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ABSTRACT
Forty (40) fenlale patients with breast masses underwent Technetium 99m Sestamibi
scintigraphyy in order to evaluate its usefUlness in differentinting berign from malignant breast
disease and to compare scintigraphy to mammogtaphy. Informed consent was obtained from
each patient, Scintigraphy consisted of anterior chest and lateral and oblique breast planar -
images, obtained 5 mimues after intra;venoi_xs injection of 20 miv. uries (740 MBq) |
Technetium 99m Sestamibi. Eleven (11) of the 40 patients also bad Technetium 99m
Methylene Diphosponate breast scintigraphy for comparison. Four miclear medicine physicians
‘of who three also graded the MDP images perfo:..ed grading of the Sestamibi scintigraphic
images. The grading method, although focussing on the absence (0) or presence (>0) of
uptake of isotope, was also designed for comparison of the Sestamibi and MDP images.
Statistical analysis showed good correlation betsween observer grading, Breast scintigraphy
was compared to mammography ju 27 of the 40 patients.
~ Of the 26 malignant breast masses conifirmed on histology, 1% were positively identified on
Sestamiti scanning giving a sensitivity of 73%, 2 realts were inconclusive (grading of0-1)
| and 5 had a grading of 0. Of the B pat_ients with confirmed lymph node metastases, only 2 w&e
positive on the Sestamibi scans, with 1 inconclusive result. Ofthe 19 benign breast masses, 9
were visible on Sestamibi scans with additional 3 inconclusive results (grading of 0-1).
Statistical analysis showed po significant difference in the Sestamibi and MDP grading. In
comparison to mammography, breast scintigraplty was less accurate in distinguishing benign
from malignant breast masses. Mammography identified 85.7% of the malignant breast masses
and 72.7% of the benign breast masses. Sestamibi scintigraphy ideatified 76.2% of the

malignant breast masses and only 36.4% of the benign breast masses,
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1.0 INTRODUCTION

11  Preast Cancer - Overview

Breast cancer is an.extremely eommondiéeesa and canses signiﬁaanicmrelatedinortaﬁty
each year.(l). The incidence rate for women aged 50 -64 is 160 per 100 00( gs compared to
200 pef 100 000 for women aged 65-74. (2) Follow up studies show that breast cancer is &
devastating disease, with an annual death rate of around 8% among survivors’ even 20 years
after diagnosis (3). |
Facturs iﬁ&wﬁng the risk of breast cancer include family history, the presence of the BRCAL
gene, hormones .(bo_t.h endogenoué #nd exogenous), dlet, festyle (alcokiol, smoking, exercise)
and high do__se ionizing radiation exposurs to the chest (4)._

‘The growth rate of breast cancers is highly varisbe, but inm-:;st.cases the disease has been
present for many years before it is detectable by any means, About 40 doubli@ of breagt
cancer cells create 2 lethal mmmn'.bmfdsn, yet mammography cannot defect a mass until 25 -
30 doublings bave already ocourred (3). In view of the cytokineticr, of the disease, it is not
surprising that the eventual outcome (death due to breast cancer) for f:he majority of women is
unaffected by screening mammography (3). | |

Breast cancefhas an unnsual age - incidence paftern; it is rare before the age of 25, tﬁe
incidence increases with advancing age until the age of 45 when a leveling off oceurs known as
Clemmesen's hook. After 55, the incidence rate rises again, bui more slowly until i_ts apex at 75

years, after which the rate seems fo decline (2).



Breast cancer is a c&oﬂc disease becauss the rising incidence, coupled with the improved
.survival rate after effsctive ireatmem, has piaced an increasing number of women at risk of
dt_weloping cancer in the oppaﬁte breast (5,6).

Screemng which tefers to the "examination of asymptoimatic people" for chronic disease
therefore applies to breast cancer (7) and includes breast self-examination, education and

diagnostic imaging.

1.2  Diagnestic Breast Cancer Emaging
121 Mammography ' |
Mammography is certainly capable of identifying abnormalities that may be breast cancer at a
clinically undetectable siage. (3) However, one major drawback fo its widespread use is the |
fnancial and emotional cost of the large aumber of biopsies done for clinically occult benign
: | lesions. (8)
| Mammography's greatest limitation is its low specificity in distinguishing between malignant
and benign lesions and even with the highest quality mammography, 5-10% of cancers may
not be detected mammographically (9). These "missed"” cancers are frequently caused by
radiographically dense breast tissue (9) or'infenral cancers {10).
The surrent exposure from 4 mammogram is between 200-400 rillicads (0.002-0.004 Gy).
The estimated added lifetime risk of breast cancer mortality for a woman who has annual two-
view mammogiaphy from age 5015 3,9 p& 100000 (4). Because of the low accuracy of
memmogr: by and the skightly lower incidence of breast cancer in yourger women, the
economic and clinical feasibility of screening in the 40-49 year age group remains controversial

(9). Biannual mammography for women aged 50 and over is recommended at present.



1.2.2 Magneiic Resonance imaging (MRI)
MRI provides multiplanar breast imaging and excellent soft tissuy contrast without ionizing
| rad:atmn. Dedicated breast surfage coils improved the signal-to-noise ratio praviding thin,
contiguous imaging slices allowing detection of cancers as small gs 3mm. The intravenous
admiuistration of gadolinium contrast agents has also improved cancer detection rates. The
presence of dense fibroglandular tissue is not a limitation for MRI becanse the contrast
| enhancement pattern is reflective of the tissue blood subply and is 7ot a function of differential
| tissue densities, However due o the i:igh. cost of contrast enhanced MRI and its limited
availability, it canr.ot be viewed as & potential screening method. It is .complementaxy to
mammography end ultrasound (9), At present the rate of false-negative MKI reports are
unknown and MRI slone should not be used to exclude the preseuce of breast cancer (1),
123 Ultrasound |
Sonography is not usefil for sereening for breast cancer because its sensitivity and specificity
are far lower than those of mammograp”-. _{orvever, ultrasound exanunatlon of a palpable
breast tumour is reliable in differentiating between benign and malignant (seusttivity of 96%
and specificity of 94%) (12). It can differentiate cystic from solid masses with accuracy
approaching 100% (). Ultrasuund ofa palpab!e breast mass is usefiil in young women,
preguancy, after implantation of prosthesis, post-radiation to detect an abscess, to perform
ultrasound-guided fine needie aspiration (12). Ultrasoand bas g definite complementary
finotion in the management of palpable breast masses.
124 Radionuclide imaging
. The differential diagnosis between benign and malignant breast lesions has long been &
challenge for many researchers using radioisotope-based tech_rﬁques. The varions isotopes at

 present being studied include Technetinm 99m Methylenie Diphosphonate (MDP), Thallium-



201, Technetivm $9m Tetrafosmin, Technetivm 99m labeled synthetic peptides, the glucose
analogne: 2-deoxy-2- F18-fluoro-D-glucese (FD(G), Indinm -111 octreotide {a somatostatin
anlogue) and Tecanctium 99m Sestaaiibi, The exact raechanism of cellular uptake of To99p1
Seétanﬁbibymncercellsisunkmwn. Recent data suggest that 90% of the tracer activity is
concentrated in the mitochondria (13). Organ dosimetry of Tu99m Sestamibi demonstrates
that a dose of 20 millicuries (740 MBq) delivers 3 rad (0.03 Gy to the large intestine, which is
the predominant target organ. The whole body dose is 300 millirads .(0.003 QGy), which is
comparable to mavemography (13). The technique of prone breast lmagmg is mﬁre favorable
than the supine .posiﬁon because of excellent separation of deep breast structures from the
“myocardium in the left breast and provides naturat landmarks of the breast confour that are

necessary for localization of lesions (14,13).

1.3  Literature Review of Scintigraphic Agents Used in Breast Imaging

1.3.1 Thalium 201 (11201)

T1 201 has chemical properties similar to those of potassium ion. As it is & potassium
anslogue, uptake of T1 201 into tumour cells depends on the ATPase sodium potassium
transport system. Breast cancers show higher concentrations of potassium than benign lesions
of tha breast (15). The concentration of thallium in breast cancers seems to be primarily -
dependent on vascularity and tumour size. Breast tumours of small size may negatively
influence T! 201 scan because of low ebsolute Tl 201 uptake by the tumour (15).

Thallium scintigraphy shavwed a low sensitivity for detectiag lymph node mctastases (15,16)
Ti 201 appears to have a high sensitivity for the detection of malignancy in palpable hreast
 masses, However, it cannot differentiate between malignancy and highly celldlar

fibroadenomas with accuracy, (17,16)



Tt 201 Hiis a phiysical halfiife of 73.1 hours and a biological halffife of 14 days. The iidney is
she ritical srgan, racetving 3 ad (0,03 Gy} per Z-millicnrie (74 Mq) dose. The lng physical
talitfife, ponr ewission characidstics €30 kavy and restricted availability due so cyckiron
production are definite (iisadvaméges for m;mg thiz agent.

1.3.2 T&ﬁmﬁm fabeled agonis

Technetium 99m has 2 physical half-life of 6,07 howrs and is availabie at any sme.

1,32, Technetinn: 9 ﬁeshyi‘em Dipkesphonate (MDF} _

‘Fhis agent is used in the staging of breast cancer patients by datecting skelets! matastesss.
Fostrashelotag mdﬁuiaﬁ&n 65 TP MDP s beor roporad i same malipsnd tarnegs,
posciily due o moreasadt vasoulariantion Tn a study donz by Pheaola, fmtaﬁa atal (1B} remits
 similar tor those of T 261 sclntigraphy were found. A specific pattern of uptake ot‘Té*?‘Jm
MDP was however found in inflammatory carcinom, i.e. well defined fuus of increased
uptake in early images that decreased in the late images. Infiltrated skin was well delineated.
Conversely, scute inflaramatory processes showed faim, nor-homogenous uptake without
signs of skin infiltration (18).

13,22 Technetivm 99m Methoxyisobutylisonitrile tSestanﬁbi)

The use of Te9m Scestamibi in tumour imagiﬁg was first reborted in 1989 in fung tumors
{19y and subsequently in thyroid, brain and bone tumours (20).

Pmliminary studies have shown that & positive Te99m Sestamibi breast image may indicate &
possible malignsncy. However, highly cellular fibroadenomas were found to exhibis Sestamibi
upmke (21,22) and in one study, (21) two patients with invasive lobular carcinoma showed
absont Sestamibi accumulation. The sensitivity of Sestamibi in detecting axillary metastases
was fow (378) (21) However, fat necrosis, post-surgery scar forr "am, prostheses and dense

teeasts i not interfore with the interpretation of scans 25 compared to mammography.



Tumour size also affects sensitivity of Sestamibi. Lesions < 10mm were undetectzble with
Tc99m Sestamnibi (2_3}. Reports have varied from: "Tc9%m Sestamibi breast scintigraphy is
useful in distinguishing malignancies from benign breast magses” (20) to "mammography and
ulirasound are the basic screening modalities for palpable hreast masses and canﬁot be
meplaced by Sestanu'bf breast imaping” (21). |

1.3.3 Indium 111 Octregtide -

Qctreotide is a somatostatin analogue. Somatusfatin-rec-.eptof (SS-R} scintigraphy shows
primary cancers and distant metastases in most patients wirh carcinoids, slet cefl rumours and
paragangliomas, Previous in-vitro studies indicated that somatostatin receptors are present in
 Iwmian breast cancers, By ﬁsing SS-R seintigraphy those SS-R positive breast cancers could be
: demonstrated in vive as well as any metastases present. Scintigraphy also showed the presence
: nf‘metf_istases in symptom-free, im'tia!lfy 88-R positive, breast .canl:er patientz on foilew-up
studies. These patients had normal CA15-3 and CEA serum levels (24).

The radioisotope used to label the somatostatin analogue, Indium-111, is cyclotton produced
and therefors not readily available, It does however have 3 physical half-lifs of 2,81 days with

. hoton energies of 172 kev and 247 kev, allowing delayed imaging of 24 10 48 houra,



28 OVERALL ATM OF THIS STUDY
Screening mammography, considered to be a vital defense against breast cancer, is fraught
sith controversy and lacks a high degres of diagnostio acouracy. Mammograms are nsensiive
to detecting some breast cancers, and can cause false alarms prompting unnecessarf biopsies.
These “falsn-posiﬁve” mammograms are physically as well as psychologically traumatic, All
women experience some anxiety while having a mammogram and frequently suffer more
disi_ress while awaiting the study resulis. Inn addition, breast cancer in the elderly women is
becoming & medical problems of increasing magxﬁmde. Responding to the need for earlier,
 nore acourate and cost-effective methods of cancer detertlun, researchers are investigating
adjuvant and alternative methods to traditional screening (9). At present there is clinical
~ interest, generated by published -eporis, in breast imaging using several radiopharmacenticals
such as T099m Sestamibi, Te99m Tetrafosmin, Tl 201, Te99m SM3 moncional antibédy and
F18 FDG. Almost one in five presentations at the 1995 Annuai Meenng of the European
Association of Nuclear Medicirie in Brugsels dealt with oncology and one of the most
prominent issues was breast cancer.
Preliminary results of breast scintigraphbic studies are promising, but they generally concern
small series of patients, Because the physical characteristics of Te99m Sestamibi are more
~ favorable for séinﬁgraplﬁc 'imaging than those of TL 201, the aim of this prospective study
was to validate the use of Tc99m Sestamibi in the diagnostic work-up of patients with breast
disease, Since the breast cancer patients were due to have a routine bone scan using Teo%m
MDP, I initially intended to include a compaison of Tc99m Sestamibi and Te99m MDP in this
study. However, due to technical ﬁroblems experienced during this study, at the cunclusion of

the study, only eleven completed studies were available for comparison, In this study, breast



scintigraphic imaging was compared to the histological diagnosis obtained via fine needle
- biopsy or post surgical excision,
3.0 METHOD

The study protocol was reviewerd bythe Postgradvate Committee, the Fawlty of Health
Sciences of the University of the Witwatersrand, Ethical clearance to perform this study was
obtained from the Department of k. wnan Ethics (Appendix B).I

31  Study Sample

25 patients with breast carcinoma (Group A) and 15 patients w1th benign breast masses
{Group B) gave informed consent to participate in this study (Appendix C). In Group B, three
patients (wombers 1, 10 and 14) had bilateral breast masses. In Group A, one patient had &
benign mass in one breast (included in the results of the benign group) and 2 malignant mass in
the other breast.

All the patients had either fine needle biopsy or excision biopsy/mastectomy,

Eleven patients in Group A had both a Te99m MDP scan and a Te99m Sestamibi scan.

32 Imaging Meﬂmd

-Hack patient received 20 nnlhcunes (740MBq) Tc99m Sestamibi, injected um'avenmmly in the
atm opposite to the breast with the abnormality. If both breasts had abnormalities, the arm

~ opposite to the breast with the larger;bnorma]ity was used, Imaging way commenced five
minutes posﬁpjection.

An anterior chest image was obtained in the upright position with the arm rised in order to
view the axiflae. The patient was then positioned prone with the breast pending and.a fateral
and posterior oblique image was obtained of the breast/s with an abnormality, A lateral image
otly was perforned of the opposite breast if there was no known sbnormality.



Scintimammography was performed using 2 gamma camera equipped with a high-resclution
collimator. Acquisition parameters included: 1) a 10% window centred ont a 140 kev
photopeak and 2} static imaging for 1 nﬁllion counts for the anterior view 2ad 2 million cuunts.
for the pron: views 3) moﬁl factor of £.5 | for the lateral views.

This prooedure required approximately 40 - 56 minutes.

The patients who also had a Te99m MDF scan,werc’havingarouﬁnebonescanaépm of
their metastatic work-up. The breast imaging was performed fifteen tb twenty minutes .
postinjection using the same technique as for Tc99m Sestamibi. Due to difficulties expenenced
trying to coordinate fiming and gamsa camera availability, only eleven completed Tc99m

‘MDP studies were obtained.

40 RESULTS

Four nuclear physicisns, independently, without prior knowledge of'the clinical or histologicat
&ata, performed the interpretation and grading of the scintigraphic scam;j (Appendix D).
Observers were aliowed to discuss the seintigraphic grading method prior to being given the
study material, thereby trying to minimize variation between observer grading, All four
observers used 2 modem (grey scale) and not X—tﬁys té mterpret the results, so asto prodtwe.
a uniform standard of grading. Th scinfigraphic grading. of the scans was performed as
defined in Table I. This grading method was decided on after discussions with various nuclear
physicians snd breast surgeons, Initially I looked at using a region of mtersst (ROI) and
caleulating a targes-to-background ratio, however after testing this method using the

- depattmental regisirars, lack of congistency in the results led to favoring the selected method
 (breast size variation also made it cifficult to standardize ¢ ROY), Although the focus is on the

presence or absence of uptake of the isotops, the 0 to 3 grading was used with the intention of .

9



comparing the uptake of Tc99m Sestamibi with Te99m MDP and (for interest only) tb A%SeES

whether the size of the lesion had any effect on the intensity of uptake.

TABLE 1 - SCINTIGRAPHIC GRADING

0 INO FOCAL UBTAKE OF ISOTOPE

1 |PRESENCE OF SLIGHTLY INCREASED UPTAKE OF ISOTOPE

2 |DEFINITE INCREASED UPTAKE OF ISOTOPE

3 |INTENSE INCREASED UPTAKE OF ISOTOPE

Most patienis presented with breast masées with the exception of the following patients in

Group A: |

e Patieni numbet 4 presented with a persistent Inipple diwha@& Cytology smears were '
repeatediy négative. A mastectomy was performed at the patient's request. I-ﬁstolog_j
showed Paget's disease with an underlying duct cell carcinoma-in-situ behind the nipple.

Although Paget's disease of'the breast is uncommon, it accounts for 1-4 % of all breast

cancers and was found to be associsted with an underlying carcinoma in situ which is often not

evident prior to surgery (8). Both Sestamibi and MDP gradings wers positive (>0).

s Patient nutttber 6 had had bilateral mastectomies followed by prosthetic breast implants,
because of a strong family history of breast cancer. Now she presented with a painful
palpable lymph node in the left axilla, which on biopsy was found to be malignant, She -
subsequently had surgical removal of all remalmng breast tissue and axillary clearances.

QOnly the left axdlaty node was found to be matignant on histology.

10



“The Sestatmibi soan was negative for lymph node detection in this patient.
~o  Patient number 23 presented with enlarged left axillary nodes and an inflamed swoll left
breast. FNA of the axillary nodes showed duct cell carcinoma but the breast hiopsy was
negative for malignancy. BoththeSmtanﬁbi#ﬁdﬂwNﬂ)Pmdianorbreaﬁtmassgsﬁ:e
inconclusive, since they vary frcm a grading of 0 to 2. Two observers rated the Sestumibi
scans pﬁs&tive for lymph nodes. The MDP gradings were all negative for lymph nodes,

e Patient number 24 had.pteviousiyhad aleft mastectﬁmy and now presented with & mass in
the .right breast. Duct cell cammomawas diagnosed on fine needle aspiration, but only
proliferative breast tissue was found on histology post mastectorny. She has been included
in the malignant group of patients. The Sestamibi scan of the right breast showed only
slightly increased uptake of isotope (Grade 1).

Interobserver relishilify test resulis:
The statistical analysis (Appendix E) shows 2 good correlation between observers (Z-value
sigrificantly greater than 1.96) for breast mass grading. Lymph node grading was less

consistent (Z-value of less than 1.'96),
Of interest, was that all four the observers found upteke of isotope in the opposite breast

tissue of two of the patients in the benign group, neither of whom had palpabie masses in these

breasts. One patient had mammography which was negative,

1t



TABLE 2 - GROUP A (CARCINOMA)

Patte. - RGE| BREAST | TOWOUR | WUDMNOG, Wl T [RISTOLOGY | NODES|
Ve ' e [ ision| Nodes | Legion | Nedse Fisialogy|
T | 8C | 58 LEFT |ZAXZdcm | Suspiomuis | O | Negetve Malignant
" RIGHT | 5X45cm | Suspicious 3 Nagaiive Meflgnant
2 |COaB| 0| NGAT | 26X20m 3 | Posrive Mlignant | Feative |
S [AB |81 IEFT | dXsem 09 | Nagatve Haatgnant
4 |EAD| 28| WGHT | mppedisc | Netewpie. | 192 |Nagawe] 2 | rea | Wt |
§ | MF | 60| WIGHT | 6Xéem | DefMaig, | 12 Negabee] 2 | Posineg | Walgnant | Posive |
eI VE s =T NGBE T | Negaiive Mitignam | Pesitive
' AXIL
7 |MCG] 70| LEFF | underiom | Suspiious | O | Negatve| Malignart
— " RGET 240m Beign |0 Negatvel Benign
8 | HH | 66| LEFT Gon | Del.malg. | @ |Fosneg ‘Malgras
T [ ZK | 55| LEFT | spp.iGr | Suspioiots | 0 | Negatve]  © Teg Tatignant
Ta [ GM | 3| LEFT [38XK1.7om| Suspioous | 12 Foaf neg Wafgnent
11 [IRM) B | RGT | 25Xzem Suspicious | 12 Negamré 12 vieg | Hgnant | Postve|
5 TMW | 88| IEFT | pesudoran | Swpioious | 53 | Pesmeg] 2 | g 1 baighant
13 | EM | 54| LEFT |21X25cm| Guspicoms ) 2 | Negatwe] 2 neg Wiaignant
5 TEW T BT gem 3 | Fostve Maignam
™ | EN| 85| LEFT | 2X25em | Defmag | 23 | Posavel 1 neg | Maignent | Posfite
16 | WP | a8} LEFT ' Buspicioue | O | Negaive ' Wb grant
7 | WP | 3] LEFT | S5XAam | Suspicows | 2| Negatve| Hakghant | Posiive
18 | AR | @8] IEFT | moei0cm | Suspiolous | 2 | Fostiva dgnant
B [AJS| 68| LEFT [24R1,8cm| Suspicious | 12 | Nogaive Mafignant
20 | 85 | 53| RGHT |3BX25cn | Suspicions | -2 | Negatve) G2 | hneg | Wikgnert
| MT | 47| LEFT | 4XAwm 3 | Postive WMeRigrant
22 [CvH| 54| RIGHT |20X1,7em| Baign T | Negative] 2 neg | MEignant | Posiive
& | RV | 58] LEFT Notsueplc | 04 | Posvea]  O-1 neg | Maignant | Posive
S {Wvzl B R s':aplm T | Negatve] Wialigrant
e EaZ B e | 3KSem | Sueveus | Z | Wemwe] T | e | Waignan
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TABLE 3 - GROUP B (BENIGN)

i, ittt

PATIENT | AGE | BREAST | TUM SIZE | MAMISON | MiBl GRAD] MBI ORAD | HISTOLOGY
¥ __ Cms . Lesion Nodes .
T]IMB] 33 | LEFTXZ ) U5M03%0,7] Probetiocyet] O Negative Tyt

' T3040 5 [Fbroadenomal 12 Nagativa | Efaroadaneia

"2 HdS{ 99 | RIGHT | 4X28 | Suspwicus 2 Negivs | Froroadanome |
31 GK ] @ | RGHY | SX45 | bef 3 Nagaive Cimon
maligrant ghsoias

isml = LEFT Ax2 Suspicious oA Negetive | Fibroadenoma
5| GWM| & | RIGHT ' Benign o Netaive Benign
6] CM | 26 | MGHIR Berigr 0 Negative denlgn

TTEM ] = LEFT ) Negative | Fbroadenome

8] TM | B LEFT 12 Negatva | Foroadancm

S| EM | 48 | RIGAT o1 Negelive | Fibroadancma
0] DM | D TEFF o “Negaiive Benigh

RIGHT Z Megatve | Florcadencra

] VM | 24 | RIGAT 0 Negatve | Fibroadenons

2] NW [~ 3 | RGHT | 16K12XG8]  Berign 1 Wegaiive | Fbroadenoma
B RR ] AR 7 Negatve oyt
13| D8 | & LEFT TBRA | Frobbenign | 12 ‘Negativa Benigi

RIGHT Frab benign i Negative | Fibsoagenoma

BIHvA] & | RGAT o Negalive | Fibwedenama

13



41  Tc9%m Sestamibi Ve Pathology _

Of the 26 mahgnant breast masses confirmed on histology, 19 were positively 1dent|ﬁed on
Sestamibi scanning giving a sensitivity of 73%, 2 results were inconclusive (grading of 0-1)
and 5 had a grading of 0. Na correlation was found between the size of the lesion and the
degree of uptake of isctope. _ _

.Of the 8 patients with confirmed lymph node.metastases', only 2 were positive ont the
Séstamihi scans, w1th 1 inconclusive result,

Additional 3 patients, who did not have surgery, (i.e. lymph node metastases not confirmed)

.' showed lymph node involvement on Sestamibi scans. All 3 patieats had palpable lymph nodes.
Of the 19 benign breast masses, 9 were visible on Sestamibi scans with additional 3
inconclusive results (grading of 0-1). Interestingly, the patient with the chronio breast sbscess
had a grading of 3, suggesting that inflammation could be a cause of increased uptake of
isotope. This gives a false positive value of 47.4%-61%. This high false positive value is in
contrest to previous studies. In the study done by Khalkhali et al {i3) only 5 out of 33 benign
breast lesions were false posrﬂves, of these 2 were fibroadenomas. The study by Kao et al (20)
showed all 6 benign masses as true negatives; all 6 were fibrocystic disease, In the study by
Burak et al (21) 2 of 14 Lenign masses were false positives; both.were fibroadenomas. Again
in the stady by Lu, Shik et al, (22) 4 of 7 fibroadenomas were false positives and this led them
to conclude that fibroadenomas with hypercellularity may cause false positive Sestamibi scans.
In the. study by Tabuenca (26) 10 of 13 benign masses were positive on Sestamibi scans, but

they concentrated on the 3 becoming tre positives.

14



In this study, the statistical analysis (Appendix E) clearly demonstrates that Sestamibi imaging |
cannot differentiate between benign and malignant breast masses with accuracy. Although the
statistical analysls of Tymph node detection by Sestamibi imaging compared to histolagy

cortelated the m:mbers are small (only 8 oonﬁ.rmed) and should be interpreted with caution, .

since the interobserver grading of lymph nodes showed poor correlation.

Thus, alihough the sensitivity of Sestamibi for detecting palpable breast masses s good, the

- specificity iz very low. Lymph node detection is also poor and oy positive in quite advanced
" Breast séinﬁgraphy, however, is unaffected by breast density or the presence of scar or fibrous
fissue s these did not influence or intecfére with the interpretation of these scans,



'TABLE 4 - SESTAMIBI vs. MDP

PATIENT | AGE YRS[BREAST| VilBHezion| MIBI-nodes| MDPdesion| MDP-odes | HISTOLOGY] RODES]
1 [EAD] 28 [WGHT| 2 | Negava [ 12 Negafie | Malgnant

i MF| @ [ RGAT| 2 Tiegatve | 12 ] Gneppes | Makgnem | Posive
3| ZK B} LEFT o Hegaive 0 Negelve | Wiakgnant |

2 [JRM{ @ | ReHT| 12 Negaive T2 | gt | Mg | Fesive) _
5| Mm| 8 | LT | %9 Negatva X3 Wegetve | Malgnent

B EM| ™ LEFT 75 Negsive 13 Negativa | Widlignant

TITEn | % | BT 53 Zpeadineg 1 Negaive | WaPant | Posihve
8|88 | o |wmanT] 12 Negatwe 02 | Nagdbve | Masgnant

5 IGYH| B4 | RGAT| 12 | Wegeive = Nogatve | Wlgnark | Posivo |
BIRV | ® [T T 62 | Zposiineg | 04| Wegeive | Walgram | Positva|
7 [86Z] B EF T2 Nogaia & Negeive | Malgrat |

42  Te99m Sestamibi Vs MDP

Only the resulis of 3 of fre observers were used (1 did not receive the MDP images and
therefore did not grade them). |
The statistical analysis showed a good correlation between the Sestamibi and MDP grading.
Dua to the small sample size, this would have to be confirmed by a larger study.

The hypothesis that the mechanism of uptake of Tc92m MDP may be due to inereased
vasculaﬁsﬁﬁon or inflammatory cha.nge (18) may account for the slight difference in grading in
Paget's disease (howevef, it would have been interesting to compare the uptake in the chronic

abscess).
Sestamibi showed a slightly better detection of lymph nodes than MDP. This is consistent with
+he study done by S. Lastoria et al (27), which concluded that Sestamibi better depicts lymph -

nodal infiltration.
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4.3  Scintigraphy Ys M‘amniograpll}'

| Mammography was perf_onned in 27 patients who also had scintigraphy. There were 32 breast
masses a5 S patieots had bilatersl masses.

Of the 21 histologically confirmed malignant breast masses, 16 were detected by Sestamibi
(plus] inconclusive resuit) compared to the 18 found to be ither suspicious or malignant oﬁ
mammography. |

Of the 11 histologically confirmed benign breast masses, 8 were benign on mammography
compared to only 4 (grading of 0) on Sestamibi imaging, -

Tn the study by Burak ef ! (21), comparing Sestamibi scanning to mammography and
uitrasonography, gll the malignent breast masses were detected by mammography with
ultrasoﬁogmphy. Sestamibi scanning detected 25 of 27 malignant masses, The_diﬁ‘erential
diagnosis of fibroadenomas was however, still mors acenrate on mammography compared to

Sestamibi scanning. This correlates with the findings in this study.
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5.0 DISCUSSION AND CONCLUSION

5.1  Value and Usefulness of Spinﬁmammography
‘The resuits of this study shows clearly that scintigraphy is not accurate in distinguishing benign
from malignant breast masses, nor in detecting lymph node m. :astases.
Scintigraphy can, however, play 2 complementary role to mammography, especially in the

- patients with dense breast fissue, the post surgical patient with a m:spicioﬁs breast mass, the
patient who has had radiation therapy nnd in the patient with breast prosthesis. As observed in
this study, these did ot interfire with the interpretation of the scans, Scinﬁgraphy cannot be
used to diagnose or exclude malignancy, but can therefore be more usefl in localizing the
mhass in the presence of dense breast tissue, scar tissue or prosthesis. _
Due to the high false positive results, the objective to determine the extent of the disease was
abandoned as this would only have been mﬁmt if scintigraphy showed a high sensitivity and
specificity in detecting breast malignancy. | |

At present, mammograpﬁy is the most effective method of detecting breast abnormalities and

. in conjunction with sonography, (especially ultrasound guided fine needie aspiration) the most
accurate cost-effective method for differentiating benign frm mafignant mAasses.

~ Ultimately the definitive diagnosis is still made on cytology u.r histolbgy.

5.2  Future of Breast Imaging

At present, interesting research: is beihg done on the feasibility of imaging using monoclonal
antibodies and labeled receptors. ¥, for example, somatostatin receptor scintigraphy is
effective in the early detection of somatostatin- receptor- positive breast cancer, it may have
fusbure use in the selection of patients who can be treated with somatostatin analogues or

18



radiotherapy using an alpha-;en!itting or beta-emitting radionuclide coupled to a somatostatin
andlogue {24). Positron emission tomography (PET) using the glucosé analogue: F18-2-
ﬂuoro-z-demcy-D-gluuuse (FDQ) or C11-methionine in breest cancer scintigraphy could be
useful in providing early ini‘o;maﬁon on the efficacy of chemotherapy, allowing earlier
adaptation of therapeutic strategics. PET using EDG or C11-methionine has been effective in
identifying primary breast tumours, axillary lymph node metastases, pleural and hepatic |
metastases (28,29), Another possible application of PET, is to study dyi.amic cﬁanges over
time, including metabelic changes in the tumour (29). |

Digital mammography, although still in the developmental stage, uses the dlreet digital capture
of the mammogtaphic image with an electronic detector (vs. film); this allows more flexible |
mapping and display of radiographic densities (30). It has several advantages and
disadvantages. - | | .

Advantages include; a) mproved image quality especially of those patients with dense breast
tissue, b) computer-aided diagnoses. ¢) digital images that can be transmitted via telephone or
{internet for rapid expert interprefation, |

The main disadvantage is that the digital technique can cover only a small area of the breast at
a time and has limited spatial resolution (31,30).

" Colour-coded as well as spectral doppier ultrasound is also being evaluated as a possible
supplementary diagnostic tool for differentiating benign from.maiignant breast masses,
especially as a means of reducing the number of unnecessary exploratoty biopsies (32).
Colour-coded doppler sonography visualises the vascularity of breast masses, Tumaours as
small as 3mm rely on the formation of capillary vessels for further growth which can be -
imaged by highly sensitive colou-coded doppler urits (32). Colour-caded doppler ultrascund

is also being assessed as a potential technique for detecting exillary ljpmph node metastases (1),

19



Hopefully, with the integration of all these new technologies, and continued research, the

detection and diagnoses of early breast cancer will become more acourate.
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APPENDIX

A. Examples of Scintigraphic Images
B. Clearance certificate

C_. Cﬁnﬁent forms

D. Observer resulis

E. Statistical analysis performed by DMSA CC, University of the Witwatersrand.
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APPENDIX A
EXAMPLES OF SCINTIGRAPHIC IMAGES



Fibroadenoma (four views) — Sestamibi Grading 2
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Chronic breast abscess — Sestamibi Grading 3
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Fibroadenoma — Sestamibi Grading 2
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Fibroadenoma — Sestamibi Grading 1



Carcinoma — Sestamibi Grading 3
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Carcinoma — Sestamibi Grading 2-3
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Carcinoma - Sestamibi - Grading 1-2
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ROLE OF BREAST SCINTIGRAPHY IN CANCER

Paﬁent Information and Consent (Breast Cancer)

Because you have diagnosed breast cancer, I am asking yon to participate in this research
study to determine if radicisotopes can be usefil to detect breast cancer, As your diagnosis has
already been established, it will not be usefi:l fo you but may be of future benefit to other

- If you participate your will have 2 20mCi Tec99m Sestamibi injection followed by a scan of ~
both breasts, This will involve lying fuce down for approximately twenty minutes and standing
with arms raised for five minutes. Your privacy will be ensured by means of closed doors,
adequate clothing and female staff only. To99m Sestamibi is a radioactive isotope but the
lowest possible dosage is used to ensure minimal exposure to radiation (Tc99m Sestamibi has
been safely used in many smdws)

We are unable to use radioisotopes during pregnancy or if yout are breastfeeding

Possible adverse effects include;

1} Short-lived metallic or bitter taste afier iniection.
2) Short-lived headache, flushing or non-itching rash,

Other rare adverse effects include possible seizures, short-lived arthritis of the wrists and
‘allergic reactions,

‘We shall need to do 2 routine bone scan which is not part of this research, E:utlsneoessaryas
part of the investigations into your condition. .

Participation in this study is voluntary and you are free to refuse to participate or to withdraw
your consent and to discontinue participation at any time, If you decline or withdraw from this
* study it will not affect your treatment or medical care in any way. A signed copy of this
consent form will be made available to you.
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- ROLE OF BREAST SCINTIGRAPHY IN BREAST CANCER

Patient Information and Consent (Benign Condition)

Because you do not have breast cancer, but do have a breast mass, ¥ am asking you to
participate in this research study, so that I can compare benign breast conditions to breast.
cancer using radioisotopes. This will enable me to establish the usefiilness of radioisotopes in
detecting breast cancer. Therefore, it may not be of use to you now; but hopefuily will be of
future benefit to other patients.

If you participate you will have a 20mCi T¢99m Sestamibi injection. followed by 8 scan of both -
breasts, This will involve lying face down for approximately twenty minutes and standing with
armns raised for five minutes. Your privacy will be ensured by means of closed doors, adequate
clothing and female staffonly, Tc99m Sestamibi is a radioactive isctope but the lowest
possible dosage is used %o ensure minimal exposure to radistion (T ¢99m Sestamibi has been
safely used in many studies),

The scan results will be discussed with you.
We are unable to use radioisotopes during pregnancy or if you are breastfeeding.

Possible adverée effects include:

1) Short-lived metallic or bitter taste after injection,
2} Short-lived headache, flushing or non-itching rash,

Other rare advesse effects include possible seizures, shori-lived arthritis nf the wrists and
allergic reactions.

Participation in this study is voluntary and you are free to refuise to participate or to withdraw
your consent and to discontinue participation at any time. If you decline or withdraw from this
study it will not affect your treatment or medical care in any way. A signed copy of this
consent form will be made available to you. '

35



ROLE OF BREAST SCINTIGRAPHY IN BREAST CANCER

Patient Information and Consent (Possible Recurrence)

Because you have had breast cancer and this method may be useful in detecting a recurrence, I
am asking you to participate in this research study. At present T am trying to establish the

- usefuilness of radioisotopes in detecting breast cancer. Therefore, it may not be of use 1o you
now, but hnpaﬁ.dlywﬂlbeof future benefit to other patients.

If you participate you will have a 20mCi Te99m Sestamibi injection followed by a scan of both
breasts. This will involve lying face down for approximately twenty minutes and standing with
arms raised for five minutes. Your privacy will be ensured by means of cloged doors, adequate
clothing and female staff only. 'Tc99m Sestaribi is & radioactive isotope but the lowest
possible dosage is used to ensure minimal exposure to radnatlon (Tc99m Sestamibi has been

safely used in many studies).
We are unable to use radioisotopes durmg pregnancy or 1fyou are breast F‘edmg
Pcssxble adverse effects include: _

1) Short-lived metallic or bitter taste after i mjecnom '

2) Short-lived headache, flushing or non-itching rash,

Other rare adverse effects inohude possible seizures, short-fived arthritis of the wrists and
allergic reactions.

We shall need fo do a routine bone sean which is niot pact of this research, but is necessary as
part of the investigations into your condition.

Partivipation in this study is voluntary and you are free to refuse to pasticipate or to withdraw
your consent and to discontinue participation at any time. Ifyou decline or withdraw, from
this study it will not affect your treatment or medical care in any way. A signed copy ofthm
consent form will be made available to you,
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I have fully explained the procedures, identifying them as investigational and have explained
their purpose. I bave asked whether or not any questions have arisen regarding the procedures
and have answered the guestions to the best of my ability,

Date:

Daoctor:

1 have been firlly informed as to the pracedures to be followed and have been given 2
description of the attendant discomforts and risks to be expected. In signing this consent foim .
I agree to participate in this method of investigation and I understand that I sm free to refise
to participate or to withdraw my- consent and discontinue my participation in the study at any
time. Lunderstand aiso that if T have any questions at any time they wiil be anawered.

Patient:

WIIEEE. ocmrvirecsarssrmssarmsnnives
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APPENBIX D

OBSERVER RESULTS
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Observer Grading Comparison for Tc99m Sestamibi and MDP (Group A}

Patient AGE| BREASY | WIE | MDP FETOLOEY | HISTOLOGT
- [Obsrrvers{d) Qbservers  [Ohaarvers{3j Oheeryers
Ve Leaion " Nodes Teskn | Nodes Lesion Noedes
T EC (B T w® Negative ) Watignark
RIGHT | 2538 | Wegave ' Mafgnant |
T2 {GoeB| 5| RIGHT |G| dpoee Maligrant Pooitive
% [ AD [ 51| LEFT biot Nagaive — Walgnant
3 [EAD| B RGHT 125 Negaiva g7 Negatie | Wialigrart
5 | WF | & ReaT 1221 Negativa 222 | ZHeglipes | Watgnam Posiive |
8§ | VE | 5| LEFT o000 Negatva " Wiahgnant | Fostive
AL
7 |MCG] m| LEFF | oo Negelive Makignant
- RIGHT | 0000 ' Negalive benign
5[ HE & =0 3neghpns - Malw
ZK ) 551 LEFT [7v33] " Negatve ooo Negatve | Malignant
TN N T I M Y= B 7wt ' Tatgmrt
T VIR R ReRr | e fegaive | fiz Negate | Maigment |  Poslive
2 | MM | B LEFT 3321 Negaive | 232 Negaive | Wangant
B | EM | 64| LEFT 7<7] Negative 123 | WNegewva Falprard
AT BW [ LEFT ) positive ' ™ Malignant
® TEN | B[ T = Sposfiney T | Negaive | Malgosnt Fosfive
6 | WP | 48] LEFT o000 Negatve Malgreant
77| WP | &2 EFr | 2 egatwe | ' Malignant Poaitive
1€ | AR | 38 EEFT | 2232 Apositiv Malignant '
W JAJG| 68| LEFT 2 Negatva | _ | Valgrant
0 | 69 | 83| RIGHT 1221 Negattve 022 n@m Walignant
[ 21 | MT | 47| LEFT 352 dpositva Wilignent
2 [GvH | B4| RIGHT 1211 | Negatve 132 Nagative Aafigreznt Positiva |
- REVAE G o020 TpasiEneg oH Negatve Malignant Posiiva
24 [MvZ| 79| RIGHT T " Negaiiva ' Maligrant
% |BAZ| B | LEFT 1252 Negaive o1 Nogaive | Walgnamt
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Qluserver Grading Comparison for Te99m Sestamibi (Group B):

[PATIENT | AGE | BREAST | MIIGRAD | MBI GRAD | HISTOLOGY
Observers(d) ' [Obsseversid)
e [ T Teshn Nodes_
T{IMB] 38 | LeFTXZ| 0000 Tegative oyst
1 regaive | Fbroametoma |
ZTRAs| B | RGAT | 2@ | regve | fbrosdenonm |
3] GR | <& , wGHT [ =38 neg_aﬁvﬁ chran ahscess]
FSM @ [ B oo negatve | Tbmadenoma
S| GM| 585 | RIGHT 0000 nagative benign
Gl CM | 3 | RGHTE] 000 Tegatve Benign
71 EM | 2B iEFT 7o) Tegative | fbreadenate
IeTTw & s 1521 negetive | Tibroadanoma
“BTEM | 48 | RGHT 1110 negalive | Roreadenanm
o] oM | 2 1EFT 16 negaive benign
RIGHT | 22% “egelive | Troadenama '
ITE VM | 24 | R@HT | 0000 Tegatve | Tbroauencms |
[ WM | = RGAT | 1111 regatvs | Toroadancia
18] KR | 4% | LEFT Mz negatve | opst
“[De | @ | UFT 2421 negaiive. | Genign
' RIGHT 191 negative | fbroadenoma
5] HYA | 63 | RIGHT | 0000 Tegativa | fibresdencna |
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- STATISTICAL ANALYSIS
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1. Tnter-ratery ability tests:

Right side:

Category FROP. Kappa St Dev Z~value

) 0.60 0.89. 02601 3.43

1 0.19 0.61 T0.15%8 3.85
1z 0.12 0.46 0:1556 2.96

3 008 To.s2 0.1589 5.76

Qverall resnlts:

Kappa St Dev Zrvalue

0.74 0075 9.83

Left side:

Category PROP., Kappa StDev Zvalue

0 3 0,75 0.2435 3.00

1 T 023 0.1574 147

2 0.17 0.36 0.1574 1.66

3 0.11 [0.49 0.1560 3.17

QOverall result;

Kappa St Dev [ Zevaiue

0.48 10.0664 730

a2




Nodes:

Categnry

Kappa

PROP. St Dev Zvaine
Present 0.85 075 0.4650 1.60
Absent 0.15 275 0.1562 477
et

The Zwvalue is greaterthaﬁ 1.96 for breast masses, therefore thers Is 2 strong correlation

between observer results, The Z-vahie for node detection is <1.96.The comrelation between

observers for node detection is poot.

2. _Compariso . of Sestamibi with histology;

Sample size is adeqnzte to parform binomial dlstnhutlon test approximating the normal

distribution.

Results:

Condition Grading Fregueacy | Prop Zenalue P-value
Benign ) 34 0.45333 39.4576 0
Benign >0 41 0,54667 47.5812 g+

Malignant 0 32 0.23881 27.7831 0%+

Malignant >0 102 0.76119 88,5585 0
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**Note: The Z-values are large and the P-values are small. 'This means that the given

proportions are siguificantly greater than zero, meaning that there is no significant difference

between benign and malignant in the grading,

Node detechou analysis:

Frequency Percent Histology—?ositive Histology-!'{agativé Total

Grading Posttive | 481 8.56 1337

Grading-Negative | 20.86 65.78 86.63

Total 25.67 74.33 100.00

Statistic DF Value Probability
[ ChiSquare i 1614|0204
:Lil;eﬁhoad Ratio Chi-Square 1 1.519 0,218

Contimty Ad), Chi-Square i 1550 6306

Mantel-Haenszel Chi-Square 1 1.606 0.205

The results show no significant difference between histology and the rater’s scores on nodes.




3._Sestamibi vs MDP;

.Frequency Cell
| Chii-Square . 1 2 3 Total
MDP 3 12 12 3 33
SESTAMIBI r 8 7 3 )
Total 0 20 79 7 73
Statistic DF Valve Prob
.Chi-Square 3 2,205 0.531
Tikelihood Ravo Chi-Square 7 BYIT 0538
iaiol Hacmsrd Chi-Square I G:369

1,580

The results show 1 significant difference between Sestaribi and MDP at the 5% level.
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