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Executive Summary

The sponsor submitted Desvenlafaxine fumarate Extended Release (ER) tablets as a 505(b)(2) 
application using the approved Desvenlafaxine succinate ER (Pristiq ER) as the reference 
product. The development program mainly depended on demonstrating bioequivalence between 
Desvenlafaxine ER and Pristiq ER tablets. Clinical safety and efficacy studies were not 
conducted for this application. The effect of food on Desvenlafaxine fumarate ER tablet was 
evaluated. The sponsor is seeking the indication of major depressive disorder which is approved 
for Pristiq. Our findings are summarized as follows: 

 Desvenlafaxine ER tablet is bioequivalent to Pristiq ER at the strengths of 50 mg and 100 
mg. 

 Desvenlafaxine fumarate ER can be administered with or without food.
 Desvenlafaxine fumarate ER exhibits extended release characteristics similar to the 

approved Pristiq ER.

1.1 Recommendation

The Office of Clinical Pharmacology (OCP) supports a recommendation for approval of 
Desvenlafaxine fumarate ER at the same dosing recommendation approved for Pristiq ER for the 
treatment of major depressive disorder (MDD).

1.2 Post Market Studies

No post-marketing studies are recommended by OCP.

1.3 Labeling Recommendations

The following language should be incorporated into the label under Pharmacokinetics, Section 
12.3 

Desvenlafaxine fumarate extended release 50 mg and 100 mg demonstrated similar exposures 
(Cmax, AUC) to a 50 mg and 100 mg extended release desvenlafaxine succinate product, 
respectively.

The mean terminal half of desvenlafaxine after administration of desvenlafaxine fumarate 
extended release tablet is about 9.8 hours. The median (range) time to peak concentration is 7.5 
(4.5 – 14.0) hours after administration of 50 mg desvenlafaxine fumarate extended release 
tablets
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A food-effect study involving administration of Desvenlafaxine fumarate extended-release tablets 
to healthy subjects under fasting and fed conditions (high-fat meal 800 to 1000 calories) 
indicated that desvenlafaxine  Cmax was increased by about 19% in the fed state, while the AUCs 
were similar. This difference in Cmax is not expected to be clinically significant; therefore, 
Desvenlafaxine fumarate extended-release tablets can be taken with or without food.

1.4 Summary of Clinical Pharmacology and Biopharmaceutics

Bioequivalence and food effect
Desvenlafaxine fumarate Extended Release (ER) tablet was demonstrated to be bioequivalent to 
Pristiq® (Desvenlafaxine succinate) ER Tablet under fasting at 50 mg and 100 mg strengths, 
respectively. Tables 1 to 3 contain the statistical results for the comparison of Desvenlafaxine 
fumarate ER (T) to Pristiq (R) 50 mg and 100 mg ER tablets under fasting conditions and the 
effect of food on Desvenlafaxine fumarate ER. The 90% confidence interval (CI) of the mean 
ratio falls within the regulatory criteria of 80% to 125%. Therefore, Desvenlafaxine fumarate ER 
tablet is bioequivalent to Pristiq ER, the reference drug.

When Desvenlafaxine fumarate ER tablet was administered under fed conditions compared to 
when given under fasting conditions, Cmax increased by about 19% and AUC by about 7%. The 
increase in Cmax was significant but it is not expected to be clinically relevant. When the 
reference drug, Pristiq, was administered under fed compared to fasting conditions, Cmax is 
reported to increase by about 16% with no significant increase in AUC. Desvenlafaxine fumarate 
ER 100 mg was also demonstrated to be bioequivalent to Pristiq ER 100 mg under fed conditions 
(Table 6, QBR section). Therefore, like Pristiq, Desvenlafaxine fumarate ER can be taken with 
or without food. Figure 1 contains plasma concentration time profile for Desvenlafaxine 
fumarate ER 50 mg under fed and fasting conditions and Pristiq under fasting conditions.
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Figure 1: Mean plasma desvenlafaxine concentration time profile after administration of 
50 mg Desvenlafaxine fumarate ER and Pristiq ER

Trt A: Desvenlafaxine fumarate ER 50 mg under fasting conditions
Trt B: Desvenlafaxine fumarate ER 50 mg with food
Trt C: Pristiq ER 50 mg under fasting conditions

The median Tmax of desvenlafaxine after administration of Desvenlafaxine fumarate ER was 1.5
hours longer than that after administration of Pristiq ER 50 mg. The difference is not expected to 
be clinically relevant. Desvenlafaxine median Tmax was similar after administration of 
Desvenlafaxine fumarate ER under fed and fasting conditions. After administration of 
Desvenlafaxine fumarate ER, there was not a significant difference in half-life for 
desvenlafaxine after administration of Desvenlafaxine fumarate ER or Pristiq ER. This suggests
the extended release characteristics for Desvenlafaxine fumarate ER is similar to that of Pristiq 
ER.
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Table 1: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose of Desvenlafaxine ER or Pristiq ER 50 mg to Healthy Subjects under Fasting 
conditions.
Parameter Geometric Mean Ratio of 

Geometric Mean 
(%) 

90% Confidence 
Interval (%)

Treatment A 
(n=28)

Treatment C 
(n=27)

A/C

Cmax (ng/mL) 126.15 114.73 109.96 102.70 – 117.73
AUCt 
(ng*hr/mL)

3002.61 2789.71 107.63 101.01 – 114.69

AUC∞ 
(ng*hr/mL)

3080.93 2886.64 106.73 100.05 – 113.86

Tmax [hr]* 7.50 (4.5 – 14.0) 6.00 (4.0 – 16.0)
T ½ [hr]# 9.84(14) 10.54 (27)
*Median (range),   #Arithmetic mean (CV%)
Trt A: Desvenlafaxine fumarate ER 50 mg under fasting conditions
Trt C: Pristiq ER 50 mg under fasting conditions

Table 2: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose administration of  Desvenlafaxine fumarate ER 50 mg tablet with or without food.
Parameter Geometric Mean Ratio of 

Geometric Mean 
(%) 

90% Confidence 
Interval (%)

Treatment A 
(n=28)

Treatment B
(n=28)

B/A

Cmax (ng/mL) 126.15 150.16 119.03 111.27 – 127.33
AUCt 
(ng*hr/mL)

3002.61 3230.47 107.59 101.05 – 114.55

AUC∞ 
(ng*hr/mL)

3080.93 3308.07 107.37 100.73 – 114.45

Tmax [hr]* 7.50 (4.5 – 14.0) 7.75 (4.5 – 14.0)
T ½ [hr]# 9.84 (14) 9.71 (16)
*Median (range), #Arithmetic mean (CV%)
Trt A: Desvenlafaxine fumarate ER 50 mg under fasting conditions
Trt B: Desvenlafaxine  fumarate ER tablet 50 mg administered with food

Reference ID: 3377108



7

Table 3: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose of Desvenlafaxine ER or Pristiq ER 100 mg to Healthy Subjects under Fasting 
Conditions (n= 25).
Parameter Least Squares Geometric Mean Ratio of 

Geometric Mean 
(%) 

90% Confidence 
Interval (%)

Treatment A 
(n=25)

Treatment B 
(n=25)

A/B

Cmax (ng/mL) 242.72 240.07 101.10 92.14 – 110.94
AUCt 
(ng*hr/mL)

6568.43 6618.37 99.25 90.39 – 108.97

AUC∞ 
(ng*hr/mL)

6801.73 6887.11 98.76 89.88 – 108.51

Tmax [hr]* 8.0 (4.5 – 16.0) 6.5 (4.5 – 16.0)
T ½ [hr]# 10.47 (18.09) 11.15 (21.51)
*Median (range); #Arithmetic mean (CV%)
Trt A: Desvenlafaxine fumarate ER 100 mg under fasting conditions
Trt B: Pristiq ER 100 mg under fasting conditions

Alcohol Dose Dumping
Dose dumping due to alcohol was not observed based on an in vitro study. Refer to 
Biophmarmaceutics review. 

Clinical and Bioanalytical Site Inspections:
The bioequivalence studies were inspected by the Office of Scientific Investigations (OSI). OSI 
inspection report is attached. OSI recommended that DPP exclude the data for subjects 15 and 34 
in Study 53711 due to problems with the analytical runs for these subjects. Table 3 (under
Executive Summary section) is the results of the redo of the statistical analysis excluding 
subjects 15 and 34. Table 4 (under QBR section) contains the statistical analysis that included all 
the subjects in the study. The results based on the recalculated data are consistent with the results 
obtained when all the subjects were included in the analysis. Therefore the overall conclusions 
remain unchanged and Desvenlafaxine fumarate 100 mg ER is bioequivalent to Pristiq ER 100 
mg under fasting conditions.

Question Based Review (QBR)

2.1 General Attributes

2.1.1 What pertinent regulatory background or history contributes to the current assessment of 
the clinical pharmacology and biopharmaceutics of this drug?

The sponsor submitted a 505(b)(2) application for Desvenlafaxine fumarate Extended Release 
(ER) tablets. The reference drug for this application is Pristiq (desvenlafaxine succinate ER) 
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tablet which is currently approved for the treatment of major depressive disorder (MDD). The 
application was primarily based on demonstration of bioequivalence between Desvenlafaxine 
fumarate ER (Teva) and Pristiq and determining the food effect on the product. Clinical safety 
and efficacy studies were not conducted.

2.1.2 What are the highlights of the chemistry and physical-chemical properties of the drug 
substance and the formulation of the drug product as they relate to clinical pharmacology and 
biopharmaceutics?

Desvenlafaxine Fumarate is a white to off-white crystalline powder that is slightly soluble 
(1mg/mL) in water and ethanol. Figure 2 is the structure of desvenlafaxine fumarate.

Figure 2: Molecular Structure of Desvenlafaxine Fuamarate

The sponsor has developed an ER tablet formulation that contains desvenlafaxine fumarate as the 
active moiety. The reference product, Pristiq, contains desvenlafaxine succinate as the active 
moiety. 

2.1.3 What are the proposed mechanism (s) of action and therapeutic indication(s)?

Desvenlafaxine is a selective serotonin and norepinephrine reuptake inhibitor (SNRI). It is 
indicated for the treatment of major depressive disorder (MDD). 
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2.1.4 What are the proposed dosage and route of administration?

The recommended dose for desvenlafaxine is 50 mg daily, with or without food administered 
orally. In clinical studies doses of 50 to 400 mg/day were shown to be effective, although no 
additional benefit was demonstrated at doses greater than 50 mg/day and adverse events and 
discontinuations were more frequent at higher doses.

2.1.5 What is the reported adverse event profile from the bioequivalence studies?

The sponsor reported that no serious adverse events (AE) were observed in the studies.  The 
sponsor reported that in study 2012-2883 (50 mg BE study), one subject (subject 15) was 
dismissed from the study after Period 1 dosing due to vomiting. The AE was judged to be mild 
and it resolved with no action taken. In study 53711 (100 mg fasting BE), the sponsor reported 
that twenty-four (24) subjects reported 62 adverse events of mild to moderate intensity
including; 11 headache, 21 nausea, 8 emesis, 4 diarrhea, 2 AE each of dry mouth, restlessness, 
lightheaded, and 1 adverse event each of difficulty concentration, loss of appetite, somnolence, 
restless in legs, syncope, fever, stomach pain, shakiness, disorientation, anorexia, dizziness and, 
soreness in left hand. The sponsor reported that the adverse events resolved without sequelae.
In study 53811 (100 mg fed BE), the sponsor reported that 12 subjects reported 33 adverse 
events of mild intensity including; 7 adverse events of headache, 11 adverse events of nausea, 3 
adverse events of anxiety, 2 adverse events each of visual disturbance and 1 adverse event
each of emesis, diarrhea, dizziness, stomach cramps, bilateral jaw paresthesia, diaphoresis, 
trembling in legs (bilateral), weakness in legs (bilateral), blurred vision and swelling in right eye.
These AEs were reported to be mild in intensity. The sponsor reported that the adverse events 
resolved without sequelae. The sponsor reported that in general Desvenlafaxine fumarate ER was 
well tolerated. Refer to medical review for Agency’s evaluation of safety.

2.2. General Clinical Pharmacology and Biopharmaceutics

2.2.1 What are the design features of the clinical pharmacology and/or bopharmaceutics studies 
used to support dosing or claims?

The sponsor is seeking approval for treatment of major depressive disorder (MDD) which is 
currently approved for Pristiq. Therefore, the following bioequivalence studies comparing 
Desvenlafaxine ER (desvenlafaxine fumarate) to Pristiq (desvenlafaxine succinate) are the 
studies used to support dosing and claims.

A Pivotal, Open-Label, Single-Center, Randomized, Single-Dose, Two-Period, Two-Treatment, 
Two-Sequence Crossover Study to Compare the Bioequivalence of Desvenlafaxine Fumarate 
Extended-Release Tablets, Equivalent to 100 mg Desvenlafaxine to Pristiq® Extended-Release 
Tablets, 100 mg Under Fasted Conditions

A Pivotal, Open-Label, Single-Center, Randomized, Single-Dose, Two-Period, Two-Treatment, 
Two-Sequence Crossover Study to Compare the Bioequivalence of Desvenlafaxine Fumarate 
Extended-Release Tablets, Equivalent to 100 mg Desvenlafaxine to Pristiq® Extended-Release 
Tablets, 100 mg Under Fed Conditions
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A Single-Dose, Comparative Bioavailability Study of One Formulation of Desvenlafaxine 
Fumarate Extended Release Tablets, Equivalent to 50 mg Desvenlafaxine and One Formulation 
of Pristiq® Extended Release Tablets, 50 mg under Fasting and Fed Conditions.

2.2.2 Is Desvenlafaxine Fumarate 100 mg ER bioequivalent to the reference listed drug, Pristiq 
(desvenlafaxine succinate) 100 mg ER under fasting and fed conditions?

Desvenlafaxine Fumarate ER Tablets, 100 mg were bioequivalent to Pristiq® ER Tablet, 100 mg  
after administration of single doses of 100 mg desvenlafaxine fumarate ER tablets under fasting 
and fed conditions.

The sponsor conducted a single dose, randomized, open-label, 2-period, 2-treament, two 
sequence, crossover bioequivalence study in healthy subjects to demonstrate that Desvenlafaxine 
fumarate (Teva) was bioequivalent to Desvenlafaxine succinate (Pristiq, Wyeth) under fasting 
conditions. The mean plasma concentration-time profiles after administration of 100 mg  
Desvenlafaxine fumarate or 100 mg Pristiq under fasting conditions are provided in Figure 3.

Figure 3: Mean Plasma Concentration versus Time Profiles

Table 4 contains the statistical analysis for Desvenlafaxine after administration  of 
Desvenlafaxine fumarate ER and Pristiq ER under fasting conditions. This analysis was based on 
all subjects that completed the study. 
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Table 4: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose of Treatments A or B to Healthy Subjects under Fasting Conditions (N=27)

The 90% confidence intervals (CIs) of the ratios of Cmax, AUC (0-t), and AUC(0-) between 
test and reference are within the regulatory criteria (80% to 125%) for bioequivalence; therefore, 
Desvenlafaxine fumarate ER is bioequivalent to Pristiq ER under fasting conditions. The median 
(range) Tmax for desvenlafaxine after administration of Desvenlafaxine fumarate ER and Pristiq 
ER were 8.0 (4.5 – 16.0) and 6.5 (4.5 – 16.0) hours, respectively. The mean half-life for 
desvenlafaxine after administration of Desvenlafaxine fumarate ER and Pristiq ER were 10.3 and 
11.0 hours, respectively.

The Office of Scientific Investigation (OSI) inspection revealed that there were problems with 
the analytical runs for subjects 15 and 34 in Study 53711 (Bioequivalence study evaluating 
Desvenlafaxine fumarate ER 100 versus Pristiq ER 100 mg under fasting conditions). Therefore, 
OSI recommended that the data for these subjects be excluded from the data set and the 
statistical analysis re-done. The results of the recalculated data are provided in Table 3. The 
results of the recalculated are consistent with the conclusions that Desvenlafaxine fumarate ER 
(Teva) is bioequivalent to Pristiq ER 100 mg under fasting conditions.  The following is the 
mean plasma concentration time profile excluding subjects 15 and 34.

Reference ID: 3377108



12

Figure 4: Mean Plasma Desvenlafaxine Concentration-Time Profiles (Excludes Subjects 15 and 
34; n=25) 

Table 5: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose of Desvenlafaxine ER or Pristiq ER100 mg to Healthy Subjects under Fasting 
Conditions (Subjects 15, 34 excluded; n= 25).
Parameter Least Squares Geometric Mean Ratio of 

Geometric Mean 
(%) 

90% Confidence 
Interval (%)

Treatment A 
(n=25)

Treatment B 
(n=25)

A/B

Cmax (ng/mL) 242.72 240.07 101.10 92.14 – 110.94
AUCt 
(ng*hr/mL)

6568.43 6618.37 99.25 90.39 – 108.97

AUC∞ 
(ng*hr/mL)

6801.73 6887.11 98.76 89.88 – 108.51

Tmax [hr]* 8.0 (4.5 – 16.0) 6.5 (4.5 – 16.0)
T ½ [hr]# 10.47 (18.09) 11.15 (21.51)
*Median (range); #Arithmetic mean (CV%)
Trt A: Desvenlafaxine fumarate ER 100 mg under fasting conditions
Trt B: Pristiq ER 100 mg under fasting conditions

The sponsor also conducted an open-label, single-center, randomized, single dose, two-period, 
two treatment, two sequence crossover study to assess the bioequivalence of Desvenlafaxine ER 
100 mg Tablets (Teva) to Pristiq ER 100 mg tablets under fed conditions. The meal consisted of 
two eggs fried in butter, two strips of bacon, two slices of toast with butter, 4 ounces of hash 
brown potatoes and 8 ounces of whole milk. This is the standard FDA recommended breakfast 
which contains 800 to 1000 calories. The mean plasma concentration-time profiles after 
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administration of 100 mg Desvenlafaxine fumarate or 100 mg Pristiq under fed conditions are 
provided in Figure 5.

Figure 5: Mean Plasma Concentration versus Time Profiles after Administration of 
Desvenlafaxine Fumarate ER and Pristiq ER under Fed Conditions

Red: Desvenlafaxine fumarate ER; Blue: Pristiq ER

Table 6 contains the statistical analysis for Desvenlafaxine under fed conditions.

Table 6: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose of Treatments A or B to Healthy Subjects under Fed conditions (N=22).

The 90% confidence intervals (CIs) of the ratios of Cmax, AUC (0-t), and AUC(0-) between 
test and reference are within the regulatory criteria (80% to 125%) for bioequivalence; therefore, 
Desvenlafaxine fumarate ER is bioequivalent to Pristiq ER under fed conditions. The median 
(range) Tmax for desvenlafaxine after administration of Desvenlafaxine fumarate ER and Pristiq 
ER under fasting conditions were 8.0 (5 – 16.0) and 7 (5 – 11.0) hours, respectively. The mean 
half-life for desvenlafaxine after administration under fed conditions of Desvenlafaxine fumarate 
ER and Pristiq ER were 9.43 and 10.29 hours, respectively.
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2.2.3 Is Desvenlafaxine fumarate(Teva) 50 mg ER tablet bioequivalent to the reference listed 
drug, Pristiq® (desvenlafaxine succinate) 50 mg ER under fasting conditions?

Desvenlafaxine fumarate ER Tablets, 50 mg were bioequivalent to Pristiq® ER Tablet, 50 mg  
after single dose administration under fasting conditions.

The sponsor assessed the bioequivalence of Desvenlafaxine after administration of 
Desvenlafaxine fumarate ER and Pristiq ER 50 mg under fasting conditions. The study was an 
open-label, single-dose, randomized, three-period, six-sequence, three-treatment, crossover trial. 

The mean plasma concentration-time profiles after administration of 50 mg Desvenlafaxine 
fumarate or 50 mg Pristiq under fasting conditions and with food are provided in Figure 6.

Figure 6: Mean plasma desvenlafaxine concentration time profile

Trt A: Desvenlafaxine fumarate ER under fasting conditions
Trt B: Desvenlafaxine fumarate ER with food
Trt C: Pristiq ER under fasting conditions
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Table 7: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose of Treatments A or C to Healthy Subjects under Fasting conditions.
Parameter Geometric Mean Ratio of 

Geometric Mean 
(%) 

90% Confidence 
Interval (%)

Treatment A 
(n=28)

Treatment C 
(n=27)

A/C

Cmax (ng/mL) 126.15 114.73 109.96 102.70 – 117.73
AUCt 
(ng*hr/mL)

3002.61 2789.71 107.63 101.01 – 114.69

AUC∞ 
(ng*hr/mL)

3080.93 2886.64 106.73 100.05 – 113.86

Tmax [hr]* 7.50 (4.5 – 14.0) 6.00 (4.0 – 16.0)
*Median (range)
Trt A: Desvenlafaxine fumarate ER under fasting conditions
Trt C: Pristiq ER under fasting conditions

The 90% confidence intervals (CIs) of the ratios of Cmax, AUC (0-t), and AUC(0-) between 
test (Trt A) and reference (Trt C) are within the regulatory criteria (80% to 125%) for 
bioequivalence; therefore, Desvenlafaxine fumarate ER is bioequivalent to Pristiq ER under  
fasting conditions. The median (range) Tmax for desvenlafaxine after administration of 
Desvenlafaxine fumarate ER and Pristiq ER were 7.50 (4.5 – 14.0) and 6 (4.0 – 16.0) hours, 
respectively. The mean half-life for desvenlafaxine after administration under fasting conditions 
of Desvenlafaxine fumarate ER and Pristiq ER were 9.84 and 10.54 hours, respectively.

2.2.4 Is the exposure to Desvenlafaxine fumarate significantly different after administration of 
Desvenlafaxine fumarate 50 mg with or without food?

The extent of exposure (AUC) was not significantly different when Desvenlafaxine fumarate ER 
is administered with or without food. However, the peak concentration (Cmax) was significantly 
higher (19% higher) when Desvenlafaxine fumarate extended release tablet is administered with 
food than when administered on an empty stomach. Food did not significantly affect the time to 
peak concentration (Tmax). The increase in Cmax is not expected to be clinically significant.

Table 8 contains the statistical comparison of the pharmacokinetics of desvenlafaxine after 
administration of Desvenlafaxine fumarate ER 50 mg tablets with or without food.
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Table 8: Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single 
Oral Dose administration of  Desvenlafaxine fumarate ER 50 mg tablets with or without food. 
Parameter Geometric Mean Ratio of 

Geometric Mean 
(%) 

90% Confidence 
Interval (%)

Treatment A 
(n=28)

Treatment B
(n=27)

B/A

Cmax (ng/mL) 126.15 150.16 119.03 111.27 – 127.33
AUCt 
(ng*hr/mL)

3002.61 3230.47 107.59 101.05 – 114.55

AUC∞ 
(ng*hr/mL)

3080.93 3308.07 107.37 100.73 – 114.45

Tmax [hr]* 7.50 (4.5 – 14.0) 7.75 (4.5 – 14.0)
*Median (range)
Trt A: Desvenlafaxine fumarate ER under fasting conditions
Trt B: Desvenlafaxine  fumarate ER tablet administered with food

The 90% confidence intervals (CIs) of the ratios of AUC (0-t), and AUC(0-) between test (Trt 
B) and reference (Trt A) are within 80% to 125% regulatory criteria of no significant difference. 
However, the 90% confidence interval of the ratio of Cmax between treatment B and treatment A 
was outside the confidence limits. Therefore, a significant difference was observed when 
Desvenlafaxine fumarate ER was administered with food compared to when it was administered 
without food. The median (range) Tmax for desvenlafaxine after administration of 
Desvenlafaxine fumarate ER with food was 7.75 (4.5 – 14.0) and 7.50 (4.5 – 14.0) when 
administered without food. 

2.2.5 What are the general ADME (Absorption, Distribution, Metabolism and Elimination) 
Characteristics of Desvenlafaxine?

After administration of desvenlafaxine fumarate 50 mg ER tablet, the mean (%CV) elimination 
half-life (T ½) was 9.84 (14) hours which is similar to that observed after administration of 
Pristiq, 10.54 (27) hours. The median (range) time to peak concentration (Tmax) was 7.50 (4.50 
– 14) hours. 

Desvenlafaxine is primarily metabolized by conjugation (mediated by UGT isoforms) and, to a 
minor extent, through oxidative metabolism. CYP3A4 is the cytochrome P450 isozyme 
mediating the oxidative metabolism (N-demethylation) of desvenlafaxine. Approximately 45% 
of desvenlafaxine is excreted unchanged in urine at 72 hours after oral administration.  
Approximately 19% of the administered dose is excreted as the glucuronide metabolite and <5% 
as the oxidative metabolite (N,O-didesmethylvenlafaxine) in urine (Refer to Pristiq label for 
additional Pharmacokinetic information).
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The following is a tabular summary of the validation of the bioanalytical method. 
Table 11: Summary of Analytical Method Validation
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Appendices

3.1 OSI Report
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Trt A: Desvenlafaxine ER 50 mg (Fasting), Trt B: Desvenlafaxine ER 50 mg (fed),  Trt C: Pristig 500 mg ER 
(Fasting)

Mean plasma desvenlafaxine concentration time profile after administration of 50 mg Desvenlafaxine 
fumarate ER and Pristiq ER
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Summary of Desvenlafaxine Pharmacokinetic Parameters after a Single Dose of Treatments A or B to 
Healthy Subjects under Fed Conditions

Statistical Comparisons of Desvenlafaxine Pharmacokinetic Parameters after a Single Oral Dose of 
Treatments A or B to Healthy Subjects under Fed Conditions (N=27)
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Bioanalytical Report
___________________________________________________________________________________

A liquid chromatographic tandem mass spectrometric method for the determination of
desvenlafaxine in human plasma was developed and validated. The method involved liquid-
liquid extraction and has demonstrated the following performance characteristics:
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Graphical Representation of Incurred Sample Reanalysis for Desvenlafaxine  

Conclusion:  The analytical method for the determination of desvenlafaxine in human plasma 
was shown to be specific, sensitive, linear, precise, accurate and reproductive. The analytical 
method and validation is acceptable. 
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BIOPHARMACEUTICS REVIEW 
Office of New Drug Quality Assessment 

Application No.:  NDA 205-208 
Reviewer:  Banu S. Zolnik, Ph.D. 

Division: Division of Psychiatry Products 

Applicant: Teva Pharmaceutical USA 
Biopharmaceutics Secondary Signature:  
Sandra Suarez-Sharp, Ph.D. 

Trade Name:  N/A 
Biopharmaceutics Supervisory Lead (acting): 
Richard Lostritto, Ph.D. 

Generic Name:  Desvenlafaxine Fumarate Date Assigned: January 10, 2013 

Indication  
It is indicated for the treatment of 
major depressive disorder.  Date of Review: September 4, 2013 

Formulation/ Strength 
Extended Release Tablets, Eq. to 
50 mg & 100 mg base 

Route of 
Administration 

Oral 

 
SUBMISSIONS REVIEWED IN THIS DOCUMENT 

Submission Dates Date of informal/Formal Consult 
Primary Review due in 
DARRTS 

December 12, 2012 
March  26, 2013 Sequence 002 
September  4, 2013 Sequence 007 

NA September 5, 2013 

Type of Submission: 505 (b) (2) 

Review Key Points: 

 
 Dissolution method and acceptance criteria 
 In vitro alcohol dose dumping studies 

  
 
SUMMARY OF BIOPHARMACEUTICS FINDINGS: 
In NDA 205-208, Teva Pharmaceutical USA seeks approval to market Desvenlafaxine Extended Release (ER) 
Tablets for the treatment of major depressive disorder. The proposed commercial strengths of desvenlafaxine ER 
tablets are 50 mg and 100 mg.   
 
The development program supporting this submission consists of the following three bioequivalence studies:  Two 
BE fasting and fed studies following single dose administration comparing Desvenlafaxine Fumarate ER Tablets Eq. 
to 100 mg to the RLD, Pristiq® ER Eq. to 100 mg Tablets and a single dose cross-over BE study comparing 
Desvenlafaxine Fumarate ER Tablets Eq. to 50 mg to Pristiq® ER, Eq to 50 mg under fasting and fed conditions.  
All the PK studies are being reviewed by OCP.  
 
This review evaluates and makes recommendations on the acceptability of the dissolution method and acceptance 
criteria and the in vitro alcohol dose dumping studies for Desvenlafaxine Fumarate ER Tablets, 50 mg and 100 mg. 
 

Reference ID: 3367949
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RECOMMENDATION:  
The ONDQA/Biopharmaceutics team has reviewed NDA 205-208 and its amendments submitted on March 26, 2013 
and September 4, 2013. The following dissolution method and dissolution acceptance criteria for Desvenlafaxine 
Fumarate Extended Release Tablets, 50 mg, and 100 mg have been agreed upon with the Applicant (refer to 
submission dated September 4, 2013): 

USP 
Apparatus 

Agitation 
Speed 

Medium Temperature Volume 

Agreed upon Acceptance 
Criteria for Desvenlafaxine 
Fumarate ER Tablets 50 mg and 
100 mg 

I (basket) 100 rpm 
0.05 M 
Acetate 
Buffer, pH 4.5 

37°C ± 0.5 °C 900 mL 

1 hour: NMT % 
8 hour:   % 
12 hour:   % 
24 hour:  NLT  % 

 
From the Biopharmaceutics perspective, NDA 205-208 for Desvenlafaxine Fumarate Extended Release Tablets, 50 
mg, and 100 mg is recommended for APPROVAL. 
 
Banu S. Zolnik, Ph. D.                                                  Sandra Suarez-Sharp, Ph. D.  
Biopharmaceutics Reviewer                                           Biopharmaceutics Secondary Signature  
Office of New Drug Quality Assessment                       Office of New Drug Quality Assessment 
                                     
cc:   R Lostritto 

Reference ID: 3367949

(b) 
(4)

(b) (4)

(b) (4)

(b) 
(4)



 4 

BIOPHARMACEUTICS ASSESSMENT 
 
1. BACKGROUND 
Submission:  
Desvenlafaxine is a selective serotonin and norepinephrine reuptake inhibitor and is indicated for the 
treatment of major depressive disorder. The Applicant is seeking approval to market Desvenlafaxine 

Extended Release Tablets, 50 mg and 100 mg.  
 
The Applicant submitted this 505 (b) (2) Application to rely on the Agency’s finding of the safety and 
effectiveness of the previously approved drug product, Pristiq® ER Eq. 50 mg and 100 mg base 
(desvenlafaxine succinate, NDA 21-992, approval date February 29, 2008). Desvenlafaxine Fumarate 
ER Tablets 50 mg and 100 mg . The applicant 
conducted BE studies on both strengths. 
 
The development program supporting this submission consists of the following three bioequivalence 
studies:  Two BE fasting and fed studies of single dose two treatment two-period, two-sequence 
crossover study comparing Desvenlafaxine Fumarate ER Tablets Eq. to 100 mg to the RLD, Pristiq® 
ER Eq. to 100 mg Tablets. Another single dose cross-over study comparing Desvenlafaxine Fumarate 
ER Tablets Eq. to 50 mg to Pristiq® ER, Eq. to 50 mg was conducted under fasting and fed conditions 
by including a fed arm to determine the food effect.  All the PK studies are being reviewed by OCP. 
 
Review: The Biopharmaceutics review is focused on the acceptability of the dissolution method and 
acceptance criteria and on the evaluation of in vitro alcohol dose dumping studies.  
 
Drug Substance 
The applicant provided solubility of desvenlafaxine fumarate in various solvents in the table below.   
 
Table 1: Solubility of desvenlafaxine fumarate 

 
Reviewer’s Comments 
The concentration of higher strength (100 mg) desvenlafaxine  in the dissolution media of 900 mL  is 
0.11 mg/mL, and solubility of desvenlafaxine fumarate in water is 61.8 mg/mL, which  is approximately 
561 times more of the desvenlafaxine concentration, therefore, sink conditions are achieved in the 
original dissolution media.  
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4. EVALUATION OF IN VITRO ALCOHOL INDUCED DOSE DUMPING 
The Applicant provided dissolution data conducted using the proposed QC media, and 0.1 N HCl with 
alcohol concentration at 0%, 5%, 10%, 20% and 40% and calculated f2 values between the dissolution 
profiles using 0% alcohol as the reference  per FDA’s comments provided during the IND phase1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 7-8: In vitro alcohol induced dose dumping dissolution profiles of 50 mg strength (left) and 100 
mg strength (right) t (Figure is pasted from Original Submission 5.4 dose dumping dissolution report for 
k46726 and 46406.pdf 
 
Reviewer’s Comment 
In vitro alcohol dose dumping studies for both strengths did not indicate any dose dumping in presence 
of alcohol.  
 

                                                 
1 Pre-IND 113-629 comments dated 12/01/2011 entered DARRTS by Juliette T. Toure.  
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Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 205208 Brand Name TBD 
OCP Division (I, II, III, IV, V) I Generic Name Desvenlafaxine fumarate 
Medical Division DPP Drug Class SNRI 
OCP Reviewer Kofi Kumi Indication(s) Treatment of Major 

Depressive Disorder  
OCP Team Leader Hao Zhu Dosage Form Extended Release Tablets  

(50mg and 100 mg) 
Pharmacometrics Reviewer  Dosing Regimen 50 mg daily 
Date of Submission 12/12/12 Route of Administration Oral  
Estimated Due Date of OCP Review 9/13/13 Sponsor Teva Pharmaceuticals 
Medical Division Due Date 9/21/13 Priority Classification Standard 

PDUFA Due Date 
10/13/13   
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Summary 
The sponsor has developed a desvenlafaxine fumarate extended release tablets and is seeking 
approval via the 505(b)(2) route. The sponsor is cross referencing Pristiq (Desvenlafaxine 
Succinate) by Wyeth, which is approved for major depressive disorder. The dosing in MDD for 
Pristiq is 50 mg daily. The sponsor has developed a 50 and 100 mg ER tablets. Pristiq is also 
available in 50 mg and 100 mg ER tablets.  Clinical studies for Pristiq were conducted using doses 
from 50 to 400 mg tablets. There is no clinical advantage of the higher doses over the 50 mg dose. 
 
The NDA is dependent on three bioequivalent studies: 
 
Study Number 53711: A Pivotal, Open-Label, Single-Center, Randomized, Single-Dose, Two-
Period, Two-Treatment, Two-Sequence Crossover Study to Compare the Bioequivalence of 
Desvenlafaxine Fumarate Extended-Release Tablets 100 mg to Pristiq® Extended-Release 
Tablets, 100 mg Under Fasted Conditions 
 
 Study Number 53811: A Pivotal, Open-Label, Single-Center, Randomized, Single-Dose, Two-
Period, Two-Treatment, Two-Sequence Crossover Study to Compare the Bioequivalence of 
Desvenlafaxine Fumarate Extended-Release Tablets 100 mg to Pristiq® Extended-Release 
Tablets, 100 mg Under Fed Conditions 
 
Study Number 2012-2883: A Single-Dose, Comparative Bioavailability Study of One Formulation 
of Desvenlafaxine Fumarate Extended Release Tablets, Equivalent to 50 mg Desvenlafaxine and 
One Formulation of Pristiq® Extended Release Tablets, 50 mg under Fasting and Fed Conditions 
 
 

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE             505 
(b)(2)              

                                                                                                    

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

x                                                    

Tabular Listing of All Human Studies  x      3                                           
HPK Summary  x                                                    
Labeling  x                                                    
Reference Bioanalytical and Analytical 
Methods 

x           3                                    

I.  Clinical Pharmacology x                                                                                                     
    Mass balance:     
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase I) - x                                                                                                     

Healthy Volunteers- 
                                                                                                     

single dose: x 3   
multiple dose:     

Patients- 
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single dose:     
multiple dose:     

   Dose proportionality -                                                                                                      
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                                                                                                                               

In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro:     
    Subpopulation studies -                                                                                                                               

ethnicity:     
gender:     

pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

    PD -                                                                                                                               
Phase 2:     
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial:     
    Population Analyses -                                                      

Data rich:     
Data sparse:     

II.  Biopharmaceutics                                                                                                                               
    Absolute bioavailability     
    Relative bioavailability -                                                                                                                             

solution as reference:     
alternate formulation as reference:     

    Bioequivalence studies -                                                                                                                               
traditional design; single / multi dose: x 3   

replicate design; single / multi dose:     
    Food-drug interaction studies     
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

x 1   

III.  Other CPB Studies                                                                                                                               
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
Total Number of Studies  4   
     

 
 
 
On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing to-be-

marketed product(s) and those used in the pivotal clinical trials? 
x    

2 Has the applicant provided metabolism and drug-drug interaction 
information? 

  x  

3 Has the sponsor submitted bioavailability data satisfying the CFR 
requirements? 

x    

4 Did the sponsor submit data to allow the evaluation of the validity of x    

Reference ID: 3254461



CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 
 FILING FORM/CHECKLIST FOR NDA/BLA or Supplement 

 

 4

the analytical assay? 
5 Has a rationale for dose selection been submitted? x    
6 Is the clinical pharmacology and biopharmaceutics section of the NDA 

organized, indexed and paginated in a manner to allow substantive 
review to begin? 

x    

7 Is the clinical pharmacology and biopharmaceutics section of the NDA 
legible so that a substantive review can begin? 

x    

8 Is the electronic submission searchable, does it have appropriate 
hyperlinks and do the hyperlinks work? 

x    

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission discussions, 

submitted in the appropriate format (e.g., CDISC)?  
x    

10 If applicable, are the pharmacogenomic data sets submitted in the 
appropriate format? 

  x  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? x    
12 Has the applicant made an appropriate attempt to determine reasonable 

dose individualization strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal studies)? 

  x  

13 Are the appropriate exposure-response (for desired and undesired 
effects) analyses conducted and submitted as described in the 
Exposure-Response guidance? 

  x  

14 Is there an adequate attempt by the applicant to use exposure-response 
relationships in order to assess the need for dose adjustments for 
intrinsic/extrinsic factors that might affect the pharmacokinetic or 
pharmacodynamics? 

  x  

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

  x  

16 Did the applicant submit all the pediatric exclusivity data, as described 
in the WR? 

  x  

17 Is there adequate information on the pharmacokinetics and exposure-
response in the clinical pharmacology section of the label? 

  x  

        General  
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product? 

x    

19 Was the translation (of study reports or other study information) from 
another language needed and provided in this submission? 

   x 

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
___Yes_____ 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
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Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter. 
 
 
 
Reviewing Clinical Pharmacologist Kofi Kumi, Ph.D.   Date  1/4/13 
 
 
Team Leader/Supervisor Hao Zhu,  Ph.D.    Date   

Reference ID: 3254461



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

KOFI A KUMI
02/01/2013

HAO ZHU
02/01/2013

Reference ID: 3254461




