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Vemlidy® (tenofovir alafenamide)

Mechanism of Action vs Viread®
(tenofovir disoproxil fumarate)

This document is in response to your request for information regarding the molecular
pharmacology and mechanism of action (MOA) of Vemlidy® (tenofovir alafenamide [TAF]),
compared with that of Vemlidy® (tenofovir disoproxil fumarate [TDF]).

Some data may be outside of the US FDA-approved prescribing information. In providing
this data, Gilead Sciences, Inc. is not making any representation as to its clinical relevance
or to the use of any Gilead product(s). For information about the approved conditions of use
of any Gilead drug product, please consult the FDA-approved prescribing information.

The full indication, important safety information, and boxed warnings are available at:
www.gilead.com/-/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy pi;
www.gilead.com/-/media/files/pdfs/medicines/liver-disease/viread/viread pi.

Product Labeling

Microbiology
TAF MOA!

TAF is a phosphonamidate prodrug of TFV (2’-deoxyadenosine MP analog). TAF as a
lipophilic cell-permeant compound enters primary hepatocytes by passive diffusion and by
the hepatic uptake transporters OATP1B1 and OATP1B3. TAF is then converted to TFV
through hydrolysis primarily by CES1 in primary hepatocytes. Intracellular TFV is
subsequently phosphorylated by cellular kinases to the pharmacologically active metabolite
TFV-DP. TFV-DP inhibits HBV replication through incorporation into viral DNA by the HBV
RT, which results in DNA chain-termination.

TDF MOA?2

TDF is an acyclic nucleoside phosphonate diester analog of adenosine MP. TDF requires
initial diester hydrolysis for conversion to TFV and subsequent phosphorylations by cellular
enzymes to form TFV-DP, an obligate chain terminator. TDF inhibits the activity of HIV-1 RT
and HBV RT by competing with the natural substrate deoxyadenosine 5’-triphosphate and,
after incorporation into DNA, by DNA chain termination.

MOA and Pharmacology

TFV, an acyclic nucleoside phosphonate (nucleotide) analog of adenosine 5-MP, undergoes
phosphorylation within hepatocytes to the active metabolite, TFV-DP, which is an effective
inhibitor of HBV RT (Figure 1 and Figure 2).1:2
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Figure 1. MOA and PK of TFV Prodrugs242

. ae s * g %,

RENAL »eoo’s’ olee

GI TRACT TUBULAR ~‘TFV -
. CELL . B
5% TRV .
nca| P HEPATOCYTE
X d ort plasma
A:ief ::..':1:_1 x: Shhratlz:ife
ESTER 300 mg
TFV—TFV-DP —] ﬁ
] - "’: TAF Longer plasma half-life — greater plasma stability
)‘uhﬂﬁ {f‘J (tenofovir .
o/“}j) alafenamide) ~90% LOWER :.
@ 25mg PLASMATFV ¢

AMIDATE

RENAL |
TUBULAR
CELL b

Abbreviation: Gl=gastrointestinal.

Figure 2. Phosphorylation of TFV to TFV-DP34
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The presence of two negative charges on TFV (dianion), however, limits its cellular
permeability and precludes oral administration. To overcome this limitation, TFV prodrugs
have been designed.®

TDF is an ester prodrug of TFV that uses two lipophilic groups to improve its permeability.
Upon oral administration, TDF is rapidly converted to TFV in plasma by undergoing esterase
hydrolysis, which removes two ester groups, and which contributes to its short plasma ty..2

TAF is a novel amidate prodrug of TFV that contains phenol and alanine isopropyl esters as
the dianion masking groups, resulting in enhanced stability in plasma compared with TDF.
Within the hepatocyte, TAF is broken down to TFV by CES1 and in other cells by
Cathepsin A48

TAF has an in vitro plasma ty, of 30 to 90 minutes compared with 0.4 minutes for TDF.1.L8
This increased TAF serum stability results in a lower plasma exposure of TFV by 89%
compared with TDF (Figure 1).2

Renal tubular cells assist in clearing out TFV from the plasma via organic anion
transporters, specifically OAT1 and OAT3.10

Page 2 of 4

Intended for U.S. Healthcare Professionals only
Last Updated: 25 Feb 2025



Gilead Sciences, Inc. is providing this document to you, a US Healthcare Professional, in response to your unsolicited
request for medical information.

References

1.

2.

10.

Enclosed. Gilead Sciences Inc, VEMLIDY® (tenofovir alafenamide) tablets, for oral use. U.S.
Prescribing Information. Foster City, CA.

Enclosed. Gilead Sciences Inc, VIREAD® (tenofovir disoproxil fumarate) tablets, for oral use/
VIREAD® (tenofovir disoproxil fumarate) powder, for oral use. U.S. Prescribing Information.
Foster City, CA.

Kearney BP, Flaherty JF, Shah J. Tenofovir disoproxil fumarate: clinical pharmacology and
pharmacokinetics. Clinical Pharmacokinetics. 2004;43(9):595-612.

Murakami E, Wang T, Park Y, et al. Implications of Efficient Hepatic Delivery by Tenofovir
Alafenamide (GS-7340) for Hepatitis B Virus Therapy. Antimicrob Agents Chemother.
2015;59(6):3563-3569. http://www.ncbi.nlm.nih.gov/pubmed/25870059

Birkus G, Kutty N, He GX, et al. Activation of 9-[(R)-2-[[(S)-[[(S)-1-
(Isopropoxycarbonyl)ethyllamino] phenoxyphosphinyl]-methoxy]propylladenine (GS-7340) and
other tenofovir phosphonoamidate prodrugs by human proteases. Mol Pharmacol. 2008;74(1):92-
100.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list uid
$=18430788

Birkus G, Wang R, Liu XH, et al. Cathepsin A is the major hydrolase catalyzing the intracellular
hydrolysis of the antiretroviral nucleotide phosphonoamidate prodrugs GS-7340 and GS-9131.
Antimicrobial Agents and Chemotherapy. 2007;51(2):543-550. <Go to IS1>://000243900600020
Lee WA, He G-X, Eisenberg E, et al. Selective intracellular activation of a novel prodrug of the
human immunodeficiency virus reverse transcriptase inhibitor tenofovir leads to preferential
distribution and accumulation in lymphatic tissue. Antimicrobial Agents and Chemotherapy.
2005;49(5):1898-1906. http://www.nchi.nlm.nih.gov/pubmed/15855512

Agarwal K, Fung SK, Nguyen TT, et al. Twenty-eight day safety, antiviral activity, and
pharmacokinetics of tenofovir alafenamide for treatment of chronic hepatitis B infection. J
Hepatol. 2015;62(3):533-540. http://www.ncbi.nlm.nih.gov/pubmed/25450717

Chan HLY, et al. Tenofovir alafenamide versus tenofovir disoproxil fumarate for the treatment of
HBeAg-positive chronic hepatitis B virus infection: a randomised, double-blind, phase 3, non-
inferiority trial. Lancet Gastroenterol Hepatol. 2016;1:185-195.

Cihlar T, Ho ES, Lin DC, Mulato AS. Human renal organic anion transporter 1 (hOAT1) and its
role in the nephrotoxicity of antiviral nucleotide analogs. Nucleosides, Nucleotides & Nucleic
Acids. 2001;20(4-7):641-648.

Abbreviations

CES=carboxylesterase PK=pharmacokinetic(s) TFV=tenofovir
MOA=mechanism of action RT=reverse transcriptase TFV-DP=tenofovir
MP=monophosphate tu2=half-life diphosphate
OAT=organic anion TAF=tenofovir alafenamide
transporter TDF=tenofovir disoproxil

fumarate
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Product Label

For the full indication, important safety information, and boxed warning(s), please refer to
the Vemlidy and Viread US prescribing information available at:
www.qgilead.com/-/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy pi;
www.gilead.com/-/media/files/pdfs/medicines/liver-disease/viread/viread pi.

Follow-Up
For any additional questions, please contact Gilead Medical Information at:

75 1-866-MEDI-GSI (1-866-633-4474) or Y8 www.askgileadmedical.com

Adverse Event Reporting

Please report all adverse events to:

Gilead Global Patient Safety 1-800-445-3235, option 3 or
Y8 www.qgilead.com/utility/contact/report-an-adverse-event

FDA MedWatch Program by 1-800-FDA-1088 or XXMedWatch, FDA, 5600 Fishers Ln,
Rockville, MD 20852 or ¥ www.accessdata.fda.gov/scripts/medwatch

Data Privacy

The Medical Information service at Gilead Sciences may collect, store, and use your
personal information to provide a response to your medical request. We may share your
information with other Gilead Sciences colleagues to ensure that your request is addressed
appropriately. If you report an adverse event or concern about the quality of a Gilead or Kite
product, we will need to use the information you have given us in order to meet our
regulatory requirements in relation to the safety of our medicines.

It may be necessary for us to share your information with Gilead’s affiliates, business
partners, service providers, and regulatory authorities located in countries besides your
own. Gilead Sciences has implemented measures to protect the personal information you
provide. Please see the Gilead Privacy Statement (www.gilead.com/privacy-statements) for
more information about how Gilead handles your personal information and your rights. If you
have any further questions about the use of your personal information, please contact
privacy@aqilead.com.

VEMLIDY, VIREAD, GILEAD, and the GILEAD logo are registered trademarks of Gilead
Sciences, Inc., or its related companies.
© 2025 Gilead Sciences, Inc.

Page 4 of 4

Intended for U.S. Healthcare Professionals only
Last Updated: 25 Feb 2025


http://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy_pi
http://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/viread/viread_pi
http://www.askgileadmedical.com/
http://www.gilead.com/utility/contact/report-an-adverse-event
http://www.accessdata.fda.gov/scripts/medwatch
http://www.gilead.com/privacy-statements
mailto:privacy@gilead.com

	Vemlidy® (tenofovir alafenamide)
	Mechanism of Action vs Viread®  (tenofovir disoproxil fumarate)
	Product Labeling
	Microbiology

	MOA and Pharmacology
	References
	Abbreviations
	Product Label


