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Outline

• NTI assessment of levothyroxine

• Recommended BE approach in product-specific guidance

• Comparison of levothyroxine guidances

• BE study case example

• Alternative BE approaches under evaluation
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NTI Assessment
• FDA considers levothyroxine sodium as NTI

– RLD label1

– FDA Product-Specific Guidance (ANDA)2,3
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Product Specific Guidance2
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Recommended BE Approach in PSG

• BE approach for NTI drugs
– Single-dose, four-way, fully-replicated crossover BE study

– Reference-scaled average BE (RSABE) approach

• Baseline-correction of concentration
– Baseline-correction improves ability to differentiate formulation differences4-7

– Baseline-correction may inflate WSV (within-subject variability) and thus widen RSABE limits

• Dose of 600 mcg administered to ensure adequate measurement of analyte4-7

– Doses of 400 or 450 mcg show concentrations closer to baseline4-7

• Analyte measured for BE is levothyroxine (T4) in serum
– FDA guidance recommends using parent drug unless metabolite is formed substantially through 

pre-systemic metabolism and contributes to safety and efficacy8

– FDA disagreed with citizen petition requests to include T3 and TSH in BE approach6,7

• T3 is produced endogenously and thus does not directly indicate T4 absorption from products 

• TSH levels are more variable than T4 and thus less accurate for BE

• TSH levels are considered a secondary response and change slowly after T4 administration
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Comparison of Levothyroxine Guidances

• Relative BA study and dosage-form proportionality study 
recommended in the guidance for new drug products (Dec 2000)9

– Uncorrected total levothyroxine (T4) and triiodothyronine (T3) concentration

– Waiver of strengths not used in dosage-form proportionality study 

– Does not provide recommendation on “BE”

• BE study design and criteria recommended in PSG for generic drugs 
(Dec 2014 and Nov 2018)1,2

– Reference-scaled average BE approach for NTI drugs 

– Baseline-corrected T4 concentration in serum

– Biowaiver of lower strengths not evaluated in BE studies

Efforts to bring consistency in BA/BE approach between 
new drug and generic drugs are in-progress
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Biowaiver Criteria for Generic Drugs8

• For IR tablet and capsule products, the in vivo BE requirement for one or 
more strength can be waived based on:
– Acceptable BE study on the designated strength,
– Acceptable in vitro dissolution testing of all the strengths, and 
– Proportional similarity of the formulation across all strengths

Formulations of levothyroxine may be considered proportionally similar if the conditions above are met
2013 Draft ANDA BE guidance (FDA):
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM377465.pdf

https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM377465.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM377465.pdf
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BE Study Case Example

ANDA sponsor conducted a fasting BE study comparing its Levothyroxine Sodium 
Tablet, USP, 300 mcg to Abbvie’s Synthroid® Tablets, 300 mcg

The study was found unacceptable (quoted from Complete Response Letter): 

“…Your fasting study fails to meet the acceptance criteria…. In addition, greater than 15% difference is 
observed in AUC and Cmax between the test and reference product. On October 4, 2006, a joint meeting 
between the Endocrinologic and Metabolic Drugs Advisory Committee and the Advisory Committee for 
Pharmaceutical Sciences was held. The committee concluded that a 10% difference in potency is clinically 
significant; therefore this conclusion would also apply to the 10% difference in bioavailability.

Your fasting bioequivalence study is unacceptable. Please conduct and submit a new bioequivalence 
study conducted on a reformulated test product which shows considerably less differences in AUC and 
Cmax between the test and reference products. We suggest that you submit a detailed protocol for 
bioequivalence study prior to conducting the study.” 

BE criteria for NTI drugs was met for AUC despite >15% difference in the point estimate
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CDER NTI Drug Working Group
Purpose:

1. Develop a science- and risk-based regulatory approach to identify NTI 
drugs based on the relevant information from new drug development 
programs and elsewhere

2. Establish a consistent process to resolve key NTI-related scientific and 
regulatory issues in a transparent and collaborative manner

3. Create (or develop) a consistent process for monitoring and re-evaluating 
NTI drugs in the early post-marketing stage to support timely availability 
of product-specific recommendations for generic drug development

Currently, NTI Drug Working Group is investigating concerns with BE 
approach for levothyroxine sodium tablet and evaluating alternative 
approaches
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Alternative BE approaches 
• Evaluating BE approach for NTI drugs with additional constraints

– 10% Point Estimate constraint (90.0-111.1%)

– 5% Point Estimate constraint (95.0-105.3%)

– 90% Confidence Interval within 90.0-111.1%

• Assessment strategy
– Defined type I/II error rates

o Type I error: pass BIE product, defined as GMR ≥ 111% or ≤ 90% 

o Type II error: fail BE product, defined as 95% ≤ GMR ≤ 105%

– Evaluated type I/II error rates under different scenarios

• Impact of N, WSV, and variability ratio on type I/II error rates

– Performed extensive simulations

– Results are currently under evaluation and discussion
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Classification and BE Criteria for NTI Drugs

• Criteria for NTI classification
1. Little separation between therapeutic and toxic doses or the associated 

blood/plasma/serum concentrations
2. Sub-therapeutic concentrations may lead to serious therapeutic failure
3. Subject to therapeutic monitoring based on pharmacokinetic (PK) or 

pharmacodynamic (PD) measures
4. Low-to-moderate (NMT 30%) within-subject variability
5. Doses are often adjusted in small increments (<20%) in clinical practice

• BE criteria for NTI drugs
1. Unscaled average BE limits
2. Reference scaled average BE limits (scaled to the variability of the reference product)
3. Comparison of test-to-reference within-subject variability

Clin Pharmacol Ther. 2015 Mar;97(3):286-91. doi: 10.1002/cpt.28. Epub 2014 Dec 15.

https://www.ncbi.nlm.nih.gov/pubmed/25669762
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