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The PANDA Platform

> In 2017, the FDA released a draft guidance that requires generic peptide drug PANDA: ImmunOgemCIty Risk Assessment for Synthetlc Eeptlde AbbreVIated

manufacturers to provide evidence that synthesis-related impurities found in ﬂew Qrug Application Using Computational and Analytical
their drug substance do not increase the immunogenicity of the drug product. thod

ANDAs for Certain Highly Purified
Synthetic Peptide Drug Products That
Refer to Listed Drugs of tDNA Origin > Peptide drugs can be associated with impurities that result from changes in the

sequences due to failures in the manufacturing process leading to deletions,
Guidance for Industry insertions, integration of incorrect amino-acids, side-chain modifications and
other modifications.
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Searching for T Cell Epitopes with EpiMatrix Searching for Human-like Immunogenicity Quadrant Plot
oo - EpiMatrix Detail Report: Teriparatide RLD 220G ) BT EL I
complex p port. erip Observed Teriparatide and Salmon Calcitonin Impurities
Frame AA  Frame Hydro- DRB1*0101 DRB1*0301 DRB1°0401 DRB1*0701 DRB1*0801 DRB1:0901 DRB1*1101 DRB1*1301 DRB1*1501 Effector - Regulatory
Start Sequence Stop phobicity Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score s T C e" } A e T Ce"
1 svsElomMH 9 0.29 0 Efoicetlf' Most Immunogenic I . Teriparatide Impurities
) 2 VSEIQLMHN 10 -0.01 0 Potential |
: > \ o 3  SETQLMHNL 11 -0.06 0 I .
L Y
y \ 4*  EIQLMHNLG 12 -0.01 1.77 1.78 1.31 2 x I .
- 5* IQIMENLGK 13  -0.06 2.47 1.71 2.88 1.67 2.01 1,62 1.69 8 .
Peptlde 6 QLMHNLGKH 14 -0.91 0 Epltopes E -t D I . ..
Drug Epltope 7*  LMHNLGKHL 15 0.1 2.27 2.17 1.44 1.41 2 Mature pitope vense I Epltope Dense Teri ;
. I . eriparatide RLD
8 MENLGKHLN 16  -0.91 1.41 184 1.93 1.49 2 APC Non-Human Human-like
9 HNLGKHLNS 17 -1.21 1.45 0 I
10 NLGKHLNSM 18 -0.64 0 Q . |
» EpiMatrix predicts T cell epitopes 11" LGKHINSME 19 -0.64 2.08 1 The EpiBar in frame 5 has a high = |
.y . . 12 20 -1.57 1.38 1.30 0 -
» HLA binding is a prerequisite for o e o o . JanusMatrix Human Homology Score - ® '
immunogeniCity 14 HLNSMERVE 22 -1.01 0 SuggeStlng It IS a pOtentlaI regU|at0ry 8 _______________ :
15 INsMERvEW 23 076 | 1.38 133 154 0 epitope (Tregitope) and will be tolerated - . _
16 NSMERVEML 24076 0 or even actively tolerogenic* © Epitope Sparse ! Epitope Sparse
17 SMERVEWLR 25 -0.87 0 . . i ) ) ) Pl N 'H man | Human'like
18  MERVEWLRK 26 1.21 0 *confirmed with unpublished in vitro studies 8 on-rnu I
19 ERVEWLRKK 27 -1.86 0 7)) |
20 RVEWLRKKL 28 -1.04 1.30 0 TCR x I
21* VEWLRKKLQ 29 -0.93 2.51 1.51 1.38 2 I .
22 EWLRKKLQD 30 -1.79 1.47 0 V
23*  WLRKKLQDV 31 -0.93 1.65 2.04 1.42 2 T cell I
24 LRRKKLQDVH 32 -1.19 0 receptor face ——§—_) I Least
25 RKKLODVAN 33 -2 0 peptide R ® | Immunogenic Potential
26 KKLQODVHNF 34 -1.19 0 |
Summarized Results DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*0901 DRB1*1101 DRB1*1301 DRB1*1501 Total p
Vaximum Single Z-score - - - — i HCHLA JanusMatrix Human Homology Score (Humannes
Sum of Significant Z-scores 474 1.71 2.88 5.49 10.00 0.00 9.11 3.77 242 40.12 Binding face
<_DRT ~— Count of Significant Z-Scores 2 1 1 3 5 0 4 2 1 19 ~ MHC/HLA

> Ep|VaX teStS for b|nd|ng potentia| tO the mOSt Total Assessments Performed: 234 | Hydrophobicity: -0.67 EpiMatrix Score: 16.03 e
Scores Adjusted for Tregitope: -- EpiMatrix Score: 16.03 Pe ptide: TCR

common HLA molecules within each of the

“supertvpes”3 shown above. *7 frames contain putative T - — : : High EpiMatrix Score _ _ _ . _ _ _
> Th(fse yaF\)re representative of >95% of human cell epitopes EpiBar = Teriparatide has a || (scores above 10 indicate Teriparatide and many impurities fall into the Epitope Dense, Human-Like quadrant.
. prese ° (Z-scores 2 1.64, medium and || ~ Promiscuous total of 19 significant immunogenic Two observed impurities create non-human epitopes and are predicted to be immunogenic.
populations worldwide.? dark blue shading) el vy EpiMatrix Hits potential) HC/HLA

Evaluating Risk of (nearly) all possible peptide-related impurities with the What-If-Machine (WhIM)

- — - rm H H H H H x - . - mgm . . -
N-term c tf\ Risk Profile for Salmon Calcitonin & Teriparatide Impurities Highest-Scoring WhiM-generated Impurities: Teriparatide
NHN " Example of Current WhIM read-out —— —
W@Q ALK ELF | AWLL VK AR n 407 Salmon Calcitonin Measure Salmor'! Teriparatide s0q leriparatide Impurities Peptide Sequence IMPURITY_TYPE PROBABILITY ks — B
cac3czct 15- Examole Risk Profie for Impurities Calcitonin pro—. SCORE  SCORE DELTA
H?gh Risk Peptide : E_a:d""‘ RLD 1.99 16.03 High risk SVSEIQLMHNLG KHLNSMERVEWLRKKLQDVHNE RLD n/a 1603 | 4.7 N/A
. . . : 9 30 . : ” SVSEIQLMENL-KHLNSMERVEWLRKKLODVENF  |DELETION 1.0E-04| 46.63 1.19 1.39%
The “What-if Machine” (WhIM) IS a ComDUter algorlthm 10- _ = Lov Max 1999 1669 muriies SVSEIQLMHNLLGKELNSMERVEWLRKKLQDVHNF  |DUPLICATE_AA 5.0E-05 29.72 2.29 -2.76%
that: - E]fla"]]p'eRR'Sdk . Upper Q 1.06 10.33 TS SVSE IQLMHNLLGKHLNSMERVEWLRKKLQDVENE  |INSERTION_AA 256-06) 2072 229  -2.76%
: o rofile for Random o s - §
N o St : T
e Mimi izi i : 5 5 : B ohre gl - = : ° 2
Imics the proce-ss 0] synt e.S|Z|ng. PO ypeptl € drug pro ucts; | . Example Risk Profie for £ impurities Lower Q -4.90 7.54 Te”';’;‘_rg"de SVSEIQLMHNLNGKHLNSMERVEWLRKKLQDVHNF  |INSERTION AA 2.5E-06] 24.21 1.09 -2.78%
* Records all possible product impurities created through known failures ; Low Risk Peptide 5 Min 18.42 9.96 e SVSEIQLMHNLS GKHLNSMERVEWLRKKLQDVHNF __|INSERTION_AA 50606 2513 200 -2.12%
: : £ Tavy ] | | SVSE IQLMHNLSGKHLNSMERVEWLRKKLODVHNF  |INSERTION_AA 5.0E-06) 25.13 2.09 -2.12%
in the synthesis pr 4 5 0 . Q 2 - - - - :
© Synthesis p O.CGS.S b _ _ _ é - Weighted Avg 0.32 10.07 SVSE IQLMHLNLGKHLNSMERVEWLRKKLQDVHNE  |INSERTION AA 256-06] 23.39 173 -2.76%
» Scores each potential impurity for T cell epitope content (EpiMatrix) = Total 1648 1853 e RS EEEEE SVSEIQLMHNLHGKHLNSMERVEWLRKKLODVHNE __|INSERTION_AA 256-06] 24.17 0.82 -3.34%
and human cross-reactive potential (JanusMatrix); 5 N iah Seorng (Goumd ; o SVSEIQLMHVNLGKHLNSMERVEWLRKKLQDVHNE _|INSERTION_AA S0E-06) 2270 200  -2.41%
. _ _ . . —— SVSEIQLMHNVLGKHLNSMERVEWLRKKLQDVHNE  |INSERTION_AA S5.0E-06] 22.46 1.33 -2.41%
+ Weights each impurity based on an assumed probability of occurrence; High Scoring (percent) |  0.55% 26.34% a5 SVSEIQLMHGLNLGKHLNSMERVEWLRKKLQDVHNF |INSERTION_BETA_AA 50E-07] 21.64] 186  -415%
. . . iy . — = SVSEIQLMHNLIGKHLNSMERVEWLREKLQDVHNF INSERTION _AA 5.0E-06 20.82 0.75 -2.76%
« Summarizes the scores of all potential impurities in order to calculate 0- n=1648 WhiM-generated impurity sequences with EpiMatrix Scores = = =
AR imnLarifv rels ArAafila above our standard threshold for immunogenicity (>10)
aAaltL 1ii UIILy 1191\ PIUIII\J.

In Vitro Confirmation Assays

In Vitro Class Il HLA Binding Assays In Vitro T cell Assays — In Vitro Immunization Protocol (IVIP)

IVIP Results
Day 0 <D$ Day 2 }ﬁ“{‘ HLADRB1%0101 Teriparatide RLD and Two WhIM-Identified
.l HLA High-Risk Impurities
AlCE o%Pe>"" i }i“"% Teriparatide RLD j e £ 25- 20 pg/mL
o & ; % Streptavidi y < aive T cell Response 2 21 21
Qo ¢ ot 1 i to HLA-DRB1*0101 § oo o 20-
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+ 27T . 2 ¥ Labeled 5 =
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[T
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Y antibod) LA & M P -  High-risk Impurity 000 Bl . Y y y y y y 3 5| .
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Overnight 4°C plate Y v Fluorescence to HLA-DRB1*0101 0-
. AN . l l RLD WhIM Des WhIM Endo
concentration ot articie (o) . Hl Numb fR ding D
Class Il HLA Binding Results for Teriparatide and high-risk WhiM-identified Impurities: v Half Media Half Media Half Media Tol::#egf;onifspizsigg onors
. * * * * * * * * * |solate PBMCs from EXchange Exchange Exchange
Peptide DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0901 DRB1*1101 DRB1*1301 DRB1*1501 - v
whole blood filter Harvest cells for Percentage of
Teripratide_RLD N-term (1-18) Negligible | Negligible Non-Binder| Negligible Moderate Moderate * Setup 1’ culture Fluorospot (IFN-g/IL-2) Peptide Responding Donors
. . . . . . . . . P HLA typi . .
Teriparatide_RLD C-term (18-34) Non-Binder|Non-Binder|Non-Binder|Non-Binder|Non-Binder \elefa i Negligible s::"?:;es yping « Stimulation #2
, , S
WhIM_DES-GLY12_Teriparatide (1-21) | /ol [cEds Low \'/ele[21=1-1| Non-Binder| Non-Binder Moderate High v WhiM DETSegT_?(rf Zt'd%riparati = 1%/; 280//"
- (0] (0]
WhIM_ENDO-LEU11_Teriparatide (1-21) B"EaA:l:u Negligible Negligible | Non-Binder Moderate | Very High DZI:;LC;)Snr:::\t WhIM _ENDO LEU11 Teriparatide 10% 45%

Conclusions

Evaluation of the Drug Substance (DS) - Evaluation of > It is important to assess the potential immunogenicity of not only peptide drug candidates, but also their
DS-Related Impurities synthesis-related impurities in early stages of drug development.
In Silico Analysi In Vitro Bindi Ex Vivo T cell Impurity Risk Out : - - - : o
E’;iM;tr'ifg e S Claea i I!IL?Bin::lri'nglxsgays xIVII!’vAossaycs:e T";gl'figgn v ImmI:noc;rr?:t? > In the recent FDA guidance, peptide drug manufacturers must provide proof that synthesis-related impurities do

not increase the immunogenicity of the drug substance.

DS is inherently _ > In silico tools such as EpiMatrix and JanusMatrix can provide a quick and cost-effective method to screen peptides
immunogenic and Confirm for immunogenicity
an‘l-human Immunogenicity Impurities are less Immunogenic . ags . . . . . . -
AL DETE Confirm HLA relative to DS » When impurities are unknown, the What-if-Machine can quickly screen all plausible peptide-related impurity
onrtirm . . . . . _ = ngs
Binding —— sequences and identify potentially immunogenic impurities.
cont Immunogenic relative to DS » Combining these in silico tools with in vitro HLA binding and T cell assays is referred to as the PANDA process can
OnE Impurities are similarly be used to support generic peptide drug equivalency in an ANDA application or in the immunogenicity screening

Tolerogenicity tolerogenic like DS

of novel peptide therapeutics.
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For questions regarding in silico antigen screening and vaccine design, please contact: Katie Porter at 401-272-2123, ext. 115; or at info@epivax.com www.epivax.com
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