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GLOSSARY

AUC Area under the plasma vs. time concentration curve
Cmax Maximum observed plasma concentration
EOI End of infusion
GLP Good laboratory practice
HPβCD Hydroxypropyl β-cyclodextrin
IV Intravenous
NOAEL No observed adverse effect level
PK Pharmacokinetics
QSAR Quantitative structure-activity relationship
SOI Start of infusion
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1 Executive Summary
1.1 Introduction

SIGA Technologies, Inc., has submitted an NDA for an intravenous formulation of 
tecovirimat, an inhibitor of the orthopoxvirus VP37 envelope wrapping protein, for the 
treatment of human smallpox disease in adults and pediatric patients weighing ≥3 kg.  
The NDA for oral tecovirimat (NDA 208627) was approved on July 13th, 2018, for the 
same indication in adults and pediatric patients weighing ≥13 kg.  The present 
formulation is intended for subjects who are unable to take oral tecovirimat and would 
be the only formulation of this drug available for pediatric subjects weighing <13 kg.  
This application was submitted under the Animal Rule (21 CFR 314.610), and clinical 
trials were limited to Phase 1 data in healthy adult volunteers.  

1.2 Brief Discussion of Nonclinical Findings
All pivotal toxicology studies required to assess the systemic toxicity of 

tecovirimat, as well as all pivotal efficacy studies in monkey/monkeypox and 
rabbit/rabbitpox models of smallpox infection and disease, were conducted under NDA 
208627.  To support the intravenous formulation of tecovirimat, the Applicant has 
submitted a GLP 2-week repeat-dose toxicology study in cynomolgus monkeys, multiple 
PK studies in mice, rabbits and monkeys, quantitative structure-activity relationship 
(QSAR) analyses on two degradants of concern,  and a risk 
assessment of the levels  hydroxypropyl β-cyclodextrin (HPβCD), in 
the present formulation.  No drug-related or formulation-related toxicities were observed 
in the GLP 2-week monkey study, and no meaningful concerns were identified with the 
two degradants.  Each 20-mL vial of IV tecovirimat contains 8000 mg (400 mg/mL or 
40% w/v) of HPβCD, which corresponds to 267 mg/kg/day in a 60-kg adult and up to 
800 mg/kg/day in pediatric subjects <13 kg.  These levels of HPβCD are equivalent to 
those used in an approved, though now discontinued, IV formulation of itraconazole for 
adults, but they exceed those used in other approved IV drugs for pediatric subjects.  A 
theoretical risk of osmotic nephrosis and extra-renal adverse events has also been 
noted with HPβCD use in pediatric subjects <2 years of age due to their inherently lower 
renal function.  Given that the IV form of tecovirimat will be administered to a likely small 
number of patients for a maximum of 2 weeks for a life-threatening indication, that the 
risk of osmotic nephrosis and extra-renal adverse events is entirely theoretical, and that 
no pediatric/juvenile-specific toxicities with HPβCD have been noted in the literature, the 
proposed formulation and dosing regimens are considered acceptable for both adult 
and pediatric subjects.  

1.3 Recommendations
1.3.1 Approvability

The nonclinical data submitted are sufficient to support approval.
1.3.2 Additional Nonclinical Recommendations

No additional nonclinical studies are recommended at this time.
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2.4 Comments on Novel Excipients
As seen in Table 1, each 20-mL vial of tecovirimat IV drug product contains 8000 

mg (400 mg/mL or 40% w/v) of  HPβCD.  The daily dose of 
HPβCD administered to a 60-kg adult, based on a twice-daily, 6-hour infusion of 200 mg 
tecovirimat, is therefore 16 g/day (16000 mg/day), or 267 mg/kg/day.  These levels of 
HPβCD were also approved in a now-discontinued IV formulation of itraconazole for 
adults under NDA 020966.  The levels of tecovirimat and HPβCD, which will be 
administered by weight band, are presented in Table 2.  Subjects weighing either 35 to 
<120 kg or ≥120 kg would receive either 400 or 600 mg/day tecovirimat, respectively, 
but those weighing 3 to <35 kg (e.g., pediatric subjects) would receive a twice-daily 
dose based on a fixed 6-hour infusion of 6 mg/kg.  As a result, the HPβCD 
concentration is fixed at 480 mg/kg/day and the total amount ranges from 1440 to 
<16800 mg/day in the 3 to <35 kg body weight group.  Of note, oral tecovirimat is 
currently approved for pediatric subjects as low as 13 kg, and brincidofovir (NDAs 
214460 and 214461), the only other drug approved for this indication, may be 
administered only to subjects ≥10 kg, so the present formulation would be the sole 
option available to this subpopulation.  These levels of HPβCD exceed those seen in 
other approved IV drugs for pediatric subjects.  No nonclinical juvenile toxicity studies 
were conducted to support these levels of HPβCD in pediatric subjects, and the 
proposed pediatric dosing regimen is based entirely on modeling (no clinical pediatric 
safety data are available), but the Applicant did conduct a risk assessment of HPβCD 
use in their IV formulation.  There are no FDA-specific guidelines on the use of HPβCD 
as an excipient.  The 2017 EMA guideline, “Cyclodextrins used as excipients”1, 
recommends that cyclodextrin use in subjects <2 years old (roughly <13 kg) by any 
route should be limited to a maximum of 20 mg/kg/day (24-fold below what is present in 
the tecovirimat IV formulation) due to a theoretical concern of osmotic nephrosis and 
extra-renal adverse events due to inherently lower kidney function in this population.  
However, this guideline also states that the currently available clinical and nonclinical 
data, however limited, suggest that no pediatric/juvenile-specific toxicities have been 
observed with HPβCD2-4, and that “a case-by-case judgement should be made 
regarding the risk/benefit for the patient”.  Given that the IV formulation of tecovirimat 
will be administered to a likely small number of patients for a maximum of 2 weeks for a 
life-threatening indication, that the risk of osmotic nephrosis and extra-renal adverse 
events is entirely theoretical, and that no pediatric/juvenile-specific toxicities with 
HPβCD have been noted in the literature, the proposed formulation and dosing 
regimens are considered acceptable for both adult and pediatric subjects.  No additional 
nonclinical studies are recommended at this time.

Table 2: Levels of HPβCD based on the proposed pediatric dosing regimen
Tecovirimat HPβCDWeight (kg) Dose (mg/day) Volume (mL/day) Dose (mg/day) Dose (mg/kg/day)

3 to <35 36 to <420 3.6 to <42 1440 to <16800 480
35 to <120 400 40 16000 133 to 457
≥120 600 60 24000 ≤200
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2.7 Regulatory Background
Tecovirimat was developed as a medical countermeasure for the treatment of 

human smallpox disease under the Animal Rule (21 CFR 314.610) with efficacy studies 
performed in animal models of disease. The product was discussed as part of the 
development program for smallpox treatments at an FDA Antiviral Drugs Advisory 
Committee (AC) Meeting on December 14th and 15th, 2011.  The Applicant, SIGA 
Technologies, Inc., submitted an NDA for oral tecovirimat on December 8th, 2017 (NDA 
208627), and the product was discussed in another AC meeting on May 1st, 2018.  The 
Agency subsequently approved oral tecovirimat for the treatment of human smallpox 
disease in adults and pediatric patients weighing ≥13 kg on July 13th, 2018.

3 Studies Submitted
3.1 Studies Reviewed 
1) ST-246: Evaluation of Pharmacokinetics and Tolerability of Bolus Intravenous 

Administration of ST-246 Intravenous Formulation in BALB/c Mice (#ASM246)
2) ST-246: Evaluation of Pharmacokinetics and Tolerability of ST-246 Intravenous 

Formulation in Catheterized BALB/c Mice (#ASM250)
3) ST-246: Pilot Evaluation of Pharmacokinetics and Tolerability of ST-246 

Intravenous Formulation in Catheterized CD-1 Mice (#ASM257)
4) Evaluation of Pharmacokinetics and Tolerability of ST-246 Intravenous 

Formulation in Catheterized CD-1 Mice (#ASM260)
5) ST-246: Evaluation of Pharmacokinetics and Tolerability of ST-246 Intravenous 

Formulation in New Zealand White Rabbits (#ASM253)
6) Pilot Evaluation of Pharmacokinetics and Tolerability of an Infusion of an 

Intravenous Formulation of ST-246 in New Zealand White Rabbits (#ASM258)
7) Pharmacokinetic Assessment of IV Administered ST-246 in NZW Rabbits 

(#SR11-005F)
8) An Intravenous Infusion Pharmacokinetics Study of ST-246 in Cynomolgus 

Monkeys (#1151-067)
9) ST-246: A Pharmacokinetic Study Following a Single Intravenous Infusion to 

Cynomolgus Monkeys (#MDA00051/246-TX-018)
10) A Single-Dose Pharmacokinetic Study of ST-246 by Intravenous Infusion in 

Cynomolgus Monkeys (#20002163/246-TX-019)
11) A Pharmacokinetic Study of ST-246 by Intravenous Infusion Administration in 

Cynomolgus Monkeys (#20002757/246-TX-020)
12) A 14-Day Toxicity, Toxicokinetics, Local Tolerability and Safety Pharmacology of 

ST-246 by Intravenous Infusion in Cynomolgus Monkeys with a 2-Week 
Recovery Period (#20012981/246-TX-021)

13) In Silico ICH M7 Assessment of  using DEREK and SARAH 
(#20223864A)

14) In Silico ICH M7 Assessment of  DEREK and SARAH (#20223864B)
15) Hydroxypropyl Betacyclodextrin Use With Tecovirimat Injection, 10 mg/mL (risk 

assessment)
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3.3 Previous Reviews Referenced
All nonclinical safety and efficacy studies supporting the approval of oral 

tecovirimat (ADME, safety pharmacology, genotoxicity, general toxicology, and 
reproductive toxicology studies as well as pivotal efficacy studies in rabbit/rabbitpox and 
monkey/monkeypox models) were reviewed under NDA 208627.  Carcinogenicity 
studies with tecovirimat were not required given the short treatment duration of 14 days.  
No new efficacy, genotoxicity or reproductive toxicology studies were submitted to the 
present NDA.  Please refer to the respective pharmacology/toxicology review under 
NDA 208627 for more information.

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME

All PK studies evaluating the distribution, metabolism and excretion of tecovirimat 
were conducted and reviewed under NDA 208627.  To support the IV formulation of 
tecovirimat, multiple single-dose and repeat-dose absorption studies were conducted in 
mice (either BALB/c or CD-1), New Zealand White Rabbits and cynomolgus monkeys 
with varying formulations of IV tecovirimat.  Concentrations of HPβCD were either 32% 
or 40% (w/v) in mice, 32% in rabbits, and 13.3% to 32% in monkeys.  Higher 
concentrations of HPβCD were not well-tolerated in some animals.  Administration of 
tecovirimat in 40% HPβCD by IV bolus injection resulted in mortality of 67% (8 of 12) 
BALB/c mice across all tecovirimat and control groups in one study (#ASM246), and the 
HPβCD concentration was lowered to 32% for the remainder of this study.  Importantly, 
32% HPβCD was generally well-tolerated in this study, and no mortality was observed 
in catheterized BALB/c and CD-1 mice receiving tecovirimat in 40% HPβCD by IV slow 
bolus infusion at a rate of 40 or 20 µL/min for 5 or 10 minutes, respectively, at 
tecovirimat concentrations up to 100 mg/kg (#ASM250, ASM257 and ASM260).  PK 
parameters from the 100 mg/kg group in study #ASM250 could not be obtained due to 
procedural issues unrelated to either tecovirimat or HPβCD, so parameters from study 
#ASM260 in which 75 mg/kg was evaluated are presented in Table 4.  

Table 4: PK parameters from the single-dose mouse PK study (#ASM260)

Administration of IV tecovirimat by slow bolus infusion over 5 or 15 minutes was 
also evaluated in rabbits at tecovirimat concentrations up to 60 mg/kg (#ASM253 and 
ASM258).  Rabbits receiving 60 mg/kg IV tecovirimat experienced transient narcosis 
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and labored breathing which resolved 30-60 minutes post end-of-infusion (EOI), but no 
mortality or other meaningful findings were observed at any dose level.  PK parameters 
from study #ASM253 in which rabbits received up to 60 mg/kg IV tecovirimat are 
presented in Table 5.  A non-GLP absorption study in rabbits was also conducted to 
evaluate the PK of IV tecovirimat following once-daily, 6-hour IV infusions via a 
surgically-implanted vascular access port with 40 mg/kg/day tecovirimat in 40% HPβCD 
for 14 days (#SR11-005F).  No drug-, formulation- or procedure-related issues were 
observed in this study, and the PK parameters are presented in Table 6.

Table 5: PK parameters from the single-dose rabbit PK study (#ASM253)

Table 6: PK parameters from the non-GLP 14-day rabbit PK study (#SR11-005F)

Monkeys received IV tecovirimat by slow bolus IV infusion over 2, 4 or 6 hours at 
tecovirimat concentrations up to 30 mg/kg in 13.3 to 32% HPβCD (#1151-067, 246-TX-
018, 246-TX-019 and 246-TX-020).  One monkey receiving 3 mg/kg IV tecovirimat died 
prematurely on Day 6 in study #1151-067.  A cause of death was not determined, but 
this was considered unrelated to either drug or formulation due to the absence of similar 
findings at higher dose levels.  Tremors were observed in 3 of 4 monkeys dosed with 30 
mg/kg IV tecovirimat at 13.3% HPβCD via 4-hour infusion in study #246-TX-019.  These 
findings were seen at EOI on Day 1 but resolved at approximately 2 hours post-EOI and 
were not detected through the remainder of the study.  Further, tremors were not 
detected at any other dose level or at the same dose administered via a 6-hour infusion, 
nor were they seen in any other study conducted in any species with any formulation of 
IV tecovirimat.  The Cmax in the 30 mg/kg groups was approximately 30% lower with a 6-
hour, compared to a 4-hour, infusion, suggesting that this may be a Cmax-related effect 
similar to the seizures and tremors noted in dogs receiving oral tecovirimat.  However, 
as this was observed only once in a single study, was reversible, and was not 
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Route of administration: INTRAVENOUS
Species: MONKEY

Strain: CYNOMOLGUS
Age: 2.8-5.2 years old

Comment on Study Design and 
Conduct:

All animals were dosed once daily via a 6-hour IV 
infusion through a surgically-implanted venous 
access port for 14 consecutive days (Days 1-14) 
using a battery-powered infusion pump.  All 
animals were scheduled to be euthanized on either 
Day 15 or 29.  Nine animals were euthanized 
prematurely between Days 6 and 16 due to signs 
of infection at or around the port and/or telemetry 
site.  Three of these animals were replaced with 
alternates.  See Table 8 and the “Mortality” section 
for more information. 

Dosing Solution Analysis: All samples met acceptance criteria

Table 8: Design of the 14-Day IV Study in Cynomolgus Monkeys

Observations and Results
Mortality
Assessed twice daily.  Nine animals (3 control, 1 low-dose, 1 mid-dose and 1 high-dose 
on Day 6, 1 mid-dose on Day 7, 1 low-dose on Day 15, and 1 low-dose on Day 16) were 
euthanized prematurely due to infection associated with the port and/or telemetry 
surgical sites.  Changes in clinical pathology parameters in these animals, particularly 
the decreased A/G ratio, were consistent with an acute-phase inflammatory response.  
Purulent fluid accumulation and subacute inflammation were also observed at the 
surgical sites.  The study director considered all infections and subsequent deaths to be 
attributed to procedure-related breaks in sterility and unrelated to either drug or vehicle.  
The present reviewer agrees with this assessment.

Clinical Signs
Exams performed at least once daily.  No drug-related findings.

Body Weights
Measured at least once weekly.  No drug-related changes.

Reference ID: 4968155



NDA 214518 Reviewer: David McMillan, Ph.D., DABT

13

Food Consumption
Measured qualitatively once daily.  No drug-related findings.

Ophthalmoscopy
Evaluated pre-treatment and toward the end of Week 2.  No drug-related findings.

Neurologic Examinations
Exams performed in main study animals only pre-treatment and once daily at the end of 
infusion.  No drug-related findings.

Cardiovascular, Respiratory and Temperature Parameters
Heart rate, blood pressures, ECG parameters, respiratory rate, tidal volume, minute 
volume, and body temperatures were measured on Days 1, 7, 14 and 28.  No drug-
related changes.

Hematology and Coagulation
Blood samples were collected pre-treatment, on Days 14 and 28, and prior to 
euthanasia when possible.  No drug-related changes.

Clinical Chemistry
Blood samples were collected pre-treatment, on Days 14 and 28, and prior to 
euthanasia when possible.  No drug-related changes.

Urinalysis
Urine samples were collected pre-treatment, on Days 14 and 28, and prior to 
euthanasia when possible.  No drug-related changes.

Gross Pathology
Evaluated at necropsy on Days 15 and 29 and following all unscheduled deaths.  No 
drug-related findings.

Organ Weights
Measured at necropsy on Days 15 and 29 and following all unscheduled deaths.  
Kidney weight was increased 18.3% in the high-dose males on Day 15.  This was 
considered incidental due to the lack of a histopathological correlate and the absence of 
a similar finding in females.

Histopathology
Adequate Battery: Yes
Peer Review: No

Evaluated at necropsy on Days 15 and 29 and following all unscheduled deaths.  The 
following were observed on Day 15:

 Minimal to moderate granuloma at the catheter entrance in 3 males/2 females at 
the low dose, 2 males/3 females at the mid-dose, 2 males/1 female at the high 
dose, and 2 male/1 female controls.  No apparent correlation between severity 
and dose level.
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 Mild congestion in the muscularis (smooth muscle layer) of the colon in 1 high-
dose male.  

 Minimal to mild hypocellularity in the thymus in 1 mid-dose, 3 high-dose, and 1 
control females.  Mild only in 1 high-dose female.

The following were observed on Day 29:
 Minimal to moderate granuloma at catheter entrance in 1 male/12 female at the 

low dose, 1 male/1 female at the mid-dose, 1 male/1 female at the high dose, 
and 2 male/2 female controls.  Moderate only in the high-dose male.  

 Minimal hypocellularity in the thymus in 1 mid-dose female, 1 male/1 female at 
the high dose, and 1 female control.  

The following was observed in the animals that were euthanized prematurely:
 Purulent fluid accumulation, moderate subacute inflammation, and/or thickening 

in the skin surrounding the venous access port and/or telemetry site.   
The colon and thymus findings were considered incidental due to the low severity 
and/or low number of animals affected.  The findings in the skin and catheter entrance 
and tip were attributed to breaks in sterility involving the surgical implantation sites, 
which was the cause of all unscheduled euthanasias in this study.  There were no drug-
related findings.

Toxicokinetics
Blood samples were collected in main study animals on Days 1 and 14 prior to the start 
of infusion (SOI), 0.5 and 2 hours post-SOI, at EOI, and 0.25, 0.5, 2, 4, 6, 8, 12 and 16 
hours post-EOI.  In the recovery animals, blood samples were collected on Days 1 and 
14 prior to SOI and 0.5, 4 and 16 hours post-EOI, and on Days 24 and 29.  
Toxicokinetic parameters from Day 14 are presented in Table 9.  

Table 9: Day 14 Toxicokinetic Parameters from the 14-Day IV Study
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11 Integrated Summary and Safety Evaluation
SIGA Technologies, Inc., has submitted an NDA for an intravenous formulation of 

tecovirimat, an inhibitor of the orthopoxvirus VP37 envelope wrapping protein, for the 
treatment of human smallpox disease in adults and pediatric patients weighing ≥3 kg.  
The Applicant previously submitted an NDA for oral tecovirimat (NDA 208627), which 
was approved on July 13th, 2018, for the same indication in adults and pediatric 
patients weighing ≥13 kg.  The present formulation is intended for subjects who are 
unable to take oral tecovirimat and would be the only formulation of this drug available 
for pediatric subjects weighing <13 kg.  This application was submitted under the Animal 
Rule (21 CFR 314.610), so clinical trials were limited to Phase 1 safety and 
pharmacokinetic (PK) trials in healthy adult volunteers.  No clinical pediatric safety data 
were collected as part of this program, and the pediatric dosing regimen is based 
entirely on modeling.

All pivotal toxicology studies required to assess the systemic toxicity of 
tecovirimat, as well as all pivotal efficacy studies in monkey/monkeypox and 
rabbit/rabbitpox models of smallpox infection and disease, were conducted under NDA 
208627.  To support the IV formulation of tecovirimat, the Applicant has submitted a 
GLP 2-week repeat-dose toxicology study in cynomolgus monkeys, multiple PK studies 
in mice, rabbits and monkeys, QSAR analyses on two degradants of concern,  

 and a risk assessment on the use of HPβCD in the present formulation.  
No drug-related or formulation-related toxicities were observed in the GLP 2-week 
monkey study, and no meaningful concerns were identified with the two degradants.  In 
one of the monkey PK studies, tremors were observed in 3 of 4 animals dosed with 30 
mg/kg IV tecovirimat at 13.3% HPβCD via 4-hour infusion.  These findings were seen at 
EOI on Day 1 but resolved at approximately 2 hours post-EOI and were not detected 
through the remainder of the study.  Further, tremors were not detected at any other 
dose level or at the same dose administered via a longer, 6-hour infusion, nor were they 
seen in any other study conducted in any species with any formulation of IV tecovirimat.  
Further, these were not accompanied by seizures or other adverse findings, as was 
observed in dogs with oral tecovirimat.  As such, the risk associated with this finding 
was considered negligible.  

Each 20-mL vial of IV tecovirimat contains 8000 mg (400 mg/mL or 40% w/v) of 
HPβCD, which corresponds to 267 mg/kg/day in a 60-kg adult and up to 800 mg/kg/day 
in pediatric subjects <13 kg.  These levels of HPβCD are equivalent to those used in an 
approved, though now discontinued, IV formulation of itraconazole for adults, but they 
exceed those used in other approved IV drugs for pediatric subjects.  A theoretical risk 
of osmotic nephrosis and extra-renal adverse events has also been noted with HPβCD 
use in pediatric subjects <2 years of age due to their inherently lower renal function.  
Given that the IV form of tecovirimat will be administered to a likely small number of 
patients for a maximum of 2 weeks for a life-threatening indication, that the risk of extra-
renal adverse events is entirely theoretical, and that no pediatric/juvenile-specific 
toxicities with HPβCD have been noted in the literature, the proposed formulation and 
pediatric dosing regimen are considered acceptable.  

Overall, the data submitted under the present NDA were considered adequate to 
support approval of the IV formulation of tecovirimat.  No additional nonclinical studies 
are recommended at this time.
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