Quantification of the Polydisperse Heparin Analog Dociparstat by Signature m Q2Solutions
Disaccharide Analysis in the Presence of Concomitant Enoxaparin Dosing
in Support of a Phase 2/3 Study in Patients with Severe COVID-19 RESULTS (CONTINUED)

Table 4. Method Qualification Run - CX-01 + ~Cmax Enoxaparin — Correction Results

NS6S Correction Performance

SLbeion smis o3 oot e ale | Emi e RS ek xelNimeles | s g | GomrdeRe ok,
0.0500 (5.00) E5 CX01 0.05 1 4.840544 4.5864078 0.2541362 0.220025 = Rallof0-01 —
0.100 (5.00) E5 CX01 0.1 1 5.103162 4,333787628 0.769374372 0.455863 169%
* . . . . . . 0.250 (5.00) E5 CX01 0.25 1 5.646511 4.468077229 1178433771 1192193 99%
Brian J. Engel’, Jennifer A. Vance'!, Aimee L. Rinas', Caleb A. Schmicker!, Mark J. Mullin?, John A. Dunn? e e i e o
2.50 ES 00; E5 CX012.5 1 15.425792 4.720178338 10.70561366 12.008807 89%
'Q= Solutions, 7840 Innovation Blvd Indianapolis, IN 46278; Chimerix, 2505 Meridian Parkway, Suite 100, Durham NC 27713 ot Ty T o
* . . . . . . . 50.0 (5.00) E5 CX01 50 2 244670275 4.390883916 240.2793911 236.251495 1020‘?
Work performed by Vance and Rinas occurred during their tenures at 'Q¢ Solutions, 7840 Innovation Blvd Indianapolis, IN 46278. saiso o025 o i s i i
8228 ggg; EESSCC)z(OT 09é5522 2222122 44.74155175777018869 21'.22609448197181141 ?f?ggg; 1 8;;
0.100 (5.00) E5 CX01 0.1 2 4.917385 4.883703902 0.033681098 0.423688 8%
0.0500 (5.00) E5 CX01 0.05 2 4.637338 4.937657828 -0.300319828 0.219573 -137%
VERVIEW : . . .
o METHODOLOGY OVERVIEW RESULTS Table 5. Method Qualification Run - Enoxaparin Benchtop Stability Results
Analysis of a polydisperse heparin analog therapeutic (CX-01, Dociparstat) was conducted in human i.) Sample Hydrolysis The method was qualified in a single run. Assay performance demonstrated individual calibration —— Mean N5 ook e Rt
plasma by signature disaccharide (NS6S) analysis, with NS6S being unique to CX-01 in native human CX-01 Structure standard %biases ranging from -6.0% - +6.0% for the 8-point CX-01 calibration line assayed in B A Enox 011 e 2091988 : 02
plasma but common to the concomitantly dosed low molecular weight heparin (LMWH), Enoxaparin, fepatnase &1l Heparase & I duplicate (Table 1). A mean %bias of -2.0% to +0.5% was observed across four levels of CX-01 o i Enx 12 0 osiist i o2 7
in COVID-19 patients, demonstrating a novel quantification approach to concomitant related o504 QCs (Table 2). Three additional QCs, designed to characterize individual NS6S response correction, U§§§33[528§§%1 O§i3030 ;‘{Egggz . 035
. . . . . . . =] asma . . . noxaparin 0. A . .097
glycosaminoglycan (GAG) therapeutics. Signature disaccharide response correction was required to et COOH © were prepared at low (0.150 ug/mL) and high (40.0 ug/mL) CX-01 concentrations to also contain USP Encapan | o as ey,
. . . . . . . o Heparinase I, 11, I OH . y noXaparin : : :
achieve accurate Dociparstat quantification in concomitantly dosed samples by in-run monitoring of i o AU\ 0.500 ug/mL, 2.00 pg/mL, or 10.0 ug/mL Enoxaparin (Table 3). These additional QCs demonstrated S Eroparn 0. 2 RS SO -
an alternate signature disaccharide unique to the LMWH. The method was used to determine CX-01 e U NHSO3H NS6S response corrected %biases from -1.3% to -13.3% for samples containing up to 2.00 ug/ L i i el BTk I T TSP SR
concentrations in a Phase 2/3 study to evaluate the safety and efficacy of Dociparstat sodium for the 202411 (NSG‘;*)' mL Enoxaparin. The low QC %bias exceeded correctability tolerances at the 10.0 ug/mL Enoxaparin Table 6. Method Qualification Run - E in's Nendor Result
treatment of severe COVID-19 in adults at high risk of respiratory failure. 20, 50 4 A% CX01 470148 Da level. For the high QC samples, %bias ranged from +3.5% to +5.5% across the concentrations of anie 0. WENOC JUaTIcaton =an - Enoxaparin SoUrce/ Fencor nesu’s
: disaccharides Enoxaparin tested Sample Name Enoxaparin (ug/mL) NS6S Peak Area Ratio Me(:';rNssu%splli):raglﬁirf:vgﬂm NS6S Ratio as % of USP Standard
’ Amphastar ONLY 0.1 1 0.100 0.131748 0.1321675 136%
INTRODUCTION i aht-no bration | - ST I i s
R CH,0H Additionally, an eight-point CX-01 calibration line spanning the target assay range (0.0500 — 50.0 ug/ Ampzstar LY a0 AT i B
Bioanalytical methodologies were previously developed, extensively optimized, and validated at Q2 Heparinasa |, I, I COOH ~ oo mL) and containing an ~Cmax Enoxaparin level (5 ug/mL), was assayed and subjected to in-run NS6S e LY 01 2 0100 0 sothy f
Solutions for quantification of the novel CX-01 therapeutic GAG in rat, dog and human plasmas. Enoxaparin (sulfated) % NS6S -3 N response correction. Corrected NS6S response values for individual combinations spiked calibration Miniap O 11 ) 1318801 3512 5%
The core methodology was based on concepts from the literature works of Linhardt', et al., focusing gorhy ity e standards demonstrated 87% — 103% of the observed response from CX-01 - only spiked calibrators inop 01 o s o e
. . . . . - r. \ inthrop : :
on the analysis of disaccharides derived from GAG macromolecule hydrolysis. (NS:;’;’“ prepared at the same nominal levels over a CX-01 range of 0.25 -50 ug/mL (Table 4). Corrected Wintiop LY 0.1 2 i AT S —
. S ~79% Exact mass : i _ LovenoxONLY 1 1 1.00 0.951813 0.97016 109%
Key Optimization Aspects for Successful CX-01 Method Validations: disaceharidos | 4970145 Da response values across the two lowest GX-01 calibrator levels (0.0500 —0.100 ug/ml) ranged ovroxONLY 5 500 48500t 48tcet g
. _ . . o _ _ o ( I from -137% to +169%, demonstrating an expected limitation to the response correction applied. Lovotox ONLY 12 00 0988507 ‘
 GAG hydrolysis, signature disaccharide selectivity confirmation, disaccharide derivatization, Y Additional method qualificati ; 4 included t ure E 1 bencht Lovnor O 012 00 010755 S
N : : itional method qualification parameters assessed included room temperature Enoxaparin benchto Enoaparin’ | | |
HRMS detection with stable label ISTD disaccharide (NS6S-'3C,) Hor: q N pardmeters as: P NOXap nentop s o 100 osar1st osaris
o _ OO At A, 50501 stability in plasma and potential for variability in assay performance when processing Enoxaparin from U5 Eocpain |2 010 o :
- . ) Protein Precipitation 9 e cetic Acid, 50-50-10, . Ve . noxaparin 1. 5. *
Key Development Aspects for CX-01 Analysis in the Presence of Enoxaparin: ) Add NSES. 1 NS2S.1 (MeOH) 40°C, 700 rpm 30 min. various sources/vendors. The ~25-hour benchtop stability samples demonstrated responses ranging USP Envaparin 5 2 5.00 T e
 Response correction in the previously validated CX-01 method for “added” NS6S detected from i) g F B ) I;f | b from 89.4% to 103.2% of fresh preparations (Table 5). Observed NS6S ratios from Enoxaparin
ii.) Collect & Dry Supernatant ii.) 2-methylpyridine borane complex

patients receiving concomitant CX-01 and Enoxaparin treatments, where both treatment materials i Reconstiuts (100% Wate 40, 700 rpm 46 min. supplied by four different vendors varied from +105% to +153% of the mean observed ratios from a Table 7. Phase 2/3 Study ISR Results

. . . . ; "I)Dry at 60°C, oNz 1 Watson ID Custom ID Sample ID Group Subject Treatment Time Text Finaé:\nnla[llysis cﬂnczin"t":;g;ingi"a; ol ISR Run ID Is““'y’f#{”‘"’" % Difference  Flag
Contaln NSGS dlsaCCharlde SUbunItS ) Recansum {1 e US Pharmacopela Standard (Table 6) 11 6511803544-02 6511803544-02 0001-002 A Plasma-1 Day 4 / Day 4 1 0001-002 A Day 4 3 3.03 : 6 5 -13.4
e s : C : : ; . 34| 6515496004-06 91519600406 0001 009 A Flasma | 1 0001005 | A | falynerapy o g 315 6 2.96 6.2
* Identification of a unique Enoxaparin disaccharide (NS2S) hydrolysis product i) Soparation and Detoction Three runs Wer:e Condugtg\?lEOZ gon-reguLated Slafml;m anf]l'yglshOf 66 prtl]ases 2/3 clinical samp;les I P B O S T (O L
ivati i - - : o e S e s In patients with severe -19 using the qualified method that met the acceptance criteria for : o ., - St | | B
* Denvation of NSB5-to-NS25 response relationship over the relevant Enoxaparinrange ——————© . WAL - ) B pagsing runs. Incurred sample reprodl?cibili?y (ISR) was also assessed by the I[e)lssay of at least 10% s |mms | swmmgessiseimon | e | 4w |3 | oam || | i
on o mm, 1.7 ym), ; - - . - - - asma-1 Day 8 / Day - ay . .
« Compensation for non-equivalent Enoxaparin hydrolysis and derivatization efficiencies under "y {(Q D {(Q " g : ired origi i Hs | esto0onty | 651202779000 000000 APaome Day2/0ao | 1 | oooroot | A | twe | 4 | 2% | 6 | s | s
ox 0F1) imived condt X parin nyaroly Q o TN Q HHHHHH N i e A z of the study samples. Al paired original and repeat assay results for the ten samples undergoing ISR o | este0rranor | stenerres 00000001 Alsmat Doy /b4 | 1| ooroot | A | bwa | 4 | 2 | & | e | ta
-U1 opumized conaitions WARNS VAR .. | | I e ana|ys|s were within the acceptame limits (_|_/_ 200%) for CX-01. 6511803638-02 |  6511803638-02 0015-001 A Plasma-1 Day 2 / Day 2 0 N N V1 4 6
. R 'f' -I:'-l-t' (NSBS) (NSZS) II.)QEF:(F&;(P;:I\:‘?OFC‘:EMS n g é: N . Overall: 100% of all repeats were within specification (Pass:10 Fail:0)
un Specific curve Tting ‘I Method Qualification and Phase 2/3 Study ISR Results:
iv.) Response (NS6S) Correction o CONCLUSIONS
METHOD Enoxaparin Curve (0.05 — 50 pg/mL) NS6S Response Table 1. Method Qualification Run - CX-01 Calibration line Results CX-01 quantitation in the presence of concomitantly dosed Enoxaparin requires an in-run signature
The method described quantifies CX-01 in K.EDTA human plasma over a target assay range ' He Carmeeton CUre e e e e T disaccharide response correction approach. The assay requires the determination of concomitant
2 . _ . ! b L ! d g pg/m 50.0 pg/mL ] ] ) : ] ) ) \ |
of 0.0500 — 50.0 g/mL in the presence of concomitantly dosed Enoxaparin. The effective e oy i 1523 i : | . | L medication concentration via alternate disaccharide monitoring and subsequent correction of the total
CX-01 concentration range is determined on a run-by-run basis and by the measured quality of o oo oo QT 7 R Derived NS6S signature disaccharide response detected to arrive at an accurate target therapeutic concentration
0.25 1.459934214 0.1451675 iy H H = . O Irnd . . - : c
signature disaccharide (NS6S) response correction near the low end of the assay by including 05 KT 78 9 (Zc‘j e % Response Table 2. Method Qualification Run - CX-01 QC/VS Results determination. Run-specific curve fitting, relative to co-dosed QC samples intended to mimic patient
in- i i i i i 25 1.828410867 1.249543 =5 " ot oAb gt RO 00wt o pym samples containing up to Cmax levels of Enoxaparin, as well as ISR results from a Phase 2/3 stud
IN-run Concom|tant|y Sp|ked QC SampleS. The method is based on the enzyma’[IC hydr0|yS|S of 5 176785884 2619333 e e Bationt (witin ; T - X - dd - ad -
. . . . . . 50 1.922555437 23.428546 06 1 14 s amples correctable : : : : : : : : H 4 s
CX-01 and Enoxaparin in human plasma to generate signature disaccharides for the primary and Mean NS6S/Mean NS2S e ange) o e b " b o T . 102 : for which the method was deployed, demonstrated reasonable response correction and highly
concomitant analytes of interest, the addition of stable label ISTD disaccharides, protein precipitation P S - 28 48 05 reproducible CX-01 concentration determinations from concomitantly-dosed patient samples.
f the hydrolysis mixture, derivatization®? of signature disaccharides and ISTDs, and LC-HRMS SiornG atent ificati i i
Of the nyarolysis mixture, derivatization=* of signature disacchariaes an §,and LL- Sample cxoy Srsle oy NSBS Calculate: Table 3. Method Qualification Run - CX-01 + Enoxaparin Response Correction QC/VS Results REFERENCES
in PRM mode for instrumental analysis. Subsequent response correction for the concomitantly CX-01 Concentrations b A“”b”tab'e e [(Total NS6S Ratio Observed) — e oS e me MW wme MW e MO e o MO e MO e
dosed Enoxaparin is conducted as described herein to arrive at an accurate target therapeutic by Esglfye;jo” Input CX.01 Atrtutae cx 01 (Enoxaparin Derived NS6S)] o5t syt 200 it 01t o500yt 200t 01 'B.Yang, Y, Chang, A.W. Weyers, E. Sterner, R.J. Linhardt, J. Chrom. A, 1225 (2012) 91-98.
. . . esponses 1or a
(CX-01) concentration determination. Patient Samples : 0 o o o e 0o e 0 e 0 o . 2R. Lawrence, S.K. Olson, R.E. Steele, L. Wang, R. Warrior, R.D. Cummings, J.D. Esko,
Invarun Megn | 0148 iy T a8 22 22 J. Biol. Chem., vol. 283, No. 48, 33674-33684.

3S. Bawazeer, A.M. Ali, A. Alhawiti, A. Khalaf, C. Gibson, J. Tusiimire, D.G. Watson,
Talanta, vol. 166, 1 May 2017, 75-80.



