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1  EXECUTIVE SUMMARY  

The Applicant, CMP Development LLC., submitted this 505 (b)(2) application for Folic 
Acid Oral Solution (1 mg/ 5ml), intending to seek approval for the same indications as 
the Listed Drug (LD) Folvite (folic acid tablets, 1 mg).  The Applicant proposes to rely 
on FDA’s previous findings of safety and efficacy of the Listed Drug (LD) Folvite (folic 
acid 1 mg tablets) approved under NDA # 005897. The LD is not currently marketed. 

The main objective of this review is to evaluate whether the bioequivalence studies 
conducted for folic acid oral solution establishes an adequate scientific bridge to the LD, 
Folvite, thus enabling the Applicant to rely on the efficacy and safety findings of the LD.  

1.1 RECOMMENDATIONS  

The Office of Clinical Pharmacology/Division of Cardiometabolic and Endocrine 
Pharmacology (OCP/DCEP) has reviewed NDA 216395. The results of the 
bioequivalence studies conducted in this NDA submission establishes an adequate 
scientific bridge to Folvite and supports the approval of folic acid oral solution for the 
proposed indications at the doses approved for Folvite.     

1.2 SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY FINDINGS 

• The results of the bioequivalence study 007-24 demonstrated that folic acid 1 mg/5ml 
oral solution under fasting conditions resulted in a relatively higher exposure of folic 
acid compared to the reference product. However, the higher bioavailability of folic 
acid under fasting conditions is not clinically significant. See section 2.2.3 for details.  

• The results of the bioequivalence study 008-24 demonstrated that folic acid exposure 
between the 1 mg/5ml oral solution and the reference product under fed conditions is 
comparable. The marginally lower Cmax of folic acid from the test product is not 
clinically significant. See section 2.2.4 for details. 

2 QUESTION BASED REVIEW 

This review is specific to the evaluation of clinical pharmacology studies included in the 
submission of NDA 216395, folic acid oral solution. 

2.1 GENERAL ATTRIBUTES 

2.1.1 What are general features of the drug product? 

The Applicant has developed folic acid oral solution (1 mg/ 5 mL) intended to meet the 
needs of patients who require folic acid and have difficulty swallowing tablets. The 
recommended therapeutic dosage in adults (regardless of age) is up to 1 mg daily. Folic 
acid is a yellow or yellowish-orange, odorless, crystalline powder. Folic acid is very 
slightly soluble in water but readily dissolves in alkaline solutions. 

2.1.2 What is the Applicant’s rationale in developing this product? 

The Sponsor is developing folic acid oral solution, 1 mg/5 ml as an alternative dosage 
form for the ease of administration to patients who, due to illness or age, have difficulty 
swallowing or may prefer a liquid formulation. Additionally, oral solution allows 
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Standard calibration 
concentrations 
(ng/mL) 

STD8 60.2 

STD7 51.1 

STD6 36.3 

STD5 24.5 

STD4 12.3 

STD3 6.13 

STD2 0.199 

STD1 0.100 
 

QC concentrations 
(ng/mL) from stripped 
biological matrix 

HQC 48.0 

MQC 24.0 

M1QC 6.24 

LQC 0.284 

LLOQQC 0.101 
 

QC concentrations 
(ng/mL) from 
unstripped biological 
matrix 

HQC 48.1 

MQC 24.1 

M1QC 6.27 

LQC 0.311 

LLOQQC 0.128 
 

QC Intraday precision 
range (%) from 
stripped biological 
matrix 

%CV (PA01): 2.43% to 10.19% 

QC Intraday accuracy 
range (%) from 
stripped biological 
matrix 

%Accuracy (PA01): 99.02% to 106.93% 

QC Intraday precision 
range (%) from 
unstripped biological 
matrix 

%CV (PA06): 1.37% to 10.57% 

QC Intraday accuracy 
range (%) from 

%Accuracy (PA06): 93.89% to 102.75% 
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unstripped biological 
matrix 

QC Interday precision 
range (%) from 
stripped biological 
matrix 

%CV: 2.55% to 14.14% 

QC Interday accuracy 
range (%) from 
stripped biological 
matrix 

%Accuracy: 98.02% to 103.52% 

QC Interday precision 
range (%) from 
unstripped biological 
matrix 

%CV: 2.57% to 10.26% 

QC Interday accuracy 
range (%) from 
unstripped biological 
matrix 

%Accuracy: 90.68% to 102.06% 

Average recovery (%) 
from stripped 
biological matrix 

86.4 % for analyte 

86.9% for ISTD 

Average recovery (%) 
from unstripped 
biological matrix 

81.7% for analyte 

82.5 % for ISTD 

Freeze-thaw stability 
(cycles) in stripped 
and unstripped plasma 

Stable 5 cycles at -70°C ± 10°C 

Short-Term Stability 
of Analyte in Matrix 

Stable 12 hours at room temperature 

Long term storage 
stability (days) in 
stripped plasma 

189 Days @ -70 ± 10°C and 

189 Days @ -20°C ±5°C 

Long term storage 
stability (days) in 
unstripped plasma 

191 Days @ -70 ± 10°C and 

191 Days @ -20°C ±5°C 

Selectivity in stripped 
and unstripped plasma 

No interference was observed at retention time (RT) of the analyte (folic 
acid) in blank samples with less than 20% of analyte peak area of LLOQ 
samples. No interference was observed at RT of the internal standard (IS) 
(folic acid 13C5) in blank samples and less than 5% of IS peak area of 
LLOQ blank samples is within all the 8 blank matrix lots. 
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Matrix Effect in 
stripped plasma 

The matrix effect was minimal.  

 
HQC LQC 

Precision (%CV) 4.86 4.88 

% Accuracy  98.39 100.1 
 

Matrix Effect in 
unstripped plasma 

Endogenous folic acid levels were measured in different lots of plasma. 
Average endogenous folic acid concentration of 0.027 ng/ml was added 
to the nominal concentration to account for endogenous levels. 

 
HQC LQC LLOQ 

% 
Accuracy  

92.28% to 
102.14% 

84.54% to 
98.81% 

81.64% to 
115.74% 

 

Potentially Interfering 
and Commonly Used 
Drugs 

No interference at RT of the analyte and IS was observed. 

Dilution integrity in 
unstripped plasma 

2T 4T 

% CV: 2.14 % CV: 1.58 

% Accuracy: 102.3 % Accuracy: 110.9 

Carryover in stripped 
plasma 

No carryover was observed at analyte and IS retention time.  

Source: Method Validation Report 
 
In summary, the bioanalytical method, as reported, appears to be validated and robust in 
supporting the results and conclusions from the bioequivalence study. 

• OSIS clinical and analytical sites inspection:  

 The Office of Study Integrity and Surveillance (OSIS) determined that an 
inspection of both the clinical and analytical sites were not needed based on past 
inspections and their findings. See memo uploaded 5/29/2025 and 6/17/2025 
under NDA 216395 in DARRTS. 

2.2.3 What is the relative bioavailability of folic acid oral solution and folic acid 
tablet under fasting conditions? 

To evaluate the relative bioavailability of folic acid 1mg/5ml oral solution and folic acid 
1mg tablet under fasting conditions, the Applicant conducted a two treatment, three 
period, three sequence, partial replicate, crossover, single dose study. The results from 
this study demonstrated that both the rate and extent of absorption of folic acid from the 
test oral solution product was higher than the reference folic acid tablet as shown in 
Figure 1. As indicated in Table 2, under fasting conditions there was an increase in folic 
acid exposure, where Cmax, AUC0-t, and AUC0-∞ increased by 66.4%, 34.8% and 33%, 
respectively, for folic acid oral solution compared to the reference product. 

Reference ID: 5729265



9  

Figure 1: Mean concentration-time profile of folic acid from reference (oral tablet) and 
test product (oral solution) under fasting conditions 

 

Source: Reviewer’s analysis 

Table 2: Summary of average bioequivalence results of folic acid under fasting conditions 

 

Source: Reviewer’s analysis  

2.2.4 What is the impact of food on the bioavailability of folic acid from folic acid 
oral solution? 

While the Applicant did not exactly conduct a food effect study for the folic acid oral 
solution, they compared the test and reference products under fed conditions following a 
two treatment, three period, three sequence, partial replicate, crossover, single dose study. 
A high fat high calorie breakfast having low folate diet was served 30 minutes prior to 
administration of both the test and reference products. As shown in Figure 2, the 
exposure of folic acid between the test and the reference product was comparable under 
fed conditions. Statistical analysis of the PK parameters in Table 3 shows that Cmax of 
folic acid from the oral test solution was modestly lower (by 23.1%) than that of the 
reference product. However, both the AUCt and AUCi of the oral solution was 
comparable to the tablets. Additionally, cross study comparison (with the results of the 
fasting bioequivalence study) indicate that food likely has a negative impact on folic acid 
bioavailability since folic acid exposure was lower under fed conditions compared to 
fasting conditions for both test and reference product. 
 

Parameter (units) Reference Product 
(R) (N=36)

Test Product (P) 
(N=35)

T/R Lower 90% CI Upper 90% CI

AUCt (ng*hr/mL) 47.64 64.23 1.3482 122.67 148.18

AUCi (ng*hr/mL) 49.55 65.88 1.3296 121.13 145.94

Cmax (ng/mL) 17.51 29.13 1.6641 149.62 185.07

90% Confidence IntervalsLeast Squares Geometric Means and Ratio of Means 
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Figure 2: Mean concentration-time profile of folic acid from reference (oral tablet) and 
test (oral solution) product under fed conditions 

 
Source: Reviewer’s analysis  
 
Table 3: Summary of average bioequivalence results of folic acid under fed conditions  

 
Source: Reviewer’s analysis 

 
2.2.5 Has a scientific bridge between folic acid oral solution and folic acid tablets 
been established by the Applicant? 

The Sponsor conducted two comparative bioavailability studies to assess the exposure of 
folic acid between the oral solution and folic acid tablets. Under fasting conditions, the 
exposure of folic acid from the test oral solution product was greater than that of the 
reference folic acid tablets. However, this increase is not expected to be clinically 
significant due to the wide safety margin of folic acid. Excess folic acid not used by the 
body are typically excreted in urine. Folic acid has a short half-life, and the higher 
exposures will not lead to accumulation of folic acid upon repeat administration. 
Moreover, folic acid has been used in doses greater than the proposed dose of 1 mg with 
no serious safety concerns being reported. In the presence of food exposure to folic acid 
was similar between the test and the reference product. Therefore, in summary the 
Applicant has established an adequate scientific bridge for folic acid oral solution to the 
LD, Folvite (folic acid tablets).  

 
 
 
 

Parameter (units) Reference product 
(R) (N=36)

Test Product (P) 
(N=35)

T/R Lower 90% CI Upper 90% CI

AUCt (ng*hr/mL) 34.21 34.13 0.9977 92.11 108.06

AUCi (ng*hr/mL) 36.09 35.48 0.9831 91.01 106.2

Cmax (ng/mL) 8.91 6.86 0.7696 66.42 89.18

90% Confidence IntervalsLeast Squares Geometric Means and Ratio of Means 
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3 APPENDIX INDIVIDUAL STUDY REVIEW 

3.1 ORAL COMPARATIVE BIOAVAILABILITY STUDY FOR FOLIC ACID 
1MG/5ML ORAL SOLUTION (FASTING) 

Study No:  
007-24 

EDR link: 
\\CDSESUB1\EVSPROD\nda216395\0001\m5\53-clin-stud-rep\531-
rep-biopharm-stud\5312-compar-ba-be-stud-rep\007-24\fast-study-
report-body.pdf 

Title of study: Open label, balanced, randomized two-treatment, three-period, three sequence, 
partial replicate, single dose, crossover design to evaluate the oral comparative bioavailability of Folic 
acid from Folic acid 1 mg/5 ml oral solution (Test Product: CMP Development LLC, USA) with Folic 
acid 1 mg Tablets (Reference Product: Amneal Pharmaceuticals, USA) in healthy, adult, human 
subjects under fasting conditions. 
Investigational product: 
Test product: Folic acid 1 mg/5 ml oral solution 
Reference: Folic acid 1 mg Tablets 
Study: 
Objectives: 
To compare the oral comparative bioavailability of folic acid from the test product (T) with the reference 
product (R) after a single dose administration in healthy, adult human subjects under fasting conditions.  
 
Study design: single center, phase 1, BE, open-label, randomized, single-dose, 3-period, 3-sequence, 
partial replicate crossover study. 
 

• Treatment T: A single dose 5 mL (1mg) of Folic Acid Oral Solution 1 mg/5 ml (CMP Pharma) 
was administered into subject’s mouth via syringe in a sitting posture with about 240 mL of 
drinking water. 

• Treatment R: One tablet of Folic Acid 1mg (Amneal Pharmaceuticals Pvt. Ltd.) was administered 
orally to the subjects in a sitting posture with about 240 mL of water. 

 
 Washout: 10 days  
 Study participants: 38 healthy adults  
 Sampling times (h): blood samples were collected prior to drug administration and 0.08, 0.17, 

0.25, 0.33, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.50, 3.00, 4.00, 6.00, 8.00, 10.00, 14.00, 24.00, 
36.00, 48.00 and 72.00 hours post-dose. 

 Pharmacokinetic parameters calculated:  
Primary parameters: Cmax, AUC0-t and AUC0-∞ 
Secondary parameters: Tmax, AUC_% Extrap_obs, AUC%ratio, t1/2, and Kel  

 
Analytical methods: 
 A validated LC-MS method, as described in section 2.2.2, was used for quantification of folic acid 

in human plasma treated with K2EDTA. 
 The analytical range for folic acid in plasma was 0.100 to 60.025 ng/mL. 
 Reviewer comment: The performance of the analytical method is acceptable per the specifications 

in Bioanalytical Method Validation Guidance. 
Statistical methods: 
 The statistical method for testing bioavailability was based on the determination of the 90% 

confidence interval around the ratio of the natural log (Ln)-transformed population means 
(Test/Reference) for the primary PK parameters Cmax, AUC0-t and AUC0-∞ for baseline corrected 
folic acid. 
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 A mixed-scaling average bioequivalence approach was used for the Ln-transformed 
pharmacokinetic parameters Cmax, AUC0-t and AUC0-∞ for baseline corrected folic acid. 

 If within-subject standard deviation of the reference formulation (SWR) is <0.294 for Cmax, AUC0-t 
and AUC0-∞ then using the two one-sided tests for bioequivalence, the test product is considered 
bioequivalent to the reference product, if the 90% confidence intervals for ratio (test/reference) of 
the geometric least square means of Cmax, AUC0-t and AUC0-∞ of the test and reference products is 
within acceptable bioequivalence limits of 80.00% to 125.00% based on Ln-transformed data. 

 If within-subject standard deviation of the reference formulation (SWR) is ≥0.294 for primary 
pharmacokinetic parameters – Cmax, AUC0-t and AUC0-∞ then test product is considered 
bioequivalent to the reference product, if the following two conditions are met for Cmax, AUC0-t 
and AUC0-∞ using Ln-transformed data:  
1. The 95% upper confidence bound for (μT-μR) 2 – (θ*S2WR) determined must be ≤ 0. 
2. The point estimate (test/reference geometric least mean ratio) must fall within acceptable 
bioequivalence limits of 80.00% to 125.00%. 

 Employing the estimated plasma concentration-time profiles of baseline corrected folic acid PK 
parameters such as Cmax, AUC0-t and AUC0-∞, Tmax, AUC_% Extrap_obs, AUC%ratio, t1/2, and Kel were 
calculated using SAS® (SAS Institute Inc., U.S.A.) version 9.4. 

 Statistical analysis of the pharmacokinetic parameters was performed on PK parameters of 
baseline corrected folic acid using SAS® (SAS Institute Inc., U.S.A.) version 9.4. 

 Consistent with mixed-scaling approach for bioequivalence, ANOVA was performed on Ln-
transformed pharmacokinetic parameters Cmax, AUC0-t and AUC0-∞ for baseline corrected folic 
acid. 
 

Results: 
A total of 36 subjects were dosed in period 1 while 35 subjects were dosed in both period 2 and 3. A total 
of 35 subjects completed all the three periods of the study. Subject number withdrew consent and was 
replaced with subject number . Subject number tested for alcohol during period 2 check-in and was 
withdrawn from the study. 
The number of subjects included for pharmacokinetic and statistical analysis was 35. The flow chart 
indicated below describes the subject’s disposition for the fasting study. 
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3.2 ORAL COMPARATIVE BIOAVAILABILITY STUDY FOR FOLIC ACID 
1MG/5ML ORAL SOLUTION (FED) 

Study No:  
008-24 

EDR link: 
\\CDSESUB1\evsprod\NDA216395\0001\m5\53-clin-stud-
rep\531-rep-biopharm-stud\5312-compar-ba-be-stud-rep\008-
24\fed-study-report-body.pdf 

Title of study: Open label, randomized, balanced, two treatments, three period, three sequence, partial 
replicate, crossover, single dose, oral comparative bioavailability study for Folic acid 1 mg/5 ml oral 
solution (Test Product: CMP Development LLC, USA) and Folic acid 1 mg Tablet (Reference Product: 
Amneal Pharmaceuticals, USA in healthy, adult, human subjects under fed condition. 
Investigational product: 
Test product: Folic acid 1 mg/5 ml oral solution 
Reference: Folic acid 1 mg Tablets 
Study: 
Objectives: 
To compare the oral comparative bioavailability of folic acid from the test product (T) with the reference 
product (R) after a single dose administration in healthy, adult human subjects under fed conditions.  
 
Study design: single center, phase 1, BE, open-label, randomized, single-dose, 3-period, 3-sequence, 
partial replicate crossover study. 
 

• Treatment T: After an overnight fast of at least 10.00 hours, a high fat high calorie breakfast 
having low folate diet was served 30 minutes prior to administration of investigational products. 
All subjects consumed whole breakfast within 30 minutes of it being served. Exactly 30 minutes 
after actual start time of a high fat high calorie breakfast having low folate diet, a single dose 5 mL 
(1 mg) of folic Acid Oral Solution 1 mg/5 ml was administered into subject’s mouth via syringe in 
a sitting posture with about 240 mL of drinking water. 

• Treatment R: After an overnight fast of 10.00 hours, a high fat high calorie breakfast having low 
folate diet was served 30 minutes prior to administration of Investigational products. All subjects 
consumed whole breakfast within 30 minutes of it being served. Exactly 30 minutes after actual 
start time of a high fat high calorie breakfast having low folate diet, one tablet of folic Acid 1mg 
was administered orally to the subjects in a sitting posture with about 240 mL of water. 

 
 Washout: 10 days  
 Study participants: 37 healthy adults  
 Sampling times (h): blood samples were collected prior to drug administration and 0.08, 0.17, 

0.25, 0.33, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.50, 3.00, 4.00, 6.00, 8.00, 10.00, 14.00, 24.00, 
36.00, 48.00 and 72.00 hours post-dose. 

 Pharmacokinetic parameters calculated:  
Primary parameters: Cmax, AUC0-t and AUC0-∞ 
Secondary parameters: Tmax, AUC_% Extrap_obs, AUC%ratio, t1/2, and Kel  

 
Analytical methods: 
 A validated LC-MS method, as described in section 2.2.2, was used for quantification of folic acid 

in human plasma treated with K2EDTA. 
 The analytical range for folic acid in plasma was 0.100 to 60.025 ng/mL. 
 Reviewer comment: The performance of the analytical method is acceptable per the specifications 

in Bioanalytical Method Validation Guidance. 
Statistical methods: 
 The statistical method for testing bioavailability was based on the determination of the 90% 

confidence interval around the ratio of the natural log (Ln)-transformed population means 
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