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Finding of No Significant Impact 
 

NDA 210251 Bictegravir, Emtricitabine, Tenofovir Alafenamide (BIC, FTC, TAF) 
Tablet, 50/200/25 mg 

 
Food and Drug Administration 

Center for Drug Evaluation and Research 
 
The National Environmental Policy Act of 1969 (NEPA) requires Federal agencies to assess the 
environmental impact of their actions. The Food and Drug Administration (FDA) is required 
under NEPA to consider the environmental impact of approving certain drug product 
applications as an integral part of its regulatory process. 
 
Gilead Sciences (Gilead) requests approval of NDA 210251 for the treatment of HIV-1 infection. 
The product is a tablet with BIC, FTC, and TAF in combination in the following doses: 50, 200, 
and 25 mg, respectively. BIC and TAF have been categorically excluded from an environmental 
assessment (EA). FTC, along with TAF, forms a nucleos(t)ide reverse transcriptase inhibitor 
(N[t]RTI) backbone. 
 
In support of its application, Gilead prepared an EA for FTC (attached). This EA evaluates the 
potential environmental impact from the use and disposal of this product. The FDA Center for 
Drug Evaluation and Research (CDER) has reviewed the EA and additional information, and has 
carefully considered the potential environmental impact due to approval of this application. 
Based on the CDER review of the entirety of this information, FDA has determined that approval 
of the present application for is not expected to have a significant impact on the human 
environment. Therefore, FDA is issuing a finding of no significant impact (FONSI), and thus an 
environmental impact statement will not be prepared. 
 
Attachments:  May 25, 2017, Environmental Assessment 
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GLOSSARY OF ABBREVIATIONS AND DEFINITION OF TERMS

 C degrees Celsius

AR applied radioactivity

B/F/TAF bictegravir/emtricitabine/tenofovir alafenamide

CFR Code of Federal Regulations

DNA deoxyribonucleic acid

DTX disappearance time for an X% reduction

EA Environmental Assessment

ECxx XX% effective concentration

FDA (United States) Food and Drug Administration

FTC emtricitabine, Emtriva

hr hour

HIV Human Immunodeficiency Virus

IND Investigational New Drug (Application)

Kd adsorption coefficient for activated sludge

Koc adsorption coefficient for organic carbon

Kow octanol water partition coefficient

LC50 median lethal concentration

L Liter

MEEC Maximum Expected Environmental Concentration

mg Milligram

min minute

NDA New Drug Application

NEPA National Environmental Policy Act

NOEC no obvserved effect concentration

OECD Organisation for Economic Co-operation and Development

pKa acid dissociation constant

POTW publicly owned treatment works

ppb part per billion

RCE Request for Categorical Exclusion

SFO single first-order

STP sewage treatment plant

UV ultraviolet light
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1. ENVIRONMENTAL RISK ASSESSMENT

1.1. Date

May 24, 2017

1.2. Name of Applicant/Petitioner

Gilead Sciences, Inc.

1.3. Address

333 Lakeside Drive
Foster City, CA 94404
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2. DESCRIPTION OF PROPOSED ACTION

2.1. Requested Approval

Gilead Sciences, Inc. (Gilead) has previously filed and received approval of a New Drug 
Application (NDA) pursuant to section 505(b) of the Federal Food, Drug, and Cosmetic Act for 
Emtricitabine (FTC) as a stand-alone medication (NDA#s 021500, and 021896) and in 
combination with other HIV medications (NDA#s 021937, 202123, 208215, 207561, 208531, 
203100, and 021752). As part of the general correspondence for NDA 021752, an updated 
Environmental Assessment for FTC is being submitted pursuant to 21 CFR part 25 to support a 
new marketing application for bictegravir/emtricitabine/tenofovir alafenamide (B/F/TAF) tablet
(NDA 210251) {Food & Drug Administration (FDA) 2016}.

The National Environmental Policy Act of 1969 (NEPA) requires all Federal agencies to assess 
the environmental impacts of their actions and to ensure that the interested and affected public is 
informed of environmental analyses. The Food and Drug Administration (FDA) is required 
under NEPA to consider the environmental impacts of approving drug and biologics applications 
as an integral part of its regulatory process. FDA's regulations in 21 CFR Part 25 specify that 
environmental assessments (EAs) must be submitted as part of certain NDAs, abbreviated 
applications, applications for marketing approval of a biologic product, supplements to such 
applications, investigational new drug applications (INDs) and for various other actions 
(see 21 CFR 25.20), unless the action qualifies for categorical exclusion {Food & Drug 
Administration (FDA) 2016}. 

FTC is indicated in combination with other antiretroviral agents for the treatment of HIV-1 
infection. 

The following is submitted according to the requirements under the Food and Drug 
Administration Guidance for Industry, Environmental Assessment of Human Drug and Biologics 
Applications, U.S. Department of Health and Human Services, Food and Drug Administration, 
Center for Drug Evaluation and Research, Center for Biologics Evaluation and Research, 
July, 1998, CMC 6, Revision 1 (“FDA Guidance Document”) {U. S. Department of Health and 
Human Services (DHHS) 1998}. In addition to meeting the FDA Guidance Document 
requirements Gilead has conducted additional environmental studies as part of their product 
stewardship of FTC and submits these data pursuant to 21 CFR Part 25 {Food & Drug 
Administration (FDA) 2016}. Gilead requests continued approval of the use of FTC as 
requirements under the Guidance and per regulatory requirements for environmental assessment 
have been met as follows.
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2.2. Need for Action

FTC is indicated in combination with other antiretroviral agents for the treatment of HIV-1 
infection. FTC, a synthetic nucleoside analog of cytidine, is phosphorylated by cellular enzymes 
to form emtricitabine 5'-triphosphate. Emtricitabine 5'-triphosphate inhibits the activity of the 
HIV-1 reverse transcriptase by competing with the natural substrate deoxycytidine 
5'-triphosphate and by being incorporated into nascent viral DNA which results in chain 
termination.

2.3. Locations of Use

FTC is administered orally and may be used by individuals throughout the United States (US) in 
hospitals, clinics, and/or homes. It is not expected to be concentrated in any particular 
geographic region.

2.4. Disposal Sites

In US hospitals, pharmacies or clinics, empty or partially empty bottles will be disposed of 
according to hospital, pharmacy or clinic procedures. In the home, empty or partially empty 
containers will typically be disposed of by a community’s solid waste management system, 
which may include landfills, incineration and recycling, although minimal quantities of unused 
drug may be disposed of in the sewer system.
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3. IDENTIFICATION OF SUBSTANCES THAT ARE THE 
SUBJECT OF THE PROPOSED ACTION

3.1. Physical and Chemical Properties

Established Name: Emtricitabine

Brand/Proprietary Name/
Tradename:

Emtricitabine is used in several brand name products including 
Stribild®, Odefsey®, Descovy®, Genvoya®, Atripla®, Truvada®, 
and Emtriva®

Chemical Names: 5-Fluoro-1-[(2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-5-yl]
cytosine (IUPAC)

4-amino-5-fluoro-1-(2R-hydroxymethyl-1,3-oxathiolan-5S yl)-
(1H)-pyrimidin-2-one (CAS)

Chemical Abstracts Service 
(CAS) Registration Number:

143491-57-0

Molecular Formula: C8H10FN3O3S

Molecular Weight: 247.2

Chemical Structure:
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4. ENVIRONMENTAL ISSUES

4.1. Environmental Fate of Released Substances

4.1.1. Identification of Substances of Interest

FTC is indicated in combination with other antiretroviral agents for the treatment of HIV-1 
infection. FTC is minimally transformed (13%), most appears unchanged in urine (86%). The 
biotransformation of FTC includes oxidation of the thiol moiety to form the 3′-sulfoxide 
diastereomers (ca. 9% of dose) and conjugation with glucuronic acid to form 2′-O-glucuronide 
(ca. 4% of dose). 

Due to the high proportion of parent excreted, metabolism is considered minimal and not 
considered further here. A total residue approach is adopted for this risk assessment, where 100% 
of the dosed FTC is assumed to be excreted unchanged.

The excipients are inert substances which have no pharmacological or toxicological effects and 
therefore, this assessment will focus on the environmental impact of the active ingredient only.

4.1.2. Physical and Chemical Characterization

The physical and chemical properties of FTC that are environmentally relevant are summarized 
as follows, and in Appendix 1: Emtricitabine Data Summary Table.

Water Solubility: 112 mg/mL

Dissociation Constants: pKa = 2.65

Partition Coefficient(n-octanol/water): log Kow = -0.693 (pH 4), -0.670 (pH 7), -0.693 (pH 10)

The partition coefficient (n-octanol/water) was determined using the flask-shaking 
method following OECD Guideline 107 and according to Good Laboratory Practices (GLP)
(AD-162-2002).

Adsorption Coefficient: Kd (activated sludge) = 5.97 – 12.9
Koc (organic carbon) = 21.1 – 45.6

The adsorption coefficient for FTC was determined following the OECD Guideline 106 and 
according to GLP (AD-162-2001). It was concluded that FTC does not significantly absorb to 
activated sludge.

Vapor Pressure: Assumed to be nonvolatile
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4.1.3. Environmental Depletion Mechanisms

Ultraviolet-Visible Absorption 
Spectrum:

Absorbs in the UV range, assumed not to be 
photolabile

Hydrolysis: No data available

Aerobic Biodegradation in Water: Not considered readily biodegradable

FTC was tested to assess its degree of ready biodegradability using the procedure outlined in the 
OECD guideline 301D and according to GLP for the “Ready Biodegradability Closed Bottle 
Test” (Report 1784). The results indicate that FTC is not readily biodegradable under the 
conditions tested.

Aerobic and Anaerobic 
Transformation in Aquatic 
Sediment Systems:

>10% AR associated with sediment from Day 2; 
System DT50 36-151 days; No significant metabolites 
formed.

A GLP study was conducted to assess the degradation of [14C]-FTC in natural water-sediment 
systems. The rate of aerobic and anaerobic transformation of parent [14C]-FTC was studied at a 
concentration of 1.0 mg/L in darkness at 20 ± 2ºC for 100 days in two aerobic and anaerobic 
sediments varying in pH, textual characteristics, organic matter content and microbial content.
The study was conducted according to OECD Guideline 308 and according to GLP (AD-162-
2004).

Under aerobic water/sediment conditions, FTC degraded at a moderate rate. FTC decreased from 
an average of 102.9 and 106.7% applied radioactivity (AR) on day 0 to 66.0 and 14.5% AR at 
study termination (day 100) for the aerobic sandy loam and sand sediments, respectively. 11.7% 
and 54.3% of applied radioactivity was converted to 14CO2 in the sandy loam aerobic and sandy
aerobic sediments, respectively.

The whole system disappearance time for a 50% reduction (DT50) and 90% reduction (DT90) was 
calculated using single first-order (SFO) kinetics, as summarized in below. The primary FTC 
degradation product was CO2 and no significant metabolites were formed.

Table 1. Aerobic Total System Degradation Kinetics

System Compartment Model K (days-1) DT50 (days) DT90 (days)

Taunton River 
(Sandy Loam Sediment)

Total System SFO -0.0046 150.7 500.7

Weweantic River
(Sandy Sediment)

Total System SFO -0.0193 35.91 119.3

4.1.4. Environmental Concentrations

The metabolism of FTC will result in excreted drug substance being introduced into the 
environment primarily through municipal sewage treatment plants (STPs) or septic tanks.
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Environmental Introduction Concentration (EIC): The EIC entering the aquatic environment 
from patient use is calculated without including consideration of metabolism or environmental 
depletion mechanisms that occur in the waste treatment process. The EIC from patient use is 
based on the highest annual quantity of the active moiety expected to be produced for use during 
the next five years; the quantity used in all dosage forms and strengths included in this 
application; and the quantity used in related applications for FTC.

The calculation of the EIC for the aquatic environment assumes all drug products produced in a 
year are used and enter the publicly owned treatment works (POTWs), even distribution 
throughout the US per day, and no metabolism or depletion mechanisms. The EIC was calculated 
using the following formula from the FDA Guidance Document as follows:

EIC-Aquatic (ppb) = A × B × C × D 

where

A = It is expected that FTC will not exceed 50,000 kg/year
B = 1/1.214 × 1011 liters/day per day entering publicly owned treatment works (POTWs)
C = year/365 days
D = 109 μg/kg (conversion factor)

Using this calculation, the EIC from patient use of FTC is approximately 1.13 ppb. 

Because FTC is not readily biodegradable (to CO2), a conservative/protective assumption of this 
environmental risk assessment is that the EIC, Expected Environmental Concentration (EEC) 
and Maximum Expected Environmental Concentration (MEEC) for FTC are similar.

In summary, based on the estimated production data, the MEEC is 1.13 g/L (1.13 ppb) which 
requires a (full) Environmental Assessment and not a Request for Categorical Exclusion (RCE) 
from a full Environmental Assessment under the FDA Guidance Document.

4.1.5. Summary of Environmental Fate of the Substance

The data available suggests that the majority of dosed FTC will be excreted by patients and 
hence the total dose is representative of the loading to STPs.

Once in municipal STPs, the available data suggests FTC will not be rapidly degraded and is 
unlikely to bind to sewage solids, which are removed after settling. The adsorption coefficient is 
sufficiently low to suggest that FTC will not reach the terrestrial soil environment, through the 
route of spreading of sewage sludge on agricultural land. 

Once emitted to surface water, FTC appears to partition to sediment over time. If present in 
sediment, FTC has variable rates of biodegradation, seeming to be somewhat recalcitrant in 
sandy loam sediment but fairly well mineralized in sand sediment. Formation of non-extractable 
residues and mineralization appears to be the major route of removal from sediment/water 
systems.
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The estimated log Kow values indicate that FTC is not lipophilic across the pH range of 4 – 10, 
which is considered to the pH range which encompasses most environmental situations, as such 
potential for bioconcentration is low.

As the MEEC exceeded 1 ppb, as per the FDA Guidance Document, an evaluation of the 
environmental effects of FTC was performed including an assessment of risk based on the 
MEEC and comparison to Assessment Factors as per the FDA Guidance Document. Based on 
the fate and effects testing, the environmental impact focused on sewage treatment microbes, 
acute and chronic aquatic species, and sediment species.

4.2. Environmental Effects of Released Substances

A tiered approach to environmental effects testing of FTC as per the FDA Guidance Document, 
including a risk assessment evaluation compared to Assessment Factors. As FTC partitions to 
water based on the above data, effects of released substances on aquatic organisms was 
conducted for potential acute and chronic effects. 

4.2.1. Acute Toxicity (Tier 1 and 2)

4.2.1.1. Sewage Microorganisms

A GLP respiratory inhibition study was conducted with FTC (Lot No. PP-0053-5044, purity of 
99.8%) according to OECD Guideline 209, “Activated Sludge, Respiration Inhibition Test” 
(1993) to determine the concentration which would potentially inhibit the respiratory activity of 
sewage treatment plant (STP) activated sludge microorganisms (AD-162-2003).

Methods

FTC was tested at concentrations of 0.1, 1.0, 10, 100 and 1000 mg.L-1 and 3,5-dichlorophenol 
was also assayed as a positive control to ensure test validity. Duplicate control vessels were also 
included in the test.

Prepared vessels were aerated for 3 h, after which dissolved oxygen concentrations were 
measured for an 8 - 10 min period. The respiration rate (mg O2.L

-1.h-1) was calculated over the 
linear phase of oxygen consumption for each vessel. The respiration inhibition (%) for FTC test 
solutions was calculated by comparison of respiration rate with the control.

Findings

Oxygen consumption in the test vessels at 0.1, 1.0, 10, 100 and 1000 mg.L-1 of FTC was 
14.6, 14.5, 15.0, 15.7 and 15.3 mg O2.L

-1.hr-1, respectively, compared with mean control values 
of 15 mg O2.L

-1.hr-1. Respiratory inhibition for FTC was 2.5, 3.0, 0.0, 0.0 and 0.0% at the 
increasing concentrations tested, respectively. The no observed effect concentration (NOEC) for 
FTC was ≥ 1000 mg.L-1 and the median effective concentration (EC50) was estimated to be 
> 1000 mg.L-1. 
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4.2.1.2. Green Freshwater Algae (Pseudokirchneriella subcapitata) Test

The toxicity of FTC (Lot No. PP-0053-5044, purity of 99.8%) to green freshwater algae was 
investigated, following OECD Guideline 201, “Algae, Growth Inhibition Test” (2006) and 
according to GLPs (TX-162-2002).

Methods

Based on the results of a range finding test, a definitive test was conducted with solutions 
prepared at the following nominal concentrations 0.32, 1.0, 3.2, 10, 32 and 100 mg.L-1

(three replicates each) tested together with an untreated control (six replicates).

The test solutions were prepared in algal growth media by serial dilution of a 100 mg.L-1 stock 
solution. 100 mL aliquots of the prepared test solutions were transferred to test vessels and 
0.88 mL of exponentially growing Pseudokirchneriella subcapitata culture was inoculated into 
each flask. The test vessels were incubated on an orbital incubator (100 rpm) within an 
environmental chamber under continuously illuminated (4,440 to 5,900 lux; 21 to 25 °C) for 
72 h. Samples were taken from each test vessel every 24 h for determination of cell 
concentration using a hemocytometer. 

The NOEC and the concentration that resulted in a 10, 20 and 50% reduction in growth rate 
(ErC10, ErC20 and ErC50, respectively) and yield (EyC10, EyC20 and EyC50, respectively) were 
estimated.

Findings

Chemical analysis of test samples taken at 0 and 72 h indicated that FTC was stable over the test 
period, remaining within ± 20% of nominal concentrations. The mean measured concentrations 
were 0.34, 1.2, 3.7, 11, 33 and 110 mg.L-1 for the 0.32, 1.0, 3.2, 10, 32 and 100 mg.L-1 nominal 
concentrations, respectively.

Daily cell concentrations were used to calculate inhibition compared to the control of average 
specific growth rates and yield. Statistical analysis using William’s test revealed no significant 
reduction in growth rate or yield in any treatment group compared to the control. Therefore the 
72 hour NOEC for growth rate and yield was determined as ≥110 mg.L-1. The 0 - 72 hour ErC10, 
ErC20, ErC50 and EyC10, EyC20, EyC50 values were estimated to be >110 mg.L-1, the highest 
concentration tested. 

4.2.1.3. Invertebrate – Water Flea (Daphnia magna)

The toxicity of FTC (Lot No. PP-0053-5044, purity of 99.8%) to the water flea (Daphnia magna)
was investigated, following OECD Guideline 202, “Daphnia sp., Acute Immobilization Test” 
(2004) and according to US GLPs (TX-162-2003).
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Methods

Daphnia magna were exposed to nominal test concentrations of 6.3, 13, 25, 50 and 100 mg.L-1. 
Daphnids were selected impartially from the culture vessels and placed in each test beaker by 
adding no more than two daphnids to each beaker until all beakers contained two daphnids. This 
procedure was repeated until each beaker contained five daphnids. The number of immobilized 
daphnids in each replicate test vessel was recorded at 24 and 48 hours of exposure. 
Immobilization was defined as those animals not able to swim within 15 seconds after gentle 
agitation of the test vessel. Biological observations and observations of the physical 
characteristics of each replicate test solution were also made and recorded at 0, 24 and 48 hours. 
The mean measured concentrations tested and the corresponding immobilization data derived 
from the definitive toxicity test were used to estimate the 24- and 48-hour median effective and 
no-effect concentrations (EC50 and NOEC).

Findings

The mean measured concentrations were 7.2, 14, 29, 54 and 110 mg.L-1. Following 48 hours of 
exposure, no immobilization or adverse effects were observed among daphnids exposed to any 
treatment level tested (up to a concentration of 110 mg.L-1) or the control. The 48-hour EC50

value for FTC in Daphnia magna was empirically estimated to be >110 mg.L-1, the highest mean 
measured concentration tested. The NOEC, the highest concentration producing 0% 
immobilization, was determined to be 110 mg.L-1.

4.2.1.4. Fish Acute Toxicity

The effects of FTC (Lot No. PP-0053-5044, purity of 99.8%) on the acute toxicity of fish was 
investigated with Rainbow Trout (Oncorhynchus mykiss), according to OECD Guideline 203, 
“Fish, Acute Toxicity Test” (1992) and US GLPs (TX-162-2004).

Methods

Rainbow trout were exposed, under static conditions, to nominal FTC concentrations of 6.3, 13, 
25, 50 and 100 mg.L-1, respectively for 96 hours. The test was initiated when rainbow trout 
(10 fish per treatment level and the control) were impartially selected and distributed to each 
aquarium. All aquaria were examined at 0, 24, 48, 72 and 96 hours of exposure as follows: 
mortalities were recorded and removed, biological observations, including adverse effects 
(e.g., darkened pigmentation), of the exposed rainbow trout and observations of the physical 
characteristics of the test solutions (e.g., presence of precipitate, film on the solution's surface) 
were made and recorded. Effects for this study were based on death, defined as the lack of 
movement by the exposed organisms (i.e., absence of gill movement and reaction to gentle 
prodding). The mean measured concentrations tested and the corresponding mortality data 
derived from the definitive toxicity test were used to estimate the 24-, 48-, 72- and 96-hour 
median lethal concentrations (LC50) and the NOEC.
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Findings

The mean measured concentrations were 7.0, 13, 25, 51 and 110 mg.L-1. Following 96 hours of 
exposure, no adverse effects or mortality were observed among rainbow trout exposed to any 
treatment level tested (up to a concentration of 110 mg/L-1) or the control. The 96-hour LC50

value for FTC on Rainbow Trout was empirically estimated to be >110 mg.L-1, the highest mean 
measured concentration tested. The NOEC was determined to be 110 mg.L-1.

4.2.1.5. Acute Aquatic Ecotoxicity Testing and Assessment

FTC was evaluated in acute studies in sewage microorganisms, algae, daphnia, fish, and sewage 
microorganisms (OECD 209, 201, 202 and 203 respectively). All studies were conducted in 
accordance with GLP. Data are summarized in the table below. 

Table 2. Acute Toxicity Studies in Aquatic Organisms

Study Result EC50 or LC50 / MEEC1 Reference

Activated Sludge, Respiration 
Inhibition Test (OECD 209)

NOEC ≥ 1000 mg.L-1

EC50 > 1000 mg.L-1 885,000 AD-162-2003

Tier 1 - Freshwater Green Algae
(OECD 201)
Pseudokirchneriella subcapitata

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1 97,000 TX-162-2002

Water Fleas (OECD 202)
Daphnia magna 

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1 97,000 TX-162-2003

Rainbow Trout (OECD 203)
Oncorhynchus mykiss 

NOEC ≥ 110 mg.L-1

LC50 > 110 mg.L-1 97,000 TX-162-2004

1 All values approximated to the nearest thousand

The calculated assessment factors in all cases are greater than the required factors (1,000x for 
Tier 1 and 100x for Tier 2) and in no case were sub-lethal effects observed at concentrations 
equal to the MEEC. The margin calculations did not factor in the 10-fold dilution typically 
observed from the POTW to the aquatic system which would increase the margins 10x for algae, 
water fleas, and fish. These results indicate that FTC release to sewage treatment plants and 
subsequently to the environment does not pose an environmental risk.

Based on the data above, there is no need to perform Tier 3 Chronic Toxicity testing. However, 
data was available and thus reported in Section 4.2.2.

4.2.2. Chronic Toxicity (Tier 3)

4.2.2.1. Fish Early Life Stage Test

The effects of FTC (Lot No. PP-0053-5044, purity of 99.8%) on the early life stages of fish was 
investigated with fathead minnows (Pimephales promelas), according to OECD Guideline 210, 
“Fish, Early-Life Stage Toxicity Test” (1992) and GLP (TX-162-2005).
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Methods

Fathead minnow embryos and fry were exposed, in a flow-through system, for 28 days 
post-hatch to nominal FTC concentrations of 0.63, 1.3, 2.5, 5.0 and 10 mg.L-1, respectively. The 
experiment (nominal day 0) started with 120 fresh and healthy fertilized fathead minnow eggs 
per test group, with each test group consisting of two replicate exposure vessels. The fertilized 
eggs were randomly distributed between twelve egg incubation cups. Each incubation cup 
contained 60 eggs was suspended in individual exposure aquaria. Test solutions were constantly 
renewed at a rate of approximately 6.7 aquarium volumes per 24 hours. 

Findings

Chemical analysis of test samples taken at Days 0, 1, 5, 12, 19, 26 and 33 indicated that mean 
measured concentrations of FTC were 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 (between 110-130 % of 
nominal). 

At the completion of hatch (day 5), hatching success in the control averaged 77%. Embryo 
hatching success in the 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels was 80, 78, 70, 78 and 
78%, respectively. Kruskal-Wallis' Test determined no significant difference in embryo hatching 
success among organisms exposed to any treatment level tested as compared to the embryo 
hatching success of the control organisms. No deformed fry were observed in any treatment level
tested or the control.

Following 28 days post-hatch exposure, larval survival in the control averaged 98%. Larval 
survival in the 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels was 95, 98, 95, 98 and 95%, 
respectively. Williams’ Test determined no significant difference in larval survival in any 
treatment level tested as compared to the control.

At test termination, total length of larvae exposed to the control averaged 28.6 mm. The mean 
total length of larvae exposed to the 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels was 
28.4, 28.2, 28.7, 27.9 and 28.2 mm, respectively. Statistical analysis (Williams' Test) 
demonstrated no statistically significant reductions in larval length among larvae exposed to any 
treatment level tested as compared to the control. 

Dry weight of larvae in the control averaged 0.0516 g. Dry weight of larvae exposed to the 
0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels averaged 0.0505, 0.0486, 0.0526, 0.0484 and 
0.0471 g, respectively. Statistical analysis (Williams’ Test) demonstrated a statistically 
significant reduction in dry weight among larvae exposed to the 11 mg.L-1 treatment level 
compared to the control. 

Based on the overall results of this study, the Lowest-Observed- Effect Concentration (LOEC) in 
the early life-cycle of fathead minnows was determined to be 11 mg.L-1, the highest mean 
measured concentration tested. The NOEC was determined to be 6.1 mg.L-1.
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4.2.2.2. Aquatic Invertebrate (Daphnia magna) Reproduction Test

The effects of FTC (Lot No. PP-0053-5044, purity of 99.8%) on the reproduction of the aquatic 
cladoceran Daphnia magna were investigated, according to OECD Guideline 211, 
“Daphnia magna Reproduction Test” (1998) and GLP (TX-162-2006).

Methods

Based on the results of a range-finding test, the definitive test was conducted with the following 
nominal FTC concentrations, 6.3, 13, 25, 50 and 100 mg.L-1. The definitive test was performed 
using a semi-static design with 10 vessels per test concentration and the untreated control group. 
Each of the vessels contained one neonate (< 24 h old) Daphnia magna in 80 mL test medium.

The test duration was 21 days and the test solutions were renewed 2 - 3 times per week. Test 
solutions were prepared by serial dilution of a 100 mg.L-1 stock solution. The daphnids were fed 
on a daily basis with a green alga (Anistrodesmus falcatus) suspension and a suspension of yeast, 
cereal leaves and digested flake fish food. During the test, samples of newly prepared test 
solutions on days 0, 2, 16 and 19 were collected from each treatment group and the control for 
analytical confirmation of FTC concentration. Additionally, samples of the aged test solutions 
were collected for analyses on days 2, 5, 19 and 21. 

The condition of the parental daphnids and the number offspring produced was monitored daily. 
The body length of the parental daphnids was measured at the end of the test. Dissolved oxygen, 
temperature and pH were measured in each test and control solution at the beginning 
(fresh solutions) and end (aged solutions) of each renewal period.

Findings

Mean measured concentrations of FTC were 7.1, 14, 28, 56 and 110 mg.L-1 (110 – 130 % 
nominal). The FTC concentrations were suitably maintained during the renewal period, the 
recovery in the aged solutions ranged from 110 – 130% of nominal. The effect parameters were 
based on the mean measured exposure concentrations.

The first offspring were observed on day 8 at all test concentrations, including the control. The 
number of immobile adult D. magna recorded during the study were 1 (10%) in the control, 
28 and 56 mg.L-1 test groups, 2 (20%) in the 110 mg.L-1 test group and 0 (0)% in the 
7.1 and 14 mg.L-1 test groups. At the highest FTC dose (110 mg.L-1) the mean number of 
offspring produced per surviving D. magna was 155, a reduction of approximately 12% 
compared to the control. Statistical analysis, using Bonferroni’s Test, determined this reduction 
to be non-significant and therefore the NOEC for reproduction was determined to be 
≥ 110 mg.L-1.

No statistically significant difference (Fisher exact) was detected between the parental survival 
or mean body length, of any treatment group compared to the control. The 21 day FTC NOEC 
for each endpoint observed during this study was determined to be ≥110 mg.L-1.
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4.2.2.3. Effects on Larvae of the Midge Chironomus riparius

The effects of FTC ([14C]-FTC; batch 645-101-0582, radiochemical purity of 99.6%. FTC; 
Lot No. 2983-AC-104, purity 99.8%) on the pre-emergent aquatic early life stages of the insect 
Chironomus riparius were investigated, according to OECD Guideline 218, “Sediment Water 
Chironomid Toxicity Test Using Spiked Sediment” (2004) and GLP (TX-162-2007).

Methods

Following an initial range finding test, a definitive test was conducted with a nominal sediment 
dry weight concentrations of 1.2, 3.6, 11, 33 and 100 mg.kg-1.

The study was conducted by spiking conditioned artificial sediment (following OECD 218; 1.9% 
organic carbon, pH 6.6) with appropriate volumes of [14C]-FTC in solvent, so as to give the 
required nominal concentrations. After ensuring homogeneity, a 1.5 cm layer (123 g wet weight) 
of the prepared sediments were placed in 600 mL capacity vessels and a 6 cm layer (300 mL) of 
freshwater carefully delivered over the sediment so as to avoid disturbance of the sediment. The 
ratio of sediment to water was approximately 1:4 and the total volume of the test system was 
approximately 375 mL. Four replicate exposure vessels were prepared for each treatment level 
and controls (untreated and solvent) to monitor the biological results (i.e., percent emergence and 
development rate) of the exposed midges. Three additional replicate vessels were also prepared 
for each treatment level and solvent control for analytical measurements to determine exposure 
concentrations of FTC in the overlying water, pore water and sediment.

After a 2 day equilibration period, ~20 first-instar midge larvae were added to each of the in-life 
vessels. Midge larvae were provided with food daily and adult emergence recorded up to 28 days 
post initiation. The endpoints of the test were emergence (%), development time and 
development rate (1.d-1).

Findings

Results of the sediment sample analysis showed that measured concentrations at preparation 
were close to nominal (105 -118%). However, concentrations in the aqueous test system were 
lower, 38 – 67% of nominal on Day 0 and 9.4 – 15% of nominal by test termination on Day 28. 
The drop in sediment was not reciprocated with concurrent increases in either pore or overlying 
water concentrations, as such mineralization to 14CO2 is the most likely explanation for the lost 
activity in each test system. The test system will have an initial concentration of active microbes, 
whose population will have been greatly enhanced by the daily feeding regime with fish food, 
which may explain the extensive degradation seen.

The first midge emergence in the control was observed on Day 13. Following 28 days of 
exposure, percent emergence and mean development in the control was 95% and 0.0655, 
respectively. These results are within the minimum standard criteria established in the OECD 
guideline, i.e. ≥ 70% emergence and emergence between days 12 and 23. Midge emergence from 
all the test concentrations was comparable to the controls and statistical analysis, using Dunnett’s 
test determined no significant difference between any treatment level and the controls.
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No significant (Dunnett’s test) difference in development rate between test groups and the 
controls was observed. No biological significant effect on emergence rate and development rate 
was found at the initial measured concentration of 38 mg.kg-1, the highest concentration tested. 
Therefore, the overall NOEC of FTC to Chironomus riparius was determined as ≥ 38 mg.L-1. 
Since there was ≤ 50% inhibition of emergence or development rate, the 28-day EC50 was 
estimated to be > 38 mg.kg-1 dry weight, based on the initial measured concentration.

Normalized NOEC

As per EMA guidelines {European Medicines Agency (EMEA) 2016} the results from the 
results from the sediment toxicity tests were recalculated into standard sediment with an organic 
carbon content of 10%.

Symbol Parameter Value (Reference)

Input

NOECmeasured Sediment dweller test NOEC 38 mg kgdwt
-1

focstandard sediment Fraction of organic carbon standard sediment
0.1 (10%)

{European Medicines Agency (EMEA) 
2016}

focmeasured Fraction of organic carbon test sediment 0.019 (1.9%) (Section 4.2.2.3)

Output

NOECstandard sediment Standard sediment normalized NOEC 200 mg.kgdwt
-1

4.2.2.4. Tier 3 Assessment

Although not obligated to be performed under the FDA Guidance Document and as part of 
Gilead’s product stewardship efforts, Tier 3 ecotoxicity testing including chronic studies in fish 
(fathead minnow), water flea, and sediment dweller midge studies were performed. 

The concentration in freshly deposited sediment is taken as the PEC for sediment; therefore, the 
properties of suspended matter are used. The concentration in bulk sediment can be derived from 
the corresponding water body concentration, assuming a thermodynamic partitioning. The 
MEECsediment was calculated following the methodology provided in {European Chemicals 
Agency 2016, European Medicines Agency (EMEA) 2016} as follows:

NOECstandard sediment=NOECmeasured 
focstandard sediment

focmeasured
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1000sediment  

susp

susp

watersusp CONVMEEC
RHO

K
MEEC

Ksusp-water = Fwatersusp + Fsolidsusp × Kpsusp / 1000 × RHOsolid

Symbol Parameter Value (Reference)

Input 

MEEC
Maximum expected environmental Concentration

(in the water)
1.13 μg.L-1 (Section 4.1.4)

Fwatersusp Fraction water in suspended matter
0.9 m3.m-3

{European Chemicals Agency 
2016}

Fsolidsusp Fraction solids in suspended matter
0.1 m3.m-3 

{European Chemicals Agency 
2016}

RHOsolid Bulk density of solids
2500 kg m-3 

{European Chemicals Agency 
2016}

Focsusp Weight fraction organic carbon in suspended matter
0.1 kg kg-1 

{European Chemicals Agency 
2016}

Koc Organic carbon normalised partition coefficient
45.6 dm3 kg-1

(worst-case see Section 4.1.2)

RHOsusp Bulk density of suspended matter
1150 kg m-3 

{European Chemicals Agency 
2016}

1000 Conversion factor
1000 dm3.m-3

{European Chemicals Agency 
2016}

Intermediate Results

Ksusp-water Sediment matter water partition coefficient (v/v) 2.04 m3 m-3

Kpsusp Partition coefficient solids and water in suspended matter (v/w) 4.56 L.kg-1

CONVsusp Conversion factor for sediment concentrations: wwt to dwt 4.6 kgwwt.kgdwt
-1

Output

MEECsediment Predicted Environmental Concentration in sediment
 μg kgdwt

-1

 μg.kgwwt
-1

CONV susp
RHOsusp

Fsolidsusp RHOsolid

Kpsusp  Focsusp Koc
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All studies were conducted in accordance with GLPs. Data are summarized in the Table 3. Based 
on these data, (though not obligated to be performed under the FDA Guidance Document), a 
Tier 3 Assessment was performed. The Test Tier 3 Assessment compares the lowest EC50 or 
LOEC of chronic or reproductive studies to the MEEC. As per the FDA Guidance Document, if 
the ratio is ≥ 10 and there are no effects at the MEEC, no environmental impact is anticipated. 
Since the NOEC ranged from 5,000 – 97,000 greater than the MEEC for three different 
organisms, no environmental impact is anticipated. The margin calculations did not factor in the 
10-fold dilution typically observed from the POTW to the aquatic system which would increase 
the margins 10-fold.

Table 3. Tier 3 Chronic and Reproductive Toxicity Studies 

Study Results NOEC / MEEC1 Reference

Fathead Minnow (OECD 210)
Pimephales promelas Fish Early Life Cycle

LOEC = 11 mg.L-1

NOEC = 6.1 mg.L-1 5,000 TX-162-2005

Water Fleas (OECD 211)
Daphnia magna Reproduction

NOEC ≥ 110 mg.L-1

LOEC > 110 mg.L-1 97,000 TX-162-2006

Sediment Dwellers (OECD 218)
Chironomid Larvae Toxicity

NOEC ≥ 200 mg.kgdwt
-1

LOEC > 200 mg kgdwt
-1 22,000 TX-162-2007

1. All values approximated to the nearest thousand. MEECsediment values used for the Chironomid (OECD 218) study

4.3. Summary

A standard battery of environmental fate and effects studies has been conducted to evaluate the 
environmental risk associated with the use of FTC. FTC is likely to partition mostly into water
and sediment and not bioaccumulate in the environment. 

A battery of acute, chronic and reproductive effects studies were conducted in aquatic organisms
and sediment dwellers. The results of these studies showed low toxicity. The results of these 
studies were compared to the MEEC. The EC50 and LC50 concentration / MEEC ratios at all 
three tiers of assessment based on one (1) acute study (Tier 1), a battery of acute studies (Tier 2), 
and chronic studies (Tier 3) were greater than their required assessment factors (1000x for Tier 1, 
100x for Tier 2, and 10x for Tier 3) and there were no effects observed at the corresponding 
MEEC. Based on the above data and risk assessment conclusions, the current data indicates that 
FTC is of low risk to the environment based on current use patterns. Gilead therefore requests 
approval for the anticipated use based on no environmental impact of this clinical use.
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5. MITIGATION MEASURES

Based on the evidence presented, no environmental mitigation measures are needed.
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6. ALTERNATIVES TO THE PROPOSED ACTION

No potential adverse environmental effects have been identified for the proposed action and 
therefore no alternatives are proposed.
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9.1. Nonconfidential Appendices

Appendix 1. Emtricitabine Data Summary Table

Emtricitabine Data Summary Table

Physical/Chemical Characterization

Water Solubility 112 mg/mL

Dissociation Constants 2.65

Octanol/Water partition Coefficient (Log Kow)
(OECD 107)

-0.693 (pH 4)
-0.670 (pH 7)
-0.693 (pH 10)

Vapor Pressure Presumably non-volatile

Sorption/Desorption (Koc) (OECD 106) 21.1 – 45.6

Depletion Mechanisms

Hydrolysis No data available

Aerobic Biodegradation in Water (OECD 301D) Not readily biodegradable

Photolysis
Absorbs in the UV range, but assumed not to be 
photolabile

Metabolism
FTC is minimally transformed (13%), most appears 
unchanged in urine (86%)

Environmental Effects

Microbial Inhibition
Activated Sludge (OECD 209)

NOEC ≥ 1000 mg.L-1

EC50 > 1000 mg.L-1

Acute Toxicity
Freshwater Green Alga (OECD 201)
Pseudokirchneriella subcapitata

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1

Water Fleas (OECD 202)
Daphnia magna Acute Toxicity

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1

Rainbow Trout (OECD 203)
Oncorhynchus mykiss

NOEC ≥ 110 mg.L-1

LC50 > 110 mg.L-1

Chronic Toxicity
Fathead Minnow (OECD 210)
Pimephales promelas Fish Early Life Cycle

LOEC = 11 mg.L-1

NOEC = 6.1 mg.L-1

Water Fleas (OECD 211)

Daphnia magna Reproduction

NOEC ≥ 110 mg.L-1

LOEC > 110 mg.L-1

Sediment Dwellers (OECD 218) 
Chironomid Larvae Toxicity

Normalized NOEC ≥ 200 mg.kgdwt
-1

Normalized LOEC > 200 mg.kgdwt
-1



Emtricitabine
1.12.14 Environmental Analysis

CONFIDENTIAL Page 34 25 May 2017

9.2. Confidential Appendices

Appendix 2. Referenced Study Reports

This section provides a list of all study reports that have been cited in the present Environmental 
Assessment and can be accessed via the hyperlinks below. 

Cross-reference to Gilead Nonclinical Reports

Study Report Number Study Title

BA-162-2001
Validation of the Analytical Method for the Determination of Radiolabelled 
Emtricitabine in Sediment

AD-162-2001
Emtricitabine - Determining the Adsorption Coefficient (Koc) Following OECD 
Guideline 106

AD-162-2002
Determining the Partitioning Coefficient (n-Octanol/Water) of Emtricitabine by the 
Flask-shaking Method Following OECD Guideline 107

AD-162-2003
Activated Sludge Respiration Inhibition Test to Emtricitabine Following OECD 
Guideline 209

AD-162-2004
Emtricitabine – Aerobic and Anaerobic Transformation in Aquatic Sediments Systems 
Following OECD Guideline 308

1784 Emtricitabine (CAS # 143491-57-0): Ready Biodegradability Evaluation (OECD 301D)

TX-162-2002
Acute Toxicity of Emtricitabine to the Freshwater Green Alga 
Pseudokirchneriella subcapitata Following OECD Guideline #201

TX-162-2003
Acute Toxicity of Emtricitabine to Water Fleas, Daphnia magna Under Static 
Conditions, Following OECD Guideline #202

TX-162-2004
Acute Toxicity of Emtricitabine to Rainbow Trout (Oncorhynchus mykiss) Under Static 
Conditions, Following OECD Guideline #203

TX-162-2005
Early Life-Stage Toxicity Test of Emtricitabine with Fathead Minnow, 
(Pimephales promelas), Following OECD Guideline #210

TX-162-2007
Emtricitabine; Toxicity test with Sediment-Dwelling Midges (Chironomus riparius) 
Under Static Conditions, Following OECD Guideline 218

TX-162-2006
Emtricitabine – Full Life-Cycle Toxicity Test with Water Fleas, Daphnia magna, Under 
Static Renewal Conditions, Following OECD Guideline #211
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Finding of No Significant Impact 
 

NDA 210251 Bictegravir, Emtricitabine, Tenofovir Alafenamide (BIC, FTC, TAF) 
Tablet, 50/200/25 mg 

 
Food and Drug Administration 

Center for Drug Evaluation and Research 
 
The National Environmental Policy Act of 1969 (NEPA) requires Federal agencies to assess the 
environmental impact of their actions. The Food and Drug Administration (FDA) is required 
under NEPA to consider the environmental impact of approving certain drug product 
applications as an integral part of its regulatory process. 
 
Gilead Sciences (Gilead) requests approval of NDA 210251 for the treatment of HIV-1 infection. 
The product is a tablet with BIC, FTC, and TAF in combination in the following doses: 50, 200, 
and 25 mg, respectively. BIC and TAF have been categorically excluded from an environmental 
assessment (EA). FTC, along with TAF, forms a nucleos(t)ide reverse transcriptase inhibitor 
(N[t]RTI) backbone. 
 
In support of its application, Gilead prepared an EA for FTC (attached). This EA evaluates the 
potential environmental impact from the use and disposal of this product. The FDA Center for 
Drug Evaluation and Research (CDER) has reviewed the EA and additional information, and has 
carefully considered the potential environmental impact due to approval of this application. 
Based on the CDER review of the entirety of this information, FDA has determined that approval 
of the present application for is not expected to have a significant impact on the human 
environment. Therefore, FDA is issuing a finding of no significant impact (FONSI), and thus an 
environmental impact statement will not be prepared. 
 
Attachments:  May 25, 2017, Environmental Assessment 
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GLOSSARY OF ABBREVIATIONS AND DEFINITION OF TERMS

 C degrees Celsius

AR applied radioactivity

B/F/TAF bictegravir/emtricitabine/tenofovir alafenamide

CFR Code of Federal Regulations

DNA deoxyribonucleic acid

DTX disappearance time for an X% reduction

EA Environmental Assessment

ECxx XX% effective concentration

FDA (United States) Food and Drug Administration

FTC emtricitabine, Emtriva

hr hour

HIV Human Immunodeficiency Virus

IND Investigational New Drug (Application)

Kd adsorption coefficient for activated sludge

Koc adsorption coefficient for organic carbon

Kow octanol water partition coefficient

LC50 median lethal concentration

L Liter

MEEC Maximum Expected Environmental Concentration

mg Milligram

min minute

NDA New Drug Application

NEPA National Environmental Policy Act

NOEC no obvserved effect concentration

OECD Organisation for Economic Co-operation and Development

pKa acid dissociation constant

POTW publicly owned treatment works

ppb part per billion

RCE Request for Categorical Exclusion

SFO single first-order

STP sewage treatment plant

UV ultraviolet light
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1. ENVIRONMENTAL RISK ASSESSMENT

1.1. Date

May 24, 2017

1.2. Name of Applicant/Petitioner

Gilead Sciences, Inc.

1.3. Address

333 Lakeside Drive
Foster City, CA 94404
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2. DESCRIPTION OF PROPOSED ACTION

2.1. Requested Approval

Gilead Sciences, Inc. (Gilead) has previously filed and received approval of a New Drug 
Application (NDA) pursuant to section 505(b) of the Federal Food, Drug, and Cosmetic Act for 
Emtricitabine (FTC) as a stand-alone medication (NDA#s 021500, and 021896) and in 
combination with other HIV medications (NDA#s 021937, 202123, 208215, 207561, 208531, 
203100, and 021752). As part of the general correspondence for NDA 021752, an updated 
Environmental Assessment for FTC is being submitted pursuant to 21 CFR part 25 to support a 
new marketing application for bictegravir/emtricitabine/tenofovir alafenamide (B/F/TAF) tablet
(NDA 210251) {Food & Drug Administration (FDA) 2016}.

The National Environmental Policy Act of 1969 (NEPA) requires all Federal agencies to assess 
the environmental impacts of their actions and to ensure that the interested and affected public is 
informed of environmental analyses. The Food and Drug Administration (FDA) is required 
under NEPA to consider the environmental impacts of approving drug and biologics applications 
as an integral part of its regulatory process. FDA's regulations in 21 CFR Part 25 specify that 
environmental assessments (EAs) must be submitted as part of certain NDAs, abbreviated 
applications, applications for marketing approval of a biologic product, supplements to such 
applications, investigational new drug applications (INDs) and for various other actions 
(see 21 CFR 25.20), unless the action qualifies for categorical exclusion {Food & Drug 
Administration (FDA) 2016}. 

FTC is indicated in combination with other antiretroviral agents for the treatment of HIV-1 
infection. 

The following is submitted according to the requirements under the Food and Drug 
Administration Guidance for Industry, Environmental Assessment of Human Drug and Biologics 
Applications, U.S. Department of Health and Human Services, Food and Drug Administration, 
Center for Drug Evaluation and Research, Center for Biologics Evaluation and Research, 
July, 1998, CMC 6, Revision 1 (“FDA Guidance Document”) {U. S. Department of Health and 
Human Services (DHHS) 1998}. In addition to meeting the FDA Guidance Document 
requirements Gilead has conducted additional environmental studies as part of their product 
stewardship of FTC and submits these data pursuant to 21 CFR Part 25 {Food & Drug 
Administration (FDA) 2016}. Gilead requests continued approval of the use of FTC as 
requirements under the Guidance and per regulatory requirements for environmental assessment 
have been met as follows.
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2.2. Need for Action

FTC is indicated in combination with other antiretroviral agents for the treatment of HIV-1 
infection. FTC, a synthetic nucleoside analog of cytidine, is phosphorylated by cellular enzymes 
to form emtricitabine 5'-triphosphate. Emtricitabine 5'-triphosphate inhibits the activity of the 
HIV-1 reverse transcriptase by competing with the natural substrate deoxycytidine 
5'-triphosphate and by being incorporated into nascent viral DNA which results in chain 
termination.

2.3. Locations of Use

FTC is administered orally and may be used by individuals throughout the United States (US) in 
hospitals, clinics, and/or homes. It is not expected to be concentrated in any particular 
geographic region.

2.4. Disposal Sites

In US hospitals, pharmacies or clinics, empty or partially empty bottles will be disposed of 
according to hospital, pharmacy or clinic procedures. In the home, empty or partially empty 
containers will typically be disposed of by a community’s solid waste management system, 
which may include landfills, incineration and recycling, although minimal quantities of unused 
drug may be disposed of in the sewer system.
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3. IDENTIFICATION OF SUBSTANCES THAT ARE THE 
SUBJECT OF THE PROPOSED ACTION

3.1. Physical and Chemical Properties

Established Name: Emtricitabine

Brand/Proprietary Name/
Tradename:

Emtricitabine is used in several brand name products including 
Stribild®, Odefsey®, Descovy®, Genvoya®, Atripla®, Truvada®, 
and Emtriva®

Chemical Names: 5-Fluoro-1-[(2R,5S)-2-(hydroxymethyl)-1,3-oxathiolan-5-yl]
cytosine (IUPAC)

4-amino-5-fluoro-1-(2R-hydroxymethyl-1,3-oxathiolan-5S yl)-
(1H)-pyrimidin-2-one (CAS)

Chemical Abstracts Service 
(CAS) Registration Number:

143491-57-0

Molecular Formula: C8H10FN3O3S

Molecular Weight: 247.2

Chemical Structure:
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4. ENVIRONMENTAL ISSUES

4.1. Environmental Fate of Released Substances

4.1.1. Identification of Substances of Interest

FTC is indicated in combination with other antiretroviral agents for the treatment of HIV-1 
infection. FTC is minimally transformed (13%), most appears unchanged in urine (86%). The 
biotransformation of FTC includes oxidation of the thiol moiety to form the 3′-sulfoxide 
diastereomers (ca. 9% of dose) and conjugation with glucuronic acid to form 2′-O-glucuronide 
(ca. 4% of dose). 

Due to the high proportion of parent excreted, metabolism is considered minimal and not 
considered further here. A total residue approach is adopted for this risk assessment, where 100% 
of the dosed FTC is assumed to be excreted unchanged.

The excipients are inert substances which have no pharmacological or toxicological effects and 
therefore, this assessment will focus on the environmental impact of the active ingredient only.

4.1.2. Physical and Chemical Characterization

The physical and chemical properties of FTC that are environmentally relevant are summarized 
as follows, and in Appendix 1: Emtricitabine Data Summary Table.

Water Solubility: 112 mg/mL

Dissociation Constants: pKa = 2.65

Partition Coefficient(n-octanol/water): log Kow = -0.693 (pH 4), -0.670 (pH 7), -0.693 (pH 10)

The partition coefficient (n-octanol/water) was determined using the flask-shaking 
method following OECD Guideline 107 and according to Good Laboratory Practices (GLP)
(AD-162-2002).

Adsorption Coefficient: Kd (activated sludge) = 5.97 – 12.9
Koc (organic carbon) = 21.1 – 45.6

The adsorption coefficient for FTC was determined following the OECD Guideline 106 and 
according to GLP (AD-162-2001). It was concluded that FTC does not significantly absorb to 
activated sludge.

Vapor Pressure: Assumed to be nonvolatile
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4.1.3. Environmental Depletion Mechanisms

Ultraviolet-Visible Absorption 
Spectrum:

Absorbs in the UV range, assumed not to be 
photolabile

Hydrolysis: No data available

Aerobic Biodegradation in Water: Not considered readily biodegradable

FTC was tested to assess its degree of ready biodegradability using the procedure outlined in the 
OECD guideline 301D and according to GLP for the “Ready Biodegradability Closed Bottle 
Test” (Report 1784). The results indicate that FTC is not readily biodegradable under the 
conditions tested.

Aerobic and Anaerobic 
Transformation in Aquatic 
Sediment Systems:

>10% AR associated with sediment from Day 2; 
System DT50 36-151 days; No significant metabolites 
formed.

A GLP study was conducted to assess the degradation of [14C]-FTC in natural water-sediment 
systems. The rate of aerobic and anaerobic transformation of parent [14C]-FTC was studied at a 
concentration of 1.0 mg/L in darkness at 20 ± 2ºC for 100 days in two aerobic and anaerobic 
sediments varying in pH, textual characteristics, organic matter content and microbial content.
The study was conducted according to OECD Guideline 308 and according to GLP (AD-162-
2004).

Under aerobic water/sediment conditions, FTC degraded at a moderate rate. FTC decreased from 
an average of 102.9 and 106.7% applied radioactivity (AR) on day 0 to 66.0 and 14.5% AR at 
study termination (day 100) for the aerobic sandy loam and sand sediments, respectively. 11.7% 
and 54.3% of applied radioactivity was converted to 14CO2 in the sandy loam aerobic and sandy
aerobic sediments, respectively.

The whole system disappearance time for a 50% reduction (DT50) and 90% reduction (DT90) was 
calculated using single first-order (SFO) kinetics, as summarized in below. The primary FTC 
degradation product was CO2 and no significant metabolites were formed.

Table 1. Aerobic Total System Degradation Kinetics

System Compartment Model K (days-1) DT50 (days) DT90 (days)

Taunton River 
(Sandy Loam Sediment)

Total System SFO -0.0046 150.7 500.7

Weweantic River
(Sandy Sediment)

Total System SFO -0.0193 35.91 119.3

4.1.4. Environmental Concentrations

The metabolism of FTC will result in excreted drug substance being introduced into the 
environment primarily through municipal sewage treatment plants (STPs) or septic tanks.
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Environmental Introduction Concentration (EIC): The EIC entering the aquatic environment 
from patient use is calculated without including consideration of metabolism or environmental 
depletion mechanisms that occur in the waste treatment process. The EIC from patient use is 
based on the highest annual quantity of the active moiety expected to be produced for use during 
the next five years; the quantity used in all dosage forms and strengths included in this 
application; and the quantity used in related applications for FTC.

The calculation of the EIC for the aquatic environment assumes all drug products produced in a 
year are used and enter the publicly owned treatment works (POTWs), even distribution 
throughout the US per day, and no metabolism or depletion mechanisms. The EIC was calculated 
using the following formula from the FDA Guidance Document as follows:

EIC-Aquatic (ppb) = A × B × C × D 

where

A = It is expected that FTC will not exceed 50,000 kg/year
B = 1/1.214 × 1011 liters/day per day entering publicly owned treatment works (POTWs)
C = year/365 days
D = 109 μg/kg (conversion factor)

Using this calculation, the EIC from patient use of FTC is approximately 1.13 ppb. 

Because FTC is not readily biodegradable (to CO2), a conservative/protective assumption of this 
environmental risk assessment is that the EIC, Expected Environmental Concentration (EEC) 
and Maximum Expected Environmental Concentration (MEEC) for FTC are similar.

In summary, based on the estimated production data, the MEEC is 1.13 g/L (1.13 ppb) which 
requires a (full) Environmental Assessment and not a Request for Categorical Exclusion (RCE) 
from a full Environmental Assessment under the FDA Guidance Document.

4.1.5. Summary of Environmental Fate of the Substance

The data available suggests that the majority of dosed FTC will be excreted by patients and 
hence the total dose is representative of the loading to STPs.

Once in municipal STPs, the available data suggests FTC will not be rapidly degraded and is 
unlikely to bind to sewage solids, which are removed after settling. The adsorption coefficient is 
sufficiently low to suggest that FTC will not reach the terrestrial soil environment, through the 
route of spreading of sewage sludge on agricultural land. 

Once emitted to surface water, FTC appears to partition to sediment over time. If present in 
sediment, FTC has variable rates of biodegradation, seeming to be somewhat recalcitrant in 
sandy loam sediment but fairly well mineralized in sand sediment. Formation of non-extractable 
residues and mineralization appears to be the major route of removal from sediment/water 
systems.
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The estimated log Kow values indicate that FTC is not lipophilic across the pH range of 4 – 10, 
which is considered to the pH range which encompasses most environmental situations, as such 
potential for bioconcentration is low.

As the MEEC exceeded 1 ppb, as per the FDA Guidance Document, an evaluation of the 
environmental effects of FTC was performed including an assessment of risk based on the 
MEEC and comparison to Assessment Factors as per the FDA Guidance Document. Based on 
the fate and effects testing, the environmental impact focused on sewage treatment microbes, 
acute and chronic aquatic species, and sediment species.

4.2. Environmental Effects of Released Substances

A tiered approach to environmental effects testing of FTC as per the FDA Guidance Document, 
including a risk assessment evaluation compared to Assessment Factors. As FTC partitions to 
water based on the above data, effects of released substances on aquatic organisms was 
conducted for potential acute and chronic effects. 

4.2.1. Acute Toxicity (Tier 1 and 2)

4.2.1.1. Sewage Microorganisms

A GLP respiratory inhibition study was conducted with FTC (Lot No. PP-0053-5044, purity of 
99.8%) according to OECD Guideline 209, “Activated Sludge, Respiration Inhibition Test” 
(1993) to determine the concentration which would potentially inhibit the respiratory activity of 
sewage treatment plant (STP) activated sludge microorganisms (AD-162-2003).

Methods

FTC was tested at concentrations of 0.1, 1.0, 10, 100 and 1000 mg.L-1 and 3,5-dichlorophenol 
was also assayed as a positive control to ensure test validity. Duplicate control vessels were also 
included in the test.

Prepared vessels were aerated for 3 h, after which dissolved oxygen concentrations were 
measured for an 8 - 10 min period. The respiration rate (mg O2.L

-1.h-1) was calculated over the 
linear phase of oxygen consumption for each vessel. The respiration inhibition (%) for FTC test 
solutions was calculated by comparison of respiration rate with the control.

Findings

Oxygen consumption in the test vessels at 0.1, 1.0, 10, 100 and 1000 mg.L-1 of FTC was 
14.6, 14.5, 15.0, 15.7 and 15.3 mg O2.L

-1.hr-1, respectively, compared with mean control values 
of 15 mg O2.L

-1.hr-1. Respiratory inhibition for FTC was 2.5, 3.0, 0.0, 0.0 and 0.0% at the 
increasing concentrations tested, respectively. The no observed effect concentration (NOEC) for 
FTC was ≥ 1000 mg.L-1 and the median effective concentration (EC50) was estimated to be 
> 1000 mg.L-1. 
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4.2.1.2. Green Freshwater Algae (Pseudokirchneriella subcapitata) Test

The toxicity of FTC (Lot No. PP-0053-5044, purity of 99.8%) to green freshwater algae was 
investigated, following OECD Guideline 201, “Algae, Growth Inhibition Test” (2006) and 
according to GLPs (TX-162-2002).

Methods

Based on the results of a range finding test, a definitive test was conducted with solutions 
prepared at the following nominal concentrations 0.32, 1.0, 3.2, 10, 32 and 100 mg.L-1

(three replicates each) tested together with an untreated control (six replicates).

The test solutions were prepared in algal growth media by serial dilution of a 100 mg.L-1 stock 
solution. 100 mL aliquots of the prepared test solutions were transferred to test vessels and 
0.88 mL of exponentially growing Pseudokirchneriella subcapitata culture was inoculated into 
each flask. The test vessels were incubated on an orbital incubator (100 rpm) within an 
environmental chamber under continuously illuminated (4,440 to 5,900 lux; 21 to 25 °C) for 
72 h. Samples were taken from each test vessel every 24 h for determination of cell 
concentration using a hemocytometer. 

The NOEC and the concentration that resulted in a 10, 20 and 50% reduction in growth rate 
(ErC10, ErC20 and ErC50, respectively) and yield (EyC10, EyC20 and EyC50, respectively) were 
estimated.

Findings

Chemical analysis of test samples taken at 0 and 72 h indicated that FTC was stable over the test 
period, remaining within ± 20% of nominal concentrations. The mean measured concentrations 
were 0.34, 1.2, 3.7, 11, 33 and 110 mg.L-1 for the 0.32, 1.0, 3.2, 10, 32 and 100 mg.L-1 nominal 
concentrations, respectively.

Daily cell concentrations were used to calculate inhibition compared to the control of average 
specific growth rates and yield. Statistical analysis using William’s test revealed no significant 
reduction in growth rate or yield in any treatment group compared to the control. Therefore the 
72 hour NOEC for growth rate and yield was determined as ≥110 mg.L-1. The 0 - 72 hour ErC10, 
ErC20, ErC50 and EyC10, EyC20, EyC50 values were estimated to be >110 mg.L-1, the highest 
concentration tested. 

4.2.1.3. Invertebrate – Water Flea (Daphnia magna)

The toxicity of FTC (Lot No. PP-0053-5044, purity of 99.8%) to the water flea (Daphnia magna)
was investigated, following OECD Guideline 202, “Daphnia sp., Acute Immobilization Test” 
(2004) and according to US GLPs (TX-162-2003).
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Methods

Daphnia magna were exposed to nominal test concentrations of 6.3, 13, 25, 50 and 100 mg.L-1. 
Daphnids were selected impartially from the culture vessels and placed in each test beaker by 
adding no more than two daphnids to each beaker until all beakers contained two daphnids. This 
procedure was repeated until each beaker contained five daphnids. The number of immobilized 
daphnids in each replicate test vessel was recorded at 24 and 48 hours of exposure. 
Immobilization was defined as those animals not able to swim within 15 seconds after gentle 
agitation of the test vessel. Biological observations and observations of the physical 
characteristics of each replicate test solution were also made and recorded at 0, 24 and 48 hours. 
The mean measured concentrations tested and the corresponding immobilization data derived 
from the definitive toxicity test were used to estimate the 24- and 48-hour median effective and 
no-effect concentrations (EC50 and NOEC).

Findings

The mean measured concentrations were 7.2, 14, 29, 54 and 110 mg.L-1. Following 48 hours of 
exposure, no immobilization or adverse effects were observed among daphnids exposed to any 
treatment level tested (up to a concentration of 110 mg.L-1) or the control. The 48-hour EC50

value for FTC in Daphnia magna was empirically estimated to be >110 mg.L-1, the highest mean 
measured concentration tested. The NOEC, the highest concentration producing 0% 
immobilization, was determined to be 110 mg.L-1.

4.2.1.4. Fish Acute Toxicity

The effects of FTC (Lot No. PP-0053-5044, purity of 99.8%) on the acute toxicity of fish was 
investigated with Rainbow Trout (Oncorhynchus mykiss), according to OECD Guideline 203, 
“Fish, Acute Toxicity Test” (1992) and US GLPs (TX-162-2004).

Methods

Rainbow trout were exposed, under static conditions, to nominal FTC concentrations of 6.3, 13, 
25, 50 and 100 mg.L-1, respectively for 96 hours. The test was initiated when rainbow trout 
(10 fish per treatment level and the control) were impartially selected and distributed to each 
aquarium. All aquaria were examined at 0, 24, 48, 72 and 96 hours of exposure as follows: 
mortalities were recorded and removed, biological observations, including adverse effects 
(e.g., darkened pigmentation), of the exposed rainbow trout and observations of the physical 
characteristics of the test solutions (e.g., presence of precipitate, film on the solution's surface) 
were made and recorded. Effects for this study were based on death, defined as the lack of 
movement by the exposed organisms (i.e., absence of gill movement and reaction to gentle 
prodding). The mean measured concentrations tested and the corresponding mortality data 
derived from the definitive toxicity test were used to estimate the 24-, 48-, 72- and 96-hour 
median lethal concentrations (LC50) and the NOEC.
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Findings

The mean measured concentrations were 7.0, 13, 25, 51 and 110 mg.L-1. Following 96 hours of 
exposure, no adverse effects or mortality were observed among rainbow trout exposed to any 
treatment level tested (up to a concentration of 110 mg/L-1) or the control. The 96-hour LC50

value for FTC on Rainbow Trout was empirically estimated to be >110 mg.L-1, the highest mean 
measured concentration tested. The NOEC was determined to be 110 mg.L-1.

4.2.1.5. Acute Aquatic Ecotoxicity Testing and Assessment

FTC was evaluated in acute studies in sewage microorganisms, algae, daphnia, fish, and sewage 
microorganisms (OECD 209, 201, 202 and 203 respectively). All studies were conducted in 
accordance with GLP. Data are summarized in the table below. 

Table 2. Acute Toxicity Studies in Aquatic Organisms

Study Result EC50 or LC50 / MEEC1 Reference

Activated Sludge, Respiration 
Inhibition Test (OECD 209)

NOEC ≥ 1000 mg.L-1

EC50 > 1000 mg.L-1 885,000 AD-162-2003

Tier 1 - Freshwater Green Algae
(OECD 201)
Pseudokirchneriella subcapitata

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1 97,000 TX-162-2002

Water Fleas (OECD 202)
Daphnia magna 

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1 97,000 TX-162-2003

Rainbow Trout (OECD 203)
Oncorhynchus mykiss 

NOEC ≥ 110 mg.L-1

LC50 > 110 mg.L-1 97,000 TX-162-2004

1 All values approximated to the nearest thousand

The calculated assessment factors in all cases are greater than the required factors (1,000x for 
Tier 1 and 100x for Tier 2) and in no case were sub-lethal effects observed at concentrations 
equal to the MEEC. The margin calculations did not factor in the 10-fold dilution typically 
observed from the POTW to the aquatic system which would increase the margins 10x for algae, 
water fleas, and fish. These results indicate that FTC release to sewage treatment plants and 
subsequently to the environment does not pose an environmental risk.

Based on the data above, there is no need to perform Tier 3 Chronic Toxicity testing. However, 
data was available and thus reported in Section 4.2.2.

4.2.2. Chronic Toxicity (Tier 3)

4.2.2.1. Fish Early Life Stage Test

The effects of FTC (Lot No. PP-0053-5044, purity of 99.8%) on the early life stages of fish was 
investigated with fathead minnows (Pimephales promelas), according to OECD Guideline 210, 
“Fish, Early-Life Stage Toxicity Test” (1992) and GLP (TX-162-2005).
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Methods

Fathead minnow embryos and fry were exposed, in a flow-through system, for 28 days 
post-hatch to nominal FTC concentrations of 0.63, 1.3, 2.5, 5.0 and 10 mg.L-1, respectively. The 
experiment (nominal day 0) started with 120 fresh and healthy fertilized fathead minnow eggs 
per test group, with each test group consisting of two replicate exposure vessels. The fertilized 
eggs were randomly distributed between twelve egg incubation cups. Each incubation cup 
contained 60 eggs was suspended in individual exposure aquaria. Test solutions were constantly 
renewed at a rate of approximately 6.7 aquarium volumes per 24 hours. 

Findings

Chemical analysis of test samples taken at Days 0, 1, 5, 12, 19, 26 and 33 indicated that mean 
measured concentrations of FTC were 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 (between 110-130 % of 
nominal). 

At the completion of hatch (day 5), hatching success in the control averaged 77%. Embryo 
hatching success in the 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels was 80, 78, 70, 78 and 
78%, respectively. Kruskal-Wallis' Test determined no significant difference in embryo hatching 
success among organisms exposed to any treatment level tested as compared to the embryo 
hatching success of the control organisms. No deformed fry were observed in any treatment level
tested or the control.

Following 28 days post-hatch exposure, larval survival in the control averaged 98%. Larval 
survival in the 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels was 95, 98, 95, 98 and 95%, 
respectively. Williams’ Test determined no significant difference in larval survival in any 
treatment level tested as compared to the control.

At test termination, total length of larvae exposed to the control averaged 28.6 mm. The mean 
total length of larvae exposed to the 0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels was 
28.4, 28.2, 28.7, 27.9 and 28.2 mm, respectively. Statistical analysis (Williams' Test) 
demonstrated no statistically significant reductions in larval length among larvae exposed to any 
treatment level tested as compared to the control. 

Dry weight of larvae in the control averaged 0.0516 g. Dry weight of larvae exposed to the 
0.69, 1.5, 3.4, 6.1 and 11 mg.L-1 treatment levels averaged 0.0505, 0.0486, 0.0526, 0.0484 and 
0.0471 g, respectively. Statistical analysis (Williams’ Test) demonstrated a statistically 
significant reduction in dry weight among larvae exposed to the 11 mg.L-1 treatment level 
compared to the control. 

Based on the overall results of this study, the Lowest-Observed- Effect Concentration (LOEC) in 
the early life-cycle of fathead minnows was determined to be 11 mg.L-1, the highest mean 
measured concentration tested. The NOEC was determined to be 6.1 mg.L-1.



Emtricitabine
1.12.14 Environmental Analysis

CONFIDENTIAL Page 17 25 May 2017

4.2.2.2. Aquatic Invertebrate (Daphnia magna) Reproduction Test

The effects of FTC (Lot No. PP-0053-5044, purity of 99.8%) on the reproduction of the aquatic 
cladoceran Daphnia magna were investigated, according to OECD Guideline 211, 
“Daphnia magna Reproduction Test” (1998) and GLP (TX-162-2006).

Methods

Based on the results of a range-finding test, the definitive test was conducted with the following 
nominal FTC concentrations, 6.3, 13, 25, 50 and 100 mg.L-1. The definitive test was performed 
using a semi-static design with 10 vessels per test concentration and the untreated control group. 
Each of the vessels contained one neonate (< 24 h old) Daphnia magna in 80 mL test medium.

The test duration was 21 days and the test solutions were renewed 2 - 3 times per week. Test 
solutions were prepared by serial dilution of a 100 mg.L-1 stock solution. The daphnids were fed 
on a daily basis with a green alga (Anistrodesmus falcatus) suspension and a suspension of yeast, 
cereal leaves and digested flake fish food. During the test, samples of newly prepared test 
solutions on days 0, 2, 16 and 19 were collected from each treatment group and the control for 
analytical confirmation of FTC concentration. Additionally, samples of the aged test solutions 
were collected for analyses on days 2, 5, 19 and 21. 

The condition of the parental daphnids and the number offspring produced was monitored daily. 
The body length of the parental daphnids was measured at the end of the test. Dissolved oxygen, 
temperature and pH were measured in each test and control solution at the beginning 
(fresh solutions) and end (aged solutions) of each renewal period.

Findings

Mean measured concentrations of FTC were 7.1, 14, 28, 56 and 110 mg.L-1 (110 – 130 % 
nominal). The FTC concentrations were suitably maintained during the renewal period, the 
recovery in the aged solutions ranged from 110 – 130% of nominal. The effect parameters were 
based on the mean measured exposure concentrations.

The first offspring were observed on day 8 at all test concentrations, including the control. The 
number of immobile adult D. magna recorded during the study were 1 (10%) in the control, 
28 and 56 mg.L-1 test groups, 2 (20%) in the 110 mg.L-1 test group and 0 (0)% in the 
7.1 and 14 mg.L-1 test groups. At the highest FTC dose (110 mg.L-1) the mean number of 
offspring produced per surviving D. magna was 155, a reduction of approximately 12% 
compared to the control. Statistical analysis, using Bonferroni’s Test, determined this reduction 
to be non-significant and therefore the NOEC for reproduction was determined to be 
≥ 110 mg.L-1.

No statistically significant difference (Fisher exact) was detected between the parental survival 
or mean body length, of any treatment group compared to the control. The 21 day FTC NOEC 
for each endpoint observed during this study was determined to be ≥110 mg.L-1.
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4.2.2.3. Effects on Larvae of the Midge Chironomus riparius

The effects of FTC ([14C]-FTC; batch 645-101-0582, radiochemical purity of 99.6%. FTC; 
Lot No. 2983-AC-104, purity 99.8%) on the pre-emergent aquatic early life stages of the insect 
Chironomus riparius were investigated, according to OECD Guideline 218, “Sediment Water 
Chironomid Toxicity Test Using Spiked Sediment” (2004) and GLP (TX-162-2007).

Methods

Following an initial range finding test, a definitive test was conducted with a nominal sediment 
dry weight concentrations of 1.2, 3.6, 11, 33 and 100 mg.kg-1.

The study was conducted by spiking conditioned artificial sediment (following OECD 218; 1.9% 
organic carbon, pH 6.6) with appropriate volumes of [14C]-FTC in solvent, so as to give the 
required nominal concentrations. After ensuring homogeneity, a 1.5 cm layer (123 g wet weight) 
of the prepared sediments were placed in 600 mL capacity vessels and a 6 cm layer (300 mL) of 
freshwater carefully delivered over the sediment so as to avoid disturbance of the sediment. The 
ratio of sediment to water was approximately 1:4 and the total volume of the test system was 
approximately 375 mL. Four replicate exposure vessels were prepared for each treatment level 
and controls (untreated and solvent) to monitor the biological results (i.e., percent emergence and 
development rate) of the exposed midges. Three additional replicate vessels were also prepared 
for each treatment level and solvent control for analytical measurements to determine exposure 
concentrations of FTC in the overlying water, pore water and sediment.

After a 2 day equilibration period, ~20 first-instar midge larvae were added to each of the in-life 
vessels. Midge larvae were provided with food daily and adult emergence recorded up to 28 days 
post initiation. The endpoints of the test were emergence (%), development time and 
development rate (1.d-1).

Findings

Results of the sediment sample analysis showed that measured concentrations at preparation 
were close to nominal (105 -118%). However, concentrations in the aqueous test system were 
lower, 38 – 67% of nominal on Day 0 and 9.4 – 15% of nominal by test termination on Day 28. 
The drop in sediment was not reciprocated with concurrent increases in either pore or overlying 
water concentrations, as such mineralization to 14CO2 is the most likely explanation for the lost 
activity in each test system. The test system will have an initial concentration of active microbes, 
whose population will have been greatly enhanced by the daily feeding regime with fish food, 
which may explain the extensive degradation seen.

The first midge emergence in the control was observed on Day 13. Following 28 days of 
exposure, percent emergence and mean development in the control was 95% and 0.0655, 
respectively. These results are within the minimum standard criteria established in the OECD 
guideline, i.e. ≥ 70% emergence and emergence between days 12 and 23. Midge emergence from 
all the test concentrations was comparable to the controls and statistical analysis, using Dunnett’s 
test determined no significant difference between any treatment level and the controls.
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No significant (Dunnett’s test) difference in development rate between test groups and the 
controls was observed. No biological significant effect on emergence rate and development rate 
was found at the initial measured concentration of 38 mg.kg-1, the highest concentration tested. 
Therefore, the overall NOEC of FTC to Chironomus riparius was determined as ≥ 38 mg.L-1. 
Since there was ≤ 50% inhibition of emergence or development rate, the 28-day EC50 was 
estimated to be > 38 mg.kg-1 dry weight, based on the initial measured concentration.

Normalized NOEC

As per EMA guidelines {European Medicines Agency (EMEA) 2016} the results from the 
results from the sediment toxicity tests were recalculated into standard sediment with an organic 
carbon content of 10%.

Symbol Parameter Value (Reference)

Input

NOECmeasured Sediment dweller test NOEC 38 mg kgdwt
-1

focstandard sediment Fraction of organic carbon standard sediment
0.1 (10%)

{European Medicines Agency (EMEA) 
2016}

focmeasured Fraction of organic carbon test sediment 0.019 (1.9%) (Section 4.2.2.3)

Output

NOECstandard sediment Standard sediment normalized NOEC 200 mg.kgdwt
-1

4.2.2.4. Tier 3 Assessment

Although not obligated to be performed under the FDA Guidance Document and as part of 
Gilead’s product stewardship efforts, Tier 3 ecotoxicity testing including chronic studies in fish 
(fathead minnow), water flea, and sediment dweller midge studies were performed. 

The concentration in freshly deposited sediment is taken as the PEC for sediment; therefore, the 
properties of suspended matter are used. The concentration in bulk sediment can be derived from 
the corresponding water body concentration, assuming a thermodynamic partitioning. The 
MEECsediment was calculated following the methodology provided in {European Chemicals 
Agency 2016, European Medicines Agency (EMEA) 2016} as follows:

NOECstandard sediment=NOECmeasured 
focstandard sediment

focmeasured
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1000sediment  

susp

susp

watersusp CONVMEEC
RHO

K
MEEC

Ksusp-water = Fwatersusp + Fsolidsusp × Kpsusp / 1000 × RHOsolid

Symbol Parameter Value (Reference)

Input 

MEEC
Maximum expected environmental Concentration

(in the water)
1.13 μg.L-1 (Section 4.1.4)

Fwatersusp Fraction water in suspended matter
0.9 m3.m-3

{European Chemicals Agency 
2016}

Fsolidsusp Fraction solids in suspended matter
0.1 m3.m-3 

{European Chemicals Agency 
2016}

RHOsolid Bulk density of solids
2500 kg m-3 

{European Chemicals Agency 
2016}

Focsusp Weight fraction organic carbon in suspended matter
0.1 kg kg-1 

{European Chemicals Agency 
2016}

Koc Organic carbon normalised partition coefficient
45.6 dm3 kg-1

(worst-case see Section 4.1.2)

RHOsusp Bulk density of suspended matter
1150 kg m-3 

{European Chemicals Agency 
2016}

1000 Conversion factor
1000 dm3.m-3

{European Chemicals Agency 
2016}

Intermediate Results

Ksusp-water Sediment matter water partition coefficient (v/v) 2.04 m3 m-3

Kpsusp Partition coefficient solids and water in suspended matter (v/w) 4.56 L.kg-1

CONVsusp Conversion factor for sediment concentrations: wwt to dwt 4.6 kgwwt.kgdwt
-1

Output

MEECsediment Predicted Environmental Concentration in sediment
 μg kgdwt

-1

 μg.kgwwt
-1

CONV susp
RHOsusp

Fsolidsusp RHOsolid

Kpsusp  Focsusp Koc
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All studies were conducted in accordance with GLPs. Data are summarized in the Table 3. Based 
on these data, (though not obligated to be performed under the FDA Guidance Document), a 
Tier 3 Assessment was performed. The Test Tier 3 Assessment compares the lowest EC50 or 
LOEC of chronic or reproductive studies to the MEEC. As per the FDA Guidance Document, if 
the ratio is ≥ 10 and there are no effects at the MEEC, no environmental impact is anticipated. 
Since the NOEC ranged from 5,000 – 97,000 greater than the MEEC for three different 
organisms, no environmental impact is anticipated. The margin calculations did not factor in the 
10-fold dilution typically observed from the POTW to the aquatic system which would increase 
the margins 10-fold.

Table 3. Tier 3 Chronic and Reproductive Toxicity Studies 

Study Results NOEC / MEEC1 Reference

Fathead Minnow (OECD 210)
Pimephales promelas Fish Early Life Cycle

LOEC = 11 mg.L-1

NOEC = 6.1 mg.L-1 5,000 TX-162-2005

Water Fleas (OECD 211)
Daphnia magna Reproduction

NOEC ≥ 110 mg.L-1

LOEC > 110 mg.L-1 97,000 TX-162-2006

Sediment Dwellers (OECD 218)
Chironomid Larvae Toxicity

NOEC ≥ 200 mg.kgdwt
-1

LOEC > 200 mg kgdwt
-1 22,000 TX-162-2007

1. All values approximated to the nearest thousand. MEECsediment values used for the Chironomid (OECD 218) study

4.3. Summary

A standard battery of environmental fate and effects studies has been conducted to evaluate the 
environmental risk associated with the use of FTC. FTC is likely to partition mostly into water
and sediment and not bioaccumulate in the environment. 

A battery of acute, chronic and reproductive effects studies were conducted in aquatic organisms
and sediment dwellers. The results of these studies showed low toxicity. The results of these 
studies were compared to the MEEC. The EC50 and LC50 concentration / MEEC ratios at all 
three tiers of assessment based on one (1) acute study (Tier 1), a battery of acute studies (Tier 2), 
and chronic studies (Tier 3) were greater than their required assessment factors (1000x for Tier 1, 
100x for Tier 2, and 10x for Tier 3) and there were no effects observed at the corresponding 
MEEC. Based on the above data and risk assessment conclusions, the current data indicates that 
FTC is of low risk to the environment based on current use patterns. Gilead therefore requests 
approval for the anticipated use based on no environmental impact of this clinical use.
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5. MITIGATION MEASURES

Based on the evidence presented, no environmental mitigation measures are needed.
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6. ALTERNATIVES TO THE PROPOSED ACTION

No potential adverse environmental effects have been identified for the proposed action and 
therefore no alternatives are proposed.
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9.1. Nonconfidential Appendices

Appendix 1. Emtricitabine Data Summary Table

Emtricitabine Data Summary Table

Physical/Chemical Characterization

Water Solubility 112 mg/mL

Dissociation Constants 2.65

Octanol/Water partition Coefficient (Log Kow)
(OECD 107)

-0.693 (pH 4)
-0.670 (pH 7)
-0.693 (pH 10)

Vapor Pressure Presumably non-volatile

Sorption/Desorption (Koc) (OECD 106) 21.1 – 45.6

Depletion Mechanisms

Hydrolysis No data available

Aerobic Biodegradation in Water (OECD 301D) Not readily biodegradable

Photolysis
Absorbs in the UV range, but assumed not to be 
photolabile

Metabolism
FTC is minimally transformed (13%), most appears 
unchanged in urine (86%)

Environmental Effects

Microbial Inhibition
Activated Sludge (OECD 209)

NOEC ≥ 1000 mg.L-1

EC50 > 1000 mg.L-1

Acute Toxicity
Freshwater Green Alga (OECD 201)
Pseudokirchneriella subcapitata

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1

Water Fleas (OECD 202)
Daphnia magna Acute Toxicity

NOEC ≥ 110 mg.L-1

EC50 > 110 mg.L-1

Rainbow Trout (OECD 203)
Oncorhynchus mykiss

NOEC ≥ 110 mg.L-1

LC50 > 110 mg.L-1

Chronic Toxicity
Fathead Minnow (OECD 210)
Pimephales promelas Fish Early Life Cycle

LOEC = 11 mg.L-1

NOEC = 6.1 mg.L-1

Water Fleas (OECD 211)

Daphnia magna Reproduction

NOEC ≥ 110 mg.L-1

LOEC > 110 mg.L-1

Sediment Dwellers (OECD 218) 
Chironomid Larvae Toxicity

Normalized NOEC ≥ 200 mg.kgdwt
-1

Normalized LOEC > 200 mg.kgdwt
-1
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9.2. Confidential Appendices

Appendix 2. Referenced Study Reports

This section provides a list of all study reports that have been cited in the present Environmental 
Assessment and can be accessed via the hyperlinks below. 

Cross-reference to Gilead Nonclinical Reports

Study Report Number Study Title

BA-162-2001
Validation of the Analytical Method for the Determination of Radiolabelled 
Emtricitabine in Sediment

AD-162-2001
Emtricitabine - Determining the Adsorption Coefficient (Koc) Following OECD 
Guideline 106

AD-162-2002
Determining the Partitioning Coefficient (n-Octanol/Water) of Emtricitabine by the 
Flask-shaking Method Following OECD Guideline 107

AD-162-2003
Activated Sludge Respiration Inhibition Test to Emtricitabine Following OECD 
Guideline 209

AD-162-2004
Emtricitabine – Aerobic and Anaerobic Transformation in Aquatic Sediments Systems 
Following OECD Guideline 308

1784 Emtricitabine (CAS # 143491-57-0): Ready Biodegradability Evaluation (OECD 301D)

TX-162-2002
Acute Toxicity of Emtricitabine to the Freshwater Green Alga 
Pseudokirchneriella subcapitata Following OECD Guideline #201

TX-162-2003
Acute Toxicity of Emtricitabine to Water Fleas, Daphnia magna Under Static 
Conditions, Following OECD Guideline #202

TX-162-2004
Acute Toxicity of Emtricitabine to Rainbow Trout (Oncorhynchus mykiss) Under Static 
Conditions, Following OECD Guideline #203

TX-162-2005
Early Life-Stage Toxicity Test of Emtricitabine with Fathead Minnow, 
(Pimephales promelas), Following OECD Guideline #210

TX-162-2007
Emtricitabine; Toxicity test with Sediment-Dwelling Midges (Chironomus riparius) 
Under Static Conditions, Following OECD Guideline 218

TX-162-2006
Emtricitabine – Full Life-Cycle Toxicity Test with Water Fleas, Daphnia magna, Under 
Static Renewal Conditions, Following OECD Guideline #211
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