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Cancer of the breast is an ancient disease. It was first described by the Egyptians three thousand years before the birth
of Christ, at whichpointitwasconsideredincurable. Fifty centurieslater, morethan one- third of womenarecured .Neverthel ess,
it continuesto be amajor cause of mortality and morbidity.

Collectively, US, Indiaand Chinaaccount for almost one-third of thegl obal breast cancer burden.In2012 inIndia, 144,937
women were newly detected with breast cancer. Of these 70,218 women died an unprecedented risein mortality in breast
cancer casesacrossall sectionsof society. Cancer of the breast wasfollowed by cancer of thecervix inall thetwelve PBCRs,
except, Barshi and Chennai where cancer of the cervix wasfollowed by cancer of thebreast. WHO predictionfor theyear 2015
indicatesthat therewill be an estimated 1,55,000 new cases of breast cancer in India and about 76,000 women are expected
to die of the disease. The gap only seems to be widening, which means, we need to work aggressively on early detection.

Risk factorsfor breast cancer include both modifiable and non modifiable variables. Only 5-10% of breast cancer cases
arehereditary andfor womenwithgermline BRCA mutations, thebreast cancer risk issubstantial. Womenwith BRCA mutation-
associated breast cancer al sofaceel evated risk of second malignancy and an el evated risk of contral ateral breast cancer. Rapid
genetic testing for BRCA 1 and BRCA2 mutations is now available at the time of breast cancer diagnosis and even as a part
of initial screening programmes. BRCA mutation status can be considered when making treatment and prevention decisions
for BRCA mutation carrierswith breast cancer can bedone. Other newer worryingfactors include: ageshift (moreyoungladies
affected), late presentation (this directly decreases long-term survival of the patient), lack of awareness and screening
(screening is the single most important factor responsible for better survival of patientsin the west), aggressive cancersin
young (generally, the younger the age below menopause, the more aggressive the cancer).

Cancer is adisease of the cellular genome, and therefore breast cancers are understandably characterized by abundant
geneticdiversity. Information about genetic alterationsand proteinexpression|level isconsidered along sidehistology inorder
to better comprehend the pathogenesis of breast cancer. Recent advancesin thefield of molecular-based cancer biology have
revealedthat identifying agenesignature, hasledtothesuccessful development and approval of targeted therapies. Therefore,
molecular testing is now routinely used to guide clinical care of breast cancer patientsto predict one’ stherapeutic response.
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Todate, introduction of next-generation sequencing technol ogy offersthe ability to detect high-throughput, and multiple | |
genetic alterationsin both constitutional and cancer genomes. Such advanced biotechnol ogy has not only contributedinour | |
understanding of breast cancer but has also unproved our ability to accurately discover the cancer genome. |
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Management of breast cancer is undertaken by a multidisciplinary team based on national and international guidelines.
Dependingon clinical criteria(age, type of cancer, size, presence or absence of metastasis), patientsareroughly divided into
highrisk andlow risk cases, with eachrisk category following different rulesfor therapy. Treatment possibilitiesincludesurgery,
radiation therapy, chemotherapy, hormonetherapy, and immunetherapy. The mainstay of breast cancer treatment issurgery
when the tumor islocalized, followed by chemotherapy (when indicated), radiotherapy, and for estrogen receptor -positive
tumours, adjuvant hormonal therapy (with tamoxifen or an aromatase inhibitor ).

The present issue of the Cancer News highlightsthe newer advancesinthefield of "Breast Cancer" and featuresregular
articles, such as Specia Feature, Guest Article, Perspective and In Focus. We are grateful to Dr Amit Verma, Consultant
Molecular Oncology and Cancer Genetics, In-Charge* Familial Cancer Clinic” Max Cancer Center for the" Guest Article
Urvashi Bahadur, Director, M edical Geneticsand Genomicsand Dr ShreyaPaliwal, Senior Scientist, Clinical Genom|csfor"|n
Focus"

Suggestions/ comments from the readers are welcome.
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SPECIAL FEATURE

MANAGING THE AXILLA IN EARLY
BREAST CANCER IN THE GENOMIC ERA :
SLNB & BEYOND

Introduction

For over acentuary, Axillary Dissectionhasbeenthe
gold standard in the management of axillain breast
cancer. Theninetiessaw theevol utionof sentinel lymph
node biopsy with the pioneering work of Morton
(1991),Krag (1993)and Giuliano (1994). Sincethen,
therehasbeen aparadigm shiftinthemanagement of
clinically NOAXxilla. Thewesternworldhasbeenprompt
in the adoption of SLNB in early breast cancer .The
NCCN recommendsthat SLNB shouldbethepreferred
methodof surgical axillary staging.

InIndiaand other devel oping countries, therehas
been arevolutionary rise in the number of women
presentingwithearly breast cancer owingtoincreasing
awarenessandtechnol ogicadvancesinheathcaresystem.
Theoncologicd fraternityinlndiaisreadily gearingupfor
managingtheNOaxilla

Approach to the Axilla

Cancer surgery has been traditionally defined by
radical resectionwithclear marginsandregional lymph
node dissection. Lymph node dissection determines
staging, contributestoloca control andperhapstrandates
tosurviva benefit. Soa soaxillary dissectionhasbeenan
integral component of modifiedradical mastectomy .But
ever since the halstedian era there has been a

Fig 1: Sentinel lymph node biopsy

revolutionary change from radical to conservative
approach. A comprehensiveaxillary dissectionmay be
justifiedinaclinically nodepostiveaxilla

Inaclinically NOaxilla, thepossibility of lymphnode
positivity infinal HPE is20-30%. Intherest of the70-
80% of thepatients, comprehensive axillary dissection
isprobably anovertreatment. Axillary recurrencepost
ALND isabout 1%. A recent metaanalyses! failedto
demondtrateasurviva benefitfor ALNDincNOpatients
withearly breast cancer. Moreover, theearly and late
complications of ALND include erythema, seroma,
shoulder dysfunction, damage to neurovascular
structures, lymphedema, pain& paresthesia.

Observation on the other hand isunder treatment
withaxillary relapserates ashighas15%-37%whichis
reduced to <5% by radiotherapy .

StagingaNOaxillaiscomprehensiveandincludes
clinical examination, imaging and surgery. Clinical
examindionislesstaccuraeingagingaxilla USGMRI&
PET havebeenstudiedfor preoperativeeval uation of
theaxilla. But noneof theimagingmodalitieshavebeen
provedtobeaccurateenoughfor stagingtheaxilla.

Sentinel Lymph Node Biopsy

Attemptstoidentify thesentinel lymphnodeor the
firstlymph nodeinthelymphatic hierarchy to harbor
tumor by variousgroupsbecamesuccessful . Cabanas®
wasthefirsttodescribethesentinel lymphnodeinthe
lymphaticdrainageof penis. Mortonworkedoncolloidal
goldtoelucidate lymphaticsincutaneousmelanoma.
Guiliano®in 1994 came up with bluedyemappingin
breast cancer. Eventhoughtheconcept of sentinel lymph
node was introduced for melanoma it has been

Fig 2: Blue dye technique




FIG4: GM COUNTER

CANCER NEWS AUGUST 2015

Fig 3: Sentinel node identification

extensvely studiedandvalidatedinearly breast cancer
with clinically negative axilla. More than 60 studies
validated by aback up of ALND confirmstheoverall
successrate of 96 % and afalsenegativerate of 7 %.

Techniques of SLNB

The various techniques for sentinel lymph node
biopsy are:

Dye Technique: \V ariousbluedyeshavebeen studied
extensively and found safe and effective for SLNB.
| sosulfan bluehasbeenrecommendedfor routineuseof
SLNB. Thebluedyeisinjectedintraoperatively just after
inductioneither insubareolar or periareolar [ocation.
After 10-15minues, axillary incisionisgivenandthe
sentinel lymph node is identified as the blue node.
Sometimesmorethanonebluenodeisidentified. The

Fig 4: GM counter

bluenodesareharvested and sent for frozensection .If
negativethenitisunlikely that other axillary lymphnodes
harbor metastasis.

Radiocolloid Technique: Intheradiocolloidtechnique
radioactive technetium isinjected few hours before
surgery. Preoperativel ymphoscintigraphy confirmsthe
uptakeinthe sentinel lymph nodeintheaxilla.Then
intraoperatively theaxillaisexplored. Thesentingl lymph
nodeisidentifiedasthehot nodewiththehelpof aGeiger
Muller counter that tracesradioactivity. Thehot nodeis
harvestedand eval uated by frozen section.

Combined Technique: In the combined technique,
boththebluedyeandradiocolloidisused. Theblueand
hot nodes are dissected and eval uated for metastasis.
The combined technique has been found to be more
effectivethaneither thedyeor radiocolloid aone.

Fig 6: Lymphedema left upper limb
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T1/T2 NOMO Breast Cancer
Tumor size <3.0 cm?

No suspicious palpable axillary nodes

Surgical decision based on
Patient-surgeon discussion

Total mastectomy
Sentinel node biopsy

Positive - .
Sentinel node Negative

biopsy result

No further axillary
node intervention

Completion axillary
Lymph node dissection

A4

No further axillary
node intervention

Partial mastectomy
Sentinel node biopsy

Positive - .
Sentinel node Negative

biopsy result

No further axillary
node intervention

A4

Plan for adjuvant whole breast
radiation

and

Final tumor<3.0 cm

and

<3 positive sentinel lymph nodes

No

v

Completion axillary
Lymph node dissection

Fig 7: °If intial tumor size is > 3.0 cm or patient is to undergo neoadjuvant chemotherapy, algorithm does not apply

Inthelast decade the recommendation has been
ALND for clinically positiveaxilla and SLNB for
clinically negativeaxillawithALNB only if SLNis
positive. Preoperativeeval uation of theaxillaisuseful
totriageaxillary surgery. The NCCN recommends
USguided FNAC/ corebiopsy of clinically positive
axillary lymphnode. If negative, then SLNB shouldbe
considered.If positive, then axillary dissection is
recommended.

Z0011 & Beyond : TheAmerican CollegeOf Surgeons
Oncology Group (ACOSOG) publishedtheresultsof
Z0011* study recently and the results have been
practicechanging. Thetrial recommendsthat acertain
population with breast cancer with T1/T2 lesion
undergoing breast conservation surgeryand whole
breast radiation with ER/PR tumorswithoneor two
SLN positivity (low nodal burden) do not require
further axillary dissection because there is no
oncological difference. Secondly, intra operative
assessment of SLNB haslost significancesincethe
Z0011.Butif Z0011isputinto practicethenthebig
guestionishow todeterminead]uvant systemictherapy

for patientseligiblefor OncotypeDX or Mammaprint?
In conclusion, managing the axillahasto betailored
accordingtotheindividual tumor biology andgenomic

landscape.
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GUEST ARTICLE

HEREDITARY BREAST CANCERS: BENCH
TO BEDSIDE

Cancer isagenetic diseasei.e. abnormal change
(mutations) inthegenetic coderesultsinuncontrolled
growth and spread of theabnormal cells. Most of the
cancer (90%) arecaused by mutati onsthat areacquired
(Somatic Mutation) by variousinciting factors, like
personal habits, environmental/industrial exposure,
certaininfections, radiation etc. But sometimes, these
mutationsoccursinthegermcells(i.e. spermsor ova)
and arepassed downtothenext generation (germline
mutations) resultingininheritableformof cancer called
Hereditary Cancers(10%). L essthan 10 percent of all
breast cancersareassociated withgermline(inherited)
geneticmutations. M gjority of thesehereditary breast
cancersareassociated with mutationsinthe 2 tumor
suppressor genes. breast cancer type 1 and 2
susceptibility genes(BRCA1and BRCA?2) andless
commonly, arerelated tomutationsinthe TP53, PTEN
andCDH1genes.

All breast cancersarise dueto genetic aberrations
andcanbebroadly classifiedintothefollowingthree
categories.

Hereditary (5-10%)
Familia (15-20%)
Sporadic (70-75 %)

Hereditary breast cancer (HBC) ischaracterized
by featuressuchasearly ageof onset, greater incidence
of bilateral breast cancer, greater incidenceof multiple
primary cancer such ascancer of thebreast and ovary
and an autosomal dominant inheritance patternfor
cancer susceptibility. Hereditary breast cancersare
associated with inherited highly penetrant genetic
mutations.

Familia breast cancer doesnot havethecharacteristics
of HBC aslisted abovebutisassociated withafamily
history of oneor morefirst- or second-degreerel atives
with breast cancer. Familial breast cancer is more
prevalentinpeoplewithunusually high casesof family
members affected by cancers like breast cancer and
ovary cancer. M erecoincidenceisnot expectedtolead
to agreater incidence of breast, ovarian or arelated
cancer inaparticular family. Insuchcasesthereisvery

highprobability that geneshavecaused or contributedto
itsdevel opment.

Sporadicbreast cancer isnot associatedwithfamily
history of breast carcinoma(throughtwo generations
includingsiblings, offsprings, parents, andbothmaternal
and paternal aunts, uncles, and grandparents). High
penetrantgermlinemutationsdonot play any roleinthese
typesof breast cancers. Sporadic breast cancersarea
result of those accumulated mutations which were
acquiredby anindividua duringhis/her lifetimeandwent
undetectedanduncorrected. They congtitutethelargest
number of breast cancers.

Features of Hereditary Breast Cancer

Commonly show an autosomal dominant trait
(offspringhaveafifty percent chanceof inheritingthe
mutation), andbothamaternal or paternd inheritance
pattern.

Early ageononset of breast cancer (oftenbeforeage
50).

Increased incidence of other cancerslike ovarian
cancer, pancreatic cancer, melanomaetc.
Susceptibility for multiplecancersandbil ateral disease.
Malebreast cancer.

Genetic Variants for Hereditary Breast Cancer

Notall hereditary breast cancersandthegenerations/
individuals who are carrier of the particular genetic
alterationexhibittheclinical symptoms. Thisvariable
exhibition of diseaseis described by a phenomenon
called” Penetrance”, defined as the proportion of
individual swithavariant/mutationcausingaparticular
disorder andexhibit clinical symptomsof that disorder.
Geneticvariantsassoci atedwith cancer canbebroadly
classfiedintothefoll owingthreecategoriesbased upon
their penetrance:

High penetrancevariants(Rare)

M oderatepenetrancevariants(Rare)

L ow penetrancevariants(Common)

High penetrance variants: These highly penetrant
germlinemutationsarerespons blefor hereditary breast
cancersandarerarely observed. Theseincludehighrisk
mutationsinbreast cancer susceptibility genel(BRCAI)
and breast cancer susceptibility gene2 (BRCA2) genes
(Hereditary Breast and Ovarian Cancer Syndrome;
HBOC). Risk of breast cancerishigherinBRCA1thanin
BRCA2mutationcarriers. Therisk of developingbreast
cancer by theage 70yearsis55%to65%for BRCA 1and
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45%t047%for BRCA2mutationcarriers. Other genes
inwhichthesehighrisk mutationscanoccurinclude7P53
gene (Li-Fraumeni Syndrome), PTEN gene (Cowden
syndrome) and STK 1 1 (Peutz-Jegherssyndrome).

Moderate penetrance variants: The penetrance of
these mutationsislower than that of high penetrance
mutations. Dueto this, moderate penetrancevariants
poseal ower cancer risk comparedtothehigh penetrance
variants. Some of the genesin which these moderate
penetrancevariantsoccurincludeCHEK?2, ATM, NBS 1,
RADS50, BRIP1 and PALB2.They pose a 2-4 fold
increased risk for breast cancer. For example, the
CHEK?2*1100del C variant resultsin an approximate
two-foldincreaseof breast cancer riskinfemales.

Low penetrance variants: These types of variants
(also called low-penetrance genes, aleles, and
polymorphisms) arerelatively commoninthegeneral
population. They poseal.1-1.4foldincreasedrisk for
breast cancer. Ascompared to thehighand moderate
penetrance mutations discussed earlier, these low
penetrance polymorphisms pose minimal risk of
developing cancer to an individual. But due to their
commonprevaenceingenera population, their overall
contributiontocancer riskinapopulationismuchgrester
thanhighrisk mutationsinBRCA1landBRCA?2.

Expressivity in Hereditary Breast Cancer

I ndividua swithinthesamefamily whocarry thesame

mutationmay haves gnificantly different typesof cancer
andageof onset. Thisphenomenoniscalledexpressivity.
Thereisaccumul atingevidencethat gene-geneinteractions
(eg, the position of the mutation in the BRCA1 or
BRCA2geneand geneticvariationinother genes) and
gene-environmentinteractions,includingage, hormonal
or reproductivefactors, andlifestylefactors, account for
thisvariahility.
Hormonalrisk-modifiers: Reproductivefactorsand
oral contraceptiveusehavebeenanalyzedtodetermine
their influence on breast cancer risk in BRCA1 and
BRCA2mutationcarriers. Menarchebeforeagel12and
low parity havebeenassociated withanincreasedrisk
for breast cancer. In BRCA2 mutation carriers, first
childbirthat later ageswasassoci atedwithanincreased
risk of breast cancer compared with first childbirth
before age 20 years, whereas in BRCA1 mutation
carriers, first childbirth at age 30 years or later was
associated with a reduced risk of breast cancer
(compared with first childbirth before age 20 years).
Womenwithdel eteriousBRCA 1 mutationswhobreast-
fedfor acumulativetotal of morethan oneyear hada
statistically significantly reducedrisk of breast cancer.
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Genetics: M utationl ocationandgeneticvariationappesar
toimpact BRCA1and BRCA2genefunctionandplay
aroleinmodifying BRCA -associ ated cancer risks. For
example, mutationsoccurringwithinthecentra regionof
the BRCAZ2 gene, called the ovarian cancer cluster
region, comparedtomutationsinthe5’ or 3’ region, may
be associated with a significantly decreased risk of
breast cancer, but asignificantly higher risk of ovarian
cancer inwomen and possibly alower risk of prostate
cancerinmalecarriers.

Cancer Genetic Counselling and Gene Testing

Womencarriersof BRCA1and BRCA2mutations
haveamarkedly highlifetimerisk of breast cancer of
50to0 85 percent. Higher prevalenceof BRCA 1and
BRCA 2mutationsisfoundamongindividualswitha
personal history of breast cancer and/or a family
history of breast and ovarian cancer, especially if
associated withyoung age of onset, multipletumors,
andinvolvement of malefamily membersaffectedwith
breast cancer. Pre-test cancer geneticcounsellingis
required prior togenetesting.

Cancer Genetic Counsdllingistheprocessof making
an individual understand and adapt to the medical,
psychological and familial implications of genetic
contributionstocancer.

Itisamulti-step processinvolving:-
Personalized cancer risk assessment
Collectionandinterpretationof family histories
Education about inheritance, cancer genetesting,
treatment optionsand preventionoptions
Counseling to promoteinformed medical choices
and adaptationtothecancer risk

Thecancer genetestingistypically recommendedfor
the individuals diagnosed with a hereditary cancer
(proband) or/andtothefamily members. Cancer gene
testingisaDNA testingwheredetail analysisof agene(s)
Is done to ascertain the changes in the genetic code
(snglepoint mutation/insertion/del etion/rearrangement
etc). BRCAlandBRCA2arelargegenes, distributed
over approximately 100,000 base pairs of genomic
DNA.Morethan500typesof mutationsinBRCA 1and
over 300 mutations in the BRCA2 gene have been
reportedintheliterature. Deletions/duplicationsarerare
ascomparedto point mutations. 1tbecomesimperative,
therefore to check for the complete geneto find any
novel mutations. Itisal sogoodfor testing thehot-spot
mutations prevalent in a particular community. For

exampletheAshkenazi Jawscomefromsucharegion
whereevery 1in40personsarecarriersof 185delAG
founder mutationintheexon 2 of theBRCA 1genewith
increasedriskfor breast cancer. Theother mostcommon
mutationis5382insCinexon200f theBRCA1geneand
6174del T in the BRCAZ2 gene. Individual mutation
frequencies among Ashkenazi Jewish breast cancer
patientsare 6.7%, 2.2% and 4.5%, respectively. The
mutationfrequenciesinthel ndianpopul aionarenctwell
studied sofar.Genetestinginformationreally makesa
differenceevenif anindividua isknowntohaveafamily
history of cancer. Further, determination of abnormal
geneinvolvedanditsrelatedrisk of devel opingcertain
cancersallowsimplementationof cancer specificrisk-
reducing interventions. better screening, surgical
prevention, andchemoprevention. Thisinformationcan
behd pful forindividua saswell astheirfamily members
inpreventing cancer fromdevel oping.

Techniques for Gene Testing

Sequencingisthetechniquewhichallowsustolook
at theindividual basepairsand detect point mutations.
The two different types of sequencing reactions are
Sanger sequencing also known as capillary
electrophoresis and next-generation sequencing
techniques (NGS) like pyrosequencing. The NGS
systemsdiffer fromtheir conventional counterpartin
terms of high throughput and more depth of genome
coverageper run.

Management of Hereditary Breast Cancer

Thereisnosinglemanagement strategy inreducing
therisk of breast cancer for all women with genetic
syndrome. Thedecisionisindividualizedandishighly
dependent uponthepatient’ sownset of values, andthe
sevaluesmay changeover time, for exampl e, pre- and
post-childbearing. Womenwith hereditary breast and
ovarian cancers (HBOC) syndrome have inherited
mutationsinbreast cancer Typeland 2 susceptibility
genes(BRCA1 and BRCA?2) and markedly elevated
risks of breast cancer and ovarian cancer. Men with
HBOC syndrome have increased risk for breast and
prostatecancer, whilebothmenandwomenwithHBOC
syndromehaveother cancer risks, suchasincreasedrisk
of pancreaticcancer. Effectivestrategiesfor breast and
ovarian cancer risk-reduction include cancer
surveillance, risk-reducing surgery, and/or
chemoprevention.Patients who have a deleterious
mutati on shoul d beadvised of management strategies,
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including risk-reducing surgery, surveillance, and
chemoprevention.

Surveillance

Forwomenwho havenot undergonerisk-reducing
surgery, breastand/or ovariancancer surveillanceentails

Monthly breast sel f-examinationbeginningat age18
Clinicd breast examinationtwotofour timesannualy
beginningat age25

Annua mammography andbreast magneticresonance
imaging (MRI) screening (commonly alternated
every Sxmonths) beginningatage25orindividudized
based ontheearliest ageof onsetinthefamily
Twice yearly ovarian cancer screening with
transvaginal ultrasound and serum CA-125levels
(preferably day 1 to 10 of menstrual cycle for
premenopausal women) beginning at age35years,
or 5to 10yearsearlier thantheearliest ageof first
diagnosisof ovariancancerinthefamily

For menwithHBOC syndrome(withBRCAland
BRCA2mutations), cancer surveillanceincludes

Monthly breast self-examination

Clinica breastexaminationsemi-annualy
Basdinemammogramwithannua mammography if
gynecomastia or parenchymal/glandular breast
densityisseenat baseline
Appropriateprostatecancer screening

For men and women . Individuals with BRCA1 or
BRCA2mutationsshouldalsohaveannua full body skin
examinations,

Prophylactic Surgery

Risk-reducingmestectomyisahighly effectivestrategy
for breast cancer risk reduction, decreasingtheincidence
of breast cancer by asmuch as 90 percent or morein
patientsat risk of hereditary breast cancer. It shouldbe
considered by women with a BRCA1 or BRCA2
mutation.

Risk-reducing sal pingo-oophorectomy is highly
effectiveinreducingovarianandfallopiantubecancers
in both BRCA1 and BRCA2 mutation carriers (by
approximately 80 percent) and breast cancer in
premenopausal women. Thissurgery isrecommended
tomutationcarriersby age35to400rwhenchildbearing
iscompleted, orindividualized based onageof onset of
ovariancancer inthefamily.

Chemoprevention

Women who do not opt for risk-reducing surgery
may consider surveillanceand chemopreventionwith
Tamoxifen, thoughthisisalesseffectiveaternativeto
prophylactic mastectomy. Oral contraceptive usein
BRCA1 and BRCA2 mutation carriers appears to
decrease the risk of ovarian cancer, but mutation
carrierswho haveused oral contraceptivesarestill
recommended to undergo risk reducing sal pingo-
oophorectomy when childbearingiscompleted.

Further Testing

Patientswith negativetest resultsforaBRCA 1 or
BRCA2mutation, however, withhighriskfor familia
cancer should be offered further testing, asagenetic
mutationmay bepresentinvolvinganother geneMMR
genes(Lynch Syndrome), STK 11 gene(Peutz Jeghers
Syndrome), PTEN (Cowdensyndrome), pS53gene(Li-
Fraumeni Syndrome) etc. Multi-genepanel testingmay
berecommendedfor suchclinical situations.

(Dr Amit Verma, Consultant Molecular Oncology and
Cancer Genetics, In-Charge “Familial Cancer Clinic”,
Max Cancer Center, New Delhi)

The Circulating tumor cells
(CTCs) do

(The Real Time Biopsy)

We enumerate CTCs for you

Centre for Molecular Diagnostics
& Cell Biology

Rajiv Gandhi Cancer Institute

& Research Centre
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PERSPECTIVE

MICROSCOPE TO MICROARRAY: A
MEDICAL ONCOLOGIST PURVIEW

Adjuvantchemotherapy, thedifficultyetindispensible
tool incancer treatment substantial ly improvesdisease
free and overall survival in all categories of breast
cancers. Sinceitsintroduction in 1960sthe adjuvant
chemotherapy hasseenaparadigmshiftfromafivedrug
combination regimen of cytotoxic agents, to the
devel opmentandinclusionof taxanesin 1990sand more
recently, theincorporationof eribulinintothemanagement
of metastati cbreast cancer. However, with conventional
treatment modalities, it al sobecameevident that many
patientsrel apseafter trestment and many whoqualified
for established treatment protocol sreceived no benefit
fromthetreatment. Anestimatedthreeout of every four
patients receiving this therapy would have survived
withoutit.

Worldwide, Breast cancerisamajor publichealth
issueandistheleading causeof cancer mortality among
women. Itisestimated that over 522,000womendied
dueto breast cancer in 2012 of whichmorethan 70,000
werefromIndiaal one. Breast cancer constitutes22% of
female cancer deathsin India. The pattern of breast
cancerinlndiaisvery disturbingandthehigher mortality
Isattributedtothenon-avail ability of screeningprogram.
As aresult, most of the breast cancer patients are
detected at amore advanced stage. Breast cancer isa
heterogenousdisease withearly stageexhibiting small
tumors,negativeaxillary nodes, successful tresatmentand
abetter prognosis. Whereas| ater stagespresentwitha
largetumor ,positiveaxillary nodesand bad prognosis
amicablefor adjuvant chemotherapy. Thescreeningand
diagnosis of breast cancer patients at earlier stages
benefitsthe patient, and also minimizesthefinancial
burden. Thethreescreeningtestsusually consideredfor
early detectionareself breast examination, clinical breast
examination, and X -ray mammography.

Pethol ogical examinationhasbeenthegoldstandard
for diagnosis in breast cancer and its role has also
included the elucidation of etiology, pathogenesis,
clinicopathol ogica correlation, andprognostication. The
advent of newer technologiesand therealization that
breast cancer isheterogeneoushasshiftedthefocusto
prognostication, withincreased attentionbeing paidto

the identification of morphological features and
immunohi stochemical markersof prognosticrel evance.
Thediagnosisof breast cancer isconfirmed by abiopsy
examination. Analysis of gross and microscopic
morphological featuresperformed on post-operative
specimen and often the predicament of subsequent
management of cancer also included factors such as
tumor s ze, extent of involvement, presenceof necross,
and presenceof metastasisor vascular invasion. Thelast
five decades have seen alot of transformation in the
|aboratory anddlinical investigationandvariousmolecular
biomarkers have been identified. These biomarkers
haveshowngresat promiseinaugmentingthestandard
methodsof ngthediseasestatusandindetermining
thebest treatment optionfor breast cancer patients. The
introductionof lessinvasi vetechniquestoobtainsmaller
gpecimensof thedi seasedtissuefor examinationandthe
Improvement inthemicroscopictechniquesrefinedthe
predictionof tumor behaviorwhichitsaf becamestrongly
focused onmicroscopicfeatures.

Thetraditional clinical approachtotreatinsituand
Invasivebreast cancer involvesacombinationof existing
surgical, chemical andradiationbased therapies. The
decisionastowhether to havefurther chemotherapy-
which can causeconsiderabledistressand sideeffects
suchasnauseaandvomiting, fatigueand hairloss-canbe
adifficultone.Ingeneral, chemotherapy damagescells
that aredividing, sothepartsof thebody wherenormal
cells divide frequently are likely to be affected by
chemotherapy. Themouth, intestines, skin, hair, bone
marrow (the spongy material that fillsthe bonesand
producesnew blood cells) arecommonly affected by
chemotherapy. M ost therapi eswhichareadministered
to treat breast cancer are quiet toxic so it is better to
select and use suitable therapy for the appropriate
women. Somes deeffectsof chemotherapy areserious
medica conditionsthat needtobetreated. Thelimitations
of chemotherapy, especidly thenarrow therapeuticindex
and thelack of discrimination for cancerousand non
cancerouscellshavepromptedthesearchfor agreater
target-directed approach to cancer treatment. Long-
termsideeffectsof chemotherapy couldincludedamage
to the heart, kidneys, lungs, nerves or reproductive
organs. Thereisalsoachanceof devel opingasecond
cancer asaresult of chemotherapy.

Prognostic and Predictive Biomarkers

Thebiology of each tumor isdifferent and not all
patientsneedtogothroughthedifficultand challenging
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chemotherapy after asurgical proceduretokill chances
of cancerouscellsrecurring. Thelikelihood of thecancer
returningisbased onsevera factors, includingthesize
and “grade’ of the tumor, and whether it has spread
locally to the lymph nodes. In addition to patient
preferencesand comorbidities, theclinical management
of early stage and potentially curable breast cancer
includestheuseof severd differentclinical andmolecular
characteristics of the tumor to formulate therapeutic
recommendations. Theimmunohistochemica 4 (IHC4)
scoreisapathol ogica prognosticscorethatisaquantietive
measurement of estrogen and progesterone receptor
status, theher2 statusand theKi-67 score. Theroleof
thelHC4 scoreinpredictinglocal recurrenceisevolving.

ER and PR

The presence of receptors of estrogen and/or
progesteronehormoneiscurrently anintrinsic part of
routineeval uationinbreast cancer patients. Hormone
receptor status is typically assessed in the labs by
performingimmuno-histochemica saining(IHC) ontissue
sections. Thisinvolvesuseof antibodiestostainthetissue
sections for tumor antigens of interest and can be
performed on both fresh-frozen and formalin-fixed
paraffin-embedded (FFPE) tissue. Unfortunately dueto
lack of automation, theprocessof eva uating positivity of
ER/PRganingisperformedsubjectively by apathologist,
thereby introducingvariability ininterpretation. TheER/
PR statushasbeenshowntohaveas gnificant predictive
valueontumor responsetohormonal therapy inboththe
metastatic aswell asfor adjuvant therapy after local
excisgonbuttheir prognosticval ueisstill acaseof debate.

HER2/neu

HER2/neuisanimportant transmembraneprotein
and a member of epidermal growth factor receptor
family. Itisamajor prognosticmarker thatiscurrently a
component of routineevaluation of primary invasive
breast cancer. Currently HER2 proteiniseval uated by
IHC and its gene expression is determined using
Fluorescentin-situhybridization (FISH). Similartothe
ER/PRresults, thelHC and FI SH resultsof HER2 are
subjective and there is a factor of variability in
interpretation. Toaugment the potential of HER2, an
assay whichmeasurestheHER2 proteinandfunctional
HER2homodimer levelsonthecell surfaceinan FFPE
sectionwasdevel oped. Preliminary findingssuggest that
measurement of activatedformof HER2hasaprognostic
value in the disease, however additional studiesare

requiredtoconfirmthesefindings. HER2 hasbeenshown
tobeapoor prognosticmarker anditsoverexpressionhas
beenassociatedwithworseoverall survival.

Ki-67

Theproliferation marker Ki-67 isone of the most
controversially discussed parameters for treatment
decisionsinbreast cancer patients. Themost prevaent
analysis method of Ki-67 antigen is the
immunohistochemica evaluation. Patientswithtumors
that had ahigh-Ki-67-labelingindex (Ki-67 > 25 %)
had bothworse DFSand OSthan patientswithtumors
that hadlow-Ki-67-labelingindex (Ki-67 < 25 %).ER
status has been largely identified as being inversely
correlated with Ki-67, with the higher rates of ER
positivity shown in the lowest proliferating tumors
Moreover, it could bedemonstrated that highlevel sof
Ki-67 are associated with HER2/-neu positivity
However, to date no standard operating procedure
(SOP) or generally accepted cut-of f definitionfor Ki-67
exists. For thisreason, boththeinterlaboratory andthe
interstudy comparability of Ki-67 arelimited.

Despiteall theseadvancementsinthefield of breast
cancer, the strongest predictorsfor metastasisfail to
classify accurately breast tumors according to their
clinical behavior. Age, tumor sizeandKi67 expression
represent continuousvariableswhereashistologicgrade
andnodal statusareordinal variables. TheERand PR
expressonarevariableswithabimoda digtributionwheress
HER?2 gene amplification results are binary variables.
Whenmultiplefactorsmeasuredwithvariableaccuracy
are associated with an outcome, the most accurate
predictionscanonly beachievedby multivariateprediction
models. Thisgavehbirthtomultivariateprognosticmodels
such as AdjuvantOnline and multigene predictors.
Multigeneprognostic assaysarenow endorsed by the
American Society of Clinical Oncology, St. Gallenand
National Comprehensive Cancer Network guidelines.
Multigeneassaysprovidecredibleinformationthat could
assi stindecision-making process, facilitatetreatment
sel ection, and ultimatel y improvepatient outcomes

Multigene assays

Inthelastyears, several multigenetestsof ri sk assessment
inearly breast cancer havebeendevel opedtooptimize
the treatment and avoid unnecessary chemotherapy.
Thesetestsevaluatethe geneswhich areinvolvedin
critical molecular pathwaysinvol vedinthebreast cancer
metastati c cascade and are ableto analyze molecular
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subtypesof thecancer, risk of recurrenceof early stage
cancer, thereby enablingmedica oncol ogistsinidentifying
thebenefit of chemotherapy inadditiontotheendocrine
trestmentinnode-negativeearly breast cancer.

Threegenomicassaysarecurrently inusefor breast
cancer: OncotypeDX, MammaPrint,, PAM 50.While
al threetestsaresomewhat S milar, therearedifferences:

* The OncotypeDX testisusedtoestimateawoman’s
risk of recurrence of early-stage, hormone-receptor-
positive breast cancer, aswell ashow likely sheisto
benefitfromchemotherapy after breast cancer surgery.
Theassay usesRT-PCRtechnology using FFPE tissue
block. TheOncotypeDX test alsoisusedtoestimatea
woman'’ srecurrencerisk of DCIS(ductal carcinomain
Stu) and/or therisk of anewinvas vecancer devel oping
inthesamebreast, aswell ashow likely sheistobenefit
fromradiationthergpy after DCI Ssurgery. TheOncotype
DX test analyzes the activity of 21 genes and then
cd culatesandcategorizespatientsintoL ow, Intermediate,
High risk based on arecurrencescorenumber between
0and 100; the higher the score, the greater therisk of
recurrence.

* The MammaPrint testisusedtoestimateawomen’'s
recurrence risk for early-stage breast cancer. The 70
genes gnatureisshowntohaveindependent prognostic
valuesover clinica-pathol ogical risk assessmentinbreast
cancer patients. The assay isperformed using a25K
microarray onaFFPEtissueblock andisusedfor Early
stagebreast cancer (stagel andl1), irrespectiveof ER,
PRandHER2 status. Theassay hasalsobeenvalidated
on patientswho have upto 3 positivelymph nodes. The
RNA extractedfromthetissuesectionishybridizedtoa
customizedmicroarray whichthenca culatesatherahigh-
risk or alow-risk recurrencescore.

* PAM50: TheProsignaBreast Cancer PrognosticGene
SignatureA ssay, madeby NanoString,isagenomictest
that analyzestheexpression profilesfor 50 genesand
classifiestumorsintofour intring csubtypes(luminal A,
luminal B, HER2-enriched, and basal-like). PAM50
test, designedtodeterminearisk of recurrence(ROR)
scorefor patientswith breast cancer, addssignificant
prognosticinformationtoclinical decision. Theassayis
indi catedfor postmenopausal womenwithbreast cancer
whosetumorsarestagel/ll node-negativeor stagell

node-positive (1 to 3 positive nodes) and hormone
receptor-positive. Thetestwoul dbeadministered after
patientshaveundergonesurgery aspart of locoregional

standard-of-care. Anagorithmisthenusedtocombine
thegenesignature, intrinsic subtype, tumor size, and
proliferationscore.

» Over thetime, it has become apparent that breast
cancer is not a single type of tumor, but a group of
different diseaseswith distinct mol ecul ar properties.
Eachof thesemolecularly different breast cancer types
tendstoresponddifferently (or notat all) tothevarious
kindsof availabletherapy. Asdiscussedpreviousy ER/
PR and HER? status are subjective to pathologist’s
evaluation, henceagreat need existsfor better molecular
Characterizationof tumor tissue. Determiningthefunctiond

molecular subtyping based on the quantitative RNA

expressionof genesinvolvedinthedownstreampathways
of ER,PR,HER2,andKi-67will enableustoaccurately
characterizethetumorsbased onthefunctiond pathways
whichareinvolvedinthegrowthof tumor. Thiswould
provideadditional informationabout thetumor biology
and helptofacilitatetheappropriatetreatment selection.

Likewise microRNAs demonstrates a potential
biomarker asthesehavebeen showntobeconsistently
upregul ated and downregul ated and havebeenshownto
possesspredi ctiveand prognosticval ues. Many of these
microRNAS have been linked to the currently used
biomarkersinbreast cancer management. Butthereare
multipleconcernsasfar asmicroRNAsareconcerned.
Themostimportant being theissueof normalization of
themicorRNASs, andtheproblem of reproducibility of
theseresultsacrossdifferentlabs.

Nodoubtthat thequantificationof ER, PRandHER2
arebeingincreasingly standardized andinter-laboratory
reproducibility hasimprovedsubstantially over thepast
fewyears. However, multigenesignaturesintroducedan
Important conceptintotheneedfor multivaristeprediction
models. Theintroductionof molecul ar techniquessuch
asCGH arrays, proteomicsprofiling and sequencing
technol ogy andthedevel opment of other highthroughput
technol ogieshasopened up new avenuesof exploration
intothegenesisof breast cancer. Moreimportantly ithas
ledtotherealizationthat therearepotentially new and
specifically tail ored avenuesof trestment. Pathol ogists
continuetoplay their traditional roleindiagnosisbut, as
purveyors of the excised tissue, they now have the
additional roleof identifyingbiomarkersresponsiveto
therapeutic manipul ation, thusplaying aninextricable
role as diagnostic oncol ogists in the management of
breast cancer. Such devel opmentshavedefined anew
rolefor thepathol ogist pavingtheWay for Personalized
MedicineinaNew Era.

(Dr Ajay Sharma, Consultant; Dr D C Doval, Director
of Medical Oncology & Research, RGCI&RC)
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INFOCUS

NEXT-GENERATION-SEQUENCING FOR
PERSONALIZED MEDICINE IN BREAST
CANCER

The oldest reference to a growth anomaly like
‘cancer’, even though the term per se was not used,
datesback to 3000 BC. An ancient Egyptian medical
textbook called the Edwin Smith Papyrus, the ol dest
knownsurgical treatise, it describes8 casesof tumorsor
ulcers of the breast that were removed by
cauterization. Thewriting concludedthat “ Thereisno
treatment” for suchgrowthanomalies. Thetermcancer
has its origin in the times of the Greek physician
Hippocrates(460-370BC). Heusedthetermscarcinos
and carcinomatodescribenon-ul cer formingandul cer-
formingtumors. In Greek, thesewordsrefer toacrab
and were probably used in view of the phenotypic
expression of the disease that is the finger-like
spreading projections from a cancer resembling the
shape of a crab (1). Celsus (28-50 BC), a Roman
physician, translated the Greek terms, carcinos and
carcinoma, intotheL atinwordfor crab, cancer. Galen
(130-200 AD), another Greek physician, used the
wordoncos(Greek for swelling) to describetumors.
Althoughthecrabanal ogy of Hippocratesand Celsus
isstill used to describe malignant tumors, Galen’s
term is now used as a part of the name for cancer
specialists-oncologists(2).

Cancer of breast isthe leading cause of death in
women, with amost 1,300,000 cases reported and
465,000desthsworldwidein 2011 (3). Itisoneof the
morecomplex cancer characterizedby several clinical,
pathol ogi cal and prognosti c sub-groups, reason being
thelargerangeof geneticalterations. Inthepast few
decades, intensive research and adoption of
sophisticated, high-throughput technol ogieshaveshed
insight into this molecular complexity but the
knowledgeisstill poorly utilized tothe advantage of
the cancer patients. Detection and identification of
patientswho arelikely torespondtotreatment soas
toavoid unnecessary toxicity arethecritical issues
that need to be addressed through acomprehensive
and systematic approach. The translation of this
knowledge database into clinical benefit is the
requirement of themoment.

TheNational HealthInstituteand theUSFood and
DrugAdminigration(FDA) definespersondizedmedicine
as “an emerging practice of medicine that uses an
individual’ sgeneticprofiletoguidedecisionsmadein
regard to the prevention, diagnosis, and trestment of
disease” (accessed January 3rd, 2013) and asthe best
way to obtain “the best medical outcomesby choosing
trestmentsthatwork well inagiven personaccordingtoits
genomicprofile, orwithcertaincharacteristicsinbloodor
cdll surfaceproteins’ (4).

Traditionally, parameters such as patient’s age,
pathol ogica tumor size, axillary lymphnodeinvolvement,
tumor grade, immunohistochemistry (IHC) based
expression pattern of hormone receptor (estrogen
receptor, ER and progesteronereceptor, PR) andHER2,
ERBB2 (genefor HER2) amplification (FI SH based)
have been used to treat breast cancer patients (5).
ChallengesandlimitationswithIHC suchasdifficultyin
standardization, reproducibility, oversight of mutation
based protein activity alteration etc. have pushed the
researcherstodevel op alternativemethods. Effortsin
the last decade have given way to tests involving
guantitativemeasurement of geneexpressionbasedon
DNA microarraysor quantitativeRT-PCR, multi-gene
expressionsignatures, genesequencingetc. (6,7,8,9).

Themulti-genesignaturesoffer both prognosticand
predictivevalue, which hasbeenvalidated by various
meta-analyses and the MAQC (Microarray Quality
Control) consortium(10, 11).

TheMammaPrint assay isa70-genetest useful for
bothnodenegativeand positivebreast cancer patients
and for post-menopausal women (12, 13, 14, 15) and
gstratifiespatientsintoahigh-risk or low-risk category. It
isbeneficial for predictingdistant recurrence/metastasis
post-surgery, response to nec-adjuvant and adjuvant
chemotherapy (16,17). Thetechnical limitationof thetest
isthatitrequiresalargeamount of freshtumor sample
andisuseful for patientsyounger than61yearswitha
lymph node-negativetumor measuringlessthan5mmg.

The Oncotype DX assay isa21-gene expression
basedtestfor non-invasveducta carcinomaandinvasive
carcinoma. Based on qRT-PCR, the test gives a
recurrencescorethat stratifiespatientsintothreegroups
accordingtotheir 10-year risk of rel apseand hasbeen
validatedinacohort that included tamoxifen-treated,
ER+, lymphnodenegativepatients(18, 19). Thescore
al so predi ctsbenefit from neo-adjuvant and adjuvant
chemotherapy (20, 21, 22).
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Although, the aforementioned expression-based
approach hasvaluefor recurrencepredictionandbenefit
fromneo-adjuvant/adjuvant chemotherapy, ithasvarious
limitations, suchasoversight of clinical behavior of the
tumor depending on the mutation pattern, which are
overcome to alarge extent by deep sequencing of
tumors. Next generation sequencing (NGS) based
comprehensiveanalysi sof mutational landscapeof the
tumor aid in identification of clinically significant
mutations, and expands the therapeutic possibilities
availabletothebreast cancer patients. Moreover unlike,
OncotypeDX and MammoPrint assay, NGSbased test
can be used for all types of breast cancer patients
independent of their hormone-receptor status, HER2
status, lymph nodestatusand prior treatment history.

Next Generation Sequencing (NGS) Based Testing

Atitsonset, NGSbased personalized medicinein
cancer consisted of genetic testing for mutationsina
singlegene, typicaly knownasthe' driver’ mutationina
gene. Thiswasfollowed by treatment with targeted
therapiesagainstthedriver geneor thepathway activated.
Suchatreatment regimen provided moreeffectiveand
| esstoxictreatment optionsover conventiond chematherapy
andradiotherapy. However, theredundancy and multi-
layer control of pathwaysin cancer cellsunderlay the
lack of responseincertainindividua spogtivefor* driver’
mutations, makingit necessary for adeeper look at the
geneticmakeupof thetumors. For example, anti-HER2
drugs, Herceptin (trastuzumab) and Tykerb (Iapatinib)
areapprovedfor thetreatment of HER2-positivebreast
cancer (23). Poor responseto drugssuch asthesecan
occur as aresult of mutationsin other geneslike as
PIK3CAandEGFR (24). Thisdictatesatransitionfrom
asingle-genetest approachtoaNGShased multi-gene
testlikethe Strand Somatic48 genetest. Hence, NGS
based multi-genetesting hel psidentify alargelandscape
of mutations, thusensuringminimal lossof timebefore
arrivingat aneffectivetherapy option.

Reclassification of Cancers Using Tumor Mutation
Profiles

Based on IHC results, breast cancer patients are
commonly categorized asHER2-negative or HER2-
positive and therapy regimensarerolled out; but the
pictureisnotassimple. Occasionally driver genes, such
asERBB2, eventhoughnot detected asover-expressed
by IHC, might harbor activatingmutationsand thus, till
drivecancer growth. Suchtumourswouldbeamenableto
anti-HER2 therapy. | dentification of such novel driver

mutationsthus, isessential intheattempt to personalize
cancer therapy (25).

Shared Tumor Mutations Across Different Types
of Cancer Tissues

Comprehensivegenomic profiling of cancershas
resultedinidentificationof frequently disrupted pathway's
inthevariouscancertypes. Forexample,inglioblastomas,
p53, RB1 and receptor tyrosine kinases are the three
most frequently disrupted pathways(26), whereasin
estrogen receptor positive breast cancer, somatic
mutati onsoftenaffect pathwayssuchasp53/RB, Pl 3K/
AKT/mammdian target of rapamycin, and mitogen-
activated protein kinase (27). The 48-gene panel
incorporatesgenesfrommultiplepathwaysintoasingle
panel, andisthuscomprehensive. Moreover, tumorsof
different originscan havethesamedriver mutationsand
hence, drugapprovedfor adriver mutationinaspecific
cancer might show benefitinanother cancer typewiththe
samedriver mutation. Thissupportstheideaof testinga
tumor for mutations and genes other than the ones
typically associated with that tumor. For example,
trastuzumab, anti-HER2 drug, wasinitially testedand
approved for HER2 amplified breast cancer (28, 29).
Later, identificationof HER2 amplificationingastric
cancer ledtothesuccessful introductionof trastuzumab
thergpyinthistissuetypeaswdl (30, 31). Inthelightof such
obsarvations, multi-genepand providesingghtintopotentia
treatment optionsinferredfromother tumor types.

Strand Somatic 48-Gene Test

TheStrand Somatic48-Gene Test utilizesthelllumina
TruSeq Amplicon cancer panel targeting mutational
hotspot regionsin48-genes. TheDNA extractedfrom
formalin-fixed, paraffin-embedded tumor samplesfrom
cancer patientsis sequenced on a MiSeq sequencer.
Genomicaterationdataobta nedisanayzedusingSirand
NGS and interpreted for clinical relevance using
StrandOmics, both proprietary NGSanalysisplatform
andtheclinical interpretation and reporting platform
respectively. Figure 1 depictsthegenesand pathways
covered by the48-genepanel.

Strand Advantage Tissue Specific Panel (TSP) for
Breast Cancer

StrandAdvantage T SPfor breast cancer i sasub-set
of the Strand Somatic 48-Genetest, tail ored to assist
breast cancer patients, tobeperformedpreferably before
beginning first line of therapy. Thistest isaimed at
Identifying thosemutati onsthat canimpact standard of
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ABL1 AKT1 ALK APC ATM BRAF CDH1 CDKN2A
CSFIR CTNNB1 EGFR ERBB2 ERBB4  FBXW7 FGFR1 FGFR2
FGFR3 FLT3 GNA1l GNAQ GNAS HNF1A HRAS IDH1
JAK?2 JAK3 KDR KIT KRAS MET MLHI MPL
NOTCH1 NPM1 NRAS PDGFRA  PIK3A PTEN PTPN11 RBI

RET SMAD4 SMARCB1 SMO SRC STK11 TP53 VHL

Pathways in cancer Genes involved

Pathways in cancer Genes involved

Survival Pathways
AKT1, BRAF, HRAS, KRAS, NRAS,
PIK3CA, PTEN, PTPN11, SRC

MAPK signalling

PI3k signalling
Receptor Tyrosine Kinase ABL1, AKL, EGFR, ERBB2,

KDR, KIT, MET, PDGFRA, RET
VHL
FBXW7, NOTCH1

Angiogenesissignalling
Notchsignalling

Whntsignalling APC, CTNNB1, SMAD4
Cytokinesignalling CSFIR, JAK2, JAK3, PTPN11
GPCRsignalling GNA11, GNAQ, GNAS, HRAS,

JAK3, KRAS, PIK3CA, SMO

AKT1, PIK3CA, PTEN, STK11, HNF1A

ERBB4, FGFR1, FGFR2, FGFR3, FLT3,

Apoptosis pathway RB1, TP53
Cell cycle/ pRb pathway
DNA damage response and
repair pathway

CDKNZ2A, RB1, SMAD4, TP53
ATM, MLH1, RB1, TP53

Hedgehogsignalling pathway SMO
Cell metabolism IDH1
Adherens junction pathway CDH1, CTNNB1, SRC

Figurel: Strand Somatic48-GenePanel

caretherapy. Thetest profilesand specifically analyzes
six genes namely, ERBB2, EGFR, PTEN, PIK3CA,
SMAD4, and VHL. Thetest is predictive of response
or poor response to chemotherapy and targeted
therapy. Few breast cancer TSPtest based drug-gene
associationsareenlisted bel ow:

» Trastuzumab, Pertuzumab, L apatinib: Thoughanti-
HER?2 therapy is approved for HER2-positive
breast cancer patients, activatingmutationsineither
PIK3CA or EGFR genemay indicatepoor response
to the therapy (32, 33). Moreover, activating
mutationinERBB2 (HER?2) isindicativeof benefit
from anti-HER2 therapy, even if the patient is
HER2-negative.

» Everolimus: Approved for hormone receptor-
positive, HER2-negativebreast cancer patients,in
combination with exemestane. Mutations in
PIK3CA or loss of PTEN indicate possible
responseto everolimus(34, 35).

* Bevacizumab: Mutationsin VHLindicatepossible
responseto bevacizmuabtherapy (36).

» Tamoxifen: Thoughapprovedfor hormonereceptor-
positive breast cancer patients, presence of an
activating mutation in EGFR geneindicates poor
responsetotamoxifen(37).

 5Sfluorouracil: Presenceof al ossof functionmutation
in SMAD4 geneindicates possibleresponseto 5-
fluorouracil therapy (38).

Thetherapeuticwindow canbefurther expanded by
optingtoanalyzethecompleteset of 48 genes(Strand
Adavantage extended TSP, also known as Strand
Somatic48-Genetest), thustakinginto consideration
potentialy beneficia off-labe drugs. About 500somatic
cancer sampleshavebeenanalyzedby ustill date. Inthe
case of 116 breast cancer cases, clinical utility, i.e
responseor lack of benefitinformation, wasreportedin
64 % of thecases. Tociteanexample, afemal e patient
diagnosedwithinvasiveducta carcinomaof |eft breast
(Stagel [l CHR-negative, HER2-positive) wasfoundto
harbour anactivatingmutationinPIK3CA gene. Mutétion
in PIK3CA indicates possible response to mTOR
inhibitor, suchaseverolimus, and poor responsetoanti-
HER2therapy suchastrastuzumab.

Toconclude, advancesintreatment strategies, til|
date, have not been accompanied by a parallel
improvementinthesurvival rates. The Strand Somatic
48-Genetest basedmol ecul ar profilingandinterpretation
givesinsightinto patient responsivenessto approved
treatment, potential treastment regimeninferredfrom
other tumor types and patient prognosis. Treatment
regimensaidedby suchanapproacharelikely totrandate
intomoreeffectiveand cost-effectivecare.
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BREAST COSMESIS

CHALLENGES IN BREAST IRRADIATION
AFTER ONCOPLASTIC SURGERY FOR
EARLY BREAST CANCER

With theincidence of breast carcinomareaching
epidemicproportionsintheyounger popul ation,itisan
onusonthetrestingoncol ogiststoachievegoodcosmes's
inadditiontogoodIocal control.

Surgical oncologistsworldwidehavemoved away
frompsychologically devastatingmeastectomiestomore
acceptableoncoplasticsurgeriesfor early breast cancer.
However, inorder toachieveacomparablediseasefree
andoverdl surviva asafter mastectomy, breast consarving
surgery needs to be followed up with whole breast
irradiation. And herethe radiation oncologist joins
handswiththesurgeoninprovidingagoodtoexcellent
cosmeticoutcomeby judicioususeof radiaiontechniques,
dosesandfractionationschedul es.

Breast cosmesi sisassessed on parameterssuchas
skindiscoloration, redness, fibrosisandnippleretraction.
The degree of cosmesisis based on how similar the
treated and the untreated breasts appear.Cosmesis
dependson patient rel ated andtrestment rel atedfactors.

Patient relatedfactorsleadingtofair topoor cosmess
includepresenceof comorbiditiesthat may delay tissue

healingsuchasdiabetesand hypertension, largeor very
smadll sizeof thebreast and presenceof connectivetissue
disorders. Of these, breast sizecanbetaken careof by
augmentationor reductionsurgery intheaffected breast
followedby irradiation.

Treatment related factorsincludelargeirradiation
volumes, energy of thebeam, highdoseper fractionand
technique of lumpectomy boost and interaction of
chemotherapy with radiation in addition to extent of
surgical excisionand oncopl asticexpertise. Irradiation
volumesneedtobeplannedwisely based onestablished
guiddinestoincludetheaxillaor not.

Cobaltthergpy unitsinwhichtherewasaconsderable
build up of dose under the skinleading tofair to poor
cosmesis, have given way to megavoltage linear
accel erators. M egavoltagebeamsof 6 MV withwedges
givesagood homogeneousdosedistributionwithinthe
breast tissue and a skin sparing effect. Higher beam
energiesmay beusedfor larger separations.

Radiationtothewhol ebreast hasevolved fromtwo-
dimens ond wedgedtechniquetothree-dimensond planning
(volumebasad), whichal owsbetter sparingof theunderlying
organsatrisk suchasipslatera lungandheart.

Devel opment of I ntensity M odul ated Radi otherapy
(IMRT)withorwithoutimageguidanceandrespiratory
gatingrevolutionizedradiationddiveryinthisscenario.
Highdefinitionmultilesf collimatorsallowahomogenous

Fig I Patient with cast on CT simulator

17




CANCER NEWS

AUGUST 2015

u!::t(r.‘!:

Fig 2 VMAT radiotherapy plan using two semiarcs for a patient undergoing
adjuvant radiotherapy following BCS

dosedigtributiontotheentirebreast. Further, introduction
of volumetricarctherapy (VMAT) hasshortened the
trestmentdeliverytimeper sessonconsiderably, achieving
better patient compliance. ItisaformIMRT wherein,
thereiscontinuousddivery of radiationa ongwithgantry
rotationaround thepatient and changeindoserateof the
incident beam. Filter freebeamscan beusedtofurther
increasethedoserate.

Onemajor limitationinthisentirecycleof surgery
followedby chemotherapy andfollowedby radiotherapy

(l!@sl

hasbeentheprol onged courseof radiotherapy extending
over aperiodof fivetosix weeks. Inorder toovercome
this problem, shorter schedules of radiotherapy with
higher dose per fractionhavebeenvalidatedin major
clinical trial sandarebeing usedworldwidetoimprove
patient complianceandbetter utilization of radiotherapy
resources. It hasnow beenincorporatedintheNCCN
guidelinesaswell. However, hypofractionationshould
beavoidedinlargebreast volumesasit may hamperlong
termcosmeticoutcome.

Fig 3 Dose color wash sowing adequate dose coverage to the target volumes and
sharp dose gradient leading to sparing of the underlying lung.
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Fig 4 Patient on the Linear Accelerator couch in treatment position with the Orfit
cast on for immobilisation and reproducible set up

In an attempt to further shorten this duration, the
conceptof acceleratedpartia breastirradiation(APBI)
hastakengroundinamuch selected groupof patients. It
hasbeen observedthat only 3-4%of ipsilateral breast
tumor recurrencesoccur outs detheoriginal tumor bed.
Therefore, highly focusedradiationtothetumor bedwith
al-2cmmargincanbegivenwithhighdoseper fraction.
In addition to shorter treatment time, this can also
achievebetter cosmesisby considerably reducingthe
planningtarget volume(PTV). It hasbeenrepeatedly
shown that large breast volumes (resulting in larger
PTV s) adversdly affect thecosmeticoutcome. However,
of thevarioustechniquesavailablefor APBI including
interdtitial brachytherapy (I1BT), mammosite, € ectronor
kilovoltagephotontherapy and3-D conformd radiotherapy,
IBT hasgiventhebest oncol ogical and cosmeticoutcome
sofarwiththelongestfollow upperiod.

Therearevarioustechniquesof ddiveringasequential
boost tothelumpectomy cavity inhighrisk patients(age
lessthan 50yearsand GradelI1) includinginterstitial
brachytherapy, en face electron beam and tangential
photon beams. Proper sel ectionof thetechniquehasto
bedonedepending uponthelocationand depth of the
cavity, to achieve adequate dose and reasonable
cosmesis. Boost canalso begivenwith Simultaneous
Integrated Boost (S| B IMRT) techniquewhichnotonly
shortensthetreatment durationtofiveandahalf weeks,
but al soachievesanexcellent cosmesis.

Asanincreas ngnumber of patientsareoptingfor breast
conserving surgery, weat the Department of Radiation
Oncology, RGCl, arestrivingto achieveanexcel lent to
good cosmesiswithstaticIMRT or VMAT technique.

An orfit cast (4 or 6-clip) is made for patient
immobilisation. A smulationCT scanwithSmmdicesis
acquired in the treatment position. I psilateral breast
tissue, axillaandorgansat risk (namely ipsilateral lung,
heart, spinal cord, oesophagusand oppositebreast) are
contoured on each slice with the help of radiopague
markers placed on the patient’s body at the time of
smulation. Thelumpectomy cavity isdelinestedwiththe
help of seromaand surgical clips. Theplanningtarget
volumeiscarefully contoured especialy intheaxillary
andinframammary regionwherewet desquamationduring
radiationmay hamper longtermcosmes s. Fractionation
schedulefor theentirebreastandaxillaiskeptat 1.8 Gy
per fraction. Lumpectomy cavity boostisgivenby SIB
IMRT. While evaluating the radiation plan, special
attention is paid to the dose to skin of theipsilateral
breast, which should not exceed 45 Gy. Also a
homogenous dose distribution throughout the breast
tissueismandatory for good cosmesis. Thepatientis
keptonweekly follow-upduringradiotherapy andclosaly
watchedfor radiationdermatitis. Thisscheduleiswell
tolerated with nearly 95% of the patients achieving
excellenttogoodlongtermcosmesis.

(Dr S K Sharma, Co-ordinator and Senior Consultant,
Dr Anjali K Pahuja, Consultant, Dept of Radiation
Oncology, RGCI&RC)
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