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Early Recurrence of Breast
Cancer after the Primary
Treatment: Analysis of
Clinicopathological and
Radiological Predictive
Factors
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Purpose To evaluate the value of clinicopathologic factors and imaging features of primary
breast cancer in predicting early recurrence after the primary treatment.

Materials and Methods We enrolled 480 patients who had been followed-up after breast-con-
serving surgery and adjuvant therapy from January 2010 to December 2014 at our hospital.
Early recurrence was defined as recurrence within 3 years after completion of primary treat-
ment, and univariate and multivariate logistic regression analyses were performed to deter-
mine the clinicopathologic and imaging predictive factors of early recurrence.

Results In the univariate analysis, among the clinicopathologic factors, advanced stage (p =
0.021), high histologic grade (p <0.001), estrogen receptor negative (p = 0.002), high Ki-67 prolif-
eration index (p = 0.017), and triple-negative breast cancer (p = 0.019), and among the imaging
features, multifocality (p < 0.001), vessels in the rim on Doppler ultrasonography (US) (p =
0.012), and rim enhancement (p < 0.001) on magnetic resonance imaging of the breast were
significantly associated with early recurrence. In the multivariate analysis, advanced stage
[odds ratio (OR) = 3.47; 95% confidence interval (Cl) 1.12-10.73; p = 0.031] and vessels in the rim
on Doppler US (OR =3.32; 95% Cl 1.38-8.02; p = 0.008) were the independent predictive factors
of early recurrence.

Conclusion Vascular findings in the rim of the primary breast cancer on Doppler US before treat-
ment is a radiologic independent predictive factor of early recurrence after the primary treatment.
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factor receptor-2 (oot HER2) =84 /4 A2 16 5t 35 IFA O 2 trastuzumab | &
£ etk

= 480752 Tl kS 5 331 (6.9%)°] 4= & 31 ofufjol] Akt 7] A 2kt (Bt A
2 7174 17.5709) 01 AL, L A] 44775(93.1%)2 AL EHA] 2 BHAftollon o] 58 TR
O 2 Aot} o 7752 o]-8o5to] F o] yo], ddkete] ) EY 2 |
7] A o] AP Bojel e 2 Aol Tk 7t APk TS
£ AT FFeled Haks 5 W B TS flel s, s Y R

2

O FAHALE oIl 94 0] B7HE floiA §5 T E%(chest plain radiograph), % 7
FFEEEEY (chest computer tomography), # A7H(bone scan), 2 Z4! fluorine-18 fludeox-
0|5} BF-FDG) A& THEEY (whole-body *F-FDG PET/CT)S Al&stict. &
AR PT—} °J7:‘7fi°l§ EFoto] ZGAIZITE AT A
Qo] oA Hoh= A=, oA

hl =
= w%z@, J*H% AR TS ua%%egz;g Sof gfo] Aot 792 Heoli3ict.

[ =91}, <L LoradSelenia (Hologic; Bed-

ford, MA, USA) H]& AH&5to] /dske] Z94(CC view)} HLJARe] EP(MLO view)= Al3st

Z 480 2] EAtol| A 2-Zubrt A= Qi) Z-&3h= 1022 (Phillips Ultrasound; Bothell,
WA, USA) H]2] 7~15 MHz A3 g=AFet ACUSON S2000 (Siemens Medical Solutions;
Mountain View, CA, USA) JH]|2] 6~18 MHz A% ©ZALE- o]-85}o] Attt

TE A T 141789 SAol|A FRAZFRE Yol AR AT}, A7187 /g2 3.0-Tesla A
Y/ 297](Verio; Siemens Health Care, Erlangen, Germany)2} -3 -8 FJ-& AF&s
of ded ApAleA F5 o] Fd2 LA ol 8H AFEFE A Afi(pulse se-
quence)} Tt &2 oS3t 2o} T2 B2 S99/ (axial T2 weighted image), Ak 7+
Z P/Hdiffusion weighted image) L A% JA| & T1 4= S F/d(T1-weighted 3D VIBE,
repetition time/echo time: 4.4/1.7 ms, flip angle: 10, 1.2 mm slice thickness with no gap, ac-
quisition time: 60s)& AJoH, J52 IS4 A7 3P P42 ZHA| 0.1 mmol/kg gado-
pentetate dimeglumine (Dotarem; Guerbet, Roissy, France)2 5% & 4402 7 67,127,
187,247, 3672 ol 6H19] /= AUt Tx7] 2 53l At I

kg™ 2154 (multiplanar reconstraction) 5Ho1 Al A 94 A 2

“g(subtraction image)=}

B
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Breast Imaging Reporting and Data System lexicon 5% Za15to] 2A1511CH?21). 108 o)
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S EE Hol go] & HA2g Uodrh fEIE0lA fe] dret i Helo 375 7185}

i)

A, ST = B FElC 57, T 2 Y A, TS/ (posterior acous-
tic feature)t PIHE R/t E (vascularity) & 7155HATt. A7 |3 G dollM = 582 v Al
A xY35 7 (background parenchymal enhancement), ¥ @Elle] F-7, T3] HF, FA|, &
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Esfo] BA5191 ER —’,“—%14]9} PR 58 Xﬂ% Allred scores- *}%ﬁ}o‘l Hlg %
score)2t W = H4(immune intensity score)& &5to] 34 o]/del 7420l %HJ,QE Aols
ek HER2 ¥4 7= (HER? staining intensity) S 3+= YA OZ 03} 1+= 3402 HE319 0
™ 2+2] 749 Fluorescence in situ hybridization (°]5} FISH) £4]ol|A] &/do] HER2 Y/d o=
FISHOlA] 3/do]H HER2 2/9 2.2 “Jolstict. Ki672] a2 14% nvkat 149 o)/l #o&
ERoloith. Y] BARAE e MYRAeer BAALE o]&oto] th3a} o] 47k4]
Q o}y o & BEsl9itk Luminal A (ER+, HER2-, Ki-67 < 14%), Luminal B (ER+, HER2-, Ki-67
= 14% or ER+, HER2+), HER2 53 (ER-, PR-, HER2+), &5-2/3-F 8 (triple-negative breast
cancer) (ER-, PR-, HER2-).

A
Z7] Adol] FEFES n)x|= YA ol SRlxtet J4f EHS Dot 7] flsf exact logistic
regressiong ©]-83F thHaf 245 3| waH](odds ratio; ©|5F OR)S 3Tt Az Ao
A p X0 0.05 H|RHRI QIAF52 FAACRZ |OJFt Ao B o] F 27| Adat S-4 Aty
=3 7\] d Q125 Yol 7] Qs AAE F]H BAS o] 88 oy 2415 Al o, &
& Aol fold QIS FollA] Grete] B4} oby-2 BR 48419t thE-3-414d (multicol-
linean'ty)OI S W ofe}, TSy BAJolA] F-of5kA] kT PR W HER2 48415 Zgotal
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Ao B & thgF BAo]| AFHA|7]A] ko B o) FHE QIAFE F wAt W Q14 (variance
inflation factor) gto] 102 H= IR} glo] thEF B4 thga-4/4d ZA17F §le-2 Eelskal
T}, THEF Aol A] p 3ro] 0.05 BRI QIAFES BAIK o & folsirtal wastiirt. 714 o0&
Z7] Aol A FREeE At okagol whet Aot
A Kruskal-Wallis testS £l 2AI5IITE 25 EA1A BA2 SAS version 9.4 (SAS Institute,
Cary, NC, USA)E o]-&-5to] Al3Y=|qlct.

e
2
L
i)
N
N
N
XN
i
r
o,
EN
N
e
2
ﬁ).]_!l
o,
N
30,
rlr

&t

A 4807 BAHEC] Wt AW 7172 6171 (M9 37~8471€) 0l 337(6.9%)<]
7] Akl A ZAAEro] 1601](48.5%) & 7 Bt YA o] 701|(21.2%), HHHE 34t 60
(18.29%), T+ A 491(12.1%) =091k, 27] A HA| SAFs0] gHkeF
° XE*EMWPX] a4 %% 7172 17.570 L (8 S 7~3671€) 0131, %%PJ =2t 0}%‘011 whhA]
]

£ Aol felgt i}OI% Ho|z] ekQtTHp > 0.05).

KA 480752] TS Z 404 oA EA}7} 429 (89.4%)011 40| gt 2217} 5175(10.6%) 0]
Ao Bk H7)7F17]9] 9= 2849 (59.2%), 27191 732 161%(33.5%), 37191 4= 35
H(7.3%)°1 1}, et T o7} HAE 7= 1227 (25. 4%)01 1, ZAEA Bele =357
™4(74.4%)°] A5(grade I/II)°] 2L 1239 (25.6%)°] I5(grade II1)0| 31t} Ki-67 &alo]
14% ]9kl BHal= 1507 (31.296)0] 3L 14% ©]AFR] BHAFE 330 (68.8%)0]loH, 714 &5t &
A} oFg2 luminal -§-%(67.7%)°1 AL, B2 2 A5-5/3-72H(22.7%), HER2 -§-3(9.6%)
o]3ltHTable 1).

Z7] At PAE RS o SR1AF7E A A5 TH(Table 1). THAEF EAollA] 2
Hhoko] =2 FF B 71[0R =4.23, 95% confidence interval (°]3} CI) 1.24~13.24, p=0.021], 215
2 2454 B35 (0R = 3.90, 95% CI 1.79~8.62, p < 0.001), ER 484 ©4J(OR =3.29, 95% CI
1.50~7.19, p=0.002), Ki-672] e (OR = 3.51, 95% CI 1.20~14.00, p = 0.017)3} A4t
(OR=2.79,95% CI 1.18~6.54, p=0.019)°] 27| At} 3-2]5 AAgAJo] Ql3dct.

/el AAtellA Hol= dieke] B4 5 27] At #eio] = cllEAE A=A 74
SIATH(Table 2). BT A0l =E2] Z-Zu} ZAfol|A] deke] Bl%2] 7/ (0OR=3.31,95%
CI1.28~8.40, p = 0.012) 24T} B F/FHANE Sooto] ke fHeke] thxxd/d 274 (0R =

>

Table 1. Univariate Analysis of Clinicopathologic Factors between the Early- and No-Recurrence Groups

Characteristics Total (n =480) No Recurrence (n =447)  Early Recurrence (n=33) OR (95% Cl) p-Value
Age (mean % SD) 51.81 £9.52 51.55 £9.37 53.64 £ 11.57
Age (years)
<40 51(10.6) 44 (9.8) 7(21.2) 1 (reference)
>40 429 (89.4) 403 (90.2) 26 (78.8) 0.41(0.16-1.17) 0.097
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Table 1. Univariate Analysis of Clinicopathologic Factors between the Early- and No-Recurrence Groups (Continued)

Characteristics Total (n =480) No Recurrence (n=447)  Early Recurrence (n =33) OR (95% Cl) p-Value

Pathology

IDC, NOS 397 (82.7) 370(82.8) 27(81.8) 1 (reference)

ILC 23(4.8) 23(5.1) 0(0) 0.43 (0.00-2.02) 0.416

Others 60 (12.5) 54 (12.1) 6(18.2) 1.52 (0.49-3.99) 0.510
TNM stage

Stagel 284 (59.2) 271 (60.6) 13 (39.4) 1 (reference)

Stage ll 161 (33.5) 147 (32.9) 14 (42.4) 1.98 (0.84-4.72) 0.127

Stage lll 35(7.3) 29 (6.5) 6(18.2) 423 (1.24-13.24) 0.021
Axillary lymph node metastasis

Negative 358 (74.6) 336 (75.2) 22 (66.7) 1 (reference)

Positive 122 (25.4) 111 (24.8) 11(33.3) 1.51 (0.64-3.38) 0.378
Histologic grade

Grade I/l 357 (74.4) 342 (76.5) 15(45.4) 1 (reference)

Grade Il 123 (25.6) 105 (23.5) 18 (54.6) 3.90 (1.79-8.62) <0.001
Lymphovascular invasion

Negative 373 (77.7) 352 (78.8) 21 (63.6) 1 (reference)

Positive 107 (22.3) 95 (21.2) 12 (36.4) 2.11(0.91-4.69) 0.082
Perineural invasion

Negative 449 (93.5) 416 (93.1) 33(100) 1 (reference)

Positive 31(6.5) 31(6.9) 0(0) 0.29 (0.00-1.34) 0.204
Vascular invasion

Negative 477 (99.4) 445 (99.5) 32(97.0) 1 (reference)

Positive 3(0.6) 2(0.5) 1(3.0) 6.89(0.11-135.72)  0.386
ER

Positive 354 (73.8) 338 (75.6) 16 (48.5) 1 (reference)

Negative 126 (26.2) 109 (24.4) 17 (51.5) 3.29 (1.50-7.19) 0.002
PR

Positive 272 (56.7) 259 (57.9) 13(39.4) 1 (reference)

Negative 208 (43.3) 188 (42.1) 20 (60.6) 2.48(0.97-4.76) 0.059
HER2

Negative 364 (75.8) 339 (75.8) 25 (75.8) 1 (reference)

Positive 116 (24.2) 108 (24.2) 8(24.2) 1.00(0.38-2.38)  >0.999
p53

Negative 340 (70.8) 322 (72.0) 18 (54.5) 1 (reference)

Positive 140 (29.2) 125 (28.0) 15 (45.5) 2.14(0.97-4.66) 0.059
Subtype
Luminal 325 (67.7) 310(69.3) 15 (45.4) 1 (reference)
HER2 enriched 46(9.6) 41(9.2) 5(15.2) 2.51 (0.60-7.77) 0.173
Triple negative 109 (22.7) 96 (21.5) 13 (39.4) 2.79 (1.18-6.54) 0.019
Ki-67 (%)

Low (<14) 150 (31.2) 146 (32.7) 4(12.1) 1 (reference)

High (= 14) 330 (68.8) 301 (67.3) 29 (87.9) 3.51(1.20-14.00)  0.017

Cl = confidence interval, ER = estrogen receptor, HER2 = human epidermal growth factor receptor-2, IDC = invasive ductal carcinoma, ILC =
invasive lobular carcinoma, NOS = not otherwise specified, OR = odds ratio, PR = progesterone receptor, SD = standard deviation
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Table 2. Univariate Analysis of Imaging Features between the Early- and No-Recurrence Groups

No Recurrence  Early Recurrence

Modality Characteristics (n=447) (n=33) OR (95% Cl) p-Value
_ . . Single 372(83.2) 18 (54.5) 1 (reference)
Mn:::jf:lc, zgtsy(;gjﬁr;gl) Multifocal 74(16.6) 15 (45.5) 417 (1.87-9.22) <0.001
NA 1(0.2) 0(0)
Breast composition
Fatty 81(18.1) 9(27.3) 1 (reference)
Dense 340 (76.1) 22 (66.7) 0.58 (0.25-1.49) 0.279
NA 26 (5.8) 2(6.0)
Mammography findings Lesion type
Negative (normal) 2(0.4) 0(0) 1 (reference)
Mass with/without calcification 395 (88.4) 29 (88.0) 0.18 (0.02-infinity) >0.999
Calcification only 24 (5.4) 2(6.0) 0.18 (0.02-infinity) >0.999
NA 26 (5.8) 2(6.0)
Lesion type
Negative (normal) 6(1.3) 0(0) 1 (reference)
Mass with/without calcification 428 (95.8) 32(97.0) 0.60 (0.11~infinity) >0.999
Intraductal calcification 13(2.9) 1(3.0) 0.43 (0.02-infinity) >0.999
Mass shape
Oval/round 35(8.1) 6(18.7) 1 (reference)
Irregular 393(90.5) 26 (81.3) 0.39(0.14-1.23) 0.108
NA 6(1.4) 0(0)
Mass margin
Circumscribed 25 (5.6) 4(12.1) 1 (reference)
Spiculated/indistinct 356 (79.6) 26 (78.8) 0.46 (0.14-1.94) 0.302
US findings Microlobulated 60 (13.4) 3(9.1) 0.32(0.04-2.02) 0.276
NA 6(1.4) 0(0)
Posterior acoustic feature
No 339(75.9) 22 (66.7) 1 (reference)
Shadowing 33(7.4) 2 (6.0) 0.93 (0.10-4.09) >0.999
Enhacement 69 (15.4) 9(27.3) 2.01(0.78-4.77) 0.155
NA 6(1.3) 0(0)
Vascularity type
Absent 271 (60.6) 13(39.4) 1 (reference)
Internal vascularity 101 (22.6) 9(27.3) 1.85 (0.68-4.86) 0.252
Vessels in rim 69 (15.5) 11(33.3) 3.31(1.28-8.40) 0.012
NA 6(1.3) 0(0)
BI-RADS C1-3 9(2.0) 0 (0) 1 (reference)
BI-RADS on conventional BI-RADS C4 123 (27.5) 12 (36.4) 1.18 (0.22-infinity) 0.893
images (MG, US) BI-RADS C5 314 (70.3) 21 (63.6) 0.82 (0.16-infinity) ~ >0.999
NA 1(0.2) 0(0)
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Table 2. Univariate Analysis of Imaging Features between the Early- and No-Recurrence Groups (Continued)

No Recurrence  Early Recurrence

Modality Characteristics (n=1447) (n=33) OR (95% CI) p-Value

Preoperative MRI evaluation

Not underwent 319 (71.4) 20 (60.6)

Underwent 128 (28.6) 13(39.4)
BPE

Minimal/mild 106 (82.8) 10 (76.9) 1 (reference)

Moderate/marked 22 (17.2) 3(23.1) 1.44(0.24-6.24) 0.829
Lesion type

Mass 115(89.8) 12 (92.3) 1 (reference)

NME 13(10.2) 1(1.7) 0.74 (0.02-5.82) >0.999
Mass shape

Oval/round 21(18.3) 2(16.7) 1 (reference)

Irregular 94 (81.7) 10 (83.3) 1.12(0.21-11.22) >0.999
Mass margin

MR findings Circumscribed 15 (13.0) 2(16.7) 1 (reference)

Irregular/spiculated 100 (87.0) 10 (83.3) 0.75(0.14-7.72) 0.998
Rim enhancement of mass

No rim 114(99.1) 8(66.7) 1 (reference)

Rim 1(0.9) 4(33.3) 5224 (4.54->999.9)  <0.001
NME distribution

Focal 2(15.4) 0(0) 1 (reference)

Linear/segmental 8(61.5) 1(100) 0.22 (0.012-infinity) >0.999

Regional 3(23.1) 0(0)
NME enhancement type

Heterogeneous 3(23.1) 1(100) 1 (reference)

Clumped 10(76.9) 0(0) 0.40 (0-7.60) 0.571
Kinetics

Type I/1I (persistent/plateau) 46 (35.9) 4(30.8) 1 (reference)

Type Il (washout) 82 (64.1) 9(69.2) 1.26 (0.33-5.92) 0.967

BI-RADS = breast imaging-reporting and data system, BPE = background parenchymal enhancement, Cl = confidence interval, MG = mammography,
NA=not available, NME = non-mass enhancement, OR = odds ratio, US = ultrasonography
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Fig. 1. A 54-year-old woman underwent breast-conserving surgery for invasive ductal carcinoma, not other-
wise specified, in stage pT2NOMO. She was diagnosed with recurrent cancer in the ipsilateral axillary lymph
nodes (regional recurrence) 24 months after completion of the primary treatment (early recurrence). Histo-
pathologic characteristics of the primary breast cancer were: intermediate histologic grade, ER positive, PR
positive, HER2 negative, LI positive, PNI negative, VI negative, p53 positive, Ki-67 = 14%, and the luminal B
subtype.

A. Preoperative ultrasonography shows a 2.3-cm irregular, heterogeneous mass with partially indistinct
margin.

B. The mass shows some blood vessels in a part of the rim on color Doppler ultrasonography, known as
“vesselinrim.”

ER = estrogen receptor, HER2 = human epidermal growth factor receptor 2, LI = lymphovascular invasion,
PNI = perineural invasion, PR = progesterone receptor, VI = vascular invasion
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Table 3. Multivariate Logistic Regression Analysis of Risk Factors between the Early- and No-Recurrence

Groups
Clinicopathologic factors

Risk Factor
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