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[ Abstract] Background and purpose: The most clearly recognized benefit of neoadjuvant chemotherapy
(NACQ) is that it can increase the proportion of patients who can be treated with breast-conserving therapy (BCT).
However, the shrinkage modes of the primary breast tumor after NAC have been confirmed as a predictor of BCT rate
and prognosis. This study is to evaluate the accuracy of MRI predicting the shrinkage mode of the primary breast tumor
after NAC with three-dimensional reconstruction technique. Methods: Sixty-one women with pathologically proven
solitary invasive ductal carcinoma (Il A- Il C) were recruited. Breast specimens were prepared with PMSS, and residual
tumors were microscopically outlined, scanned and registered by PHOTOSHOP software. The 3D model of residual
tumors was reconstructed with 3D-DOCTOR software based on pathology and MRI imaging characteristics to evaluate
the shrinkage mode. We devided the pathological shrinkage modes into surgical pCR (no residual tumors), solitary
lesions without surrounding lesions, multinodular lesions, solitary lesions with adjacent spotty lesions and diffuse

lesions. Further, the clinical-pathological shrinkage modes were divided into 2 categories: distinct shrinkage mode
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(DSM, the longest diameter of the pathological residual tumors was less than 50% and <2 cm in comparison with the
primary tumor before NAC) and non-distinct shrinkage mode (NDSM, the longest diameter of the pathological residual
tumors was more than 50% and/or >2 cm in comparison with the primary tumor before NAC). Results: The surgical
pCR, solitary lesions without surrounding lesions, multinodular lesions, solitary lesions with adjacent spotty lesions
and diffuse lesions were observed in 23, 17, 5, 9, 7 and 18, 3, 13, 20, 7 patients by MRI and pathology, respectively
(P=0.001). The accuracy, sensitivity and specificity of MRI for predicting pathological shrinkage modes were 86.2%,
65.6% and 91.4%, respectively. The DSM was observed in 36 (59.0%) patients by pathology, and 38 (62.3%) patients
by MRI. Two methods had a high consistency in clinical-pathological shrinkage modes (x=0.863, P=0.000). The
accuracy, sensitivity and specificity of MRI for predicting clinical-pathological shrinkage modes were 91.0%, 64.0%
and 94.8%, respectively. There was not a statistic difference in prediction between DSM and NDSM by MRI (£>0.05).
Receiver operating characteristic (ROC) curve analysis showed an AUC of 0.928 (P=0.000) for MRI to predict the
clinical-pathological shrinkage mode. Conclusion: Three-dimensional MRI reconstruction after NAC could simulate

and predict spatial location of residual tumors, and can be helpful in selecting patients who received BCT after NAC

with tumor downstaging.
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Tab.1 Processing schedules
A B
F(lf’;‘lt;l‘;?in) 24h Xylene 1 60 °C 15-20 min
70% 1 h Xylene II 60 °C 15-20 min
80% 1 h Alcohol 100% [ 3-5 min
) 85% 1h Alcohol 100% 1T 3-5 min
gf}}l‘gr‘gf)“"“ 90% 1 h Alcohol 95% 3-5 min
95% 1h Alcohol 90% 3-5 min
100% 1 h Hematoxylin 5-10 min
100% 1 h 1% acid alcohol 30s
. 2h 0.2% ammonia water 30-60 s
((:girel;leg) 2h eosin Y solution 1 min
2h Alcohol 90% 2-3 min
Infiltration 6h Alcohol 95% 2-3 min
(paraffin, 60 °C) 6h Alcohol 100% TI 3-5 min
Alcohol 100% [ 3-5 min
Xylene [T 5-10 min
Xylene IV 5-10 min

A: Fixation, dehydration, clearing and infiltration; B: HE staining
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Fig.1 Breast part-mount sub-serial section processing

A: Modified radical mastectomy specimen (specimen was cut 3 cm away from the markers signed before NAC, and the parallel needles smeared
with two colors); B: The self-made platform and the operation; C: BCT specimen (purple arrow and yellow arrow separately represent superior
margin and external margin, and red arrow indicates localized sutures for images registration)

2 RERMRIZ#RE
Fig.2 3D mode of pathology and MRI
A: 3D MRI mode before NAC; B: 3D MRI mode after NAC; C: 3D pathological mode after NAC
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Surgical pCR
Solitary lesion without surrounding lesions

Multinodular lesions

Solitary lesion with adjacent spotty lesions

Diffuse lesions

B3 REZHIRGEEER
Fig. 3 3D pathological shrinkage modes

Surgical pCR

Diffuse lesions

Multinodular lesions

Solitary lesion without surrounding lesions DSM

Multinodular lesions

Solitary lesion with adjacent spotty lesions

Solitary lesion without surrounding lesions

NDSM

Solitary lesion with adjacent spotty lesions

B4 IGR-RE = 4R AR R
Fig. 4 3D clinical-pathological shrinkage modes
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Tab.2 Shrinkage modes of the primary breast tumor after NAC by pathology and MRI

[n(%0)]

Shrinkage mode Pathology MRI x value P value
Surgical pCR 18(29.5) 23(37.7)

Solitary lesion without surrounding lesions 3(4.9) 17(27.9)

Multinodular lesions 13(21.3) 5(8.2) 0.568 0.000
Solitary lesion with adjacent spotty lesions 20(32.8) 9(14.8)

Diffuse lesions

7(11.5) 7(11.5)
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Tab.3 MRI predicting the pathological shrinkage modes of the primary breast tumor after NAC

Pathol
Mode MRI n rooey Shrinkage mode/%
M + 1
ode 1 08 358 AC=91.8, SE=100.0, SP=88.4, PPV=78.3, NPV=100.0
M + 14
ode I 3 ’ AC=77.0, SE=100.0, SP=75.9, PPV=17.6, NPV=100.0
Mode Il + 3 2
o i AC=80.3, SE=30.0, SP=95.8, PPV=60.0, NPV=82.1
M. +
ode Iy 191 401 AC=82.0, SE=45.0, SP=100.0, PPV=100.0, NPV=78.8
Mode V + 7 0
. o AC=100.0, SE=100.0, SP=100.0, PPV=100.0, NPV=100.0
Total + 40 21
" o AC=86.2. SE=65.6, SP=91.4, PPV=65.6, NPV=91.4

Mode 1 : Surgical pCR; Mode II: Solitary lesion without surrounding lesions; Mode III: Multinodular lesions; Mode IV: Solitary lesion with
adjacent spotty lesions; Mode V : Diffuse lesions. AC: Accuracy; SE: Sensitivity; SP: Specificity; PPV: Positive predictive value; NPV: Negative
predictive value

F 4 NACERZRMERIEA-HERAREN
Tab.4 Clinical-pathological shrinkage modes of the primary breast tumor after NAC

MRI
Shrinkage mode DSM NDSM Total x value P value
Pathology
DSM 35 1 36 0.863 0.000
NDSM 3 22 25 ) )
Total 38 23 61
£ 5 NACERAMENIEKR-RERFEEXHITA 166 — BRL
Tab.5 The subgroups of clinical-pathological shrinkage modes ] ¥
of the primary breast tumor after NAC ]
80 —
[(%)] 4
Shrinkage mode Pathology MRI ]
DSM 2 60 —
Surgical pCR 18(29.5) 23(37.7) ‘é ]
Solitary lesion without 3(4.9) 10(16.4) 3 _
surrounding lesions 40 —
Multinodular lesion 10(16.4) 0(0.0) 1
Solitary lesion with 7
adjacent spotty lesions 3(8.2) 2(3.3) T
NDSM 20 ]
S;)ii;%rgnlgfégigg:gm 0(0.0) 6(9.8) ] AUC-0.928(95% CIL: 0.832 0.978)
Multinodular lesions 3(4.9) 3(4.9) 0 —
Solitary lesion with rrrrrTT T T T T T T T T T
adjacent spotty lesions 15(24.6) 10(16.4) 20 40 60 80 100
Diffuse lesions 7(11.5) 7(11.5) 100-specificity

B 5 MRIFIEK-HEBRFEENXROCH £k
Fig. 5 ROC curves of MRI predicting clinical-pathological
shrinkage mode

AUC: Area under curve
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Tab. 6 MRI predicting the clinical-pathological shrinkage modes of the primary breast tumor after NAC

Pathology

Item MRI " - Shrinkage mode/%
DSM
Mode | + 18 5 AC=91.8, SE=100.0, SP=88.4, PPV=78.3, NPV=100.0
- 0 38
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3 56
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0 54
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9 209
Total + 39 22 AC=91.0, SE=64.0, SP=94.8, PPV=64.0, NPV=94.8
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