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[Abstract] Objective: To investigate the value of synthetic magnetic resonance imaging (SyMRI) of the lacrimal gland in assessing
disease activity of thyroid -associated ophthalmopathy (TAO). Methods: From January 2024 to January 2025, 73 patients diagnosed
with TAO (29 in active phase, 58 eyes; 44 in inactive phase, 88 eyes) were prospectively enrolled in the First Affiliated Hospital of
Nanjing Medical University. Quantitative parameters [T1 relaxation time (TIRT) , T2 relaxation time (T2RT) , proton density (PD) ]
and semi-quantitative parameters[ signal intensity ratio(SIR) of the lacrimal gland to the temporal muscle on contrast-weighted images ,
including double inversion recovery (DIR) sequence, fluid-attenuated inversion recovery (FLAIR) sequence, and short tau inversion

recovery (STIR) sequence ] of the lacrimal glands were calculated based on SyMRI. The minimum, mean, and maximum values of these
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parameters were compared between groups. Multivariate logistic regression was employed to identify independent predictors of disease
activity. Receiver operating characteristic (ROC) curve analysis was used to assess the diagnostic performance of individual imaging
predictors and their combined model for TAO activity classification. Results: All quantitative and semi-quantitative parameters of the
lacrimal gland Cexcept for the minimum values of all parameters) were significantly higher in the active TAO group than those in the
inactive TAO group(all P < 0.05). TIRTmean [adjusted odds ratio(CAOR)=1.006, P=0.003 ], T2RTmean (AOR=1.127, P < 0.001) ,
PDmax ( AOR=1.071, P=0.001) , and STIR -SIRmax ( AOR=1.834, P=0.006) were identified as independent predictors of active
TAO. The combined model integrating these four independent predictors achieved the highest diagnostic performance [ area under the
curve (AUC) =0.855] , significantly outperforming T1RTmean (AUC=0.663) , T2RTmean (AUC=0.725) , PDmax (AUC=0.707) , and
STIR -SIRmax (AUC=0.755) when used individually (all P < 0.05). Conclusion: Quantitative and semi-quantitative SyMRI-derived
parameters of the lacrimal gland may serve as objective and noninvasive imaging biomarkers for identifying active TAO and provide

complementary information for disease activity assessment, particularly in patients with equivocal clinical activity score or limited

ability to undergo clinical evaluation.
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A: Manually draw the ROI of the lacrimal gland on the section with the largest lacrimal gland area in the T2WI sequence (red). B-G: Apply the
ROI to other SyMRI-derived images[B: T1 map (pseudo-color) ; C: T2 map (pseudo-color) ; D: PD map (pseudo-color) ; E: Synthetic FLAIR image ;
F: Synthetic STIR image; G: Synthetic DIR image ]. H-J: Manually place 5—10 mm’ ROI(green) on both sides of the temporal muscles respectively to
measure their signal intensity, and use it for the calculation of the signal intensity ratio of the lacrimal gland to the temporal muscle (H: FLAIR image;
I: STIR image; J: DIR image).

1 SERREFALROI 4] E & E
Figure 1 Schematic diagram of ROI delineation for the lacrimal gland and the temporal muscle
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Table1 Comparison of clinical characteristics between active and inactive TAO patients

Variable Active(n=29) Inactive(n=44) A P
Age(years,x +5) 53.07 £ 12.50 42.16 + 14.25 -3.357 0.001
Sex(male/female ,n/n) 13/16 7/37 7.349 0.007
TAO duration[ months , M(Pss, Pss) ] 7.00(4.50,10.50) 8.00(2.25,14.75) -0.571 0.568
CAS[M(Pss, Prs) ] 3(3,4) 1(1,1) ~7.448 <0.001
Smoking history(yes/no,n/n) 16/13 22/22 0.187 0.665
FT3[ pmol/L, M(Pss,Pss) | 4.840(4.205,5.525) 5.015(4.258,6.045) -0.581 0.562
FT4[ pmol/L, M(Pss, Pys) | 15.300(11.850,22.500) 17.200(14.200,19.300) -0.513 0.608
TSH[ mU/L, M(Pss,Pss) | 1.610(0.168,6.305) 1.715(0.095,3.005) -0.637 0.524
TRAb[U/L,M(Pss,Pss) | 5.410(2.595,12.700) 5.455(1.913,11.800) -0.536 0.592

FT3: free triiodothyronine; FT4: free thyroxine; TSH: thyroid-stimulating hormone ; TRAb: thyrotrophin receptor antibody.

1.834, P=0.006) ¥3) 4 TAO & ) P B SR SZ M K 7 (TIRT 3348 . T2RT 3318 . PD # K AH . STIR-SIR #
(£, KABD ) 8 I TG B R B A a2 T M B (AUC=
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ROC #2573 # .7~ , SR H 4 A~ MRS 30 PIME (AUC=0.725) . PD 5 KfH (AUC=0.707) [ STIR-
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A 35-year-old female active TAO patient with a CAS of 3. Using the right eye as an example, the mean TIRT, the mean T2RT, the maximum PD,
the maximum STIR-SIR and the predicted value of the combined model were 1 494.40 ms, 88.35 ms, 108.00% 8.45 and 0.997, respectively. A: T1 map
(pseudo-color). B: T2 map(pseudo-color). C: PD map(pseudo-color). D: Synthetic FLAIR image. E: Synthetic STIR image. F: Synthetic DIR image.

2 155EzHEA TAO 2 & BRI E (%

Figure 2 Representative images of one patient with active TAO

A 25-year-old female inactive TAO patient with a CAS of 1. Using the right eye as an example, the mean T1RT, the mean T2RT, the maximum PD,
the maximum STIR-SIR and the predicted value of the combined model were 874.96 ms, 73.47 ms, 96.10%, 2.83 and 0.003, respectively. A: T1 map
(pseudo-color). B: T2 map(pseudo-color). C: PD map(pseudo-color). D: Synthetic FLAIR image. E: Synthetic STIR image. F: Synthetic DIR image.

3 1fI3E5EENEA TAO B BRI E (%

Figure 3 Representative images of one patient with inactive TAO
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Table 2 Comparison of lacrimal gland MRI parameters between active and inactive TAO patients and multivariate logistic

regression analysis

Multivariable analysis

Variable Active(n=58) Inactive(n=88) ICC

AOR(95%CI) P
DIR-SIRmax[ M(Pas, Pss) | 4.470(3.518,6.505) 3.548(2.927,5.113) 0.947  0.006 - -
DIR-SIRmean[ M(Pss, Pss) ] 2.222(1.553,2.839) 1.465(1.124,1.882) 0.865 <0.001 - -
DIR-SIRmin[ M(Pss, Pss) ] 0.018(0.006,0.052) 0.012(0.004,0.047) 0915  0.180 - -
FLAIR-SIRmax[ M(Pss,Pss) ] 3.039(2.563,4.174) 2.638(2.044,3.357) 0.757  0.001 - -
FLAIR-SIRmean[ M(Pss, Pys) ] 2.031(1.621,2.531) 1.847(1.446,2.430) 0.897  0.030 - -
FLAIR-SIRmin[M(Pss, Pss) ] 0.998(0.679,1.283) 1.014(0.760,1.409) 0.837  0.646 - -
STIR-SIRmax[ M(Pxs, Pss) ] 3.873(2.864,4.981) 2.702(2.229,3.210) 0.784 <0.001 1.834(1.190,2.825)  0.006
STIR-SIRmean[ M(Pss, Pss) ] 2.029(1.500,2.455) 1.565(1.288,1.913) 0.907 <0.001 - -
STIR-SIRmin[ M(Pss, Pss) ] 0.416(0.026,0.929) 0.477(0.077,0.793) 0.946  0.887 - -
PDmax[ % ,M(Pss,Pss) ] 113.200(108.000,121.575) 105.950(98.750,113.650) 0.987 <0.001 1.071(1.028,1.115)  0.001
PDmean[ % ,M(Pss,Ps) ] 89.374(84.897,92.863) 84.818(81.619,90.667) 0.732  0.016 - -
PDmin[ %, M(Ps, Pss) ] 64.400(57.825,69.875) 63.150(56.150,69.850) 0.730  0.781 - -

TIRTmax[ms,M(Pas,Pss) ] 1696.100(1372.975,2 344.375) 1393.400(1 173.475,1745.250) 0.932 <0.001 - -

T1RTmean[ ms,M(Pas, Pss) ] 959.267(859.150, 1 053.000) 873.740(758.347,959.621)  0.937 <0.001 1.006(1.002,1.009)  0.003
T1RTmin(ms, + 5) 519.503 + 157.552 529.756 + 138.432 0.699  0.679 - -
T2RTmax[ ms,M(Pss, Pss) ] 108.150(101.250,122.100) 95.600(88.550,105.475) 0.974 <0.001 - -
T2RTmean[ ms,M(Pas, Pss) ] 84.724(80.868,89.296) 78.870(73.789,84.852) 0.947 <0.001 1.127(1.057,1.203) <0.001
T2RTmin[ms ,M( Py, Pss) ] 66.300(60.350,70.500) 64.350(57.750,69.350) 0.895 0.119 - -
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Figure4 ROC curvesof mean T1IRT,mean T2RT,maximum
PD, maximum STIR - SIR and their combined
model for discriminating the disease activity of

TAO
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Table 3 Comparison of the diagnostic efficacy of MRI independent predictors and their combined models for TAO activity

staging
Model Cut-off AUC(95%CI) Sensitivity (%) Specificity (%) P’
STIR-SIRmax 3.47 0.755(0.678-0.823) 63.79 81.82 0.004
PDmax 107.05% 0.707(0.626-0.779) 82.76 53.41 <0.001
T1RTmean 932.98 ms 0.663(0.580-0.739) 63.79 69.32 <0.001
T2RTmean 81.98 ms 0.725(0.645-0.796) 72.41 67.05 0.002
Combined model 0.41 0.855(0.787-0.907) 74.14 84.09 -

‘Combination using a multivariable binary logistic regression model as follows : Logit (P)=0.606XSTIR-SIRmax+0.068XPDmax+0.005XT1RTmean+

0.120XT2RTmean—24.822. *P vs. combined model.
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Table 3 Sensitivity analysis of lacrimal gland SyMRI parameters in euthyroid TAO patients

Variable Active(n=12) Inactive(n=40) P AUC(95%Cl)
T1RTmean(ms) 894.284 + 199.538 899.429 + 133.226 0.918 0.454(0.249-0.659)
T2RTmean(ms) 83.068(78.036,90.303) 76.524(72.671,84.852) 0.062 0.679(0.518-0.841)
PDmax(%) 111.550(108.650,128.950) 107.500(100.375,115.700) 0.033 0.704(0.552-0.856)
STIR-SIRmax 4.532 +1.188 2.957 +0.730 <0.001 0.875(0.772-0.978)

Euthyroid status was defined as normal FT3, FT4, and TSH levels.
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