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Abstract Methods: Case Study 1 (MK-X) Results: Case Study 1 (MK-X) (continued)
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Purpose: To demonstrate through two case studies how population A clinical strategy was developed to incorporate DBS in a staged manner in select Table 1. Phase 1 MK-X population PK model parameter estimates (% residual Figure 7a. MK-X decision tree #1 (linear » DBS samples were collected in both a healthy volunteer study (venipuncture and fingerstick sampling) and * The case studies presented herein represent two

pharmacokinetic (PK) modeling should be leveraged for bridging plasma and linical studi Fi 2 d facilitate DBS-pl bridai pop P g dv i tients (fi tick li Th tient studv included at-h DBS li t 31 i | fi i fDBS PK d i

Hiried blood spot (DBS) PK data across clinical development proorams, clinical studies (Figure 2) and facilitate -plasma bridging standard error) for relevant parameters regression analysis based on patient data only) a study in patients (fingerstick samp !ng). e patient study included at-home DBS sampling at 3 timepoints examples of incorporation o ata into

The existing plasma-based population PK model (developed in NONMEM) was following treatment on the day of patients experiencing an episodic event in addition to 1 in-clinic sample existing plasma population PK models
dmeth°d3: In two case studies (MK-X and MK-Y), population PK models initially updated with plasma and DBS data (venous sampling) from a Phase 1 DBS plasma- Plasma-Only Model Plasma + DBS Model* , « Linear regression and population PK model-based analyses were conducted in a similar manner to MK-X * In Case Study 1, incorporation of Phase 1 MK-X
eveloped from Phi plasma data were updated to include plasma and DBS data bridging study in healthy volunteers Plot DBS concentration DBS data into the existing plasma population PK
g%rg E?izlé?ggsgggg: (ggasses;m?)?ézn%e?:dcorizflzetgzl (:/?;e-iitiﬁﬁicfn\isgipﬂii?x?e- 9ing y y o , Dpa,-arpett_er I(E;t;;nsaé;e E‘;t'é"saéf vs plasma concentration * In the population PK model, four separate residual errors by matrix (i.e., blood and plasma) and subject model facilitated healthy ?/orl)unteer Erig ging and
. - : N : arameter escription o b ™ ion (i i ' : : )

(MK-X and MK.Y) and in-clinic and at-home fingerstick (MK-Y). An estimated 'I(';h?NPhgse I:;Brrsmodgtl V\{as;c uslettj to ievelopfp&/(l);r;?ztlve Imodel E[)ased analysis plans and | population (i.e., healthy volunteers and patients) were estimated informed model-based analysis plans for patient

population slope converted between DBS and plasma concentrations. Separate 0/ING 50 critena for later phases o -A developmen slope DBS/plasma ratio — 1.27 (4.61) Ensures similar data and DBS Go/No Go criteria for later phases

residual errors for plasma and DBS data were estimated. For MK-Y, residual error ) L . . " . Is th i It relationship of develooment. MK-X exposure estimates based
was further partitioned based on in-clinic vs athome DBS sampling. Models | Figure 2. MK-X DBS clinical implementation roadmap o%plasma | ~dditive residual 0.142 (7) 0.144 (7.29) between DBS and plasma |l @ heathy Results: Case Study 2 (MK-Y) on DBS data were similar {o those based on

were qualified through standard diagnostics and qualification approaches. variability for plasma concentrations? subjects . y lasma data. supborting that similar PK and PK/PD

Interchangeability of matrices was evaluated through various approaches Additive residual — (no disease P . » Supporting t 'mi _ )

inc|uding a Comparison of post_hoc predicted exposures from p|asma vs DBS In vitro and bioanalytical O'ZDBS . bl f DBS —_ 0186 (347) Y N effect on BP) . . . ConCIUS|OnS COUId be der'Ved US|ng e|ther matrlX

data alone (using slope as a conversion factor). assessments variability for Figure 8. MK-Y bridging study resulits - - -
(using slop ) _ Mode! develoned using Phase 1 o ot #Model develoned Lsing Phase 1 ol dat | —— « In Case Study 2, population PK modeling facilitated

Results: In both cases, two-compartment population PK models were See Figure 3 See Figures 4, 5, and Table 1 asODeBS Z\;Taol?rimuaslrr:gaIthasvilurrl)t:::ﬂ'bar i dais’ stl?d el developed using Fhase 1 plasma data as we regression Healthy Volunteers (n=22) the evaluation of the sources of variability between

developed. Population PK parameter estimates were similar with and without | | Update of existing plasma y ging sty analysis Venous Fingerstick the plasma and DBS assays and elucidated that

DBS data. The slope parameters were well estimated and consistent with the AL S P o e brkiping saus date : . . . . e 70T S ope (95% C1)=0.76 (0.74, 0.77) T Siope (95% CI)=0.72 (0.69, 0.74) the major source was due to at-home versus

DBS-plasma linear regression slopes and in vitro blood:plasma ratio data. (DBS and plasma) The population PK model-based population slope estimate of 1.27 was similar to the regression-based slope 600] Re0o0 _ soof ReoSE in-clinic sampling, rather than any inherent

Residual error for in-clinic DBS was low and generally comparable to that Figure 3) and the in vitro B:P estimate and was well estimated (4.61% RSE . . 2 g S i ’

for plasma; however, high residual error (113% CV) was observed for at-home (Fig ) ( ° ) Is the slope well C(:-I:,?i:.e:c?;:l? %E éé 5001 differences between the plasma and DBS assays.

DBS (MK-Y). For MK-X, DBS and plasma based post-hoc estimates of plasma Use model-based Phase 1 bridging analysis Compare individual model-based plasma Interindividual variability on the population slope was explored and found not to be significant estimated? lem' orical ";i milg S0 25 £5 400 As only sparse DBS PK samples were collected,

exposures were interchangeable and lacked bias. Phase 1 resuits were used o BT e S e TR . s the siope estimate i vivo healthy voluntoer 2 % 00l both in-clinic and at-home, it would not have been

inform Phase 2 analysis plans and development of a DBS Go/No Go decision for use of DBS in later phase patient trials e S T PR All model parameters were well estimated and comparable between the plasma and plasma + DBS model within 20% of the - e ] A 58 af feasible to partition these sources of variability
tree for later phase implementation. Seo Figure 7 w See Figure 6 SA‘;‘;ﬁﬁ;ﬂgﬁﬁ;ﬁ? <3 %8 2001 without the use of the population PK model.
. i . . . _ 100 : . o

Conclusion: The literature cites simplified approaches with generally arbitrary N Figure 5. MK-X population PK model diagnostic plots and the in vitro B:P? l::z;ztt:?grls?g;: Possible reasons for the increased yarlablllty

cut-offs (ISR criteria, regressions, Bland-Altman plots, etc) to bridge plasma and Seek regulatory input MK.X DBS stratogy . _ . _ va " 5 00 200 500 800 o 200 200 500 800 Obse_rV.ed for the at-hlomelsamples 'nCl_Ude (but are

DBS concentrations. We have shown that pop PK modeling with prospective & obtained from both MK-1602 Plasma Concentration (nM) MK-Y Plasma Concentration (nM) not ||m_|ted to) imprecise d|a_ry entry or Improper

model-informed analysis plans should be a critical element of plasma-DBS . 61 . 61 4 Move 1 collection of DBS samples in an outpatient setting

bridging strategies. These approaches directly address the development question § . ? © *; - o ufe:f[?onOPK STOP .

of whether DBS sampling supports pharmacometric aspects of regulatory 8 “1 . 5 3 ] o; pmgdel-based Patients™ (n=129)

submissions if incorporated in larger-scale patient studies. Results: Case Study 1 (MK-X) © o . % S, 2 o algorithm 800 Fingerstick ]

F 2 %8” g ;@ Slope (95% C1)=0.72 (0.69, 0.74) Concl usions
0 S @t 0 3 ®oo = Pearson’s correlation coefficient=0.98
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IntrOdUCtIon Flgure 3' MK-X healthy VOIunteer brldglng (N=12) ’ 2Popu|:=1tion4Prediction6 ’ ’ 2Population4Prediction6 ° SDBS data %’E o0
Plasma data D c . . .
] 104 10- €2 e Population PK modeling is an
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« DBS has continued to gain application across the industry as Slope (95% CI) =1.29 (1.27,1.31) : i @ & :
a viable alternative to plasma f - _ o Figure 7b. MK-X decision tree #2 (pop PK 25 important aspect of DBS:plasma
plasma for PK evaluations due to several 300 " - > 5 — .
advantages'?2 S o ¢ model-based analysis based on healthy £© PK bridging strategies to ensure
iy : . . £ S volunteer an i ineti '

« A critical component to using DBS in clinical programs is . olunteer and patient data) 08 — = —~ 3 that pharmacokinetic conclusions
demonstrating interchangeability of plasma and DBS to enable kS : MK-Y Plasma Concentration (nM) may be seamlessly derived across
bridging across the drug’s development history % 150+ 0 50 100 150 Update the pop PK model to include fIn-clinic samples only. the two matrices

. . ) o &) Population Prediction Time After Dose (hr) DBS data from healthy volunteers and

* To date, most published literature has applied statistical 3 100+ patients (include a slope estimate and , : ,

approaches of Phase 1 studies to enable bridging = Goodness of fit plots for the plasma + DBS population PK model did not indicate any bias in DBS vs plasma data. separate DBS jmd plasma residual * Healthy volunteer study demonstrated strong correlations between venous and fingerstick DBS vs plasma e The literature cites simplified
T error estimates . . . . . . .

« Merck has develobed and aained reaulatory feedback on an " ] S ] S - » Patient trial demonstrated strong correlations between fingerstick and plasma data collected in-clinic . -
A i LA S o OO Figure 6. Model-based individual MK-X plasma exposure estimates based on DBS | | | R | | approaches with generally arbitrary
integrated strategy (Figure 1) that includes population PK analyses 0 50 100 150 200 250 300 350 . . . * The regression model-estimated slopes were consistent with the in vitro-estimated B:P ratio for MK-Y in humans cut-offs (ISR criteria, regressions
of Phase 1/1b and 2 studies to establish this bridge VKX Plasma Concentration data alone and plasma data alone (using population slope as a conversion factor) Is the residual Is the slope estimate of 0.8 ’ L
T wudi ; ul licat £ this strat error estimate for within 20% of the slope Bland-Altman plOtS, etC) to brldge

* Two case studies of successful application of this strategy are _ L : DBS th timates from || e Simi - i - idai i ' : .
Sresented Pp gy 11 concurrent DBS and plasma samples collected in healthy volunteer study (N=12). Similar lndIVIduaI_modeI-bast_ed exposure estimates _based on DBS or q 25 Swrg:er ?hnan ?:glg:Sie;n r(cr)]rgalltrr:?lar S|{p|I?r to IXIIK X, alpo_pulatlog ;3K2 msogeol C§>1a632ed brlngTQ ?nqiyr/]sll_s was also co_nductecllE and the estimated B:P pl asma and DBS concentrations.

| | | Based on linear regression, the whole blood concentrations from DBS samples . plasma using population slopefs a conversion factor. v | that for plasma? volunteers and patients) | N ratio from this analysis was 0. ( . ), consistent with linear regression results We have shown that 00p PK
— MK-X: DBS was considered an attractive option due to a correlated well with plasma concentrations (R? = 0.99). The regression model-estimated £ ,5] AUC £ :ig Cnax and the in vitro B:P7 . : . ) ) ,
targeted indication in a likely aging population ratio (95% Cl) between DBS and plasma concentrations was 1.29 (1.27, 1.31), in close S 4 2 ™~y Y Table 2. MK-Y population model residual error estimates from select models modeling with prospective model-
. . . . . . _ . ) 44 E . "
_ MK-Y: DBS was considered an attractive option due to the agreement to the in vitro estimated blood:plasma (B:P) ratio for MK-X in humans of 1.22. < S 100 — S Blood informed analysis plans should be
potential of collecting at-home PK samples proximal to use of 5 40 = g o 5 s Use lhe model 1o prediot ndivicual lasma AHC a critical element of plasma-DBS
Spa O COTSCH Figure 4. MK-X model structure c 38 ; = o0 - and C,, estimates based on DBS data alone! Healthy | Patient | Patient o 1L Orp
MK-Y during episodic events 8 36 3 & and plasma data alone for patients ) althy ue brid trat Model-b d
: ) ka CL § 34 > =1.0000 § " y=0.9803x Are the GM plasma and DBS-based plasma Healthy Patient (C"mc) (CI|n|c) (Home) l glng stra egleS. odel-base
Figure 1. Merck’s strategy for DBS orug 2 o2 e oas g R=0.8063 AUC estimates and the GM plasma and Model X 0.41 0.55 0.27 0.96 approaches directly address the
y 30 35 40 45 50 0 20 40 60 80 100 120 140 160 DBS-based plasma C__ estimates within 10% - : : : .
Initial feasibility » In vivo bridging » In vivo bridging Q @ Plasma-based Plasma AUC (uM-hr) Plasma-based Plasma C,,,, (ng/mL) of each other? Model Y 0.41 0.53 0.27 0.37 113 development queStlon Of Whether
assessment (healthy) (patients) Do 90% of individuals have plasma and Model Z 0.41 0.52 0.283t 113 Incorporation of DBS Sampllng into
R Soad DBS-based plasma AUC estimates and plasma ; : : : . .
—_— —— — v, o0 No bias with DBS-based exposure estimates. and DBS-based plasma C, , estimates within TCombined res error term for healthy and patient clinic based DBS. larger-scale patient studies would
BA Descriptive/ Descriptive/ 1.20 120 20% of each other? Support pharmacometric aSpeCtS of
u — graphical —  graphical o AUC - A max . . Lo . . .
tests analyses analyses Excerpt from NONMEM Code within $ERROR block LD I B o] cMRe0so Yy TN MK-Y Pop PK model-estimated residual variability serves as a useful diagnostic tool for understanding | bmissi
_ (__anayses Q120 89110 e L GM=geometric mean. i regulatory submissions
IF (CPT.EQ.2) Q1=1 = g & 105 g § . o o> . tSlope used as a source Of Varlablllty
. IF (CPT.EQ.2) IPRED=LOG(F) [ ©'2°™? 29 o 0 g g% 5 - Proceed with conversion factor for . . o . .
|Te\;.tt;o Ll PopPK | poppK Y1=IPRED + EPS(1) 23 1.00 = 2o 822 5 5o DBS in Phase 3 plasma estimates * Blood concentration data were less variable than plasma concentrations in healthy subjects (i.e., 27% for blood
Q2=0 g £ 09 2E o5 based on DBS data. and 41% for plasma), supporting the adequacy of use of DBS sampling and assay methods for characterization
L J IF (CPT.EQ.3 .AND. F.GT.0) Q2 = 1 DBS @ £ 0.90 22 of MK-Y concentration
‘ A e 2 oes 8 ors The MK-X Phase 1 DBS-plasma population PK analysis was
Y2=IPRED + EPS(2 ’ = =
_ o *( ) 0.80+——————————————————— 0.70 +————r i i Qi * High variability (96%) in blood concentrations in patients compared with healthy subjects (27%) suggests that
Regulatory input Y =Q1*Y1 + Q2*Y2 0 1 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 11 12 used to define analysis plans and DBS Go/No Go decision trees JOd : , aret :
Subject ID Subject ID for later phases of development (shown above) based (a) solely other factors may be contributing to the increased residual variability rather than the blood assay itself References
_ _ N | o on patient DBS and plasma data from a later phase patient trial « Further partitioning of the residual variability of blood data in patients (Model Y) revealed that high variability 1. Emmons G, Rowland M. Pharmacokinetic considerations
The previously developed MK-X 2 compartment plasma PK model was updated with Individual plasma AUC,_, and C__, for each of the 12 healthy volunteers in the MK-X DBS-plasma bridging study (linear regression analysis) and (b) on patient DBS and plasma was associated with DBS samples self collected by patients in an outpatient setting (113%), and the blood as to when to use dried blood spot sampling. Bioanalysis.
Purpose plasma and DBS data from a Phase 1 bridging study in healthy volunteers were estimate% basedf on (1) the plasma mod((al and plasma data from the bridging study a}nd (2% the plasma + DBS gata Irom g rI1ater qh(ase pla’E[ient glifll asdwleltl)as IgBS a;nd p;lasma residual variability in patients remains reasonable (37%) when DBS samples were collected during a clinical visit 2010:2(11):1791-1796.
, « » : « » model and DBS data from the bridging study (using the population slope as a conversion factor). The comparison ata from Phase 1 (population model-based analysis). 2 Malcolm R. She i i i
. . ; ; ) ) . e T . . . . . . , pard T. Interpretation of microsampling data

To demonstrate through two case studies how population PK DaBrgn:gtne iecn;:?éllc;ﬂi WGES:;?;%abﬁoaozecpoarf;tgﬁggs compartment with a “slope of DBS and plasma-based MK-X plasma exposure estimates are shown above. These exposure estimates were Regulatory concurrence was gained on this approach. Note * The residual variability appeared to be similar irrespective of patient populations, and the primary driver for during drug development and regulatory considerations. In:

modeling should be leveraged for bridging plasma and DBS PK data P 9p similar, and the DBS-based estimated did not show any over- or underprediction bias compared to the plasma- that the decision tree and cut-off values shown were tailored to variability differences appeared to be whether a DBS sample is collected in clinic vs in an outpatient setting Zane P, Emmons GT, eds. Microsampling in pharmaceutical

across clinical development programs. Separate residual variability estimates were obtained for plasma and DBS data based estimates. MK-X and could be different for other compounds. (Model Z), suggesting problematic data/sample collection by outpatients bioanalysis. London: Future Science Ltd, 2013:121-133.
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