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ABSTRACT
Objective

The purpose of this study was to determine therdisfic accuracy of breast ultrasound
elastography in differentiating benign from malighabreast masses using histology
diagnosis as the gold standard.

Material and Method

The study was carried out at Kenyatta National itakd 12 patients with solid breast lumps
were reviewed. They fulfilled our inclusion criterigave consent to standard breast
ultrasound supplemented by strain elastography.imlging was carried out using a logic E-
9 GE Ultrasound machine with Elastography softwsaekages. A specifically designed data
collection form was used to record the demogramtetails of the patient, the clinical
findings, gray scale and ultrasound elastographgirigs and the histological diagnosis.
Histopathologic results and strain elastographyltesvere correlated.

Results

Female patients accounted for 96.5% of the totallrar of patients reviewed. The age range
was 15-79 yearsThe median age of presentation was 28 years (uretile range 22 — 40).
Using ultrasound elastography to differentiate genand malignant breast lumps, with
histology as the gold standard, the sensitivitysioain score and strain ratio was 92.9% and
96.4% respectively. Specificity was however the sdon both (95.2%).Strain ratio yielded a
higher sensitivity compared to elasticity score.496 versus 92.9%). However, strain ratio
against elasticity score were positively correlatgth a Spearman’s coefficient of 0.7842 (P
value <0.001) indicating that by performing botbheiques, a more confident diagnosis can

be made.

Conclusion

Strain elastography is a non invasive, fast, sinipdé that can compliment conventional gray
scale ultrasound of the breast. It has a high acgulevel and could be used as a good tool
for the classification of breast masses prior eodhcision to biopsy a lesion.



1. BACKGROUND
Breast masses are common and usually benign[1joldth most breast masses are benign,

breast cancer is the most common cancer worldwji@[2he most common screening test
for breast masses is mammography and ultrasonogrgp®), both of which are highly

sensitive in detecting breast cancer. However, boithods have some limitations.
Mammography often yields false negative resultdense breasts[4)litrasound has a high

sensitivity in detecting lesions but poor spedificiTo improve specificity, the American

College of Radiology (ARC) introduced the Breasagimg and Reporting Data System (BI-
RADS) which is used to categorize breast massedffjwever BI-RADS generated a

significant number of false positive results[6]riésg in an increase in biopsies performed
with a cancer detection rate of 10-30%][7, 8]caugimgecessary discomfort, anxiety and
increased cost to the patient[®@]trasound is also unable to pick microcalcifioas which is

a strong and sometimes an early finding in cantdreobreast[10]

Ultrasound elastography (USE) was introduced toe@®e the accuracy of characterizing
breast lesions. When a certain amount of forcep@ied in a tissue, elastic deformation
occurs. Sonoelastography is a technique that apptimpression to detect stiffness variation
within the scanned tissues. Cancerous lesionstifiex han non cancerous ones. Ultrasound
elastography uses this principle to differentiat@ignant breast lesions from benign lesion
on compression. USE holds promise in improving thierentiation of benign from
malignant breast lesions[11, 12]



2. LITERATURE REVIEW

2.1.BREAST CANCER
Breast cancer is the commonest cancer in womeniballeveloped and developing world.

Statistics in Kenya indicate that breast cancertrimries to 23.3% of cancer deaths and
mostly affects young women aged 35 to 55 years[Ble epidemiology varies greatly

worldwide. The Incidence rates is low among wonrekastern Africa compared to Western
Europe( 19.3 per 100,000 women Vs. 89.7 per 100ya®®en)[13]. A relatively younger

age group is affected in Kenya compared to develaoentries. While 51% of the cases in
Kenya occur in women below 50years, less thangeeent of all breast cancer cases in US
are diagnosed in women less than 40 years. MaBsboancer is rare, and only accounts for
below 1% of all breast cancers. it occurs at aeraddje (60-70years) in comparison to female

breast cancer[14]and mortality is much lower amoyp than women[15].

2.2. MAMMOGRAPHY

Mammography has been the mainstay in breast caetection and is the only screening test
proven to reduce mortality. In randomized clini¢gbls, screening mammography was
shown to reduce breast cancer mortality among worespecially for those above 50
years[16]n another study done in Norway, M. Kalager et amdnstrated that screening
mammography aloneprevented2.4 deaths per 100,0@nsyears[17]. It also provides
adequate visualization of soft tissue abnormalitiekiding microcalcifications.

Mammography has a number of limitations includiatsé negative results in dense breast
and there is risk of radiation induced breast capspecially exposure in young patients. A
multi-institutional study done in America with ov800,000 women aged 40 to 89 years
found that mammography had a sensitivity of 62.8%women with extremely dense breast

and 87.0% in women with almost entirely fatty IstEh8].

Women with extensive mammographic density haveva fimes increased risk of breast
cancer compared to women with density less th&e @Dthe mammogram[19]. However,
the increased risk was shown to be limited to tRanbnths after a screening examination.
Therefore annual mammograms in such women would v impact on detection of

cancers hence the need to evaluate alternativangégchniques for such women.



Wang F.L et al studied the effect of age, breastsidg and volume on breast cancer
diagnosis. They found that breast ultrasonograpay more sensitive than mammography in
premenopausal patients (81.4% vs. 61.1,, in womih kgh breast density (85.9% vs.

60.6%) and women with small breast volume (87.5%6%.7%)[20].

2.3. BREAST MRI

Breast MRI is a relatively new but rapidly growirfgeld in breast imaging. It is
recommended for screening women with increasedafidkreast cancer such as those with
strong family history and/or mutation genes inchgdiBRCA1/BRCAZ2. Its main strength
includes its fine delineation of soft tissue andigbto image the breast in multiple planes.
MRI offers an alternative screening tool for younigh risk patients who are at risk of

radiation induced cancer if subjected to regulammagrams [20].

Kriege M et al found that MRI was better than margnaphy screening in detecting tumors
in women who were at high risk for breast cancgrf2dwever, MRI was also associated
with many unnecessary additional examinations aogsies as compared to mammography
[21] Other limiting factors in our setting include; itisnited availability and the prohibitive
cost.

2.4. BREAST ULTRASOUND

Breast ultrasound was first introduced in the 193€ilag radar techniques adapted from the
US navy[22]. Its main role was in distinguishindidand cystic masses. Its specificity in
differentiating benign and malignant breast masgzs however low and most breast masses
required biopsy. Recent advances in US technolegg lallowed improved characterization
of solid masses. In 1995, Stavros A.T, ThickmarRBpp CL, et al demonstrated that benign
and malignant solid breast masses could be diffieated using gray scale with a sensitivity
of 98.4% and a negative predictive value of 99.58p4[24, 25]. Subsequent studies have
validated these results and the features usedtégaraze breast masses as either benign or
malignant remain essential in assessment of bneasses. These features formed a basis for
Breast Imaging and Reporting Data System (Bl-RADSEharacterizing solid masses[26]

which is routinely used in assessment of breagiriss



Ultrasound is used to evaluate breast lesionslsit acts as a complimentary tool to both
mammography and MRI. Ultrasound may also be useohagljuvant breast cancer screening
modality in women with dense breast tissue and gathee mammogram. In addition,

Ultrasound is currently the primary imaging modaliécommended to guide interventional

breast procedures.

The specificity of Ultrasound however remains lo@] [resulting in many unnecessary
biopsies and its ability to pick microcalcificat®mwhich is a strong and sometimes early

finding in breast cancer is limited [10].

2.5. ULTRASOUND ELASTOGRAPHY

Normally, malignant tumors feel hard when compavath benign lesions on physical
examination [11].US Elastography provides informaton the strain or hardness of a lesion
hence the capability to improve specificity in ttiagnosis of breast masses [11,12]. Two

techniques are currently available: strain and isiveae elastography.

In Strain Elastography, the elasticity or relatiseain of a tissue is assessed by gently
compressing the tissue repetitively with an ultcasb probe. These compressions result in
tissue displacement or strain. A chromatic scadm thssigns tissues that undergo strain (soft
tissues) a different color (green in G.E machirfesn those that are not deformed by the
compressions (blue color in G.E machines). Thisorcatoded image is called an
elastogram.The gray scale image and the elastogrardisplayed side by side.An example

of this display format is shown on the image below.
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The following parameters are then evaluated ornntiagies displayed.

Elasticity score - A visual representation of howssties deform under
compression[27]. A five point score is used to gatize the mass. A strain score cut

off of > 4 indicates malignancy.

Size ratio - The size change between the B-modegemand elastogram is
evaluated[31]. Cut off point values for width rattd more than 1.1 is considered

significant.

Strain ratio - Used to quantify the relative st#fs between the lesion and
surrounding tissue[28, 29].A strain ratio of mohart 4 shows a predictive value of

malignancy.

Elasticity score provides qualitative informatiomilg strain ratio provides semi-quantitative

information.

Shear-wave Elastography is based on the principbeaustic radiation force. Using a light

transducer pressure, transient automatic pulseseagenerated by the Ultrasound probe,
inducing transversely oriented shear waves in ¢éis3lne Ultrasound system captures the
velocity of these shear waves, which travel fasterhard tissue compared with soft

tissue[30].

In a hospital based preliminary study done in Chitvajuly SS, Lan PY, Yan L, Gang YZ, et
al found that ultrasound Elastography was supenadetecting breast cancer in terms of
accuracy (95.8%), sensitivity (98.6%), specific(86.0%), and positive predictive values
(94.5%)[32]. G.M Giuseppetti et al evaluated theteptial usefulness of real time
elastography (RTE) in 91 breast lesions. The sgitgiand specificity of elastosonography
was 79% and 89% respectively. They emphasizedthigahistotype and size of the lesion

have an influence on the degree of elasticity[33].

Few studies have been done in Africa to assessamcwf breast USE in differentiating
benign from malignant breast masses. In Egypt, AlyMt al carried out a prospective study
to evaluate the accuracy of USE in distinguishirgnipn and malignant solid breast

lesions[34].

They reported 87.2% sensitivity, 90.6% specifiatyd 90% accuracy and concluded that

USE can facilitate improved classification of benand malignant breast masses.
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3. STUDY RATIONALE AND JUSTIFICATION
According to WHO statistics, more than a million men worldwide are diagnosed with

breast cancer annually. In Kenya, breast candéeisnost prevalent cancer amongst women:
34per 100,000[3].ocally, majority of those diagnosed with breastaz are young between
20-50 years and hence will have more fibroglandblaast tissue unlike in the developed
countries where the mean age at diagnosis is 6&.yfaKenya, increasing awareness to
women about breast cancer has led to more womey Isereened routinely but this is in
mainly in the urban centers. In the rural centengjority of women still present with

advanced disease.

Mammography is the only screening tool that hasnkb&eown to reduce mortality due to
breast cancer[16]. In Africa, due to non availapilof screening programs, majority of
women have not had screening mammography. Goo@meges however are women who

have dense breast in whom cancer detection by mgnaplay is difficult.

For the majority of women with dense breast tissnammography is not enough since the
dense breast tissue and the tumor both have aasiaplpearance hence the sensitivity is
reduced. These women need additional tests. They #benefit from ultrasound
Elastography.

Breast ultrasound has been utilized in the diagnobreast lesions and is the preferred tool
in women with dense breast. It however has low ifipgg¢ which leads to unnecessary

biopsies.

USE has the potential to improve specificity iffatientiating benign from malignant breast
lesions. This will in turn reduce the need for wessary biopsies of benign lesions and
hence reduce cost and anxiety associated with freeedures and minimizes unnecessary

invasive procedures in healthy women.

In Kenya, there are no recorded studies done teelate breast USE with histological
findings. This is despite Elastography holding adbpromise in improving the diagnosis of
breast cancer among our women and also increasetiséivity of US guided biopsies since

one can collect biopsies from the stiffest parihef mass.



4. RESEARCH QUESTION
What is the accuracy of breast ultrasound Elaspdgran differentiating benign from
malignant breast masses at KNH?

5. AIMS AND OBJECTIVES
Broad objective

To determine the diagnostic accuracy of breasastinnd Elastography in differentiating
benign from malignant breast masses

Specific objectives

1. To determine correlation between elasticity valokesolid breast masses and histological
findings.

2. To determine if use of ultrasound elastography bdld to reduced number of
interventional procedures for breast masses lacally

6. METHODS

6.1.STUDY DESIGN

This was a prospective study conducted at Kenyddtaonal Hospital.

6.2. STUDY POPULATION

Study population included patients with breastdesireferred to KNH who gave consent to
be part of the study.

Inclusion Criteria

» All patients sent to KNH for evaluation of breastsaes.
» Patients who consent.

Exclusion Criteria

e Declined consent
* Declined biopsy

* Known histology



6.3.SAMPLE SIZE

Sample size was calculated as follows:

Ziarr’ D (1-p)

dZ
Where n = Sample size, 412 = Two-sided significance level (1-alpha)-95% .86, p = p
= Estimated proportion of patients with solid bteagasses in Kenya and d = Precision error
=+10%

From literature review, the accuracy range of stitand Elastography in detecting breast
cancer is 76.5% to 95.6%. In the absence of theiqus data in Kenya, an assumption of
accuracy of 80% was made. Substituting into thentda

N= (1.96 x1.96) x (0.8x (1-0.8)) / 0.075 x 0.075
=3.8416 x (0.8 x 0.2) / 0.005625 = 110

To have an adequate and representative samplé%za@as added for non responses. The
total sample size was 115.

6.4.SAMPLING PROCEDURE

Patients who presented with breast lumps were sede&om the outpatient department in
KNH. Simple random sampling technique was usecklacsing the patients who had breast
lumps from clinical examination and had been samdfeast ultrasound or mammography.
112 patients confirmed to have breast mass on otioval gray scale ultrasound were then
assessed using Elastography. Majority of thesempiatihen underwent fine needle aspiration
or a core biopsy was obtained to get a histolog@iagnosis. The findings from the

Elastography were then compared with histologyltesu



6.5.STUDY VARIABLES

e Size of the lesion

Color of the lesion on elastogram

e Age

* Breast thickness and where the lesion is located
e Shallower lesion depth

e Current contraceptive use

6.6.MATERIAL AND METHOD

Following approval from KNH/UON scientific and ethi review committee, an introductory
letter to the heads of the selected clinics in K&itdl DDIRM was provided.

Data collection was done by the Principal Invesbga/ho administered the questionnaire to
the patients. The selected patients were infornbedtathe study prior to the data collection.
A logic E-9 GE ultrasound machine at the DDIRM, U@fth elastography module was used
to evaluate selected patients referred from bicamst.

6.6.1. BREAST ULTRASOUND ELASTOGRAPHY
The principal investigator did the ultrasound elgsaphy examination supervised by Dr.
Aywak who has vast experience in sonographic etialuaf breast masses.
The operator was not blinded at conventional ubwasl because the lesion was localized
with conventional B-mode ultrasound and then straimstography was performed. The
patients were examined in supine position withatlre placed behind the neck. A7.5MHz US
linear probe, lubricated with gel, was placed oa lineast and a radial exploration of was
made. A gray scale image of the mass was acquired.
Measured variables included:
» Size of the mass on B mode: Size was measuredkingtéhe length and width of the

mass.
* BI-RADS classification: This was classified basead the interpretation of the image
characteristics on the conventional B-mode ultragdmage.

Using the same probe, elasticity of a tissue waesaed by gently compressing the mass
repetitively with the ultrasound probe. Elastogmamtrain image was then acquired and
displayed side by side with the gray scale image.
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Measured variables included:
» Elasticity score: a chromatic scale was used togassoft tissues which can be

compressed/strained green color and hard tissuehahe not compressible blue color.
The masses were categorized based on Ueno andgugke strain score where score 1 to

3 are considered benign and score 4 and 5 malignant
1. Even strain for entire lesion. Displayed as green.

2. Strain in most of the lesion with some areas o$tnain. Inhomogeneous elasticity

displayed with green and blue.

3. Strain in the periphery of the lesion with sparofghe centre. Displayed as green

periphery with blue centre.
4. No strain in entire lesion. entire lesion displagsdlue

5. No strain in entire lesion and surrounding aredir&tesion and surrounding area

displayed as blue.

» Strain ratio was then calculated for all lesionssbiecting a region of interest (ROI) on
the mass and a corresponding ROI of the adjaceposa tissue. Using specific
software, the SR value was displayed on a statiagen A cut-point of>4 for

malignant lesions was used.

We used fine needle aspiration cytology (FNAC) xeigion biopsy for histological analysis
of benign lesions. The malignant lesions were diagd using a combination of FNAC and
excision biopsy. Histology diagnosis i.e. benignnmalignant was compared to strain score
and strain ratio classification and accuracy o$telgraphy calculated. Technique for biopsy
is described below:

The type of biopsy procedure that was employedtha<ore Needle Biopsy (CNB). A core
biopsy of the breast mass was taken using a coedleneCNB was carried out in the
outpatient setting in the minor theatre. The procedvas explained to the patient. After
giving consent, the patient was positioned for ghecedure. Under sterile conditions, local
anesthesia was administered. The core needle wagtit in 3 to 6 times to get the samples,
or cores. Core biopsies were then taken for higiokssessment. The pathologist or senior
technologist was present to ascertain specimereatell was adequate and was correctly
stored for transport to the histology lab.

11



7. DATA MANAGEMENT
All data was given a serial number and not the rsaafehe participants. Data forms were

kept in a secure lockable cabinet only accessipliad study investigator and the statistician.
All questionnaires were scrutinized before beingemd to the MsExel sheet. Upon
completion of data entry, the principal investigatbecked all the entered data against the

hard copy forms for any inconsistencies.

7.1.DATA ANALYSIS

A sample of questionnaire was double checked fddaton. Data was analyzed using
STATA version 11. Simple descriptive statisticsls@s means, proportions and frequency
distributions with 95% CI were used in the desaiptof the study sample. Association
between traditional risk factors and socio demolgiapharacteristics were investigated using
student t test and chi square. In addition, odtls veas used to describe the magnitude of the

difference between categories.

8. ETHICAL CONSIDERATION
The study was undertaken after approval by the &fsity of Nairobi and the Kenyatta

National Hospital Scientific and Ethical Review Qoittee. The objectives and purposes of
the study were clearly explained to eligible paptanits and only patients who gave informed
consent were enrolled. When cancer was diagnosedyttending doctor was notified of the

condition so as to initiate appropriate management.
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9. RESULTS
The study was conducted between May and Decemidet. 20 total of 118 patients were

invited to participate in the survey, with 115 @%) consenting. 112 breast lesions were
confirmed by histopathology. 2 biopsy results coubd be traced while one case was deemed

as in-conclusive and a repeat biopsy requested.

Majority of the patients reviewed were female (96)5The median age of presentation was
28 years (interquartile range 22 — 40). There vB8&r€75%) benign and 28 (25%) malignant

lesions. The final pathologic diagnosis of all lstdasions is illustrated in tablel.

Table 1: Final Histopathologic diagnosis of breast lesions

Diagnosis Freq. Percent

FIBROADENOMA 74 66.0
DUCTAL CARCINOMA 20 17.9
INVASIVE DUCTAL CARCINOMA 4 3.5
RECURRENT DUCTAL CARCINOMA 3 26
BENIGN BREAST LESION 2 1.7
DUCTAL PAPILLOMA 2 1.7
GYNACOMASTIA 2 1.7
LIPOMA 2 1.7
*DUCTAL ADENOCARCINOMA 1 0.9
GRANULOMATOUS MASTITIS 1 0.9
MASTITIS 1 0.9

Elasticity Score findings

The elasticity scores for benign and malignantolesiare listed in table 2. Fibroadenoma was the
commonest lesion and demonstrated strain on cosipreffigure 1). Malignant lesions showed no

strain on compression and appeared larger on ttography due to better visualization of the

surrounding desmoplastic reaction (figure 2).

Table 2: elasticity scores of benign and malignant breast masses

Final diagnosis/elasticity score 1 2 3 4 5
Benign lesion 2 67 12 1 2
Malignant lesion 0 0 4 10 14

13



LEFT BREAST

Figure 1: Benign Masses on USE

B-mode US image (A) and SE image (B) showing 2 hypoechoic circumscribed lesions that are predominantly elastic,

assigned elasticity scores of 2 and 3 respectively. These were fibroadenomas with SR of 2.1 and 1.8.

Figure 2: Malignant Masses on USE

B-mode US image (A) and SE image (B) showing 2 hypoechoic ill defined lesions that are predominantly blue assigned
elasticity scores of 4 and 5 respectively. These were cases of invasive ductal carcinoma with SR of 5.8 and 9.8.

Following histology analysis, one lesion with eleity score of 4 and two lesions with elasticityse
of 5 were found to be benign.4 lesions with eléstwcore of 3 were found to be malignant.

Performance of elasticity score is summarisedbieta.

Table 3: performance elasticity scores

Histology Classification

MALIGNANT BENIGN | Total
MALIGNANT 24 3 27
Strain score
BENIGN 4 81 85
Total 28 84 112

14




Strain ratio findings

Malignant lesions showed significantly higher streatios (4.9-9.7) than benign lesions (1.2-

3.4). Median strain ratios of benign and maligriasions are listed in table 4.

The 4 lesions assigned elasticity score of 3 amdirtoed on histology to be malignant had
significantly high strain ratios (5.4-9.7) and wetassified as malignant based on strain ratio.
Figure 3 demonstrate B-mod¢S image (A), SE image (B) and strain ratio findings of a

patient who was assigned a strain score of 3 but had a strain ratio of 9.7.

Figure 3:

Figure 3: B-mode US image (A), SE image (B) of strain score of 3 but had a strain ratio of 9.7

3 benign lesions had high strain ratios (6.9-81&)were confirmed on histopathology to be

benign. Strain ratio performance is summarizecioet 5.

Table 4: summary of the median strain ratio for benign and malignant masses

Benign  Malignant
Strain Ratio Median 1.8 7.2
IQR 12,24 58,85

Table 5: performance of strain ratio

Histology Classification

MALIGNANT | BENIGN | Total

MALIGNANT 28 3 31
Strain ratio

BENIGN 0 81 81

Total 28 84 112
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To assess accuracy of SE in differentiating beaigh malignant solid breast lesions, analysis
of these results was done. We got a sensitivi§208%, specificity of 95.2%, PPV of 86.7%
and NPV of 97.6% for elasticity score and sensitiof 96.4%, specificity of 95.2%, PPV of
87.1% and NPV of 98.8% when a cut off point of sswaed.

Strain ratio against strain score were positivelyelated as shown on the graph below with

a Spearman’s rho = 0.7842 (P value <0.001) ingigdhat strain score and strain ratio are
dependent .
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Figure 4: Graph of strain ratio against strain score
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10. DISCUSSION
This prospective study assessed the accuracy @salind elastography in differentiating

benign from malignant solid breast masses. It wasdacted in KNH and achieved 97%
response rate underscoring the validity of ourifigd. Majority of the patients were female
(96.5%) with a median age of 28 years which iseiVe of benign breast lesions being
more common (75%) and found in younger patientsesé€ findings are similar to the study
by Olu-Eddo A.N. et al[35]in Nigeria who found thagnign breast lesions constituted 70%
of breast lumps and occurred predominantly in yoi@ngales (female to male ratio was 28.6:

1)with a peak incidence in the third decade.

Majority of the patients came from Nairobi (80%)dathe surrounding counties since the
study was done at KNH which is located in NairdtNH is the national referral hospital and

this explains why we also had a small number akpét from distant counties.

Breast mass was the presenting symptom in 99%eqgbditicipants. This correlates well with
the inclusion criteria that included all patieneng to KNH for evaluation of a breast mass.
Breast pain was also a common finding seen in 2i7#eopatients. Other findings including
skin changes (6.4%) and nipple retraction (3.4%ew®t common since they are commonly

associated with malignant breast lesions.

A small percentage (6.1%) of the patients had alyahistory of breast cancer. The small
percentage is explained by the fact that inhergeztlisposition only increases the risk of

getting breast cancer and not in benign disease.

Significant chronic disease was seen in two malgeps who were on treatment for
TB/HIV. Both patients were found to have lipomagldke et al in Jimma, South West
Ethiopia found the prevalence of lipodystrophy atignts taking HAART for more than one
year to be 12.1%[36]. Lipohypertrophy occurs in gaites including the breast of both
males and females. Other chronic illnesses inclutigetes and hypertension. These had no

effect in the type of breast lump that the patmetsented with.

The single most common histologically proven sdblidast mass was a fibroadenoma (64%)
which compares with the study done by Olu-Eddol é &ligeria(2011) where 43.1% were
fiboroadenoma[35]. The lower percentage in Nigesidoécause they included both solid and
cystic breast masses in their study but fiboroadexsowas still the most common lesion.

17



A total of 112 breast masses were classified aaogrtb the BI-RADS criteria and then

assessed using strain elastography. In this studyt-off point of<3 was used. Elasticity

score was higher in malignant lesions than in betegions. Itoh A, Ueno E et al found that
malignant lesions had higher elasticity scores themgn lesions[37].

There were 4 lesions with elasticity score of 3 alhwere found to be malignant on both
strain ratio and histology. The reason why soméspairthese lesions were deformed under
compression is because stiffness of benign andgmaait lesions may overlap thus giving us
false negative results. In a prospective studyi@dmut in Romania, loana A.G et al found
that one lesion(3.57%) with elasticity score ofrdl @ne lesion(3.57%) with elasticity score
of 5 to be benign after FNAC and excision biopsy[38 the same study, one lesion (3.33%)
with elasticity score of 1 and three lesions (100) 2vith elasticity score of 3 turned out to be

malignant.

Malignant tumors showed a larger diameter at efmafthy as compared to gray scale US.
loana A.G et al also found that benign lesions Ixs@a@pear smaller or of the same size on
sonograms as on the strain images while maligreanins were depicted as larger masses on
strain images than on sonograms[38]. This discrepam size between benign lesions and
malignant lesions is due to strain images depictiegions around the tumor that have
undergone desmoplastic reaction. These surroundiifer regions reflect underlying
changes that are not captured on the sonograms.

The median strain ratio of benign lesions was §icamtly lower (1.8) than for malignant
lesions (7.0). In previous studies, the averagairstratio related to malignant lesions was
found to be significantly higher than the straiticaelated to benign lesions. However, the

reported data are not comparable due to the udifefent cut-off levels.

A total of 3patients with benign lesions were foundhave a suspicious elastogram and a
mean strain ratio of 5.4. The high strain ratidhase patients was probably due to presence
of scar tissue and calcification thus making tteole stiffer than it actually is. loana A.G et
al found fibroadenomas with calcifications to haligher strain ratios comparable to

malignant lesions[38].
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10.1. ACCURACY OF STRAIN ELASTOGRAPHY

We found that ultrasound elastography can diffeaémtbetween benign and malignant
lesions based on their firmness. Other publishedist have similar findings. Barr et al
concluded that elasticity imaging has high sengtiv96.7-100%) in characterizing
malignant lesions of the breast[39]. Wojcinski lei@monstrated that the complimentary use
of Sonoelastography improved the performance iradir@liagnostics[40Burnside et al
found that the use of strain imaging can lead tprowed discrimination of benign and
malignant solid breast masses [41].

Strain ratio was found to have higher sensitivibynpared to elasticity score (96.4% versus
92.9%). Specificity was however the same for b&h Z%).Strain ratio against strain score
were positively correlated with a Spearman’s coddfit of 0.7842 (P value <0.001)
indicating that strain score and strain ratio a@pethdent. This compares with studies done
elsewhere. loana A.G, et al found that there wgea correlation between qualitative and
semi-quantitative elastography methods (elast®tyre and strain ratio) and suggested that

by performing both techniques a more confident wegs can be made [38].

Some studies have not found elastography to hawdfact on performance when compared
to B-sonography. Sohn et al did not find a stat#gly significant difference between B-mode
and elasticity imaging with respect to sensitivigpgecificity, positive and negative predictive
values, or the area under the receiver operatiagacteristic curve [42]. Cho et al determined
that performances of radiologists with regard tifedéntiation of solid breast masses were

not significantly different for B-mode sonographydaelastography [43].

Use of elastography as a discriminating tool i sthder investigation. In the western

countries, the number of users continues to ineréas the numbers remain low as the role
for the technology remains unclear [44]. Elastobyais a technique that may be useful as an
additional tool for characterization of lesionswaver, continued research is needed for the

technology to become included in clinical practice.
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10.2. LIMITATIONS OF BREAST ULTRASOUND ELASTOGRAPHY

1. Degree of initial compression.

*  Gentle pre compression transducer pressure pagokgncto the lesion is
optimal for analysis.

2. Variability to transducer pressure.

* Inter and intra observer variability may be preédmcause initial stress
applied to tissue may not be constant.

3. Stiffness of benign and malignant lesions may aerl

4. Posterior masses in the breast may be difficuttvieduate with elastography
because the compression force may not displacettseje as much as
superficial tissue.

5. Very large lesions(>3cm) may be difficult to evakibecause all of the tissue
in the field of view is stiff and normal tissue miagt be included for analysis

10.3. CONCLUSION

Ultrasound elastography was found to have highisets and specificity in differentiating
benign and malignant breast masses. Elastogragty hdot of potential. It is a fast, simple,

noninvasive method that can compliment breastsdurad examination and;

» Substantially reduce the need for biopsy in bengeast lesions and

recommend follow-up.
* Increase diagnostic confidence of malignant lesions

* Guide during ultrasound guided biopsy to demonstthe stiffest part of

the lesion and biopsies can be collected frompbartt.

Elastography has a significant role in imaging afignts with dense breast who have an
increased risk of breast cancer and in whom thierlei$ present will be obscured by the

density of the normal breast if mammography is dsedssessment.

When performing USE, elasticity score and straitiorare dependent and for a more

confident diagnosis, both techniques should be.used
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10.4. RECOMMENDATIONS

It is my recommendation that ultrasound elastogyagiiould be routinely combined with

conventional gray scale ultrasound in evaluation botast masses. Breast ultrasound
elastography should also be used routinely whemgakltrasound guided biopsies. All

sonographers/sonologist should learn how to udetirea strain elastography and include it

during evaluation of breast masses.

21



11. REFERENCES

1. Seltzer MH:The significance of breast complaints as correlatedith age and breast cancer
Am Surgl992,58413-417.

2. GLOBOCAN 2008 v2.0, Cancer Incidence and MortalitywWorldwide: IARC CancerBase
3. KEMRI: Nairobi Cancer Registry report. Unpublished2011.

4. Saarenmaa |, Salminen T, Geiger U, Heikkinemdyérinen S, Isola J, Kataja V, Kokko ML,
Kokko R, Kumpulainen E, Karkkainen A, Pakkanen ditdhen P, Piironen A, Salo A, Talviala
ML, Hakama M:The effect of age and density of the breast on trsensitivity of breast cancer
diagnostic by mammography and ultasonographyBreast Cancer Res Tre&001,67:117—
123.

5. Liberman L, Menell JHBreast imaging reporting and data system (BI-RADS)Radiol Clin
North Am2002:409-430.

6. Athanasiou A, Tardivon A, Tanter M, Sigal-Zafr&, Bercoff J, Deffieux T, Gennisson J-L, Fink
M, Neuenschwander SBreast lesions: quantitative elastography with supsonic shear
imaging--preliminary results.Radiology2010,256297-303.

7. Duncan JL, Cederbom GJ, Champaign JL, Smetheidh&nKing TA, Farr GH, Waring AN,
Bolton JS, Fuhrman GMBenign diagnosis by image-guided core-needle breasiopsy. Am
Surg2000,66:5-10.

8. Chiou SY, Chou YH, Chiou HJ, Wang HK, Tiu CMehg) LM, Chang CYSonographic features
of nonpalpable breast cancer: A study based on ultisound-guided wire-localized surgical
biopsies Ultrasound Med BioR006,32:1299-1306.

9. Poplack SP, Carney PA, Weiss JE, Titus-ErndtpfGoodrich ME, Tosteson ANAScreening
mammography: costs and use of screening-related secesRadiology2005,23479-85.

10. Baker R, Rogers KD, Shepherd N, Stone New relationships between breast
microcalcifications and cancerBr J Cancer2010,1031034-1039.

11. Raza S, Odulate A, Ong EMW, Chikarmane S, ldars€CW: Using real-time tissue
elastography for breast lesion evaluation: our inital experienceJ Ultrasound Med2010,
29:551-563.

12. Tohno E, Ueno ECurrent improvements in breast ultrasound, with a gecial focus on
elastography Breast Cancef008,15:200—204.

13. Fact Sheets by Cancejhttp://globocan.iarc.fr/Pages/fact_sheets caaspk]

14. Appelbaum AH, Evans GF, Levy KR, Amirkhan RHch8mpert TD: Mammographic
appearances of male breast diseagadiographics 19:559-68.

15. Siegel R, Ma J, Zou Z, Jemal @ancer statistics, 20142A Cancer J Clir2014,64:9-29.

16. Mandelblatt JS, Cronin KA, Bailey S, Berry DBe Koning HJ, Draisma G, Huang H, Lee SJ,
Munsell M, Plevritis SK, Ravdin P, Schechter CBg&iB, Stoto MA, Stout NK, Van Ravesteyn
NT, Venier J, Zelen M, Feuer EEffects of mammography screening under different
screening schedules: Model estimates of potentialebefits and harms Ann Intern Med
2009:738-747.

17. Kalager M, Zelen M, Langmark F, Adami H-BEXfect of screening mammography on breast-
cancer mortality in Norway.N Engl J Med2010,3631203-1210.

18. Carney PA, Miglioretti DL, Yankaskas BC, Kedikske K, Rosenberg R, Rutter CM, Geller BM,
Abraham LA, Taplin SH, Dignan M, Cutter G, BallaBa&rbash Rindividual and combined
effects of age, breast density, and hormone replaoent therapy use on the accuracy of
screening mammographyAnn Intern Med2003,138168-175.

22



19.

20.

21.

22.
23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Boyd NF, Guo H, Martin LJ, Sun L, Stone J, Els&, Jong RA, Hislop G, Chiarelli A, Minkin S,
Yaffe MJ: Mammographic density and the risk and detection obreast cancerN Engl J Med
2007,356227-236.

Wang FL, Chen F, Yin H, Xu N, Wu XX, Ma JJ, GapTang JH, Lu CEffects of age, breast
density and volume on breast cancer diagnosis: A ti®spective comparison of sensitivity of
mammography and ultrasonography in china’s rural areas Asian Pacific J Cancer Prev
2013,14:2277-2282.

Kriege M, Brekelmans CTM, Boetes C, Besnard Riflderland HM, Obdeijn IM, Manoliu RA,
Kok T, Peterse H, Tilanus-Linthorst MMA, Muller SiWeijer S, Oosterwijk JC, Beex LVAM,
Tollenaar RAEM, de Koning HJ, Rutgers EJT, KlijnMGEfficacy of MRl and mammography
for breast-cancer screening in women with a familieor genetic predispositionN Engl J Med
2004,351:427-37.

Dempsey PJhe history of breast ultrasoundJ Ultrasound Med®004,23:887-94.

Stavros AT, Thickman D, Rapp CL, Dennis MA, KearSH, Sisney GASolid breast nodules:
use of sonography to distinguish between benign andhalignant lesionsRadiology 1995,
196.123-134.

Mainiero MB, Goldkamp A, Lazarus E, Livingstan Koelliker SL, Schepps B, Mayo-Smith
WW: Characterization of breast masses with sonographycan biopsy of some solid masses
be deferred? Ultrasound Med005,24:161—7.

Graf O, Helbich TH, Hopf G, Graf C, Sickles ERrobably benign breast masses at US: is
follow-up an acceptable alternative to biopsyRadiology2007,244:87—-93.

American College of RadiologBl-RADS® — Ultrasound. 2013.

Mendelson E, Baum J, Berg W, Merritt C, RubiBEeast Imaging Reporting Data SystenBlI-
RADS Ultrasound Reston, Va Am Coll Ra@003.

Schaefer FKW, Heer |, Schaefer PJ, Mundhenke&O§ierholz S, Order BM, Hofheinz N,
Hedderich J, Heller M, Jonat W, SchreerBreast ultrasound elastography--results of 193
breast lesions in a prospective study with histopablogic correlation.Eur J Radiol 2011,
77:450-456.

Zhao QL, Ruan LT, Zhang H, Yin YM, Duan SKiagnosis of solid breast lesions by
elastography 5-point score and strain ratio methodtur J Radiol2012,81:3245-3249.

Stachs A, Hartmann S, Stubert J, Dieterich MartM A, Kundt G, Reimer T, Gerber B:
Differentiating between malignant and benign breast masses: factors limiting
sonoelastographic strain ratioUltraschall Med2013,34:131-136.

Fleury E de FC, Fleury JCV, Piato S, Roveda\Bw elastographic classification of breast
lesions during and after compressiomiagn Interv Radio009,15:96-103.

Parajuly SS, Lan PY, Yan L, Gang YZ, Lin Breast elastography: a hospital-based
preliminary study in China. Asian Pac J Cancer Pre2010,11:809-14.

Giuseppetti GM, Martegani A, Di Cioccio B, Bafidarre SElastosonography in the diagnosis
of the nodular breast lesions: preliminary reportRadiol Med, 11069-76.

Aly AM, Helal MH, Shabana AMRole of Sonoelastography in the Differentiation beteen
Benign and Malignant Breast Lesionsl Egypt Natl Canc In2010,22:135-42.

Olu-Eddo AN, Ugiagbe EEBenign breast lesions in an African population: A 3-year
histopathological review of 1864 casdsiger Med J2011,52:211-6.

Feleke Y, Fekade D, Mezegebu Frevalence of highly active antiretroviral therapy
associated metabolic abnormalities and lipodystrophin HIV infected patients.Ethiop Med J
2012,50:221-30.

23



37.

38.

39.

40.

Itoh A, Ueno E, Tohno E, Kamma H, Takahashi H, Shiinayamakawa M, Matsumura T:
Breast disease: clinical application of US elastogphy for diagnosisRadiology 2006,
239341-50.

Gheonea IA, Stoica Z, Bondari Bifferential diagnosis of breast lesions using ulasound
elastographyindian J Radiol Imagin@011,21:301-5.

Barr RG:Shear wave imaging of the breast: still on the leaing curveJ Ultrasound Med
2012,31:347-50.

Wojcinski S, Farrokh A, Weber S, Thomas A, k&cT, Slowinski T, Schmidt W, Degenhardt F:
Multicenter study of ultrasound real-time tissue ehstography in 779 cases for the
assessment of breast lesions: improved diagnosticeniormance by combining the BI-
RADS®-US classification system with sonoelastogragtUltraschall Med2010,31:484-91.

41.Burnside ES, Hall TJ, Sommer AM, ethifferentiating benign from malignant solid
breast masses with US strain imagingRadiology 2002245401410

42.Sohn YM, Kim MJ, Kim EK, Kwak JY, Moon HJjid SJ.Sonographic elastography
combined with conventional sonography: how much ig helpful for diagnostic performance?J
Ultrasound Med 200928:413—420.

43.Cho N,Moon WK, Park JS, Cha JH, Jang M, SdéHgNonpalpable breast masses:
evaluation by US elastographyKorean J Radiol 2008;111-118.

44 Stamatia Destouni$/D, Andrea ArienoBS, Renee MorgamRT(R)(M), Philip Murphy

MD, Posy SeifertDO, Patricia SomervilleMD and Wende YoundVD. Clinical Experience With
Elasticity Imaging in a Community-Based Breast Cerdr. | J Ultrasound Med 2013; 32:297-302 |
0278-4297

24



12. APPENDICES

12.1. APPENDIX 1: STUDY EXPLANATION

| am Dr. Purity Ndaiga, a postgraduate studenhéndepartment of Diagnostic Imaging and
Radiation Medicine at the University of Nairobi. evdre conducting a study in the university
entitled:

“Evaluation of diagnostic accuracy of ultrasound ehstography in differentiating benign
and malignant breast masses”

What is ultrasound elastography?Ultrasound elastography is a new technique thedsses
how hard or soft a tissue is. It is well knowntthzalignant disease process makes tissues
much stiffer than benign or normal tissues.

What is the study about?The study is about getting to know if ultrasoutestography can
accurately discriminate between a benign mass analignant mass.

What does the study involve?The study will involve taking history from you affitling a
guestionnaire. We will then do physical breast @rations to locate and characterize the
breast mass. An ultrasound machine with in-budstlgraphy software will then be used to
do a normal breast ultrasound scan. In the santiagsitultrasound elastography will be
performed. It is quite fast and will therefore matrease the time that will be spend scanning
significantly.

A biopsy specimen will then be taken and analyZéiis will take approximately 15minutes
in an outpatient clinic. You will be given anestiaeand will therefore not feel pain. Taking
the biopsy can cause some bruising, but usuallg dot leave scars inside or outside the
breast.

The findings on USE will then be compared with kth&tology results of the mass. This will
then be used to assess accuracy of UltrasoundoBtaphy in differentiating benign and
malignant lesions.

Ultrasound Elastography is used to diagnose andactaize the breast lumps. It is not a
form of treatment.

Are there any dangers involved?There are no documented risks to having USE done.

Will | benefit from the study? Yes. This information will eventually help reduthe
number of unnecessary biopsies on women if we ptbhaé ultrasound elastography can
accurately differentiate benign from malignant Istdasions.

Can | withdraw from the study? You are free to withdraw from the study and yual
not be discriminated in any way.

Any queries can be addressed to me directly thrqagine number 0722484772 or emalil
address wndaiga@yahoo.com

Thank you for your cooperation.

Dr. Ndaiga Purity (principal Investigator) Tel 0ZB4772
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12.2. APPENDIX 2: CONSET FORM

I, the above named, has been requested to takdnpartstudy assessing the accuracy of
ultrasound elastography in differentiating benigd analignant breast masses.

This study will help us ascertain if this tool caccurately discriminate between benign and
malignant breast masses.

Any participant found to have malignant breastsnasl urgently be referred to the surgical
team for further management.

This study will involve taking history, breast exaation, undergoing a breast ultrasound
examination using B-mode ultrasound and elastographis study will also involve getting
tissue from the mass for histological diagnosis.

The cytological/histological results and any otiméormation provided will be confidential.
This will put me at no risk.
| understand that | am free to either agree orseeto participate in the study.

Having agreed on the above, | voluntarily agrepauicipate in the study.

Signed......coooviii i, Date......oooieiie

Witnessed bY......cooiiiii i Date. ...

12.3. APPENDIX 3: QUESTIONNARE
Form N Date:
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Patient Xray N Age: Gender:

Residence Occupation

Presenting complaints (tick where applicable)

Palpable Mads YES[I NO If Yes Duration months
Breast paifd YESOI NO If Yes Duration months
Skin/Nipple retraction If Yes Duration months
Nipple discharge If Yes Duration rhent
Others (specify)

History

Family History of breast cancer O YESO NO

Physical Exar (tick appropriately)

Breast masd1 YES O NO Skin retractionl YESOI NO
Asymmetry O YESONO Nipple dischardel YES[1 NO
Tenderness 0O YESO NO Lymphadenopathlyl YESTI NO

Ultrasound Findings (tick appropriatelyPlease attach a copy the most representative imsjge(

Mass Cpresent Cabsent
Shape Cround Coval Olirregular
Margins OcircumscribedOindistinct CImicrolobulated Ospiculated

Echogenicity COOhomogenoug] heterogeneouslhyperechoiClhypoechoi€] anechoic

Sound attenuation Oposterior shadowing O through transmission
Long axis Operpendicular to skin -~ Cparallel to skin -~ CINo long axis
BI-RADS classification - 11 200 30040 51 &1

Elastography Findings.

Elasticity score..............c......... Elasticity ratio..............cccoovevvecen.
Classification following Elastography Obenign Omalignant
Biopsy [Done [INot done Histological diagnosi{d benign O malignant
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12.4. APPENDIX 4: BUDGET

ITEM QUANTITY | UNIT PRICE (Ksh) | TOTAL (Ksh)
WRITING PENS 1 BOX 200 200
NOTEBOOKS 5 PIECES 60 300
FILES 8 PIECES 50 400
PRINTING PAPER 5 RIMS 400 2000
CARTRIDGE 1PC 6000 6000
INTERNET SURFING 200 HRS 60 12000
FLASH DISCS 2 PCS 2000 4000
PRINTING DRAFTS AND FINAL PROPOSAL 10 COPIES 500 5000
PHOTOCOPIES OF QUESTIONNAIRES 300 COPIES 10 3000
PHOTOCOPIES OF FINAL PROPOSAL 6 COPIES 100 600
BINDING COPIES OF PROPOSAL 6 COPIES 60 360
ETHICAL REVIEW FEE 1000 1000
SUBTOTAL 34860
PERSONNEL

RESEARCH ASSISTANT 15000 15000
BIOSTATISTICIAN 15000 15000
SUBTOTAL 30000
DATA COLLECTION, DATA ANALYSIS AND THESIS DEVELOPMENT

PRINTING OF THESIS DRAFTS 10 COPIES 1000 10000
PRINTING FINAL THESIS 6 COPIES 1000 6000
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