MEME TOMOSENTEZI

Doc. Dr. Turan OLGAR

Ankara Universitesi, Miithendislik Fakiiltesi
Fizik Miihendisligi Bolimi



ICERIK
Meme Tomosentezi Nedir?
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Meme Tomosentezinde Glandiler Doku Dozu

Meme Tomosentezinde Klinik Performans



MEME TOMOSENTEZI

* Memenin goriintiisiinii  tic  boyutlu olarak
goriintiileyen bir goriintiilleme modalitesidir.

= Memenin  kesit  gortintiileri,  dedektor
diizlemine paralel olarak genellikle 1mm’lik
kesitler seklinde elde dilir.
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MEME TOMOSENTEZI

* Neden Meme Tomosentezi?

> Iki boyutlu Dijital Mamografi (DM), yogun parankima
dokusunun orttiigii  Kkalsifik olmayan meme lezyonlarinin
dedeksiyonunda sinirlt duyarliliga sahiptir.

» Baz1 meme dokulariin iist iiste gelmesi sonucu, ilgili bir alam
perdeleyerek yanlis negatif bulgularina sebep olabilir.

» Bazi normal dokular iist tiste gelerek sanki lezyon varmis gibi
yanlig pozitif bulgularina neden olabilir. Bu etki literatiirde
toplanma etkisi olarak da bilinir.
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Specifications of Clinical DBT Systems

Manufacturer General Electric* Hologic Intemnazionale Medico Scientifica  Siemens
Model/platform SenoClaire/Senographe Essential  Selenia Dimensions Giotto Tomo MAMMOMAT Inspiration
Source to detector distance (cm) 66 70 68 65.5
Source to center-of-rotation 62 70 66 60.8

distance (cm)
Source to breast support distance (cm)  63.8 67.5 65.8 63.8
X-ray tube angular range +12.5° +7.5° +20° +25°
¥-ray tube motion Step-and-shoot Continuous Step-and-shoot Continuous
Detector angular range Stationary +2.1° Stationary Stationary
X-ray tube target material(s) Mo/Rh W W w
X-ray filter material(s) Mo/Rh Al Rh/Ag Rh
No. of projections g 15 13 25
Equiangular distribution of projections  Yes Yes Nof Yes
Scan time (sec) Typically <10 37 12 25
Detector type a-Si indirect conversion a-Se direct conversion  a-Se direct conversion a-Se direct conversion
Detector pixel size (m)? 100 70 (2 % 2 binned) 85 85
Equal milliampere-second/projection Yes Yes Mo® Yes
Reconstruction method Iterative (ASIR-DBT) FBP/lterative contrast [terative FBP/section thickness filter

Mote.—Clinical prototypes have been developed by Secira Mamea AB now part of Philips Healthcare, Fujifilm, Planmed Oy and XCounter AB. a-Se = amorphous selenium, a-Si = amorphous silicon,
FBP = filtered back-projection.

* System uses a 5:1 linear antiscatter grid with focal distance of 65 cm.

T Finer angular sampling near central (0°) projection.

t Pixel size prior to binning.

§ Approximately 50% of total milliampere-second to 0° degree projection and the reminder distributed evenly over the 12 projections. Data compiled from references 30,33 and from manufacturer
provided information.

Kaynak: Vedantham S, Karellas A, Vijayaraghavan GR, Kopans DB. Digital Breast
Tomosynthesis: State of the Art. Radiology 2015 ;277(3):663-84.
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= Ortalama Glandiiler Doku Dozu

Standart 2D Mamaografi

«Q

D=Kgcs

Memenin girisinde ama havada 6lgiilen hava kerma degeri

Standart meme kompozisyonu (%50 yag, %50 glandiiler
doku) icin hava kerma degerinden glandular doku
dozuna gecis katsayisi

Standart meme iceriginden farkli kompozisyona sahip
memeler i¢cin g katsayisina diizeltme faktorii

Mo/Mo hedef filtre disindaki hedef filtre secenekleri icin
spektrum diizeltme  katsayisi
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= Ortalama Glandiler Doku Dozu

Standart 2D Mamaografi

g Faktorleri ¢ Faktorleri
N HVL (mm Al) HVL Thickness Breast glandularity
o (mm Al)  (cm) 0.1% 25%  50%  75%  100%

thickness (cm)  0.30 0.35 0.40 0.45 0.50 0.55 0.60

0.30 2 1.130 1.059 1.000 0938 0.885
2 0300 0433 0473 0509 0543 0573 0587 0.30 3 1206 1.098 1.000 0915 0836
3 0274 0309 0342 0374 0406 0437 0466 g:g i 1:; 1 gg }Egg Eggi gggi
4 0207 0235 0261 0289 0318 0346 0374 0.30 . 303 1135 1000 0881 078S
45 083 0208 0232 0258 0285 0311 0339 030 . 1317 1142 1000 0881 0784
5 0.164  0.I87 0209 0232 0258 0287 0310 0.30 8 1325 1143  1.000 0879 0.780
6 0.135  0.I54 0172 0192 0214 0236 026l 0.30 9 1328 1.145  1.000 0879 0.780
7 0.114 0130 0145 0163 0177 0202 0224 g:g 1? ﬁg } }j; 1333 gggg g;gg
8 0098 0012 0126 0140 0154 0175  0.195 0.35 5 193 1058 1000 0943 0891
9 00859 00981 01106 01233 01357 01543 01723 0.35 3 1196  1.090 1000 0919 0842
10 00763 00873 0098 0109 01207 01375 0.1540 0.35 4 1244 1112 1000 0903 0816
I 00687 00786 00887 0.0988 01088 0.240 0.1385 0.35 5 1272 1121 1.000 0.890 0.801

(.35 6 1.294 1.132 1.000 0886 0.793
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» Ortalama Glandiiler Doku Dozu
Standart 2D Mamaografi

s Faktorleri

Maximum
Spectrum  s-factor  error (%)

Mo/Mo 1.000 3.1
Mo/Rh 1.017
Rh/Rh 1.061 3.6

Rh/Al 1.044 24
W/Rh 1.042 2.1
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= Ortalama Glandiler Doku Dozu

3D Meme Tomosentezi

D(6)=Kgcst(6)

t(0), 0 acisinda tomo faktori

t(@):%
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= Ortalama Glandiler Doku Dozu

3D Meme Tomosentezi

Tim projeksiyonlar icin meme tomosentezinde ortalama glandiiler
doz,

D.=Kgcs

Burada,

T:Zait(Gi)
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= Ortalama Glandiler Doku Dozu

3D Meme Tomosentezi

Tiim projeksiyonlardaki mAs degeri esit ise,

T:%Zt(ei)
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= Ortalama Glandiler Doku Dozu

3D Meme Tomosentezi

WI/AI (0.7 mm) icin s Faktorleri

T-Faktorleri

Breast Glandularity  Typical Typical kV

thickness  range glandularity  glandularity  range

{mm) (%) age 50-64 age 4049 (kV)  s-factor
20 RO-100 100 100 2550 1.052
30 62-82 72 82 2550 1060
40 40-65 50 65 2550 1.076
50 2349 33 49 2550 1.087
60 11-35 21 35 2550 1.105
70 2-24 12 24 2850 1121
&0 0.1-17 7 14 2850 1129
90 0.1-14 4 8 2850 1136

100 0.1-13 3 5 2850 1140

110 0.1-13 3 5 2850 1144

Conversion factor T for angular ranges of (deg)

Breast thickness (mm)  —10w0+10 —15w0+13 -20t0+20 -25t0+25 -301t0+30
20 0.994 0.989 (.952 0.972 (.960
30 0.992 0.985 0.976 0.965 0.950
40 0.992 0.984 0.973 0.961 0.944
50 0.991 0.982 0.971 0.957 0.941
6l 0.989 0.981 (.969 0.955 0.939
70 0.989 0.980 0.969 0.955 0.939
80 0.988 0979 0.967 0.953 0.937
00) 0.987 0977 (.963 0.952 0.937

100 0.987 0976 0.963 0.952 0.935

110 0.986 0973 (.963 0.949 0.931
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= Ortalama Glandiler Doku Dozu

3D Meme Tomosentezi

Breast thickness (mm) T Hologic T Siemens
20 0.997 0980

30 0.996 0.974

40 0.996 0.971

50 0.995 0.968

60 0.994 0.966

70 0.994 0.965

80 0.993 0.964

90 0.992 0.962

10 0.993 0.961

| 10 0.992 0.960
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= Ortalama Glandiiler Doku Dozu
ACR Standardi

45 cm kalinliginda PMMA fantomu (5.3 cm meme esdegeri) ile
yapilan glandiiler doku dozu o6l¢iimii, 3 mGy’den diisiik olmalidir.

Avrupa Birlig1 Standardi

45 cm kalinliginda PMMA fantomu (5.3 cm meme esdegeri) ile
yapilan glandiiler doku dozu 6l¢iimii, 2,5 mGy’den diisiik olmalidir.
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= Tam Testlerinin Degerlendirilmesi

Breast Imaging and Reporting Data System (BI-RADS) Categories for
Mammography

BI-RADS Category Mammogram Percentage likelihood
Description of malignancy (%)

Normal

Benign 0
Probably benign: <2
neither category 2, nor 4
or 5
Suspicious 2-95

Highly suspicious >95
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= Tam Testlerinin Degerlendirilmesi

Breast Imaging and Reporting Data System (BI-RADS) Categories for Breast
Density

o T TR
Scattered areas Fibroglandular density
fibroglandular density %25-%50
C The breast is Fibroglandular density
heterogeneously dense %51-75
The breast is extremely  Fibroglandular density
dense >075
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= Tam Testlerinin Degerlendirilmesi

» Duyarlilik

» Secicilik

» Dogruluk

» Pozitif ve Negatif Tahmin Degeri

» ROC (Receiver Operating Characteristic) Analizi
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»= Tam Testlerinin Degerlendirilmesi

Duyarhhk: Tam testinin gercek hastalar icinden, hastalar1 saptayabilme
yetenegidir.

Secicilik: Tami testinin gercek saglamlar icinden saglamlar1 saptayabilme
yetenegidir.

Dogruluk: Tani testinin hasta ve saglam olarak toplam dogru tan1 oranidir.

Pozitif Tahmin Degeri: Tami testinin sonucuna gore pozitif olarak
belirlenenlerin igerisindeki dogru pozitiflerin oranidir.

Negatif Tahmin Degeri: Tami testinin sonucuna gore negatif olarak
belirlenenlerin igerisindeki dogru negatiflerin oranidir.
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= Tam Testlerinin Degerlendirilmesi

| GergekDurum |
Tam Testi Pozitif Negatif Toplam
(Hasta) (Saglam)
A (DP) B (YP) A+B
(gENE)

Negatif C (YN) D (DN) C+D
(Saglam)

A+C B+D  A+B+CD
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= Tam Testlerinin Degerlendirilmesi

Duyarlilik (Sensitivity) ve Secicilik (Specificity)

DP DN

Sensitivity = ificity =
y DP+YN Specificity SNTYP

DP: Dogru Pozitif
YN: Yalanci Negatif
DN: Dogru Negatif
YP: Yalanci Pozitif
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= Tam Testlerinin Degerlendirilmesi

Dogruluk (Accuracy)

DP+DN

Accuracy =
DP+YN+DN+YP
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= Tam Testlerinin Degerlendirilmesi

Pozitif ve Negatif Tahmin Degeri (Positive and Negative Predictive
Value)

DP
DP+YP

Positive Predicitive Value =

DN
DN+YN

Negative Predicitive Value =
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= Tam Testlerinin Degerlendirilmesi

ROC ( Receiver Operating Characteristic ) Analizi

ROC egrisi yontemi, bir hastaliga tan1 koymada kullanilan tani
testlerinin etkinliklerinin  karsilastirilmasinda ve tani koymada
kullanilan pozitif esik degerinin belirlenmesinde kullanilir. ROC egrisi
ayrica tan1 koymak amacli kullanilan goriintiileme modalitelerinin
performanslarinin ve radyologlarin tan1 koymadaki performanslarinin
karsilastirmasinda da kullanilabilir.
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= Tam Testlerinin Degerlendirilmesi

ROC ( Receiver Operating Characteristic ) Analizi

ROC egrisi, tam1 koymak amaciyla kullanilan siirekli degerler alan bir
degiskenin degisim aralig1 i¢cinde aldig: tiim degerlerin sirasiyla kesim
noktas1 (cut-off) olarak kabul edilmesiyle hesaplanacak duyarlilik
degerlerinin, testin yanlis pozitif oranmma ( 1-Secicilik) karsilik
cizdirilmesi sonucunda elde edilir ROC dogru pozitiflerin, yanlis
pozitiflere olan boliimii olarak da ifade edilebilir.
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= Tam Testlerinin Degerlendirilmesi

ROC ( Receiver Operating Characteristic ) Analizi

ROC egrisi yonteminde kullanilan 6nemli parametrelerden biri, egri
altinda kalan (Area Under Curve, AUC) alandir. AUC ne kadar biiyiik
olursa, hastaligin tanisinda kullanilan testin performansinin 0 kadar iyi
oldugu soylenebilir. AUC, 0,5 ile 1 arasinda degerler alir.
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= Tam Testlerinin Degerlendirilmesi

ROC ( Receiver Operating Characteristic ) Analizi

1.0

Yandaki egriye gore A  testi
miikemmel performans verirken,
D testi hasta ile saglami ayirmada
en kot performansi gosteren
00 02 04 O0€ 08 10 testtir.

1-segicilik

iDL 1

o8
Drayaalilic

L4

o2

0.0

Kaynak: Selim Kili¢, Journal of Mood Disorders Volume 3, Number: 3, 2013
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= Meme Tomosentezinde Klinik Performansin ve Ortalama Glandiiler
Doku Dozununun DM ile Karsilastirilmasi (Literatiir Ozeti)

Gisella Gennaro et al., Eur Radiol (2010) 20: 1545-1553

1.0

AUC (DM)=0836
AUC (DBT)=0,851

0.8 1

Craniocaudal (CC)
Mediolateral Oblique (MLO)

0.6 1

sensitivity

0.4 4

0.2

0.0 T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Tek yonli DBT (MLO projeksiyonu), hemen hemen iki yonlii DM
(CC+MLO) mamografiye esdeger klinik performans vermektedir.
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= Meme Tomosentezinde KIlinik Performansin ve Ortalama
Glandiiler Doku Dozununun DM ile Karsilastirilmasi
(Literatiir Ozeti)

T. M. Svahn et al. , The Breast 24 (2015) 93-99

Dogr/Derom
Tek yonlii DBT 0,34 - 1.0
Cift Yonlii DBT 0,68 - 1.17
Tek Yonlii DBT+ FFDM 1,03 - 1.50

Cift Yonlu DBT+FFDM 2,0 -2,23
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= Meme Tomosentezinde Klinik Performansin ve Ortalama Glandiiler
Doku Dozununun DM ile Karsilastirilmasi (Literatiir Ozeti)

Doer/Drrom
Olgar et al. (Cift Yonlii DBT+FFDM ) 2,35
projection mean percentage of AGD (mGy)
the glandularity (%)
2D RCC 18.047.1(7-47) 1.84+0.60 (0.70 -7.55)
LCC 17.416.8(7-44) 1.81£0.55(0.69 -4.05)
RMLO 18.0£7.1(7-47) 1.97+0.57 (0.88 -4.73)
LMLO 17.416.8(7-44) 1.91+0.57 (0.87 -4.26)
projection mean percentage of AGD (mGy)
the glandularity (%)
3D RCC 16.646.2(9-40) 2.6240.95(1.10-5.43)
LCC 16.4+6.6(8-38) 2.45%0.81(0.95-5.00)
RMLO 19.447.4(8-47) 2.6240.98 (1.08-5.37)

LMLO 18.5£7.0(7-44) 2.64+0.96 (1.06-5.15)
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= Meme Tomosentezinde KIlinik Performansin ve Ortalama
Glandiiler A Doku Dozununun DM ile Karsilastirilmasi
(Literatiur Ozeti)

Hyo-Jin Kang et al. (European Journal of Radiology, 85 (2016) 2042-2048

CC-DM+MLO-DBT+MLO-2D (SM) 5,78 mGy + 1,06
CC+MLO(DM)+MLO-DBT 8,45 MGy + 1,32
CC+MLO(DM) 5,30 mGy + 0,63

CC-DM+MLO-DBT+MLO-2D (SM), CC(DM)+MLO(DM)’ye gore daha yiiksek
duyarlilik ve secicilik

CC-DM+MLO-DBT+MLO-2D (SM), CC (DM)+MLO(DM)+MLO-DBT’ye gore
karsilastirilabilir duyarlilik ve se¢icilik
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= Meme Tomosentezinde Klinik Performansin ve Ortalama Glandiiler
Doku Dozununun DM ile Karsilastirilmasi (Literatiir Ozeti)

Per Skaane et al. (Eur Radiol, (2013) 23: 2061-2071)

AGD
DM 1,58 £ 0,61 mGy
DBT+SM 1,95 + 0,58 mGy
DM+DBT 3,52+ 1,08 mGy

FFDM goriintiilerinin yerine, DBT projeksiyon goriintiilerinden elde edilen sentetik
2D gorintiilerinin kullanilmasi, Ortalama Glandular Doku dozunu %45 oraninda
distirmektedir.
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= Meme Tomosentezinde KIlinik Performansin ve Ortalama
Glandiiler A Doku Dozununun DM ile Karsilastirilmasi
(Literatiur Ozeti)

M.J. Michell et al. (Clinical radiology,67 (2012) 976-981)

o Ps
= /
/
/
/

0.50 0.75

Sensitivity

0.25

0.00
l

0.00 0.25 0.50 0.75 1.00
1-Specificity

—e—— film ROC area: 0.7882 —eo—FFDMROC area: 0.8949
—=e—— DBT ROC area: 0.9671 Reference

AUC (DM+DBT+FS) - AUC (DM+FS)= 0,0722
AUC (DM+DBT+FS) - AUC(FS)= 0,1789
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= Meme Tomosentezinde Klinik Performansin ve Ortalgma Glandiiler
Doku Dozununun DM ile Karsilastirilmasi (Literatiir Ozeti)

Gisella Gennaro et al., Eur Radiol (2010) 20: 1545-1553

1.0

AUC (DM) = 0,836
AUC (DBT) =0,851

0.8

Craniocaudal (CC)
Mediolateral Oblique (MLO)

0.6 1

sensitivity

0.4

0.2 +

0.0 — T T 71—
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Tek yonli DBT (MLO projeksiyonu), hemen hemen iki yonlii DM
(CC+MLO) mamografiye esdeger klinik performans vermektedir.
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= Meme Tomosentezinde KIlinik Performansin ve Ortalama
Glandiiler Doku Dozununun DM ile Karsilastirilmasi
(Literatiir Ozeti)

Matthew G. Wallis et al., Radiol (2012) 262(3): 788-796

Tek yonlii DBT (MLO projeksiyonu), hemen hemen iki yonli DM
(CC+MLO) mamografiye esdeger klinik performans vermektedir.

1. Peryot 2. Peryot
AUC (DM) =0,772 CiftYonli AUC (DBT) =0,774 Cift Yonli
AUC (DBT) =0,851 CiftYonli AUC (DBT) =0,775 Tek Yonlii
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= Meme Tomosentezinde KIlinik Performansin ve Ortalama
Glandiiler Doku Dozununun DM ile Karsilastirilmasi
(Literatiir Ozeti)

Sung Ui Shin et al., Eur Radiol (2015) 25: 1-8

MLO (DBT) + CC (DM), iki yonlii CC+MLO (DM)’ya gore ortalama
glandiiler doku dozunda kiiciik bir artis pahasina, yogun memelerde
daha 1yi diagnostik performans vermektedir.

Table 3 Figures of ment for two-view DM and DBT w0 + DM

Reader Owerall F value Fatty breasts Fvalue Dense breasts F value
Two-view DM DBT, ;o + DM~ Two-view DM DBT, o+ DM~ Two-view DM DBT,; ., + DM~

l (853 0.874 0429 0853 0882 0630 0.845 (0.869 0.468

2 0922 0.952 008 0912 0.93] 0.724 0922 0.956 0.066

3 0832 0.907 0.002%  0.825 0912 0.140  0.823 0.906 0.004%

Average 0869 0.911 0.005%  0.863 0.908 0.118 0.863 0.910 0.010*
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= Meme Tomosentezinde Klinik Performansin ve Ortalama Glandiiler Doku
Dozununun DM ile Karsilastirilmasi (Literatiir Ozeti)

Table 3
Enriched Retrospective ROC Studies Comparing DBT and Mammography with a Minimum of 100 Cases
Percentage
Study and Reference MNo. Modalities Compared Mo. of Cases Malignant Mo. of Readers DBET System™ Key Result
One-View DBT vs Two-View Mammography
Gennaro et al (111) MLO-DBET vs two-view FFDM 376 breasts 16.8% 6 General Electric AUC not different
Wallis et al (34) MLO-DBET vs two-view FFDM 130 women 30.8% 10 Sectra (Philips) AUC not different
Svane et al (40) MLO-DBT vs two-view 144 women 52.7% 2 XCounter AUC not different
mammography
Svahn et al (114) One-view DBET (88% MLO; 185 breasts 48.1% 5 Siemens One-view DET increased AUCT

12% CC) vs two-view FFDM

One-View DBT + One-View FFDM vs Two-View FFDM
Gennaro et al (112) MLO-DBT + CC-FFDM vs 469 breasts 14.5% G General Electric AUC not differentt
two-view FFDM

Two-View DBT vs Two-View FFDM

Wallis et al (34) Two-view DBT vs two-view 130 women 30.8% 10 Sectra (Philips) Two-view DBT increased AUC

FFDM
Two-View DBT+FFDM vs Two-View FFDM

Rafferty et al (115) Two-view DBT +FFDM vs 312 women 15.4% 12 Hologic Combined two-view DBT+ FFDM,

two-view FFDM increased AUC and reduced
false-positive recall rate

Rafferty et al (115) Two-view DBT + FFDM vs 310 women 16.5% 15 Hologic Combined two-wview DBT -+ FFDM,

two-view FFDM increased AUC and reduced

false-positive recall rate

Two-View DBT+ FFDM vs Two-View DBT +SM vs Two-View FFDM

Gilbert et al (116) Two-view DBT+FFDM vs 7060 women 16.4% AN Hologic Two-view DBT+FFDM and
two-view DBT +SM vs two-view DBT+SM increased
two-view FFDM AUC

Note.—Some studies, particularly those from the same research team, may have partial or complete overlap in dataset. Additional studies are described in the text.

* Some studies used prototype systems that may differ from clinical product.

t Jack-knifo free-response ROC analysis (114) also showed a significant increasa in figure of merit with one-view DBET comparad with two-view FFDM.

* Subsequent free-response study (113) showed a statistically significant improvement in lesion detection and lesion characterization fractions with MLO-DET plus CC-FFDM versus two-wiew FFDM.

Kaynak: Vedantham S, Karellas A, Vijayaraghavan GR, Kopans DB. Digital Breast
Tomosynthesis: State of the Art. Radiology 2015 ;277(3):663-84.
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MEME TOMOSENTEZININ AVANTAJLARI

Meme kanser dedeksiyonunda %10 - % 53 arasinda artis (Ozellikle
Invazif kanserler)

* Geri Cagirma Oraninda % 20 - %59 arasinda azalis
 Meme Sikistirma Giiciindek1 Azalis

 Lezyonun ¢ boyutlu lokalizasyon bilgisini daha dogru
vermektedir. Dolayisiyla cerrahi uygulamalar i¢in kolaylik saglar
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