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Introduction Alternative BE Metrics

Results (con’t.)

Vivitrol® (naltrexone) 380mg/vial for extended-release (ER) intramuscular injectable Alternative BE metrics were considered to determine which would be appropriate to ensuring that generic Metric combinations:
suspension (NDA # 21897) by Alkermes is a long-acting injectable (LAIl) approved for the formulations could achieve therapeutic threshold plasma concentrations of 1 ng/ml for 28 dayss. In all, BE metrics « ‘Traditional: C,_,, AUC,_., and AUC,,
treatment of alcohol and opioid dependence. Literature and clinical pharmacology data evaluated included: the traditional BE metrics, pAUCs (AUC,_;, and AUC, ), Cog area above 1 ng/ml between 10- « ‘trad_mf2’: ‘traditional’ + modified f,test
suggest that Vivitrol is therapeutically effective when plasma concentrations are sustained 28 days (AUC,,,,.), area below 1 ng/ml between 10-28 days (AUC,..,), ratio of AUC_,.,. to AUC,.,, (AUC _.), » ‘trad_10_28": ‘traditional’ + AUC,, g
above a threshold of 1 ng/ml during the desired ER phase. The pharmacokinetics (PK) of AUMC,,.,g, and the f, (difference factor) and the f, test for PK profile comparison. PK profiles were also evaluated by » ‘trad_1_28": ‘traditional’ + AUC,_,, + AUC, .5
Vivitrol is characterized by three peaks, which occur immediately after injection (i.e., 2 hours), an efficacy surrogate - the maintenance of plasma concentrations above 1 ng/ml for 28 days. * 'minusAUCt: remove AUC,, from ‘trad_1_28’
after 2-3 days, and after 2 weeks. These peaks are correlated with the different phases of drug
release associated with Vivitrol's microsphere formulation — initial release in aqueous In addition, we established an inverse in vitro-in vivo relationship between Vivitrol dissolution and PK profile based — e .
environment, the hydration phase, and the sustained-release phase governed by polymer upon the similarity in cumulative in vitro drug release (using the real-time method) and the in vivo cumulative AUC. e .
erosion, respectively’. This relationship allowed for the prediction of the in vitro dissolution profile associated with the PK profiles simulated ] B 3

and for an evaluation of whether passing of the modified f, test ensures BE. 5
The objective of the current study is to utilize the population pharmacokinetic (popPK) model Zn:\Rl.—Tl.\ L T _ S s ] X
(developed and validated by Alkermes)? to simulate the PK profiles of hypothetical naltrexone profile comparison metric equations: ./, =100 Z R fz:smog{{”n;(&m} “OO} fﬂ“”“‘:”:”“l”glﬂ{[lﬁ?mf‘m“ff}} 1“‘:’} g .
for ER suspension formulations, and, thereafter, to evaluate the performance of alternative z o /g C—— c—— o— Co— o——— O
bioequivalence (BE) metrics for the in vivo study to ensure therapeutic equivalence (using the °§ 2
target concentration of 1 ng/ml as the efficacy surrogate). This study was conducted to D ec——— — -
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determine whether BE metrics beside the typical overall AUCs and C,_, would be necessary in
the evaluation of the recommended in vivo two-treatment, parallel BE study to ensure that Power anaIyS|s F AR DI CEURON WO | CU——— Wo—————
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Q1/Q2 (qualitatively and quantitatively the same to the reference product) generic products are 21T T T T IozEsmn——T
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thterapeutlcallill qullvalelntt. to tVIVtItrO| and to re-assess the maodified f, (i.e., similarity factor) in Figure 2: Probability of concluding BE for Vivitrol 380 mg i
VItro comparative dissolution 1est. against itself (reference vs. reference). ‘f2’ refers to the =] FApEmommD T ‘""""'"""'".%
plasma concentration-based profile comparison test. R
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Alkermes provided a NONMEM®-based popPK model? for Vivitrol developed from a single- 8 - o . o e b b oo 0aen oong
center, double-blind, placebo-controlled clinical study where 24 subjects received single or Metric C,q AUC, . AUC,... C._  AUMC,,, AUG 10 Parameter
multiple doses the 380 mg strength intramuscularly. Covariates included age, BMI, and weight. CV (%) 78.60 71.02 64.31 55.43 48.65 o iﬂﬁg—fm Figure 4: The ability of each metric combination (represented by unfilled black diamonds in
Drug absorption was modeled atter the different phases of drug release from the microsphere Metric  AUCyp,;  AUC,,,  AUC,,  AUC,,, AUCabove each panel) to pass or fail each theoretical formulation (passing determined as PEs between
|mplantt as tdn‘fergn;c ;cjranS{tb cor?rﬁ)artrrllents enterlr:jg dlln’f[qbtt[].e cer;tral Itc:ompone.nt. Attwc?- CV (%) 44.31 38.05 13.53 6.95 | £ '_': EHEE!T 0.8 and 1..25). The plue diamond.s_represent whether a forrpglation would be expected to be
gi?::r:fl):trionr:erlgorr?r?isestudesfhne le\lSO N I\iEI(\;/I eri:)?jne?ew aasntran;TaTecljJ ilr?tr(]) Ig naitrexone in systemic Table 1. Residual CV of relevant PK metrics from power T T T T T therapeut!cally equivalent to Vivitrol based upon sustaining plasma levels above the
| Y | analysis calculated from parallel BE analysis of 500 | therapeutic threshold.
reference profiles against 500 other reference profiles rumber ofsiblecs perarm .
Conclusions
E.g. AMRT parameter sensitivity analysis I3 - & :EEE?BB » In September 2015, the BE recommendation was revised to include the pAUCs, while
| —— AUC 10 removing AUC,, and the modified f, test as BE evaluation criteria*. Our current analysis
A 24 | B i > T Eggﬁgf_aza provided supportive evidence as follows:
Central Peripheral 2 - ol 5 . _ . _ _ .
cmy -— oM T - 3 cpoove - Traditional BE metrics and the modified £, test resulted in a high false positive rate: several
. L formulations concluded BE but would fail to sustain plasma concentrations above 1 ng/ml for
é T o invivo f2 28 dayS.
cL  CMT=compartment j% w7 o * The inclusion of AUC,_,, and AUC,, .5 in the BE evaluation criteria reduces this false positive
v TC = transit compartment 3 o o rate and provides greater assurance that generic formulations are therapeutically equivalent.
AMRT=1/ktr 2  The pAUCs have less intersubject variability than C_ .., thus not expected to increase the
Figure 1: Structural model for Vivitrol administrated intramuscularly. g o - S study sample size and regulatory burden.
PK simulation and virtual BE trials: N o -3 « OGD is_ currently s_ponsor_ing research into the high intersubject variability, study length, and
Consistent with the recommended BE study for Vivitrol generics, 1000 virtual parallel studies - S| expenditure associated with parallel BE studies with LAl products®.
were conducted with both treatment arms receiving the reference product (i.e., Vivitrol 380 mq) o ot References

with various number of subjects per arms. With numerous BE evaluation metrics (partial AUCs | | | | | |

[PAUCS], trough concentration, AUMC, profile comparison tests, and areas above therapeutic 0 2 10 15 20 29 02 0o 1020 50 100 200 1. Drugs@FDA. Publically-available Clinical Pharmacology and Biopharmaceutics Review for NDA # 21897.

threshold,...), the percentage Of StUdieS passing BE Criteria were determined tO determine - | time (day) | | | ‘ | | AMRT (days) http://W\AM./.accessdata.fda.gov/drugsatfda_docs/nda/2006/0218973000._ClinP.harmR.p(?f

study power. 1000 subjects were simulated to determine the residual coefficient of variation Flgqre 3: AMRT is the average mean r_e3|d§nce tl_me In the ‘slow’ transit cornpartment.s. (A) Resultant naltrexone PK 2. Regulations.gov. ID: FDA-2007-D-0369-0293. In connection with public comment at ID FDA-2007-0369-0291.

(CV) fdr each metric, as well. proflles_from PSA on AMRT. The baselln_e simulation at AMRT = 1.93 days IS emphaglzed with the_ black solid curve. 3. Briefing I.nformation from the CDER Adviso.ry Commit.tee for Eharmapeutical Science and Clinical Pharmacology on April 13,
Coloration of the curves from lower to higher values of AMRT progress from red to violet, according to the colors of 2010. http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/

AdvisoryCommitteeforPharmaceuticalScienceandClinicalPharmacology/UCM207955.pdf

the rainbow — ROYGBIV. The dashed horizontal line represents the 1 ng/ml therapeutic threshold. (B) Sensitivity of
PK metrics to AMRT. Point estimate (PE) on the left axis represents the ratio of the resultant PK metric at a specific
formulation parameter value to the value of the same PK metric at the baseline value of AMRT (vertical black dashed 5. http://grants.nih.gov/grants/guide/rfa-files/RFA-FD-15-008.html

A series of hypothetic test formulations’ PK profiles were generated by varying the formulation- 4. Draft Guidance on Naltrexone for ER Suspension; Intramuscular.

associated parameters of the popPK model which intends to cover the broad formulation
design space. Alternative BE metrics were assessed for these test formulations against ; The hori  black | he BE limits of 0.8 195 Th 0 f val £ 50 | h i
eference. The percentage of simulated trials to conclude BE based on the atemative BE | i), W10 SS 8eE PR PRSI e L RS TSl nes represent the profies that stay above 1 | N N MM T
metrics were Compared to determine the approprlateness of the tested metrics. ng/ml.for 28 days. | The views presented in this poster by the authors do not necessarily reflect those of the Food and Drug Administration (FDA).
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