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Lymphomais atype of blood cancer that develops in the lymphatic system, the body’ s disease fighting network. It is
estimated that around 1,000 peopleworl dwidearediagnosed with lymphomaevery day. It istypically classifiedintotwo groups,
Hodgkinslymphoma(HL) and non-Hodgkinslymphoma(NHL), although around 60 biol ogi cal ly distinct subtypeshavebeen
identified. Whilelymphomais potentially fatal, some formsare curable and a patient’ s survival may be greatly enhanced by
early diagnosis.

Lymphomasareavery complex group of diseaseswith differing behaviorsandtreatment options. Whileal | lymphomatypes
canbecured or managed asachronic disease, itscomplexity and variation do not allow for aone-size-fits-all treatment approach.
Instead, it necessitates highly specialized and individualized approaches. The cause of the majority of lymphoma casesis
unknown, however, there could be several factorsthat may influence one’ srisk of devel oping lymphoma. Therelative effects
of these factorsin any given case of cancer vary and are very difficult to determine with accuracy at present.

Lymphoma biology and immunology have begun an exciting new erain cancer therapy. Unlike most other cancers, the
treatment for most of thelymphomasisbased on precise pathol ogical subtype morethan clinical and radiological stageat the
time of diagnosis. The increasing availability of molecular tests has aided the diagnosis of lymphoma, in particular the
differential diagnosisof HL and other haematol ogic malignancies. Lymphomatreatment and prognosis, especially for NHL,
are heavily dependent on the disease type and staging. Standard therapy for lymphoma still consists of chemotherapy and
radiotherapy, which areassociated with short and long termtoxicities. Discovery of new treatmentsfor lymphomathat prolong
survival and are less toxic than currently avail able agents represent an urgent unmet need. Emerging novel therapies, such
assmall molecule and antibodiesthat preferentially target tumor cellswhile potentially sparing normal cells, bring new hope
to patients with lymphoma.

This issueof Cancer Newshighlightsthe newer advancesinthefield of lymphomasand featuresthe regular articles, such
asSpecia Feature, Guest Article, Watch-Out, Perspective, Research & Development, New Technologies, Clinical Trials, Globe
Scan, Cancer Control and In Focus.

We are grateful to the contributions made by Dr Ajay Bapna, Head, Department of Medical and Pediatric Oncology,
Bhagwan Mahaveer Cancer Hospital & Reasearch Centre, Rajasthan.

The understanding of lymphomas and its management is changing rapidly. The 13" Annual International Conference
“RGCON-2014" being organized by thelnstitutefrom February 15" to 16, 2014 hasitsmain themeas“ Lymphoma-Biol ogy
to Therapy”. It would be a perfect forum to interact with the eminent international and national faculty in thisfield.

Suggestions/ comments from the readers are welcome.
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SPECIAL FEATURE

EXPANDING ROLE OF IMMUNOTHERAPIES
INLYMPHOMA (BEYOND RITUXIMAB)

Therapy for non-Hodgkin's lymphoma has
progressedsignificantly overthelast decades. However,
asizeablenumber of patientsremainincurable, andnovel
therapiesareneeded. Becauseimmunotherapy ideally
offerstarget selectivity, anever increasing number of
immunotherapies, both passiveand active, are under
devel opment. Thechampionof passiveimmunotherapy
to-dateistheanti-CD20monocl onal antibody rituximab
that revol utioni zed thestandard of carefor lymphoma

Passive Immunotherapy by Antibodies

Anti-CD20 Antibodies: Rituximab, ahuman-mouse
chimericlgGLlantibody that targetsCD 20, revol utionized
thetreatment of NHL andisnow astandard component
of first-linetherapy. Asas ngleagent or incombination
withchemotherapy itimprovestheoverall reponserate
(ORR), theduration of responseandoverall survival.

Mechanisms of Action of Rituximab: Rituximab
depletesbothnormal and malignant B-cells. Four major
mechanisms have been proposed for the action of
rituximab:
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i) Antibody-dependent cellular cytotoxicity (ADCC),

ii) Phagocytosis,

iii) Complement-dependent cytotoxicity (CDC),

iv) Directinductionof gpoptos sand* vaccinationeffect”
resultingfromcross-priming

Rituximab Resistance

Inspite of its successin lymphomatreatment, the
effectivenessof rituximabislimited duetodevel opment
of resistance with relapse of the disease. Rituximab
resistanceismediated by both tumor and host factors.
Lymphoma.cells may devel op resistance because of
increased expressionof complement regul atory proteins
thatimpair CDC, blockadeof ADCCby deposited C3b
complement component, overexpression of anti-
apoptoticproteinsor down- regul ation of pro-apoptotic
proteins, and down-regul ation of CD20either through
lossof expressionshaving rituximab/CD20complexes
by phagocyticcells, or antigenic modul ationthrough
internalizationthat hasbeen previoudy believedtobeof
little significance. Therelative contribution of these
mechanisms to rituximab resistance remains to be
determinedinfurther clinica studies.

Prospective Improvement of Anti-CD20 Antibody

Therapy: |mprovement of Rituximab Efficacy

i) Rituximab-resistant lymphoma cells exhibit up-
regulation of components of the ubiquitin—
proteasome System.

Direct

- | _apoptosis
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Table: New Generation Anti-CD20 mAbs

Antibody Characteristics Activity compared with Phase of Development
Rituximab
Ofatumumab Type 1, fully human Increased CDC and FDA approved for CLL & Phase 3
slower off rate trial in NHL
Veltuzumab Type 1, humanised Slower off rate Phase 1/ 2 NHL
Ocrelizumab Type 1, humanised Increased ADCC and Phase 2 NHL
lower CDC
PR0131921 Type 1, humanized with Increased ADCC Phase 1/ 2 NHL
modified Fc
AME-133v Type 1, humanized with Increased ADCC Phase 1/ 2 NHL
modified Fc
GA 101 Type 2, humanized with Increased ADCC and Phase 3 NHL
glycerol-engineered Fc slower PCD
Table: Targeting Other Lymphoma Antigens
Antibody Target Characteristics Phase of Development
Epratuzumab CD22 Humanized anti-CD22 mAb Phase Il in NHL
Inotuzumab ozogamicin CD22 Humanized anti-CD22 mAb Phase I/I1 in NHL
conjugated with calicheamicin
90Y - epratuzumabtetraxetan | CD22 Humanizedanti-CD22mAbconjug | Phasel/[linNHL
atedwith90oy
Brentuximab vedotin CD30 Chimeric anti-CD30 mAb Phase Il in HL
conjugated with vedotin
Lucatumumab CD40 Fully human anti-CD40 mAb Phasel/Il inNHL and HL
Alemtuzumab CD52 Humanized anti-CD52 mAb FDA | phase Il asfirst-linein CLL,
approved for resistant CLL, phase Il in DLBCL
Blinatumomab CD19/CD3| Anti-CD19/anti-CD3 BIiTE Phase | in NHL
(bispecific T-cell engager)

Table: Phase III Clinical Trials of Id Vaccination in Follicular Lymphoma

NCI / Biovest Genitope Favrille
Production of Id protein Hybridoma Recombinant Recombinant
Isotype of Id IgM or 1gG 19G 19G
Pre-vaccine therapy PACE CVP Rituximab
Pre-vaccination status CR CRor PR CR, PR, or SD
Randomized patients 117 349 287
Primary endpoint DFS PFS TTP
Primary endpoint P DFS PFS T
Results p =0.047 NS NS

Combinationof bortezomib withrituximabisfessble
as a salvage treatment in relapsed or refractory
indolentlymphomas

i) A phase Il study combining oblimersen (Bcl-2
inhibitors) withrituximabresultedinapromising
responserateof 60%inFL patients, someof which
wererefractory toprior treatment withrituximab.

iii) Agentsasadjunctsadded torituximab to enhance
ADCC. Thetoll-likereceptor9(TLR9) agonist CpG
oligonucl eotide(ODN) combinedwithrituximab in
aphasell study inpatientswithrelapsedor refractory

follicular lymphomashowed clinical responsesin
48% of patients.

CD20 Antibody with Radioconjugates

Two radio conjugates of anti-CD20 mADbs are
currently approved by the FDA-131I-tositumomab
(Bexxar)and90Y -ibritumomabtiutexan(Zevain).In5
clinicd trids patientswithindolent NHL that weretreated
withonecourseof 1311-tostumomabdemonstrated ORR
rangingfrom47to 68% with completeresponse (CR)
rates ranging between 20 and 38%. The5 year-PFS
was17%withamedianfollow-up of 53years.
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IN90Y -ibritumomabtiuxetan-treated patientswith
relapsed/refractory NHL ,in4clinical trials, 59(39%) of
153 patientswithindolent FL hadal ong-termresponse
(PFS of more than lyear), and the median time to
progressionwas30.9 months.

Active Immunotherapy

Incomparisontopass veimmunotherapy withmAbs,
activeimmunothergpy may induceapolyclona response
directedagai nst multi pleepitopes, hencelimitingtumor
escapethat givesrisetorel apse. Ontheother hand, the
disadvantageof activeimmunotherapy isitsrelianceon
thepatient’ simmunesystem, whichmay bedysfunctiond.
Vaccination

Themostthoroughly studiedtargetfor vaccinationin

lymphomaistheimmunoglobulinld. A mgor obstaclein
productionof Idvaccinesisduetoitspatient-specific
naturethat requiresthe generation of acustom-made
product. Theld may beused aseither proteinor DNA
intherapeuticvaccines.
The traditional rescue hybridization technique:
Theldproteinisproducedby fusingthelymphomacells
with mouse myeloma cells to generate |d-secreting
hybridomas.

Recombinant Id Protein: Genesencodingthetumor-
gpecificimmunoglobulinvariableregionsarecloned by
PCR, ligatedintoanexpress onvector andtransfected
intobacterial, plant,insect, or mammaliancellsthat then
producetheldprotein.

Id DNA Vaccination: Theimmunoglobulinheavy and
light chainsareclonedandinsertedintoapl asmidvector
for naked DNA injection.

Prospective Improvement of Id Vaccines: Increasing
Idimmunogenicity, ddivery,andpresentation. Increesing
antigenimmunogenicity, delivery, and presentationmay
improvetheclinical outcomeof Idvaccines.

Theldiscurrently chemically conjugatedtoKLH
usingglutara dehyde( by extensiveproteincross-linking
viaglutara dehydecoul ddestroy immunogenicepitopes
andinhibit proteolyticprocessing) or asulfhydryl-based
|d- carrier proteinconjugationsystem. Usngmaemide
chemistry enhancedtheefficacy of |d—KLH vaccines.
Liposomesarewidely accepted aseffectivecarriersfor
vaccines. Hence, incorporation of Id into cytokine-
carrying liposomes has been proposed asameansto
enhancelddelivery.

DNA Vaccines: |diotype DNA vaccinesconsist of a
plasmidencodingtheimmunoglobulinsinsinglechain

variablefragment. TheDNA vaccineisinjectedintothe
skinor muscle resultinginproduction of theproteinby
thepatient’ scell sand presentationtotheimmunesystem.
Thefailuretotrand atethesuccessof DNA vaccination
inpre-clinical modelstotheclinicisbelievedtobedue
tofallureindelivery of DNA.

DC Vaccines: Dendritic cells loaded in vitro with
antigen are attractive vehiclesfor therapeutic cancer
vaccines. The FDA approval of sipuleucel-T, aDC
vaccineagainst prostatecancer, providedaformal proof
fortheclinical efficacy of DCvaccines, andislikely to
prompt devel opment of thistherapeuticmodality.

Combining Id Vaccines with New Adjuvants:
Increasing evidencearguesthat thesuccessof ananti-
cancer vaccinemay rely onimmuneadjuvantstimul ating
effects. Hence, co-adminigirationof vaccineswithvarious
adjuvantsis being evaluated for improving vaccine
performance. One promising classof adjuvantswith
potentimmunestimulatory propertiesconsistsof CpG
ODNsthat arecapabl eof activating antigen presenting
cells,B-cells,and NK cellsby engaging TLR9. B-cell
malignanciesareuniquely sensitivetoCpG ODNsinthat
the malignant cells themselves express TLR9, thus
responding to CpG ODNSsby up-regulation of MHC
and co-stimul atory molecules, and by proliferationthat
canleadtoactivationinduced cell death.

Tumor Cell Vaccines: Onedrawback of |dvaccination
Istheregtrictionof theanti tumor responsetoasingleantigen.
Therefore, vaccine formulations based on autologous
neoplasticcedlshavebeeninvestigated. Theseformulations
might potentially induceautoimmunity, but havethe
advantage of widening the spectrum of target tumor-
associated antigens. Unlike other malignant cells, B-
lymphomacellscanbeactivatedtoexpressMHC class
[l andcostimul atory cdlls, thuspresentingthe rowntumor-
associaedantigensanddicit T-cdll responses. Lymphoma
cellsare, therefore, excellent candidatesfor tumor cell-
basedvacci nation. Oneagpproachtoactivatemalignant B-
cdlsisbyligationof CD40viaCD40-CDA40ligand(CD40L)
interaction. Thiscanbeachievedatherby mixinglymphoma
cellswith CD40L expressing cellsor by engineering
lymphomacellsto expressCD40L. Inphasel tria on
patientswithCL L, whoreceived subcutaneousinjections
of autol ogoustumor cell stransduced with both CD40L
andlIL-2, threepatients(30%) had>50%reductioninthe
sizeof affected lymph nodes, suggesting that CD40-
basedimmunotherapy may haveclinical benefit.

5




CANCER NEWS

FEBRUARY 2014

X s — -€f> N

1) Cells harvested from lymph node
biopsy and unique cancer marker

(idiotype) is identified
that secretes the idiotype

'.n-"’ 4}& 3 gg

- 3 5 S

6) BiovaxID 4) Purified idiotype
h’lgﬂ_ﬂ! §) BiovaxID administered  conjugated to an
anti-ld with another Immune stimulant

immune Immune stimulant (GM-CSF)
response

2) Tumor cells fused with

mouse/human fusion )Hybrldoma cells grown in
partner to create a hybridoma  autovax to produce idiotype

Individualized vaccine made from surface proteins of cancer
cells induces an immune response against those cells

In Situ Vaccination: To circumvent the logistical
difficulty of exvivo manufactureof acustomizedvaccine,
an alternate approach of in situ vaccination has been
devel oped. It consistsof low-doseirradiationtoasingle
lymphomasite, followed by intra-tumoral injection of
CpG atthesamesite. Thismaneuver killssometumor
cellsat thetreated site, and the CpG activatesnearby
DCs, enhancing presentation of the released tumor
antigensby theDCs. Resdud viablelymphomacellscan
also be activated by CpG and present the released
antigensto T-cells.B-cell NHL areconsidered highly
suited to thismaneuver becausethey are sensitiveto
radiotherapy and becausethey expressTLRO.

Immune Checkpoint Intervention
Blockade of T-Cell Inhibitory Signals:

i) Anti-CTLA-4mAb. CytotoxicT-lymphocyteantigend
(CTLA- 4), amember of the CD28 family, isakey
negativeregulator of T-cell activation. Itisinducibly
expressedinconventional T-cellsafter activationand
congtitutively expressedinTreg. Blockadeof CTLA-4
by mAbsenhanced T-cdll activation,improvedimmune
responsivenessto anti-cancer vaccinesin preclinical
studies,andhadclinical activity against several typesof
cancer.Theanti-CTLA-4humanmAbipilimumabwas
approvedby theFDA in2011totreat patientswithlate-
stagemelanoma. I pilimumab hasa sobeenevaluatedfor
treatment of B-cell lymphoma.

ii) Anti-PD-1mAb. Programmed death-1(PD-1) is
another T-cell inhibitory receptor that is inducibly
expressed after activationof T-cdlls. Ligationof PD-1by
itsligandsPD-L 1and PD-L 2inhibitsT-cell activation. It
has been demonstrated that PD-L 1 is expressed by
NHL andinhibitstheactivity of tumor-associated T-

cdls, suggestingPD-L 1 blockispotentialy useful strategy
forlymphomaimmunotherapy.

Depletion of Treg: Tregareimplicatedinthedampening
of anti-tumor T-cell responses. Accumul ated datai ndicate
that thepresenceof Tregat thetumor siteor inperipheral
blood correlateswith poor prognosis. InB-cell NHL,
Treg at the tumor site have been shown to suppress
activity of infiltrating CD4and CD8T-cells, suggesting
that Tregdepletionmay enhanceclinically beneficid anti-
tumor responses. Denileukin diftitox (Ontak) is a
diphtheriatoxin-IL-2fusion proteinshowntodeplete
Treginseveral tumors.

Conclusion

Rituximabimprovedtremendoudy themanagement
of NHL, prolongingremission, andsurvival . However,
resistancetorituximableadstoeventual relapseinmost
patients. Although several new generationanti-CD20
mAbs show improved mode of action compared to
rituximab, their clinical efficacy inrituximab- refractory
patientsisdisappointingly modest.

Inthecoming eraof personalized medicine, it will
become extremely important to determine which
lymphoma patients are most likely to benefit from a
particul ar therapy out of theexistingtherapeuticarsend.
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GUEST ARTICLE

OVERVIEW AND ADVANCES IN NON-
HODGKIN’SLYMPHOMA TREATMENT

Non-Hodgkin’ slymphomasareagroup of rel ated
malignanciesof lymphocytes. Somelymphomasare
among the most rapid growing and aggressive of all
cancers, whereasothersareindolentand canbemanaged
withaninitia periodof observation. Intheyear 1970, it
was recognized that aggressive non-Hodgkin's
lymphomas could sometimebecuredwithcombination
chemotherapy, Sincethen, therehavebeensignificant
increaseinknowledgeof thebiology, immunology, and
geneticsof thesedisordersthat haveledtoimprovement
indiagnosis, classificationandtrestment.

Inthischapter, wewill discussthetreatment aspect
of twomost commonlymphomas. DiffuselargeB-cell
lymphomas (DLBCL) are prototype of aggressive
lymphomeasandFoallicularlymphomas(FL ) areprototype
of indolentlymphomeas.

Diffuse Large B-Cell Lymphoma (DLBCL)

Itisthemost common histological subtypewhich
accountsfor 30%approximately of all patientsof NHL.
ItisanaggressveNHL variety. For patientswithNHL,
diseasestagei sdeterminedusingtheAnnArbor Staging
systemwith Castwal dmodifi cation.For trestment purpose
patientswith DLBCL are classified as having either
limited stageor advanced disease.

1. Limited Stage Disease (Stage I or II)

Thispopul ationaccountsfor 30-40% patientswith
DLBCL.LimitedstageDL BCL istreatedprimarily with
combined modality therapy consi sting of abbreviated
systemicchemotherapy (threecycles), theanti-CD 20
antibody rituximabandinvolvedfiel dRT. Alternatively,
full coursechemo-immunotherapy without trestment
may be used. Patients with bulky (>10 cm) stage |1
diseaseand patientswithstagel | B haveal essfavorable
prognosisthanthosewithnon-bulky stagell disease.
Thesepatientsaregenera ly treatedinasimilarfashionto
thosewithadvanced stagedisease. Combined modality
therapy has less acute and hematologic toxicity. R-
CHOPhasbecomethepreferred chemotherapy regimen
fortrestmentof DLBCL.

Role ofinvolved field RT: Therehavebeenfour multi-
Ingtitutional randomizedtria scomparing chemotherapy
plusRT versuschemotherapy alonefor patientswith

limitedstageDLBCL . Thesetrialswereactually done
beforetheincorporation of rituximabinthetreatment.
These trials are SWOG 8736, GELA LNH 93-1,
ECOG 1484 and GELA LNH 93-4. Taken together
these studies suggest that combination therapy with
abbreviated chemotherapy plusRT isat|east aseffective
asafull courseof thesamechemotherapy. Sofar there
arenorandomizedtrial sof abbreviated R-CHOPplus
RT versusR-CHOPalone.

Radiation dose: Theimportanceof radiationdosewas
examinedinaphaselll tria that included 640 sitesof
DLBCL (all stageswereincluded). Thistrial assigned
radiation at alower doses (30 Gy in 15 fractions) or
higher doses(40t045Gy in20-23fractions). At a
medianfollow upof 5.6 years, |lower doseof radiation
resultedingmilar ratesof infieldprogression, progresson-
freesurviva andoverd| surviva. Patientswithnon-bulky
diseasewhohaveacompl eteresponseon PET scanning,
radiationdosesof 30-36 Gy produced excellentresults.
Incomparison, for patientswithinitia bulky diseaseor
persistent PET positive disease after chemotherapy,
higher dosesof RT (45-50 GY') may beused.

Follow up: After completion of theinitially planned
treatment of DLBCL, patientsshould beevaluatedto
determinethedi seaseresponsetotreatment and beseen
at periodicinterna tomonitor thetrestment complications
andassessedfor possiblerelapse.

2.Advanced Stage Diffuse Large B Cell Lymphoma

Thesearetheadvanced stageDL BCL whichcannot
becontainedwithinoneirradiationfield (usually Ann
Arbor stagelll or IV disease). Thispopul ationaccounts
for 60-70 percent of patientswithDLBCL . Theseare
treatedprimearily withsystemicchemathergpy andrituximab.
Rituximab containing regimen: The addition of
rituximab to CHOP based therapy results in an
approximately 10-15percentoverall increaseinsurvival
beginningat oneyear frominitiationof thergpy inpatients
of al ageswitha most noincreaseintoxicity.

Choice of chemotherapy regimen: Prior to
Incorporationof rituximab contai ning regimen, CHOP
was compared with many other anthracycline based
regimeninprospectiverandomizedtrials. Theseregimens
offerednoimprovementinremissionrate, disease-free
surviva oroveral surviva, andwerea soassociatedwith
increased toxicity. Thus CHOP has beenthe preferred
chemotherapy regimen. Theoptimal defined number of
trestment cyclesisuncear. Nostudy hasdirectly eval uated
theappropriatenumbersof cyclesbut administration of
either six or eight cyclesof R-CHOPisreasonable.
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3. Patients with Cardiac Disease

Thispopul ationmay not beabletotol eratetheuseof
ananthracyclinesincethisagentistoxicfor cardiaccells.
Doxorubicinshouldnot beadministeredtopatientswith
abasdlineL VEF<30%. Thereispaucity of datatoguide
the choice of therapy in this population. However,
etoposidecanbeusedinplaceof doxorubicin.

For ol der patients(>60years) withDLBCL full dose

therapy shouldbeencouraged. Patientswhoareunable
to tolerate standard doses of R-CHOP - 21, may be
considered in reduced dosage CHOP regimen (R-
mini-CHOP).
Hematopoietic stem cell transplantation
consolidation in first remission: |n the randomized
GELA LNH87-2study, patientswithDLBCL infirst
CRafterinductiontherapy received consolidationwith
either sequential chemotherapy or HSCT/ASCR.
Nodifferenceinoutcomewasprospectively observed.
A retrospectivesubset analysisshowed that highrisk
patient showed improvementindisease-freesurvival
andoverdl surviva butthisstudy wasperformedpriorto
rituximab based therapy.

Recently, several other randomized studies have
prospectively eval uatedtheroleof upfrontHSCT/ASCR
after rituxi mab contai ning therapies. Thesestudiesfound
no benefit to upfront HSCT/ASCR compared tofirst
line rituximab based chemo-immunotherapy. The
suggestionof benefitlimitedtohighrisk patientswarrants
further prospectivestudies. Currently, upfrontHDCT/
ASCRisrecommendedonlyinsdectedhighrisk patients.
Follicular Lymphoma (FL)

Itisthesecond most commontypeof non-Hodgkin
lymphoma and is the most common of the indolent
NHLs. Treatment of FL depends upon the stage of
disease at presentation as evaluated by Ann Arbor
staging system. For thetreatment purposeFL arealso
dividedintolimiteddiseaseand advanced disease.

1. Treatment of Limited Disease Follicular
Lymphoma (FL)

Petientswithlocaized (Stagel) diseasearecandidates
for RT,whichiscurativeinlargepercentageof patients.
Themanagement of patientswith stagell FL ismore
variable; sometreat asstagel and other likeadvanced
disease. Approximately 15-30%o0f patientswithfollicular
lymphomawill presentwithclinical stagel /11 disease.
For most patientswithstagel or non-bulky stagell FL,
initial treatment with RT is suggested rather than
chemotherapy orinitial periodof observations.

RTisdeliveredtotheinvolvedlymphoidregionata
doseof 24 Gy. Patientswith Group I11b FL and some
patientswith gradelllaFL istreated as patientswith
aggressivelymphoma. Itisunknownwhetherincreasing
therapy intensity for patientswith bulky diseasewould
Improveoutcomeinthispopulation.

2. Advanced Stage I11/1V Follicular Lymphoma

Advanced stage disease includes disease on both
sdesof diaphragm (stagel ) or diffuseinvol vement of
oneor moreextralymphatictissue(stagel V). Overall
70-85 percent of patientspresent with advanced stage
disease. Survival ratesvary and canbeestimatedfor the
populationusing Follicular Lymphomalnternational
Prognosticlndex (FLIPI) score. Patientswithadvanced
stagediseaseareusually not cured with conventional
treatment. Whileremission can beattained , repeated
rel gpsesarecommon. Treatmentfocusesonthed leviation
of symptomsandimprovement of quality of life.

Asymptomatic patients can be observedinitially.
Once therapy is indicated, immunotherapy based
treatment (rituximab) ispreferred becauseit resultsin
superior responserates, progressionfreesurvival and
overdlsurviva.

Indications for starting treatments in follicular
lymphomes:

I.  Local symptomsdueto progressiveor bulky nodal
disesse.

ii. Compromise of normal organ function due to
progression.

iii. Bsymptoms.

Iv. Presence of symptomatic extranodal disease e.g.
effuson.

v. Cytopeniaduetoextensivebonemarrow infiltration,
autoimmunehemolyticanemiaor thrombocytopenia

vi. Anincreaseindiseasetempo.

3. Radio-immunotherapy (RIT) in Management
of FL

RIT with 3 -tositumumab and *°Y -ibritumumab
tiuxetan hasal so beeneval uatedin patientswithnewly
diagnosedaswell asthosewithrelapsedrefractory FL.
RITiscurrentlyrecommendedonlyfor patientswhoreca ved
firg-linechemothergpy andnot chemoimmunotherapy .

4. Long Term Management - Maintenance Therapy

It refersto prolonged administration of agentswith
lowtoxicity profileinanattempt to prevent progressive
disease. Maintenancerituximab hasbeeninvestigatedin
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the treatment of low grade lymphoma. Maintenance
therapy may convert someof thepartia remissioninto
completeremission. Itisimportant to use one of the
established regimensfor maintenancee.g. rituximab
every twomonthsfor atotal of twoyears.

5. Hematopoietic Stem Cell Transplantation
(HSCT)/ Autologous Stem Cell Rescue (ASCR) in
Management of FL

HSCT/ASCR has been shown to prolong OS and
DFSinpatientswithrelapsedor refractory disease. The
GELA recently conducted aretrospectiveanalysisof
patientstreatedwithchemotherapy a oneinthefirst-line
setting and found that EFS and survival after relapse
weresuperior for patientstreated withrituximab based
regimenscomparedtochemotherapy only based second-
line therapy followed by HSCT/ASCRinrelapsed or
refractory FL.

Conclusion

Non-Hodgkin’s lymphomas are common
malignanciesandoftenseenby primary carephysicians
aswdl| asoncol ogists. Becauselymphomasarefrequently
curableandoftenaffect youngindividuas,ameticulous
approach to diagnosisand staging iswarranted. Any
uncertaintiesregardingdiagnosisshouldleadtoreview
of biopsy material by an expert hematopathol ogist or
consider arepeat biopsy if thediagnosisisunclear.

Once diagnosis is established, both aggressive
DLBCL andindolent FL shouldreceiveevidencebased
treatment with strict adherenceto protocol toachieve
maximum benefit and chanceof cure.

(Dr Ajay Bapna, Head, Department of Medical and
Pediatric Oncology, Bhagwan Mahaveer Cancer
Hospital & Reasearch Centre, Jaipur)

WATCH-OUT

Strategies for Improved Cancer Vaccines

A biopharmaceutical company IBC
Pharmaceuticals, Inc, primarily focusing on the
devel opment of monoclonal antibody based products
for thetargeted treatment of cancer, autoimmuneand
other serious diseases, was awarded US patent No.
8,562,988for“ Strategiesfor Improved Cancer Vaccines’
on 22" October 2013. Theinventionrelatestomethods
and compositions for forming anti-cancer vaccine
complexes. Theanti-cancer vaccinecomplexiscapable
of inducing animmuneresponseagai nst xenoantigen
expressing  cancer cells, such as
CD138.sup.negCD20.sup.+ MM stem cells, and
inducing apoptosi sof andinhibitingthegrowth of or
eliminatingthecancer cells. Theallowed claimscover
the use of bispecific antibodiestargeting CD74, the
major histocompatibility complex (MHC) class-1|
invariantchain, li, of immunecells,and CD20toforma
vaccinecomplex. Becauseimmunecellssuchasdendritic
cdllsexpresshighleve sof CD 74, thebi specificantibody-
vaccine complex is capable of inducing an immune
responseagai nst CD20-expressing cancer cells, killing,
inhibitingthegrowthof, or eliminatingthecancer cells.
This patent will expirein March 2026. Thisisan
important patent protecting anew vaccinetechnol ogy
targeting dendritic cellsfor blood cancer treatment.
Thismethoda sohasthepotentia of includingtheuseof
acytokine, such asinterleukin-2, interleukin-12, or
gamma-interferon.

(USPTO, Dec 23, 2013)

Rajiv Gandhi Cancer Institute
and Research Centre

A Unit of Indraprastha Cancer Society
Registered under “Societies Registration Act 1860”

PERSONALIZED CANCER GENETIC
TESTS FROM THE FOREMOST
GENETICS LABORATORY IN USA

Genomic tests available from:
( Thomas Jefferson University - Kimmel Cancer Center Y ale School of Medicine )

Detects Cancer Causing Genetic Alteration in Following Common Cancer Types

Lung Cancer ¢ Breast Cancer * Biliary Tract Cancer ¢ Ovarian Cancer ¢ Acute Leukemia ¢ Thyroid Cancer
* Pancreatic Cancer  Colorectal Cancer ¢ Urinary Tract Cancer « MelanomaCancer « GYN Cancer

This test result shall provide a valuable input to your oncologist for finding the most appropriate treatment for your cancer
FRONTLINE MOLECULAR TESTING NOW AVAILABLE AT RGCI & RC

For more information, please contact:Principal Research Officer at +91-11-4702 2619

(between 09:00 AM to 05:30 PM)
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PERSPECTIVE

ROLE OF PET-CTIN THE MANAGEMENT OF
LYMPHOMA

Lymphomas are a group of heterogenous but a
potentially curativegroup of neoplasms. Over theyears
thediagnosi sand eval uati on of responseto treatment
have rapidly evolved side by side with its treatment
protocolsasaresult of whichtherehasbeensignificant
Improvement in the cure rate and treatment related
toxicities. Toachievethisgoal, first of al anaccurate
staging systemisrequired along with predictive and
prognosticfactorstodefineoptimal treatment strategy .

Prognosticfactorsincludestrongbasdlineriskfactors
andthosewhichcanbeusedearly duringtherapy, being
thepredictivefactors. Positron Emission Tomography
with integrated computed tomography (PET-CT) is
beingawidely usedtoinvestigatestagingandeva uation
of therapy responseinlymphomasand may providethe
meansfor suchanindividualized approach.

Histopathologic Lymphoma Subtypes

Knowledge of lymphoma subtypes is important
becausethepower of glucoseutilizationvariesamong
differentlymphomasubtypesandispredictiveof proper
utilizationandoptimumyieldof PET-CT studies. Most
routinely glucose avid lymphomas are Hodgkin's
lymphoma(HL ), diffuselargeB-cdl lymphoma(DLBCL),
Burkittslymphoma, mantlecell lymphoma(MCL) and
follicularlymphoma(FL). Thesensitivity of detectionby
PET inthesegroupsof lymphoma, acrossliterature, has
beenintherangeof 85-100%. Theclinica usefulnessof
PET inthelesscommonindolentlymphomas, including
marginal zonelymphomeas, chroniclymphocyticleukemia
/small lymphocytic lymphoma (CLL /SLL) and
lymphoplasmacyticlymphoma(L PL ) isquestionableas
theglucoseutilizationinthesegroupsof lymphomasis
variable Theglucoseavidity inthesegroupsof lymphoma
needsto beestablished by abaselinescanif PET istobe
usedfor responseeval uation. Inthelymphomasof T-cell
origin, glucoseavidity isalsovariable. Inthese groups
thenodal subtypeslikeperipherally T-cell lymphoma
andanaplagticlargecd | lymphomaarethemostreliable
intermsof usefulnessof PET-CT intheir evaluationand
utilization. Ingeneral, it hasbeen seenthat theglucose
avidity correlatestotheaggressivenessof lymphomas
andthereforetheintensity of tracer uptakeor glucose
avidity in an otherwise non-avid variety could be an
indicationof itshistol ogictransformation.

Staging of Lymphoma

Traditionally, CT scanhasbeenincorporatedinthe
staging of lymphomas. CT isan anatomical modality
whichreliesonsizeand|ocationof thelymphnodes. For
thisreasonsitisdifficulttodifferentiatebetweenbenign
and malignant nodes. Enlarged lymphnodescouldbe
reactiveinnatureandviceversa. Overthelastfewyears
numerous studies and metaanalysisof studiesinthe
literaturehavedemonstratedthat FDGPET-CT ismore
accurateinstaging of lymphomasascomparedtoeither
PET or CT aone, Discord between PET & CECT
findingsoccursduring staginginapproximately 1/3of
patientsand although staging may bealtered by being
either upstaged or down-staged, thereisdterationinthe
trestment protocol infew cases. Improvementinoutcome
isalsonot establishedintheliteratureasaresult of these
findings

The International Harmonization Project (IHP)
recommendsabaselinescaninHodgkin’ slymphomas
andDLBCL mainly becauseof their consstencyinglucose
avidity andbeing potentially curable. Routinely, FDG
PET scanisnot performedfor other subtypes. Inaddition
totheabove, theNCCN guidelinesrecommendtheuse
of FDGPET asanessentia testin AlDSrelated B-cell
lymphomasandinselectedcasesinFL,MZL & MCL.

PET in the Evaluation of Bone Marrow
Inlymphomas, accurateassessment of bonemarrow
iscrucial asit changesdiseasestagingand canleadto
alteration in therapeutic strategies. Bone marrow
involvementismorecommonly seeninNHL , especidly
in indolent subtypes and MCL. In contrast, 10% of
Hodgkin’'s lymphoma patients have bone marrow
involvement. Bone marrow biopsy which has been
considered asagol d standardtill now andamandatory
saginginvestigation, hasbeenknowntohaveasubstantial
falsenegativerateduetothefact that it doesnot eval uate
marrow involvement outsidethepelvis. Off lateFD G-
PET hasbeen usedfor theeval uation of bonemarrow
withgresater success, moresoasit eval uatesthemarrow
evenoutsidethepelvis(iliaccrestbeingthebiopsy site).
Thesengitivity of detectionvariesintherangeof 75%-
90%acrossliteratureinHL and NHL andabout 50%in
indolentlymphomas. Whether bonemarrow biopsy can
be reserved only for patients who have suspicious
involvement of marrow inFDG-PET scanor asaroutine
asbeforeneedstobedecided. It should beremembered
that reactive bone marrow aso shows increased
metabolicactivity andthusinterpretation of apositive
findingisvery important and patternrecognition plus
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Figures A & B(Staging PET CT): Coronal and Axial FDG PET-CT fused images show metabolically
active bilateral cervical and axillary lymphadenopathy. Figures C &D (Interim PET-CT): Coronal
and Axial FDG PET-CT fused images show no metabolically active cervical and axillary
lymphadenopathy, suggesting responder status.

experience playsan important role. Things are most
challenginginthepost therapy settingwherereactive
changesinthemarrow induced by colony stimulating
factors(i.e. G-CSF) may posedifficulty ininterpretation.
Thereforeasufficient period (usually 4-6 weeks) post
treatment shouldbeallowed beforePET scanisdonefor
proper interpretation of bonemarrow.

Response Evlauation /Interim Scan

FDGPET hasbeenrecognizedasasurrogatemarker
of chemosensitivityinbothNHL & Hodgkin’ sdisease.
Itisperceivedthat absenceof metabolicactivity during
mid cyclepredictsalonger progressionfreesurvival.
Persistent metabolic activity at thispoint of timemay
show ahigher relapserateranging from 50% - 100%,
whereasintheother group, itislessthan 10%. Studies
intheliteratureshow that thishypothesiscanbeusedin
routine clinical practice. It has also been shown that
interimPET resultsappear tobeasironger predictivefactor
than theinternational prognostic score (IPS). Thereis,
however limited evidencethat changingtreatment based
soldyontheinterimPET resultsimprovespatientoutcome.

Response Evaluation at End of Treatment

In the post treatment scenario, therole of PET is
predominantly inthecharacterizationof aresidual mass
todistinguishbetweenfibrosi sandactivedisease. There
isadefiniteroleof PET inthepredictionof recurrencein
aggressveNHL andHodgkin' sdiseaseafter completion

of first-linechemotherapy. FDGPET isthusincorporated
intherevised WG criteriafor responseduetoitsability
to assess residual masses, eliminating the previous
terminol ogy of completeremission/unconfirmed (CRu).
Itisimportant to notethat in additionto documenting
whether PET hasbecomenegative, itisalsoimportantto
seehow soonduring treatmentit hasbecomenegative.

During Surveillance

Followingfirstlinetherapy arecurrencerateof 30%-
50% hasbeenreportedinliteraturein advanced stage
Hodgkin' sdiseaseand DLBCL . Thesensitivity of PET
inidentifyingrelapseshasbeenvariedintheliterature
rangingfrom 60%- 100%inbothgroupsirrespectiveof
apersistentresidual massin CT scan. Duetoclinically
glentnatureof thedisease, Hodgkin' slymphomare gpses
weredetected earlier. Thefrequency of follow upscans
Isdebatableandthereforeamorepatient centricagpproach
needstobetakenrather thanroutineeva uationwithPET
duringeachvisit. Thepretest likelihoodandtheinitial
disease profileshould betheimportant factorswhich
shouldbeconsideredin such cases. Atthesametime,
since PET has a high negative predictive value, a
psychol ogica boost of anegeativestudy duringsurveillance
cannot beoverlooked.

Timing of FDG PET Imaging

In cases where a baseline PET is mandatory or
desirable, itshouldbeperformedbeforeinitiationof any
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Figure A & B (Staging PET-CT): Sagittal and Axial FDG PET CT fused images show metabolically active bony lesions.
Figure C & D (Interim PET-CT): ): Sagittal and Axial FDG PET CT fused images show no metabolically active bony
lesions suggesting responder status

form of therapy, whether cytotoxic or otherwise. Itis
alsorecommended to schedul ethebaselinestudy after
confirmationof histopathol ogica diagnoss. InterimPET
study should be done as early as possible after the
desired chemotherapy cycleasfa sepositivefindings
dueto co-existentinflammatory changesappear later.
Timingof scanat theend of trestmentismoreflexibleand
should be performed 3-4 weeks after systemic
chemotherapy or evenlater toalowtheinflammationto
subsideandminimizefa sepositiveresult.

Study Interpretation

Several parametersareusedfor interpretationof a
PET study duringinterimevaluationand at theend of
treatment. Thesemay vary fromvisual interpretation,
lesion to background ratio, to semi-quantitative
measurement of standardized uptakevalue(SUV) and
tomorerecenttill tobeestablishedcriteria likemetabolic
tumorvolume(MTV)andtotal lesonglycolyss(TLG).
[tisvery important tounderstand that eachinstitution
should standardizetheir PET protocol sfor acquisition
and processing and the same standardized protocol
shouldbefollowedinserial studies. Itassumesfurther
importance when the change in SUV is used as a
measure of response as reproducibility of SUV is

multifactorial andmay vary fromthedoseof FDG, timing
post injection and blood sugar estimation. Asfar as
possible, theseparametersneedtobemai ntai ned between
studies. Duetothesevariabilities, itisimportant that
morethanoneparameter shouldbeusedforinterpretation.
Weusepercentagefall inSUV for theinterimevaluation
andvisud interpretationintheend of trestment study and
have standardized this in our institution. Recently
proposed Deawvillecriteriayieldaflexiblereadingscheme
toadjustfor therequiredtreatment end-points.

Deauville Criteria

Score 1: No uptake
Score2: Uptake< mediastinum
Score3: Uptake>mediastinumbut<liver
Score4 : Uptake> liver at any site
Score5: Uptake> liver & new sitesof disease
Scorex: New areal of uptakeunlikely toberelatedto
lymphoma

A widely accepted semi-quantitativeapproachfor
lymphoma evaluation needs to be derived and it is
desirabletostandardizethequantitativeparametersfor
eachsubtype.

(Dr PS Choudhury; Director & Dr Manoj Gupta;
Consultant; Dept of Nuclear Medicine; RGCI&RC)

12




CANCER NEWS

FEBRUARY 2014

RESEARCH & DEVELOPMENT

Alterations in Bone Mineral Density

Boneminerd density (BMD) lossispoorly definedin
lymphomapatients. A prospective, single-center study
wasconductedin4l patientsaged 18yearswithprevioudy
confirmedlymphomatrested by chemotherapy. BMD
wasmeasuredat basdlinebeforeinitiating chemotherapy
andlyearlater. Histol ogica subtypeswerepredominantly
diffuselargeB-cell lymphoma(58%), mostly stagel I1-
IV (54%). The mean BMD changes were: -2.7% +
3.9%for lumbar spine (P<0.001),-2.2%+ 7.6%for
femoral neck (P<0.01) and-2.6%+ 4.5%for total hip
(P<0.0001). Predictivefactorsof BM D lossat baseline
were(i) atlumbar spine: femalegender, higher lactate
dehydrogenaselevel andlower cregtinineclearance; (ii)
at total hip: lower albumin, higher corrected serum
cacium,lower akainephosphatase(AP) andautologous
stem cell transplant; and (iii) at femoral neck: higher
corrected serum calcium and lower bone AP. Adult
patientswithknownlymphomareceivingchemotherapy
experiencedsignificantBMD lossat 1 year.

(Ann Oncol, Jan 8, 2014)
18 F-Fluorothymidine Uptake

Scientists have observed a disproportiona 18 F-
fluorothymidine(F-FL T) uptakeinfollicular lymphoma
(FL) relative to its low cell proliferation.
Immunohistochemical stainingwasperformedtoassess
thepureDNA replicationmarker M1B-1andmarkersof
bothDNA replicationandrepair likePCNA, TK-1and
RPA1onlymphnodebiopsiesof 27 FLsand 35diffuse
large B-cell lymphoma (DLBCL). In 7 FL and 15
DLBCL patients, 18 F-FL T-PET had beenperformed.
18 F-FLT uptake was lower in FL than in DLBCL
(median SUVmax 5.7 vs. 8.9, p=0,004), but theratio
of 18 F-FL T-SUVmaxtopercentageof MIB-1positive
cdllswassgnificantly higherinFL comparedwithDLBCL
(p=0.001). Thisisthefirst demonstration of astriking
discordancebetween 18 F-FL T uptakein FL andtumor
cell proliferation. Theapparently high contribution of
DNA repairtothe18F-FL T signal in FL may hamper
studieswhere 18 F-FL T isused to assessresponseto
cytostatic therapy or to distinguish between FL and
transformedlymphoma.

(EJNMMI Res, Jan 8, 2014)

Genome Sequencing

Mantlecd | lymphomaisavery aggressiveanddifficult
totreat cancer originatedinblood cellsandlymphnodes.
A teamof scientisshavepresentedthefirstcomprenensve
genomicanalysisof thisdisease. Theauthorsanalyzed
thegenomeof tumor cell sat theonset of thediseaseand
withinsevera yearsafter trestment, whentherel apses
occur. Theseanalyseshavediscoveredtheimplicationof
severa genesintheprogress onof theselymphomasand
somemechani smsgeneratingres sancetochemotherapy.
They also defined agroup of patientswithvery rapid
progression of the disease with mutations
INn NOTCH1 andNOTCH?2 genes. These mutations
could become therapeutic targets because there are
already drugsblockingtheactivity of thesegeneswhich
may be useful in complicated cases of mantle cell
lymphoma. Researchersal soidentifiedagroupof petients
withasmall number of mutationsinthetumor whose
diseaseprogressionwasvery slow. Thus, knowledge
aroundthegenomeof theselymphomasmightguidethe
selection of appropriate treatments for each patient.
Thesestudiesshouldallow theapplication of genomic
studiesinclinical practicetoimprovethediagnosisand
treatment of cancer patients.

(Science Daily, Oct 22, 2013)
Novel Soluble-Receptor Marker

ResearchersinJapan havereportedthat thesoluble
LDL receptor relativewith 11 ligand-binding repeats
(SLR11)isapromisingbiomarkerforfallicularlymphoma
(FL). ThefluctuationinserumsL_R11level swaseva uated
comparedwiththoseof serum solubleurokinase-type
plasminogen activator receptor (SUPAR) and soluble
interleukin-2 receptor (sIL-2R) in patientswith non-
Hodgkin’slymphoma(NHL). SerumsLR11, suPAR,
andslL-2Rlevelsweremeasuredusing ELISAIn175
NHL patients and 57 healthy controls. The levelsat
diagnosisandat remissionwereeval uatedin 64 paired
samples SerumsL R11levelsweresgnificantlyincreased
inFL, diffuselargeB-cell lymphoma(DLBCL), and
peripheral T-cell lymphoma patients compared with
healthy controls. Thereceiver operating characteristic-
areaunder the curve of serum sLR11 concentrations
was equivalent to that of serum suPAR and sIL-2R
concentrationsinanearly-stageDLBCL andFL.sLR11
may beanovel solublereceptorindicativeof early-stage
NHL ,withpotentia usefor eva uatingthergpeuticefficacy.

(Clin Chim Acta, Jan 3, 2014)
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NEW TECHNOLOGIES

Breakthrough Therapy for Mantle Cell Lymphoma

TheUSFoodand Drug Administration (FDA) has
approved Imbruvica (ibrutinib) for the treatment of
mantle cell lymphoma, arare form of non-Hodgkin
lymphoma. The drug is given to patients who have
receivedat |least oneprior treatment. | mbruvicaworks
by blockingaspecificprotein Bruton’ styrosinekinase
(BTK) and blocking BTK inhibits malignant B-cell
surviva. Imbruvicaistheseconddrugwith breakthrough
therapy designationtoreceiveFDA approval. A drugis
designated asbreakthroughtherapy whosepreliminary
clinical evidenceindicatesthat the drug may offer a
significantimprovement over availabletherapiesfor
patientswith seriousor life-threatening diseases. The
drug’ sapproval wasbased on astudy of 111 patients
who were daily given Imbruvica until their disease
progressed or side effects became intolerable. The
results showed about 66% of participants had their
cancer shrink or disappear after thetreatment. Thenew
drug was aso granted priority review and orphan-
product designation as it revealed the potential of
ggnificantimprovementinsafety or effectivenessduring
treatment of aseriousconditionandintendedtotresta
raredisease, respectively. Themostcommonly occurring
side effects were thrombocytopenia, diarrhoea,
neutropenia, anemia, fatigue, musculoskeletal pain,
peripheral edema, upper respiratory tract infection,
nausea, bruising, dyspnoea, constipation, rash,
abdominal pain, vomiting and decreased appetiteetc.
(US Food and Drug Administration, Nov 13, 2014)
Novel Diagnostic Tool for Hodgkin Lymphoma

Thediagnosisof class ca Hodgkinlymphoma(HL)
Is often difficult to establish due to the shortage of
neoplastic component and necessity to perform
Immunostains on serial sections. GE Healthcare has
launchedthefirstlabdevel opedtestusngMultiOmyx™
aground-breaking new pathology platformtoaidthe
differential diagnosis of HL. Offered through the
company’s Clarient Diagnostic Services, the first
multiplexedsingledideassay assessesthelevelsof nine
proteinslinkedtoHL for thedetectionof diseasewhere
conventiona methodsareatherimpractical orinsufficient.
TheHL profile by MultiOmyx helps assessing nine
uniqueantibodies(CD30, CD15,CD20, CD45, PAXS,

OCT2,BOB1,CD3,andCD79A) onasingleformalin
fixed paraffin embedded tissue section. MultiOmyx
approachhassimilar staining characteristicsasstandard
Immunohistochemical stainswiththeadded advantage
that it may be performed onasingletissuesection. In
clinical validation, thissingledideassay demonstrated
highlevel sof accuracy, diagnosticreproducibility and
highsengtivity of al immunofluorescent tanscompared
totraditional immunohistochemistry performedonthe
samesamples. MultiOmyx allowsfor better correlation
of resultsbetweenstains, particularly incaseswithrare
Hodgkincellsasitallowsdirect comparisonof multiple
stains within same field of view. This may also be
advantageous in small samples where full
immunohistochemica profilesmay notbepossible. This
novel methodol ogy ispractical for routinediagnosisand
will likely beanaidtotheimproved diagnosisof HL.

(www.multiomyx.com, Jul 10, 2013)
Topical Drug for Cutaneous T-Cell Lymphoma

TheUSFoodand Drug Administration (FDA) has
granted marketingapprova totheorphandrugValchlor
(mechlorethamine) for thetreatment of patientswith
Stage 1A and 1B mycosi sfungoides-typecutaneousT-
cell lymphoma(CTCL), who havereceived previous
skin treatment. Valchlor is the first and only FDA-
approvedtopical formul ationof mechl orethaminewhich
isalsoknownasnitrogenmustard. Mechlorethamineis
a chemotherapeutic agent formerly approved for
Intravenoustreatment of mycosi sfungoi des, themost
common type of CTCL. The approva of drug was
based onarandomized study ever conductedinmycosis
fungoides-type CTCL. This randomized, observer-
blinded, non-inferiority pivotal trial comparedVa chlor
to a pharmacy-compounded mechlorethamine
preparation in patients with stage IA-1IA mycosis
fungoides-typeCTCL. Thesepatientshad received at
|east oneprior skin-directedtherapy. Thepatientswere
not required to be refractory to or intolerant of prior
therapies. Inthestudy, 60% of patientswithVValchlor
hadaconfirmedresponseat 12 monthswhichisdefined
as the reduction of at least 50% in the Composite
Assessment of |ndex L esion Severity score. However,
48% of patients treated with the compound control
achievedaconfirmedresponse. Themostcommonadverse
reactiontoVachlorisdermatitis, whichinsomecasesmay
besavereandrequiredosi ngchangesor disconti nuation.

(Ceptaris Therapeutics Inc., Aug 16, 2013)
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CLINICAL TRIALS

Drug-Antibody Pair for Non-Hodgkin Lymphoma

According totheresultsof an ongoing openlabel
phasell study from Dana-Farber Cancer Institute, the
antibody-toxin compound, brentuximab vedotin
(Adcetris), hasshowncompellingantitumor activity in
relapsed or refractory non-Hodgkinlymphoma(NHL)
including B-cell cancerssuch asdiffuselarge B-cell
lymphoma(DLBCL). Till date, thetrial hasenrolled 62
patientsof B-cell lymphomas, including 44 diagnosed
withDLBCL ,whohavenotrespondedtoprevioustherapy
andhadnever respondedtoany treetment. Eval uationwas
donein43patientsof DLBCL, of which40%of patients
had an objective response to the drug with amedian
durationof 36weeks, includingsomeof morethaneight
months. A completeremissionwasseeninsavenpatients
andten patientshad partial response. Thedrughada so
caused adversereactionslikefatigue, nausea, lowwhite
blood counts, fever, diarrhea, peripheral sensory
neuropathy etc. However, theseresultsareencouraging
enoughtotakethedrugforwardfor DLBCL patients.

(Scienc Daily, Dec 2013)
Lenalidomide with Rituximab & Bendamustine

A multicenter, phase | dose-escalation study was
conducted by aSwissgroup of clinical researchersto
determinethemaximum-tol erateddoseof thelendidomide
incombinationof rituximabandbendamustinefor patients
withaggressiveB-cell lymphomanot eligiblefor front-
lineanthracycline-based chemotherapy or aggressive
second-linetreatment strategies. Total 13 patientswere
recruitedinthetrial whoreceivedrituximab (375mg/
m(2) onday 1), bendamustine (70 mg/m(2) ondays1
and?2), andlendidomidewastestedwithadoseesca ation
of at three dose levels (10,15,0r20 mg/ day).
Recommended dosewasdefinedasonelevel belowthe
dose-limitingtoxicity (DL T) duringthefirstcycle. Two
DL Tsoccurred at the second doselevel (15 mg/day)
withinthefirst cycle: onepatient had prolongedgrade3
neutropenia, andonepatient experiencedgrade4 cardiac
adverseevent. Doseof lenalidomideof 10 mg/day in
combinationwithrituximab 375mg/m(2) onday 1and
bendamustine70mg/m(2) ondays1and2wasfoundto
be well-tolerated regimen and recommended for a
subsequent phasel I trial.

(Ann Hematol, Aug 2013)

Low-Intensity ChemotherapyforBurkitt’s Lymphoma

A phasell trial wasconducted by researchersat the
National Cancer Institutein adult patients of Burkitt
lymphoma(BL). Trid patientsshowed longtermsurvival
ratesmorethan 90% whentreated with low-intensity
chemotherapy regimens. Thirty patientswithpreviousy
untreated BLwere included over a 10-year period.
Patientswere divided into two groups based on their
HIV status. HIV negativepatients(n=19) recel ved dose-
adjusted (DA)-EPOCH-R (Etoposide, Prednisone,
Vinarigine Cydophosphamide& Doxorubidn, Rituximeb),
whereas11HIV-positivepatientsrece ved short course-
EPOCH-RRthat included two dosesof rituximab per
treatment cyclewithlower treatmentintensity than DA-
EPOCH-R. Resultsdemonstrated that medianfollow-
upwas86and 73months, theoverall survival rateswere
100% and 90%respectively, with DA-EPOCH-Rand
SC-EPOCH-RR. HIV positive patients had shown
completeremissi onseventhoughthey hadmoreadvanced
disease. Thetoxicity was considerably lessthan that
reportedwithstandardtrestment. Thesepromisingresults
suggest that thisapproach may beeffectiveandworth
Investigatingincertaineconomically chalengedregions
whereBL ishighly prevalent.

(N Engl J Med, Nov 2013)
MolecularProfiling for Peripheral T-cell Lymphomas

Researchers from Italy had performed phase I11
diagnosticaccuracy study, usingmolecular profilingto
improvethecl assficationof peripherd T-cell lymphomeas
(PTCL). Thetypesof PTCL ie, PTCL not otherwise
gpecified (NOS), angioimmunoblastic T-cell lymphoma
(AITL),andanaplasticlarge-cell lymphoma(ALCL),
havelargely overlapping morphol ogicand phenotypic
features, whichmakeitsdiagnosisdifficult. Total 244
patientswithPTCL wererecruited,including158PTCLSs
NOS, 63 AITLs, and 23 ALK-negative ALCLSs.
Molecular classifier (MC) informalin-fixed paraffin-
embedded (FFPE) sampleswasdevel opedandvaidated
inboth FFPE and frozentissues. TheM C wasused to
differentiateAITL andALK-negativeALCL fromPTCL
NOSinatrainingset. Mostly itenhancedthedistinction
of ALK-negative ALCL from PTCL NOS.Overall
resultsshowedthat accuracy of theM Cwasremarkable:
98% to 77% for AITL and 98% to 93% for ALK-
negative ALCL in test and validation sets of patient
cases, respectively. Study revealed that MC could be
used asadditional tool inthediagnosisof PTCL.

(J Clin Oncol, Aug 2013)
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GLOBE SCAN

Autologous Stem Cell Transplantation

Thisstudy wasproposedto eval uatetheefficacy of
autologous peripheral blood hematopoi etic stem cell
transplantation ( auto-PBHSCT) for patients with
malignantlymphoma. FromJanuary 1992to June2012,
32maignantlymphoma(ML ) patientsweretrestedwith
auto-PBHSCT in a hospital. The preconditioning
regimens of total body irradiation(TBI) plus
cyclophosphamide combined with etoposide/
pharmorubicinwereusedin50 patients, andtheBEAM
(BCNU+etoposidetAra-C+melphalan) wereusedin
theother 22 patients. Theresultsshowedthat transplanted
cdllswereengrafted and hematopoi esi swasrecondtituted
inall patients. Thetransplantationrelated mortality was
4.2%. Themedianfollow-uptimewas63.5months. 1-
year OS rate was 92.3 + 3.2%. 3-years OS rate was
81.4 + 4.9%. 5-years OS rate was 77.6 + 5.3%; and
10-yearsOSratewas68.9+ 6.8%. Itisconcluded that
auto-PBHSCT iseffectivefor maignantlymphoma,and
longtimefollow-up showsthat theOSrateisstill high.

(China:Zhongguo Shi Yan Xue Ye Xue Za Zhi; Nov 21,
2013)

Genetic Predisposition to Lymphoma

New research showsthat childrenwithaninherited
geneticdefectinacritical anti-inflammatory pathway
haveageneticpredispositiontolymphoma Amongthe
hundredsof signaling pathwaysinthehumanimmune
systemthat guidethebody’ sdefenseagainstinfection,
inflammation, and trauma, theinterleukin-10(1L-10)
pathway plays a substantial role in regulating and
safeguardingtheintestinal tract. Inrarecases, agenetic
defect canappear inthelL-10orinoneof itsreceptors
(IL-10R1 and IL-10R?2) that turns off the pathway’s
normal protectivefunction, resultinginthedevel opment
of very-early-onsetinflammatory bowel diseases(VEO-
IBD)inchildrenasyoungastwoweeksold. Researchers
beganto investigate this potential linkage when five
childrenbetween5.5and6.5yearsof agebeingmonitored
for VEO-IBD developedhighly proliferativeandsevere
cancer very similar todiffuselargeB-cell lymphoma
(DLBCL), anextremely rareform of blood cancer in
children. Theconfirmed association betweenthel L-10
pathway andthisrare pediatriclymphomaprovidesa

va uabletool topredict cancer riskinchildrenwithVEO-
IBD sothat doctorscantakepreventiveactionthat may
prevent theoccurrenceor reoccurrenceof lymphoma.

(France: Blood; Oct 2, 2013)
Diabetes Mellitus in Lymphoma Patients

Glucocorticoid-induceddiabetesmdl litus(GDM) is
a major complication arising from corticosteroid
administration, but thereislack of studieson GDM
attributingto CHOPchemotherapy. Theauthorsstudied
theincidenceandrisk factorsfor GDM developmentin
patientswithlymphomaduring CHOPchemotherapy.
80 patientswereanayzedwithlymphomatreatedwitha
CHOPregimenwithorwithout rituxi mab between 2004
and 2012. Patientswith aknown history of DM were
excluded. Amongthe80 patients, 26 (32.5%) devel oped
GDM. Researchersfoundthat age>60years, glycated
hemoglobin(HbA 1c) levels>6.1 %, body massindex
(BMI)>30kg/m2, prednisoloneadministrationprior to
chemotherapy, history of hypertensionor hypertension
at admission, andthepresenceof metabolicsyndrome,
weresignificant (p<0.05) factorsassociatedwithGDM
development by univariateanaysis. Theresultssuggest
aguidelinefor plasmaglucosemonitoringduring CHOP
chemotherapy inpatientswithnohistory of DM.

(Japan: Support Care Lancer, Dec 2, 2013)
Patterns of Hospice Use

Hospicebringssubstantial clinical benefitstodying
patientsandfamiliesbutisunderutilized by patientsdying
of hematol ogicmalignancies(HM). Thereare 70,000
deethsamong U Spatientswithhematol ogicmalignancies
yearly. Theauthorsmeasured theuseand|ength of stay
(LOS) inhospiceamong patientswithHMsat alarge
academic cancer center. Information included
demographics, transplant, hospicetype, LOS, anduse
of “expanded access’ services. Fifty-ninepatientswere
referred to hospice, and 53 utilized hospice services,
25% of 209 HM decedents. Thirty-fivereceivedhome
hospice and 18 used inpatient hospice. The median
homehospiceL OSwasninedays(SD 13) andinpatient
hospicesix days(SD 10). Ninepatientswith“ expanded
access’ hospicereceivedonly afew bloodtransfusions,
andnonereceivedradiation. HM patientsarereferred
late or never for hospice services. Studiesevaluating
earlier integration of palliativeand hospicecarewith
usual HM carearewarranted.

(USA: J Palliat Med; Jan 2, 2014)
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Birth Characteristics and Risk of Lymphoma

Researchers have found that birth characteristics
may be arisk factor for childhood lymphoma. In a
population-based study, scientistfromtheUniversity of
California, USA, identified 478 lymphoma cases
diagnosed in children 0-5 yearsof age between 1988
and2007; and 208,015 control sfrequency-matched by
birthyear wererandomly selectedfrombirthrecords. It
was found that compared to non-Hispanic whites,
Hispanic children had an increased risk of Hodgkin
lymphoma(HL). For al typesof lymphoma, about two
foldriskincreasewasobservedwithindicatorsfor high
risk pregnancies including tocolysis, fetopelvic
disproportion and previous preterm birth. NHL risk
doubled with the complication premature rupture of
membranes(ORand95%¢Cl 2.18[1.12,4.25]) and HL
withmeconiumstainingof amnioticfluids(ORand95%
Cl2.55[1.01,6.43]). Thesedatasuggest that pregnancy
relatedfactors, suchasintra-uterineinfectionsandfactors
associated with preterm labor, may be involved in
lymphomapathogeness.

(Cancer Epidemiol, Dec 14, 2013)
Lymphoma Risk with Ongoing Intestine

Peoplewith cdiacdisease whohadpers sentdamage
totheirintestines, wereat higher risk of lymphomathan
peoplewhoseintestineshad healed. Thiswasreveal ed
by thescientistsfrom Swedenand USA inacollaborative
researchstudy. Celiacdiseaseischaracterizedby damage
tothelining of thesmall intestinebecauseof areaction
to eating gluten. It can reducethe ability to absorb
nutrients. Celiacdiseaseistreatedwithdietary changes
to avoid gluten found in whest, barley and rye, for
example. Thestudy wasconducted by following 7,625
celiac disease patients from 28 Swedish pathology
departmentsfor anaverageof amost nineyears. Those
with ongoing intestinal damage had a larger risk of
lymphoma—102.4instancesper 100,000 peopleversus
24.2 per 100,000 in the general population. Among
thosewithceliacdisease, theratewas67.9instancesper
100,000 compared with 31.5 per 100,000 among
patientswhoseintestineshad healed.

(ScienceDaily, Aug 5, 2013)

Obesity and Diffuse Large B-Cell Lymphoma

ScientistsfromDanaFarber Cancer Institute, USA,
havesuggestedrisk of diffusedlargeB-cell lymphoma
(DLBCL) with high BMI. A meta-analysis was
performedtoquantify therelativerisk (RR) of DLBCL
incidenceinoverweight and obese personscompared
with norma welghtindividua susingtherandom-effects
model. OverweightwasdefinedasaBMI 25t029.9kg/
m?, and obesity wasdefinedasaBM| of 30kg/m?. The
RRof DLBCL inoverweightindividualswas1.14(95%
confidenceinterval [Cl], 1.04-1.24; P=0.004),andin
obeseindividuals, RRwas1.29 (95%Cl, 1.16-1.43;
P<0.001). TheRR of DLBCL inoverweight menand
women was 1.22 and 1.27, respectively. The RR of
DLBCL inobesemenandwomenwas1.40and 1.34,
respectively. M eta-regression analysisshowed a14%
increasein DLBCL incidencefor each 10kg/m?increase
in BMI. It was concluded that an increased BMI is
associatedwithhigher RRof DLBCL regardlessof sex.
Also, there seemsto be alinear association between
BMI andDLBCL incidence.

(Clin Lymphoma Myeloma Leuk, Nov 14, 2013)
UV Radiation and Risk of Hodgkin Lymphoma

Ultravioletradiation(UVR) may beprotectiveaganst
theHodgkinlymphoma(HL ). Researchersfrom Ingtitut
National de la Santé et de la Recherche Médicale,
Franceconducted pool ed analysi sontypeandtiming of
UV Rexposureandondiseasesubtypesby age, histology,
and tumor-cell Epstein-Barr virus (EBV) status by
selecting 1320HL casesand 6381 controls. Lifetime,
adulthood, and childhood UV R exposureand history of
sunburnand sunlamp usewereestimated. Statistically
significantinverseassociationswithHL riskfor UVR
exposures during childhood and adulthood, sunburn
history, and sunlamp use were found. Risks were
sgnificantonly for EBV-positiveHL (pooledoddsratio,
0.56; 95% confidence interval, 0.35 to 0.91 for the
highest overall UVR exposure category), with a
significantlinear trendfor overall exposure(P=0.03).
Pool edrel ativerisk estimateswerenot heterogeneous
acrossstudies. Increased UV R exposure may protect
against HL, particularly EBV-positiveHL . Plausible
mechanismsinvolving UV Rinductionof regulatory T-
cells or the cellular DNA damage response suggest
opportunitiesfor new preventiontargets.

(Blood, Nov 14, 2013)
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INFOCUS

DOUBLE-HIT, TRIPLE-HIT LYMPHOMA-
SEEK AND YOU WILL FIND

In many B-cell lymphomas, chromosomal
trangl ocati onsarebiol ogi cand diagnostic hal Imarksof
disease. Chromosomal translocations involving the
immunoglobulin genes are common in B-cell non-
Hodgkin'slymphomas. Twocommontrans ocations
involve the BCL2 and MY C genes. The t(14;18)
(932;921) juxtaposes BCL2 at 18g21 with the
immunoglobulinheavy chain (IGH) geneenhancer at
14932, resultingintheoverexpressionof BCL2. The
t(14;18) (g32;921) is characteristic of follicular
lymphoma, but a sooccursin20-30% of denovo diffuse
large B-cell lymphoma. Translocations that
involve MY C, including t(8;14) (g24;932), t(2;8)
(p12;924), andt(8;22) (q24;911), juxtapose MY C at
8924 withthe IGH, &, and é genes, respectively, and
upregulate MY C.MY C trand ocationsareahallmark
of Burkittlymphoma, but arenot specific, asthey can
occurinother B-cell lymphomas. MY C rearrangement
isobservedin5-10%of diffuselargeB-cdl lymphomas
and upto50% of high-gradeB-cell lymphomasother
thanBurkittlymphoma.

B-cell lymphomaswith MY C/8qg24 rearrangement
and IGH@ BCL 2/t (14;18) (g32;921) have been
referred to as double-hit lymphoma. Double-
hit lymphoma (DHL ) hasbeendefined by othersasa
B-cell lymphomawithMY C/8g24 rearrangementin
combinationwithatransl ocationinvolving another
gene, suchasBCL 2, BCL 3, or BCL 6, most common
of whichinvolves MY Cand BCL 2, also known as
MY C/BCL2DHL.Triplehitlymphoma(TH lymphoma)
has been defined as a B-cell lymphomawith MY C/
BCL2/BCL6rearrangement(Figl).

Petientswith MY C/BCL 2 lymphomacanpresent de
novo or beassociatedwithfollicular lymphoma. B-cell
lymphomawith MY C/BCL 2isuncommon, representing
<1% of al lymphomasand approximately 4% of high-
gradeB-cdll lymphomeas.

The Mitelman Database of Chromosome
AberrationsinCancer, February 2010edition, published
cytogenetic data on awide variety of malignancies,
includingB-cdl lymphomeas.

Table1: DH and TH Lymphomas in the Mitelman
Database

DH Lymphomas N Percentage of All 326 DH Cases
BCL2+/MYC+ 203 62

BCL6+/MYC+ 26 8
BCL2+/BCL6+/MY C+ 53 16
CCND1+/MYC+ 34 10
BCL3+/MYC+ 5 2

9p13+/MYC+ 4 1
BCL3+/9p13+/MYC+TH | 1 0

Total DH and TH cases 326 100

BCL2'/MY C* DH lymphomas formed the great
majority of DH lymphomas (62%; Table 1). BCL6*/
MY C*DH lymphomaswererelatively rare(8%of al
cases), andinfact TH lymphomasthatinvolvedM Y C,
BCL2 and BCL6 (16%) were more frequent than
BCL6'/MY C*DH cases. InDLBCL, 25 of 139 cases
(18%) had a BCL6 breakpoint, whereas 84 of 139
(60%) hadaBCL 2 breakpoint. A very strong preference
for BCL 2involvementin DH lymphomaswasa sofound
by FISH and suggestsasel ectivecomplementary role
forMYCandBCL2.

The morphological findings of MYC/BCL2
lymphomasshow aspectrum, with most casesfitting
bestwithinthecurrentWorldHed thOrganizationsystem
category of B-cd | lymphoma, unclassifiable, withfeatures
intermediatebetweendiffuselargeB-cdl lymphomaand
Burkittlymphoma

I nseriesunsel ected by histol ogy, between 30-40%
ofMY C/BCL 2 double-hitlymphomasareclassifiedas
DLBCL,withrarecasesclassifiedasB-lymphoblastic
lymphoma/leukemiaor follicular lymphoma

Thediagnosisof DH/TH lymphomaisinvokedto
classify aggressive, matureB-cell neoplasmsthat fail to
meet classical morphol ogic, immunophenotypic, and
geneticdefinitionsof Burkittlymphomaor DLBCL.

Clinicopathologic Features

Double-hit lymphomas bearing concurrent
rearrangementsof MY C/8924 and BCL2/18g21 are
clinically distinctfromBurkittlymphomaand DLBCL.
Themedianageof diagnosisof MY C/BCL 2double-hit
lymphomasisinthe6"—7" decade, significantly older
thansporadicBL (4™ decade) andyoungerthanDLBCL
(7" decade). Across series, MY C/BCL 2 double-hit
lymphomastendto present withadvanced stage(Ann
Arbor I11/1V), highor high-intermediatel nternational
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Fig 1: In the bone marrow aspirate, large blasts with deeply
basophilic cytoplasm and numerous vacuoles resembling
Burkitt cells (panel A) were present. Cytogenetic and
fluorescence in situ hybridization analysis showed MYC,
BCL2 (double hit), and BCL6 (triple-hit) rearrangements
within a complex karyotype (panel B).

Prognosticlndex (1PI), andincreased LDH. Thereisa
highfrequency of extranodal disease, most commonly
involvingbonemarrow/periphera blood, central nervous
system, or pleural effusions. When compared to | PI-
matched DLBCL, only younger age(64vs. 71years),
higher medianL DH at presentation (727 U/L vs. 366 U/
L), and increased frequency of bone marrow
involvement (59%vs. 23%) aresignificantly associated
with MYC/BCL?2 double-hitlymphomas. Themedian
proliferationindex of double-hitlymphomasapproaches
90% but awiderangeof proliferativeindex (40-100%)
isnoted even in disease that otherwise behavesin a
clinically aggressvemanner.

On routine cytogenetic analysis, double-hit
lymphomasnearly alwayspossesscomplex karyotypes,
asdefined by >2 numerical and/or structural aberrations.
Thiscontext of chromosomal complexityisthoughttobe
critical indeterminingthebiol ogical andclinical effects
of MYC'rearrangement.

Treatment Outcomes

Double-hitlymphomasarehighly res santtostandard
chemotherapy, independent of regimen intensity or
inclusion of rituximab. Median survival in recently
published seriesrangeswidely from4.5to0 18.5 months
butissignificantly shorter comparedto survival of

patients with Burkitt lymphoma or IPI-matched
DLBCL. Double- and triple-hit lymphomas are
chemosengtiveaggressveB-cdl lymphomas, butunlike
Burkittlymphomaand DLBCL they haveavery high
recurrencerateand arealmost alwaysfatal .

Intheir study of 303 patientswithDLBCL , Barrans,
et a. showed that overal survival at 2 years was
significantly worse in patients with MYC/8q24
rearrangementscomparedtothosewith unrearranged
MYCI8924 (35%vs61%).In a recent report from
Argentina, themeanfollow-upsurviva timeof DH/TH
lymphomawas6.6 months, whichwass gnificantly short
in comparison to DLBCL (31 months) and BL (30
months), respectively.

Acrossstudies,patientstreated with R-CHOP, R-
hyper-CVAD ,consolidationwitheither dlogeneicstem
cell transplantationor high-dosechemotherapy with
autologousstemcell rescuedidnotimpact survival.

Conclusion

Theimportanceof recognizingthisdoublehit/triplehit
lymphomagroupsreliesonitsdifferentclinical course,
poor prognosisand shorter survival than DLBCL and
BL.Basedonclinical significance, it seemsadvisableto
testall diffuselargeB-cell andrelated lymphomasfor
MY Candother breakpoints. Anaccuratediagnosisis
critical forrisk stratificationandtoimprovetherapeutic
approachesand outcomes.
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