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The Predictability for the Prognosis of Breast Cancer Using the
Apparent Diffusion Coefficient Value of Diffusion-Weighted 3 T
MRI and the Standardized Uptake Value of Positron Emission

Tomography/CT: Assessment of Prognostic Factor’
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Purpose: To correlate the apparent diffusion coefficient (ADC) value and peak stan- Index terms

dardized uptake value (pSUV) with histologic grade and clinical prognostic factors Breast Cancer

of breast ductal carcinoma. MRI

Materials and Methods: Fifty breast cancers of 49 patients (age range: 37-83 Diffusion-Weight Image

years, mean: 53 years) were studied retrospectively. The breast cancers included 4 Positron Emission Tomography/CT
ductal carcinoma in situ (DCIS) and 46 invasive ductal carcinomas (IDC). The rela- Peak Standardized Uptake Value

tionships for both pSUV and ADC values with clinicopathological prognostic factors Apparent Diffusion Coefficient
(age, tumor size, histologic grade, nodal metastasis, hormone receptor and HER-2
neu status) were statistically evaluated.

Results: The histologic type of ductal carcinoma include DCIS (n = 4) and IDC (n =
46, grade 1 = 10, grade 2 = 13, and grade 3 = 23). pSUV was associated with histo-
logic grade and tumor size and the ADC value was associated with histologic grade
(o < 0.05). As the histologic grade becomes higher, the ADC values decrease, while
pSUV and pSUV/ADC increase (p < 0.05). The characterization accuracy of pSUV/ Received May 16, 2012; Accepted July 4, 2012
ADC (90.2%) was higher than pSUV (86.7%) and ADC values (25.4%) alone for the Corresponding author: Keumwon Kim, MD

. . Department of Radiology, Konyang University College
diagnosis of breast cancer (p < 0.05). of Medicine, 158 Gwanjeodong-ro, Seo-gu, Daejeon

Conclusion: pSUV and ADC values correlated with histologic grade, and tumor size. 302-718, Korea.

The pSUV/ADC value had a high accuracy for the diagnosis of breast cancer. There- Ee‘m?l‘l‘ékﬁg?éﬁt ;2?;362{42‘600‘9193

fore, pSUV and ADC values provided additional information for predicting histologic ’ '

grade and prognosis of breast cancer. Copyrights © 2012 The Korean Society of Radiology
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Table 1. Association of pSUV and ADC Values with Clinicopathological Factors in Breast Cancer

ADC (x 10 mm?/s) pSUV/ADC

Clinicopathological Factor Number pSUV
Age (years)
<50 23 3.15(1.50-5.98)
> 50 27 2.85 (1.63-6.75)
p-value 0.784
Tumor size (cm)
<20 32 1.35(1.35-3.50)
>20 18 5.40 (3.03-7.43)
p-value 0.004*
Invasiveness
DCIS 4 1.25(1.00-1.58)
IDC 46 3.15 (1.78-6.80)
p-value 0.011*
Histologic grade
DCIS 4 1.25(1.00-1.58)
Grade 1 10 1.65 (1.00-2.83)
Grade 2 13 2.80 (1.60-5.40)
Grade 3 23 5.60 (2.80-7.20)
p-value 0.001*
Nodal metastasis
Negative 31 2.40 (1.50-5.70)
Positive 19 3.50 (1.80-6.90)
p-value 0.107
ER status
Negative 22 3.15(1.73-6.90)
Positive 28 2.80 (1.50-4.88)
p-value 0.304
PR status
Negative 30 3.15(1.50-6.80)
Positive 20 2.75(1.53-3.80)
p-value 0.613
HER-2 neu status
Negative 8 3.50 (1.20-10.80)
Positive 42 2.80 (1.50-5.93)
p-value 0.524

0.78 (0.67-0.89)
0.68 (0.57-0.80)
0.086

0.76 (0.65-0.95)
0.68 (0.54-0.80)
0.080

1.25(1.13-1.43)
0.70 (0.60-0.80)
0.000*

1.25(1.13-1.43
0.80 (0.63-0.88
0.70 (0.65-0.92
0.65 (0.54-0.76
0.001*

)
)
)
)

0.76 (0.65-0.89)
0.65 (0.57-0.78)
0.105

0.70 (0.60-0.80)
0.75 (0.61-0.89)
0.500

0.75(0.59-0.82)
0.72 (0.62-0.84)
0913

0.78 (0.65-0.98)
0.72 (0.60-0.82)
0.302

4.18 (1.38-8.04)
8.29 (1.95-9.38)
0.448

2.79 (1.27-5.59)
8.00 (4.04-15.55)
0.004*

0.96 (0.80-1.26)
4.70 (2.47-9.05)
0.000*

0.96 (0.80-1.26)
209 (1.22-4.41)
3.76 (2.12-7.51)
8.00 (4.67-16.20)
0.000*

3.49 (1.25-8.00)
5.81(2.83-9.44)
0.058

4.98 (2.29-10.80)
3.63 (1.70-7.46)
0.257

4.86 (1.38-9.05)
3.63 (1.79-5.82)
0501

418 (1.39-16.57)
4.51(1.75-8.22)
0.825

Data are medians, with IQRs in parentheses.
Note.—*Significant difference.

ADC = apparent diffusion coefficient, DCIS = ductal carcinoma in situ, ER = estrogen receptor, HER-2 = human epidermal growth factor receptor 2, IDC =
invasive ductal carcinoma, PR = progesterone receptor, pSUV = peak standardized uptake value
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Fig. 1. A 50-year-old woman having 1.0 cm grade | IDC of the right breast.
A. The axial dynamic-enhanced the T1-weighted gradient-echo subtraction image for the first post-contrast acquisition shows a heterogeneous

enhancing irregular mass with a spiculated margin (arrow).

B. On the axial PET/CT fusion image, the mass shows hypermetabolism with a pSUV of 1.5 (arrow).

C. The DWI (b = 1000 mm?/s) shows diffusion restriction with an intermediate signal intensity lesion (arrow).

D. On the ADC map, the ADC value of the mass was 1.47 x 10° mm’/s (arrow).

E. Most of tumor reveals tubule formation, moderate variation in nuclear size and shape, with rare mitotic figures. According to Nottingham
modification of Scarff-Bloom-Richardson system, histologic grade | is given (1 + 2 + 1 = 4) (H&E, x 100).

Note.—ADC = apparent diffusion coefficient, DWI = diffusion weighted image, IDC = invasive ductal carcinoma, PET = positron emission tomog-

raphy, pSUV = peak standardized uptake value

4671(90.2%) SItt. T IDCOJIA] Nottingham modification of
Scarff-Bloom-Richardson system®ll ITFe 22558 Zolsh
T ML, 15w 1070(21.7%), 255 1371(28.3%). 35w°I
2370(50%) et 59 |t 5ol PET/CTOIAM &/d2=2
T HH(9124)2 B 87H(16%)%2H, o= Fof 274
= DCIS, UWHA] 6702] e IDC= = QIet, $HAke] Lo]
= 5041 °I5F7F 23911(46.0%), 5041 obel 2791(54.0%) %
o, = ROl 2471(47.1%), 500141 2671(26%) 2]
o] dFdx|o Z X[o7f QoI B+ Z7I= 2.23 cm (Y,
0.6~4.7 cm)FAL, 2 cm O] 1890(35.3%)H°H, 2 cm
olRo] 3291(62.7%) it DCISO] F 371= 1.4 em (HY,
0.1~1.7 cm), IDC+= 2.31 em(H<, 0.6~4.7 cm) Tt

TY Z717F 2 ecmBEet A2 HHOl pSUV ] S
1.35(AR29I, 1.50~5.98), 2 et 2 RO pSUV=
5. 40 ARERfr, 3.03~7.43)2 2 3-2J3t 2JolE HATHp =
0.004). 27]° T2 ADCZLZ F-OI7H APOlE BoA] g3kl

LH(p = 0.080), pSUV/ADCE 2 cmBr} 2R gdofA
2. T9(AFEQ)S, 1.27~5.59)011, 2 emELCE 2 WL 8.00
(ARE9I, 4.04~15.55) 2= F4F F7]0] wet {-olgk 20|
7} S p = 0.004). HZE Zo] offof wh= Bwel ADC
ZFF pSUV Y pSUV/ADCO] g-2J3t 2fol= Qiltk(p >
0.05). ot 222 £8A|(O|A~E=7, T2 A A~HE, HER-
2 neu 5840 ©= psUV, ADCZE} pSUV/ADCE 82
St Ao}E HOJR| FTH Table 1).

A 2] pSUV S-S 2.85(AR2914= 1.50~6.65)
Pl DCISE 1.25(AFE94, 1.00~1.58)(Fig. 1), IDC=
3.15(ARERSE, 1.78~6.80) At (Fig. 2). IDCO] 22155l
2 pSUVE Y2 155004 1.65(AR2H=, 1.00~
2.83), 259 2.80(AFES, 1.60~5.40), 3552 5.60(AF
B, 2.80~7.20)01902H, ol Aok= foloiitHp <
0.05). AA -9&eke] ADCEER] SYEEE 0.74 x 107 mm?/s
(AR291e, 0.62~0.83)°181tt. DCISE= 1.25 X 107 mm?/s
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Fig. 2. A 55-year-old woman having a 2.6 cm IDC of the left breast.

A. The axial dynamic-enhanced T1-weighted gradient-echo subtraction image of the first post-contrast acquisition shows a homogeneously en-
hancing mass with stronger enhancement at its rim with a spiculated margin (arrow).

B. On the axial PET/CT fusion image, the mass shows hypermetabolism with a pSUV of 11.9 (arrow).

C. The DWI (b = 1000 mm?/s) shows diffusion restriction with bright signal intensity of the mass (arrow).

D. The ADC value of the mass was 0.54 x 10 mm?/s (arrow).

E. Microscopical findings reveals rare tubule formation, marked variation of nuclear size and shape, and frequent mitotic figures with atypical
mitosis. According to Nottingham modification of Scarff-Bloom-Richardson system, histologic grade 1l is given (3 + 3 + 3 = 9) (H&E, x 200).
Note.—ADC = apparent diffusion coefficient, DWI = diffusion weighted image, IDC = invasive ductal carcinoma, PET = positron emission tomog-
raphy, pSUV = peak standardized uptake value
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Fig. 3. Distribution of ADC value and pSUV for DCIS and grade 1, 2 and 3 of IDC.

A. ADC value shows a negative correlation with histologic grade (Pearson's correlation coefficient = -0.710, p < 0.05).

B. pSUV was correlated with histologic grade (Pearson’s correlation coefficient = 0.530, p < 0.05).

Note.—ADC = apparent diffusion coefficient, DCIS = ductal carcinoma in situ, IDC = invasive ductal carcinoma, pSUV = peak standardized uptake
value
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Fig. 4. Scatter plots of pSUV, ADC and pSUV/ADC.
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A. Scatter plots of pSUV and ADC with regression line (y = 0.863 - 0.27x, R” = 0.213, p < 0.05). pSUV values are shown to be significantly increas-
ing and ADC values are shown to be decreasing as the histologic grade becomes higher.
B. pSUV/ADC shows a positive correlation with histologic grade (Pearson'’s correlation coefficient = 0.535, p < 0.05).

Note.—ADC = apparent diffusion coefficient, DCIS = ductal carcinoma in situ, IDC =

value

ROC curve
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Fig. 5. pSUV and pSUV/ADC having high accuracy for predicting a
histologic grade of breast cancer (area under the curve are each 0.867
and 0.902). Note that the ADC values show low diagnostic perfor-
mance (area under the curve 0.254).
Note.—ADC = apparent diffusion coefficient, pSUV = peak standard-
ized uptake value, ROC = receiver operating characteristic

(AFE9e, 1.13~1.43)°1 L (Fig. 1), IDC= 0.70 x 107
mm?/s(AR294, 0.60~0.80)0120H(Fig. 2). £2&sg°l T
= IDCOJ ADC2| TYE2 15504 0.80 x 107 mm?/s
(ARSI, 0.63~0.88), 255> 0.70 X 107° mm?/s(AREH
£, 0.65~0.92), 3= 0.65 x 107 mm?/s(AFEH=,
0.54~0.76)= -F2let Aol BitH(p = 0.001)(Table 1).
qrek ZckofiAf DCISLY IDCE FHSk= HAIX] (cut—off value)
= pSUV 2.30(F1ZE 73.0%, S5°1% 76.9%)°1JaL, pSUV/

ADCE= 2.79(RIZH e 75.7%, 501 76.9%) STt

182

invasive ductal carcinoma, pSUV = peak standardized uptake

IDCOIA Z5g0] 52 WAL Ue 5o Wuu
pSUV7ZE R2I51] $3k0m), ol Wie 2a5go) e

HETH ADCZO] R-2lotAl YoteHp < 0.05)(Fig. 3). ADC
Zat pSUVE olgh 29 AAHAIE B9 (p < 0.05)
(Fig. 4A), 24 thA2] pSUV/ADCO] FUgRS 4.48 (A
B9, 1.75~8.60), DCIS= 0.96(ARE9)4, 0.80~1.26)°]
ek IDCO %%%‘8 4. 70(ARE91, 2.47~9.05)012 IDC
Z ZASHA 1550014 2.09(ARE9, 1.22~4.41), 2552
3. 76(A}+AT, 2.12~7.51)°111 3552 8.00( AR,
4.67~16.20)2= Rt ZFol7} Q9Itk(p < 0.05)(Table 1,
Fig. 4B). 99 2Icke] AS: (characterization accuracy)

= ADCHt 25. 4% pSUV 86.7%, pSUV/ADC 90.2%°],

O} =-9] x}oJ= Q0I5 tHp < 0.05)(Fig. 5).
2%
o Ol Al Thefet YUAARE olgsto] fafdel &Rl

(detection) T} 21t HEHE (accuracy )& 7HAoH= A7t Q)
R Hcho] ARl thi-RO| HAPE wo)

FHISH] Bloks gRlske= HARIH BHeiA 22 B A7t
=T 9k MRISHPET/CTE ZF o] ADCEEt pSUV
Qulol zjttof 270l W2 A Teh=

— 1w O

UEH(16).

B oA gukoto 9lojA PET/CTO] pSUVELF MRI
SIAPERGAO] ADCEEQ] ol o= 7FeAd-2 Lok~ 5]
uol, 3% 37|, =48 o], s =22 585 o57e} 22455
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Sk pSUV, ADCZEO| AeiAS ot=gtet,
].

2 fuerel 2oL, AIekt w7 Aol
L

MRI= & &=zl A4 8d<] 2

U TR %F ASkS Sh= YIHAIRITH, 27, 28). 22O
kA ATE T Qs DWIE R4S HHolA] Z2 3hiky
T 5 A=A (quantification) 02 =461 0|5 ADCYCo = B
oA ofe] Aol A =
< YER 2, ofah 2 ob 2 =5
6, 9), ADCEtE &l 24 Bt ¢ Hus +28 + A
Tk B skATE Park 5(7)2F Ahn 5(8)-2
A RO AT AET OJujgiA U2 ADCEES Helnt
B Nakajo 5(19)2] oA =2 22559
e, F2A HolE suiet 9ot 3 ol 9k
O] ADCE©] QulQlAl Al S, o],
= 84 ARl WATE QIolH. EQt Raze
Mol 2A550] =245, 4 27t
= ol Y2 ADCEES Holok
AFLoA = Razek 52 A7 Ate} o]
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& B (p < 0.05).
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T} Ueda 5(30)-2 £4Q] 2717y Za1, F=4 ot Qi
ezl Z2AIAHE 847 ¢lal, HER-2 neu &
A7 dar, dak 9ol Qlar, T3 RAGFO| =245
pSUVZ} Q| QA =7 U, Lolb= §-2J5k 2o} gl
otk B uskitt E5t Oshida 5(15)-& S3olA FDG
MHT} 242 oTTF 22] Qo0 R FDG-PETE o& |3
2 ARESE 4 QJoal BRI Nakajo 5(19)9] SArofA] LR
oS5 Hol= 8 Y-S pSUVZE 4.2 oMJQl - -ek(Tl
A 80%, S°I% 75%). & Aol DCISeE IDCE ~H&of
L pSUVE 2.30(TIZHE 73.0%, E°I= 76.9%) 2= Lkt
a1 O A+tet F Apoli= HOJX| koIt S pSUV el XA
ASE = 86.7%(95% confidence interval, 0.756~0.977)%
OJd AL} vlgh =201 TH(19, 31, 32). Crippa 5(33)2]
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