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ICH S6 GuidanceICH S6 Guidance

•• ““A relevant species is one in which the test material A relevant species is one in which the test material 
is pharmacologically active due to the expression of is pharmacologically active due to the expression of 
the receptor or an epitope (in the case of monoclonal the receptor or an epitope (in the case of monoclonal 
antibodies).antibodies).””

•• ““When no relevant species exists, the use of When no relevant species exists, the use of …….. .. 
homologous proteins should be consideredhomologous proteins should be considered……..While ..While 
useful information may also be gained from the use useful information may also be gained from the use 
of homologous proteins, it should be noted that the of homologous proteins, it should be noted that the 
production process, range of impurities/contaminants, production process, range of impurities/contaminants, 
pharmacokinetics, and exact pharmacological pharmacokinetics, and exact pharmacological 
mechanism(smechanism(s) may differ between the homologous ) may differ between the homologous 
form and the product intended for clinical use.form and the product intended for clinical use.””

Drug Evaluation Forum Drug Evaluation Forum 
Japan Japan -- August 2007August 2007 44

Comparability of the homologue with Comparability of the homologue with 
the Clinical Candidate is Criticalthe Clinical Candidate is Critical

•• Characterize pharmacologyCharacterize pharmacology
 Literature Literature –– whatwhat’’s known about the target in the s known about the target in the 

test species compared to humans?test species compared to humans?
 In vitro binding In vitro binding –– similar affinity or neutralization?similar affinity or neutralization?
 Functional AssaysFunctional Assays

•• In vitro cellsIn vitro cells
•• In vivo bioassays (if possible and relevant) In vivo bioassays (if possible and relevant) 

 Similar tissue distribution (tissue crossSimilar tissue distribution (tissue cross--reactivity reactivity 
for for mAbsmAbs))

•• PharmacokineticsPharmacokinetics
•• FcFc activity important and similar?activity important and similar?
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Challenges Challenges -- HomologuesHomologues
•• A Second Test Article!A Second Test Article!
Decision must be made early in developmentDecision must be made early in development

•• Sometimes, not possible to make a homologueSometimes, not possible to make a homologue
•• If possible, months to years needed to develop construct, If possible, months to years needed to develop construct, 

clones, manufacture material, characterize pharmacology, clones, manufacture material, characterize pharmacology, 
establish bioanalytical supportestablish bioanalytical support

•• May be immunogenic, thus limiting usefulnessMay be immunogenic, thus limiting usefulness

•• How do you interpret the data?How do you interpret the data?
No No ‘‘validationvalidation’’ that homologue is predictive of human that homologue is predictive of human 

toxicitiestoxicities
What if findings are different from the clinical What if findings are different from the clinical 

candidate in an appropriate toxicology species?candidate in an appropriate toxicology species?
How do we extrapolate safety margins to the clinical How do we extrapolate safety margins to the clinical 

candidate?candidate?
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Regulatory ChallengesRegulatory Challenges

•• No common criteria for whatNo common criteria for what’’s expecteds expected
 How much comparison with the clinical candidate is enough?How much comparison with the clinical candidate is enough?
 Expectations for analytical characterization and does this need Expectations for analytical characterization and does this need to to 

be comparable?be comparable?
 Do all aspects of testing need to be GLP?Do all aspects of testing need to be GLP?

•• Can studies with homologue replace studies with the Can studies with homologue replace studies with the 
clinical candidate?clinical candidate?
 Developmental and reproductive testingDevelopmental and reproductive testing
 What if the results are more severe than with the clinical What if the results are more severe than with the clinical 

candidate?  candidate?  

•• Are negative findings meaningful?Are negative findings meaningful?
 ItIt’’s not your clinical candidate, so does the data impact risk s not your clinical candidate, so does the data impact risk 

assessment?assessment?
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Homologues Have Been Used to Homologues Have Been Used to 
Support RegistrationSupport Registration

•• InfliximabInfliximab ((RemicadeRemicade®®) (anti) (anti--TNF)TNF)
•• EfalizumabEfalizumab ((RaptivaRaptiva ®®) (anti) (anti--CD11a)CD11a)
•• In both cases, there wasnIn both cases, there wasn’’t an appropriate t an appropriate 

species for the clinical candidatespecies for the clinical candidate
Chimpanzees were the only pharmacologically Chimpanzees were the only pharmacologically 

responsive species, but they are not responsive species, but they are not 
acceptable for toxicity testing due to humane acceptable for toxicity testing due to humane 
reasons reasons 

Case Study 1Case Study 1

Use of a Homologous Antibody for Use of a Homologous Antibody for 
PrePre--clinical Safety Assessmentclinical Safety Assessment
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BackgroundBackground

•• IgG4IgG4
•• Designed against series Designed against series 

of growth factorsof growth factors
•• Diminished Diminished effectoreffector

activity intendedactivity intended
•• High immunogenicity in High immunogenicity in 

ratsrats

•• IgG1IgG1
 Change in Change in isotypeisotype may may 

affect activityaffect activity
•• Must show broad based Must show broad based 

growth factor inhibitiongrowth factor inhibition
•• Murine homologue for Murine homologue for 

efficacy studiesefficacy studies
•• Extensive toxicity Extensive toxicity 

studies in mouse studies in mouse 
modelsmodels

Case Study 2

Rodent (Homologue)Rodent (Homologue)Monkey (Clinical Candidate)Monkey (Clinical Candidate)
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In vitro and in vivo analysisIn vitro and in vivo analysis
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Case study 2

mAb#1 = clinical candidate; mAb#1mAb#1 = clinical candidate; mAb#1--s = homologue (=surrogate)s = homologue (=surrogate)

The Clinical Candidate and Homologue are Similar 
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Utility of this Homologue in Utility of this Homologue in 
Toxicology StudiesToxicology Studies
•• The mouse homologue was used in 28 day The mouse homologue was used in 28 day 

repeat toxicology studies in micerepeat toxicology studies in mice
 Toxicity observed with histopathologyToxicity observed with histopathology
 This data resulted in an initial clinical hold This data resulted in an initial clinical hold 

•• The human product was utilized in repeat dose The human product was utilized in repeat dose 
toxicology studies in NHPtoxicology studies in NHP
Histopathology was not consistent with that seen in Histopathology was not consistent with that seen in 

the mousethe mouse
 Physiology of the target tissue is comparable in NHP Physiology of the target tissue is comparable in NHP 

and humans, but not in the mouseand humans, but not in the mouse

Case Study 2
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Histopathology Histopathology 
(physiological differences)(physiological differences)

Which one is the predictive species?Which one is the predictive species?

Rodent (homologue)Rodent (homologue)Monkey (Clinical Candidate)Monkey (Clinical Candidate)
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Case Study 2Case Study 2

Use of a Homologous Antibody for Use of a Homologous Antibody for 
PrePre--clinical Safety Assessmentclinical Safety Assessment
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BackgroundBackground

•• Sponsor had a small molecule and antibody development Sponsor had a small molecule and antibody development 
program against the same targetprogram against the same target

•• Toxicology studies with the small molecule resulted in a Toxicology studies with the small molecule resulted in a 
cardiac toxicitycardiac toxicity

•• Prior to the conduct of GLP studies with antibody clinical Prior to the conduct of GLP studies with antibody clinical 
candidate, sponsor conducted a rodent homologue candidate, sponsor conducted a rodent homologue 
antibody study to determine if cardiac toxicity occurred antibody study to determine if cardiac toxicity occurred 
with the antibodywith the antibody

•• The potency of the clinical candidate was greater than The potency of the clinical candidate was greater than 
1010--fold that of the rodent homologue fold that of the rodent homologue AbAb, in vitro, in vitro

•• The homologue and clinical candidate inhibited the The homologue and clinical candidate inhibited the 
intended signaling pathway in the target tissue to intended signaling pathway in the target tissue to 
approximately the same extent, in vivoapproximately the same extent, in vivo
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Outcome: Outcome: CynoCyno and Rodent Studiesand Rodent Studies

Rodent (homologue)Rodent (homologue)
•• Study Design: 5 weekly Study Design: 5 weekly 

dosesdoses
•• Outcome: Outcome: NOAEL at the NOAEL at the 

highest dosehighest dose tested, no tested, no 
evidence for cardiac evidence for cardiac 
toxicitytoxicity

Monkey (Clinical Candidate)Monkey (Clinical Candidate)
•• Study Design: 5 weekly Study Design: 5 weekly 

dosesdoses
•• Outcome: Outcome: NOAEL not NOAEL not 

establishedestablished based on based on 
cardiac toxicity and other cardiac toxicity and other 
target organ toxicities at target organ toxicities at 
all doses.all doses.

Toxicity Observed with the Clinical Candidate, Toxicity Observed with the Clinical Candidate, 
but Not the Homologuebut Not the Homologue

Case Study 3Case Study 3

TegeneroTegenero: When a Homologue was More : When a Homologue was More 
Predictive than the Clinical Candidate Predictive than the Clinical Candidate 
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BackgroundBackground

•• TGN1412TGN1412
 Humanized IgG4Humanized IgG4
 Binds to C28, activates T cells without need for TCR preBinds to C28, activates T cells without need for TCR pre--

activationactivation
 Polyclonal T cell expansion and activation (human cells)Polyclonal T cell expansion and activation (human cells)
 ConcentrationConcentration--dependent ILdependent IL--2 production (human cells)2 production (human cells)

•• JJ316 (murine homologue) JJ316 (murine homologue) 
 Mouse IgG1 antiMouse IgG1 anti--rat CD28 rat CD28 mAbmAb
 Binds to C28, activates T cells without need for TCR preBinds to C28, activates T cells without need for TCR pre--

activationactivation
 Polyclonal T cell expansion and activation (murine cells)Polyclonal T cell expansion and activation (murine cells)
 Th2 response (ILTh2 response (IL--4, 4, --5, 5, --10)10)
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Species DifferencesSpecies Differences

•• Homologue (JJ316) led to a quick, dramatic polyclonal Homologue (JJ316) led to a quick, dramatic polyclonal 
stimulation and stimulation and lymphocytosislymphocytosis in rats in rats 
 Intended Intended superagonistsuperagonist pharmacologypharmacology

•• In contrast, TGN1412 stimulated only mild T cell In contrast, TGN1412 stimulated only mild T cell 
expansion with delayed kinetics in cynomolgus monkeys.expansion with delayed kinetics in cynomolgus monkeys.
 This is a major difference from the intended pharmacologyThis is a major difference from the intended pharmacology

•• Other agonistic T cell antibodies (Other agonistic T cell antibodies (i.ei.e OKT3) have shown OKT3) have shown 
cytokine release in humans but not NHP, raising this as a cytokine release in humans but not NHP, raising this as a 
potential concern for TGN1412.potential concern for TGN1412.
 Previous experience suggested Cynomolgus Monkey was not an Previous experience suggested Cynomolgus Monkey was not an 

appropriate speciesappropriate species

Cynomolgus Monkey was NOT an appropriate speciesCynomolgus Monkey was NOT an appropriate species
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Expert Scientific Group on Phase 1 Clinical Trials Final Report,Expert Scientific Group on Phase 1 Clinical Trials Final Report, November 2006November 2006

Relative potency of TGN1412Relative potency of TGN1412

•• Cynomolgus monkey Cynomolgus monkey notnot similar to humansimilar to human
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Outcome: Rodent, Outcome: Rodent, CynoCyno and and 
Clinical StudiesClinical Studies

Rodent (Homologue)Rodent (Homologue)
•• 5 mg/kg 5 mg/kg -- rapid, dramatic rapid, dramatic 

polyclonal stimulation and polyclonal stimulation and 
lymphocytosislymphocytosis in rats in rats –– this is this is 
intended intended superagonistsuperagonist
pharmacology pharmacology 

•• 0.5 mg/kg 0.5 mg/kg -- NOELNOEL

Monkey (Clinical Candidate)Monkey (Clinical Candidate)
•• Minimal or no CD28Minimal or no CD28--mediated mediated 

““superagonistsuperagonist”” T cell activation T cell activation 
and proliferation in monkeysand proliferation in monkeys

•• NOAEL = 50 mg/kgNOAEL = 50 mg/kg
•• FIH dose set off of this NOAELFIH dose set off of this NOAEL

ClinicClinic
•• First dose of 0.1 mg/kg led to cytokine release First dose of 0.1 mg/kg led to cytokine release 

syndrome in all healthy volunteers syndrome in all healthy volunteers 
•• Homologue data in rodents more relevantHomologue data in rodents more relevant
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Does TGN1412 Imply Inadequacy of ICH S6?Does TGN1412 Imply Inadequacy of ICH S6?

•• TGN1412 event is an unfortunate outlierTGN1412 event is an unfortunate outlier and should not and should not 
warrant a complete redesign of nonclinical development warrant a complete redesign of nonclinical development 
program requirements for novel biologicsprogram requirements for novel biologics
 Nonclinical antibody testing paradigms that have been developed Nonclinical antibody testing paradigms that have been developed 

over the last decade have proven to be adequate to support the over the last decade have proven to be adequate to support the 
determination of determination of ‘‘Safe Use ConditionsSafe Use Conditions’’ for most clinical trialsfor most clinical trials

 Need to consider the literature and experience with Need to consider the literature and experience with 
biopharmaceuticals that have similar pharmacologybiopharmaceuticals that have similar pharmacology

•• The data from TThe data from T--cell cell superagonistssuperagonists does not mean that does not mean that 
homologues should become a standard in the battery of all homologues should become a standard in the battery of all 
nonclinical studiesnonclinical studies with biopharmaceuticalswith biopharmaceuticals
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Summary: HomologuesSummary: Homologues

•• CaseCase--byby--case considerations of the clinical case considerations of the clinical 
candidate should determine the potential value candidate should determine the potential value 
of a homologueof a homologue
 The science drives the hypotheses and the The science drives the hypotheses and the 

appropriate toxicology studiesappropriate toxicology studies

•• Findings with a homologue must be carefully Findings with a homologue must be carefully 
considered with respect to the clinical candidateconsidered with respect to the clinical candidate
When results differ across species or when compared When results differ across species or when compared 

to similar molecules in the literature, use the best to similar molecules in the literature, use the best 
scientific rationale for decision making scientific rationale for decision making 

Carcinogenicity TestingCarcinogenicity Testing

Alternatives to 2Alternatives to 2--year Rodent Bioassays year Rodent Bioassays 
and a 2and a 2--year study with a homologueyear study with a homologue

Drug Evaluation Forum Drug Evaluation Forum 
Japan Japan -- August 2007August 2007 2424

Why do Carcinogenicity Testing?Why do Carcinogenicity Testing?

•• Provide a Provide a ScienceScience Based Risk Assessment for Based Risk Assessment for 
Cancer Potential in Cancer Potential in PatientsPatients
Genetic Toxicity is not of concern for most Genetic Toxicity is not of concern for most 

biopharmaceuticalsbiopharmaceuticals
 The The ‘‘concernconcern’’ for some biopharmaceuticals is for some biopharmaceuticals is 

their potential mitogenicity or demonstrated their potential mitogenicity or demonstrated 
immunosuppressionimmunosuppression

Does the pharmacology indicate some risk and Does the pharmacology indicate some risk and 
the need for an assessment?the need for an assessment?

Looks easy, but itLooks easy, but it’’s very difficult !s very difficult !
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The Carcinogenicity The Carcinogenicity ““Starting PointStarting Point””

•• Relevance of 2Relevance of 2--yr rodent bioassays for human yr rodent bioassays for human 
risk assessment is controversialrisk assessment is controversial, even for NCEs, even for NCEs
Approximately 50% of NCEs tested are positive in a Approximately 50% of NCEs tested are positive in a 

rodent bioassayrodent bioassay
Most positives are nongenotoxicMost positives are nongenotoxic
 Some nongenotoxic rodent carcinogens have little/no Some nongenotoxic rodent carcinogens have little/no 

relevance to humans; saccharin, beta blockers, relevance to humans; saccharin, beta blockers, 
dopamine agonists, etcdopamine agonists, etc

 “…“…most carcinogenicity findings...attributable to most carcinogenicity findings...attributable to 
hormonal or immunosuppressive mechanisms or hormonal or immunosuppressive mechanisms or 
exaggerated pharmacologic actionsexaggerated pharmacologic actions…”…”
•• Jacobs and JacobsonJacobs and Jacobson--Kram, 2004, Tox SciKram, 2004, Tox Sci
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Issues for Carcinogenicity Issues for Carcinogenicity 
Assessments of Biopharmaceuticals Assessments of Biopharmaceuticals 
•• 22--yr rodent bioassays frequently not possibleyr rodent bioassays frequently not possible
No pharmacologyNo pharmacology
 ImmunogenicityImmunogenicity
 Technical challenges, e.g. daily InjectionsTechnical challenges, e.g. daily Injections

•• Homologue/surrogate studiesHomologue/surrogate studies
Cross species issuesCross species issues

•• Biology comparison?  Pharmacology (epitope)?  Dose Biology comparison?  Pharmacology (epitope)?  Dose 
selectionselection??

 Should only be done when scientifically appropriateShould only be done when scientifically appropriate
•• Same pathway in rodents as in humansSame pathway in rodents as in humans
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ICH S1A Guidance ICH S1A Guidance 
•• Carcinogenicity studies not needed for:Carcinogenicity studies not needed for:

 Pharmaceuticals with clinical dosing < 3/6 monthsPharmaceuticals with clinical dosing < 3/6 months
 Life expectancy of the indication is < 2 Life expectancy of the indication is < 2 -- 3 years3 years

•• ““Carcinogenicity studies not generally needed for Carcinogenicity studies not generally needed for 
endogenousendogenous substances given essentially as substances given essentially as 
replacement therapyreplacement therapy, particularly where there is , particularly where there is 
previous clinicalprevious clinical experienceexperience with similar productswith similar products””

•• ““Although not usually necessary, carcinogenicity Although not usually necessary, carcinogenicity 
studiesstudies…….should be considered for the other .should be considered for the other 
biotechnology products noted abovebiotechnology products noted above…”…”

http://www.ich.org/MediaServer.jser?@_ID=489&@_MODE=GLB
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ICH S6 GuidanceICH S6 Guidance
•• ““Standard carcinogenicity bioassays are Standard carcinogenicity bioassays are generallygenerally

inappropriateinappropriate for biopharmaceuticalsfor biopharmaceuticals””
•• ““ProductProduct--specific assessment of carcinogenic specific assessment of carcinogenic 

potential potential maymay still be needed depending on duration still be needed depending on duration 
of clinical dosing, patient population, and/or of clinical dosing, patient population, and/or 
biological activity (e.g., growth factors, biological activity (e.g., growth factors, 
immunosuppressive agents, etc.)immunosuppressive agents, etc.)””

•• A standard carcinogenicity bioassay should be A standard carcinogenicity bioassay should be 
consideredconsidered if if “…“…the product is biologically active and the product is biologically active and 
nonnon--immunogenic in rodents and other studies have immunogenic in rodents and other studies have 
not provided sufficient information to allow an not provided sufficient information to allow an 
assessment of carcinogenic potentialassessment of carcinogenic potential…”…”

Case Study 4Case Study 4

Insulin Analogues: The Utility of Insulin Analogues: The Utility of 
Comparative Data for Carcinogenicity Comparative Data for Carcinogenicity 

AssessmentsAssessments
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CPMP: Insulin Analogue CPMP: Insulin Analogue --Specific PTCSpecific PTC

•• ““..a thorough assessment of carcinogenic potential ..a thorough assessment of carcinogenic potential 
is indicated for is indicated for allall new insulin analogues.new insulin analogues.””

•• “…“…activity profileactivity profile……in vitro and in vivoin vitro and in vivo…”…” using using 
native human insulin and AspB10 insulin as  native human insulin and AspB10 insulin as  
references should be considered. references should be considered. 

•• ““If in vitro tests and/or repeated dose toxicity If in vitro tests and/or repeated dose toxicity 
studies reveal evidence for studies reveal evidence for increased mitogenicityincreased mitogenicity
or other effects which are cause for or other effects which are cause for 
concern...further concern...further in vivo carcinogenicityin vivo carcinogenicity testing testing 
should be considered..should be considered..””

http://www.emea.eu.int/pdfs/human/swp/037201en.pdf
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WhatWhat’’s Knowns Known

•• Normal human insulin (HI) will cause Normal human insulin (HI) will cause 
tumors in ratstumors in rats
Within a year of dosing high dosesWithin a year of dosing high doses
Threshold for tumorigenicityThreshold for tumorigenicity
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Alternative Carcinogenicity Strategy for Alternative Carcinogenicity Strategy for 
Insulin AnaloguesInsulin Analogues

•• New insulin analogues should be New insulin analogues should be 
evaluated for in vitro and in vivo evaluated for in vitro and in vivo 
mitogenicity compared to HImitogenicity compared to HI
Pharmacology studies (e.g., HI and IGFPharmacology studies (e.g., HI and IGF--1 1 

receptor binding, activation, kinetics)receptor binding, activation, kinetics)
•• Minimal set of Minimal set of ligandsligands:  HI, Asp(B10), IGF:  HI, Asp(B10), IGF--11

RepeatRepeat--dose toxicity studies (at least 6dose toxicity studies (at least 6--mo)mo)
•• Reference compound: HIReference compound: HI
•• Positive control:  Asp(B10)Positive control:  Asp(B10)
•• Include cellular proliferation markers for target Include cellular proliferation markers for target 

tissues (e.g., mammary and PCNA/BrdU/Ki67 etc.)tissues (e.g., mammary and PCNA/BrdU/Ki67 etc.)
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Recently Approved Insulin AnaloguesRecently Approved Insulin Analogues

12 mos12 mos11HIHI≤≤ HIHIFastFastNovologNovolog
20002000

12 mos12 mos11Asp(B10)Asp(B10)
HI, HI, 

Humalog, Humalog, 
NovologNovolog

≈≈ HIHIFast (meal Fast (meal 
time)time)

ApidraApidra
20042004

24 mos24 mos11Asp(B10)Asp(B10)NPHNPH> HI> HIBasalBasalLantusLantus //
20002000

6 mos6 mos11HI, NPHHI, NPH< < HIHIBasalBasalLevemirLevemir //
20052005

Longest Longest 
Rodent Rodent 
StudyStudy

Positive Positive 
ControlControl

HI HI 
Reference Reference 

UsedUsed

Relative Relative 
MitogenicityMitogenicity

(in vitro)(in vitro)

Insulin Insulin 
ClassClass

Drug/Drug/
Approval Approval 

DateDate

1Mammary tumors or hyperplasia vs vehicle control, but not vs HI reference
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Insulin ConclusionsInsulin Conclusions

•• Comparators are powerful tools for assessing Comparators are powerful tools for assessing 
carcinogenicity riskcarcinogenicity risk

•• Not all carcinogenicity assessments require a 2Not all carcinogenicity assessments require a 2--
year rodent bioassayyear rodent bioassay
 If low mitogenic potential, then 6If low mitogenic potential, then 6--month studies are month studies are 

sufficientsufficient
 In 2In 2--year studies, a threshold exists for tumorigenicity year studies, a threshold exists for tumorigenicity 

of hormones and the risk assessment is dependent on of hormones and the risk assessment is dependent on 
crosscross--species pharmacology comparisons and the species pharmacology comparisons and the 
Margin of Safety compared to the therapeutic clinical Margin of Safety compared to the therapeutic clinical 
exposureexposure
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Case Study 5Case Study 5

An Alternative to a 2An Alternative to a 2--Year Year 
Carcinogenicity Assessment for a Carcinogenicity Assessment for a 

““Differentiation FactorDifferentiation Factor””
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““Differentiation FactorDifferentiation Factor””

•• Vast majority of reports in the literature and internal data Vast majority of reports in the literature and internal data 
indicated either inhibition or no effect on human tumor indicated either inhibition or no effect on human tumor 
cell proliferation in vitrocell proliferation in vitro
 Justification for no carcinogenicity assessment?Justification for no carcinogenicity assessment?

•• FDA agreed that traditional rodent carcinogenicity studies FDA agreed that traditional rodent carcinogenicity studies 
were not appropriate or scientifically justified for this were not appropriate or scientifically justified for this 
productproduct
Product does not persist for greater than 3 monthsProduct does not persist for greater than 3 months
Fast clearance with little systemic exposureFast clearance with little systemic exposure
Primarily a differentiation factor, not a growth factor, based oPrimarily a differentiation factor, not a growth factor, based on in n in 

vitro tumor cell line proliferation datavitro tumor cell line proliferation data
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““Differentiation FactorDifferentiation Factor”” (cont.)(cont.)

•• FDA agreed on a nonFDA agreed on a non--traditional approach to traditional approach to 
assess possible effects on tumor growth at sites assess possible effects on tumor growth at sites 
distant from the implant sitedistant from the implant site

•• Carcinogenicity assessment done in short term assays Carcinogenicity assessment done in short term assays 
in vitro and in vivoin vitro and in vivo

•• mRNA receptor expression mRNA receptor expression -- assess in human tumor cell linesassess in human tumor cell lines
•• In vitro proliferation In vitro proliferation –– evaluate several human tumor cell lines evaluate several human tumor cell lines 

based on receptor mRNA expressionbased on receptor mRNA expression
•• Tumor Tumor XenograftXenograft Model Model -- evaluate effect of product, as it is evaluate effect of product, as it is 

intended to be used, on growth of human tumor cell lines intended to be used, on growth of human tumor cell lines 
(selected based on tumor type and receptor mRNA expression), in (selected based on tumor type and receptor mRNA expression), in 
a nude mouse human tumor xenograft modela nude mouse human tumor xenograft model
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Results of Nonclinical Studies to Results of Nonclinical Studies to 
Assess Tumor Assess Tumor ““PromotionPromotion”” –– In VitroIn Vitro

•• PCR screening of receptors in human tumor cell PCR screening of receptors in human tumor cell 
lineslines
 21 tumor cell line evaluated for expression of multiple componen21 tumor cell line evaluated for expression of multiple components ts 

of receptor complexof receptor complex
 10/21 appeared to express the receptor complex10/21 appeared to express the receptor complex

•• Effect on in vitro proliferation of human cancer Effect on in vitro proliferation of human cancer 
cells linescells lines
 11 tumor cell lines (including the 10 receptor positive cells) 11 tumor cell lines (including the 10 receptor positive cells) 

evaluated for capacity to enhance proliferation in vitroevaluated for capacity to enhance proliferation in vitro
 10/11 showed 10/11 showed no enhanced growthno enhanced growth and 1/11 showed inhibitionand 1/11 showed inhibition
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Results of Nonclinical Studies to Results of Nonclinical Studies to 
Assess Mitogenicity Assess Mitogenicity –– In VivoIn Vivo

•• Effects on growth of human tumor xenografts in Effects on growth of human tumor xenografts in 
nude micenude mice
 8 tumor cell lines expressing receptor complex 8 tumor cell lines expressing receptor complex 

assessed in nude mouse tumor xenograft model assessed in nude mouse tumor xenograft model 
•• Included colon carcinoma, melanoma, epidermoid carcinoma, Included colon carcinoma, melanoma, epidermoid carcinoma, 

pancreatic carcinoma, and glioblastoma cell linespancreatic carcinoma, and glioblastoma cell lines

No growth enhancement and no No growth enhancement and no metastesesmetasteses

There are alternatives to 2There are alternatives to 2--year studies to year studies to 
evaluate potential effect on tumor Growthevaluate potential effect on tumor Growth
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Case Study 6Case Study 6

22--year Carcinogenicity Studies with year Carcinogenicity Studies with 
Rodent Homologues to Rodent Homologues to hGHhGH
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Growth Hormone Growth Hormone -- BackgroundBackground

•• Identical in amino acid sequence to endogenous human Identical in amino acid sequence to endogenous human 
growth hormone (hGH)growth hormone (hGH)

•• Administered as replacement therapy (not supraAdministered as replacement therapy (not supra--
physiologic)physiologic)

•• PostPost--marketing surveillance from patients given marketing surveillance from patients given hGHhGH has has 
not indicated an increased risk of tumorsnot indicated an increased risk of tumors
 J J PediatrPediatr 1997: S321997: S32--3636

•• Substantial data in patients with Acromegaly indicates no Substantial data in patients with Acromegaly indicates no 
increased risk for tumor formation after years of supraincreased risk for tumor formation after years of supra--
physiologic levels of physiologic levels of hGHhGH
 hGHhGH up to 40up to 40-- to 80to 80--fold higher than normal physiologic levelsfold higher than normal physiologic levels
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Carcinogenicity Results with Growth Carcinogenicity Results with Growth 
Hormone Homologues and Risk AssessmentHormone Homologues and Risk Assessment

•• Negative for tumors in both rats and miceNegative for tumors in both rats and mice
•• Was this study necessary given the historical data in Was this study necessary given the historical data in 

humans?humans?
•• If either of these studies that used homologues were If either of these studies that used homologues were 

positive, would it change the risk assessment for positive, would it change the risk assessment for hGHhGH??
 Clinical data suggests no risk for tumorsClinical data suggests no risk for tumors
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Alternative Model ConclusionsAlternative Model Conclusions
•• The appropriate hypotheses to be The appropriate hypotheses to be 

tested should determine the tested should determine the 
appropriate study(ies)appropriate study(ies)
 There may not be a need for any additional There may not be a need for any additional 

studies (if pharmacology is well characterized in studies (if pharmacology is well characterized in 
the literature and does not indicate a cause for the literature and does not indicate a cause for 
concern for neoplasia)concern for neoplasia)

•• There are experimental alternatives to There are experimental alternatives to 
a 2a 2--year rodent bioassayyear rodent bioassay
 Justify the approachJustify the approach
 22--year studies with the rodent homologue year studies with the rodent homologue 

should not be an expectationshould not be an expectation

Immunosuppressives Immunosuppressives 

Case Studies 7 & 8:Case Studies 7 & 8:
KineretKineret®®, , AmeviveAmevive®®
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Carcinogenicity Assessment of Carcinogenicity Assessment of 
ImmunosuppressivesImmunosuppressives

•• The The ‘‘cause for concerncause for concern’’ is decreased is decreased 
immune surveillance, but potency must immune surveillance, but potency must 
be considered be considered 
Immunomodulators will not have the same Immunomodulators will not have the same 

concern as  potent immunosuppressives (i.e. concern as  potent immunosuppressives (i.e. 
cyclosporine)cyclosporine)

•• There is no agreement on potential tests There is no agreement on potential tests 
to use for carcinogenic assessments of to use for carcinogenic assessments of 
immunosuppressivesimmunosuppressives
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Kineret Kineret ®®

•• ILIL--1 receptor antagonist for the treatment of 1 receptor antagonist for the treatment of 
rheumatoid arthritisrheumatoid arthritis

•• Natural amino acidsNatural amino acids
 Produced in E. ColiProduced in E. Coli

•• Single methionine residue added at the end Single methionine residue added at the end 
of native ILof native IL--1Ra1Ra
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KineretKineret®® DataData

•• Full set of in vitro and in vivo genotoxicity Full set of in vitro and in vivo genotoxicity 
studies completed (relevance?)studies completed (relevance?)
Negative in all tests Negative in all tests 

•• Carcinogenicity assessment: Carcinogenicity assessment: no 2no 2--year studies year studies 
based on the case for no cause for concernbased on the case for no cause for concern
 Kineret binding to ILKineret binding to IL--1 does not cause any signal 1 does not cause any signal 

transductiontransduction
No tumors or cell proliferation noted in the 6No tumors or cell proliferation noted in the 6--month month 

rat studyrat study
No evidence of immunosuppression in toxicity studiesNo evidence of immunosuppression in toxicity studies
No tumors in transgenic mice overproducing ILNo tumors in transgenic mice overproducing IL--1ra1ra
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KineretKineret®® LabelLabel
ImmunosuppressionImmunosuppression
•• The impact of treatment with KineretThe impact of treatment with Kineret®® on active and/or chronic on active and/or chronic 

infections and the development of malignancies is not known. infections and the development of malignancies is not known. 

MalignanciesMalignancies (clinical experience (clinical experience -- most important data?)most important data?)
•• The observed rates and incidences (malignancies) were similar toThe observed rates and incidences (malignancies) were similar to

those expected for the population studied.those expected for the population studied.

Carcinogenesis, Mutagenesis, and FertilityCarcinogenesis, Mutagenesis, and Fertility
•• Kineret has not been evaluated for its carcinogenic potential inKineret has not been evaluated for its carcinogenic potential in

animals.  Using a standard in vivo in vitro battery of mutagenesanimals.  Using a standard in vivo in vitro battery of mutagenesis is 
assays, Kineret did not induce gene mutations in either bacteriaassays, Kineret did not induce gene mutations in either bacteria or or 
mammalian cells.  In rats and rabbits, Kineret at doses of up tomammalian cells.  In rats and rabbits, Kineret at doses of up to 100100--
fold greater than the human dose had no adverse effects on male fold greater than the human dose had no adverse effects on male or or 
female fertility.female fertility.
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AmeviveAmevive®®

•• CDCD--2:Fc fusion protein for the treatment of 2:Fc fusion protein for the treatment of 
psoriasispsoriasis
Designed to inhibit TDesigned to inhibit T--lymphocyte activationlymphocyte activation

•• Natural amino acidsNatural amino acids
•• Produced in CHO cellsProduced in CHO cells
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AmeviveAmevive®® DataData

•• Studies up to 44Studies up to 44--weeks in cynomolgus monkeysweeks in cynomolgus monkeys
 Lymphomas observedLymphomas observed
All animals were positive for lymphocryptovirus All animals were positive for lymphocryptovirus 

(LCV), which can lead to B(LCV), which can lead to B--cell lymphomas when cell lymphomas when 
animals are immune suppressed.animals are immune suppressed.

•• Carcinogenicity assessment: no 2Carcinogenicity assessment: no 2--year studiesyear studies
 Lack of pharmacology in rodentsLack of pharmacology in rodents
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AmeviveAmevive®® LabelLabel
MalignanciesMalignancies (clinical experience (clinical experience -- most important data?)most important data?)
•• AMEVIVEAMEVIVE®® may increase the risk of malignancies. Some patients who may increase the risk of malignancies. Some patients who 

received AMEVIVE in clinical studies developed malignancies. In received AMEVIVE in clinical studies developed malignancies. In 
preclinical studies, animals developed B cell hyperplasia, and opreclinical studies, animals developed B cell hyperplasia, and one animal ne animal 
developed a lymphoma. AMEVIVEdeveloped a lymphoma. AMEVIVE®® should not be administered to should not be administered to 
patients with a history of systemic malignancy. Caution should bpatients with a history of systemic malignancy. Caution should be e 
exercised when considering the use of AMEVIVEexercised when considering the use of AMEVIVE®® in patients at high in patients at high 
risk for malignancy. If a patient develops a malignancy, AMEVIVErisk for malignancy. If a patient develops a malignancy, AMEVIVE®®
should be discontinued. should be discontinued. 

Carcinogenesis, Mutagenesis, and FertilityCarcinogenesis, Mutagenesis, and Fertility
•• The role of AMEVIVEThe role of AMEVIVE®® in the development of the lymphoid malignancy in the development of the lymphoid malignancy 

and the and the hyperplasia observed in nonhyperplasia observed in non--human primates andhuman primates and the relevance the relevance 
to humans is unknownto humans is unknown. Immunodeficiency. Immunodeficiency--associated lymphocyte associated lymphocyte 
disorders (plasmacytic hyperplasia, polymorphic proliferation, adisorders (plasmacytic hyperplasia, polymorphic proliferation, and Bnd B--cell cell 
lymphomas) occur in patients who have congenital or acquired lymphomas) occur in patients who have congenital or acquired 
immunodeficiencies including those resulting from immunosuppressimmunodeficiencies including those resulting from immunosuppressive ive 
therapy. therapy. 
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Carcinogenicity ConclusionsCarcinogenicity Conclusions

•• Carcinogenicity assessments need to be based Carcinogenicity assessments need to be based 
on a scientific cause for concernon a scientific cause for concern
 Consider pharmacology, data from chronic studies, patient Consider pharmacology, data from chronic studies, patient 

populationpopulation
 Alternative approaches are useful and justified in many casesAlternative approaches are useful and justified in many cases
 A 2A 2--year rodent bioassay may not be the best assessment year rodent bioassay may not be the best assessment 

•• Potency of immunosuppression is an important Potency of immunosuppression is an important 
considerationconsideration
 Clinical data is the most relevant and important dataClinical data is the most relevant and important data
 Potential for lymphomas in patients cannot be assumedPotential for lymphomas in patients cannot be assumed
 Immunosuppressives have labels that indicate the potential Immunosuppressives have labels that indicate the potential 

risk, even in the absence of nonclinical datarisk, even in the absence of nonclinical data
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Overall Conclusions for Overall Conclusions for 
BiopharmaceuticalsBiopharmaceuticals

•• The appropriate studies must be considered on The appropriate studies must be considered on 
a a casecase--byby--casecase basisbasis
Risk assessment needs be based on the best Risk assessment needs be based on the best 

science and not on completion of a standard list of science and not on completion of a standard list of 
studiesstudies

•• 22--year carcinogenicity assessments should not year carcinogenicity assessments should not 
be an expectationbe an expectation
 Sponsors need to justify their approachSponsors need to justify their approach
Consider alternativesConsider alternatives
 Simply referencing a statement from ICHSimply referencing a statement from ICH--S6 is not S6 is not 

sufficientsufficient
•• Use of Use of homologueshomologues for toxicology testing for toxicology testing 

should not be an expectationshould not be an expectation for all programsfor all programs
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Backup and Informational SlidesBackup and Informational Slides
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Carcinogenicity RiskCarcinogenicity Risk

•• Can risk be quantified in the absence of a Can risk be quantified in the absence of a 
22--year carcinogenicity study?year carcinogenicity study?
Many potent immunosuppressives cause Many potent immunosuppressives cause 

lymphoproliferation in shorter term lymphoproliferation in shorter term 
toxicology studiestoxicology studies
Labels are similar regardless of whether a Labels are similar regardless of whether a 

formal carcinogenicity test was completedformal carcinogenicity test was completed
If the risk is identified in the label, should If the risk is identified in the label, should 

patient monitoring be used to determine the patient monitoring be used to determine the 
actual risk?  actual risk?  
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Decision Tree for Carcinogenic Decision Tree for Carcinogenic 
Assessment of Biologics Assessment of Biologics (Adapted from S6)(Adapted from S6)

Endogenous Protein?Endogenous Protein? SupraSupra--PhysiologicPhysiologic
Levels?Levels?

Is a 2Is a 2--yr Carcinogenicity Study Feasible?yr Carcinogenicity Study Feasible?
(e.g., pharmacology in rodents, no neutralizing Ab)(e.g., pharmacology in rodents, no neutralizing Ab)

Cause for Concern?Cause for Concern?
(e.g., growth factors, immunosuppression agents)(e.g., growth factors, immunosuppression agents)

Clinical ExposureClinical Exposure
> 3/6 months> 3/6 months

YesYes

NoNo No StudyNo Study

YesYes NoNo
No StudyNo Study

YesYes

YesYes

NoNo
No StudyNo Study

NoNo

Alternative Alternative 
Assessment?Assessment?

YesYes

Conduct 2Conduct 2--yr Study ?yr Study ?

NoNo

Perhaps?Perhaps? Drug Evaluation Forum Drug Evaluation Forum 
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Guidance for Carcinogenicity Guidance for Carcinogenicity 
Assessment of Biological DrugsAssessment of Biological Drugs

•• ICH S1A: Guideline on the Need for Carcinogenicity ICH S1A: Guideline on the Need for Carcinogenicity 
Studies of PharmaceuticalsStudies of Pharmaceuticals
 Step 4: November 1995Step 4: November 1995

•• ICH S6: Safety Studies for Biotechnological ProductsICH S6: Safety Studies for Biotechnological Products
 Step 4: July 1997Step 4: July 1997

•• FDA Draft Guidance: Development of PTH for the FDA Draft Guidance: Development of PTH for the 
Prevention and Treatment of OsteoporosisPrevention and Treatment of Osteoporosis
 April 2000April 2000

•• CPMP: PTC on the Carcinogenic Potential of Insulin CPMP: PTC on the Carcinogenic Potential of Insulin 
AnaloguesAnalogues
 February 2001February 2001


