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From the Desk of Director Research

Progressin Pediatric Oncology has been one of the biggest success storiesin oncology in the last millennium. The
5-year survival for all pediatric cancersis now 75- 80%. Childhood cancer constitutes less than 5% of the total cancer
burdenin India, with approximately 45,000 children being diagnosed with the disease every year. In India, 1.6-4.8% of
all cancer casesoccur in children lessthan 15 years of agewith variation by place of residence. The majority of children
with cancer require rounds of chemotherapy to treat their disease. Many require surgery and/or radiation to removethe
tumor. For some, abone marrow transplant isthe only hope of survival. Asmoreand more children are surviving cancer,
it isincreasingly important to address ongoing and emerging needs of children and their families in order to achieve
complete and long term healing.

The outcome of pediatric cancer has gradually improved in the country over the last four decades. The outcome of
hematological cancersintermsof long-term survival hasgreatly improved from 20%to 60%inALL, from <70%to>90%
inHodgkin’ sdisease, from 30%to 70%in non Hodgkin’ slymphomaand from 10% to 40%in acutemyel obl asticleukemia.
Similarly, the outcomein solid tumors has also improved. Further research isrequired to devel op less toxic treatments
for the curable pediatric cancers and newer approach for patients currently having dismal outcomes.

Cancer carethusremainsachallenge. InIndia, thereisan urgent need to appreciatethefact that cancer inchildrenishighly
curableinexpert hands . Thefundamental stepsin caring for these children areto estimate the current burden, understand and
overcome the barriers, and develop strategies to detect early, refer and treat cancers with appropriate expertise. Public
understanding about the preval enceand treatability of childhood cancersin the devel oping world can enjoin governments
to take action and on drug companiesto moderate drug costs. In anideal world, children with cancer should have access
to the best treatment and pain control, and be enabled to go to school and take part in normal life as far as possible.
Wemust hopethat feasibleinitiativesby the concerned to meet the need of thevulnerablechildrenwith alife-threatening
disease would contribute to an improved environment for all children.

l |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| The present issue of the Cancer News highlightsthe newer advancesinthefield of "Pediatric Cancer" and features |
| regular articles, such as Special Feature, Guest Article, Emerging Scenario, Perspective, Recent Advancesand In Focus. |
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SPECIAL FEATURE

DECIPHERING THE HUMAN GENOMIC
LANDSCAPE OF CHILDHOOD CANCERS

Inrecent decadespediatriconcologistsall over the
worldhaverealizedtheimportanceof somaticgenomic
alterations as an important component of diagnosis,
prognosis, andtherapy selectioninchildhood cancers.
Therefore, theirfocusof researchinvolvesidentification
of thefull spectrumof drivingmutationscausingpediatric
cancersanditsincorporationintoclinical practicesoas
to provide personalized treatment to every child.
Conventional testsusingkaryotyping, fluorescentinsitu
hybridisation (FISH) and polymerase chain reaction
(PCR) toidentify knowngenomicalterationsandtheir
applicationinrisk stratificationandtreatmentisstandard
of care for most of the pediatric cancers. Recent
technol ogical advanceslikenext generation sequences
(NGS) haveprovidedoverwhd minggenomicinformation
pertainingto childhood cancers. Thisinformation has
reveal ed an unprecedented view of thetumor genome,
thusenablingclinicianstohaveabetter understanding of
thepathobiology of thisdisease. Thebiggest chalengeis
tosdlecttheclinicaly significant genomicaterationsout
of thismassof information. Thishugedatamay enable
researcherstodiscover drugstargeting diseasespecific
molecular changesand many trialsareunderway totest
novel agents. Hence, wemay hopethatinthenear future
molecularly targetedtherapiesmay valuably addtothe
arsenal availablefor treating childnood cancers, bothin
termsof improvingsurviva andreducingtrestmentrel ated
toxiaties.

Spectrum of Molecular Profiling in Childhood
Cancers

Thespectrumof childhoodcancersisentirely different
fromthat of adult malignancies. Itdiffersnotonly inthe
typeof cancersthat predominantly occur duringchildhood
but alsointhebiology of disease. Therefore, itisnot
surprising that the spectrum of mutations leading to
malignant transformationa sodiffersbetweenpediatric
andadult cancers. Unlikeadults,inmaost pediatrictumor
types, only 5%to 15% of caseshave point mutations,
translocations, or copy number alterations in genes
constituting viable therapeutic targets. In addition,

pediatriccancershavemorefrequentaminoacidchanging
point mutations per case, such as neuroblastoma,
medulloblastoma, ETP-AL L, and osteosarcoma; point
mutati onstend to occur acrossanumber of genesand
few genesarerecurrently mutatedinahighproportionof
cases. Moreover, at least in some pediatric cancers,
aterationsintheepigenome, rather thanaccumul ationof
point mutationsin coding genes, may bethe primary
mechanismof oncogeness.

Advanced Molecular Testing in Pediatric Cancers

Somatic genetic analysisusingcommontestslike
karyotype, FI SH, and polymerasechainreactionhave
refined risk stratification, prognosisand treatment of
certainsubsetsof pediatriccancers. MY CNamplification
inneuroblastoma, ber-abl inALL andPML-RARA N
acutepromyel ocyticleukemiaareprimeexamplesof
this. However, owing to the low frequency and high
variahility of oncogeni ctargetablegenomiceventsbenefits
of thesearelimitedtovery few patients. Newer techniques
likegenesequencingmay overcometheseshortcomings
by deep sequencing of many genessimultaneously ina
relatively short timeand at anacceptablecost. Pediatric
Cancer Genome Project (PCGP), co-led by St. Jude
Children’s Research Hospital and the Washington
University School of Medicine aimsto discover the
geneticoriginsof sdlect pediatriccancersandhasrecently
compl eted wholegenomesequencing of 600 childhood
cancer cases.

Application of Newer Molecular Techniques

Newer molecular technique platforms perform
massively parallel sequencing, duringwhichmillions
of fragments of DNA from a single sample are
sequencedinunison. Massively parallel sequencing
technol ogy facilitateshigh-throughput sequencing,
whichallowsanentiregenometo besequencedinless
thanoneday. Thisinformationmayy beusedfor functional
andtherapeuticgenomics.

Functional genomics: By NGS we get enormous
datawithregardto genomicalterationsof whichonly
somearethought toinitiateand contributetothegenesis
of an oncological event. So one hasto identify these
“driver” mutationsfrominnocent bystander “ passenger”
mutati ons, whicharerandombackground mutationsthat
arenot relevant to the disease. | dentification of these
driver mutationswill helptodesign customized panels
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containing sel ected genesof interestfor specificdiseases.
Sofar NGShasenabl ed detection of several novel and
raresomeati crd evant mutati onsassoci atedwithchildhood
cancersasdiscussed below.

Acute leukemia: Risk-adapted therapy hascontributed
to dramatic improvements in childhood acute
lymphoblasticleukemia(ALL). Identificationof novel
adversefactorsby genesegquencingispavingtheway to
more accurate risk stratification by incorporation of
thesefindings. Two such important adverse genetic
aterationsidentified in B-ALL are IKZF1 deletion
resultingintheBCR-ABL-ikesubsstandoverexpresson
of CRLF2.InT-ALL, recognitionof complex structural
variations, focal del etionsand sequencemutationsof
genesencodingkey hematopoieticregul atorshasenabled
Investigators to categorise an aggressive subtype of
pediatricALL knownasearly T-cdll precursor leukemia

In acute myeloid leukemia (AML) as well,
identification of FL T3internal tandem repeatsand
ML L-rearrangement with mutated IDH1/2 arebeing
recognized as high-risk subtypesin contemporary
clinica trials.

Pediatric solid tumor: Ingeneral, withmultimodality
approach, theoutcomeof most pediatricsolid tumors,
has improved substantially in the last two decades.
However, for most metastaticandrecurrent solidtumors
theresultsremain unacceptably poor. NGSmay well
provideuswithuniquegeneticinformationspecificfor

thissubset. Thevariousgenomicalterationsidentifiedin
thecommonpediatricsolidtumorsarelistedinTablel.

Therapeutic genomics: Theoutcomeof childrenhas
improved tremendously in the past two decadesasa
result of coordinated systematic co-operativetrials.
Therefore, itissometimesdifficulttojustify inclusionof
novel targetedtherapy infirstlinetrestment. However, it
isdefinitely theneed of thehour for high-risk patients.
Additionally, it can be used in good risk patientsto
reducethedosesof cyotoxicchemotherapeuticagents.
Thegoal of genomicresearchistoidentify clinically
relevant genetic aterationswhich may betargetsfor
therapeuticinterventiontoimprovethesurvival of high-
risk patientsand reducetheintensity of treatment for
good risk patients. Few moleculeshavealready been
devel opedtotarget thesegeneticaterationsidentified by
NGSandarebeingtestedinvariousclinical tria sacross
theworld. Currently, commonly used targeted drugs
include: kinaseinhibitors, mTORInhibitors, smoothened/
SHH pathway inhibitors,and NOTCH inhibitor. Some
of theongoingtrial sarementioned bel ow.

Children’ sOncology Groupisconductingaphasel/
[l study of crizotinib, an ALK/c-MET inhibitor, in
anaplastic large-cell lymphoma and inflammatory
myofibroblastictumor and neuroblastomaall of which
haveALK rearrangements.

Othertria seva uatingtargetedtherapiesinmol ecular
subgroupsof pediatriccancersincludeaphasel/Il trial

Tablel: GenomicAlterationsin Common Pediatric Solid Tumors

Genomic alteration Incidence
Neuroblastoma Constitutiveactivation of 5-10% 1%

the ALK oncogene PTPN1 1
Rhabdomyosarcoma | BRAF 1%

RAS pathway activation 10-40%

ALK 50-80%

FGFR4 4%
Osteosarcoma PIK3CA 3%

MDM?2 10%
WilmsTumor CTNNB1 15%

WTX 20%
Glioblastoma PDGFRA 5%

EGFR 8%
Diffuseintrinsic PI3KCA 15%
pontineglioma PDGFRA 36%
Low-gradeglioma BRAF 50-100%
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Figure 1: Schematic representation of two main pathways aberrantly activated in pediatric tumors and corresponding
targeted therapies (adapted from Salettaet al, BBA Clinical 1; 2014)

of LDE225inthe SHH subgroup of medulloblastoma
andaphasell trial of PKC412inacuteleukemiaswith
FL T3dterations. A randomized phasel | study of anew
agent, ch14.18, ananti-GD2 monoclonal antibody, in
high-risk neuroblastomahasdemonstratedimproved
survival inthe group receiving the antibody. Within
medulloblastoma, theWNT subtypeidentifiesapatient
populationwithaparticularly goodprognosis,andtrias
evaluating therapy reduction are being considered.
Erlotiniband gefitinib havebeensuccessfully employed
to treat high grade gliomas while IGFR mAbs show
promising results in pediatric sarcomas. These
encouragingresultsindicatethat molecul arly targeted
therapieshavegrest further potentia for thetrestment of
childhood cancers.

Challenges: A large number of biomarker-matched
drugsaretestedinclinical trials,andthendismissed. In
general, 90%o0f novel targetedtherapiesdonottrangition
to routine use, despite good resultsin the preclinical
setting. Thiscanbeduetounexpectedly hightoxicities,
lack of objectiveefficacy, and/or becauseagentspresent
no measurabl e advantages over those aready in use.
Therefore, we need to identify and target clinically
relevant genomicalterations. Moreover, thesegenetic
aterationsarenot constantandfew genesarerecurrently
mutatedinahigh proportionof cases. Theissuesof low
frequency andhighvariability of oncogenic, targetable

genomic events make it difficult for therapeutic
intervention. Inthiscontext, itisimportanttoconsderthe
combination of multipleagentsand/or theuseof less
selectivedrugs, inorder toinhibit multiplepathwaysat
thesametimeor thesamepathwaysat multiplelevels.

Conclusion

Establishing cancer genomesequencingeffortshave
producedimportant newins ghtsintothepathobiology
of cancer. Therapidgenerationof genomicdataacross
the landscapes of pediatric cancers is opening new
avenuesof collaboration. Understanding thefunctional
andclinical relevanceof theidentified mutationsincancer
will requirebringingtogether dedli catedteamsof genomic
and computational experts, oncologists, pathologists,
molecular biologists,andothers. Thoughmany chalenges
remain, promisinginitial resultsprovidehopethat the
future will bring personalized, less toxic, curative
treatmentstoall childrenwithcancer.

Suggested Reading

1 Sdetta F et a. Molecular prodling of childhood cancer:
Biomarkersandnovel therapies. BBA Clinical,2014; 1:59-77
DowningJRetal. ThePediatric Cancer GenomeProject. Nat

Genet, 2012; 44(6):619-22
(Dr Sandeep Jain, Consultant, Dr Gauri Kapoor,

Director, Dept of Pediatric Hematology and
Oncology)
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GUEST ARTICLE

PAEDIATRIC HAEMATOPOIETIC TRANS-
PLANTATION : LOOKINGATTHE FUTURE

Bloodandmarrowtransplantation(BMT) represents
definitivetreatment for avariety of paediatric blood,
immuneand metabolicdisorders. BM T thusservesas
substitutiontherapy, immunotherapy and anti- tumor
therapy (Table 1). A successful treatment outcome
requiresachievingthetrifectaof timely haematol ogical
andimmunereconstitution, enduring correction of the
disease phenotypeand minimal short- and long-term
morbidity. A major hurdlethat standsintheway of these
objectivesisthehost HL A (humanleucocyteantigen)
barrier and the attendant risk of adverse transplant-
associatedimmuneevents, including graft failureand
graft-versus-host-disease(GVHD). Theurgency for
trangplantintervention hasthusspurredinnovationsand
refinementsintheclinical practiceof paediatricBMT
(pBMT) to surmount the HLA barrier while limiting

the risk of transplant-associated complications. The
decisiontooptfor pPBMT treatment however remains
pati ent- specificandrequiressynthesi sof patient, disesse,
donor andresourcevariables(Table2). Thisdecision-
meakingisnecessarily adynamicprocessandiscontinudly
informed by advances in pBMT practice. In this
monograph, webriefly discusstheseadvances, |loosaly
categorisingthemasrecent, evolvingandnovel for ease
of discussion.

Recent Advances

Inthepast decade, advancesinthreekey areashave
improved outcomesin pBMT (Table3). Preparative
regimenshavebeenmodifiedtoreduceacuteandlong-
termtoxicities. Theuseof unrel ated donorshasexpanded
accesstopBMT treatment. |mprovementsinsupportive
care, particularly ininfection prophylaxis, haveenabled
safedelivery of thesetoxictreatmentsto patients.
Reduced Toxicity of Preparative Regimens

Forthemost part, preparativeregimensinpBMT are
myeloablative(1). Theseregimensaredesignedtoprovide
cytoreduction, €iminatendtivehaematopoi es sandinduce

Table 1 : Outcome Objective in Paediatric Blood an Marrow Transplants

Subsitutation and correction of disease phenotype

Consistutional metabolic disorders
Deficient / aberrant immune function

acquired and constitutional disorders of haematopoietic elements

Sustained Graft-versus-Disease effect

Cytoreduction of preparative regimen
Graft-derived immune clearance / modulation

Timely engraftment and immune recovery

Sustained Graft-versus-Disease effect

Immune reconstitution (including immune 'reboot’)

Minimal short and long-term toxicities

Non long-term morbidity

Satisfactory functional status (educational, professional, personal)

Table 2: Decision variablesin paediatric blood and marrow transplants

Factors Elements Decision impact
Recipient Disease status Fitness for transplant
Organ function Choice of preparative regimen
Risk of graft failure Infection management strategy
Infection risk Graft-versus-Disease potenitiation
Donor HLA-matching Donor availability
Graft source & target cell dose GVHD prophylaxis
CMYV status CMV -directed strategy
resources Financia Overall transplant strategy
Social (family motivation, support) (e.g.transplant vs no transplant)
Medical (expertise, infrastructure) (matched family vs alternative donor)

CMV : Cytomegalovirus; GVHD : Graft-host disease
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Table 3: Key recent advances in paediatric blood and marrow transplantation

Intervention Key advance Elements / Exemplars Limitation / challenges
Preparative Decreased short-and long 1. Shift away radiotherapy- based 1. Restricted role for
regimens term toxicity conditioning in preparative protocols reduced-intensity

2. Fludarabine as subsitute for as dose-
sparing agent for Cyclphoshamide

3. refinements in Busulfan use, including
intravenous dosing and
pharmacokinetic monitoring

4. Non Busulfan-based regimens,
e.g. use of Treosulfan

preparative regimensin
paediatric transplants
(currently limited to
aplastic anaemia and
primary
immunodeficencies)

Alternative donor | Sucessful blood and

1. Availahility of high-resolution dleletype | 1.

High cost ofacquiring

transplants marrow transplants from | of partinenet Class 1land Class || HLA loci unrelated donor grafts
HLA-matched (or 2. Alternative donor stem cell 2. Limited representation
permissively HLA- sources, including GCSF- mobilised of defined ethnic groupsin
mismatched) unrelated peripheral blood and cord blood grafts donor stem cell registries,
donors 3. International network of accredited limiting probability of
donor stem cell registries for volunteer identifying suitable HLA-
donor recruitment, HLA-matching, matched donors for non
stem cell collection and stem cell delivery Caucasian populations.
4. Use of serotherapy in preparative
regimens to mitigate risk of GVHD
Supportive Care [Improvements in the 1. Mould-active antifunga prophylaxis 1. Emergence of multi-

prophylaxis and 2. Active surveillance for CMW drug resistant bacterial
treatment of infection and inervention with 2. Absence of effective
infections pre-emptive therapy CMYV prphylaxis

3. Similar surveillance for other
herpes viruses (e.g. EBV) and
adenoviruses

CMYV : Cytomegalovirus: EBV : Ebstein-Barr virus - GCSF: Granulocyte colony stinulating factor; GVHD graft-versus-host disease

profoundimmunosuppression, thusfacilitating stable
donor haematopoietic stem cell engraftment while
minimisingtherisk of GVHD. Thedose-intensivenature
of theseregimensi sassoci atedwithuniqueandpotentialy
life-threateningacuteorgantoxicities,includingidiopathic
pneumonia and the hepatic sinusoidal obstruction
syndromes. Radiotherapy- and alkylator-based
preparativeregimensarea soassociatedwithsignificant
long-termcomplications, includingendocrinemorbidities
(specificaly growth failure and infertility) and second
neoplasms (especially with radiotherapy-based
regimens)(2). Preparative regimens have thus been
modifiedtoreducethesetoxicities. Radiotherapy-based
regimensarenow largely confinedtopBMT for acute
lymphoblagticleukaemia Theintroductionof Hudarabine,
arelatively sel ectiveand potent [lymphocytetoxin, has
enableddosereductionsinCyclophosphamide, especidly
INpBMT for congtitutiona marrow failuresyndromes(3).
Refinementsin Busulfanuse, includingthemovetothe
intravenous formulation and the introduction of

pharmacoki neti cs-based dosing, haveenabled optimal
dosingwithinthedrug’ snarrow therapeuticwindow(4).
Recently, theBusulfanana ogue Treosulfanhasshown
great promise, as it appears to have equivalent
myel oablativeandimmunosuppressi vepotency, without
theunpredi ctablepharmacokineticsand organtoxicity
concernsof Busulfan(5). Concomitantly, interventions
havebeenintroducedto prevent or attenuatetheshort-
termorgantoxicity of preparativeregimens, suchas
theintroduction of Defibrotideintheprophylaxisand
treatment of hepatic sinusoidal obstruction
syndrome(6).

Unrelated Donor BMT

Theavailability of suitably matched unrelated donors
hasgreatly widened accesstopBMT treatment(7-9).
High-resolution alleletyping of pertinent Class| and
ClasslI HLA loci havehel pedidentify suitable HLA-
matched unrelated volunteer donors. The lesser
stringency for HL A matching of unrelated donor cord
blood units has further expanded pPBMT options for
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Table 5: Unmetneeds and challenges in pBMT
1. Systemsmedicine approach to pBMT
Persionalised therapy based on intefration of variable such as:

(b) The host microbiome

(e)Recipient disease status
(f)Recipient performance status and organ function
2. Rational management of GVHD

(c) Therapies that selectively target GVHD mediators
3. Solutions for resource-restricted economics

(g) Avoidance of resource duplication and concentration of expertise

(a) Host and donor gene polymorphisms that regulate innate and adaptive immune response

(c) Therapy variables (including gene polymorphisms that in fluence drug kinetics, response and tolerance)
(d) Graft variables (including source, use of mobilizing agents, cellular constituents and cell dose)

(a) Developing predictive and prognostic clinical and laboratiory biomarkers
(b) Tailored therapy based on targent organ in volvement and disease intensity

(@) Public funding based on recognition of pPBMT treatment as public good

(b) National collaborative network of accredited well-resourced pPBMT centres

(c)Accredited unrelated donor stem cell registry and unreleated cord blood bank linked to the pBMT network
(d) uniform standardized treatment protocols alowing systematic analysis and corss-referral arrangements
(e) Specidlization of each pBMT centre in defined area to maxmise treatment options across the network

(f) Collaborative strategies to innovate and explore novel cost-effective treatment approached for patients

4. Tackling the problem of infections with multidrug-resistant pathogens

patients. Multidisciplinary initiativesworl dwidehave
resultedinthecreation of aninternational network of
accredited unrelated donor stem cell registries and
repositoriesthat oversee donor recruitment, perform
haematopoieticstem cell coll ectionand cryostorageand
participateindonor identificationandstem cell product
delivery. Intensified immunosuppression through
incorporationof lymphocyte-directed antibodies(anti-
thymocyte globulin and the anti-CD52 monoclonal
antibody a emtuzumab) inpreparativeregimenshashe ped
addresstherisk of graft failureand acuteand chronic
GVHD associated with these transplants. Unrel ated
donor pBMT ishowever congtrainedby theconsiderable
expenseinvolvedinacquiringunrelated donor products
and the higher-risk of transplant-associated immune
complicationsassociatedwithunrel ated-donor pBMT,
includingGVHD andinfections.

Advancesin Infection Prophylaxis

A pivotal developmentinsupportivecarehasbeen
theintroductionof infection prophylaxismeasures(10).
Theprofoundimmuneparays sassoci atedwithtransplant
therapy, especialy inunrelated donor transplantswhere
deeperimmunosuppress onisoftenrequired, hasbeen
associatedwithincreasedrisk of invasvefungd andvird
infections. Thisincludesthepathogeni cfunga moul dsof
the AspergillusspeciesandtheZygomycetesclassas
well ashumanherpesviruses(principaly cytomegaovirus
[CMV]), adenovirusesandtheBK-JC polyomavirus.
Theintroductionof moul d-activeantifungal prophylaxis
andthestrategy of pre- emptiveinterventionfor CMV
infectionbased onserial standardisedmonitoringof vira
DNA copies, have significantly reduced the risk of

Invasiveinfectionsarisngfromthesepathogens. Similar
pre-emptivestrategieshavenow beenintroduced for
otherviruses,includingtheEbstein-Barr virus(especidly
withalemtuzumab-based regimens) and adenoviruses.

Evolving Advances

Haploidentical related donor pBMT:: the potential
of transplant for all: A significant advanceinrecent
years is the increasingly successful outcome of
haploidentical pPBM T performed usingfirst-degree
family donors (parent or sibling)(11). Thisreadily
addresseslimitationsof donor availability andthehigh
acquisitioncostsof unrelated donor stemcell products.
Additionaly, theavailability of afamily donor provides
theoption of post-transplant donor-derived cellular
therapy. As described in Table 4, innovative
approacheshavebeen adopted to addresstherisksof
GVHD andnon-engraftmentinhaploidentical pBMT
whileensuring timely haematopoeitic andimmune
recovery and maintai ning graft-versus-disease(GV D)
activity.

Extended therapeutic drug monitoring to inform
drug use: Transplant outcomesare arguably gresatly
influenced by inter-patient variability in the
pharmacokineticsand pharmacodynami csof transplant-
associated medications. As with Busulfan and the
calcineurininhibitors, thereisgrowing realisation of
the need to extend drug monitoring to other agents
commonly usedinpBMT, such asFludarabine, the
antifungal triazoles and the immunosuppressive
antimetabolite Mycophenolate. Results of such
monitoring areexpected to guidepersonalised dosing
strategiesl12.
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4 (Government,NGOs)

Novel and Next Generation Advances
Here, advancesintwokey areasareanti cipated.
Expandedindicationsfor pBMT trestments

This includes an expanded role for pBMT as
regenerativeandtissuerepair therapy, exemplified by
theremarkabl eexperiencewiththegenodermatoses(13).
Additionaly,pBMT trestmentislikely tobeincreasingly
usedforlong-termimmunetol erisation, asinthecaseof
simultaneouspBM T and solid organtransplantation.
Here, immune tolerance as a consegquence of pBMT
obviates the need for long-term anti-rejection
Immunosuppression(14).

Cellular Therapies (Adoptive Inmunotherapies)

Thesetherapiesinvol veadminisirationof autologous
or alogenel chaematopoeiticstemcd | condtituentswithout
theuseof immunosuppress veandpreparativetreatments.
Theantiviral efficacy of donor-derivedvirus-reactive
cytotoxic T-cellsisalready well recognised. Similarly,
partial HLA-matchedall oreactivedonor T-cells have
the potentia totemporarily engraft andmediatesustained
cytoreductionof tumorg(15). AutologousT-lymphocytes
can be expanded in vitro and engineered to express
tumor-directed receptors (called chimeric antigen
receptor T-celIS{CART cellg]); early clinical experience
with CAR T cell immunotherapy in B-lymphoid
malignancies has been impressivel6. In inherited

monogeni c disorders, autologous CD34- expressing
stem cells can be modified ex vivo by retroviral
transductiontorestoregenefunctionandthemodified
semcellsthenreintroducedtocorrect diseasephenotype,
assuccessfully demonstratedin patientswith X-linked
severecombinedimmunodeficiency(17).

Unmet Needs and Challengesin pBMT Treatment

Despite these remarkable advances, there are
significant lacunaeinpBMT practice (highlightedin
Table5). A multitude of factorsinteract to influence
outcomesinpBMT. Thiscomplexinterplay requiresa
systemsmedicineapproachthatintegratesthesediverse
variables. A rational management strategy i srequiredto
tackle GVHD, the scourge of pBMT treatment. This
requires better biomarkers and more informed and
sophisticatedtargeting of GVHD mediators(18).

Resourceconstraintsmean that many modernand
emergingtherapiesarebeyondthereach of patientsin
resource-limited countries. Y et, transplant treatment
representstheonly curativeoptionfor many paediatric
diseases. Thereisthereforeamora imperativetoexplore
and develop new strategies in resource-constrained
settings. Onesuchmodel involvesthedevel opment of a
collaborativepublicly fundednationa network of pPBMT
centres, details of which are outlined in Table 5 and
presentedinFiguresland2.
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Fig 1: A collaborative national network of speciaty multidisciplinary paedtricBMT centre

Concluding Remarks

Theseareexcitingtimesintransplantmedicine. There
isnow areal sensethat thelofty goal of transplantfor all
eligiblepatientsiswithinreach. Cost remainsamajor
barrier and often provokes sharp questions about the
role and value of pBMT treatment in countries that
strugglewithother moreimmediatehed thcarepriorities.
Yet, as argued in Fig 2 and as observed by the
Cure2Children FoundationinitspBM T initiativefor
transfusion-dependent thalassemia in South Asian
countries(19), thepracticeof pPBM T hasthepotential to
catalysesustainedimprovementsinservicesacrossthe
continuum of paediatric healthcareand beyond. This

appreciationof thewider sal utary heslthcareramifications
of pPBMT shouldimpel vigorousadvocacy, enlightened
publichealth policy and sustainedinvestment.
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EMERGING SCENARIO
Proton Radiotherapy for Pediatric
Rhabdomyosarcoma

A multicentric, prospective phase |l study was
performed to assess disease control with proton
radliothergpy inchildrenwithrhabdomyosarcoma(RMS).
Total 57 patientswithlocalized RM S(age21 yearsor
younger) or metastatic embryonal RM S (age2t0 10
years) wereenrolledinthetrial. All thepatientswere
treated with protonradiationa ongwithchemotherapy,
elther vincristine, actinomycin, andcyclophosphamide
or vincristine, actinomycin, and ifosfamide-based
chemotherapy. Toassessand gradeadverseeffectsof
proton radiation, Common Terminology Criteriafor
AdverseEvents, Verson 3.0, wasused. Resultsshowed
five-year event-freesurviva (69%) andoverall survival
(78%), similar tothetrial sthat used photonradiation..
However the5-year|ocal control by risk groupwas93%
forlow-risk and 77%for intermediate-risk diseaseand
noacuteor latetoxicitieshigher thangrade3. Therefore
protonradiationfoundtobesafeandeffectiveradiation
modality for pediatricRMS.

(J Clin Oncol, Nov 2014)
PediatricAdrenocortical Tumors

Adrenocortical tumors(ACT) inchildrenarevery
rareandaremost frequently diagnosedinthecontext of
theLi-Fraumeni syndrome, amultiplecancer syndrome
linked to germlinemutationsof thetumor suppressor
gene TP53withlossof heterozygosity inthetumors.
Cancersassociatedwith Li-Fraumeni syndromeinclude
but arenotlimitedtopremenopausal breast cancer, bone
and soft tissuesarcomas, acuteleukemia, braintumor,
adrenocortical carcinoma, choroid plexuscarcinoma,
coloncancer or early onset of other adenocarcinomasor
other childhood cancers. A peak of children ACT
incidence is present in the states of southern Brazil,
where they are linked to the high prevalence in the
popul ationof aspecific TPS3mutation(R337H). Children
ACT havespecificfeaturesdistinguishingthemfrom
adulttumorsintheir pathogeneticmechanisms, genomic
profiles, and prognosis. Epidemiol ogical andmolecular
evidencesuggeststhat in most casesthey arederived
fromthefetal adrenal.

(Front Endocrinol, Feb 2015)
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PERSPECTIVE

Histone Modifications
Signature for active transcription
H2A Lysb acetylation

EPIGENETICS IN CHILDHOOD LEUKEMIA

Thehaematol ogical malignanciesandamongthem
the pediatric leukemia are the most common and
aggressiveformsof cancersinchildhood. Thereisan
improvementinthesurvival percentageof childhood
leukemia(5-year survival among children0-14 yearsof
age: 89%lymphoidleukemiaand64%AML) duetothe
improvedtreatments. L eukemiaisdescribedasagenetic
aswell asan epigeneticdisease. Thediseasedtratification
Isanimportant component for effectivetreatment for
balancing cureagainsttoxicity. Theidentificationof the
natureof geneticlesionisessential, alongwiththenew
dataaccumul atingontheepigeneticvariationsinleukemia,
thereisanattempttogeneratereliableepigeneticmarkers
that couldbeutilizedfor stratificationinadditiontothe
detection of chromosomal trand ocations.

Inthisbrief write-upweattempt todi scussepigenetics
asaphenomenon, itsimplicationonthefunctionof genes
and provideaglimpseof thenatureof studiesthat are
being carried outintheareaof epigeneticsinleukemia.

Whatis Epigenetic Regulation

The term epigenetics was coined by Conrad Hal
Waddington(1)in1942inanattempttocapturethelack
of correl ation betweenthegenotypeand thephenotype;
individual swithidentical geneticmutationfail toshow
concordanceindiseasesymptomsor expressionof the
diseasephenotypeitself. TheGreek prefix epi meaning
“on the top of” implies that the epigenetic features
override the effect of the nucleotide sequence of the
gene. Epigenetics impacts gene expression without
changingthenucleotidesequenceof thegeneandcanbe
maintainedthroughcell division. Presently epigenetic
regulationoccupiesthecentral stageinthesamecontext
aswasconceived by Waddington morethan 70 years
agoandisbeingexploredfor additional biomarkersfor
many diseasesincludingleukemia. Themajor andwell
knownmolecular basei sof epigeneticregulationare, the
post-replication modification of DNA and the post-
trand ationa modificationof chromatinproteins, mainly
thehistones(Tablel). Theadditionof methyl groupatthe
5" position on thenucleotide base Cytosineleadstothe
formationof 5-methyl Cytosne(5mC). DNA methylation
iscorrelatedwith downregulation or repressionof gene
expresson. Therefore, hypermethyl ation of thepromoter

H2B Lysb acetylation

H2B Lys12 acetylation

H3 Lys4 acetylation

H3 Lys36 acetylation

H3 Lys9 acetylation

H3 Lys 14 acetylation

H4 Lys5 acetylation

H4 Lys16 acetylation

H4 Lys8 acetylation

H4 Lys12 acetylation

H3 Lys4 methylation

H3 Lys79 methylation

H3 lys27 acetylation

H3 Arg 17 methylation

H3 Thr11 Phosphorylation
H3 Lys36 methylation

H2B Lys 120 ubiquitylation
Signature for transcriptional repression
H2A lys119 monoubiquitylation
H3 Lys9 methylation

H4 Lys20 methylation

H3 Lys27 methylation

Tablel. Histonemodificationsassignaturesfor geneexpression. The
most frequently observed post-transl ational modificationsof histones
arelisted. Theaminoacid modified generally areLysine(Lys/K) and
Arginine (Arg/R). Inliterature, Histone H3 methylation iswritten as
H3K27me, 27 standsfor the position of thelysineresiduein histone
H3 protein. The number of methyl groups added can be one, two or
three; H3K27me/H3K27me2/H3K27me3. H3K56 acetylation is
correlated with DNA damage repair.

regionof thetumor suppressor genesandhypomethylation
of oncogenescanfacilitatetumorogenesis. Therefore,
just asloss-of -function mutation of tumor suppressor
genesandgain-of-functionmutationin oncogenescan
occurinindividua or groupof cells, epigeneticalteration
canasooccur atthesomaticcell level. Further, evenin
normal individual s, epigeneticvariationscan bedetected
not only betweenindividuals, but al so betweentissues
and asafunction of timeintermsof development and
ageingof anorganism. Epigeneticsprovidesaninterface
between geneticconstitution (genotype) of anorganism
andtheenvironment.

Thepost-trand ationa modificationof histonesmost
often is the addition of acetyl, methyl or phosphate
groups; though there are other more complex
modificationslike SUM Oyl ation and ubiquitylation.
Acetylation-deacetylation of histonescan switchthe
expression of the gene from active transcription to
repression, whiletheeffect of methylationof histonescan
beeither activation or repression depending uponthe
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Figurel. A diagrammatic representation of the possible consequences of |eukemic transl ocation on epigenetic regulation. The
epigenetic marking at the 5" upstream region of the two transl ocation partners are depicted asapeak for histone modification or
achain of beads for DNA methylation. Among the various consequences, three consequences of |eukemic translocation are
shown. A- Translocationresultsin bringing the 3’ partner under activating epigenetic signaturesinstead of repression and gives
riseto chimaeric protein, B- thechimaeric protein soformed formshybrid complexesdifferent from the native complex foundin
normal cells, C- the miRNA targeting for the translocation partners is altered due to translocation and the chimaeric mMRNA
produced. All thethreealtered epigenetic regul ation lead to extensive changesin the gene expression profile of thecell compared

to thenormal cell, leading to leukemiogenesis.

histoneandthespecificresdueof either lysineor arginine
that is methylated (Table 1). Though epigenetic
modificationsmay not becausativefor diseasephenctype,
they areknowntomodify thediseasesymptomsinterms
of expressionandseverity.

Inadditiontothecoval ent modificationof DNA after
replicationandpogt-trand ationa modificationof proteins,
thereareother key epigeneticplayerslikeshortandlong
non-coding RNA that regul ategeneexpression. Therole
of microRNAsinleukemiaisverywiddy studied, though
theirimplicationinchildhoodleukemiaislimited.

TheDNA methylationand thehistonemodification
are brought about by enzymes, such as the DNA
methylases, histonemethyltransferaseand acetyl ases.
Unlike the transcription factors that have sequence
specifichbindingandthus, regul atespecificgenes, DNA
methylasesand histone modifiersbring about global
changes in the gene expression pattern of a cell by
affectingalargenumber of genes, conferring cellular
identity throughwhatisreferredtoas” cellularmemory”.
It canbecons deredthat cancerousstateisnothing but
a falled cellular memory programme, where the
differentiated cell transitsfromthenon-dividing stateto

anactively dividingstate, onewoul dexpect thet epigenetic
alterationwouldbeamajor playerintumorogenesis.

DNA Methylation and Leukemia

ThedterationinDNA methylationprofileisknownin
severa leukemicsubtypes(2). Therearesevera genes
includingHOX A4-A7, transporters(ABCB1), kinase
genes(ABL 1), apoptosisinducinggene(BIM), cdll cycle
control gene(CDKN1) that aredetectedtohaveaberrant
DNA methylation in the promoter region leading to
ateredexpression. Itisinterestingtonotethat regul atory
RNA/microRNA coding genesalsoshow variationin
DNA methylationintheir promoter region. Thechalenge
Is to decipher whether there are specific regions of
altered DNA methylationthat characteriseaparticular
chromosomal trand ocationor leukemi csubtype, sothat
it can beutilized asapotential biomarker for disease
stratification and prognosis. Recently, the results of
wholegenomeanalysisof DNA methylationinalarge
cohort of B-lineage (137) and T-lineage (30) of ALL
caseswasreported (3). Theauthorsidentify epigenetic
signaturescommontoall casesthat negatively correlate
withtheirexpressonleve; higher DNA methylationwith
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lower expressionandviceversa. Further, getting closer
to generating asignaturefor stratification, they have
identified distinct DNA methylation signatures for
genetically distinct AL L subtypes.

I epigeneticmodificationistobeexploredfor possble
therapeuticintervention, itisimportant to understand
what triggerssuchawidevariationinDNA methylation.
The enzymesthat mediate DNA methylation, DNA
methyl-transferases are known to have increased
expressionincertainleukemia, butnotal of them. There
are therapeutic strategiesinvolving the use of non-
methylatableana oguesof Cytosine, suchas5-azacytidine
(Vidaza®) and5-aza-2' -deoxycytading(Dacogen®)in
clinical use, but noinhibitorsof DNA methylasesare
knownsofar.

Histone Modification and Leukemia

IncomparisontoDNA methylationinALL, histone
modificationislessstudiedpresently especialy fromthe
angleof leukemicsubtypecharacterization. However,
themutationsingenescodingfor epigeneticmodifiersare
commoninleukemiaincludingALL andareoneof the
promisingareasof investigation. Oneof theexampl esof
trand ocationsincluding epigeneticmodifiersist(4:11)
involving MLL (mixedlineageleukemia) andt(4:14)
involvingNSD2(nuclear receptor binding SET domain
protein 2). MLL is the human homologue of the
Drosophilatrithorax proteinanditshiochemical function
is the methylation of histone H3 at the lys 4 residue
(H3K4me3) which opens up the chromatin for
transcriptional activation. The consequence of this
covalent modificationof histonesistomaintainactive
stateof expressionof genesthat aretargetsof MLL. The
MLL proteinformsacomplexwithother proteins, some
of themhaving DNA binding property andtheability to
openupthetightly packaged chromatin, referredtoas
chromatinremodelling proteins. Whenthereisunholy
joining of apart of the MLL genewith another gene
formingahybridprotein, asinleukemictrand ocations,
thetarget specificity for histonemodificationand hence
for maintai ning activestateof transcriptioniscompletely
altered. Thisisonetype of epigeneticinvasion of the
genome that is possible in ALL. There are several
examplesof suchfus oninleukemia, asdiscussedbelow.

Incaseof ML L-AF10trand ocation, thefusonprotein
interacts with H3K 79 methyltransferase (Dot1L) to
bring about an increase in H3K79me2 at various
HOXgenesleadingtoanincreaseintranscription (4).
ML L-AF9leukemogenesi sisdependent onthepresence

of the native MLL on the normal (untranslocated)
homologue, specifically for the proliferation of the
leukemiccells. Thehighlevel of expressionof different
HOX genesinleukemiacould bethe consequence of
atered DNA methylationandthepresenceof activating
histonemarksduetotherecruitment of theMLL-AF9
fusion protein aswell asnative MLL complex at the
HOXA9locus. ThenativeMLL complex maintainsthe
highlevel of H3K4 methylationandisa sonecessary for
H3K79 methylation(5). In addition, theMLL fusion
proteinsformed asaresult of transl ocation can bring
about changesinthecompositionof nativecomplexes
formed by either of the partnersascompared to their
fusion product. Hybrid complexes inappropriately
combinethepropertiesof twoindividual complexes,
thusleadingtofunctional aberration. For example,in
case of t(4;11)(MLL-AF4) and t(11;19) (MLL-
ENL),MLL fusionwitheither AF4(sequencespecific
DNA binding function) or ENL (suppressor of RNA
polymerasepausing), leadstothegeneration of hybrid
complexesthat arerecruitedtoMLL targetloci andthus
bring about sustained activated transcriptionof MLL
targetsleadingtoleukemiogenesis(6). AF4andENL are
membersof theSEC (Super ElongationComplex), related
toAEPor PAF complexes, that bringabout activation of
transcription.Inyetanother example, leukemiccedlswith
MLL-AF9fusion, CBX8(Chromobox homologue8)
actsasatranscriptional co-activator, whereas,innormal
cdllsCBX8isamember of PRC1(PolycombRepressive
Complex 1), that bringsabout transcriptional repression.
Thisrolereversal supportsaberrant activationof MLL-
AF9target genes(7).

Itisal sointerestingtoconsider epigeneticfactorsin
fadilitatingchromosoma trand ocations ML L -rearranged
trangl ocationsoccur duetothepresenceof mutational
hot-spot knownasthebreakpoint-cluster region (BCR)
withintheMLL gene. Thechromatinarchitectureinand
aroundtheBCRscan affect thetranscriptionof fusion
product resulting from chromosomal trand ocations. It
further remainstobee ucidated whether thedifferential
chromatin environment characterises a hotspot for
breskpointandhencetrand ocations. ML L BCRcontains
accessibleor active chromatin dueto the presence of
Increased H4 acetylationandreducedH3acetylation. H1
histoneisfurther foundtobeasymmetrically distributed,
beinghighat thecentromericandlow atthetel omericends
(8). TheM-bcrwhichinvolvesthePhil add phiachromosome
trand ocation, contains a sub-region of around 600bp

15




CANCER NEWS

APRIL 2015

regionthat ishypomethylated, However, about 40% of
CML patients, show aberrantly hypermethylated M-bcr,
athough it was established that trand ocation was not
respons blefor thehypermethylation(9).

Another dimensiontoepigeneticregulationisadded
by the microRNA (small non-coding RNAS; 18-23
nucleotidelong). miRNAsareresponsiblefor thefine
tuning of gene expression asthey can either lead to
degradation of mRNA or bring about translation
inhibition. MiRNA-203 decreasesthelevelsof ABL1
andBCR-ABL 1fusionprotein.InCML andALL,the
regionupstreamof thismicroRNA ishypermethylated
leading to low level of MiIRNA-203, hence high
concentrationof thefus onprotein. Theepigeneticdrugs
suchas5’ - azacytidine(Aza) and 4-phenylbutyrateor
their combination, ledtothedemethylation,whichresulted
inadramaticincreaseinmiR-203levelswhichinturn
broughtdowntheABL1andBCR-ABL 1proteinlevels.
Thisledtothereductioninproliferationof theCML cell
lines, K562 and KCL-22 (10), As a corollary, the
overexpressionof amiRNAcanreduceleukemiccell
proliferationasin the case of miRNA-150 (11). The
miR-150, atumor suppressor microRNA, isknownto
berepressedinacuteleukemiaand ML L -fusonproteins
areimplicatedinthisrepression.
Epigenetic Drugs

Itiswell establishedthat leukemiaisageneticaswell
asanepigeneticdisease. Thus, drugsinvolvingthosethat
alter the chromatin environment may be effective as
monotherapy or asacombinatorial chemotherapy. A
well-knownclassof the” epigeneticdrugs’ isthehistone
deacetylaseinhibitors(HDACI). Oneof the most popular
HDACi isthepan-HDA Cinhibitor Panobinostat, sold
as an ora drug under the trade name of Farydak/
Faridak. Panobinostat has been used against various
kinds of haematol ogical malignancies. A number of
HDACi aretill under clinica trids. TheseincludeSAHA
(suberoylanilideHydroxamicacid), Vaproicacid, MS-
275, deps peptideand phenyl butyrate. Studiesinvolving
anumber of theseepi geneti csdrugsincombinationwith
other drugshavebeencompleted. SAHA incombination
withfludarabine/cloflarabine/busulfanisbeingusedin
clinical trials for the treatment of Acute Leukemia
(Clinicatrials.govidentifier :NCT02083250). Another
ongoing study usesM S-275with Azacytidinefor the
treatment of myelodysplastic syndromes, Chronic
myel omonocyticleukemia, or acuteMyel oidleukemia
(clinicatrids.govidentifier:NCT00101179). A recently

completedclinica trial usedva proicacidincombination
withdecitabineintrestment of patientswithrefractory or
relapsed acutemyel oidleukemiaal ongwithprevioudy
trestedlymphocyticleukemia(clinicatridsgovidentifier
: NCT00079378). MS275 and GM-CSF have been
usedincombinationinarecently completedstudy forthe
treatment of myel odyspl astic syndromesandrefractory
or relgpsedacutemye oidleukemiaor acutelymphocytic
leukemia(clinicaltrias.govidentifier:NCT00462605).

Insummary, attacking childhoodleukemiathrough
themodul ation of epigeneticregulationisapromising
futuredirectionof trestment by combinatoria gpproaches.
Thegeneration of thedataon epigenetic signaturefor
distinguishingleukemicsubtypesisessential todevel op
effectivetherapeuticstrategies.
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INFOCUS

MINIMAL RESIDUAL DISEASE IN
PEDIATRIC ACUTE LYMPHOBLASTIC
LEUKEMIA

Introduction

Over the past three decades remarkable progress
hasbeenachievedinthetrestment of acutelymphoblastic
leukemiainchildren. Current treatment strategiesresult
inlongtermremissionfor nearly 80%of childrenwith
ALL,theremaining20%ultimately relapseandcurerate
after relapseisapproximately 25-40%. Relapsesare
caused by residual malignant cell sthat areundetectable
by standard diagnostictechniques.

Theresponsetotreatment inpatientswithleukemia
traditionally has been assessed by morphological
assessment of blast percentagein peripheral smear and
bonemarrow aspiratesmears. Thistraditional approach
Issubjectiveandquitelimitedinsengtivity. Tobedetected
withcertainty, theleukemicblast cellsmust constituteat
least 5% of thetotal nucleatedcell population[1]. With
contemporary chemotherapy regimens, only a few
patientswith AL L haveunusually high percentagesof
marrow leukemic lymphoblasts persisting during
remissioninductiontherapy. Thus, apatient declaredto
beincompleteclinical remissonmay, infact, harbor as
many as10*°leukemiccells.

Themorphological assessment of remissionisquite
challengingwhenleukemic cellsarepresentinsmall
numbers. Thisisparticularly truein patientswithacute
lymphoblasticleukemia(AL L), becausethemorphol ogy
of ALL blast cellsisoftenindistinguishablefromthat of
lymphoidprecursors(theprogenitorsof B-lymphocytes,
often called hematogones by hemopathol ogists) and
activatedmaturelymphocytesandthisisparticularly true
for post chemotherapy and post transplant bonemarrows
wherethepercentageof hematogonesmay surpass10%
of thetotal cellular popul ation.

Technol ogical advancement hasledtointroduction
of theconcept of minimal residual diseaseiedetecting
residual disease with techniques more sensitivethan
morphol ogy aone. Concept of minimal residua disesse
hascha lengedtheconventiona definitionof “remisson”
andhasprovenovertimetohaveanindependentclinical
relevance[2,3,4,5].

Prognostic Significance of Minimal Residual
Disease in Childhood Acute Lymphoblastic
Leukemia

Oneof themostimmediately obviousapplicationsof
MRD testing isits use in measuring early treatment
response and identifying patients who achieve
morphologicremissonbutstill harbor consderablelevels
of disease. Theprognosticva ueof suchtestsinchildhood
ALL wasdemonstratedmost convincingly by threelarge
prospective studiesreported in the late 1990s by the
European Organi sationfor Researchand Treatment of
Cancer (EORTC)[6], Stdude[7],andBFM [8], groups.

Theseand othersunegquivocally demonstrated that
MRD detected duringthefirst 2to 3monthsof therapy
isthestrongest predictor of relapse. MRD alsocanhelp
Identify patientswithahigher risk of rel gpseamongthose
withspecific AL L subtypes, and among patientswith
first-relapse AL L whoachieveasecondremission,and
patientswithisolated extramedul lary rel apse. Detection
of MRD before allogeneic hematopoietic stem cell
transplantation (HSCT) isassociated withanincreased
risk of relapseafter HSCT [9,10,11].

Althoughtheclinical significanceof MRD isnow
clear, initial effortsto systematically study MRD in
pati entsweremetwithsomeskepticismabouttheclinical
vaueof MRD testing. Thisoftenstemmedfromthebelief
that leukemia distribution might be extremely
heterogeneous, renderingMRD testinguninformativein
regards to residual leukemic burden and treatment
response. Othersthought that M RD studiesmight not
provide any additional information over established
clinicobiologicprognosticfeaturesof ALL [12,13].

Numerous studies now have demonstrated
conclusively that MRD isapowerful prognosticindicator
inchildhood AL L, andthereismounting evidencethat
thisisalsothecaseinadult AL L patients. Therefore, an
increasing number of treatment protocols use MRD
measurementsfor ALL risk assgnment.

A commonly used cut-off level to define MRD
positivity is 0.01% of bone marrow mononuclear
cells. Selection of thislevel isduetothefact that this
Is the typical limit of detection for routine flow
cytometric and molecular assays. It is shown to
discriminate between patientswith different risksof
relapse. Studies show that patientswho had MRD of
0.01% or higher in bone marrow at any treatment
interval monitored had muchhigherrisk of relapsein
several studies[7,11,14].
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Implications in Treatment Decisions and Risk
Stratification

Variousrisk stratificationmodel sincorporateMRD
measurement at different time points as anecessary
Investigation.
Berlin-Frankfurt-Miinster (BFM) risk groups

Since2000, risk stratificationon BFM protocol shas
been based a most solely ontreatment responsecriteria.
I nadditionto predni soneprophaseresponse, treatment
responseis assessed viaMRD measurements at two
timepoints, endinduction(week 5) andend consolidation
(week 12)[15].

TheBFM risk groupsincludethefollowing:

» Standard Risk: Patientswho are MRD-negative
(i.e,<10%) atbothtimepointsareclassified asstandard
rsk.

» Intermediate risk: PatientswhohavepositiveMRD
at week 5 and low MRD (<10°) at week 12 are
consderedintermediaterisk.

* Highrisk: PatientswithhighMRD (>107) at week
12 arehigh risk. Patientswith a poor responseto the
prednisone prophase are also considered high risk,
regardlessof subsequent MRD.

Treatment Intensity is Regulated Accordingly

At St. JudeChildren’ sResearchHospital, theTotal
16 study used MRD levelson day 15 and day 42 for
trestment assignment. PetientswithMRD of gregter than
or equal to 1% onday 15receiveintensifiedremission

inductiontherapy; further intensificationisreservedfor
patientswithgreater thanor equal to5%leukemiccells.
Ontheother hand, patientswithMRD lessthan 0.01%
onday 15receiveadightly lessintensivereinduction
therapy andlower cumul ativedosesof anthracycline.
Patients with standard-risk ALL who have MRD of
greater thanor equal t00.01%onday 42, arereclassfied
ashigh-risk; patientswithMRD greater thanor equal to
1%aredligiblefor HSCT infirstremission.

COG protocol AALLO8B1gtratifiesfour risk groups
for patientswith B-precursor ALL (lowrisk, average
risk, highrisk, andvery highrisk) basedonthefollowing
criteria

Ageandpresentingleukocytecount (usingNCI risk-
groupcriteria

Extramedullary disease (presence or absence of
CNSand/ortesticular leukemia).

Genomicdterationsinleukemiacells.

Day 8 peripheral bloodMRD.

Day 29 bone marrow morphologic response and
MRD.

Downsyndrome.

Steroid pretreatment.

Assessment of Minimal Residual Disease by
Flow Cytometry

ALL cellsexpressimmunophenotypicfeaturesthat
canbeusedtodigtinguishthemfromnorma hematopoietic
cdlls includinghematogonesandactivatedlymphocytes
commonly referred to as Leukemia associated
immunophenotype(LAIP).

Table 1 : Risk Groups for B-Precursor Acute Lymphoblastic Leukemia?®
Low Average Risk High Risk Very High Risk
Risk
NCI Risk xR xR xR xR xR HR(age<13y) [ R HR HR (age>13y) | SRorHR
(Age/lWBC)
Favorable Yes Yes Yes
Genetics
Unfavorable None | None [None [None |[None |None None [None |None None
Characteristics
Day 8 PB <001 |>001% |[<1% Any [>1% [Any Any Any [Any Any
MRD Leve Leve Levd |[Leve |Leved Leve
Day 29 <001 | <0.01% [<0.01% [ >0.01% |<0.01% |<0.01% >0.01% | >0.019¢ <0.01%
Marrow MRD | %
% of patients | 15% [ 36% 25% 24%
(Estimated)
Anticipated 5- [ >95% | 90%-95% 83%0-90% <80%
year EFS
EFS=event-free survival;HR=age adn WBC count risk groupi high risk, MRD=minimal residual disease, NCI=National
Cancer Institute; PB=peripheral blood;SR=age/WBC count risk group is standard risk; WBC=white blood cell
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Invirtualyal patientswithALL,leukemia-associated
Immunophenotypescanbedefinedat diagnosisandthen
used to monitor MRD during treatment.
Immunophenotypessufficiently dissimilar fromthoseof
normal cellstoallow asengitivity of detectionof 0.01%
areexpressed by most cellsin approximately 95% of
cases[14,16].

Therdiability of flow cytometricM RD assaysdepends
on several factors, themost important onesbeing the
correct marker combinationinuse, adequatenumber of
cellsshouldbeavailablefor thestudy[17]. Finally, and
perhapsmostimportantly, thelaboratory performingthe
studies must have specific expertisein MRD assays.
Simpleavailability of afl ow cytometer andexperiencein
leukemiaimmunophenotypingarenct sufficienttoperform
MRD studiesproficiently.

Summary

Itisunqguestionablethat MRD testsallow leukemia
remission to be defined in away that is much more
accurate and rigorous than the one afforded by
conventiona morphologictechniques. Inadditionto
their capacity to predict outcomeonthebasisof early
responsetotherapy, MRD methodsal socanbeusedto
recognizeleukemiarel apsebeforeitismorphologically
overt, todeterminetheleukemiaburdenbeforeHSCT,
andto measuretheefficacy of atreatment regimenin
relationtothat of itspredecessor.

MRD assaysarecomplex andrequireexpertisetobe
performed well. Although MRD testingisrelatively
expens vecomparedwithother routinelaboratory assays
performedat diagnosisinpatientswithALL,itprovides
uniqueand powerful informationthat should not only
improve treatment but, in the long run, also reduce
overdl clinical management costy 18].
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RECENTADVANCES

ADVANCES IN NUCLEAR MEDICINE IN
PEDIATRICONCOLOGY

PediatricNuclear Medicineisavery exciting, dynamic
andgrowingfield. Animportant advantageof nuclear
medicine procedureisthat the radiopharmaceuticals
used are non toxic, target specific and require easily
customized procedure to reduce radiation burden.
Physiological and molecul ar informationgenerated by
nuclear medicinetestsareincomparabl e. Pertainingto
pediatricnuclear oncol ogy, thefieldhasseendevel opment
of variousradiopharmaceuti cal sinboth diagnosticand
therapeutic. 131-1odine, **!1-MIBG, 99m-technetium
(*"Tc) label ed radiopharmaceuti cal saretimetested.
M ajor development in nuclear medicinehasoccurred
due to invention of positron emission tomography-
computed tomography (PET-CT). PET-CT is a
revolutionary techniquein which variousbiological
mol ecul es(glucose, amino acid, peptide, antibodies,
DNA nucleobaseetc.) areusedtotarget physiological
and pathol ogical process. *8F- Fluoro-deoxy-glucose
(FDG),®Ga-DOTATATE,DOTANOC,DOTATOC,
BF-DOPA, BF-5HTP, BF-FLT, BF-FET, C-
Methionine, ¥’Lu-DOTATATE, *31-Tositumomab
(Bexxar) and Y -lbritumomab (Zevalin) arethefew
popular ones. Someof theseare presented here.

18F- Fluoro-deoxy-glucose (FDG) PET-CT

F-18 FDGPET-CT scanisthemost frequently used
nuclear medicineprocedureincurrent pediatriconcol ogy
practice. FDG worksontheprinciplethat cancer cells
haveincreased glucoseturnover duetohighexpression
of GLUT-1receptor andincreasedglycolyticactivity.
Morefrequentlyindicationsfor FDGPET-CT inpediatric
oncology aregiveninBox 1. Lessfrequentindications
for PET imaginginpediatriconcol ogy includeeval uation
of germcel | tumors, hepatobl astoma, Wilmstumor and
neurofibromatosis type 1 for suspected malignant
transformationof neurofibroma

Somatostatin Receptor Scintigraphy (SRS)

Over expression of somatostatin receptor (most
common SSTR2 subtype) in neuroendocrinetumor is
the fundamental for exploiting this imaging. ***In-
pentriotidewasfirst FDA approved SRStracer usedin
Gammacamera. Dueto betterimagequality andwide
poreadavailability, PET-CT based somatogtatinreceptor
scintigraphy (SRS) hasbecomethecurrent choice. ®¥Ga
labeled somatostatin analogs, i.e. DOTATOC,
DOTATATEandDOTANOCarethemost commonly
used so far. DOTANOOC, is preferred due to wider
spectrum (SSTR2, 3 & 5). SRSisfrequently usedin
neuroendocrinetumorstolook for unknown primary
Site, staging, recurrenceeval uationand planning peptide
receptor radionuclidetherapy (PRRT).

Neuroblastoma and primary brain tumor
(medull oblastomasandsupratentoria PNET) aretheother
pediatrictumorsexpress ngsomeatodtatinreceptors. SSTR
binding hasbeen seenin80-90%of neuroblastoma.

Limited data is available on use of SRS in
pheochromocytomas(PCC) or paragangliomas(PGLS).
SRShasreported better imaginginaggressivePGLs.
Only 2/3of insulinomasexpressed somatostatinreceptor
2and5,whilenonmalignantinsulinomasrarely expressed
SSTRs. SRSismoresensitivedetectionand staging of
malignantinsulinomashbecauseof denseover expresson
of SSTRs.

BF-FDOPA PET/CT

Dihydroxyphenyla anine(DOPA) i stheprecursor of
all endogenouscatecholaminesandtakenupby amino
acidtransporter tocytoplasmandconvertedtodopamine
(DA) by decarboxylase enzyme. FDOPA was first
exploited for neurological diseases but it was soon
realized, that beinganaminoacidmarkeritcanbeused
for tumor imaging as well. Reported sensitivity and
specificity were 79% and 95% respectively for PCC/
PGLs. It hasno uptakein normal adrenalsso can be
usedfor suspected adrenal hyperplasia. FDOPA PET
CTisexcdlentforhead & neck PGLswithsengtivity for
reachingto 100%. ItssendgitivityissmilartoMIBGfor

Box 1. Common indications of FDG PET CT in current pediatric oncology

therapy, planning of radiation therapy.

C. Neuroblastoma (generally in MIBG-negative cases).

therapy planning.)
E. Carcinoma of unknown primary site (CUPS).

A. Lymphoma (HD und NHL): Staging, response to therapy, restaging, assessment of residual masses after

B. Musculoskeletal malignancies (osteosarcoma, Ewing's sarcoma and soft tissue sarcoma, in particular
rhabdomyosarcoma): staging, response to therapy, restaging/detection of relape.

D. CNS tumors (grading, prognostic stratification, response to therapy, detection of recurrence, radiation
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Figure 1: FDGPET-CT fusedaxial (A, B), coronal (C, D) and sagittal
(F, G) images. Hodgkin’slymphoma patient showed metabolically
active right cervical lymphadenopathy (image A, C, F). Complete
response is seen in post chemotherapy scan (image B, D, G).

PCC. FDOPA hasexcellent outcomeinmultifoca PGLs
and metastatic PGL swithunknowngenetic status. 18-
FDOPA hasreported good PET tracer for localizing
insulinomasandfoca betacd | hyperplasawithsengtivities
varyingfrom75%to 100%.

UC-5-HTPPET/CT

5-hydroxytryptophan (5-HTP) is a serotonin
precursor. *C-5-HTPPET hasshowed better sensitivity
than 18F-FDOPA and SRSfor pancreaticNETSs. Ithas
been postul atedthat id etscell tumor hasmoreserotonin
activity than other NETs. 11-carbon (*!C) hasavery
short half life (T ,: 20 minutes). On sitecyclotronis
requiredforthis.Moreover, thedifficult synthes sprocess
of *C-5-HTPrestrictsitsuseglobally.

—
8
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Figure 3: Fused FDG PET-CT axial, coronal and sagittal imagesin
a case of right ovarian dysgerminoma. Pretherapy scan (images A)
revealed metabolically activeavidright ovarianmasswithmetabolically
active avid necrotic retroperitoneal lymphadenopathy. Post therapy
(surgery with chemotherapy) scan (imagesB) reveal ed metabolically
inactive necrotic paracaval lymph node (whiteblock arrow) suggests
good response to treatment.

Figure 2: CT (A), FDG PET (B) and fused (C) axial, coronal and
sagittal imagesin a suspected case of neuroblastoma. FDG PET CT
revealed metabolically activepartially cal cifiedright suprarenal mass
withretroperitoneal lymphadenopathy and multiplebony metastasis.

BF-Fluoro-Ethyle-Tyrosine (FET)

Braintumorsarethemost common solidtumorsin
children and mostly are primary. The most common
types of brain tumors in children are astrocytoma,
medulloblastoma and ependymoma. MRI is the
Investigationof choicefor primary assessment. Butmany
atimesitisdifficulttoqualify aringenhancinglesionon
MRI astumor (glioma, metastasi sor other primary brain
tumor) or nontumor (abscess, parasite, demylination,
infarct or old hematoma) origin. Other issueof tumor
recurrenceinpost surgery or radiotherapy settingisvery
troublesome. 18F-fluoro-ethyle-tyrosine(18F-FET)is
an artificial amino acid and taken up by up regul ated
tumor cells. 18F-FET scan hasproved itsefficacy in

Figure &: Fused FDG PETCT

| imagesof three patients with

A different presentations of

“f OsseousEwing's sarcoma, [A)

ol Left 17* rib () Right pubic bone
(C) Right 2™ metatarsal, Na
ather F0G avid lesion was seen
in ariy of these patiants.

braintumor recurrenceafter surgery andradiotherapy
(Fig.5). 18F-FET showslower uptakeininflammatory
cdlsthan 18F-FDG, soitcanbeutilizedinthisdiagnostic
dilemmacf tumorV sinflammation. Inother potentia uses,
itcanbeusedfor directingbiopsy andradio-surgery.
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Radioimmunotherapy

Radioimmunotherapy (RIT) isacancer treatmentin
whichacombinationof radionuclide(sourceof radiation)
andmonoclona antibody isused. Antibodiesarethepart
of body immunesystemthat recognizeforeignantigen
(bacteriaandvirus) and activateimmunesystemtokill
them. Scientist now candevel op specificantibodiesto
target specificantigenthat ispresent on specificcancer
cell. After theseantibodiesinjectedintobloodstream,
they travel throughout thebody and attachthemsal vesto
specific target antigenson cancer cells. Thisprocess
dertsthebody’ simmunesystemandhel psindestroying
thecancer cells. Duringthisprocesssomenormal cells
that also have the specific target antigen will also be
attacked. However, the body usually replaces these
normal cellsfollowingtreatment. IntheRIT, besides
activating immune system, radioactive particle also
deliversalethal doseof radiationto cancer cell.

TwoRIT productsarecurrently USFoodand Drug
Administration(FDA) approvedfor patientswith B-cell
lymphomeas: Y ttrium-90ibritumomabtiuxetan (Zevalin)
andlodine-131tositumomab (Bexxar). Bothantibodies
recognizeaspecificantigencalled CD20” onthesurface
of cancer cellsin patients with B-cell non-Hodgkin
lymphoma(NHL). Thesetreatmentsaregeneral ly well
toleratedwithout hairfall or seriouss deeffectsassociated
withchemotherapy. M ost commons deeffect of theseis
low blood counts (occurring between 4 to 8 weeks
followingtreatment). Weekly blood count for thisperiod
Istobemonitoredto assessbonemarrow suppression
followingthesetherapies. Additiona sideeffectsinclude
weakness, fever, nausea, infection, cough, or occasiona
severedlergicreaction.

RIT is currently under clinical trial and used for
relapsed (diseasereturningafter trestment) or refractory
(diseasenotrespondingtotrestment) follicular lymphoma
or otherindolent (d ow-growing) lymphomasaswell as
previously treated follicul ar lymphomapatientswho
achievepartial or completeresponsetochemotherapy.

Peptide Receptor Radionuclide Therapy

Peptide receptor radionuclide therapy (PRRT)
commonly usesatherapeuticradionuclide(*”"Lu) labeled
peptide(somatostatin) totarget specificreceptor which
over expressesinacancer cell. Most commonly used
PRRT agents are YLu-DOTATATE and *Y-
DOTATOC. As already has been discussed in SRS
neuroendocrine tumor over expresses somatostatin
receptor (most commonly SSTR2). Somatostatinisthe
sandardtreatmentinnonoperableneuroendocrinetumor.
DOTATOC or TATE areanal og of somatostatinand

Fiﬁu_ré s

Figure 5: CT and Fused 18F-FET PET-CT axial and coronal images
of brain: FET positive small focus (white arrow) along superior
surfaceof post operativecavity inright fronto-parietal regioningrade
2oligodendroglioma.

producethesameeffect. Inaddition, labe edradionuclide
will givethelethal doseof radiationto cancer cell and

producestronger effects.

Currently theseagentsareusedinclinical trialsfor
SSTR2 postive grade 1 or 2 neuroendocrine tumors.
Patientswith pheochromocytomas, paragangliomas,
neuroblastomaand medullary carcinomathyroid may
alsobeincluded. Theprerequisitefor PRRT isapositive
®¥Ga-DOTANOC scan. A Germanmulti-ingtitutional
registry study with prospectivefollow upin450patients
indicatesthat PRRT isaneffectivetherapy for patients
with G1-2 neuroendocrine tumors, irrespective of
previoustherapies, withasurvival advantageof several
yearscomparedto other therapiesand only minor side
effects. Medianoverall surviva of dl patientsfromstart
of treatment was59 months. M edian progression-free
survival (PFS) accounted to 41 months. Grade 3-4
nephro- or hematotoxicity wereobservedinonly 0.2%
and 2% of patients, respectively.

BaumRP. et al havea soreported that noneof their
patients (n-24) showed grade 3 or 4 nephrotoxicity
and PRRT resultedin partial remissionin36% and
stable disease in 36% of the patients, and 28% had
progressivedisease. From RGCIs perspectivethe
facilitieslike FDGPET-CT & Somatostatinreceptor
scintigraphy areavail aberoutinely andtheprotocol sare
inplacefor PRRT. Newer pharmaceutical shavecome
tothebedsidenotably theFET for braintumorsandfew
areinthepipeline
(Dr. Manoj Gupta, Consultant; Dr. P.S. Choudhury,
Director of Nuclear Medicine)
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Absolute Lymphocyte Count Recovery
Independently Predicts Outcome in Childhood
Acute Lymphoblastic Leukemia: Experience
From a Tertiary Care Center of a Developing
Country

J Pediatr Hematol Oncol
Background

Acuterisk stratificationisessential for successful
treatment outcomein childhood acutelymphoblastic
leukemia. Early recovery of absolute lymphocyte
count (AL C) duringinductiontherapy isemergingas
areliableandfavorableprognosticindicator that may
holditsrelevanceinresource-constraint settings.

Materials and Methods

Thisisaretrogpectivechartreview of medical records
of 212 patientsof acutelymphobl asticleukemia, aged
lessthan 18 years, treated between January 1996 and
December 2009. Time to lymphocyte recovery was
analyzedwithrespect tovariousprognosticfactorsand
survival and Martingal eresidualswereusedtodefine
ALCcut-offs.

Results

High-risk diseasecharacteristicsincludeolder age
(10 Y and older), high risk, and central nervous
system diseases at diagnosiswere associated with
delayed lymphocyte recovery. The 5-year event-
free, relapse-free, and overall survival of patientswith
day 15ALCof € 500cells/puL andday 29 ALCof €
1000 cells/ puL was 81.7% * 4%, 86.4% + 2.8%,
91.0% + 3%, respectively, Those with delayed
recovery were (16.6% * 5.6%, 19.3% * 6.4%,
32.8%+ 7.2%, P<0.001). Inmultivariateanalysis
boththese AL C cut-offsretainedtheir significanceas
prognosticvariablesof survival.

Conclusions

Our analysis revealed ALC to be an important
Independent predi ctor of treatment outcomeand may
providekey prognosticinformationinsettingswhere
minimal residual disease-basedrisk stratificationis
notfeasible.

Dhamija M1, Kapoor G, Juneja A.

Infusional Chemotherapy and Medication
Errors in a Tertiary Care Pediatric Cancer
Unit in a Resource-Limited Setting

J Pediatr Hematol Oncol. 2014 Oct
Background

Drugadministrationisamultiprofessional process.
The high toxicity and low therapeutic index of
chemotherapy drugs make medication errors a
significant problem, resulting in excessive patient
morbidity andcost.

Objective

Anaudit of thedelivery of infusional chemotherapy
among pediatric inpatients was planned, with the
objective of improving practice and minimizing
errors.

Method

An observational study was conducted between
January and August 2012. Patientswerefollowed up
fromtheir premedi cationuntil thecompl etion of post
chemotherapy hydrationand/or rescuedrugs. Errors
were recorded and classified by error type, cause,
severity, unitlocation, medicationinvol ved, and harm
caused.

Results

A total of 205 observations were made and
23(13.6%) errors recorded, of which 6 were
intercepted. Nolife-threatening adversedrug event
was recorded. The most important risk factor
predisposing to errorswasadmissionto nonpediatric
ward (P=0.004). Documentation errorsandincorrect
infusion time were the two most common errors,
whereas the most frequent error node was
administration error. Appropriatestepsweretaken
to prevent their reoccurrence.

Conclusions

Thisstudy hel ped provideimportant information
about therateand epidemiol ogy of medicationerrors,
emphasizing on the role of audit in enabling
development of appropriateerror-reducing strategies,
particularly in the context of quality assurance in
hospitals.
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