T o ) J Korean Soc Radiol 2021;82(3):654-669
e Ol’lgl nal Article https://doi.org/10.3348/jksr.2020.0120
updates elSSN 2288-2928

Evaluation of Post-
Neoadjuvant Chemotherapy
Pathologic Complete
Response and Residual
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Purpose To evaluate the accuracy of MRI in predicting the pathological complete response
(PCR) and the residual tumor size of breast cancer after neoadjucant chemotherapy (NAC), and
to determine the factors affecting the accuarcy.

Materials and Methods Eighty-eight breast cancer patients who underwent surgery after NAC
at our center between 2010 and 2017 were included in this study. pCR was defined as the ab-
sence of invasive cancer on pathological evaluation. The maximum diameter of the residual tu-
mor on post-NAC MRI was compared with the tumor size of the surgical specimen measured
pathologically. Statistical analysis was performed to elucidate the factors affecting pCR and the
residual tumor size-discrepancy between the MRI and the pathological measurements.

Results The pCR rate was 10%. The diagnostic accuracy of MRl and the area under the curve for
predicting pCR were 90.91% and 0.8017, respectively. The residual tumor sizes obtained using
MRI and pathological measurements showed a strong correlation (r = 0.9, p < 0.001), especially
in patients with a single mass lesion (p = 0.047). The size discrepancy between MRI and the path-
ological measurements was significantly greater in patients with the luminal type (p = 0.023) and
multifocal tumors/non-mass enhancement on pre-NAC MRI (p = 0.047).
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Conclusion MRI is an accurate tool for evaluating pCR and residual tumor size in breast cancer pa-
[e}

tients who receive NAC. Tumor subtype and initial MRI features affect the accuracy of MRI.
Index terms Breast Neoplasm; Neoadjuvant Therapy; Magnetic Resonance Imaging
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223190k Wk A (ER+, HER2-, Ki-67 < 14%), U7 B (ER+, HER2-, Ki-67 = 14% or ER+,
HER2+), HER2+ (ER-, PR-, HER2+), 45299 (triple-negative breast cancer; ©I5} TN) (ER-,
PR-, HER?2-). ®2J5H4] ek yhall= 2] Aol a4 fdeo] HaL]A] ohe A 02 425t
ol

%13, fErulUlgre) f5- TefelA elgleh. Welshy e el olelo) BE 4zl Weld
Bekd Pz Holsigl

Eaha] e Hefoll G2 mixlE Y EIeH o SRlxtel 27| S P Y S5 Yot
aff ThHEF B8 AR, 44 Wi4~= independent two sample t-test, B] 442 ¥4~
= Fisher's exact test@} chi-square testg ©]-85}0] 2AI5I3It. T 2404 p gho] 0.05 H
IS BAM R fofgt Zom Bl o QIAES tid o2 2A|AH 34 242 0]
85+ chHgF BA-E Algdsto] W] (odds ratio) 2t 412|717 Hconfidence interval)S AlASHRATE

A7 S Yoz Bk e walE oSk o lojAe] T4 FE = receiver op-
erating characteristic curveZ- 0]-835}0] 24513101, -FHet A W ofgH 2 & of 2fo]7t
QA=Aol tish A 5Tt SHAd5HEH A (area under the curve)©] 0.70] = 3¢ 2~ ¥l
A2 AZFSIATH10). AH7 13 QT We] 2A]ojAle] 2k oF A7]9] 13- Pearson corre-
lations ©]-8-5tof FAISIATE 27138 F g W] £A4lof|Af o] 2h& oF A7) 2folof] FF2 v
2= Q1A= independent two sample t-test@} analysis of varianceZ ©]-835}o] EAI5IIT &

£ EA12] 242 SAS version 9.4 (SAS Institute, Cary, NC, USA)Z o]-&5}o] Al ich.

2
o
[e]

7)) 88rg 2] SRS Fof| A 955 (10%)°] B eh4] ehd s
(90%)°] itk o]9)e] Ui e|at AHEL Table 10 Aelstlct. Wesha 2bd wajol we]
ShA B9 sl & 7toll EAIC 2 Fojn|sh YA el Jfol= ¢lithTable 1). 442

A& A A7 eH Y 2 SolMe g2 HH(p=0.
s

W

37 (rim enhancement)2] £l (p = 0.009), T2
0.0239)7} {2|at4] &7 yhafiel fol gt AAvt/do] USItK(Table 2). SHAIRH 919] Q255 tidS
2 ORIE 2R A 3RS Algsile ul Weleha el delieh dadE Hols 53Rl

2Job4] 97 BHE IS5 B glolal A

5 = S
et AR Au) 23] 3Rt ofggol|A] o] ASHEHA ZH2-0.8017, W2 0.
VA
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Table 1. Clinicopathologic Characteristics of the Patients

Patients with Patients with

Characteristic All Patients pCR Non-pCR* p-Value
(n=88)
(n=9) (n=179)
Age (years), mean £ SD 48.84 49.89 + 8.43 48.72 +8.33 0.692
Pre NAC stage (AJCC 7th) 0.434
I 64 (72.73) 8(88.89) 56 (70.89)
Il 24(27.27) 1(11.11) 23(29.11)
Chemotherapy regimen 0.370
AC 9(10.23) 0(0) 9(11.39)
TA 24 (27.27) 1(11.11) 23(29.11)
FAC 24 (27.27) 2(22.22) 22 (27.85)
DG 31(35.23) 6 (66.67) 25 (31.65)
Pathology 0.345
IDC, NOS 71(80.68) 9 (100) 62 (78.48)
ILC 4 (4.55) 0(0) 4(5.06)
Others 13 (14.77) 0(0) 13 (16.46)
Axillary lymph node metastasis 0.485
No 45(51.14) 6 (66.67) 39 (49.37)
Yes 43 (48.86) 3(33.33) 40 (50.63)
Histologic grade 0.676
Grade 1/2 64 (72.73) 6 (85.71) 58 (74.36)
Grade3 21(23.86) 1(14.29) 20 (25.64)
Nuclear grade* 0.091
Grade 1/2 30(34.09) 5(71.43) 25(32.05)
Grade 3 55 (62.50) 2 (28.57) 53 (67.95)
Tumor subtype 0.726
Luminal 49 (55.68) 6 (66.67) 43 (54.43)
TN/HER2 39 (44.32) 3(33.33) 36 (45.57)
Ki-67 (%) 0.502
Low (< 40) 49 (55.68) 4(44.44) 45 (56.96)
High (> 40) 39 (44.32) 5 (55.56) 34 (43.04)
Resected margin 0.678
Negative 68 (77.27) 8 (88.89) 60 (75.95)
Positive 20 (22.73) 1(11.11) 19 (24.05)

Data are number (%) of patients.

*Patients with non-pCR were defined as patients with a response other than pCR.

THistologic grade data were available for a total of 85 patients.

*Nuclear grade data were available for a total of 85 patients.

A= adriamycin, AJCC = American Joint Committee on Cancer, C = cyclophosphamide, D = docetaxel, F = flu-
orouracil, G = gemcitabine, HER2 = human epidermal growth factor receptor 2, IDC = invasive ductal cancer,
ILC =invasive lobular cancer, NAC = neoadjuvant chemotherapy, NOS = not otherwise specified, pCR = patho-
logic complete response, SD = standard deviation, T = taxane, TN = triple negative
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Table 2. Pre-Treatment MRI Characteristics of the Patients

Patients with pCR Patients with Non-pCR*

Characteristic p-Value

(n=9) (n=179)

Amount of fibroglandular tissue * 0.710
AorB 3(33.33) 22 (27.85)

CorD 6 (66.67) 57 (72.15)

Background parenchymal enhancement 0.344
Minimal, mild 9 (100) 65 (82.28)

Moderate, marked 0(0) 14 (17.72)

Multifocality 0.014
Unifocal 8(88.89) 35(44.3)

Multiple 1(11.11) 44 (55.7)

Lesion type 0.012
Single mass 8(88.89) 34 (43.04)

Multifocal/NME 1(11.11) 45 (56.96)

Shape 0.271
Oval/round 1(11.11) 25 (31.65)

Irregular 8(88.89) 54 (68.35)

Margin >0.999
Circumscribed 2(22.22) 21(26.58)
Irregular/spiculated 7(77.78) 58 (73.42)

Enhancement 0.009
Rim (-) 9(100) 41 (51.9)

Rim (+) 0(0) 38(48.1)

Kinetics* 0.125
Typel, Il 3(33.33) 10 (12.66)

Typelll 6 (66.67) 69 (87.34)

Intratumoral high SI 0.024
Negative 9 (100) 48 (60.76)

Positive 0(0) 31(39.24)

Peritumoral edema 0.484
Negative 4(44.44) 26(32.91)

Positive 5 (55.56) 53 (67.09)

Pre-NAC ADC value 905 * 165.5 925 + 184.8 0.770

Response pattern 0.344
Concentric shrinkage 9(100) 65 (82.28)

Splitted shrinkage 0 (0) 14 (17.72)

Data are number (%) of patients.

*Patients with non-pCR were defined as patients with a response other than pCR.

*For amount of FGT. A = almost entirely fat, B = scattered fibroglandular tissue, C = heterogeneous fibro-
glandular tissue, D = extreme fibroglandular tissue.

*For kinetics. Type | = persistent enhancement, Type Il = plateau enhancement, Type Il = washout enhance-
ment.

ADC = apparent diffusion coefficient, NAC = neoadjuvant chemotherapy, NME = non-mass enhancement,
pCR = pathologic complete response, Sl = signal intensity

https://doi.org/10.3348/jksr.2020.0120 659



Table 3. Diagnostic Performance of MRI for Predicting pCR According to Tumor Subtypes

All Types Luminal HER2/TN
AUC 0.8017 0.7985 0.8056
Accuracy 90.91 89.8 9231
Sensitivity 93.67 93.02 94.44
Specificity 66.67 66.67 66.67
PPV 96.1 95.24 97.14
NPV 54.55 57.14 50

AUC = area under the curve, HER2 = human epidermal growth factor receptor 2, NPV = negative predictive
value, pCR = pathologic complete response, PPV = positive predictive value, TN = triple negative

Fig. 1. Correlation between post-neoadjuvant chemotherapy MRI and pathological measurements of resid-
ual tumor size.

16 MRI pathology size correlation

Surgical pathology size (cm)

S
‘zl * R?=0.3454
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o] Z13l(p = 0.023) (Table 4, Figs. 2, 3), FJollA P /MIEN 2YSHOE Hol= Fof|A
o F3| 2 Kol FEh xjo|7F f-ofu|skA] 2| LERETHp = 0.047) (Figs. 2, 3). th2 A4
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Table 4. Factors Affecting the Difference between the Size of the Residual Tumor of the Surgical Specimen
and that Determined by MRI

Variables n Size Discrepancy (Mean * SD) p-Value

Pathologic prognostic factors

Tumor subtype 0.023
Luminal 49 0261
TN/HER2 39 0.16 = 0.68

Axillary lymph node metastasis 0.281
No 45 0.03+0.72
Yes 43 0.18 = 1.04

Histologic grade* 0.076
Grade 1/2 64 -0.17 = 0.89
Grade 3 21 0.23+0.91

Nuclear grade* 0.795
Grade 1/2 30 -0.11 = 0.94
Grade 3 55 -0.05+0.9

Lymphatic invasion 0.120
Absent 50 0.07 £ 0.65
Present 38 -0.25+1.12

Perineural invasion 0.099
Absent 82 -0.03 £0.88
Present 6 -0.65 £ 0.98

Venous invasion 0.101
Absent 85 -0.04 +0.87
Present 3 -09 £ 131

Ki-67 (%) 0.452
Low (< 40) 49 -0.13 £ 0.87
High (> 40) 39 0.01+0.92

Resected margin 0.303
Absent 68 0.01 +0.61
Present 20 035+ 15

Risk factor 0.084
Absent 76 -0.01 £ 0.87
Present 12 -0.48 =£0.93

Pretreatment MRI features

Amount of fibroglandular tissue 0.284
AorB 25 0.09+0.9
CorD 63 -0.13£0.89

Background parenchymal enhancement 0.321
Minimal, mild 4 -0.09 = 0.96
Moderate, marked 14 0.05 +0.33

Multifocality 0.187
Unifocal 43 0.06 = 0.88
Multiple 45 -0.19£0.9

Lesion type 0.047

https://doi.org/10.3348/jksr.2020.0120 661
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Table 4. Factors Affecting the Difference between the Size of the Residual Tumor of the Surgical Specimen
and that Determined by MRI (Continued)

Variables n Size Discrepancy, (mean * SD) p-Value

Single mass 42 0.12 = 0.69
Multifocal/NME 46 -0.25 £ 1.02

Mass shape 0.128
Oval/Round 26 0.12 = 0.63
Irregular 62 -0.15 £ 0.97

Margin 0.165
Circumscribed 23 0.15+0.66
Irregular/spiculated 65 -0.15 £ 0.95

Enhancement 0.340
Rim (-) 50 -0.15 £ 0.97
Rim (+) 38 0.03 £ 0.77

Kinetics* 0.635
Typel, Il 13 -0.24 + 1.43
Type lll 75 -0.04 % 0.77

Intratumoral high SI 0.252
Absent 57 -0.14£1
Present 31 0.06 £ 0.65

Peritumoral edema 0.637
Absent 30 -0.13+0.94
Present 58 -0.04 = 0.87

MR clinical response

Response pattern 0.652
Concentric T4 -0.04 £0.76
Splitted 14 -0.22 +1.42

*Histologic grade and nuclear grade data were available for a total of 85 patients.

TFor amount of FGT. A = almost entirely fat, B = scattered fibroglandular tissue, C = heterogeneous fibro-
glandular tissue, D = extreme fibroglandular tissue.

*For kinetics. Type | = persistent enhancement, Type Il = plateau enhancement, Type Il = washout enhance-
ment.

HER2 = human epidermal growth factor receptor 2, SD = standard deviation, Sl = signal intensity, TN = triple
negative
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Fig. 2. 40-year-old female with IDC, TN type, single mass, Discrepancy (MRl size - pathology size) =0

A, B. Pre-NAC T1-weighted axial dynamic image and sagittal contrast-enhanced MIP image show a single ir-
regular heterogeneously enhancing mass in the left breast.

C, D. Post-NAC T1-weighted axial dynamic image and sagittal contrast-enhanced MIP image show no en-
hancing lesion at the previous lesion site.

The response was classified as a complete clinical response, and surgery revealed that there was no re-
maining tumor.

In this case, the size discrepancy between MRI and pathology was 0.

IDC = invasive ductal cancer, MIP = maximum intensity projection, NAC = neoadjuvant chemotherapy, TN =
triple-negative

e
P g/ge] XA HEw = 90.91%, AISHEHA2- 0.801701 .0 3t ofy 7he] A
e HER2+/TN 5304 W B 22 o] =2 7S Brh(zHzh 92.31%, 89.8%). 2]l
HE fR) of ol A Pl (95.24~97.14 HR))oll BIsl S/d0ll&E(50~57.1 HYl) 7t 2 4t
< Blon, gollA HER2+/TN f-3ol| Blal i 2 S S

50). o] A-SollA 2713/l Befed e el oS A= 73.1+88.6%(10, 19-23)

FI
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Fig. 3. 42-year-old female with IDC, luminal type, multiple/NME. Discrepancy (MRI size - pathology size) =
3.8-6.2=-2.4.

A, B. Pre-NAC T1-weighted axial dynamic image and sagittal contrast-enhanced MIP image show a regional
NME in the outer portion of the right breast.

C, D. Post-NAC T1-weighted axial dynamic and sagittal contrast-enhanced MIP images show that the lesion
decreased in size to 3.8 cm and manifested as multifocal split lesions.

Surgery revealed a 6.2-cm residual invasive tumor, and the size discrepancy between MRI and pathology
was -2.4 cm.

IDC = invasive ductal cancer, MIP = maximum intensity projection, NAC = neoadjuvant chemotherapy
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S Yelahy ek el oS3t Bado] Qs BARCIBE, A3 IR BEshy o
B2 o =5h= 28 2H7 o o) vs) i o2 A =7} Wojuoka g 4 Qlek
H 2715 Aol

= =
S AR & el ¢ 8H 01]’4‘3“?& OME} e OPOl g2 41
3

TolA A7 E Y & %E’J 5&‘ o XJ% ot 371% DH% 70@ ATAE HAtHr=0.9, p <
0.001). o] ALE A= & 7Ho] AL 0.465~0.929] HS BT 5F A(23)E #|<j5hH
% 0.62 dve S Aol Atk BusITh(12, 19, 22-24). & Ao A} 3he 7| A+
o] #19] Woll UL, whebr] 2p7]-3 8 B/ XHr & A7) cllSol| QlojA] dds] st AAE

ole} g 4 ek,

l‘l

2]0] 2k ¢F A7) Zpolo]| JF2 mxIths A7t Utttk &, HER2+/TN §-8 2o} W30l
713G & e 220 2kg o 7] Zol7k fojn]sHA|l B Z11l(p = 0.023) (Table 4),
A5 ATl IS/ 2FTHr Bols 2ol B Sz Hole 2
BT} §olu]51A 2ol 7} FA] LrERATHp = 0.047). HAIRF AR 78ESHQ ¥ & WES: QFAlo] mhatA
75 oF 37] xjol7} golnaiA| th2 ] ereret W4 1el1 X2 A 27l em kel o
BMIEN Y 2FFFLR Hol= 4ol X7 oF 271 Akel7t B 2A] Yeidt:s & 712
50| Aot AX|EFATH22-29). SHAIRE A RAF2eta R £0] Hg- ool tishiAl= o
50 544 ARt /B 952 Holt Fxjeld g oto) 3712 T Ei= Ty
7hshe 797} Bk B siE Zlof wkstol(24, 30) o] Aol £ 2 2ol EAHoR foln]
& xtol7} il

2 A7 Avjol 2w 273y Wel 2He) W5 oS W] welshs HAL g0l

e o e

O

2
SR Pt 9184 ARISE Qlgich tHEA) 984 Al X E71Y 958 Kol
ol 2R o) 3717h ahamrbEls R0l (Fig 3), o)Ak ol A PEoIME K]
o1l 9184 Alello] efolc. 7] il a2 27 o W7ol glold A7 3N ch
2 9lg4 2912 AL i U WISk 2t ek 9 BelE WeskAL 1 2ol
FEPH 7RI S71A 9153 2 A thiy WeloR Uk Elo] o5 Wre wsx £5
1 2718 Tamskepl Bl Bolth1o, 22). 3, Auzsistay F yelsky ok weje
ke ) by teghol sl e AR SETIUIRte] glojw Wejaly g el Hojof sk
7joi] eifgt Zolck. Helakd TNM 7] Rdoliie deg funte 1 oew Aojsia
flon 2 o)At o) meh P a4 FYeIehe 15 oo Holaiel, olZlo] 9ok A}

#|o] f1Qlo] E|Qit}, o] AL oM E TiEA QYA Q910 & 2kg gakAtmUigto] QAL |

BHo] H|=4d (segmental, regional, diffuse) Q1 7495 S3L ItH22, 28, 31). FH/do -2

&/ ) Aol FRe] HA| gron ohR/ /o mIE R 295 FHEIE Hol A
g5t 3712 24517 oY 2H7 o] 2717 B 7k 4 Qluk(22, 23).
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