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EXECUTIVE SUMMARY 

NDA 205931 seeks approval under Section 505(b)(2) for two new strengths of Doxycycline 
Hyclate Tablets, 75 mg and 150 mg, with reliance on the Agency’s previous findings of 
efficacy and safety for NDA 050533 (Vibra-Tabs).  The proposed new strengths are intended 
to provide flexibility and ease of dosing and fall within the approved dosing regimens for the 
approved listed drug.  The Applicant is seeking approval of the 75 mg and 150 mg dosage 
strengths for the same indications as the currently approved listed drug.  

Doxycycline is a broad-spectrum antibiotic that is synthetically derived from oxytetracycline 
and available as doxycycline hyclate (doxycycline hydrochloride hemiethanolate 
hemihydrate) capsules and tablets for oral administration.  The proposed 75 mg tablet 
product is unscored and the 150 mg tablet is a dual-scored product. The finished tablet 
includes a blend of the active and the following excipients: microcrystalline cellulose, 
sodium lauryl sulfate, croscarmellose sodium, magnesium stearate, and  

 film coating.   

The Applicant completed two pharmacokinetic studies (Study 11060203 and Study 
11060204) to establish a clinical bridge to the Agency's findings of efficacy and safety for 
the listed drug (i.e., 505(b)(2) NDA requirements) and to evaluate the effect of food on 
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PHASE 4 COMMITMENTS 
None. 

 
RECOMMENDATION 
NDA 205931 for Doxycycline Tablets is recommended for approval from the 
Biopharmaceutics perspective. 

 

Administrative Block {See Appended Electronic Signature Page} 

 
Minerva Hughes, Ph.D.                                           Angelica Dorantes, Ph.D. 
Biopharmaceutics Reviewer                                      Biopharmaceutics Team Leader  
Office of New Drug Quality Assessment                  Office of New Drug Quality Assessment   
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1.2 What are the proposed mechanism(s) of action and therapeutic indication(s)? 
Doxycycline is a broad-spectrum antibiotic.  The proposed microbiology labeling 
reflects the most recent prescribing information for doxycycline hyclate (Vibramycin, 
doxycycline hyclate).  Labeling was also updated to align with the DORYX 
(doxycycline hyclate delayed release) tablet label. 

Doxycycline is indicated for: 

 Rickettsial infections  

 Sexually transmitted infections  

 Respiratory tract infections  

 Specific bacterial infections  

 Ophthalmic infections  

 Anthrax, including inhalational anthrax (post-exposure)  

 Alternative treatment for selected infections when penicillin is contraindicated  

 Adjunctive therapy in acute intestinal amebiasis and severe acne  

 Prophylaxis of malaria  

 

1.3 What are the proposed dosage(s) and route(s) of administration? 
The doxycycline tablets are intended for oral administration.  The dose is adjusted for 
the amount of doxycycline (the active moiety) and intended for the following dosage 
regimen: 

Adults – usually, 200 mg on the first day of treatment (administered 100 mg every 12 
hours) followed by a maintenance dose of 100 mg daily.  The dosing regimen may be 
adjusted based on the infection as per the full dosage and administration information 
in the label. 

Children (8 years and above) - weighing 45 kg or less is 4.4 mg per kg of body 
weight divided into two doses on the first day of treatment, followed by 2.2 mg per kg 
of body weight given as a single daily dose or divided into two doses on subsequent 
days. For more severe infections, up to 4.4 mg per kg of body weight may be used. 
For children over 45 kg, the usual adult dose should be used. 

 
1.4 Is there any information on BCS classification? What claim does the applicant make 

based on BCS classification? What data are available to support this claim? 
The Applicant notes that Doxycycline hyclate is a BCS Class 1 drug substance (i.e., high 
solubility/high permeability) with a wide therapeutic range. The absolute bioavailability 
of doxycycline administered orally at a dose of 100 to 200 mg is 90% to 100%.  Several 
literature references were provided in support of the BCS Class 1 claim.  In particular, 
reference is made to the Jantratid et al’s commentary Biowaiver Monographs for 
Immediate Release Solid Oral Dosage Forms: Doxycycline Hyclate, which compiled the 
published literature on the drug substance’s physicochemical properties and 
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pharmacokinetics.  In addition, the article also includes a survey of immediate release 
formulations marketed in Germany, Denmark, Finland, France, the Netherlands, Spain, 
the United Kingdom, and the United States and bioequivalence (BE) study results.   

However, referencing the FDA BCS I database, doxycycline hyclate is not listed as a 
BCS I drug.   

Information on the BCS classification was provided to support a biowaiver request for 
the 75 mg tablet and 150 mg dual-scored tablet (the pivotal BE study used the unscored 
150 mg tablet).  However, this information is specific to providing an understanding of 
the doxycycline kinetics from a risk-based perspective and is not presented as an 
application of FDA Guidance for Industry – Waiver of In Vivo Bioavailability and 
Bioequivalence Studies for Immediate-Release Solid Oral Dosage Forms Based on a 
Biopharmaceutics Classification System.  Such an approach is not applicable for this 
NDA because the requested waiver is for a change relative to the 150 mg unscored tablet 
(not intended for market), which does not meet BCS Class I criteria for  rapidly 
dissolving (or >85% in 30 minutes). 

The Applicant has not requested a BCS I designation for their product and the 
information was not referred to the FDA BCS committee for review given the purpose of 
the data.   

See Section 4.2 for additional discussion on the biowaiver request. 

 

2 GENERAL BIOPHARMACEUTICS (IN VIVO) 
2.1 CLINICAL STUDIES 
2.1.1 What are the design features of the biopharmaceutics studies used to support the 

proposed to-be-marketed formulation? Summary of individual study reviews 
provided. 
The Applicant completed two pharmacokinetic (bioequivalence) studies (Study 
11060203 and Study 11060204) to provide a clinical bridge to the Agency's findings 
of efficacy and safety for the listed drug, support the 505(b)(2) NDA for the new 
dosage strengths and evaluate the effect of food on systemic absorption.   

Study 11060203:  This study was a randomized, single-dose, two-treatment, two-
period, two-sequence, crossover study conducted in 26 healthy volunteers. In each 
study period, a single 300 mg dose of doxycycline hyclate tablets was administered to 
subjects following an overnight fast of at least 10 hours. The subjects received Aqua’s 
Doxycycline Hyclate Tablets USP (2 x 150 mg tablets) and West-ward’s Doxycycline 
Hyclate Tablets USP (3 x 100 mg tablets) according to the randomization schedule. 

A brief synopsis of Study 11030203 is as follows. 
STUDY 11030203 (FASTING BE) 

STUDY TITLE: A Study to Evaluate the Relative Bioavailability of a New 
Formulation of Doxycycline Hyclate Tablets 150 mg (AQUA 
Pharmaceuticals) compared to an Equal Dose of Doxycycline 
Hyclate Tablets, USP 100 mg (Manufactured by: West-ward 
Pharmaceutical Corp.) in Healthy Volunteers under Fasted 

Reference ID: 3522059



  ONDQA Biopharmaceutics Review 
  NDA 205931 
 

 8 

STUDY 11030203 (FASTING BE) 

Conditions 

DESIGN: Single-dose, randomized, two-treatment, two-period, two-sequence, 
crossover study, under fasting conditions. 

METHODOLOGY: The test formulation was doxycycline hyclate tablets, 150 mg 
(AQUA Pharmaceuticals, Lot 1104146) and the reference 
formulation was doxycycline hyclate tablets, USP 100 mg 
(manufactured by: West-ward Pharmaceutical Corp., Control No. 
69358B, Exp Sep 2013). Subjects received the test product as 2 x 
150 mg tablets in one of the study periods and the reference product 
as 3 x 100 mg tablets in the other study period, according to the 
randomization schedule. Subjects were confined at the clinical 
facility from at least 10 hours before dosing until after the 24 hour 
blood collection and returned to the clinical facility for 
pharmacokinetic sampling at 36, 48 and 72 hours. The interval 
between doses was 14 days. 

Statistical analysis using average bioequivalence methodology was 
performed to evaluate the bioavailability of the test formulation 
relative to that of the reference product under fasted conditions. 

NUMBER OF 
SUBJECTS: 

A total of 26 healthy, adult subjects were enrolled, and 24 subjects 
completed the study. 

SUMMARY OF 
RESULTS 

Twenty (20) blood samples were collected from each subject during 
each period of the study: prior to dosing, then at 0.5, 1.0, 1.25, 1.5, 
1.75, 2, 2.25, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 36*, 48* and 72* hours 
after dosing (* return samples) for analysis of plasma doxycycline 
concentrations. The analytical data were used to calculate the 
pharmacokinetic parameters: AUC0-t, AUC0-inf, Cmax, Tmax, Kel 
and T½. The t in AUC0-t is the time at which the last measurable 
concentration was recorded.  Confidence intervals (90%) for the 
comparison of test and reference area and peak results were 
constructed to test two, one-sided hypotheses at the α = 0.05 level of 
significance. 

Twenty-six (26) subjects were dosed in Period I, and twenty-four 
(24) subjects completed both periods of the study. Subjects 15  
and 24  did not complete both periods of the study and 
therefore did not have plasma samples sent for bioanalysis. 

Mean plasma concentration versus time plots (linear and ln-linear) 
are presented below for doxycycline. 
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STUDY 11030203 (FASTING BE) 

 

 
The confidence intervals are presented for the ratio of the test-to-
reference treatment means and the geometric mean ratios (obtained 
from logarithmic transformation) for AUC0-t, AUC 0-inf, and Cmax. 

 
SUMMARY OF 
SAFETY 

A total of sixty-one (61) adverse events (1 prior to dosing in Period I 
with Reference B, 34 in Test A, 26 in Reference B) were reported by 
21 of the 26 subjects who participated in this study.  All reported 
adverse events were considered “mild”. Sixty (60) adverse events 
resolved spontaneously prior to study completion and one (1) had not 
resolved prior to study completion.  The most frequently reported 
adverse event for both the test and reference products was nausea 
(Test A: 12 subjects; Reference B: 9 subjects).  See attached 
supplemental tables and figures for a listing of adverse events. 
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2.1.3 What is the effect of food on the bioavailability (BA) of the drug from the dosage 
form? What dosing recommendation should be made, if any, regarding 
administration of the product in relation to meals or meal types? 
The food effect study was reviewed by Dr. Ryan Owen, Office of Clinical 
Pharmacology, as per the current division of review responsibilities between the 
Biopharmaceutics and Clinical Pharmacology review staff.  The results of this study 
showed that pharmacokinetics of doxycycline was altered when administered with 
food.  Please refer to Dr. Owen’s review for full details on the food effect study 
(Study 11060204) that was submitted in support of NDA 205931. 

 

2.2 BIOANALYTICAL METHOD SECTION 
2.2.1 How are the active moieties and/or metabolites identified and measured in the 

plasma in the biopharmaceutics studies?  
Doxycycline is the only analyte measured in the bioequivalence study.  Plasma 
samples (100 µL aliquots) were diluted and treated with acetonitrile, followed by 
1.0% formic acid to precipitate proteins.  The clarified supernatant was then analyzed 
by LC/MS/MS.  Oxytetracycline was used as an internal standard for analysis only. 

 
2.2.2 What bioanalytical methods are used to assess concentrations?  

An LC-MS/MS method (positive electrospray ionization tandem mass spectrometry) 
was developed for the analysis of doxycycline in human EDTA plasma samples.  The 
method, CTS-CHROM-SOP-318 was adequately validated for its intended use.  

 

2.2.2.1 What is the range of the standard curve? How does it relate to the requirements for 
the clinical studies? What curve fitting techniques are used? What are the lower 
and upper limits of quantification (LLOQ/ULOQ, and assay validation parameter: 
accuracy, precision, selectivity, sample stability, etc.? 
The method validation was performed over a range of 100 – 5000 ng/mL.  The slope, 
intercept, and correlation coefficient (r) were determined by a 1/concentration 
weighted regression using a linear model.   

The validation includes the following experiments: linearity, weighting scheme, 
LLOQ, intra-run and inter-run precision and accuracy, recovery, applicability of 
dilutions, selectivity, interferences, assay specific interferences, suppression / matrix 
effects, instrument precision, carry-over, robustness, hemolysis, room temperature 
stability, refrigerated stability, freeze-thaw stability, frozen stability, whole blood 
stability, processed sample stability, and processed batch stability. 

A tabular summary of the validation parameters is provided below.  
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The quantitation range used for validation is appropriate for analyzing the 
bioequivalence samples. 

 
2.2.2.2 What is the QC sample plan? 

A bioanalytical run is acceptable if two-thirds (2/3) of the total number of controls are 
acceptable and at least one-half (1/2) of the QCs at each level (low, mid, high) are 
acceptable.  The analyte to internal standard response ratio in at least 2/3 of the zero 
blanks (matrix blank containing internal standard) may not exceed 20% of the mean 
response ratio in the accepted LLOQ calibration standard(s). 

During the conduct of the study, zero (0) plasma samples for doxycycline were re-
analyzed for pharmacokinetic (out-of-trend) reasons and four (4) samples were re-
analyzed due to failure of an acceptance criteria due to an incorrect injection volume. 
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Therefore, in this instance, it was considered appropriate to define optimal criteria for 
commercial product based on the product intended for commercial distribution.  

 
FDA’s recommendation of Q = % at 30 minutes was accepted by the 
Applicant in the 6 May 2014 NDA Amendment.   
A meeting was held with the Applicant on 29 April 2014 to discuss the recommended 
dissolution acceptance criterion issue.  At the meeting, FDA indicated that product 
development is an ongoing process and any concerns regarding the dissolution 
acceptance criterion post approval should be handled through the NDA supplement 
process.  

 

4 DISSOLUTION APPLICATIONS 
4.1 FORMULATION CHANGES 

4.1.1 Is the to-be-marketed formulation the same as the formulation used in the pivotal 
clinical or bioequivalence studies?  If not, is dissolution used to bridge the data? 
The to-be-marketed formulation is the same as the formulation used in the pivotal 
bioequivalence studies; however, to accommodate the score line on the to-be 
marketed 150 mg scored tablet, the manufacturing equipment and process was 
adjusted.  Further, the 75 mg strength was not evaluated in the BE study.   
Comparative dissolution data are provided for all strengths and a waiver of BA/BE 
studies requested (see Section 4.2). 

4.1.2 Is the finished tablet scored? Do the dissolution data comparing the split versus 
whole tablet support tablet splitting? 
Yes, the 150 mg finished tablet is dual scored (i.e., 3 x 50 mg).   A 90- day tablet 
splitting stability study was completed, which included an assessment of dissolution 
on split tablet portions (50 and 100 mg) by both mechanical and manual splitting 
techniques (180 tablets, white HDPE Bottle with  Cap, stored at 25ºC/60% 
RH).   

The mean dissolution after 30 minutes at release is as follows. 
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Based on the overall PK and scientific data, the Applicant concludes that the 
totality of the data support the bioequivalence of the reference product, unscored 
150 mg tablets, dual-scored 150 mg tablets and 75 mg tablets, and in vivo studies 
for the dual-scored 150 mg tablets and 75 mg tablets are not required.  The 
dissolution rates for the products included in the Applicant’s relative 
bioavailability studies (unscored 150 mg tablets, 100 mg RLD tablets and 150 mg 
capsules) represent the extremes with respect to dissolution rates (i.e., the 
unscored 150 mg tablets and the RLD 100 mg tablets are the slowest dissolving 
formulations while the 150 mg capsules are the fastest dissolving formulation in 
all media studied). The dual-scored 150 mg tablets and 75 mg tablets have 
dissolution rates between these extremes.  Thus, despite the observed in vitro 
dissolution dissolutions, no difference is expected in vivo. 

 

Reviewer’s Evaluation: ADEQUATE  
In general, bioequivalence studies are recommended and often required when the test 
and reference products fail to demonstrate comparative similarity by using in vitro 
dissolution, as in this case.  However, doxycycline is an old drug with a wide 
therapeutic index, and the review standard for an NDA is not necessarily 
bioequivalence, as is the case for ANDAs, but clinical equivalence.  There is a 
significant amount of clinical and pharmacokinetic information available on 
doxycycline products, as well as vast product expertise within FDA to support 
applying a clinical risk assessment-benefit analysis in the context of the biowaiver 
request.  Such flexibility is permitted through 21 CFR 314.90.   

Although the submitted evidence suggest that doxycycline is a BCS 1 drug, the slow 
dissolution rate of the 150 mg unscored tablet does not support a BCS 1 claim for the 
product.  That being said, this Reviewer agrees with the Applicant that the risk of 
suboptimal therapy from a faster dissolving product is negligible for doxycycline.  
Varying dosage forms with faster or modified release profiles demonstrate similar or 
acceptable in vivo PK.  Further, this Reviewer accessed the referenced listed drug 
(Vibra-Tabs) NDA reviews and noted comparative BA studies across different dosage 
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forms (i.e., tablet vs. capsule vs. suspension) that showed acceptable clinical 
performance among the different products.  Through consultation with the clinical 
team, and with consideration for the site of drug absorption, it is expected that that a 
faster dissolution rate could affect the rate of exposure, but not likely the extent.  
Based on the exposures observed with solution and fast dissolving capsule 
formulation, these differences, if present would not be clinically significant.  
Therefore, from a patient protection perspective, additional clinical studies are not 
warranted.  A waiver is granted for the conduct of bioequivalence studies. 

Granting the Applicant’s waiver request does not mean agreement with the 
Applicant’s claim that all strengths are bioequivalent, but rather that the clinical risk 
of bio-inequivalence is low and any differences, even if present, are not expected to 
affect clinical performance.  Thus, all strengths are considered clinically equivalent 
and no additional studies are needed from a clinical risk assessment-benefit 
perspective.  

    

4.2.2 Is there any IVIVR or IVIVC information submitted? What is the regulatory 
application of the IVIVR/IVIVC in the submission? What data are provided to support 
the acceptability of the IVIVR or IVIVC model? 
Not applicable. 

 

4.3 SURROGATES IN LIEU OF DISSOLUTION 
4.3.1 Are there any manufacturing parameters (e.g. disintegration, drug substance particle 

size, etc.) being proposed as surrogates in lieu of dissolution testing? What data are 
available to support the approval of the proposed surrogate test?  
No. 

 

4.4 DISSOLUTION AND QBD 
4.4.1 Does the application contain QbD elements?  If yes, is dissolution identified as a CQA 

for defining design space?  
No. 

4.4.2 Was dissolution included in the DoE? What raw materials and process variables are 
identified as having an impact on dissolution? What is the risk assessment been 
performed to evaluate the criticality of dissolution? 
Not applicable. 

4.4.3 What biopharmaceutics information is available to support the clinical relevance of the 
proposed design space? 

Not applicable. 
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this BA/BE study involving doxycycline hyclate capsules will not be reviewed by 
OCP or ONDQA.

1.1 Recommendation
The Office of Clinical Pharmacology has reviewed the clinical pharmacology 
components of this NDA and is recommending the approval of this application.

1.2 Phase IV Commitments
None.

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics 
Findings:

The following study was reviewed by OCP to support approval of NDA 205-931: 
Study 11060204: A Study to Compare the Relative Bioavailability of a New 
Formulation of Doxycycline Hyclate Tablets 150 mg under Fasted and Non-Fasted 
Conditions.  

Using a crossover design, a single dose of the 150 mg doxycycline hyclate tablet was 
given to subjects in a fed and fasted state.  When doxycycline hyclate tablets were 
given with food, the Cmax and AUC0-inf were significantly reduced (see Figure 1.3.1 
for the mean plasma concentration-time profile and Table 1.3.1 for the mean 
pharmacokinetic parameters of doxycycline in the fed and fasted state in healthy 
subjects).  The lower bound of the 90% confidence intervals around the point 
estimates fell below the pre-specified no-effect boundary for Cmax, AUC0-t, and 
AUC0-inf (see Table 1.3.2); therefore, the pharmacokinetics of doxycycline were 
altered when co-administered with food.  However, the clinical significance of such a 
decrease is unknown.  The Reviewer recommends the following with regard to the 
product labeling: 
1. The decrease in Cmax and AUC0-inf will be specified in Section 12.3
2. A statement regarding the uncertainty of the clinical significance of these findings 

will also be included in Section 12.3
3. The label will NOT state that this product can be administered without regard to 

food.
4. The label WILL state that the co-administration of doxycycline with food may 

improve the GI tolerability of doxycycline hyclate tablets.

Figure 1.3.1: Mean plasma concentration-time profile of doxycycline in Fed and 
Fasted Healthy Subjects
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Table 1.3.1: Summary of Doxycycline Pharmacokinetic Parameters in a Fed and 
Fasted State

Table 1.3.2: Least Squares Geometric Means, Ratio of Means, and 90% 
Confidence Intervals Based on ANOVA of Ln-Transformed Data
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2.1.3  What are the proposed dosage(s) and route(s) of administration?
For adults: the usual dose of oral doxycycline is 200 mg on the first day of treatment
(administered 100 mg every 12 hours) followed by a maintenance dose of 100 mg 
daily.  In the management of more severe infections (particularly chronic infections 
of the urinary tract), 100 mg every 12 hours is recommended.

For children above eight years of age: the recommended dosage schedule for children 
weighing 45 kg or less is 4.4 mg per kg of body weight divided into two doses on the 
first day of treatment, followed by 2.2 mg/kg of body weight given as a single daily 
dose or divided into two doses on subsequent days.  For more severe infections, up to 
4.4 mg/kg of body weight may be used.  For children over 45 kg, the usual adult dose 
should be used.

2.2 General Clinical Pharmacology
Doxycycline is almost completely absorbed following oral administration.  
Tetracyclines as a class have varying degrees of protein binding. Doxycylcine is 
excreted in both the urine and the feces.  Excretion of doxycycline by the kidney is 
about 40% in 72 hours in individuals with a creatinine clearance of about 75 mL/min.  
The half-life of doxycycline is 18-22 hours. Hemodialysis does not alter the serum 
half-life of doxycycline.

The mean Cmax and AUC0-inf of doxycycline were 24% and 15% lower, respectively, 
following single dose administration of doxycycline hyclate 150 mg immediate 
release tablets with a high fat meal (including milk) compared to fasted conditions.  
The Tmax of doxycycline was not affected by food.  

2.3 Intrinsic Factors
Not applicable.

2.4 Extrinsic Factors
Not applicable.

2.5 General Biopharmaceutics
2.5.1. What is the effect of food on the bioavailability (BA) of the drug form the 
dosage form?  What dosing recommendations should be made, if any, regarding 
administration of the product in relation to meals or meal types?

Study 11060204 was a single-dose, randomized, two-treatment, two-period, two-
sequence, crossover study in fasted and non-fasted healthy subjects.  In one period of 
the study, a single doxycycline hyclate 150 mg tablet was administered after an 
overnight fast of at least 10 hours.  In the other period, a single doxycycline hyclate 
150 mg tablet was administered following a standardized high fat breakfast.  The 
order of administration followed a two sequence randomization schedule.  Each dose 
was separated by a 14 day interval.
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The mean plasma concentration-time profiles of doxycycline in the fasted and fed 
subjects are shown in Figure 2.5.1.  The lower bound of the 90% confidence interval 
fell below 80.00% for the Cmax, AUC0-t, and AUC0-inf when the 150 mg doxycycline 
hyclate tablets were administered with food (see Table 2.5.1).  Therefore, the 
pharmacokinetics of doxycycline were altered by co-administration with food.  
However, the clinical significance of the decrease in Cmax and AUC is unknown.  The 
label will NOT state that the doxycycline tablets can be administered without regard 
to food, but it will state the magnitude of the interactions, and include a statement 
indicating that the clinical significance of such a decrease is unknown.

Figure 2.5.1: Mean Plasma Concentration-Time Profile of Doxycycline 
Following a Single 150 mg Dose in Fed and Fasted Healthy Subjects

Table 2.5.1: Least Squares Geometric Means, Ratio of Means, and 90% 
Confidence Intervals Based on ANOVA of Ln-Transformed Data

2.6 Bioanalytical Section
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2.6.1. How are the active moieties identified and measured in the plasma in the 
clinical pharmacology and biopharmaceutics studies?
Plasma concentrations of doxycycline were measured using a validated high 
performance liquid chromatography followed by positive electrospray-ionization 
tandem mass spectrometry (LC ESI/MS/MS).

2.6.2. Which metabolites have been selected for analysis and why?
No metabolites were selected for analysis.  Doxycycline is not thought to be 
significantly metabolized.

2.6.3. For all moieties measured, is free, bound, or total measured?  What is the 
basis for that decision, if any, and is it appropriate?
Total doxycycline concentrations were measured.  No specific justification is 
provided.

2.6.4. What bioanalytical method is used to assess concentrations?
Plasma concentrations of doxycycline were measured using a validated high 
performance liquid chromatography followed by positive electrospray-ionization 
tandem mass spectrometry (LC ESI/MS/MS).

2.6.4.1. What is the range of the standard curve? How does it relate to the 
requirement for clinical studies? What curve fitting techniques are used?
The standard curve ranged from 25 to 2,000 ng/mL. Linear regression was used with 
1/x2 weighting.  This range was adequate to cover the concentrations of doxycycline 
observed in the clinical studies.

2.6.4.2. What are the lower and upper limits of quantification (LLOQ/ULOQ)?
LLOQ: 25 ng/mL
ULOQ: 2,000 ng/mL

2.6.4.3. What are the accuracy and precision at these limits?
The accuracy ranged from 93.4.0% to 102.8%; and the precision (%CV) ranged from 
1.7% to 11.6% for doxycycline.

2.6.4.4 What is the sample stability under the conditions used in the study (long 
term freeze-thaw, sample-handling, sample transport, autosampler)?
The long term storage stability was 23 days at -20ºC and 241 days at -80ºC.  The 
samples were stable for four freeze/thaw cycles.  The stock stability and the working 
sampler stability were for 39 days.  The autosampler processed stability was for five 
days.

2.6.4.4. What are the QC samples?
The following Quality Controls were used:
Low: 75 ng/mL
Mid: 500 ng/mL
High: 1,600 ng/mL
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Dilution: 4,000 ng/mL
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4. APPENDIX
Study Report Title: A Study to Compare the Relative Bioavailability of a New 
Formulation of Doxycycline Hyclate Tablets 150 mg (AQUA Pharmaceuticals) 
under Fasted and Non-Fasted Conditions (Study No. 11060204)

Dates: 8/4/12 to 8/21/12
Investigator: Darin Brimhall, D.O. 

          Novum Pharmaceutical Research Services
          Las Vegas, NV

Analysis: 

OBJECTIVE: The purpose of this study was to evaluate the relative bioavailability of a 
test formulation of doxycycline hyclate tablets, 150 mg under fasted and non-fasted 
conditions in healthy volunteers.

BACKGROUND:
AQUA Pharmaceuticals is seeking approval in the US for a new strength of doxycycline 
hyclate tablets, 150 mg for which the FDA recommends a comparison of the 
bioavailability of the formulation under both fasted and fed conditions.  

STUDY DESIGN:
This was a randomized, single-dose, two-treatment, two-period, two-sequence, crossover 
study under fasting and non-fasting conditions.  The study was conducted with 26 (25 
completing) healthy adult subjects.  In one period of the study, a single doxycycline 
hyclate 150 mg tablet was administered after an overnight fast of at least 10 hours.  In the 
other period, a single doxycycline hyclate 150 mg tablet was administered following a 
standardized high fat breakfast.  The order of administration followed a two sequence
randomization schedule.  The test formulation was doxycycline hyclate tablet, 150 mg 
(AQUA Pharmaceuticals).  Subjects were confined at the clinical facility from at least 
10.5 hours before dosing until after the 24 hour blood collection and returned to the 
clinical facility for pharmacokinetic sampling at 36, 48, and 72 hours.  The interval 
between doses was 14 days.

The plasma samples from all subjects who completed the study were shipped to the 
 for measurement of doxycycline concentrations.

Statistical analysis using average bioequivalence methodology was performed to evaluate 
the relative bioavailability of the test formulation when taken after food compared to 
when taken in the fasted state.  The effect of food was determined based on the 
confidence intervals for the major pharmacokinetic parameters, log transformed AUC0-t, 
AUC0-inf, and Cmax, for doxycycline.

METHODS AND ASSAY METHODOLOGY:
Plasma concentrations of doxycycline were measured using a validated high performance 
liquid chromatography followed by positive electrospray-ionization tandem mass 
spectrometry (LC ESI/MS/MS). 
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Criterion Doxycycline Comments
Concentration Range 25 – 2,000 ng/mL Satisfactory

LLOQ 25 ng/mL Satisfactory
Linearity 0.998 Satisfactory
Accuracy 98.0 – 102.8% Satisfactory
Precision 1.7 – 6.1% (%CV) Satisfactory

Twenty blood samples were collected from each subject during each period of the study: 
prior to dosing, then at 0.5, 1.0, 1.25, 1.5, 1.75, 2, 2.5, 2.5, 3, 4, 6, 8, 12, 16, 24, 36, 48, 
and 72 hours after dosing for analysis of plasma doxycycline concentrations.  The 
analytical data were used to calculate the following pharmacokinetic parameters: AUC0-t, 
AUC0-inf, Tmax, Kel, and half-life.  The t in AUC0-t is the time at which the last 
measureable concentration was recorded.  SAS (Version 9.2) was used for all 
pharmacokinetic and statistical calculations.

The pharmacokinetic parameters were determined form the plasma concentration data 
using a non-compartmental model.  The terminal elimination rate constants were 
estimated from the plasma doxycycline data for all subjects using the plasma 
concentrations of the terminal elimination phase as best as could be determined from the 
semi-logarithmic concentration-time plots for the individual subjects.  

Analyses of Variance were performed using the General Linear Model (GLM) procedure 
of SAS with hypothesis testing for the treatment effects at  = 0.05.  The statistical model 
contained main effects of sequence, subject within sequence, treatment, and period.  
Sequence effects were tested against the Type III mean square term for subjects within 
sequence.  All other main effects were tested against the mean squared error term.  Least 
squares means for the treatments (LSMEANS statement), the differences between 
adjusted treatment means, and the standard errors associated with these differences 
(ESTIMATE statement) were calculated.

Confidence intervals (90%) for the comparison of test and reference area and peak results 
were constructed to test two, one-sided hypotheses at the  = 0.05 level of significance.  
The confidence intervals are presented for the ratio of the test-to-reference treatment 
means and the geometric mean ratios (obtained from logarithmic transformation).

The effect of food on the test formulation was based on the log-transformed data by 
comparing Test A (fed) vs. Reference B (fasted).  If the 90% confidence intervals for the 
test:reference ratio for AUC0-t, AUC0-inf, and Cmax for doxycycline all fell within the 
range 80.00-125.00% in the fed state compared to the fasted state, then food was 
considered not to have any effect on the bioavailability of the test formulation.

RESULTS:
A total of 26 subjects were enrolled into the study, and 25 subjects completed the study.  
Subject 14 voluntarily withdrew from the study approximately 14 hours after dosing in 
Period I with Reference B (fasted) due to the adverse event of abdominal pain which was 
first reported at the time of withdrawal from the study.  The subject declined to remain at 
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the clinical facility for monitoring but later returned and completed end of study safety 
evaluations with no clinically significant findings.  As this subject did not complete both 
periods of the study, his samples were not sent for bioanalysis.

Demographics
Table 1 summarizes the subject demographics for this study.

Table 1: Subject Demographics

Reference ID: 3511413
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Pharmacokinetic Analysis
Figure 1 shows the mean concentration-time profile of doxycycline in the test and 
reference arms.  Table 2 shows the summary of pharmacokinetic parameters 
(untransformed data) for doxycycline in the fed and fasted state.  Table 3 shows the least 
squares means, ratio of means, and 90% confidence intervals based on ANOVA of 
untransformed data.  Table 4 shows the least squares geometric means, ratio of means, 
and 90% confidence intervals based on ANOVA of ln-transformed data.

Figure 1: Mean plasma concentration-time profile of doxycycline following a 150 mg 
single dose in Fed and Fasted Healthy Subjects
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Table 2: Summary of Pharmacokinetic Parameters Untransformed Data: 
Doxycycline (N=25)

Table 3: Least Squares Means, Ratio of Means, and 90% Confidence Intervals 
Based on ANOVA of Untransformed Data: Doxycycline (N=25)

Reference ID: 3511413
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Table 4: Least Squares Geometric Means, Ratio of means, and 90% Confidence 
Intervals Based on ANOVA of Ln-Transformed Data: Doxycycline (N=25)

Safety
There were no serious adverse events reported during this study.  Both the test and 
reference treatments were well-tolerated during the study.

Twelve adverse events were reported by 9 of the 26 subjects who participated in this 
study.  Of these events, 1 occurred prior to dosing in Period I with Test A (fed), 4 
occurred after administration of Test A (fed), and 7 occurred after administration of 
Reference B (fasted).  All reported adverse events were considered mild.  The most 
frequently reported adverse events were abdominal discomfort (2/26, 7.7%) and nausea
(2/26, 7.7%).

APPLICANT’S CONCLUSION:
When dosing doxycycline hyclate tablet, 150 mg (Aqua Pharmaceuticals) after a high fat 
breakfast, Cmax was reduced by approximately 24% compared with the fasted state, but 
the median Tmax remained the same (2.25 hours).  The overall bioavailability as measured 
by AUC was decreased by about 15-18% when doxycycline hyclate tablet was 
administered after a high fat meal compared to administration in the fasted state.  As this 
drug is intended for chronic rather than acute usage, this decrease in maximum exposure 
after a single dose is likely to be insignificant with respect to clinical efficacy.  Therefore, 
it is proposed that doxycycline hyclate tablets, 150 mg (Aqua Pharmaceuticals)  

  There were no serious adverse events reported during this 
study.  Both the test and reference treatments were well-tolerated during the study.

REVIEWER ASSESSMENT:
The administration of doxycycline in a fasted state led to an increased Cmax and increased 
exposure relative to doxycycline in a fed state.  The lower bound of the 90% CI for AUC0-

t, AUC0-inf, and Cmax all fell below the pre-determined threshold of 80.00% indicating that 
the pharmacokinetics of doxycycline were altered by co-administration with food.  It is 
unknown whether the decrease in doxycycline Cmax or AUC caused by co-administration 
with food is clinically significant.  The Sponsor has acknowledged the decrease in Cmax

and AUC in section 12.3 of the proposed label, followed by the statement: The clinical 
significance of these decreases is unknown.  This is an acceptable approach.
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In their study report conclusions, the Sponsor proposes that their tablet can be 
administered without regard to food since doxycycline is intended for chronic use.  
However, in the label, the Sponsor has left the wording present in the DORYX label 
pertaining to food: If gastric irritation occurs, doxycycline may be given with food or 
milk.  The proposed label does not contain the “without regard to food” language.

While no serious adverse events were observed in the trial, the incidence of AEs was 
somewhat higher in the fasted state.  This result is consistent with the DORYX labeling 
which states that gastrointestinal-related adverse events may be improved by taking 
doxycycline with food or with a meal.
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