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Quantitative CT Assessment of Pulmonary Fibrosis Severity in
Patients with Connective Tissue Disease-associated
Interstitial Lung Disease

WANG Ke, HU Zitao, CUI Lulu, GUO Shengya, HUANG Xiaogi™
Radiology Department, Affiliated Hospital of Yan’an University, Yan’an 716000, China

Abstract: Objective: To classify pulmonary fibrosis severity in connective tissue disease-associated interstitial lung disease (CTD-
ILD) patients by integrating visual scoring and quantitative computed tomography (CT). Methods: A total of 96 patients with CTD-
ILD and 47 CTD controls without ILD were enrolled. Pulmonary fibrosis was evaluated using the Warrick score and the 3D slicer-
based density histogram method. Results: Significant differences were observed in standard deviation (SD), kurtosis, and skewness
across the severity groups. Multivariate logistic regression analysis identified HAA as an independent predictor of fibrosis severity.
The receiver-operating characterisric curve (ROC) showed that combining all quantitative CT parameters achieved an area under the
curve (AUC) of 0.846 (sensitivity = 0.739 and specificity = 0.885) to distinguish normal/mild cases from moderate/severe cases. Weak
positive correlations were observed between Perc10, Perc15, MLA, and RV/TLC. Conclusion: This approach enables a noninvasive
and objective assessment of CTD-ILD severity, thereby providing a clinically valuable alternative for patients with limitations in
pulmonary function testing, reducing diagnostic and therapeutic costs, and demonstrating a strong potential for widespread
implementation in primary healthcare settings.

Keywords: connective tissue disease (CTD); interstitial lung disease (ILD); Warrick score; quantitative CT metrics; severity of
pulmonary fibrosis
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Fig.1 Examples of CTD-ILD HRCT abnormality scoring
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Table 1 Baseline information table

413 ESRAR .
H
CTD-ILD (n =96) T HRAL (n=47) Z/y? P
] 32 (33.3) 8 (17>
PR B, %) 4.16 0.041
7 64 (66.7) 39 (83)
HWR /% 63 (14) 44 (18) -5.29 <0.001
BMI/ (kg/m®) 22.49 (4.58) 22.19 (4.49) -0.56 0.571
/A 51D 5(9) -1.02 0.308
RA 45 (46.9) 34 (72.3)
SLE 8(8.3) 10 (21.3)
SSc 14 (14.6) -
PIGHTL% SS 10 (10.4) 2(43) 23.37 0.010
DM 4(42) -
MCTD 11 (11.5) -
ANCA 4(4.2) -
Mk 9(8) 00>
o 2R 7(2) -
PURVE A5 - ~14.50 <0.001
i 12 (5) -
HE 18+2 -
UIP 31(32.3) -
NSIP 46 (47.9) -
CT /3 /%
LIP 16 (16.7) -
OoP 3(3.1) -

W BMI RS RA HIERIBICHT K SLE A RAMLPIRA; SSc A RAVEMIMAE: SS A THLIANE: DM A NL%; MCTD X
RIS LSRG ANCA 25 ANCA AHSRILAET 48 UIP % id AL () Sl 98 s NSIP Sy A4S PE RSP 98 LIP Sy ibk C 40 B o 1] i itk

Jifi g s OP I HUALIENT 22 o

F2 ETMHIFH AL CTD-ILD B % R 1 7 B mfahs L
Table 2 Comparison of quantitative metrics using the density histogram method in CTD-ILD

patients grouped by visual scoring

T H EH# (n=47) BIE (n=41D FEE (n=32) Y (n=23) F/H P
HAA% 422 (2) 8.11 (4.98) ° 9.11 (6.90) ° 10.11 (8.84) ~ 54.48 <0.001
Percl5 -964 (38) —953 (43) —961.5 (43.5) -966 (68) 091 0.824
Perc10 —944 (40) —932 (45.50) —936 (43.25) -936 (67) 1.78 0.620
MLA —825.7 (45.11) —791.43 (64.86) ° -760.92 (83.69) ° -755.36 (111.11) ~ 33.66 <0.001
SD 181.30 (19.74) 207.61 (27.19) ° 230.76 (45.53) 249.16 (53.60) 72.84 <0.001
Kurtosis 13.47 (4.97) 7.31(4.93)° 4.09 (3.68) 3.51(6.43) ™ 67.39 <0.001
Skewness 3.24 (0.65) 244 (0.75) ° 1.93 (0.69) ° 1.84 (1.02) ™ 62.46 <0.001

VB RS IERWAME, P<0.05; #8355 BBAML, P<0.05. HAA JEERIX; Percls A4 litg 2 CT H 7B L5 15 T4 A%
M) CT{H; Percl0 A A ifif% % CT H B L5 10 B 407 s XN CT A, MLA R V¥ 9k: SD MArilk 75 ; kurtosis A UEJE,

skewness 3 i o

WFgtgsie—8¢"" . Hrp, SD. Kurtosis A Skewness
(AL 2 S A Ge vk 2 30, S AR g fili 1) i 2
YEAb I BUBR bR 19 5™

1E B 2 50002 Wi L RE VAl T, Kurtosis 28 1 H
AR, X hEE CTD-ILD £ %% AUC
% 0.764, %45 R 50 Skewness™ (AUC = 0.840)
8¢ SD™ (AUC = 0.903) {L (1) BEAE I S A7 AE 22 5%
AR TR BN BT R A S s Y B A

PR TRV 2R . 2 S BN A AL I P T TN
HEIPE CAUC =0.846), 1 E04T 40 5" VR DUAI4F
EE T 285 VPR IR AN (B . F2E0)E, Bruni 55"
RINA FEARFRAETM SSc-ILD HF LT K, X 5mif
SrA VAN FE S99 TR 7 T AN

WA T s, HAA% S ilill CTD-ILD
i £ A0 R B R B A — 8 A%, 55 Guisado-vasco

SEPIRTTIEE R B (HARNERERIZ, Alevizos A5
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Table 3 Correlation between quantitative indicators and lung function

HIRRH

I N o .
H Gtk HAA% Percl0 Percl5 MLA SD Kurtosis Skewness
r —0.150 —0.158 —0.178 —0.218 -0.261 0.228 0.176
FVC%
P 0.288 0.263 0.208 0.120 0.062 0.104 0.212
r —0.124 —0.136 —0.152 —0.185 —0.221 0.212 0.165
FEV1%
P 0.382 0.337 0.282 0.190 0.116 0.132 0.244
r 0.068 0.131 0.130 0.096 0.051 —0.006 0.006
FEV1/FVC
0.633 0.356 0.358 0.498 0.721 0.965 0.966
r 0.164 0.122 0.126 0.155 0.078 —0.148 -0.173
DLCO%
P 0.246 0.390 0.374 0.273 0.581 0.295 0.219
r 0.083 0.129 0.123 0.066 —0.081 —0.010 -0.038
DLCO/VA
P 0.561 0.362 0.385 0.642 0.568 0.945 0.787
r 0.230 0.300 0.308 0.283 0.136 -0.271 —0.245
RV/TLC . . .
P 0.100 0.030 0.027 0.042 0.337 0.052 0.081
TLCY r 0.081 0.034 0.038 0.082 0.079 —0.108 -0.117
’ P 0.570 0.813 0.790 0.565 0.579 0.447 0.407

W ¥ P<0.05. HAA% M mEmIX s Percl5 A4l s CT B 7 B L35 15 E A s N CT A Perc10 Ry Axilifg % CT HIJ7 & L2
10 F 230 S0 R (R CT {8 MLA NP3 5E08; SD MAruEZE;  kurtosis KU, skewness MW/ ; r A Spearman #15¢ RH. FVC%
S s TR HE R T 4 b s FEV% i — B0 A S B HE R B 40 e FEVI/EVC D58 —88 0 s B by o Bl B p vy
7y s DLCO/VA Sk —% 1B 18 R4 RV/TLC A5 & & il S 5 10 B 2 B s DLCO% A il — 40 Ak Bk O 5= oy T H (8 10 7 20 B
TLCY A il by T 7 43 L

. B B s =
<« 2 2 < z £ = = = 5 5 é N
) O = [9)
S 8 2 3 g 3§ © > > ¢ g
S 2 & 5 2 2 £ z B B 2 a3 z ¢
HAA -0.15-0.12 0.07 0.16 0.08 023 0.08

Perc10 -0.16 -0.14 0.13 0.12 0.13 0.30 0.03

Percl5 -0.18-0.15 0.13 0.13 0.12 0.31 0.04

MLA -0.22-0.18 0.10 0.15 0.07 028 0.08

SD -0.26 -0.22 0.05 0.08 -0.08 0.14 0.08

0.11 0.18

Kurtosis 023 021 -0.01-0.15-0.01-0.27-0.11

0.18 0.16 0.01 -0.17 -0.04 -0.24 -0.12

Skewness

-0.15-0.16 -0.18 -0.22 -0.26 0.23 0.18 -0.17 0.21 0.14 -0.33 0.30

0.19 026 0.12 -026.

0.01 -0.23 0.10 0.04

FVC%
FEV1% -0.12 -0.14 -0.15 -0.18 -0.22 0.21 0.16

FEVI/FvC 0.07 0.13 0.13 0.10 0.05 -0.01 0.01 -0.17 0.19

DLCO% 0.16 0.12 0.13 0.15 0.08 -0.15-0.17 0.21 0.26 0.01 05
DLCOVA 0.08 0.13 0.12 0.07 -0.08 -0.01 -0.04 0.14 0.12 -0.23 0.13 0.28
RV/TLC 023 030 031 028 0.14 -0.27 -0.24 -0.33 -0.26 0.10
TLCY% 0.08 0.03 0.04 0.08 0.08 -0.11-0.12 0_30.0_04
-1.0

W BUEG R R KA SCE DR EE RNy ). W EARR IEAR DG, A ERR AR, BUE IR . RV/TLC &5 Percl0.
Percl5. MLD X [l 2R, RIVHRIGHIEAK .

3 ERIERR MDD REAR A

Fig.3 Heatmap of correlation between quantitative indicators and lung function
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Table 4 Results of logistic regression prediction of disease severity using quantitative indicators
Wi H

B BE P OR B BE P OR
HAA% 0.197 0.044 <0.001 1.218 0.966 0.284 <0.001 2.627
Perc10 0.023 0.006 <0.001 1.023 0.113 0.123 0.356 1.120
Percl5 0.023 0.006 <0.001 1.023 —0.003 0.170 0.984 0.997
MLA 0.016 0.004 <0.001 1.016 —-0.150 0.079 0.058 0.860
SD 0.026 0.006 <0.001 1.027 0.054 0.049 0.271 1.056
Kurtosis —-0.226 0.045 <0.001 0.798 —0.835 0.661 0.206 0.434
Skewness —1.454 0.295 <0.001 0.234 3.660 6.232 0.557 38.860

T HAA% H R Percl5 A@fifg sk CT B EAR 15 TSR M) CT {8 Perc10: 4xMifg3% CT ELJ5 & 585 10 717047 ko
M) CT{8: MLA J-FEIlisEgk: SD Abiui%: Kurtosis AUERE, Skewness AfiifE: B RHIIHFREL BE MFriED: OR NLLAELL.
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Table 5 Results of ROC curves for quantitative indicators to differentiate between patients with

different degrees of severity

i H AUC P AR R S JARexip o
HAA% 0.740 <0.001 > 6.205 0.831 0.628 0.459
Perc10 0.678 <0.001 > -951.500 0.554 0.770 0.324
Percl5 0.687 <0.001 > -932.500 0.585 0.753 0.338
MLA 0.744 <0.001 > ~799.700 0.769 0.667 0.436
SD 0.742 <0.001 > 205.700 0.754 0.731 0.485
Kurtosis 0.764 <0.001 < 8.805 0.800 0.667 0.467
Skewness 0.756 <0.001 < 2.695 0.815 0.658 0.473
SRl 0.846 <0.001 > 0.557 0.739 0.885 0.623
i HAA% N9 IX ;. Percl5 A2 filif% 3% CT BT 158 15 H 0 Xt N CT {E; Percl0 A filifR 5 CT B 5 I8 128 10 7 20 60 % W 1)
CT{fi; MLD NVt Ek: SD Abr#tZ; Kurtosis 448, Skewness A 5 BEA 845 A2 HE B JHF 5L HAA. Percl0. Percl5.
MLD. SD. Kurtosis. Skewness [F&F-TllE#;: AUC & ROC gk T,
1.0 - JER R . XK HAA% AH &1 5 68
W REBN VA Il £F 4tk ™ EFESE . Choi WY
51 WAESE HAAY% 1E N IR IK ILD 2 Wi 474k . iX
B A SLRBLRY], HAAY% T CTD-ILD f 4 FLis B A
= e MLA A EENE.
& .
® 044 ﬁms 76 8 CT 5 Py geAH St 43 #r v, Percl0,
Skewness Perc15. MLA 5 RV/TLC 2355 1EA1¢, X5 Ufuk
0.2 == Percl0 SEPUE SSc-ILD IEAFEZE S, g T AWF5T
me Percl5 o s
e 2N Z R CTD 3 4340 43 95 19 I o fle K0 2
R S T R, ROC 43T & Z K% Logistic M| JHIIESE,
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™35 45 o Kurtosis [) AUC 5% K, X N N . — = S
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Fig.4 Quantitative metrics to differentiate ROC Ah, ZREMIASHTE7R, Skewness H A7

curves for patients with different levels of
severity
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