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human dose selection and careful clinical monitoring should prevent such toxicity.  Regarding 
the latter, the impurities identified in the drug product were all found to be within acceptable 
limits, and no animal studies were felt to be needed in order to further characterize them.  In 
final analysis, the pharmacology/toxicology reviewer recommends approval of Levothyroxine 
Sodium for Injection for the treatment of myxedema coma. 
 
In addition, one needs to acknowledge that the role of a preclinical toxicology program for a 
product whose active moiety is a small molecule identical structurally to an endogenous 
hormone, as is the case with levothyroxine (or other hormones for that matter), is different 
when compared to a chemical compound for which there is no human counterpart.  Such 
difference exists not only because we understand better the physiological and pharmacological 
effects of a native product but, even more so, because of the availability of human 
“toxicology” data provided by pathological conditions of hormone excess, such as 
hyperthyroidism.  In such cases the CMC confirmation of identity and purity is a considerable 
step in providing reassurance on the safety of the product.  
 
 
 

5. Clinical Pharmacology/Biopharmaceutics  
 
 
The clinical pharmacology review recommends approval of the application. As was the case 
with the preclinical pharmacology/toxicology section of the submission, the applicant did not 
conduct any clinical pharmacology studies, relying instead exclusively on published literature.   
 
Analysis of the published information indicates that, once injected, levothyroxine distributes 
rapidly to target tissues and is indistinguishable from endogenous levothyroxine.  It has a 
relatively long half-life (6 – 8 days for euthyroid patients and 9 – 10 days for myxedema 
patients) primarily due to the fact that > 99% of plasma levothyroxine is protein bound, which 
protects it from rapid degradation and excretion. Only unbound hormone is metabolically 
active. The major metabolic pathway of degradation is sequential deiodination that occurs in 
the thyroid, liver, kidneys, placenta and fibroblasts. Another route of degradation is hepatic 
glucuronidation and sulfation, followed by excretion into the bile and intestine from which it 
can be recirculated enterohepatically. The major route of excretion is renal, and only 20% is 
eliminated in the stool.  
 
The pharmacodynamic response in myxedema coma is illustrated in Figure 4 of the clinical 
pharmacology review1, which depicts the time course of TSH reduction following the 
administration of a levothyroxine dose (428 mcg) at the upper end of the proposed 
levothyroxine starting dose (300-500 mcg).   A 32% reduction in TSH of is observed within 24 
hours of IV levothyroxine administration; the TSH reduction continued during maintenance 

                                                 
1 Reproduced from Ridgeway EC, McCammon JA, Benotti J, et al. Acute metabolic responses in myxedema to 
large doses of intravenous L-thyroxine. Ann Intern Med 1972;77:549-555. 
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treatment with subsequent daily intravenous doses of 100 mcg of levothyroxine (the proposed 
regimen is 50-100 mcg).  

 
  
The clinical pharmacology review addresses at length the issue of relative bioavailability (BA) 
of oral levothyroxine and IV levothyroxine and whether a BA study with an approved oral 
levothyroxine product is necessary for approval.  The review points out that under CFR 320.21 
there is a regulatory requirement for providing bioavailability information.  The review also 
emphasizes the importance of having accurate information for converting the intravenous 
levothyroxine dose to an oral levothyroxine dose.  
 
In the end, the clinical pharmacology reviewer recommends waiving the requirement for a BA 
study “for good cause” (CFR 320.22(e)).  I agree with this recommendation which is made 
with the explicit goal of ensuring an uninterrupted supply of IV levothyroxine to physicians 
who treat patients with myxedema coma, a true endocrine emergency with mortality as high as 
80% if left untreated. On the other hand, my stricto sensu reading of the regulations is that 
under 320.21 in vivo bioavailability can be waived for products for which bioavailability is 
self-evident, as is the case of “a parenteral solution intended solely for administration by 
injection” (which appears to be the specific case for Levothyroxine Sodium for Injection).   
 
With respect to the issue of conversion of the intravenous dose to an oral dose, I agree with the 
point made that a bioavailability study with a currently marketed oral formulation is desirable, 
but it needs to be acknowledged that in the clinical setting conversion of IV levothyroxine to 
oral levothyroxine is not an issue since the clinical norm is to use a conversion ratio of 1:2.  
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This 50% conversion rule is a rather conservative approach, some references2 indicating a 66% 
to 72% relative bioavailability with older oral levothyroxine products.  Equally important, this 
dose conversion is not expected to provide an “ultimate” oral dose but rather a transition 
regimen that is further adjusted, optimized and individualized by titration to biochemical and 
clinical response, depending on the underlying etiology of hypothyroidism.  
 

 

6. Clinical Microbiology  
 
Not applicable. 
 

7. Clinical/Statistical- Efficacy 
 
 
The evidence of efficacy is provided exclusively from published literature and consists mostly 
in case reports, case series, meta-analyses, and reviews, and only occasionally prospective 
data; as such, there is no statistical review for this application. Dr. Lowys’s clinical review 
refers to 45 literature articles that the applicant submitted to support a determination of 
efficacy for Levothyroxine Sodium for Injection in myxedema coma (12 of them refer 
primarily to either oral levothyroxine or to triiodotyronine).  Given that in myxedema coma 
levothyroxine is used to replace a missing or insufficient endogenous hormone, the central 
issue from a clinical standpoint is that of identifying a dose regimen that reverses the state of 
deficiency, while delivering a dose free of the known toxicities associated with levothyroxine 
excess. Therefore, this section of the memorandum will touch on both efficacy and safety 
issues. This memorandum will not reiterate the arguments that support the superiority of 
intravenous levothyroxine regimens over intravenous triiodothyronine regimens; this issue is 
not directly related to the proposed labeling claims of this particular application; it is, however, 
of general interest and is discussed by Dr. Lowy in the clinical review.   
 
The published literature provides ample and convincing evidence that intravenous 
levothyroxine is an effective treatment for myxedema coma.  Intravenous levothyroxine has 
changed the outcome for myxedema coma from a mortality rate up to 80% to approximately 
80% survival (data vary between different reports depending of the severity of myxedema at 
the time of intervention, the presence and the severity of comorbidities, and the specific dosing 
regimen selected).  Several dosing regimens have been investigated since the early 1960s when 
the efficacy of intravenously administered levothyroxine was demonstrated in a study in which 
all seven patients with myxedema coma survived after receiving 120-500 mcg (average dose 
411 mcg) of levothyroxine3.  Historically, the initial dose regimens have been selected on the 
basis of information accumulated from basic physiology studies which allowed an estimation 
of a total body pool of levothyroxine of 360 mcg and a daily turnover of 50-80 mcg in 

                                                 
2 Maxon et al. (Int J Clin Pharmacol Ther Toxicol 1983;21:379-82) 
3 Holvey DN, Goodner CJ, Nicoloff JT, et al. Treatment of myxedema coma with intravenous thyroxine. 
Arch Intern Med 1964;113:89-96. 
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euthyroid patients.  Based on such information, patients received levothyroxine doses that 
attempted to meet physiological needs or replace deficits.  For instance, a 500 mcg loading 
dose was estimated to restore levothyroxine levels to about half of the euthyroid value and 
such a dose and higher doses (e.g. 750 - 1000 mcg) were investigated4.   Following 
administration of an intravenous loading dose of levothyroxine, clinical changes in vital signs 
are noticed after 6-12 hours; due to the long half-life of the hormone, peak metabolic effect 
occurs after 10-12 days.   
 
Once clinical experience has accumulated, it became evident that loading doses > 500 mcg 
were in fact excessive, did not provide additional efficacy benefits, and were associated with 
undesired adverse events, particularly coronary ischemia, myocardial infarction, and 
arrhythmias.  Additional data indicated that some subgroups of patients, such as the elderly 
and patients with underlying cardiac disease, while not having different efficacy requirements, 
were at higher risk for severe outcomes, and conventional wisdom dictated that in such 
patients treatment should be initiated at the lower end of the effective doses.  The consensus 
that is emerging among authors is that doses > 500 mcg daily are unsafe and that lower dose 
regimens (300-500 mcg or even lower) are desirable.  It is in fact a loading dose of 300-500 
mcg that the applicant proposes for the Levothyroxine Sodium for Injection label, and in her 
review Dr. Lowy concurs.  
 
Following the selection and administration of a loading dose, levothyroxine treatment 
continues with a daily “maintenance” intravenous dose for a variable period of time until 
patients recover enough to be considered for oral levothyroxine replacement; at that time the 
IV dose is converted to an equivalent oral dose.  Although the issue of selecting maintenance 
doses is discussed less frequently in the published literature (conceivably because a narrower 
range of doses and less controversial dosage regimens have been explored), there appears to be 
general agreement that daily maintenance doses of 50-100 mcg are effective and reasonably 
safe.  The conversion of the IV levothyroxine dose to an oral dose has been already discussed 
in Section 5 of this memorandum.  
 
It should be also recognized that transition from IV levothyroxine to oral administration during 
the treatment of myxedema coma is different from converting an oral levothyroxine product to 
IV levothyroxine in a patient who is currently euthyroid but cannot receive oral thyroxine 
because of an intervening condition that precludes oral drug administration (e.g. severe or 
persistent gastrointestinal illness, surgery, critical illnesses, etc).  In such situations a more 
precise knowledge of levothyroxine’s bioavailability will be necessary to prevent under- or 
over-estimating the IV dose, which in either scenario may have serious clinical consequences 
to the patient.  This is a situation that may be encountered in clinical practice and, until the 
applicant conducts a bioavailability study to address this issue, a limitation of use should be 
included in the drug label to make prescribers aware of this existing dosing limitation.  Should 
the sponsor conduct a relative bioavailability study in euthyroid patients, and should such a 
study be approved, the limitation of use will no longer be necessary and should be removed 
from the label.  

                                                 
4 Ridgeway EC, McCammon JA, Benotti J, et al. Acute metabolic responses in myxedema to large doses of 
intravenous L-thyroxine. Ann Intern Med 1972;77:549-555. 
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9. Advisory Committee Meeting  
 
There were no Advisory Committee meetings  
 

10. Pediatrics 
 
The application received a waiver for pediatric studies under PREA because myxedema is 
exclusively an adult disease without a pediatric counterpart.   

 

11. Other Relevant Regulatory Issues  
 
 
None. 
 

12. Labeling  
 
A final labeling has been negotiated with the applicant and will not be reproduced in this 
memorandum.  The relevant efficacy, safety and dose-selection comments made in this 
memorandum have been addressed in the label.  
 

13. Recommendations/Risk Benefit Assessment  
 
Levothyroxine Sodium for Injection should be approved for the indication of treatment of 
myxedema.   
 

• Risk Benefit Assessment 
 

The risk benefit ratio is favorable for the proposed dosing regimen (300-500 mcg initial 
loading dose followed by 50-100 daily mcg administrations until patients have recovered and 
are expected to tolerate oral levothyroxine).  As indicated in the body of this memorandum 
(and reflected in the finalized drug label) it is recommended that this dosing regimen be 
individualized, particularly in patients with risk factors such as advanced age and existing 
cardiovascular disease.   
 
 

• Recommendation for Postmarketing Risk Evaluation and Management Strategies 
 
None. 

• Recommendation for other Postmarketing Requirements and Commitments 
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None. 
 

• Recommended Comments to Applicant 
 

Because your application did not provide enough information to guide conversion from an oral 
to an intravenous (IV) levothyroxine regimen for hypothyroid patients who are controlled on 
oral levothyroxine products but require temporarily IV replacement, as discussed in the May 
11, 2011 teleconference, we encourage you to conduct a bioavailability study addressing the 
issue of oral to IV dose conversion.  The results of such a study may be submitted as an 
efficacy supplemen    
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