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:;<=>?;@A;BCDEFFAFF@A;BGHIJ KLMNOPMQRLOEST UNVWXYZN[WLW\]Ẑ_̀ abcdeb Pfghijkaldmnoplddqor̀ssoatlek̀a u vwwp̀nldxZWyNzz{W|N}W~OWy�L|~VVLOXLX[~�Nzz�~�N{�W}Z}ZL[~{{~�WOML�zW�N}W~OXN}WOMzL�W~Xy�ZLOzN|�NMLXWO}ZLz�~z~yLX|~O}NWOL�|{~yQ�LNOXy}~�LXN}z�~z~yLXy}~�NML|~OXW}W~O~[��~����~����~����~���� ��V~O}Zy[~�}ZLX�QMz�~XQ|}y��VM\��VM\NOX���VMzN|�NMLXWO��|~QO}�~}}{Ly�� �~O}Zy[~�}ZLX�QMz�~XQ|}y��VMNOX���VMzN|�NMLXWO���|~QO}�~}}{Ly�� ��V~O}Zy[~�}ZLX�QMz�~XQ|}y��VMNOX���VMzN|�NMLXWO��|~QO}�~}}{Ly�zZRyW|WNOyNVz{Ly��xZL�K���L|~VVLOXLX]�{N�L{WOMNy�L{{Ny|~O}NWOL�NOX|N�}~O{N�L{y�L�WyW~OyZN�L�LLO|~VVQOW|N}LX}~}ZLNzz{W|NO}~O�NOQN�R��\����NOX�L�LN||Lz}LX�R}ZLNzz{W|NO}�xZL�L[~�L\O~NXXW}W~ON{{N�L{WOMVLV~�NOXQVWyOLLXLX[~�}ZLNzz�~�N{~[}ZWyNzz{W|N}W~O[�~V}ZL�]�zL�yzL|}W�L��i�lbkb�̀pqor̀ssoatlek̀a�li csslp¡̀ �qlek̀aldo�̀pqor̀ssoatlek̀a�� xZLNzz{W|NO}~[}ZWy���������OL�X�QMNzz{W|N}W~OZNyz�~�WXLXyQ[[W|WLO}�K�WO[~�VN}W~O}~NyyQ�L}ZLWXLO}W}R\y}�LOM}Z\zQ�W}R\NOX¢QN{W}R~[}ZLX�QMyQ�y}NO|L\�LyVL}W�~V\NOXX�QMz�~XQ|}\x�NXLPNVL��LyVL}W�~V�}N�{L}y��VM\��VM\NOX���VM�� xZL�[[W|L~[]ZN�VN|LQ}W|N{KNOQ[N|}Q�WOMgyyLyyVLO}ZNyVNXL}ZL~�L�N{{�L|~VVLOXN}W~O~[NXL¢QN}L[~�}ZL[N|W{W}WLyWO�~{�LXWO}ZWyNzz{W|N}W~O�� xZL�K��L�WyW~Oy~O{N�L{yf{N�L{WOMZN�L�LLO|~VVQOW|N}LX}~}ZLNzz{W|NO}NOX}ZL�L|~VVLOXLX�K��L�WyW~OyZN�L�LLON||Lz}LX�R}ZLNzz{W|NO}�� xZLNzz{W|NO}£¤|Q��LO}LO�W�~OVLO}N{NyyLyyVLO}�Lz~�}ZNy�LLO�L�WL�LXNOXN||Lz}LX�R}ZL�]�LO�W�~OVLO}N{NyyLyyVLO}}LNV�ZW|ZN{y~WO|{QXLyN�L|~VVLOXN}W~O~[NONM�LLXz~y}�VN��L}WOM
Reference ID: 5318570

     
 



���������	�
��
��
��������������������������������
������
�����

�����  �!"#�$$%$ ����&��&'()*+*,-.$$ "//(01*)(231(.456(74$48

9:;;<=;>?=@ABCDEF:;=G>HIIJ<9H?==:IF:K<L>HLL<=<:?HJ>?K<F:?;>?=HMM>MM;>?=LH=HI:M=NHIIF:KHJOPG>F>E:F>Q=G<MHIIJ<9H=<:?<MF>9:;;>?L>LE:FHIIF:KHJEF:;=G>RASI>FMI>9=<K>T<=GE:JJ:T<?U>VI<FH=<:?LH=<?UI>F<:LMWX YZ;:?=GME:F=G>LF[UIF:L[9=MZ\;UQ]\;UQH?L̂ \\;UIH9_HU>L<?Y\9:[?=̀:==J>MOX ab;:?=GME:F=G>LF[UIF:L[9=M]\;UH?L̂ \\;UIH9_HU>L<?c\N9:[?=̀:==J>MOX ]̂;:?=GME:F=G>LF[UIF:L[9=M]\;UH?L̂ \\;UIH9_HU>L<?dN9:[?=̀:==J>M@IGeM<9<H?MH;IJ>MDOfghijjgklmnoikpqrsplothouvokgwxyszrsptnmkhg { |lg}smngxysz~yilshn { |lg}smng�smvonq�mpgvokz { |lg}smng�mks�mhnsyokz { |lg}smng�oiu�myjmhgsnoht { |lg}smng�ohyipoivizq { |lg}smng�k�oyikjgknmv|ttgttjgknw �>K<>T����=H=>;>?=N�L>�[H=>�~|�iy�|�t�w CG::M>�>M:F�:����o�g{�qhvg�iktolgymnoikt����������� ¡¢����¡¢�£�¤¥ ¦§̈ ©ª«i ¡¬¬�¢��­ ¡¬£�¤������®̄ ¤¡�¡°¡��±̄² ³̄ ª́«i ¡¬¬�¢��ª|llonoikmv�o�ghqhvg�ijjgkntwµ¶·̧¹ºº»¼½¾¿¼ÀÁÂÃ½ÄÁ¼½¾»ÅÃ¾ÆÇ¾ÈÃ¾ÁÆÉ¾¿ÃÊËH;<L�GHE<><QAGÌ�>?<:FAGHF;H9>[=<9HJS[HJ<=e�MM>MM:FÍFH?9G�ÎÏÌ�ÌA��ÏR�ÌAÏRAS
Reference ID: 5318570

     
 



����������	� 
�����

������	����������������	�
��	�������������������������
�� �!�"��#���� �#��$�"� 	 �"���� !

Reference ID: 5318570

75 Page(s) have been Withheld in Full as B4 (CCI/TS) immediately following this page 



���������	�
��
��
��������������������������������
������
�����

�����  �!"#�$$%% ����&��'()*+,+-./$$ "00)12+*)342)/567)89$9:
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QUALITY ASSESSMENT 

BIOPHARMACEUTICS 

Product Background: 

NDA: 217785 

Drug Product Name / Strength: Resmetirom Tablets/ 60 mg, 80 mg, 100 mg 

Indication: Treatment of non-alcoholic steatohepatitis (NASH) with liver fibrosis 

Route of Administration: Oral 

Applicant Name: Madrigal Pharmaceuticals, Inc. 

Review Recommendation: ADEQUATE 

Review Summary: 

The Applicant intends to seek approval of MGL-3196 (Resmetirom) 60 mg, 80 mg, or 100 mg 

immediate-release tablets for the treatment of NASH via the 505 (b)(1) pathway. Resmetirom is 

a thyroid hormone receptor beta (THR-β) selective agonist, indicated for the treatment of adults 

with nonalcoholic steatohepatitis (NASH) with liver fibrosis. 

Biopharmaceutics review is focused on the evaluation and acceptability of bridging of 

formulations, biowaiver request, dissolution method, and acceptance criterion. 

In Vitro Dissolution Method and Acceptance Criterion: ADEQUATE 

The following dissolution method was found to be acceptable for the proposed drug product for 

Quality Control (QC) purposes during the IND stage: 

The details can be found in the link below: 

https://darrts.fda.gov/darrts/ViewDocument?documentId=090140af806c65b3 

The Applicant’s proposed acceptance criterion Q= % in 30 minutes is deemed acceptable based 

on the dissolution data submitted. 

Formulation development and bridging: ADEQUATE from Biopharm perspective 

Resmetirom was initially available in capsule form to support the earlier Phase 1 and Phase 2 

clinical studies. Formulations 5 and 6 had strengths of 40 mg and 60 mg, respectively. 
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QUALITY ASSESSMENT 

A tablet formulation, Formulation 7, was developed to address  issues encountered with 

the capsule formulations. The Applicant conducted an in vivo relative BA study (MGL-3196-08) 

to compare capsule Formulation 5 (40 mg) and Formulation 6 (60 mg) to tablet Formulation 7 

(100 mg). The assessment of these clinical studies is under the purview of Office of Clinical 

Pharmacology (OCP). The dissolution profiles for capsule Formulation 6 and tablet Formulation 

7 in Quality Control (QC) medium are similar. 

Tablet Formulation 7 was modified to Formulation 8 for Phase 3 (pivotal) MGL-3196-11 studies. 

These formulations have the same  composition and differ only in a minor 

adjustment to the  composition to improve . Tablet Formulation 8 has 

higher level of  compared to tablet Formulation 7. However, the total 

excipient change is . The dissolution profiles for Formulation 7 and 8 in QC medium 

is similar. Phase 3 studies are complete using Formulation 8 i.e, safety and efficacy data is 

available on Formulation 8. Therefore, no further in vitro or in vivo bridging data is needed. 

In response to the FDA feedback received, the Applicant implemented a change in the non-

functional tablet coating color for further differentiation of tablet strengths intended for 

commercialization for 60 and 80 mg tablets. The tablet coating colors for the 60 mg (white) and 

80 mg (yellow) commercial drug product are  

 are known as Formulation 8A. No change in tablet coating 

color is being made for the commercial 100 mg tablets, which will remain the original beige color 

(Formulation 8). The dissolution profiles for tablet Formulation 8 and 8A for 60 mg and 80 mg 

strengths are similar. 

Biowaiver Request: ADEQUATE from Biopharm perspective 

The biowaiver request was submitted by the Applicant for the lower strengths. However, all three 

strengths 60, 80, and 100 mg were used in the Pivotal Phase 3 study MGL-3196-11. The Phase 3 

study is deemed acceptable by the OCP. In addition, the PK is dose proportional over the proposed 

dose range. The in vitro drug release profile of all strengths was found to be similar in QC 

dissolution medium. Therefore, the biowaiver request is not applicable. 

List of Submissions being reviewed: 
Sequence 0003 Original 

Highlight Key Outstanding Issues from Last Cycle: None. 

Concise Description Outstanding Issues Remaining: None. 

From Biopharmaceutics perspective, NDA 217785 for Resmetirom tablets (60 mg, 80 mg, 

and 100 mg) is recommended for APPROVAL. 

BCS Designation 

Reviewer’s Assessment: 

Solubility: 
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QUALITY ASSESSMENT 

The solubility of resmetirom at 37 ºC was evaluated as a function of pH in aqueous buffer over 

the range of approximately pH 1-8, and in unbuffered distilled water. The results (Table 1) show 

that resmetirom is poorly soluble at low pH, with the solubility increasing at neutral and basic 

pH. 

Permeability: 

The Applicant mentions that permeability is estimated to be medium to low and therefore may be 

classified as a BCS 4 molecule. However, no data is provided and no request for BCS designation 

has been made. 

Dissolution: See below. 

1. Composition of proposed drug product:

The quantitative composition of Resmetirom Tablets is listed in the table below. 

Table 2: Resmetirom Tablets Commercial Formulation 8 (100 mg) and 8A (60 mg and 80 mg) 
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QUALITY ASSESSMENT 

2. In vitro dissolution method and acceptance criterion:

The following dissolution method was found to be acceptable for the proposed drug product for 

QC purposes during the IND stage: 

The details can be found in the link below: 

https://darrts.fda.gov/darrts/ViewDocument?documentId=090140af806c65b3 

The Applicant’s proposed acceptance criterion Q= % in 30 minutes is deemed acceptable based 

on the dissolution data submitted. 
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QUALITY ASSESSMENT 

Formulation development and bridging 

Resmetirom capsule Formulation 5 and 6 and tablet Formulation 7 

Resmetirom was initially available in capsule form in 0.25 mg, 2.5 mg, 10 mg, and 50 mg 

strengths to support the earlier clinical studies. Later studies used two strengths: 40 mg and 60 

mg. Resmetirom capsule formulations were used in Phase 2 studies (MGL-3196-05 and MGL-

3196-06) and Phase 1 studies up to and including MGL-3196-08. 

A tablet formulation, Formulation 7, was developed to address  issues encountered with 

the capsule formulations. Formulation 7 was designed  

 as 40 mg or 60 mg resmetirom tablets  

 

 

The Applicant conducted an in vivo relative BA study (MGL-3196-08) to compare capsule 

Formulations 5 (40 mg) and 6 (60 mg) (batches 1709158 and 1709161, respectively) with tablet 

Formulation 7 (100 mg). In this study, relative bioavailability of a 100 mg dose of resmetirom 

tablets (achieved using a 40 mg tablet plus a 60 mg tablet) to a 100 mg dose of resmetirom 

capsules (achieved using a 40 mg capsule plus 60 mg capsule) was demonstrated in clinical study 

MGL-3196-08. The assessment of these clinical studies is under the purview of OCP. The batches 

used in the study are shown in the table below. 

Table 3: Drug Product Batches used in MGL-3196-08 (Relative Bioavailability Study) 

The Applicant provided dissolution data for capsule Formulation 6 and tablet Formulation 7, and 

the profiles are similar as shown in the figure below. 
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QUALITY ASSESSMENT 

Tablet Formulation 7 and Pivotal Clinical Phase 3 tablet Formulation 8 

Tablet Formulation 7 was modified to Formulation 8 at 40, 60, 80 and 100 mg dose strengths for 

Phase 3 (pivotal) MGL-3196-11 studies. These formulations have the same  

composition and differ only in a minor adjustment to the  composition to improve 

. The % w/w composition of resmetirom tablets Formulation 7 and Formulation 8 is 

provided in the below table. Tablet Formulation 8 has higher level of  

compared to tablet Formulation 7. However, the total excipient change is . 

Table 4: Composition of Resmetirom Tablets 60 mg, 80 mg and 100 mg (Formulations 7 

and 8) 
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QUALITY ASSESSMENT 

The Applicant provided comparative dissolution data for 60 mg formulation 7 and 8 in QC 

medium as shown in Figure 1 above. The dissolution profiles are similar for all formulations. 

Phase 3 studies are complete using Formulation 8 i.e, safety and efficacy data is available on 

Formulation 8. Therefore, any further in vitro or in vivo bridging data is not needed. 

Pivotal Clinical Phase 3 tablet Formulation 8 and commercial Formulations 8A for 40 and 60 mg: 

In response to the FDA feedback received November 4, 2022 for a Type C CMC meeting, and as 

agreed via a Type D CMC meeting for which FDA response was received March 23, 2023, the 

Applicant implemented a change in the non-functional tablet coating color for further 

differentiation of tablet strengths intended for commercialization.  

 The tablet coating colors for the 60 mg (white) 

and 80 mg (yellow) commercial drug product  

 are known as Formulation 8A. No change in tablet coating 

color is being made for the commercial 100 mg tablets, which will remain the original beige color 

(Formulation 8). 

The Applicant provided dissolution data for tablet Formulation 8 and 8A for 60 mg and 80 mg 

strengths, and the profiles are similar as shown in the figures below. 

Figure 2: Comparative Dissolution Profiles of Resmetirom Tablets, 80 mg for Formulation 

8 (Opadry II Beige coating) and Formulation 8A (Opadry II Yellow coating) 

Figure 3: Comparative Dissolution Profiles of Resmetirom Tablets, 60 mg for Formulation 

8 (Opadry II Beige coating) and Formulation 8A (Opadry II White coating) 
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QUALITY ASSESSMENT 

Biowaiver Request: Adequate 
The biowaiver request was submitted by the Applicant for the lower strengths. However, all three 

strengths 60, 80, and 100 mg were used in the Pivotal Phase 3 study MGL-3196-11 (see table 

below for the batches used).  The Phase 3 study is deemed acceptable by the OCP which was 

communicated in an email on 1/2/2024. In addition, the PK is dose proportional over the proposed 

dose range. Therefore, the biowaiver request is not applicable. The in vitro drug release profile of 

all strengths was found to be similar in QC dissolution medium as shown below. Resmetirom 

tablets are immediate-release tablets  

. Drug product tablet strengths are 

proportionally similar in their active and inactive ingredients. 

Resmetirom tablets (all strengths) have all been tested using the same approved in vitro 

dissolution method. The dissolution profiles for three representative batches of resmetirom tablets 

used in MGL-3196-11, one of each strength, are presented in the below figure. The dissolution 
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QUALITY ASSESSMENT 

profiles of resmetirom tablets 60 mg, 80 mg, and 100 mg are similar showing consistent in vitro 

behavior. 

Figure 4: Comparative Dissolution Profiles of Representative Resmetirom Tablets 60 

mg (batch 19D100), 80 mg (batch 19D101), and 100 mg (batch 19D102) used 

in MGL-3196-11, n=12 each 

Primary Biopharmaceutics Reviewer Name: Kalpana Paudel, Ph.D. 

Secondary Reviewer Name: Tapash Ghosh, Ph.D. 
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