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Introduction Results and Discussion

e According to the Orange Book,! since the first liposome drug product, a PEGylated liposome formulation of
doxorubicin HCI (Doxil®, NDA 050718), was approved by the U.S. FDA in 1995, two generic PEGylated liposome
formulations of doxorubicin HC| were approved (ANDA 203263, Approved on Feb 04, 2013; and ANDA 208657, A PK Metrics of Free Doxorubicin Analyte o oK Metrics of Liposome Encapsulated Doxorubicin Analve

Approved on May 15, 2017).
* Liposomal doxorubicin is one of the leading approved nanoparticle products used in cancer therapy and has been 5 s I :
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shown to have significantly better cardiac safety profile and fewer occurrence of other adverse effects compared to = cmax _ |
non-liposomal conventional doxorubicin products.? = g

« Though the size of liposomal doxorubicin is about ot : |
100 nm, which Is essential for liposome - . ) ), | = s
extravasation in tumor tissue, the payload of e _ _ e

Assessing BE of PK metrics of in-house ANDA data Comparing residual variability of individual PK
metrics between two analytes
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Figure 1: The percentage of ANDA data passes BE criteria. (A) PK metrics of free doxorubicin analyte (B) PK metrics of

Precipitate

via an active loading process, with an ammonium

_ _ _ : : liposome encapsulated doxorubicin analyte Residual variabilities of all PK metrics associated with free doxorubicin
sulfate gradient established between liposome 0150, os0me/(NH. S0 et 1000 petive loacingtechiaue ensuresgelkeprecipttiono analyte were consistently higher than that of liposome-encapsulated
. . . . . 4rz==a 41274 rug inside the liposome? . . .

Interior and exterior environment (Figure on the All the evaluated PK metrics of C,,,, AUC,; and pAUCs (AUC,.,,, AUC,,3, AUC,,, and AUC, 4 for both analytes; doxorub!c!n analyte n all ANDA_ data whlch_ suggests that free

right) 23 _ o e doxorubicin analyte is more variable than liposome-encapsulated

gnt).=~ _ _ L _ _ AUC 4 . for liposome-encapsulated doxorubicin analyte only) passed the BE criteria. doxorubicin analyte

This active loading accumulation of doxorubicin inside the liposome aqueous phase with most of the drug (>90%) '

present as a precipitate. The precipitate lacks osmotic effects and, thus, contributes to the doxorubicin stability

Inside the liposome. Precipitation also ensures negligible drug leakage in circulation but satisfactory drug release o _ _ _ o : :

in targeting tissues.? Finding the PK metric of each analyte that shows highest residual variability Assessing potential exposure-response

o . . relationship of pAUCs
« FDA's product-specific guidance* (PSG) for PEGylated Generic Test Drugs A FE d bici | : . . P P

| | o _ 3 ree doxorubicin analyte B Liposome encapsulated doxorubicin analyte

liposome formulation of doxorubicin HCI recommends both in | | . | |

vitro and in vivo studies. In addition to in vivo bioequivalence ©) Efficacy data of liposomal doxorubicin from published literature and new

(BE) studies, the test product needs to show equivalent [ (@) ' Schematic drug ap_p!mgtmn (NDA) sugge§t that the cI|n-|caI efficacy of hposomal

. . o iy F' presentation of | — . doxorubicin is evaluated by disease progression and/or overall patient

liposome characteristics including liposome composition, state e in vitro studies ih;mta =Et M o survival after a few months from the treatment initiation.

of encapsulated drug, internal environment of liposome, e B Auco: B oeucoz =

. . o recommendedin i = o i ? Eecos T H e

liposome size distribution, number of lamellar, grafted PEG at —— CDA'S PSG - M oo —

the Iiposome surface, electrical surface pOtenti al or Chafge, P — (order O? study is B prucoss = Eﬁﬂf B prucose Clinical efficacy (Kaplan-Meier plot) of liposomal doxorubicin in ovarian cancer patients®

and in vitro leakage rates comparable to the reference product. p—— not important). 10 1.0]

The main purpose of such rigorous In vitro studies S 1 I ) 0s]  Progression-free survival 05 Overall survival

recommendation is to reduce the chances of non-bioequivalent In vivo PK study When PK metric AUC 4 1 Was When PK metric AUC 5 s Was 06 0.

scenario in in vivo PK BE study. considered NOT considered 04 0.1

* As per FDA's PSG recommendation,* for the in vivo PK study, the BE demonstration of test product to reference Figure 3: Percentage of PK metric of analyzed ANDA data showed highest residual variability. (A) Percentage of PK metric of | 7 !

analyzed ANDA data associated with free doxorubicin analyte (B) Percentage of PK metric of analyzed ANDA data associated with 1 001
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product is based on 90% confidence interval (Cl) of C.,, and AUC in two analytes, i.e., free doxorubicin and _ )
liposome encapsulated doxorubicin analyte. Weeks Weeks

liposome-encapsulated doxorubicin in plasma. The European Medicines Agency (EMA)’'s PSG for doxorubicin®
additionally recommends partial AUCs (e.g., AUC, s and AUC,s ) for liposome-encapsulated doxorubicin
analytes, but not for free doxorubicin analytes.

The purpose of this study was to determine if partial AUCs are needed as additional metrics to demonstrate BE
based on in-house ANDA data and available exposure-response analysis for doxorubicin.

For free doxorubicin analyte, C. .. showed highest residual variability in ~ 85% ANDAs (ranges 26% - 61% among
ANDASs) while AUC,, had highest residual variability for remaining ANDAs. On the other hand, AUC 4. Of liposome-
encapsulated doxorubicin analyte, showed highest residual variability in 100% ANDAs (ranges 13% - 25% among
ANDAS). When AUC,q . Was not considered, AUC,, of liposome-encapsulated doxorubicin analyte showed highest
residual variability in ~70% ANDAs (ranges 10% - 26% among ANDAs) while C, ., had highest residual variability for
remaining ANDASs (ranges 7% - 15% among ANDAS).

Liposomal doxorubicin is for a chronic treatment. It dose not have a
multiphasic in vivo PK profile. From the literature analysis, there is no
established pharmacodynamic (PD) biomarker to corelate the PD effect
with PK or partial exposure to support the clinical relevance of partial AUCs.
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doxorubicin analyte, C,.,, but not pAUCs, was found to have the highest residual variability in most ANDAs. Within
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product was deemed BE to the reference product if the point estimate and 90% CI limit of the respective PK metrics

liposomal doxorubicin.
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