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1. EXECUTIVE SUMMARY

This original New Drug Application (NDA 215809) was submitted to support the bioequivalence 
of levothyroxine sodium oral solution referring SYNTHROID (NDA 21210) dated June 30, 2021. 
The applicant established the clinical bridge to SYNTHROID for their levothyroxine sodium oral 
solution via the relative bioavailability study (LVOS-1-19094).

1.1 Recommendations

The Office of Clinical Pharmacology/Division of Cardiometabolic and Endocrine Pharmacology 
(OCP/DCEP) has reviewed the clinical pharmacology data submitted under NDA 215809 and 
recommends approval.

1.2 Post-Marketing Requirements and Commitments 
None. 

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 What is the regulatory background for the submission?

The applicant submitted NDA 215809 on June 30, 2021 to seek approval of levothyroxine sodium 
oral solution to treat hypothyroidism and suppression of thyroid-stimulating hormones.

2.2 Is the levothyroxine sodium oral solution (test formulation) bioequivalent to 
the SYNTHROID (reference formulation)?

Yes, the levothyroxine pharmacokinetics (PK) following levothyroxine sodium oral solution (test 
formulation) met the bioequivalence (BE) criteria referencing that of SYNTHROID formulation 
(reference formulation).

BE between the 2 products was assessed in an open-label, single dose, randomized, 2-period, 2-
sequence, crossover study in healthy volunteers (Study LVOS-1-19094, see the study synopsis in 
Attachment).  Oral doses of 600 mcg (20 mL of 150 mcg/5 mL levothyroxine sodium oral solution 
(test product), or 2 of 300 mcg SYNTHROID (levothyroxine sodium) tablets (reference product)) 
were administered under overnight fasting condition (see information on the investigational 
products in Table 1). A washout period of 35 days separated each dose.

Table 1 Information on Test and Reference Products

Product Test Reference
Formulation Levothyroxine Sodium Oral 

Solution 150 mcg/5mL
SYNTHROID 300 mcg

Batch No. PDS-1C 1109288
Manufacturing 04JUN2019 NA
Expiry Date NA 30APR2020

Reference ID: 4951656
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The test and reference products were acceptable as valid investigational products (e.g., batch size 
and stability) to support the pivotal BE study according to CMC information.

During each study period, serial blood samples (1 × 10 mL) were collected in plain red top serum 
collection tubes from each participant at -0.5, -0.25, and pre-dose (0-hour, within 5 minutes before 
dosing) and post-dose at study hours 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 6.0, 8.0, 10.0, 12.0, 18.0, 
24.0, and 48.0 hours.

The post-dose concentration-time profiles were corrected by the baseline concentrations. If a 
negative serum concentration value resulted after baseline correction, this value was to be set to 0 
prior to calculating the baseline-adjusted AUC. The primary PK endpoints (i.e., CPEAK and 
pAUC48) were estimated using conventional non-compartmental analysis.

A total of 36 subjects were enrolled, and 4 subjects.  Four subjects were dismissed due to violations 
of the protocol during Period 2 (3 were due to positive drug test and 1 was due to potential positive 
pregnancy test) (Table 2).

Table 2. Summary of Subject Disposition (Table 10.2 of Clinical Study Report)

Sequence
TotalAB BA

Subjects Randomized 18 18 36

Subjects Who Successfully Completed the Study 17 15 32

Subjects Who Withdrew Consent 0 0 0

Subjects Dropped by the Investigator 1 3 4

Subjects Dropped by the Applicant 0 0 0

Subjects Analyzed 17 15 32

Treatment A: Levothyroxine Sodium Oral Solution, 150 mcg/5mL 
Treatment B: Synthroid® Tablets, 300 mcg 

Concentration-time profiles after levothyroxine 600 mcg were shown in Figures 1 and 2 as well as 
the PK parameters were summarized in Tables 3 and 4. 
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Source: Figure 14.1 of report for Study LVOS-1-19094

Figure 1. Mean (SD) Levothyroxine Concentration-Time Profiles with Baseline Correction 
by Treatments 

Source: Figure 14.2 of report for Study LVOS-1-19094
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Figure 2. Mean (SD) Levothyroxine Concentration-Time Profiles without Baseline 
Correction by Treatments 

Table 2. Mean Baseline Corrected Levothyroxine Pharmacokinetic Parameters 

‡ Ratio (A/B) = e [LSMEAN of (LNA – LNB)]; †Used Natural Log Transformed Parameter;
**Arithmetic Mean (%CV); *median (min-max);
Source: Study LVSOS-1-19094’s report Table 14.6

Table 4. Mean Baseline Uncorrected Levothyroxine Pharmacokinetic Parameters 

‡ Ratio (A/B) = e [LSMEAN of (LNA – LNB)]; †Used Natural Log Transformed Parameter;
**Arithmetic Mean (%CV); *median (min-max);
Source: Study LVSOS-1-19094’s report Table 14.7

Reviewer’s Comment 
Dr. Yaning Sun’s reanalyses of the baseline corrected and baseline uncorrected are consistent with 
the applicant’s findings that the 20 mL of 150 mcg/5 mL levothyroxine sodium solution (test 
product) is bioequivalent to the 2 of 300 mcg SYNTHROID tablets (reference product).

Reference ID: 4951656



7

2.3 Is the bioanalytical assay validation acceptable?

The serum total levothyroxine (T4) concentrations were measured via the high-performance liquid 
chromatography with mass spectrometry detection (LC-MS/MS) (Bioanalytical Laboratory 
Project #13-023; Validation Report) with a range of 20 – 250 ng/mL.  The assay validation was 
acceptable (Table in Appendix 4.2). 

Reviewer’s Comment 
Inspection request to the Office of Study Integrity and Surveillance (OSIS) was submitted for the 
original submission. The OSIS declined to inspect the sites with recommendation dated October 
15, 2021 in DARRTS Reference ID: 4873317 that the Office of Regulatory Affairs (ORA) 
inspected the clinical site in February 2019, which falls within the surveillance interval.  The 
OSIS inspected the bioanalytical site in November 2018, which falls within the surveillance 
interval.  The final classification for both inspections was No Action Indicated.

Reference ID: 4951656
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4. APPENDICES
4.1 Study Synopsis
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4.2 Summary of Bioanalytical Method Validation

Table 5A - Summary of Method Performance

Bioanalytical Method 
Validation Report 
Name and 
Amendments

Levothyroxine Validation
Levothyroxine Validation Addendum 1
Levothyroxine Validation Addendum 2

Method Description Solid phase extraction; LC-MS/MS-ESI analysis
Materials Used for 

Standard Calibration 
Curve and 
Concentration

Stripped serum: 20, 25, 30, 40, 50, 90, 130, 170, 210, 250 ng/mL

Validated Assay Range 20-250 ng/mL
Material Used for 

Quality Controls 
(QCs) and 
Concentration

Stripped serum: 30, 50, 100, 200 ng/mL
Unstripped serum: 50, 100, 150, 200 ng/mL

Minimum Required 
Dilutions (MRDs) N/A

Source and Lot of 
Reagents N/A

Regression Model and 
Weighting 1/concentration2

Validation Parameters Method Validation Summary Source Location

Number of standard calibrators 
from LLOQ to ULOQ 10

Table 4 of 
Levothyroxine 

Validation Report
Cumulative Accuracy (% bias) 

from LLOQ to ULOQ
levothyroxine -0.97 to 1.70 %

Table 4 of 
Levothyroxine 

Validation Report
Cumulative Precision (% CV) 

from LLOQ to ULOQ

Standard Calibration 
Curve Performance 
During Accuracy and 
Precision Runs

levothyroxine ≤ 2.83 %

Table 4 of 
Levothyroxine 

Validation Report
Cumulative Accuracy (% bias) 

in 5 QCs
QCs for Product: stripped serum 0.10 to 0.80 %

unstripped serum

-6.94% to -
5.07%

Table 5 of 
Levothyroxine 

Validation Report 
(stripped serum)
Table 6 of 
Levothyroxine 

Validation Report 
(unstripped serum)

Inter-batch % CV
QCs for Product: stripped serum ≤ 4.12 %

Performance of QCs 
During Accuracy and 
Precision Runs

unstripped serum
≤ 2.71 %

Table 5 of 
Levothyroxine 

Validation Report 
(stripped serum)
Table 6 of 
Levothyroxine 
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Validation Report 
(unstripped serum)

Total Error (TE)
QCs for Product: N/A N/A

Selectivity and Matrix 
Effect

Number of Lots Tested: six in stripped serum (three 
male and three female) and six in unstripped serum 
(three male and three female)

Range of Observed Bias: 
for stripped serum: 
mean internal standard normalized matrix factor: 

0.999-1.006
for unstripped serum: 
mean internal standard normalized matrix factor: 

0.999-1.000
Issues: N/A

Table 15A of 
Levothyroxine 

Validation Report 
(stripped serum)
Table 15B of 

Levothyroxine 
Validation Report 
(unstripped serum)

Interference and 
Specificity

Number of Lots Tested: six in stripped serum (three 
male and three female) and six in unstripped serum 
(three male and three female)

Range of Observed Bias:
For levothyroxine in stripped serum- any peak in the 

blank matrix sources at the retention time of 
levothyroxine was <20% of the LLOQ of the run 
for all blank sources

For levothyroxine in unstripped serum- the observed 
levothyroxine peak was sufficiently resolved from 
any other peak in the chromatogram for all blank 
sources 

For the internal standard in stripped and unstripped 
serum- for all blank sources any peak at the 
retention time of the internal standard was ≤ 5% of 
the mean internal standard peak area of the 
standards used for the analytical run 

Issues: N/A

Representative 
Chromatography in 
Attachment 5A of 

Levothyroxine 
Validation Report 

(stripped and 
unstripped serum)

Hemolysis Effect

Number of Lots Tested: 1 unstripped serum source at 
low and high QC concentrations

Range of Observed Bias: -5.94 to -1.70%
Issues: N/A

Table 16 of 
Levothyroxine 

Validation Report 

Lipemic Effect

Number of Lots Tested: 1 unstripped serum source at 
low and high QC concentrations

Range of Observed Bias: -3.70 to 6.00
Issues: N/A

Table 17 of 
Levothyroxine 

Validation Report

Dilution Linearity and 
Hook Effect

Highest Concentration Tested: 1000 ng/mL 
Number of Dilution Factors: one at five-fold dilution 

factor
Range of observed Bias: -2.55%

Table 13 of 
Levothyroxine 

Validation Report

Bench-top/Process 
Stability

22.3 hours at room temperature for stripped serum 
(-4.53% to -0.05%)
22.5 hours at room temperature for unstripped serum 

Table 10A of 
Levothyroxine 
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(-6.37% to -3.98%) Validation Report 
(stripped serum)
Table 10B of 

Levothyroxine 
Validation Report 
(unstripped serum)

Freeze-Thaw Stability 4 cycles at -15°C and -70°C in unstripped serum 
(-6.11% to -3.60%)

Table 9 of 
Levothyroxine 

Validation Report

Long-Term Storage 1618 days at -15°C and -70°C in unstripped serum 
(-6.70% to -4.88%)

Table 5 of 
Levothyroxine 

Validation 
Addendum 2 Report

Parallelism N/A N/A

Carry Over

No carry over observed
For levothyroxine the average area in six blanks (each 

preceded by a LLOQ and ULOQ sample) did not 
exceed 20% of the average LLOQ area of the run.

For the internal standard the average area in six blanks 
did not exceed 5% of the average internal standard 
in the LLOQ and ULOQ samples of the run.  

Table 6 of 
Levothyroxine 

Validation 
Addendum 2 Report

Method Performance in Study LVOS-1-19094
(LVOS-1-19094 provided in Section 5.3.1.4)

Validation 
Parameters Method Validation Summary Source Location

Assay Passing Rate
Incurred Sample Re-analysis (ISR) Passing Rate:  128 

out of 128 samples met acceptance criteria of <20% 
different from original result, 100% passing rate

Table 5 of LVOS-
1-19094 
Report

Standard Curve 
Performance

 Cumulative bias range:  -1.44 to 1.38%
 Cumulative precision: ≤ 5.21% CV

Table 2 of LVOS-
1-19094 
Report

QC Performance
 Cumulative bias range:  1.38 to 2.85%
 Cumulative precision: ≤ 4.79% CV
 TE: N/A (LBA only)

Table 4 of LVOS-
1-19094 
Report

Method 
Reproducibility

Incurred sample re-analysis was performed in 11.1% of 
study samples, and 100% of the samples met the pre-
specified criteria.

Table 5 of LVOS-
1-19094 
Report

Study Sample 
Analysis/Stability

Study samples were stored for 48 days at -70°C.  
Frozen QC samples used during the study were stored 

for 9 days -70°C.  
Long-term frozen stability in serum has been established 

for 1618 days at -70°C in Levothyroxine Validation 
Addendum 2.

Table 5 of 
Levothyroxine 

Validation 
Addendum 2 

Report

Standard Calibration 
Curve 
Performance 

N/A N/A
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Method Performance in Study LVOS-1-19094
(LVOS-1-19094 provided in Section 5.3.1.4)

Validation 
Parameters Method Validation Summary Source Location

During Accuracy 
and Precision 
Runs

Reference ID: 4951656
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Bioanalytical Method 
Validation Report 
Name

N/A

Changes In Method N/A
New Validated Assay 

Range (if any)
N/A

Validation 
Parameters

Cross-validation Performance Source 
Location

Cumulative accuracy (% bias) in standard 
calibrators from LLOQ to ULOQ

N/A N/AStandard Calibration 
Curve 
Performance 
During Accuracy 
and Precision 
Runs

Cumulative precision (% CV) from LLOQ to 
ULOQ

N/A N/A

Cumulative accuracy (% bias) in 5 QCs N/A N/A
Inter-batch % CV N/A N/A

Performance of QCs 
During Accuracy 
and Precision 
Runs

Percent TE N/A N/A

Cross-validation N/A N/A
List Other 

Parameters
N/A N/A

Source: Tables 5A and 5B of the bsummary-biopharm-1.pdf file
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