (%) 62.4+13.5 51.6+14.8 t=9.79; SMD=0.76 <0.001
NLR 2.7(1.9, 4.1) 48(3.1,7.2) Z=-928; r=035  <0.001

CRP (mg/L) 7.9 (4.3, 13.8) 17.6 (8.8, 32.5) Z=-827; r=032  <0.001
PCT (ng/mL) 0.05 (0.03, 0.09) 0.12 (0.06, 0.23) Z=-7.66; r=029  <0.001
HEH(g/L) 40.6+4.2 37.4+4.6 t=9.25; SMD=0.73 <0.001
PaO; (mmHg) 78.6+11.2 70.8 +12.7 t=8.09; SMD=0.65 <0.001
PaCO: (mmHg) 42068 483+84 t=-10.08; SMD=0.82 <0.001
SpO2 (%) 942+29 91.1+42 t=10.29; SMD=0.86 <0.001

E: R AIH R TIGRAE LD E ., SMD NirEILIRZE, o NHIE RS BMI A B85, mMRC N B oLEE
SRR R R AR, CAT N COPD ##45Mli, DLCO N—% B YRR, NLR Jy P r 2 i/ bkt 40 o bt
&, PCT NFEEEIR.

3.2. CT SHE B SHHLR

CT 2B S HN R, KA BN E 3 ARt =R BN 2, 348 [R] R Bl B R 5 A 385 10
FOBESSHIR 2 Bl SO T e SN B R LG A T B ISR, RUE . A AUILA YA SR IR
R A BUR AR ZE . WK 2,
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Table 2. Comparison of multidomain CT imaging parameters between the two groups of COPD patients

5% 2. #4H COPD £& CT LS8 SR

B H REABMNEN=432) KRAERMME®M=1252) G B/ PE P&

Jil AR B VT 43 (43) 7.1+3.1 10.6+3.8 t=-12.39; SMD=1.01 <0.001
FARVESY (57) 1.0 (0.0, 2.0) 3.0 (1.0, 5.0) Z=-9.84; r=038  <0.001
XA R R 162 (37.5) 169 (67.1) =5549; 9=029 <0.001
XAEYT K 72 (16.7) 84 (33.3) =2621; =020 <0.001
AW A 164 (38.0) 152 (60.3) =31.69; ¢=022 <0.001
PA/A HE 0.86 + 0.09 0.96 +0.11 t=-12.31; SMD=1.00 <0.001
PA/A>1 56 (13.0) 88 (34.9) P=4722; 9=026 <0.001

JE K WL AR 2 (cm?/m?) 129£2.6 10924 t=10.12; SMD=0.80 <0.001
& K V2 FE (HU) 36.9+6.0 31.8+6.8 t=10.18; SMD=0.80 <0.001
Ji@ LB JE (mm) 3.6+0.7 32£0.7 t=723; SMD=0.57 <0.001

E: PA/A NIk EFEAA ST Sk ERZ .

3.3. IS EUEEE B

TRMEEZGE R TR, FEESBIBRINEE M — 8B 2| R 2B K, RBBRIER
() — Bt IE BRI K, BB AU PP or . BBARTE . PA/A EUAE AN R L2 8 B ks e 1 B 2 &
Hehto 73 Al — SR I A Gt E L3 P <0.001). WL 3,

Table 3. Interobserver agreement analysis of CT imaging parameters

3. CT e U R E B —H Mo

-2 L=t —HitfabR B (95% CI) HWRE P 1A

it SRR o VT 5 ICC 0.89 (0.86~0.92) 0.8 7 <0.001
FHAE VR 5y ICC 0.84 (0.79~0.89) 0.6 4 <0.001
PA/A HUMH ICC 0.93 (0.90~0.95) 0.03 <0.001

i R LT AR i A ICC 0.94 (0.91~0.96) 0.6 cm?/m? <0.001
iR L5 R ICC 0.90 (0.86~0.93) 22 HU <0.001
paan=v:usi Kappa 0.78 (0.71~0.85) - <0.001
XAREY K Kappa 0.81 (0.75~0.88) - <0.001

i ICC FI T8 & — PP, Kappa 140 K48 — B 1EA .

34 R MAGEESMMERXESE

LASSO ik ja, MiZhee. FAEFRFRFI CT Z2EESHELRHEAZ F R Logistic [IHAAY, fR 4R
BRI B s I DI Re A s . SOREWUE . ISR . ACTE RV G Aar i I 67 A R B 1 it JUL Y A
ANMITM . FEVI%BUTHEREC. CRP FhaE ML T o s Rk oo Fh . PA/A LUfE &, T
KIVUHIARFE B FARAN I RV FE BRI 5 12 A H i s R S S AR OC, 22 B3 Giih 7 (3 P<0.05).
W& 4. WK 2,
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Table 4. Multivariable logistic regression analysis of 12-month moderate-to-severe acute exacerbation

F4R2NAPEESMEMENZER Logistic B1Y35T 47

TR p1a OR f& 95% CI P&
FEV1% T H & FE% 10% 0.392 1.48 1.25~1.76 <0.001
CRP %7} 10 mg/L 0.226 1.25 1.12~1.41 <0.001

Jil SRRV S T L A 0.104 1.11 1.06~1.17 <0.001
RV T L A 0.171 1.19 1.11~1.27 <0.001
PA/A HUEREF 1R 0.1 0.451 1.57 1.28~1.94 <0.001

W R WL AR 7 B PR AIG 1 em?/m? 0.186 1.20 1.10~1.32 <0.001
R L P A B 5 HU 0.247 1.28 1.11~1.48 0.001

VE: OR> 1 KRB ME X = ESAF g uRk b B,

FEV1%FRitE _
BI#E10%

1.48

[ ]

_ CRP_ ° 125
S/AE10 mg/L

TS
SAE1S o— i

RIS " 119
SHELS

PA/ALL(E _
=01

[ ]
=
&
4

MIARANEFRIEE _ —— . 1.0()
FZEL cm?/m?

BAEEE _ _
SHES HU 128
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ORfE (95%Cl)

Figure 2. Forest plot of factors associated with 12-month moderate-to-severe acute exacerbation
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35 BBXSE. REESESEEN

FEGEARE A S RIAIERA B, BB A R R B R B Y 5 v 1 X 70 B R S AR PR BE AR T R 22 5 i PR R A

bt SRR AN A A () 5 7 SR AE 3 e, e R SR AR ) D I S5 550K - DeLong #&i%:. NRI AT IDI

OR BB R 2 A SR () P < 0.05). KAEHZRIRI 2 HUmARSR . SRR A ST,
TR A R (R AR TN SR 2 AR HE R R R BLE AL . W3R 50 ] 3,

Table 5. Comparison of predictive performance among different models

5. FRIERETN M RELLEL

L & AF AUC (95% CI) Brier VE4/BAERI EHFEIEWREP H)
I R AR 2 ey 0.781 (0.739~0.823) 0.168/0.91 8
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NRI=0.214, IDI=0.052
G 1 ) .800~0.872 .139/0.
AR HEA 0.836 (0.800~0.872) 0.139/0.96 (¥4 P <0.001)
NRI =0.387, IDI=0.091
ey i 51 0.884 (0.853~0.915 0.112/0.
P SEg Lt fEgi ( 915) /0.99 (1 P < 0.001)
I AR AR 284 I8 IE 0.752 (0.684~0.821) 0.176/0.88 i
Jy— . NRI = 0.196 (P = 0.004),
=2 ] BN . . ~U. . .
SRR ans 0.812 (0.753~0.871) 0.148/0.93 DI = 0,046 (P  0.006)
NRI =0.342, IDI=0.078
KA 364 .851 (0.798~0.904 .126/0.
i Sey it 5 31F 0.851 (0.798~0.904) 0.126/0.97 (#1P < 0.001)
¥: NRI A IDI B LG R NS ], Brier VP2 KRS BEAR TR R Z 0] o
A B
1.0 q 1.0 q
—— PR
—e— IGFRIER! Brier=0.176, #4%=0.88
—a— S/RIER) Brier=0.148, $4%£=0.93
08 0| = BEIE Brier=0.126, $15=097 ‘a
0.6 4 0.6 4
&l
i X
0.4 4 0.4 4
0.2 - = ISR AUC=0.752 021
— = EARIEE AUC=0.812
—_— BEHER AUC=0.851
BEL
0.0 T T T T 1 0.0 T T T T d
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-[{RE FRMXPE

Figure 3. Predictive performance and calibration of different models. (A) ROC curves in the validation cohort; (B) Calibration
curves in the validation cohort
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3.6. IEFRRRINZES ST ENR

PRI T 7, FE I AR P R 90 B 5 I A R R AR PR R RSB B TR A o e 19 3
WA S T R AT s R R e, hEESVEINE R R ZR AT &, EE RN

HFEMPFEED TR . DCA S5 R 2R G th 2 Re, WS 245 RR @ AR
W3 6. K 4,
Table 6. Clinical utility and risk stratification results of the combined model
F 6. BRAEBREMNIBRYASKED EEE
ST HE HET R P S P&
DCA HfEE ] IR A SR 0 1 R AR Y 15%~60%% B (L L 2 Vi [l Py 49 38 2 5 1o —
U4 TR AL < 20% SEIE R AR 12.6% <0.001
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sk
o XU 2H IR 20%~50% AN E R A 34.8% <0.001
e A2 TR > 50% SEINE R A% 68.9% <0.001
RN E e XU ZEL AT R s 2 2 5 B S S 25 <0.001

TE: DCA NRFHZ T, FEH T IWEA R RAEMR T F ke, AP PAE. X EFHE R 51
TR 7 A R PR ] FRE AR B0 A

0.4
HRTFH
2HFH

——— EiEE
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0.3

02
¢ 4
& o1
e N
¥ N
0.0 TTs
—0.1
~024
T T T T T 1
0.1 0.2 03 0.4 05 0.6

HEE

Figure 4. Clinical decision curve analysis of different models

B 4. FEHERIBISFORE S S

3.7. MBS ST LAWIE

BURIE T RS LT — 8. TR EBmEI . ZEEHT, BRI E N E
JEREINE, BRE B REF B IO TR RE: 72 GOLD 2 2%, GOLD 3~4 2% J2 oAt SV N st w20
I AR R AR S I R T I R A A i A R (P P < 0.05). WK 7.

Table 7. Sensitivity analyses and subgroup validation of the combined model

7. BRAEENERM ST ST ARIE

aHAR FEATEE BLgR P&
SER) 53 BT 624 {31 BRI X G5 FE AR de e <0.001

Z BN T 684 {31 F BRI AR A — 3 <0.001
BEN LIS b/ as il FE BRI AR Tl PR ASE A 0.002
GOLD 2 W4 312 I AR T I R AR 2R 0.004
GOLD 3~4 441741 271 %1 A B T i R AR 2 <0.001
B e S ) e N S 438 {3l IR AR AT e 1R v ALY R 0.006

T KOS5 R DA A BRI R B IX ) BE R HE BE M 3R Al £ 15 I o
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4. g

AWFRIR, FHHE CT Frak G riili = Filid . PA/A LAEFIME K LS 60 0% L R # B ke
JIRIZIRGR A o i R LT AR ORI K JUL% i PR SRR P I 5 R 2 — . Wang S8 K I, 0 CT =46
WEIRAHCHLEE 5 COPD ™ EAR B S A B A O, $&on AR PR AU VS FRARAS, 0 r] RE R B AIG
A 1B JORE RN B A2 BRIE B RGP 12]. Li Z3RIE CT RIFEH K ALE AR E 5 COPD k1™
R FPICREIRAE ¢, SCREI RIS E0d AR AL 13]. Zhou Z57ERATHEME NFERAS itk —E B,
RV AR 5 S 32 BRAR BE AP 5 R A 0%, iAHHE AL CT r i s 2L I & B ML & M e[ 14]

M KM S A RE E BB AN E, (R ] DL R R AVE 72 F T K . Razat S5 R IIGHS CT SKJE
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