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What-if-Machine (WhIM)

= The peptide drug market is expected to generate $50B In revenue by 2024 but the FDA is > Mimics the process of synthesizing Sxample Risk Profie for RLD A B canaon
concerned about the number of impurities that may be introduced in the synthetic process. polypeptides and records theoretical =

= The peptide manufacturing process can result in synthesis-related impurities that can introduce product impurities created through known | e Risk profie for
immunogenic epitopes within the amino acid sequence of the peptide, resulting in an unexpected . ggrr\esicljr;:tli?i jé’”ﬁ?:sﬁifm?gssécored o Random Peptides
and undesired immune response against the drug. | | Sutative T cell epitoge Cé’ntent (EpiMatii) P R o

- EleatrIX Can be used tO SCreen both t,]e drug API Sequence and ItS known peptlde'related and CrOSS Conservatlon Wlth the human é ...........................................................................
Impurities for the presence of putative T cell epitope content. proteome (JanusMatrix). )

= When peptide-related impurities are unknown, the “What if Machine” (WhIM) can perform || » Impurittes are weighted based on S
theoretical changes to the natural amino acid sequence of the drug substance and measure their assumed probability of occurrence. .| Crapniclorillusirative purposes only
Impact on the putative epitope content of the peptide.

= Here we present a retrospective case study of Taspoglutide — a GLP-1 agonist that was under Taspoglutide What-if-Machine Analysis Results
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= Using the WhIM algorithm, we have evaluated all possible amino acid duplication impurities for the neo-epitope was the cause of the
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with EpiMatrix and JanusMatrix for 06_ENDO-PHE12_HGLP-1 [ HAEGTFFTSDVSSYLEGQAAKEF IAWLVKAR 1.72 Yes (1)
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Taspoglutide and Observed Hypersensitivity
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HLA typing revealed an enrichment of particular HLA-DRB1 alleles : : :
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12 % epitope content 20_ENDO-PHE28 HGLP-1 | HAEGTFTSDVSSYLEGQAAKEFF IAWLVKAR
0 Impurities <20 - Bl serious allergic patients 21 _ENDO-ILE29_HGLP-1 | HAEGTFTSDVSSYLEGQAAKEF I IAWLVKAR
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> enber 201 o s EpiMatrix Cluster Detall Report
> It is suspected that the cause of the observed hypersensitivity is due to the presence of amino acid duplication synthesis side product(s) File: TASPOGLUTIDE Sequence: 26_ ENDO-LYS34_HGLP-1 Cluster: 7
which gives rise to novel T cell epitopes Frame AA Frame Hydro- DRB1'0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 . Differentfrom  Neo-
o _ _ ' _ _ _ Start Sequence Stop phobicity Z-Score  Z-Score  Z-Score  Z-Score  Z-Score  Z-Score  Z-Score  Z-Score baseline (Y/N) epitopes
» HLA typing in allergic patients shows an enrichment of five particular HLA DRB1 alleles. Two of these alleles (DRB1*0701 and DRB1*1104) - HAEGTFTSD 15  -0.91 0 N 0
were shown to be able to bind the impurity rather than the drug.? 8 AEGTFTSDV 16  -0.09 0 N 0
9 EGTFTSDVS 17 -0.38 0 N 0 , f
In Silico Evaluation of Immunogenicity o o o || oes o
12 FTSDVSSYL 20 0.32 2.29 2.83 2.55 2.27 1.52 1.60 1.75 5 N 0 A
Searching for T Cell Epitopes with EpiMatrix 13 TSDVSSYLE 21 -0.38 0 N B = DRB1*1101
_ 14 SDVSSYLEG 22 -0.34 0 N
HLA-peptide : : _ 15 DVSSYLEGQ 23  -0.64 0 C - DRB1*1301
complex EpiMatrix Cluster Detail Report 16 VSSYLEGQA 24 -0.06 0
File: TASPOGLUTIDE Sequence: 00 HGLP-1 Cluster: 7 17 SSYLEGOAA 25 -0.32
Frame AA Frame Hydro- DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Hit 18 SYLEGQAAK 26 -0.67 0
Start Sequence Stop phobicity Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score e 19 YLEGQAAKE 27 -0.97 1.33 0
) : ; 7 HAEGTFTSD 15 -0.91 0 20 LEGQAAKEF 28 -0.51 0
s YOX 2 ’;Eilg;'j‘s’ ii’ 22: g 21 EGQAAKEFI 29  -0.43 0 N 0
Peptide 3 1) 10 GTETSOVSS 18 -0.08 0 22 GQAAKEFIA 30 0.16 0 N 0
Drug _ 11 TFTSDVSSY 19  -0.18 0 23 QAAKEFIAW 31 0.1 0 N 0 ) ) _
Epltope 12 FTSDVSSYL 20 0.32 2.29 2.83 2.55 2.27 1.52 1.60 1.75 5 24 AAKEFI1AWL 32 0.91 0 N 0 Th DIISC I atl mer: I )
ii ;ss\s’i;i ii gzi g 25 AKEFIAWLV 33 1.18 43 0 N 0 Cé)snzi);pe?erz ?gg;g‘;g’js
: : : - 15 DVSSYLEGQ 23— -0.64 0 20 KERIAILYE 5t 0o ° y ’ impurities of Taspoglutide
> EpiMatrix predicts T cell epitopes 16 VSSYLEGQA 24  -0.06 0 27 EFIAWLVKK 35 0.54 ° Y ’ resulting from arﬁmgo acid
TR . : . SSYLEGQAA 25  -0.32 0 28  FIAWLVKKA 36 1.13 1.33 2.45 2.16 1.81 1.80 4 Y 4
» HLA binding is a prerequisite for immunogenicit - ati
J 5 2 P Sl s s 2 oo \ 29 IAILVKAR 37 032 a0 14 | es > | , || duplication only. Other
20 LEGOAAKEF 28 051 ' ' 155 0 Summarized Results DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total Total peptide-related impurities
21 EGQAAKEFI 29 -0.43 0 Maximum Single Z-score 2.29 2.07 2.01 1.81 1.80 1.75 - 6 ~ that may be present
22 GQAAKEFIA 30 0.6 0 Sum of Significant Z-scores 2.29 2.83 5.00 4.43 3.71 1.81 3.48 175  25.30 In the drug product could
23 QAAKEFIAW 31 0.1 0 Count of Significant Z-Scores 1 1 2 2 2 1 2 1 12 also contribute to
24 AAKEFTAWL 32 0.91 0 - T . - - i - - - the Observed
25 AKEFIAWLY 33 118 e 0 Total Assessments Performed: 184 | Hydrophobicity: -0.28 EpiMatrix Score: 6.35 EpiMatrix Score (w/o flanks): 6.35 T
26 KEFIAWLVK 34 0.54 0 Scores Adjusted for Tregitope: -- EpiMatrix Score: 6.35 EpiMatrix Score (w/o flanks): 6.35 hypersen5|t|V|ty
27 EFIAWLVKA 35 1.18 0
28 FIAWLVKAR 36 1.07 1.85 1.72 2.02 3
Summarized Results DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total Serious Systemic Hypersensitivity: 28
Maximum Single Z-score 2.29 2.27 1.70 1.17 2.02 1.75 -- . s e . . . —
Sum of Significant Z-scores 2.29 2.83 4.40 3.99 1.70 0.00 2.02 175 1898 Epitope Prediction: Synthesis Side Product possible aa duplication impurities
Count of Significant Z-Scores 1 1 2 2 1 0 1 1 _J A° Peptide B Side Product: Peptide B
Total Assessments Performed: 176 | Hydrophobicity: -0.16 EpiMatrix Score: 0.86 EpiMatrix Score (w./gs#anks )
Scores Adjusted for Tregitope: - EpiMatrix Score: 0.86 EpiMatri gre (w/o f
» EpiVax tests for binding potential to the most _ _ _ 10 _
' ' EpiBar = Taspoglutide Score dtoT lutid
_ 0 (Z-scores = 1.64, medium and || PrOMISCHOUS has atotal 0f 9 | (scores above 10 indicate
» These are representative of >95% of human dark blue shading) binding motif EpiMatrix Hits significant immunogenic
populations worldwide.* potential) 5
resme T e create neo-epitopes for the HLA-
Suspicion: Side Products may give rise to novel T-cell epitopes DR? and/or DRll families

Peptide-Related Impurities and Neo-epitopes

13 November 2013 21

_ . TAVAVAYA! : : : : : : One or more d b ributi
@ Peptides are synthesized from C-term to W AZE (G T F T S DIVIS S Y LTE GLOIATATKIE TF | JATWIL VK A Neo-epitopes introduced as a result of the impurity are outlined in the cotid e CONTTIbULNG
C4 C3C2C1 _ _ _ . e (0 hypersensitivity
N-term. N-term C-term EpiMatrix Detall Report above in red. in subjects with
» . L Truncation: - Modifications that create an HLA ligand that is not present in the API DRB1*0701 and/or
(2, :‘Ac\:dilltel(’?rzgr]:)ea(:h amino acid is termed a - Modifications that preserve a ligand predicted in the API but have a DRB1*1104
Y | Amino acid deletion: Chanqe at the TCR face.
Q During any given cycle an impurity can be CHIALE GL T F T S D,V SISV LIELGLQAAZEF | JAJW LV K,AJRSE resin
mtrodugted (rlghlg). IImpurltles can create i acid ineertion: Conclusions
neo-epitopes (below) OOBEGEHCOVOOVBEEOOBREOCOTIOURD
- .y YT Amine acid duplication. e It Is Important to assess the potential iImmunogenicity of not only peptide drug candidates, but
xampie Impurity = upfication ODBOOEOCO0000066EOD0DCE0ODIOID also their synthesis-related impurities in early stages of drug development.
J
TER Incorporation of D-stereoisomer: * In silico tools such as EpiMatrix and JanusMatrix can provide a quick and cost-effective method
HLA-bound (H ALE G, T F,T,S,D VSIS Y LIEGIOIALALK ELF | LA W LV K A tOo screen peptides for immunogenicity_
peptide Side chain modification: _ . _ _ _ _ _
AR o M v @Q « When impurities are unknown, the What-if-Machine can quickly screen all plausible peptide-
Binding pockets HLA "o related impurity sequences and identify potentially immunogenic impurities.
Scenario 1- Binders Non-binder Scenario 2- Non-binder= Binder e A ret_rospective WhIM analysis of qu_p_oglutide revealed five poten?ial iImpurities that could
A Binder LA Non-binder contribute to the observed hypersensitivity and consequently, the halting of the development of

— results in a peptide that will results in a peptide that will Taspog lutide.
1,2 3,4,5,6,7,8,09 no longer bind HLA by W now bind HLA (neo-epitope)
P1 P4 PG P9 shifting subsequent amino P1 P4 P6 P9 by shifting subsequent
‘ acids out of phase ‘ amino acids into phase Refe fences
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