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Comparative performance of multimodal imaging for the assessment of lesion extent of

breast ductal carcinoma in situ
QU Ying, HUANG Yue, LI Minghui, SUN Chang, WANG Shui’
Department of Breast Surgerythe First Affiliated Hospital of Nanjing Medical University ; Nanjing 210029, China

[Abstract] Objective: To compare the efficacy of three conventional imaging tests, mammography (MG) , ultrasonography (US) , and
magnetic resonance imaging (MRD) , in assessing the lesion size of ductal carcinoma in situ (DCIS) or DCIS with microinvasion (DCIS-
MD , and explore their potential value in guiding breast - conserving surgery. Methods: We retrospectively collected case files of
patients with pathologically confirmed DCIS/DCIS-MI in our hospital, and compared the lesion sizes assessed by the three imaging
modalities with the “gold standard” pathological size, and evaluated the accuracy and consistency of the different imaging modalities
by using McNemar’s test and Bland-Altman’s method. Univariate and multivariate analyses were used to identify the clinicopathologic
features that influenced the accuracy of the assessment, followed by subgroup analyses. Finally, the influencing factors leading to false-
negative -imaging results were explored and analyzed. Results: A total of 263 patients with DCIS/DCIS-MI were enrolled in this study.
Regarding the measurement mean deviation, MRI mostly overestimated (+3.5 mm)lesions, while MG (=2.5 mm) and US(-1.4 mm)

underestimated them. Consistency analysis suggested that MRI had the strongest correlation with pathological findings (r=0.853) and
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the narrowest range of 95% limits of agreement (95% LOA) (=1.73~2.44 cm) , which was superior to MG (+=0.561)and US (+=0.614).
McNemar test indicated MRI” s superiority over US/MG (P < 0.05), while combined US+MG achieved comparable accuracy to MRI(P=
0.921). Logistic regression analysis showed that age >60 years at diagnosis (OR=0.322), tumor diameter 16-40 mm(OR=3.019), and =
41 mm (OR=6.146) significantly affected the accuracy of MG assessment (all P < 0.05). Tumor diameters of 16-40 mm (OR=2.270)
and =41 mm (OR=4.237)and ductal dilatation sign (OR=1.728)significantly increased the risk of US assessment error (all P < 0.05).
Moderate -to-severe breast background parenchymal enhancement (OR=2.139) and non-mass-like foci of enhancement (OR=2.655)
significantly increased the risk of MRI assessment error (all P < 0.05). Subgroup analyses suggested comparable performance for
lesions <15 mm, US preference for 16-40 mm lesions, and MRI advantage for =41 mm lesions. In addition, the HER2 expression status
(OR=0.100) and the Ki67 expression level (OR=0.297) were independent predictors for MG detection failure (all P < 0.05).
Conclusion: Preoperative MRI is beneficial for guiding precise breast-conserving surgery in DCIS/DCIS-MI patients, particularly for

lesions =41 mm. In clinical practice at primary hospitals, the combined use of US and MG can be promoted. For patients with low

HER2 and Ki67 expression, the possibility of false-negative results should be considered during preoperative MG evaluation.

[Key words] ductal carcinoma in situ; tumor size; mammography; ultrasonography; magnetic resonance imaging
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Table 1 Clinical and pathological characteristics of enrolled patients
Characteristic Value[ n(%) ] Characteristic Value[n(%) ]

Age Comedo necrosis
<39 years 36(13.7) Present 155(56.4)
40~60 years 186(70.7) Absent 120(43.6)
>60 years 41(15.6) ER

Menopausal status Negative 75(27.3)
Yes 124(47.1) Positive 200(72.7)
No 139(52.9) PR

BMI classification Negative 102(37.1)
Underweight 17(6.5) Positive 173(62.9)
Normal 185(70.3) HER2
Obese 56(21.3) 0 50(18.2)
Overweight 5(1.9) 1+ 75(27.3)

Gland density 2+ 62(22.5)
Fatty 8(3.00 3+ 88(32.00
Scattered fibroglandular 39(14.4) Ki67
Heterogeneously dense 191(70.5) Low 119(43.3)
Dense 33(12.2) High 156(56.7)

Tumor diameter P63
<15 mm 116(42.2) Negative 75(27.3)
16~40 mm 119(43.3) Positive 200(72.7)
=41 mm 40(14.5) Breast surgery

Pathological type Breast-conserving surgery 81(29.9)
DCIS 170(61.8) Mastectomy 190(70.1)
DCIS-MI 105(38.2) Axillary lymph node status

Histological grade Negative 268(98.9)
Grade | 2509.D Positive 3(1.D
Grade I 130(47.3) Family history of breast cancer
Grade Il 120(43.6) Yes 11(4.2)

No 252(95.8)
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P < 0.001) [ B3 A HT MRI VAR 2= A2 % 2 1 m] etk
HREERD . AW IR 3RS A 7 AH 2 1 T
1 A Y 4 Hosmer - Lemeshow & 4 (P=0.702, P=
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Table 2 Imaging characteristics of enrolled patients
Imaging feature Value[n(%) ] Imaging feature Value[n(%) ]
MG features Mass margin
False negative 29(10.5) Smooth 61(36.3)
Architectural distortion 18(6.5) Unsmooth 107(63.7)
Focal asymmetry 53(19.3) Internal echo of mass
Mass 68(24.7) Hypoechoic 156(92.9)
Calcification 107(38.9) Complex cystic and solid 12(7.1)
MG calcification morphology Posterior echo of mass
Suspicious malignant 104(37.8) No change 162(96.4)
None or typical benign 171(62.2) Attenuation 6(3.6)
MG suspicious calcification distribution Mass aspect ratio
Clustered 510477 =1 11€6.5)
Linear/Segmental 23(21.5) <1 157(93.5)
Regional 17(15.9) MRI lesion enhancement type
Diffuse/Scattered 16(15.00 Mass-like enhancement 113(41.D
US features Non-massenhancement 162(58.9)
False negative 1347 Background parenchymal enhancement
Ductal ectasia 31(11.3) Minimal 45(16.6)
Hypoechoic area 46(16.7) Mild 146(53.9)
Structural disorganization 12(4.4) Moderate 50(18.5)
Mass 168(61.1) Marked 30(11.1D
Punctate echogenic foci 5(1.8) TIC curve
Mass shape Inflow 54(19.6)
Regular 47(28.0) Plateau 168(61.1)
Irregular 121(72.00 Outflow 53(19.3)

®3 FEFNESHREFMEN N ERBES R
Table 3 Comparison and deviation analysis of tumor size

on imaging and pathology

) MG UsS MRI
Variable (n=246)  (n=262)  (n=275)
Agreement[n(%)] 95(38.6) 125(47.7) 156(56.7)
Over estimation 59(24.0) 69(26.3)  90(32.7)
Under estimation 92(37.4) 68(26.0)  29(10.5)
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Figure 1
three imaging tests and MG combined US
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Table 4 Comparison of the accuracy of three imaging tests

for preoperative assessment of lesion extent

Examination A vs. B Toi Tt X P

MG vs. US 23 41 5.063 0.033

MG vs. MRI 32 68 12.960 <0.001

US ws. MRI 37 57 4.255 0.049

(MG+US) vs. MRI 50 52 0.039 0.921
The difference between imaging and pathological lesion size <

5 mm was assigned a value of 0(accurate) , and >5 mm was assigned a
value of 1(inaccurate). no refers to the number of patients where meth-
od A was accurate and method B was inaccurate; ny refers to the number

of patients where method A was inaccurate and method B was accurate.
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Table 5 Univariate and multivariate analyses affecting the accuracy of DCIS/DCIS-MI ranges in preoperative MG assessment

Accurate group Inaccurate group Multivariate analysis
Characteristic (n=95) (n=151) X P OR 95%CI P
Age 12.003 0.002
<39 years 8(8.4) 25(16.6) Ref.
40-60 years 62(65.3) 110(72.8) 0.724 0.293-1.789 0.484
>60 years 25(26.3) 16(10.6) 0.322 0.109-0.946 0.039
Menopausal status 1.216 0.270
Yes 49(51.6) 67(44.4)
No 46(48.4) 84(55.6)
BMI classification 1.366 0.243
<25 kg/m’ 80(84.2) 118(78.1)
>25 kg/m’ 15(15.8) 33(21.9)
Gland density - 0.068
Fatty 5(5.3) 3(2.00
Scattered fibroglandular 15(15.8) 21(13.9)
Heterogeneously dense 58(61.1) 113(74.8)
Dense 17(17.9) 14(9.3)
Tumor diameter 28.322 <0.001
<15 mm 56(58.9) 40(26.5) Ref.
16-40 mm 33(34.7) 78(51.7) 3.019 1.659-5.496 <0.001
=41 mm 6(6.3) 33(21.9) 6.146 2.282-16.549 <0.001
Pathological type 2.140 0.143
DCIS 63(66.3) 86(57.0)
DCIS-MI 32(33.7) 65(43.0)
Histological grade 5.704 0.058
Grade T 13(13.7) 8(5.3)
Grade I 44(46.3) 70(46.4)
Grade Il 38(40.0) 73(48.3)
Comedo necrosis 5.735 0.017
Present 48(50.5) 53(35.1) Ref.
Absent 47(49.5) 98(64.9) 1.158 0.615-2.179 0.650
ER 2.079 0.100
Negative 21(22.1) 48(31.8)
Positive 74(77.9) 103(68.2)
PR 2.041 0.153
Negative 31(32.6) 63(41.7)
Positive 64(67.4) 88(58.3)
HER2 5.909 0.052
0-1+ 48(50.5) 53(35.1)
2+ 20021.1) 38(25.2)
3+ 27(28.4) 60(39.7)
Ki67 4.528 0.033
Low 45(47.4) 51(33.8) Ref.
High 50(52.6) 100(66.2) 1.232 0.653-2.327 0.520
P63 0.090 0.764
Negative 26(27.4) 44(29.1)
Positive 69(72.6) 107(70.9)
MG features 2.953 0.399
Calcification 39(41.1) 68(45.0)
Architectural distortion 6(6.3) 12(7.9)
Focal asymmetry 18(18.9) 35(23.2)

Mass 32(33.7) 36(23.8)
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Table 6 Univariate and multivariate analyses affecting the accuracy of DCIS/DCIS-MI ranges in preoperative US assessment

Accurate group

Inaccurate group

Multivariate analysis

Characteristic (n=125) (n=137) X P OR 959%Cl P
Age 1.740 0.419
<39 years 13(10.4) 20(14.6)
40-60 years 88(70.4) 97(70.8)
>60 years 24(19.2) 20(14.6)
Menopausal status 0.002 0.968
Yes 59(47.2) 65(47.4)
No 66(52.8) 72(52.6)
BMI classification 0.433 0.511
<25 kg/m’ 100(80.0) 105(76.6)
>25 kg/m’ 25(20.00 32(23.4)
Gland density - 0.516
Fatty 5(4.0) 3(22)
Scattered fibroglandular 20(16.0) 15(10.9)
Heterogeneously dense 85(68.0) 100(73.0)
Dense 15(12.00 19(13.9)
Tumor diameter 16.885 <0.001
<15 mm 67(53.6) 42(30.7) Ref.
16—-40 mm 48(38.4) 67(48.9) 2.270 1.322-3.896 0.003
=41 mm 10(8.0) 28(20.4) 4.237 1.856-9.669 <0.001
Pathological type 1.132 0.287
DCIS 81(64.8) 80(58.4)
DCIS-MI 44(35.2) 57(41.6)
Histological grade 5.668 0.059
Grade | 17(13.6) 7(5.1)
Grade I 57(45.6) 68(49.6)
Grade Il 51(40.8) 62(45.3)
Comedo necrosis 0.120 0.729
Present 72(57.6) 76(55.5)
Absent 53(42.4) 61(44.5)
ER 1.840 0.175
Negative 29(23.2) 42(30.7)
Positive 96(76.8) 95(69.3)
PR 0.004 0.950
Negative 47(37.6) 51(37.2)
Positive 78(62.4) 86(62.8)
HER2 0.171 0.918
0-1+ 53(42.4) 61(44.5)
2+ 29(23.2) 32(23.4)
3+ 43(34.4) 44(32.1)
Ki67 3.107 0.078
Low 60(48.0) 51(37.2)
High 65(52.0) 86(62.8)
P63 1.030 0.310
Negative 39(31.2) 35(25.5)
Positive 86(68.8) 102(74.5)
Ductal ectasia 5.009 0.025
Absent 87(69.6) 77(56.2) Ref.
Present 38(30.4) 60(43.8) 1728 1.020-2.929  0.042
US features 0.002 0.969
Mass-like 80(64.0) 88(64.2)
Non-mass-like 45(36.0) 49(35.8)
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Table 7 Univariate and multivariate analyses affecting the accuracy of DCIS/DCIS-MIRanges in preoperative MRI assessment

Accurate group

Inaccurate group

Multivariate analysis

Characteristic (n=156) (n=119) X P TorR T osa P
Age 1.217  0.544
<39 years 18(11.5 18(20.9
40-60 years 110(70.5) 84(64.2)
>60 years 28(17.9) 17(14.9)
Menopausal status 0.169 0.681
Yes 76(48.7) 55(52.2)
No 80(51.3) 64(47.8)
BMI classification 1.415 0.234
<25 kg/m’ 126(80.8) 89(74.8)
>25 kg/m’ 30(19.2) 30025.2)
Gland density 0.187  0.665
Fatty 5(3.2) 3(2.5
Scattered fibroglandular 23(14.7) 16(13.4)
Heterogeneously dense 108(69.2) 84(70.6)
Dense 20012.8) 16(13.4)
Tumor diameter 11.342 0.003
<15 mm 79(50.6) 37(31.1) Ref.
16-40 mm 60(38.5) 59(49.6) 1.661  0.948-2.909  0.076
=41 mm 17(10.9) 23(19.3) 1.702  0.765-3.788  0.192
Pathological type 2704 0.100
DCIS 103(66.0) 67(56.3)
DCIS-MI 53(34.00 52043.7)
Histological grade 1.261 0.532
Grade 1 16(10.3) 9(7.6)
Grade I 76(48.7) 54(45.4)
Grade Il 64(41.0) 56(47.1)
Comedo necrosis 0.135 0.714
Present 87(55.8) 69(58.0)
Absent 69(44.2) 50(42.0)
ER 0939  0.333
Negative 39(25.00 36(30.3)
Positive 117(75.0) 83(69.7)
PR 0.520  0.471
Negative 55(35.3) 47(39.5)
Positive 101(64.7) 72(60.5)
HER2 3.610 0.164
0-1+ 76(48.7) 45(37.8)
2+ 34(21.8) 28(23.5)
3+ 46(29.5) 46(38.7)
Ki67 0.789  0.372
Low 70(44.9) 47(39.5)
High 86(55.1) 72(60.5)
P63 0939  0.333
Negative 39(25.00 36(30.2)
Positive 117(75.0) 83(69.7)
Background parenchymal enhancement 7.057 0.008
Minimal and mild 120(76.9) 74(62.2) Ref.
Moderate to marked 36(23.1) 45(37.8) 2.139  1.226-3.733  0.007
MRI lesion enhancement type 17.475 <0.001
Mass-like enhancement 81(51.9) 32(26.9) Ref.
NME 75(48.1) 87(73.1) 2.655 1.523-4.629 <0.001
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Table 8 Univariate and multivariate analyses influencing false-negative MG findings in DCIS/DCIS-MI lesions

Detected group
Characteristic

Undetected group

Multivariate analysis

X r OR

(n=246) (n=29) 95%Cl P
Age - 0.863
<39 years 33(13.4) 3(10.3)
40-60 years 172(69.9) 22(75.9)
>60 years 41(16.7) 4(13.8)
Menopausal status 0.217 0.641
Yes 116(47.2) 15(51.7)
No 130(52.8) 14(48.3)
BMI classification 1.614 0.204
<25 kg/m’ 195(79.3) 20069.0)
>25 kg/m’ 51(20.7) 9(31.0)
Gland density - 0.774
Fatty 8(3.3) 0
Scattered fibroglandular 36(14.6) 3(10.3)
Heterogeneously dense 168(68.3) 23(79.3)
Dense 34(13.8) 3(10.3)
Tumor diameter 10.101 0.006
<15 mm 96(39.0) 20(69.0) Ref.
1640 mm 111¢45.D 8(27.6) 0.494 0.194-1.254 0.138
=41 mm 39(15.9) 1(3.4) 0.175 0.021-1.443 0.105
Pathological type 1.542 0.214
DCIS 149(60.6) 21(72.4)
DCIS-MI 97(39.4) 8(27.6)
Histological grade 2.395 0.302
Grade [ 21(8.5) 4(13.8)
Grade II 114(46.3) 16(55.2)
Grade III 111¢45.D 9(31.00
Comedo necrosis 4.666 0.031
Present 101(41.1) 18(62.1) Ref.
Absent 145(58.9) 11(37.9) 1.598 0.611-4.176 0.339
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Detected group Undetected group Multivariate analysis
Characteristic (n=246) (n=29) X P OR 95%(CI P
ER 0.708 0.400
Negative 69(28.0) 6(20.7)
Positive 177(72.0) 23(79.3)
PR 1.255 0.263
Negative 94(38.2) 8(27.6)
Positive 152(61.8) 21(72.4)
HER2 19.285 <0.001
0-1+ 101C41.1) 24(82.8) Ref.
2+ 58(23.6) 4(13.3) 0.375 0.118-1.198 0.098
3+ 87(35.4) 1(3.4) 0.100 0.012-0.843 0.034
Ki67 17.151 <0.001
Low 96(39.0) 23(79.3) Ref.
High 150(61.00 6(20.7) 0.297 0.102-0.867 0.026
{EE SIRR A AR controlled trial [J]. Lancet Oncol, 2020, 21 (9) : 1165—
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