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1. EXECUTIVE SUMMARY 
The applicant, Eli Lilly and Company, is seeking approval for lasmiditan (REYVOW™) via 
505(b)(1) pathway for the acute treatment of migraine with or without aura in adults. 
REYVOW™ will be supplied as 50 or 100 mg immediate-release tablets. Lasmiditan is a selective 
5-hydroxytryptamine (5-HT1F) receptor agonist. Unlike triptans, lasmiditan does not have 
significant pharmacological activity at 5-HT1B or 5-HT1D receptors. 

To demonstrate efficacy, the applicant is relying on two pivotal, double-blind, placebo-
controlled, single-attack studies (Studies 301/LAHJ and 302/LAHK) in migraine patients.  These 
studies evaluated the safety and efficacy of 50 mg, 100 mg and 200 mg doses of lasmiditan 
(Study 302/LAHK) and 100 mg and 200 mg doses of lasmiditan (Study 301/LAHJ). For all dose 
levels examined in both studies, lasmiditan demonstrated statistically significant benefit 
compared to placebo for the primary endpoint (subjects with pain freedom 2 hours post-dose) 
and the key secondary endpoint (subjects with freedom from the most bothersome symptom 
(MBS)).  

In addition, the applicant submitted 19 Phase 1 clinical pharmacology studies, population PK 
analyses and physiologically-based pharmacokinetic (PBPK) reports to characterize the effect of 
intrinsic and extrinsic factors on the plasma exposure of lasmiditan.  

The primary focus of this review is to evaluate: 

1. the appropriateness of the proposed dosing regimen 
2. need for dose adjustment based on intrinsic and extrinsic factors, and  
3. the adequacy of the population pharmacokinetic analyses for the purpose of labeling 

1.1 Recommendations 
Review Issue Recommendations and Comments 

Pivotal or supportive evidence 
of effectiveness 

Two randomized, double-blind, placebo-controlled, phase 3 
studies in subjects with migraine (301/LAHJ and 302/LAHK) 
provided the required evidence of efficacy. The phase 3 
studies included three dose levels – 50 mg, 100 mg, and 200 
mg taken as a single dose during a migraine attack and all 
dose levels demonstrated statistically significant benefit 
compared to placebo. The applicant is seeking approval for all 
three dose levels.  

General dosing instructions The recommended doses of lasmiditan are 50 mg, 100 mg, or 
200 mg.  

The maximum dose should not exceed 200 mg in 24 hours.  

A second dose of lasmiditan is not recommended in 24 hours. 

Lasmiditan tablets may be taken with or without food. 
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Dosing in patient subgroups 
(intrinsic and extrinsic factors) 

Dose adjustment is not required for hepatic or renal 
impairment or demographic factors such as age, sex, race, 
ethnicity and body weight. 

Concomitant use of lasmiditan with drugs that are P-gp or 
BCRP substrates should be avoided.  

Labeling The review team is in general agreement with the proposed 
label with the following exceptions: 

• Use of concomitant drugs that are P-gp or BCRP substrates 
should be avoided  

• Patients should not drive for at least 8 hours following each 
dose of lasmiditan.  

Bridge between the to-be-
marketed and clinical trial 
formulations 

 

No bridging is required. There are no significant differences 
between the formulation of the clinical trial tablet (T1) and 
the to-be-marketed tablet (T2).  The T2 tablets differ from T1 
tablets in shape, color, and debossment. The core tablet 
composition and manufacturing process is the same as the T1 
tablets. Additionally, lasmiditan was granted BCS Class 1 
designation by the FDA BCS committee in August 2018. 

 

1.2 Post-Marketing Requirements 
In vitro studies demonstrated that lasmiditan is an inhibitor of P-gp and BCRP transporters. The 
drug-drug interaction (DDI) index in these studies was 25 for P-gp and 16 for BCRP. These 
indices exceeded the cutoff value of 10 used for determining if a drug has significant inhibition 
potential and whether an in vivo DDI assessment is required. The applicant submitted a PBPK 
model using digoxin as a substrate to further assess the clinical significance of the P-gp 
inhibition.  This model was determined to be inadequate to predict the P-gp inhibition in-vivo 
(See Section 4.6 PBPK Review ). Given the safety concerns regarding a potential increase in 
exposure of drugs that are substrates of P-gp or BCRP (e.g. digoxin or sulfasalazine) when given 
concomitantly with lasmiditan, clinical drug interaction studies should be conducted as per the 
FDA Guidance on In Vitro Metabolism and Transporter Mediated Drug-Drug Interaction Studies 
2017 to verify the DDI potential.  
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Pharmacology and Clinical Pharmacokinetics 
Mechanism of Action: 

Lasmiditan is a selective 5-HT1F receptor agonist on neurons in the central and peripheral 
trigeminal system. Lasmiditan is believed to alleviate migraine through decreasing 
neuropeptide release and inhibiting pain pathways.  

Absorption: 

Following oral administration of lasmiditan, mean peak plasma concentrations were reached in 
approximately 1.8 hours. Absolute bioavailability varies from 55% - 66%.  

Lasmiditan exposure increased in a slightly greater than dose proportional manner over the 50 
mg to 200 mg dose range. Based on PK data from four studies (Studies LAHS, LAHQ, LAHP, and 
LAHB), over the dose range of 50 mg to 200 mg (a 4-fold increase in dose), Cmax and AUC0-∞ 

increased 4.8-fold and 5.4-fold, respectively.  

Food had a minimal effect on plasma concentrations of lasmiditan.  Administration of 
lasmiditan immediately following a high-fat meal increased Cmax and AUC0-∞ by 22% and 19%, 
respectively, compared to administration of lasmiditan following a 10-hour fast.  Median Tmax in 
the fed state was 2.5 (range: 1 – 8) hours compared to 1.5 (range: 1 – 4) hours in the fasted 
state. Lasmiditan was taken without regards to food in all pivotal Phase 3 studies and 
information on fed or fasted status was not collected in Phase 3 studies.   

Distribution: 

The apparent central volume of distribution (V/F) of lasmiditan was 558 L (95% CI 540 L to 581 
L) based on a population PK analysis. The human plasma protein binding of lasmiditan was 55% 
to 60% and was independent of concentration over the range of 15 to 500 ng/mL, which covers 
the range of exposures with 50-200 mg dose levels. 

Metabolism and Elimination: 

Lasmiditan is extensively metabolized by non-cytochrome P450 enzymes via ketone reduction 
and excreted in the urine as a primary metabolite, M8. Approximately 87% and 8% of drug-
related materials were excreted in urine and feces, respectively. Unchanged lasmiditan and 
metabolite M8 made up 2.9% and 66%, respectively, of drug-related material eliminated in the 
urine over 24 hours.  Unchanged lasmiditan (13.1%) and circulating metabolites, M7 (7.7%), M8 
(47.5%), and [S,R]-M18 (10.5%) constituted the majority (78.8%) of the drug-related exposure 
in plasma. All metabolites were reported as pharmacologically inactive.   
 
Based on a population PK analysis, the estimated apparent clearance (Cl/F) is 114 L/h with 40% 
interindividual variability. The elimination half-life is about 5.7 hours.  
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Special Populations: 

Clinical studies that evaluated the effect of age, hepatic impairment, and renal impairment did 
not show significant effects on lasmiditan exposure. Additionally, body weight, age, sex, race, 
and ethnicity did not have a clinically relevant effect on lasmiditan exposure, based on a 
population PK analysis.  
 

2.2 Dosing and Therapeutic Individualization 
2.2.1 General dosing 

The recommended doses of lasmiditan to treat an acute migraine attack are 50 mg, 100 mg, or 
200 mg. The maximum dose should not exceed 200 mg in 24 hours. A second dose of lasmiditan 
in 24 hours should not be administered due to the potential for prolonged driving impairment. 
The safety of treating an average of more than 4 migraine attacks in a 30-day period has not 
been established. Lasmiditan may be taken orally with or without food. 

2.2.2 Therapeutic individualization 

No therapeutic individualization is required for lasmiditan based on extrinsic or intrinsic factors. 
Intrinsic factors such as age, hepatic impairment, and renal impairment are not expected to 
affect lasmiditan exposure.  
Lasmiditan is not a significant substrate, inhibitor, or inducer of major CYP enzymes or 
transporters, with the exception of P-gp and BCRP. Use of concomitant P-gp or BCRP substrate 
drugs with lasmiditan should be avoided. 
 

2.3 Outstanding Issues 
None 

2.4 Summary of Labeling Recommendations 
• Driving should be avoided for at least 8 hours, and some patients may continue to 

experience driving impairment 24 hours after lasmiditan administration.  
• A second dose of lasmiditan should not be taken in 24 hours due to the potential for 

prolonged driving impairment. 
• Use of concomitant P-gp or BCRP substrate drugs should be avoided. No dose adjustment is 

required for all other drug-drug interactions (DDIs). 

• No dose adjustment is required based on intrinsic factors such as body weight, age, sex, 
race, hepatic or renal impairment  

• Lasmiditan may be taken without regards to food 
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 
 

3.1 Overview of the Product and Regulatory Background 
Eli Lilly and Company submitted a New Drug Application (NDA) for lasmiditan (REYVOW™) on 
October 11, 2018 for the acute treatment of migraine with and without aura. Lasmiditan is 
supplied as 50 and 100 mg immediate-release oral tablets. Notable regulatory interactions with 
the Applicant include granting of Biopharmaceutical Classification System (BCS) Class 1 
designation on August 2, 2018 by the FDA BCS Committee.  

The clinical development program consisted of 19 Phase 1 clinical pharmacology studies, two 
Phase 2 studies and three Phase 3 studies (Table 24). Additionally, 25 in-vitro studies were 
conducted using human biomaterials.    
 

3.2 General Pharmacology and Pharmacokinetic Characteristics 
 

Pharmacology  
Mechanism of Action Lasmiditan is a selective 5-HT1F receptor agonist and lacks significant 

pharmacological activity at 5-HT1B or 5-HT1D receptors. 

QT Prolongation No significant QTc prolongation effect of lasmiditan (100 mg and 400 mg) was 
detected in a TQT study (See QT-IRT Review for IND 103420, 8/21/2012). 

General Information  
Bioanalysis Plasma lasmiditan and metabolite (M3, M7, S-M8, and the [S,S]-M18 and 

[S,R]-M18) concentrations were measured using a validated LC-MS/MS 
method with LY573144 [13CD3] as an internal standard. A urinary LC-MS/MS 
method was also developed and validated to measure concentrations of 
lasmiditan and metabolites (See 4.1 Summary of Bioanalytical Method 
Validation and Performance) 

 
Healthy Volunteers 
vs. Patients 

PK is similar between migraine patients and healthy subjects. 

Dose Proportionality Lasmiditan exposure increased in a slightly greater than dose proportional 
manner over the 50 mg to 200 mg dose range. The 4-fold increase in dose 
resulted in 4.8-fold and 5.4-fold increase in Cmax and AUC0-∞, respectively. 

Variability Inter-individual variability in plasma AUC0-∞ (%CV) and Cmax (%CV) for 
lasmiditan were 39% and 43%, respectively.  

Accumulation No evidence of accumulation was observed after repeated once-daily dosing 
of up to 400 mg lasmiditan. This is expected given the reported elimination 
half-life of 5.7 hours for lasmiditan.  
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Absorption  
Tmax The median Tmax is 1.8 (0.7 – 4.0) hours after oral administration, estimated 

from a PopPK model. 

Bioavailability The absolute bioavailability of lasmiditan ranged from 55% - 66% based on NCA 
values obtained from IV and oral administration data  

Food Effect No clinically relevant food effect was observed after administration of 200 mg 
lasmiditan after a 10 hour fast compared to immediately following a high-fat 
meal. After a high-fat meal, exposure to lasmiditan increased 22% and 19% for 
Cmax and AUC0-∞, respectively. Median Tmax in the fed state was 2.5 (1 – 8) hours 
compared to 1.5 (1 – 4) hours in the fasted state.   

Distribution  
Volume of 
Distribution 

The apparent volume of distribution of the central compartment is 558 L (95% 
CI 540 L to 581 L), estimated from a PopPK model. 

Protein Binding The human plasma protein binding of lasmiditan was 55% to 60% and was 
independent of concentration over the range of 15 to 500 ng/mL. 

Substrate of 
transporter systems 

In vitro studies showed that lasmiditan is a substrate of P-gp. However, 
lasmiditan is a BCS Class I drug and is unlikely to be affected by P-gp inhibitors.  

 Elimination  
Terminal 
Elimination half-life 

The mean terminal elimination half-life is 5.7 (range: 4.8 – 13.2) hours, 
estimated from a PopPK model. 

Metabolism 
Primary Metabolizing 
enzymes 

Lasmiditan is metabolized by non-CYP enzymes via ketone reduction to the 
primary metabolite, M8. M8 is subsequently eliminated by the renal route. The 
metabolites of lasmiditan are not considered pharmacologically active.  

Inhibitor/Inducer Lasmiditan and metabolites are not clinically relevant inhibitors or 
inducers for any of the major CYP enzymes. 

 
Lasmiditan is an in-vitro inhibitor of P-gp and BCRP. Clinical DDI studies are 
needed to further evaluate the effect of this inhibition.  

Excretion 
Primary excretion 
pathways 

After administration of 200 mg [14C]-lasmiditan, 95% of the total radioactivity 
was recovered, with 87% in the urine and 8% in the feces. Urinary excretion is 
the primary excretion pathway for the major metabolite M8.  About 13% of 
unchanged lasmiditan was excreted in urine.  
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3.3 Clinical Pharmacology Review Questions 
3.3.1 To what extent does the available clinical pharmacology information provide pivotal or 
supportive evidence of effectiveness? 

The primary evidence of effectiveness of lasmiditan for the treatment of acute migraine is 
based on results from two Phase III studies: Study 301/LAHJ (N=2231) and Study 302/LAHK 
(N=3005). Study 301/LAHJ evaluated the efficacy of 100 mg and 200 mg doses, while Study 
302/LAHK evaluated 50 mg, 100 mg, and 200 mg doses of lasmiditan.   
 
The studies were randomized, double-blind, placebo-controlled, parallel-group pivotal Phase 3 
studies that evaluated the efficacy of lasmiditan compared to placebo for migraine headache 
pain and the most bothersome symptom (MBS), which is pre-defined by the study subject as 
either nausea, photophobia and phonophobia.  Subjects were randomized to a first dose 
treatment group in addition to a second dose of either placebo or the same treatment.  
 
Both studies were conducted on an out-patient basis and no PK samples were collected. Study 
subjects were instructed to treat their next migraine of moderate or severe intensity with a 
single dose of drug/placebo within 4 hours of migraine onset.  For the following 48 hours, 
patients were to complete an electronic diary that included assessments of pain severity, MBS 
and use of medications other than lasmiditan. If the migraine did not resolve at 2 hours post-
dose, subjects were allowed to take a second dose of study drug/placebo as a “rescue” dose. If 
pain was absent 2 hours after the first dose, but returned within 24 hours, subjects were 
allowed to take a second dose of study drug/placebo as a “recurrent” migraine treatment.  
 
The primary efficacy endpoint was the treatment comparison between lasmiditan 200 mg and 
placebo, as measured by proportion of subjects who were headache pain-free at 2 hours post-
first dose. Key secondary endpoints were treatment comparisons of proportion of subjects that 
were MBS-free at 2 hours post-first dose.  The results from the two-pivotal studies are 
summarized in Table 1 and Table 2.  
 
Table 1. Summary of Efficacy Results for Study 301/LAHJ 

Efficacy Measure Lasmiditan 200 mg 
N=518 

Lasmiditan 100 mg 
N=503 

Placebo 
N=524 

Headache Pain-Free 2 hrs 
Post-Dose    

n (%) 167 (32.2%) 142 (28.2%) 80 (15.3%) 
Odds Ratio (95% CI) 2.6 (2.0, 3.6) 2.2 (1.6, 3.0)  
p-value vs Placebo <0.001 <0.001  

MBS-free 2 hrs post-dose    
n (%) 196 (40.7%) 192 (40.9%) 114 (29.5%) 

Odds Ratio (95% CI) 1.6 (1.3, 2.1) 1.7 (1.3, 2.2)  
p-value vs Placebo <0.001 <0.001  

 (Source: Clinical Efficacy Summary, Table CSE.2.7.3.4., Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin-sum\clin-
efficacy-sum.pdf) 
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Table 2. Summary of Efficacy Results for Study 302/LAHK 

Efficacy Measure Lasmiditan 200 mg 
N=528 

Lasmiditan 100 mg 
N=532 

Lasmiditan 50 mg 
N=556 

Placebo 
N=540 

Headache Pain-Free 2 hrs 
Post-Dose     

n (%) 205 (38.8%) 167 (31.4%) 159 (28.6) 115 (21.3%) 
Odds Ratio (95% CI) 2.3 (1.8, 3.1) 1.7 (1.3, 2.2) 1.5 (1.1, 1.9)  
p-value vs Placebo <0.001 <0.001 0.003  

MBS-free 2 hrs post-dose     
n (%) 235 (48.7%) 221 (44.2%) 209 (40.8%) 172 (33.5%) 

Odds Ratio (95% CI) 1.9 (1.4, 2.4) 1.6 (1.2, 2.0) 1.4 (1.1, 1.8)  
p-value vs Placebo <0.001 <0.001 0.009  

 (Source: Clinical Efficacy Summary, Table CSE.2.7.3.4., Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin-sum\clin-
efficacy-sum.pdf) 

The time-course of pain freedom compared to placebo provides additional support for the 
efficacy for all three dose levels (Figure 1).   

Figure 1. Pain Freedom Over Time by Dose in Studies 301/LAHJ (left) and 302/LAHK (right) 

 

   
(Source: FDA generated plot from Study 301/LAHJ and Study 302/LAHK results) 

 
Proportion of subjects with MBS-freedom over time (Figure 2) supports the efficacy of 
lasmiditan for all doses compared to placebo.  However, only one study (302/LAHK) showed 
that increasing doses of lasmiditan resulted in greater efficacy as measure by MBS-freedom. 
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Figure 2. MBS-Freedom Over Time by Dose in Studies 301/LAHJ (left) and 302/LAHK (right) 

 
(Source: FDA generated plot from Study 301/LAHJ and Study 302/LAHK results) 

 
The efficacy of lasmiditan as a rescue medication for continuing migraine pain and for the 
treatment of recurrent migraine was also explored. In the Phase 3 studies, patients were 
randomized to both a first dose (to be taken within 4 hours of migraine onset) which was used 
for primary efficacy assessments and to a second dose of either placebo or a lasmiditan dose of 
the same strength as the first dose. Patients had the option to take the second dose for rescue 
or recurrence, 2 to 24 hours after the first dose. A second dose was considered a “rescue” dose 
if the patient was not pain-free 2 hours after the first dose. For patients who were pain-free 2 
hours after the first dose, but then pain recurred at a later time point within 24 hours, the 
second dose was considered a “recurrence” dose. Primary and key secondary endpoint results 
for rescue (Table 3) and recurrence (Table 4) are presented below.  
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Table 3. Efficacy of 2nd Dose of Lasmiditan Taken as Rescue, Studies 301/302 Pooled 

First Dose 50 mg 100 mg 200 mg 
Second Dose Placebo 50 mg Placebo 100 mg Placebo 200 mg 

Pain-free 2 hrs 
post-second dose       

n (%) 18/79 (22.8) 33/166 (19.9) 31/125 (24.8) 67/262 (25.6) 27/103 (26.2) 59/207 (28.5) 

Odds ratio vs. 
LTN/PBO (95% CI)  0.84 (0.44, 1.61)  1.05 (0.64, 1.7)  1.13 (0.66, 1.92) 

p-value  0.601  0.856  0.658 

MBS-free 2 hrs 
post second-dose       

n (%) 23/69 (33.3) 52/142 (36.6) 36/109 (33.0) 74/221 (33.5) 34/90 (37.8) 65/182 (35.7) 

Odds ratio vs. 
LTN/PBO (95% CI)  1.16 (0.63, 2.12)  1.02 (0.63, 1.64)  0.92 (0.54, 1.55) 

p-value  0.641  0.951  0.755 
 (Source: Clinical Efficacy Summary, Table CSE.2.7.3.15. Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin-sum\clin-
efficacy-sum.pdf) 

When taken as a rescue medication (i.e. pain did not resolve 2-hours post-first dose), lasmiditan does not 
show any efficacy compared to placebo.  
 
Table 4. Efficacy of 2nd Dose of Lasmiditan for Recurrent Migraine, Studies 301/302 Pooled 

First Dose 50 mg 100 mg 200 mg 
Second Dose Placebo 50 mg Placebo 100 mg Placebo 200 mg 

Pain-free 2 hrs 
post-second dose       

n (%) 2/4 (50%) 6/9 (66.7) 2/9 (22.2) 10/23 (43.5) 4/12 (33.3) 8/16 (50.0) 

Odds ratio vs. 
LTN/PBO (95% CI)  2 (0.18, 22.06)  2.61 (0.45, 14.9)  1.8 (0.39, 8.3) 

p-value  0.584  0.279  0.445 

MBS-free 2 hrs 
post second-dose       

n (%) 2/4 (50.0) 5/6 (83.3) 2/6 (33.3) 14/22 (63.6) 5/12 (41.7) 10/13 (76.9) 

Odds ratio vs. 
LTN/PBO (95% CI)  5.0 (0.27, 91.5)  3.63 (0.51, 25.8)  4.22 (0.74, 24.0) 

p-value  0.285  0.201  0.099 
 (Source: Clinical Efficacy Summary, Table CSE.2.7.3.16. Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin-sum\clin-
efficacy-sum.pdf)) 
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Although results indicate that a second dose of lasmiditan may have a numerical benefit when 
taken for recurrent migraine (within 24 hours of migraine onset), subjects that took a non-study 
drug to relive migraine pain or MBS were not identified and excluded from this analysis. It is 
estimated that about 10% of patients included in the second-dose analyses took a non-study 
drug prior to the 2nd lasmiditan dose or 2-hour post-dose timepoint. This issue of other non-
study medications potentially limits the interpretability of the results from second dose 
administration.   
  
3.3.2 Is the proposed dosing regimen appropriate for the general patient population for 
which the indication is being sought? 

Yes. The proposed dosing regimen was selected based on results from two placebo-controlled, 
single-attack Phase 3 studies in migraine patients (Studies 301/LAHJ and 302/LAHK).  In Study 
301/LAHJ,  numerically greater efficacy is observed for the dose of 200 mg (32%) compared to 
100 mg (28%) for the primary efficacy endpoint (pain freedom 2 hours post-dose). Both dose 
levels demonstrated similar efficacy (41%) against placebo for MBS-freedom.  

Study 302/LAHK established the efficacy of 50 mg, 100 mg and 200 mg doses of lasmiditan 
against placebo for both the primary efficacy endpoint and key secondary efficacy endpoint of 
MBS-freedom. Numerical improvement in efficacy is seen for both headache-freedom and 
MBS-freedom with increasing doses from 50 mg to 200 mg. Even though, all dose levels were 
found to be safe and well-tolerated in the Phase 3 studies as well as in Phase 1 studies, pooled 
data from the efficacy studies (301/LAHJ and 302/LAHK) showed an increasing proportion of 
patients experienced treatment-emergent adverse events (TEAEs) as lasmiditan dose increased. 
This supports the approval of all three dose levels in order to allow patients flexibility to take 
the lowest effective dose while minimizing the frequency of TEAEs.  

For lasmiditan taken as a rescue medication, there is no evidence that a second dose is effective 
if a patient is not pain-free 2 hours after administration of a first dose. The pooled data analysis 
shows similar rates of pain freedom and freedom from MBS after a second dose of lasmiditan 
versus after a second dose of placebo (Table 3).  
 
When lasmiditan is taken as a second dose for a recurrent migraine that occurs within 24 hours 
of the initial migraine, there was a trend suggesting treatment benefit.  However, the inclusion 
of subjects that took a non-study drug in the second-dose analyses is highly confounding and 
renders the efficacy results uninterpretable (See Section 3.3.2). Additionally, due to the 
prolonged driving impairment (even at 24 hours post single dose) observed in some subjects, a 
second dose of lasmiditan should not be taken for safety reasons (See 4.4 Driving Study 
Exposure-Response Analyses).  
 

Reference ID: 4465059



14 
 

3.3.3 Is an alternative dosing regimen and/or management strategy required for 
subpopulations based on intrinsic factors? 

No. Based on a population PK analysis, intrinsic factors such as body weight, age, sex, race, and 
ethnicity did not have a relevant effect on lasmiditan exposure. Therefore, dose adjustments 
are not required based on these intrinsic factors. Other factors are described below:  
 

Renal Impairment: 

Renal elimination is a minor excretion pathway for unchanged lasmiditan. Subjects with renal 
impairment were not included in the Phase 3 studies. Study 113/LAHN evaluated the PK of a 
single 200 mg dose of lasmiditan in subjects with severe renal impairment (n=8, eGFR < 30 
mL/minute/1.73 m2) compared to subjects with normal renal function (n=8, eGFR ≥ 90 
mL/minute/1.73 m2). The exposure of lasmiditan (Cmax and AUC0-∞) was 13% and 18% greater, 
respectively, in subjects with severe renal impairment compared to subjects with normal renal 
function. This increase in exposure was not considered significant.  
 
In subjects with severe renal impairment, exposure to metabolites of lasmiditan was greater 
than in subjects with normal renal function. This increase in exposure is expected in subjects 
with renal impairment since lasmiditan is primarily eliminated as metabolites in the urine. The 
Cmax and AUC0-∞ for the major metabolite M8 was 1.2-fold and 2.5-fold greater, for (S,R)-M18 
was 1.4-fold and 2.6-fold greater, and for M7 was 1.2-fold and 1.7-fold greater, respectively.  
The metabolites are considered inactive and no new safety findings were reported in this study 
or in other clinical studies that administered a higher 400 mg daily dose for 7 days. Additionally, 
considering the chronic-intermittent nature of lasmiditan dosing, the increased metabolite 
exposure may not be clinically relevant.  
 
Hepatic Impairment: 

Lasmiditan is metabolized primarily by non-CYP enzymes. Therefore hepatic impairment is not 
expected to significantly alter the exposure of lasmiditan. Study 114/LAHF evaluated the PK of a 
single 200 mg dose of lasmiditan in subjects with normal hepatic function (n=8), mild hepatic 
impairment (n=8, Child-Pugh A) and moderate hepatic impairment (n=8, Child-Pugh B). 
Lasmiditan exposure (Cmax and AUC0-∞) were 19% and 11%, and 33% and 35% greater in 
subjects with mild and moderate hepatic impairment, respectively, compared to subjects with 
normal hepatic function. These increase in exposures were not considered significant requiring 
dose adjustments. Patients with hepatic impairment were not included in the Phase 3 studies.  
 
Geriatrics: 

Study LAHA evaluated the PK of a single 200 mg dose of lasmiditan in healthy elderly subjects (≥
64 years old, n=18) and healthy young subjects (≤46 years old, n=17). Exposure to lasmiditan 
(Cmax and AUC0-∞) was 21% and 26% higher, respectively, in elderly subjects compared to young 
subjects. This increase in exposure is not considered significant. Additionally, no major safety 

Reference ID: 4465059



15 
 

concerns arose from the clinical study of lasmiditan in this population. Elderly subjects (age 65 
or older) were included in the pivotal Phase 3 studies and comprised about 4% of study 
subjects.  
 

Driving Impairment: 

Lasmiditan causes driving impairment for at least 8 hours after single dose administration and 
some subjects may continue to experience impairment 24 hours after administration. Two 
driving studies (LAHG and LAIF) were conducted to assess the magnitude and duration of 
driving impairment.  Study LAHG (N=90) determined that 50 mg, 100 mg, and 200 mg doses of 
lasmiditan caused a dose-dependent impairment of driving (defined as a mean change in 
standard deviation of lateral position (SDLP) of > 4.4 cm compared to placebo) 90 minutes post-
dose.   

In Study LAIF, 100 mg and 200 mg doses of lasmiditan were non-inferior to placebo (time-
matched mean change in SDLP < 4.4 cm compared to placebo) at all measured timepoints (8 
hrs, 12 hrs, and 24 hrs post-dose). Approximately 30% of subjects in both 100 mg and 200 mg 
dose levels had at least one instance of driving impairment at 8 hours or beyond.  The subjects 
that experienced prolonged driving impairment beyond 8 hours did not have increased 
lasmiditan exposure than average. (See 4.4 Driving Study Exposure-Response Analyses) 

 

3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the 
appropriate management strategy? 

Drug Interaction Studies: 

Based on in-vitro data, lasmiditan has the potential for causing DDIs by inhibiting P-gp and BCRP 
transporters. No clinical DDI studies were conducted to evaluate the clinical significance of 
these DDIs. Therefore, administration of lasmiditan with P-gp and BCRP substrate drugs should 
be avoided. No other relevant drug-drug interactions were identified for lasmiditan or 
metabolites from in-vitro or clinical DDI studies.   
 
Five Phase 1 clinical studies were conducted to assess the drug interactions between lasmiditan 
and propranolol (Study LAHD), topiramate (Study LAHT), sumatriptan (Studies LAHU and LAHI), 
and caffeine, midazolam and tolbutamide (Study LAHE). Figure 2 summarizes the results of the 
clinical DDI studies and shows that no significant interaction was observed.  
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Figure 3. No Significant Clinical Drug-Drug Interactions with 200 mg Lasmiditan 

 
(Source: FDA created plot from results of clinical DDI studies LAHD, LAHT, LAHU, LAHI, and LAHE)) 
 
In-vitro studies conducted to evaluate potential drug interactions with major enzymes and 
transporters for both parent and inactive metabolites (M7, M8, and (S,R)-M18) showed that 
lasmiditan can competitively inhibit CYP2D6 in-vitro, yielding a Ki value of 20.7 μM (Study 6180-
505). The calculated DDI index for CYP2D6 inhibition risk (R1 value) is 1.02. According to the 
FDA Guidance for Industry on In Vitro Metabolism and Transporter Mediated Drug-Drug 
Interaction Studies1, further investigation of DDI potential is required in this case. PBPK 
modeling using dextromethorphan as a sensitive CYP2D6 probe suggested that there would not 
be a significant inhibition of the metabolism of drugs that are CYP2D6 substrates when 
concomitantly administered with lasmiditan. (See Appendix 4.6 for the PBPK Review).  
Metabolites of lasmiditan (M7, M8 and (S,R)-M18) were not inhibitors of CYP2D6 in vitro (Study 
XT155066).  
 
Lasmiditan exhibited in-vitro inhibition of intestinal P-gp and BCRP with drug-drug interaction 
indices of 25 and 16, respectively. These values exceeded the FDA cutoff value1 of 10. The 
applicant conducted PBPK modeling using digoxin as a probe substrate to demonstrate that the 
effect of lasmiditan on digoxin exposure was not clinically relevant.  Additionally, since 
lasmiditan was a less potent inhibitor of BCRP than P-gp, the sponsor also concluded that 
lasmiditan was unlikely to cause clinically significant inhibition of BCRP. However, due to several 
deficiencies identified with the PBPK analyses, this approach was not considered acceptable 
(See Section 4.6 PBPK Review for CYP2D6 and P-gp Inhibition).  Clinical drug interaction studies 

                                                      
1 FDA Guidance for Industry: In Vitro Metabolism and Transporter Mediated Drug-Drug Interaction Studies, Clinical 
Pharmacology, Draft Guidance 2017, https://www.fda.gov/media/108130/download 
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with P-gp and BCRP should be conducted to verify the DDI potential (See Section 1.2 Post-
Marketing Requirements). 
 
All other in vitro studies with CYP enzymes (CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19, CYP2D6, CYP2E1, or CYP3A4), non-CYP enzymes MAO-A, MAO-B, and FMO3) and 
transporters (MATE1/MATE2-K,  OCT1, OCT2, OAT1, OAT3, OATP1B1, or OATP1B3) 
demonstrated that lasmiditan has a low potential for interactions. 
 

Food-Drug Interaction: 

Study LAHR was an open-label two-period crossover study in healthy subjects (N=30) that 
compared the PK of a single dose of 200 mg lasmiditan following a 10-hour fast and within 5 
minutes of finishing a high-fat breakfast.  Following a high-fat meal, exposure to lasmiditan 
increased 22% and 19% for Cmax and AUC0-∞, respectively. Median Tmax in the fed state was 2.5 
(1 – 8) hours compared to 1.5 (1 – 4) hours in the fasted state.  Additionally, in the Phase 3 
studies (301/LAHJ and 302/LAHK) lasmiditan was taken without regards to food and 
information regarding patients’ fed or fasted status was not collected in these studies. 
Therefore, the clinical significance of the delay in Tmax seen in the food effect study cannot be 
verified. 
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4. APPENDICES 

4.1 Summary of Bioanalytical Method Validation and Performance 
Plasma concentrations of lasmiditan were determined using a validated liquid chromatography-
tandem mass spectrometry (LC-MS/MS) method (Lilly Laboratory for Bioanalytical Research, 
Scarborough, Ontario, Canada) (Method LLBR-112141-P-huPL). This method was transferred to 
and validated Method COLHPP_7874-103).  
Subsequently, two methods were developed and validated  Inc: one for 
the measurement of lasmiditan and metabolites (M3, M7, S-M8, and M18) (Method 
144HPP_7874-120), and another for lasmiditan and metabolites (M3, M7, S-M8 and [S,S]M18 
and [S,R]-M18) (Method C44HPP_8224283).   
 
Accuracy, precision, and stability summary data for the primary bioanalytical method is 
presented in Table 5.  
 
Incurred sample reanalysis for plasma and urine samples was evaluated in the clinical 
studies, and the results of various assays were acceptable (>67% of the study samples 
evaluated are within ±20% of the original sample concentrations).  
 
Reviewer Comments: The methods satisfied the criteria for method validation and application 
to routine analysis set by the FDA Guidance for Industry: Bioanalytical Method Validation2 and 
are acceptable.  
 
 
Table 5. Bioanalytical Assay Performance Characteristics 

Bioanalytical method 
validation report name, 
amendments, and hyperlinks 

Report COLHPP_7874-103 

Method description Validation of a Method for the Determination of 
CoL-144 in Human Plasma by HPLC with MS/MS 
Detection 

Materials used for calibration 
curve & concentration 

Lasmiditan hemisuccinate salt, lots 02105215, 77056-02 
and 2P2499C812 
LY573144 [13CD3] succinate salt, lots MZ0-F2B-224, 1699-141-1-7 
and MZ0-F2B-241 

  Validated assay range 1 to 1000 ng/mL 

                                                      
2 FDA Guidance for Industry: Bioanalytical Method Validation, Biopharmaceutics, May 2018, 
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf 
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Material used for QCs & 
concentration 

Lasmiditan hemisuccinate salt, lots 02105215, 77056-02 
and 2P2499C812 
LY573144 [13CD3] succinate salt, lots MZ0-F2B-224, 1699-141-1-7 
and MZ0-F2B-241 

  Regression model & weighting Weighted 1/x linear least-squares regression 
Validation parameters Method validation summary Acceptability 
Calibration curve 
performance during accuracy 
& precision 

Number of standard 
calibrators from LLOQ to 
ULOQ 

8 Acceptable 

 Cumulative accuracy from 
LLOQ to ULOQ 

Lasmiditan 

 
 

-1.5 to 1.0% 

Acceptable 

 Cumulative precision (%CV) 
from LLOQ to ULOQ 

Lasmiditan 

 
 

≤4.5% 

Acceptable 

QCs performance during 
accuracy & precision 

Cumulative accuracy in 3 QCs 
Lasmiditan 

 
 

-1.0 to 4.0% 

Acceptable 

 Inter-batch precision %CV 
QCs: 

Lasmiditan 

 
 

≤5.6% 

Acceptable 

Selectivity & matrix effect Six lots of blank plasma were tested. 
Interference was <20.0% of LLOQ. 

Acceptable 
Acceptable 

Interference & specificity Six lots of spiked extracts had bias of 1.0%. Acceptable 

Hemolysis effect One lot of hemolyzed plasma had accuracy 
from -6.7 to 6.0%. Precision between – 5.5 to 
2.0%.  

Acceptable 

Lipemic effect One lot of hyperlipidemic plasma had bias 
between -8.0 to – 1.0%. 

Acceptable 

Dilution linearity & hook effect Six replicates of dilution QC samples, diluted 
10-fold. Accuracy -1.5% of nominal, precision 
0.4% CV. Hook effect not applicable. 

Acceptable 

Bench-top/process stability Plasma: 25 hours at room temperature 
Extracted plasma: 72 hours at 5oC 

Acceptable 
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Freeze-thaw stability 3 freeze/thaw cycles at -20oC Acceptable 

Long-term stability 389 days at -20oC and at -70oC Acceptable 

Carry over There was no significant carryover. Acceptable 

Method performance in each applicable study 
Studies: LAHS, LAHR, LAHG, LAHN, LAHF, LAHI, LAHB, LAIG, LAHM 

Assay performance >90% of runs passed for all studies  

Standard curve performance Cumulative bias range:  
-6 .3% to  5 .0% 
Cumulative precision: 
≤4.5% CV 

 

Acceptable 

QC performance Cumulative bias range:  
-4.3% to 4.0% 
Cumulative precision: 
≤13.6% CV 

 

Acceptable 

Method reproducibility Between 7% to 13% of samples were run in ISR 
and >85% passed criteria. No ISR performed 
on studies LAHS and LAHM. 

 

Acceptable 

Study sample analysis/stability Samples were kept at -20°C for up to 389 days 
and up to 56 days at – 70°C Stability was 
established for 389 days at -20°C and -70°C. 

Acceptable 

Abbreviations:  CV = coefficient of variation (i.e., precision); ISR = incurred sample reanalysis; LC-MS/MS = liquid 
chromatographic-mass spectrometry/mass spectrometry; LLOQ = lower limit of quantitation; QC = quality control; 
RE = relative error (i.e., accuracy); RSD = relative standard deviation; ULOQ = upper limit of quantitation.  
(Source: Bioanalytical Summary Tables, Table 2, Link \\cdsesub1\evsprod\nda211280\0023\m5\53-clin-stud-rep\531-rep-biopharm-
stud\5314-bioanalyt-analyt-met\bioa-summary-tables\bioa-summary-tables.pdf) 
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4.2 Population PK and/or PD Analyses 

The applicant conducted population pharmacokinetic (PopPK) analyses for lasmiditan based on 
data from sixteen Phase 1 studies in both healthy subjects and patients. Two independent 
models using IV and oral administration data were developed. The applicant also performed 
exposure-response analyses using the PopPK approach. For this NDA, only the oral PopPK 
model was considered relevant and was reviewed.  
 
Objectives 

• Develop a model to describe lasmiditan PK following oral dosing 
• Investigate intrinsic and/or extrinsic factors (covariates) that may influence lasmiditan 

exposure 

Methods 

The PopPK and concentration-response analyses were carried out using NONMEM (Version 7.3 
or higher). The stepwise covariate modeling (SCM) was carried out using Perl-Speaks- 
NONMEM (PsN). 
 
Table 6 summarizes the main design aspects of the studies that were included in the analyses. 
Intensive sampling was used in all studies except for H8H-CD-LAHG (a driving impairment study) 
where PK samples were collected at pre-dose and 2.6 hours post-dose. All subjects in these 
studies were included in the analyses.  A total of 583 subjects were included in the oral popPK 
model development.  
 
 

Table 6. Studies Included in Oral PopPK Analysis 

Trial Name Objective Design Treatment PK Sampling Time 
 

H8H-CD-LAHS 

 
Evaluate safety, 
tolerability, and PK in 
healthy subjects 

 
Double blind, 
randomized, placebo- 
controlled dose 
escalation study 

 
Oral solution: 25, 50, 
100, 200, 300, and 400 
mg; 
Sublingual solution: 1, 
2, 4, 8, 16, and 32 mg 

Cohorts 1–5: predose, 2, 5, 10, 20, 30, 
40 min, 1, 1.5, 2, 3, 4, 6, 8, 12, 18, 24, 
and 30 h postdose 
Cohort 6: predose, 10, 20, 30, 40 min, 
1, 1.25, 1.5, 1.75, 2, 3, 4, 6, 8, 12, 18, 
24, and 30 h postdose 
Cohort 7: predose, 0.67, 1.17, 1.67, 
2.17, 3.17, 4.17, 6.17, 8.17, 12, 18, and 
24 h postdose 

 
H8H-CD-LAHQ Evaluate bioavailability 

of solution relative to 
tablet in healthy subjects 

Single-blind, 
randomized, single-dose, 
2-period crossover study 

Part 1: 200 mg (oral 
solution and tablet); 
Part 2: 50 and 400 
mg (tablets) 

 
Predose, 10, 20, 30, 40 min postdose, 
1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 18, 24, 30, 
48, and 72 h postdose 

 
H8H-CD-LAHR Evaluate food effect on 

PK in healthy subjects 

Open-label, randomized, 
single-dose, 2-period 
crossover study 

 
200 mg (oral tablet) Predose, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 

8, 12, 16, 24, and 30 h postdose 

Reference ID: 4465059



22 
 

 
H8H-CD-LAHP 

 
Evaluate lasmiditan 
effect on QTc in healthy 
subjects 

Double-blind, 
randomized, placebo- 
and active-controlled 
single-dose, 4-period 
crossover study 

 
100 and 400 mg 
(oral tablet) 

 
Predose, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 
8, 12, and 24 h postdose 

 
H8H-CD-LAHG 

Evaluate lasmiditan effect 
on simulated driving 
performance in healthy 
subjects 

Double-blind, 
randomized, placebo- 
and active-controlled 
single-dose, 5- period 
crossover study 

50, 100, and 200 
mg (oral tablet) 

 
Predose, 155 min postdose 

 
H8H-CD-LAHH 

Evaluate PK, metabolism, 
and routes and extent of 
elimination in healthy 
subjects 

Open-label, 
nonrandomized, single- 
dose study 

 
200 mg (oral solution) 

Predose, 1, 2, 3, 4, 5, 6, 8, 12, 24, 36, 
48, 72, 96, 120, 144, 168, and 192 h 
postdose 

 
H8H-CD-LAHN 

 
Evaluate PK in healthy 
subjects with renal 
impairment 

Open-label, 
nonrandomized, 
parallel-group, adaptive, 
single-dose study 

 
200 mg (oral tablet) 

Predose, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 
1.75, 2, 2.5, 3, 4, 6, 8, 12, 16, 24, and 
36 h postdose 

 
H8H-CD-LAHF 

 
Evaluate PK in healthy 
subjects with hepatic 
impairment 

 
Open-label, 
nonrandomized, 
parallel-group, single-
dose study 

 
200 mg (oral tablet) 

Predose, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 
1.75, 2, 2.5, 3, 4, 6, 8, 12, 16, 24, and 
36 h postdose 

 
H8H-CD-LAHI Evaluate DDI potential 

with sumatriptan in 
healthy subjects 

Double-blind, 
randomized, single- 
dose, 3-period crossover 
study 

 
200 mg (oral tablet) 

Predose, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 
8, 12, 16, 24, and 30 h postdose 

 
H8H-MC-LAHA Evaluate PK in healthy 

young and elderly 
subjects 

Elderly: double-blind, 
randomized, single-
dose, 2-period crossover; 
Young: open-label, 
single-dose 

 
200 mg (oral tablet) 

Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 
12, 24, 36, and 48 h postdose 

 
H8H-MC-LAHB Evaluate human abuse 

potential of lasmiditan 

Randomized, subject- 
and investigator-blind, 
placebo-active-
controlled, crossover 

100, 200, and 400 
mg (oral tablet) 

Predose, 0.5, 1, 1.5, 2, 2.5, 3, 
4, 6, 8, 12, and 24 h postdose 

 
H8H-MC-LAHC 

Evaluate, tolerability and 
PK in patients with 
migraine during migraine 
attack and during 
interictal period 

Multi-center, open-label 
study with 2 study 
periods conducted in 
patients with migraine 

 
200 mg (oral tablet) Predose, 0.5, 1, 1.5, 2, 2.5, 3, 

3.5, 4, 6, 8, 12, 18, 24, 48, 
and 72 h postdose 

 
H8H-MC-LAHE 
 

Evaluate safety, 
tolerability, PK of 
multiple dose in HV; 
Evaluate effect on CYP 
activity and withdrawal 
symptoms 

Double-blind, 
randomized, placebo- 
controlled, repeat-dose 
escalation study 

200 and 400 mg for 7 
days (oral tablet) 

Day 1: 0.5, 1.0, 1.5, 2, 2.5, 3, 4, 6, 8, 
12, and 24 h postdose; 
Days 3, 4, 5: predose; 
Day 7: predose, 0.5, 1.0, 1.5, 2, 2.5, 3, 
4, 6, 8, 12, and 24 h postdose 

 
H8H-MC-LAHD 

Evaluate DDI potential 
with propranolol in 
healthy subjects 

Open-label, fixed- 
sequence, single-dose 
study 

 
200 mg (oral tablet) Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 

12, 24, 36, and 48 h postdose 
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H8H-MC-LAHT 

 
Evaluate DDI potential 
with topiramate in healthy 
subjects 

Double-blind, 
randomized single-dose 
(lasmiditan) open-label 
(topiramate), placebo- 
controlled, fixed- 
sequence study 

 
200 mg (oral tablet) 

 
Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 
12, 24, 36, and 48 h postdose 

 
H8H-MC-LAHU 

Evaluate DDI potential 
with sumatriptan in 
healthy subjects 

Double-blind, 
randomized, single-dose, 
4-period crossover study 

 
200 mg (oral tablet) Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 

12, 24, 36, and 48 h postdose 

(Source: Population PK and Concentration Response Report, Page 17, Table 7.1, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-
rep\533-rep-human-pk-stud\5335-popul-pk-stud-rep\poppk-report\population-pk-report.pdf) 

 
FOCE-I was used during all stages of the model development process.  One, two, and three 
compartment disposition models and several absorption models were tested.  Different 
interindividual variability models as well as different residual variability models were 
investigated.  

Stepwise covariate modeling was utilized to examine the impact of covariates on the PK of 
lasmiditan.  These covariates included age, body weight, body mass index (BMI), body surface 
area, sex, race, ethnicity, disease status (i.e. healthy vs. patient), and formulation (i.e. tablet 
versus solution). For forward inclusion, covariate-parameter relationships were selected if the 
OFV reduced by 6.64 (assuming the OFV is asymptotically chi-squared distributed, with a p = 
0.01 and 1 degree of freedom), a clinically relevant change in parameter estimate (20%) and a 
10% relative decrease in the variance in the relevant parameter. A “full model” then was re-
evaluated.  In backward elimination, covariate-parameter relationships were retained if they 
caused a change in the OFV of at least 10.83, corresponding to p = 0.001.  The final model was 
qualified by numerical and graphical goodness-of-fit checks, including visual predictive check 
(VPC). 

 
Results 

Subjects’ baseline continuous and categorical covariates are presented in Table 7 and Table 8. 

Table 7. Summary Statistics of Baseline Continuous Covariates for Subjects Included in PK 
Analysis 

 
(Source: Modified from Population PK and Concentration Response Report, Page 33, Table 8.1, Link \\cdsesub1\evsprod\nda211280\ 
0001\m5\53-clin-stud-rep\533-rep-human-pk-stud\5335-popul-pk-stud-rep\poppk-report\population-pk-report.pdf) 
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Table 8. Summary Statistics of Baseline Categorical Covariates for Subjects Included in the PK 
Analysis 

 
(Source: Population PK and Concentration Response Report, Page 34, Table 8.2, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-
rep\533-rep-human-pk-stud\5335-popul-pk-stud-rep\poppk-report\population-pk-report.pdf) 

 
Plasma lasmiditan PK following oral administration was described by a 2-compartment model 
with first-order absorption and elimination with 5 transit compartments to model delays in 
absorption (Figure 3).  A combined additive and proportional error structure was used to 
account for residual variability.  Identified predictors (covariates) of lasmiditan PK included 
body weight on CL/F and V2/F, age on CL/F, and disease status (healthy vs. patient) on V2/F. 
 
Figure 4. Schematic representation of the oral pharmacokinetic model for lasmiditan 

 
(Source: Population PK and Concentration Response Report, Page 37, Figure 8.3, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-
rep\533-rep-human-pk-stud\5335-popul-pk-stud-rep\poppk-report\population-pk-report.pdf) 
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Parameter estimates of the final model are shown in Table 9. Apparent clearance (CL/F), central 
volume (V2/F), peripheral volume (V3/F) and absorption rate constant (Ka) were estimated to 
be 114 L/h, 558 L, 70.5 L, and 1.8 h-1, respectively.  Elimination half-life based on the model is 
5.71 hours. Inter-individual random effects of CL/F, V2/F, and Ka were estimated with 
coefficient of variance (%CV) values of 39.5, 44.5, and 76.2, respectively. Shrinkage values for 
CL/F, Ka, and V2/F are as follows: 29%, CL; 4% V2/F; 25% Ka.   
 
Reviewer Comments: All parameters were estimated with sufficient precision (relative standard 
error <20%), except for the estimate effect of population on V2/F (RSE% = 43.4).  The shrinkage 
values supported analysis of covariate effects.   
 
Table 9. Parameter Estimates in Final Oral PopPK Model 

 
(Source: Population PK and Concentration Response Report, Page 44, Figure 8.6, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-
rep\533-rep-human-pk-stud\5335-popul-pk-stud-rep\poppk-report\population-pk-report.pdf) 
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Using the individual post hoc estimates from all subjects in the final model, the effect of age, 
weight and population on Cmax and AUC0-∞ values for lasmiditan is presented in Table 10. 
 
Table 10. Effect of Intrinsic Factors on Lasmiditan Cmax and AUC0-∞ 

 
(Source: Population PK and Concentration Response Report, Page 46, Figure 8.8, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-
rep\533-rep-human-pk-stud\5335-popul-pk-stud-rep\poppk-report\population-pk-report.pdf) 

 
The visual predictive check (VPC) plots for the final oral PK model are presented in Figure 4. 
Based on visual inspection of the plot, the sponsor concludes that there was general 
concordance of the central tendency of the observed versus predicted profiles. The observed 
concentrations fell within the 90% prediction interval (PI) computed with the final PK model 
with 7.3% of the data points falling outside the 5th and 95th percentiles. Thus, the VPC indicates 
that the PK model adequately describes lasmiditan PK. 
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Figure 5. Prediction corrected visual predictive check for the final oral pharmacokinetic model

 
(Source: Population PK and Concentration Response Report, Page 49, Figure 8.7, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-
rep\533-rep-human-pk-stud\5335-popul-pk-stud-rep\poppk-report\population-pk-report.pdf) 

 

Key Reviewer Comments  
• The oral PopPK model is adequate for characterizing the PK profile of lasmiditan in 

healthy subjects and patients 
• The inter-individual variability for CL/F in the PO model are moderate. Shrinkages for 

CL/F, D1 and Ka are reasonable, and high for Vc/F. The applicant’s final model is 
generally acceptable for describing the covariate effects.  

• None of the intrinsic factors examined (age, body weight, BMI, body surface area, sex, 
race, ethnicity, population, and formulation) showed clinically meaningful effects on the 
exposure of lasmiditan 

• Absolute bioavailability was calculated based on NCA values obtained from rich IV and 
oral administration data. PK parameters were obtained by NCA for IV lasmiditan doses 
of 2.5 mg to 30 mg in Study LACA. Oral PK parameters for the oral dose of 200 mg was 
obtained by NCA from Study LAHD, a large representative Phase 1 study with rich PK 
sampling. The absolute bioavailability ranged from 55-66%. 
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4.4 Driving Study Exposure-Response Analyses 
 
The applicant proposes to advise patients that they should not drive or operate machinery until 
at least 8 hours after taking each dose of lasmiditan. The effect of lasmiditan on driving 
performance was evaluated in two simulated driving performance studies (Studies LAHG and 
LAIF) using the Cognitive Research Corporation Driving Simulator (CRCDS)-MiniSim. Evaluation 
of driving impairment was conducted because the most frequent adverse events reported in 
the clinical development program impact the CNS.  Study LAHG assessed the impact of 
lasmiditan on driving performance around the time of peak plasma lasmiditan concentration 
(90 minutes post dose) and LAIF attempted to determine the duration of effect of lasmiditan on 
driving performance at 8 hrs, 12 hrs and 24 hrs post dose.  
 
Objectives 

• Evaluate the duration of driving impairment and determine if 8 hours is a sufficient 
duration of driving prohibition 

• Examine subjects that experienced driving impairment beyond 8 hours and determine if 
the prolonged impairment can be predicted by PK 

• Assess if the applicant’s PK/PD model can be used to establish an earlier timepoint at 
which driving impairment dissipates 

 
Methodology of Studies LAHG and LAIF 

Both studies were double-blind, placebo and positive-controlled, crossover studies that 
assessed the effects of lasmiditan on simulated driving performance in healthy adults (Table 
11).  The study was conducted in accordance with the FDA Guidance for Industry: Evaluating 
Drug Effects on the Ability to Operate a Motor Vehicle3. The washout periods between 
treatments of 7 days (~29 half-lives, Study LAHG) and 2 days (~8 half-lives, Study LAIF) were 
appropriate to ensure no carryover effects.  
 
The effect of lasmiditan on simulated driving performance was measured by the standard 
deviation of lateral position (SDLP) using the CRCDS-MiniSim. For each subject at each time 
point, the difference in SDLP scores while on treatment compared to placebo was calculated. A 
difference of greater than 4.4 cm was defined as the threshold for driving impairment.  This 
corresponds to the level of impairment seen with alcohol intoxication (0.05%) for the CRCDS-
MiniSim and is thought to be associated with increased relative crash risk.  Table 11 summarizes 
the main design elements of each study. 
  

                                                      
3 FDA Guidance for Industry: Evaluating Drug Effects on the Ability to Operate a Motor Vehicle, Clinical/Medical, 
November 2017, https://www.fda.gov/media/90670/download 
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Table 11. Studies Evaluating the Effect of Lasmiditan on Driving 

Study Name LAHG LAIF 

Population 90 healthy subjects 68 healthy subjects 
 

Study Design 
 
Single-center study, randomized, subject- 
and investigator-blind, single dose, 
placebo- and active-controlled, full 5- 
period crossover study 

 

Multicenter, randomized, subject- and 
investigator-blind, placebo- and active- 
controlled, full 4-period crossover study 

Lasmiditan Dose Single 50, 100, or 200-mg dose Single 100- or 200-mg dose 
 

Active Control 
 
Alprazolam 1 mg Diphenhydramine 50 mg (administered 2 

hours prior to driving assessment) 

Post-Lasmiditan Driving 
Test 

 
1.5 hours 

 
8, 12, and 24 hours 

 
Lasmiditan PK Sampling Predose and following conclusion of 

driving test (2.58 hours postdose) 
 
Predose and up to 48 hours postdose 

(Sources: Clinical Pharmacology Summary Appendix, Table APP.2.7.2.5.12, Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin-sum\clin-
pharm-sum-app--us---migraine-.pdf) 

 
Study LAHG Results 

Study LAHG evaluated 50 mg, 100 mg and 200 mg doses of lasmiditan using alprazolam 1.0 mg 
as the positive control to confirm the assay sensitivity. At 90 minutes post-dose, statistically and 
clinically significant mean increases in SDLP of 9.86, 15.35, and 21.06 cm compared to placebo 
were observed after dosing with 50, 100, and 200 mg lasmiditan, respectively. Therefore, all 
three doses of lasmiditan were demonstrated to cause driving impairment 90 minutes post-
dose. The impairment observed with a 200 mg lasmiditan dose was similar to the impairment 
from alprazolam 1.0 mg, while 50 mg and 100 mg lasmiditan doses exhibited less impairment. 
 
Study LAIF Results 

A second driving study (Study LAIF) was a 4-way crossover study that evaluated the effects of 
100 mg and 200 mg lasmiditan on simulated driving performance using diphenhydramine 50 
mg as the positive control. Figure 5 illustrates the timing of dose administration and evaluation 
of driving performance for the four treatment groups. At 8 hrs, 12 hrs and 24 hrs post-dose, 
driving performance assessed by SDLP was non-inferior to placebo for 100 mg and 200 mg 
lasmiditan.  Therefore, on a population level, no clinically meaningful driving impairment was 
detected at any time point in this study.  
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Figure 6. Schematic of Treatment Schedule for Study LAIF 

(Source: Report Body Study LAIF, Figure LAIF.5.2, page 14, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\534-rep-human-
pd-stud\5341-healthy-subj-pd-stud-rep\h8h-mc-laif\laif-04-body.pdf) 

Based on the results of non-inferiority by 8 hours post-dose, the sponsor has proposed to 
advise patients not to drive for at least 8 hours after taking each dose of lasmiditan.  However, 
about 30% of subjects for each dose level exhibited prolonged driving impairment for at least 
one time point (at 8 hrs, 12 hrs or 24 hrs post-dose). Figure 5 and Figure 6 examine the different 
patterns of driving impairment observed in these subjects. The top rows of the figures 
represent patients that are impaired at 8 hours and for which impairment dissipated by 12 
hours (i.e. impaired at 8 hrs but not at 12 or 24 hrs), dissipated by 24 hours (i.e. impaired at 8 
and 12 hrs, not at 24 hrs), or did not dissipate by 24 hours (i.e. impaired at 8, 12 and 24 hrs). 
These patterns of impairment, where impairment dissipates over time or persists, are expected 
if the plasma concentration of lasmiditan are directly causing prolonged driving impairment 
because driving impairment would dissipate as lasmiditan is cleared from circulation, or would 
persist if concentrations were high enough at 24 hours to cause driving impairment. 
Nevertheless, several subjects were observed to have driving impairment that appeared or re-
appeared over the 24 hour examination period in an unpredictable manner (second row).  
 
Examination of the PK profiles for the subjects with prolonged impairment did not show 
consistently higher lasmiditan exposure that would explain the prolonged driving impairment.  
Additionally, Karolinska Sleepiness Scale (KSS) scores were reported by the subject at each time 
point before the driving test and increased sleepiness did not correlate to the increased driving 
impairment in the lasmiditan arm.  
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Figure 7. Number (%) of Subjects Impaired* by Sequence** Following Administration of 100 
mg Lasmiditan  

 

  
*Driving impairment is defined as a SDLP difference of 4.4 cm (red line) 
** Sequence codes 1-0-0, 1-1-0, 1-1-1, 0-1-0, 0-1-1, 0-0-1: Each digit represents presence (1) or absence (0) of impairment at the 
time points of 8 hr, 12 hr and 24 hr. For example, sequence 1-1-0 represents impairment at 8 and 12 hr and no impairment at 24 hr. 
***Two subjects excluded from plots due to missing data 
(Source: Reviewer created plot from Study LAIF, dataset ADXD, Link \\cdsesub1\evsprod\nda211280\0001\m5\datasets\h8h-mc-
laif\analysis\adam\datasets\adxd.xpt) 
 

 
 
 

N = 7 (10%) N = 3 (4%) N = 3 (4%) 

N = 3 (4%) N = 1 (1%) N = 2 (3%) 
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Figure 8. Number (%) of Subjects Impaired* by Sequence** Following Administration of 200 
mg Lasmiditan 

   

 
*Driving impairment is defined as a SDLP difference of 4.4 cm (red line) 
** Sequence codes 1-0-0, 1-1-0, 1-1-1, 0-1-0, 0-1-1, 0-0-1: Each digit represents presence (1) or absence (0) of impairment at the time 
points of 8 hr, 12 hr and 24 hr. For example, sequence 1-1-0 represents impairment at 8 and 12 hrs and no impairment at 24 hrs. 
***One subjects excluded from plots due to missing data (Source: Reviewer created plot from Study LAIF, dataset ADXD, Link 
\\cdsesub1\evsprod\nda211280\0001\m5\datasets\h8h-mc-laif\analysis\adam\datasets\adxd.xpt)  

PK/PD Model 

The applicant developed a PK/PD model to characterize the time course of SDLP following oral 
administration of placebo, 50, 100, and 200 mg lasmiditan using data pooled from the two 
driving studies. The purpose of this analysis was to characterize the relationship between 
plasma lasmiditan concentrations and SDLP to determine if driving impairment dissipates prior 
to 8 hours post-dose.  
 
The following PK/PD model was used to describe the increase in SDLP relative to lasmiditan 
plasma concentrations (CONC):  
 
SDLP=BASE ∙ (1 + SLP(t) ∙ CONCγ)  
 

N = 7 (10%) N = 6 (9%) N = 1 (1%) 

N = 2 (3%) N = 1 (1%) N = 4 (6%) 
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where BASE is the baseline SDLP response (for placebo) equal to 29.3 cm, SLP(t) is a 
proportionality factor which decreases over time at a rate estimated in the model (TDECL in 
Table 12), and γ is the exponent for CONC.  The PK/PD analysis used individually predicted 
concentrations determined from the fixed population estimates of the PopPK model (described 
in Section 4.4) and fit to the observed concentration values from the driving impairment studies 
(LAHG and LAIF) to characterize the effect of lasmiditan on SDLP.  The parameter and variability 
estimates generated by the PK/PD model are presented in Table 12. Visual predictive check 
(VPC) and bootstrap analysis were also performed to assess model performance. There was 
general concordance of the central tendency of the observed versus predicted profiles. The 
observed and simulated SDLP response is shown in Figure 5.  
 
Table 12. Parameter Estimates for PK/PD Model 

 
(Sources: Clinical Pharmacology Summary Appendix, Table APP.2.7.2.5.13, Page 71, Link \\cdsesub1\evsprod\nda211280\ 
0001\m2\27-clin-sum\clin-pharm-sum-app--us---migraine-.pdf) 
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Figure 9. Observed and Simulated SDLP Response. Observed and Simulated SDLP Response 

 
(Sources: Clinical Pharmacology Summary, Page 115, Figure 2.7.2.21, Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin-sum\clin-pharm-
sum--us---migraine-.pdf) 
 

Conclusions 

Although the model indicates that dissipation of driving impairment may occur prior to 8 hours, 
the model is inadequate to predict driving impairment between 1.5 and 8 hours for the 
following reasons: 

• The rate at which driving impairment dissipates cannot be accurately determined 
between 1.5 and 8 hours due to the limitations in the timepoints when SDLP was 
assessed. 

• The model assumes the slope parameter (SLP) decreases over time. This decrease is 
driven by the different slopes in the exposure-response relationship observed in studies 
LAHG and LAIG. The available data is not adequate to determine whether this difference 
is time related or due to between-studies differences. 

• It is unclear if the driving impairment observed at 90 minutes post dose represents the 
maximum impairment.  Although Tmax occurs at roughly 90 minutes, driving impairment 
may be delayed and maximum impairment may occur at a later timepoint. 

At 8 hours and beyond, the model predictions are consistent with the observed data. The 
model predictions at these time points show that beyond 8 hours, there will still be patients 
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that experience prolonged driving impairment (Figure 7), which is consistent with the 
observations in Figure 5 and Figure 6.  It does not appear that the prolonged impairment is 
explained by higher or sustained exposure of lasmiditan or by sleepiness, as measured by the 
Karolinska Sleepiness Scale (KSS). 

Other adverse events such as dizziness (the most frequent TEAE observed in the treatment 
arm) may significantly contribute to the impairment and not dissipate at the same rate as 
lasmiditan plasma concentrations. The exposure-response model provided by the sponsor does 
not evaluate the impact of TEAEs on driving impairment. 

Lasmiditan (50 mg and 100 mg) can potentially be administered twice within a 24 hour period 
(daily max of 200 mg). From the two driving studies and the PK/PD model, it is unknown how 
re-dosing impacts the duration of driving impairment.   

Key Reviewer Comments:  

• The applicant’s proposal that patients be advised not to drive for at least 8 hours 
following administration of lasmiditan is acceptable. The PKPD model cannot reliably 
predict dissipation of driving impairment at an earlier time point and data between 1.5 
and 8 hours are not available.  

• For some patients, driving impairment may persist beyond 8 hours based on observed 
data from Study LAIF and in-silico simulations. Due to the study design, it is not known if 
driving impairment may persist even beyond 24 hours in some subjects. Also, available 
PK and PD data does not allow for prediction of which patients may experience 
persistent driving impairment. This information on driving impairment persisting in some 
subjects as seen in Study LAIF should be included in the prescribing information.  

• Given the persistent driving impairment observed in some subjects, and the lack of 
ability to predict which subjects will experience prolonged driving impairment, a second 
dose of lasmiditan (50 mg or 100 mg) should not be administered due to the potential to 
further prolong driving impairment. 

• Patients should be appropriately warned about the potential for prolonged driving 
impairment with lasmiditan in the label.  

 

  

Reference ID: 4465059



36 
 

4.6 PBPK Review for CYP2D6 and P-gp Inhibition 
I. Objective 

This review evaluates the adequacy of the applicant’s physiologically-based pharmacokinetic 
(PBPK) models to support drug-drug interaction (DDI) assessment. Specifically, the PBPK models 
were used to 1) predict the effect of lasmiditan on the pharmacokinetics of a sensitive CYP2D6 
substrate, dextromethorphan, in human subjects, and 2) to predict the effect of lasmiditan on 
the pharmacokinetics of a recognized P-gp substrate, digoxin, in human subjects. 

To support its conclusions the applicant provided the following PBPK modeling and simulation 
reports:  

• LY573144 PBPK PgP: Prediction of the Effect of Lasmiditan on the Pharmacokinetics of the 
P-gp Substrate Digoxin Using Physiologically-Based Pharmacokinetic Modelling 

• LY573144 PBPK CYP2D6: Prediction of the Effect of Lasmiditan on the Pharmacokinetics 
of the CYP2D6 Substrate Dextromethorphan Using Physiologically-Based 
Pharmacokinetic Modeling 

 
The Applicant also submitted PBPK analysis (study report LY573144 Mechanistic PK Model 
Induction) to evaluate the effect of lasmiditan on the PK of CYP3A substrates (topiramate, 
carbamazepine, and midazolam). This analysis was not reviewed because an in vivo study (H8H-
MC-LAHE) evaluated the effect of lasmiditan on midazolam PK.  

II. Background 

In vitro, lasmiditan was found to competitively inhibit CYP2D6, with a Ki of 20.7 μM (unbound Ki 
was estimated to be 15.2 μM). The unbound fraction (fup) of lasmiditan in human plasma at 
this concentration is 0.45. Thus unbound Cmax of lasmiditan at the maximum allowed daily dose 
(200 mg) is 0.31 μM. The DDI index was calculated to assess risk of potential CYP2D6 inhibition 
and the R1 value is 1.02. Since the DDI index for CYP2D6 inhibition meets the FDA cutoff of 1.02 
(FDA 2017), PBPK analyses were conducted to further evaluate the effect of lasmiditan on the 
PK of a CYP2D6 substrate. (Source: Summary of Clinical Pharmacology Studies)  

Also, in vitro studies showed that lasmiditan is an inhibitor of P-gp with an IC50 of 85 μM 
(Report LY573144-2018TPPgp- Inhib). Dividing the highest proposed dose of lasmiditan of 200 
mg by 250 mL, as per FDA guidance (FDA 2017), results in a DDI index (Igut/IC50) of 25. This 
exceeds the cut-off of 10, indicating that lasmiditan has the potential to inhibit P-gp in vivo. The 
aqueous solubility of lasmiditan was > 2 mg/mL at all pH levels tested, which was greater than 
0.8 mg/mL (200 mg/250 mL), suggesting that lasmiditan is completely dissolved in the 
gastrointestinal (GI) tract.  

The PBPK modeling approach described below assessed the impact of lasmiditan on the 
exposure of dextromethorphan, a sensitive CYP2D6 probe substrate, and the exposure of 
digoxin, a recognized P-gp probe substrate. PBPK modeling suggested little to no clinical drug 
interaction with CYP2D6 and P-gp substrates and the applicant proposed the following 
language in USP: 
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12.3 ....Drug Interaction Studies 
Potential for lasmiditan to affect other drugs 
Drug Metabolizing Enzymes 

Lasmiditan is an in-vitro inhibitor of CYP2D6 but did not significantly inhibit the activity 
of other CYP450 enzymes. Modeling and simulation of the impact of lasmiditan on the 
exposure of dextromethorphan, a recognized sensitive CYP2D6 substrate, indicate that 
lasmiditan is unlikely to exert clinically significant inhibition of CYP2D6. 

Drug Transporters 
Lasmiditan inhibits P-gp and BCRP in-vitro.  

 

III. PBPK modeling 

All simulations were performed using the PKPD Profiles mode in Simcyp V17 (Certara, Sheffield, 
UK). Model building verifications and applications to evaluate the CYP2D6- and P-gp-mediated 
drug-drug interactions are described below. 

1. CYP2D6 Inhibition PBPK model 
A scheme of the overall simulation strategy is shown in Figure 9. Models were developed and 
verified for lasmiditan, the CYP2D6 inhibitor quinidine, and the CYP2D6 substrate 
dextromethorphan. Simcyp library default parameter values for quinidine and 
dextromethorphan were used, unless specifically noted in this report. The lasmiditan model 
was built and verified using both physicochemical and in vitro data as well as data from four 
clinical studies, comprising the intravenous administration study (Study LACA), food effect study 
(Study LAHR), a relative bioavailability study (Study 103/LAHQ), and the human radiolabel 
disposition study (Study LAHH). The dextromethorphan model was verified previously as a 
sensitive probe substrate of CYP2D6 (Table 19). The quinidine model was verified with previous 
clinical DDI studies (summary provided along with modeling files) for the purpose of assessing 
CYP2D6 inhibition. However, inhibition parameters for CYP2D6 (Ki and fumic) were generated 
by the applicant and were input into the quinidine model in order to assess and verify the 
applicability of such in-house data for prediction of CYP2D6 inhibition. 
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Figure 10. Diagram of the simulation strategy to assess the effect of lasmiditan on the PK of a 
CYP2D6 substrate 

 
(Source: Figure generated by FDA) 

The advanced dissolution, absorption, and metabolism (ADAM) model in Simcyp was used to 
describe the absorption of lasmiditan. First, the systemic clearance and volume of distribution 
of lasmiditan were modeled using the clearance and volume of distribution at steady state 
based on the reported intravenous (systemic) CL and Vdss from the intravenous dose escalation 
study (Study LACA) (Table 14). Based on the exposure and doses from the intravenous dose 
escalating study and from multiple studies after oral administration of lasmiditan, the 
bioavailability (F) of lasmiditan ranged between 0.55 to 0.66. For this modeling exercise, the F 
of lasmiditan was set to 0.5. The fraction absorbed (fa) of lasmiditan was assumed to be 1, 
based on the results from the human disposition study (Study LAHH) where parent drug was 
detected in feces in only one subject at a trace levels (<1%). The gut wall availability (Fg) was 
assumed to be 1, given the high permeability of lasmiditan in MDCK cells (Table 14) and the fact 
that it is not a substrate for enzymes known to be expressed in the small intestine (e.g., CYP3A). 
Given that the product of the Fg and Fa was equal to 1, the hepatic availability was calculated 
to be approximately 0.5 and equal to the total F. The CYP2D6 inhibition parameters for 
lasmiditan were measured in vitro using human liver microsomes with NADPH and bufuralol as 
the substrate. The experimental details are described in the CYP2D6 inhibition report (Study 
Report 6180-505). The fraction unbound in the incubation was assumed to be the same as the 
predicted fraction unbound in hepatic microsomes. Figure 10 shows the Simcyp predicted and 
observed concentration time profiles for lasmiditan after a single 200 mg oral dose in the fasted 
state. All predicted PK parameters are within 0.7- and 1.7-fold of the observed values reported 
in the clinical study reports.  

Reviewer’s comments: Considering that no accumulation of lasmiditan was observed with daily 
dosing and lasmiditan is recommended to be taken infrequently, the model verification against 
single dose PK is acceptable. 

Model 
Building:

Built with data from food 
effect, IV, DDI and other 

relative bioavailability studies

In-vitro inhibition parameters 
(eg. Ki) were integrated in the 

lasmiditan model

CYP2D6 PBPK model 
(Dextromethorphan) was 

used as a substrate

Verification:
Dextromethorphan model 

was verified with clinical DDI 
study with Quinidine as 

CYP2D6 inhibitor and with 
data from poor and extensive 

CYP2D6 metabolizers.

Model 
Application:

Drug interaction of 
dextromethorphan with 

lasmiditan was evaluated and 
additional sensitivity analysis 

was conducted to confirm 
results
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Figure 11. Observed and predicted mean, 5th and 95th percentiles of lasmiditan after a 200 
mg single dose in the fasted state in A) linear and B) log scale 

 
(Source: Study report LY573144 PBPK CYP2D6, Figure 2, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\532-
rep-stud-pk-human-biomat\5322-rep-hep-metab-interact-stud\ly573144-pbpk-cyp2d6\ly573144-pbpk-cyp2d6.pdf) 

 

2. CYP2D6 Inhibition Model Verification 
To verify the PBPK model and to demonstrate confidence in the prediction of CYP2D6 inhibition 
by lasmiditan using in-house in vitro data (Ki and fumic) and the Simcyp platform, the same 
approach was used to reproduce a known clinical interaction between a CYP2D6 inhibitor, 
quinidine, and a CYP2D6 substrate, dextromethorphan. Table 21 shows the input parameters 
for the quinidine PBPK model.  

The CYP2D6-mediated interaction between quinidine (with in house Ki value of 0.026 µM and 
fumic of 0.951) and dextromethorphan was implemented in Simcyp v17. For this simulation, 
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dextromethorphan and quinidine were given as a single dose on day 1, according to the clinical 
study by Capon et al. 19964. Sampling was carried out for 14 more days due to the long half-life 
of dextromethorphan. Table 13 shows the predicted and observed exposure ratios for 
dextromethorphan in the presence and absence of quinidine. Although the initial 
predicted/observed AUC and Cmax values are lower than expected, these ratios are well covered 
by the sensitivity analysis performed on the dextromethorphan quinidine interaction using up 
to 10 folds reduction in ki value.  

Table 13. Predicted and Observed Arithmetic Mean AUC and Cmax Ratios of 
Dextromethorphan after Co-Administration with Quinidine using in-house Ki value 

Dextromethorphan 
PK Parameter Predicted Mean Observed Mean Predicted/Observed 

AUC ratio 4.78 6.34 0.75 

Cmax ratio 3.85 6.1 0.63 
(Source: Study report LY573144 PBPK CYP2D6, Table 8, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\532-
rep-stud-pk-human-biomat\5322-rep-hep-metab-interact-stud\ly573144-pbpk-cyp2d6\ly573144-pbpk-cyp2d6.pdf) 

 

3. PBPK model Application for CYP2D6 Inhibition 
The CYP2D6-mediated interaction between lasmiditan and dextromethorphan was evaluated. 
The details of the trial simulation are listed in Table 14. For this simulation, dextromethorphan 
was given as a single dose on day 7, after lasmiditan reached steady-state. Sampling was carried 
out for six more days due to the long half-life of dextromethorphan. The predicted AUC and 
Cmax interaction ratios for dextromethorphan are shown in Table 15. 

  

                                                      
4 Clin Pharmacol Ther. 1996 Sep;60(3):295-307. The influence of CYP2D6 polymorphism and quinidine on the disposition and antitussive effect 
of dextromethorphan in humans. 
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Table 14. Simulation Design for the Interaction between Lasmiditan and Dextromethorphan. 

 
Compound Substrate Inhibitor 

Dextromethorphan Lasmiditan 

Dose 30 mg 200 mg 

Start Day/Time Day 7/0900 hours Day 1/ 0900 hours 

Dosing Regimen Single dose Multiple dose 

Dosing Interval (hours) NA 24 

Population Selected Healthy Volunteers (100% CYP2D6 EM) 
Population Size  100 

Number of Trials 10 
Number of Subjects per Trial 10 

Fasted/Fed Fasted 
(Source: Study Report LY573144 PBPK CYP2D6, Table 3, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\532-
rep-stud-pk-human-biomat\5322-rep-hep-metab-interact-stud\ly573144-pbpk-cyp2d6\ly573144-pbpk-cyp2d6.pdf) 

 

Table 15. Predicted AUC and Cmax Ratios of Dextromethorphan After Seven Oral Doses of 200 
mg Lasmiditan Daily 

Dextromethorphan 
Parameter 

Predicted 
Geometric Mean 

Predicted 90% Confidence 
Interval 

AUC ratio 1.0
 

1.05-1.05 
Cmax ratio 1.0

 
1.04-1.05 

(Source: Study Report LY573144 PBPK CYP2D6, Table 6, Link \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\532-
rep-stud-pk-human-biomat\5322-rep-hep-metab-interact-stud\ly573144-pbpk-cyp2d6\ly573144-pbpk-cyp2d6.pdf) 

Sensitivity analyses were performed to investigate the impact of key model input parameters 
on the predicted AUC and Cmax ratios of dextromethorphan. Sensitivity analyses were 
performed on the CYP2D6 Ki values of lasmiditan and quinidine, along with the fraction that 
escapes first pass hepatic metabolism (Fh) for lasmiditan. The sensitivity analysis performed on 
the CYP2D6 Ki of lasmiditan shows that using a range of Ki values from 2.07 to 207 (10-fold 
lower and 10-fold higher than the measured Ki of 20.7 μM), results in AUC ratios for 
dextromethorphan that vary between 1.0 and 1.3, and the Cmax ratios also vary between 1.0 
and 1.3. The sensitivity analysis performed on the lasmiditan Fh shows that varying the Fh from 
0.3 to 0.9 results in minimal changes in AUC and Cmax ratios for dextromethorphan.  
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IV. PBPK P-gp Inhibition model Building 

A scheme of the overall simulation strategy is shown in Figure 9. Briefly, models were 
developed and verified for lasmiditan, P-gp inhibitor ritonavir, and P-gp substrate digoxin. 
Simcyp library Default Parameter values for ritonavir and digoxin were used, unless specifically 
noted in this report. The lasmiditan model was built and verified using both physicochemical 
and in vitro data as well as data from four clinical studies mentioned above. The digoxin model 
was verified by Simcyp as a probe substrate of intestinal and hepatic P-gp. The ritonavir model 
was verified by Simcyp for the purpose of assessing P-gp inhibition. However, in vitro inhibition 
parameters for P-gp (IC50 and Fuinc) were generated by the applicant and were input into the 
ritonavir model in order to assess and verify the applicability of such in-house data for 
prediction of P-gp inhibition. The digoxin model built and verified by Simcyp in V17 was used as 
the victim drug (i.e., probe substrate) in this P-gp interaction assessment (Table 23). In the 
model, the absorption of digoxin was described using the advanced dissolution, absorption, and 
metabolism (ADAM) model, and the elimination was described using the permeability limited 
liver model to describe efflux of digoxin into bile. The P-gp inhibition parameters for lasmiditan 
were measured in vitro using inside-out membrane vesicles prepared from transfected human 
embryonic kidney (HEK) cells stably expressing MDR1. The experimental details were described 
in the P-gp inhibition report (study report LY573144-2018TP-Pgp-Inhib). The fraction unbound 
in the incubation was assumed to be the same as the fraction unbound in hepatic microsomes, 
corrected for protein concentration. 

Figure 12. Diagram of the simulation strategy to assess the effect of lasmiditan on the PK of a 
P-gp substrate 

 
(Source: Figure generated by FDA) 

1.  P-gp Inhibition Model Verification  
To demonstrate confidence in the prediction of P-gp inhibition by lasmiditan using in-house in 
vitro data and the Simcyp platform, the same approach was used to reproduce a known clinical 
interaction (between a P-gp inhibitor, ritonavir, and a P-gp substrate, digoxin). Given the high 

Model 
Building:

Built with data from food 
effect, IV, DDI and other 

relative bioavailability 
studies

In-vitro inhibition 
parameters  generated 

inhouse (eg. IC50, Fuinc) 
were integrated in the 
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P-gP PBPK model 
(Digoxin) was used as a 

substrate

Verification:
Digoxin model was 

verified with clinical DDI 
study with Ritonavir as 

Pgp inhibitor.

Model 
Application:

Drug interaction of 
Digoxin with lasmiditan

was evaluated and 
additional sensitivity 

analysis was conducted 
to confirm results
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inter-laboratory variability in the measurement of IC50 values for P-gp,  the same methodology 
that was used for the estimation of IC50 value for lasmiditan, was used for the estimation of the 
IC50 of ritonavir. Table 22 shows the input parameters for the ritonavir PBPK model. 

Table 16 shows the predicted and observed exposure ratios for digoxin in the presence and 
absence of ritonavir dosed according to the clinical study by Penzak et al., 20045.  
 

Table 16. Predicted and Observed Geometric Mean AUC and Cmax Ratios of Digoxin after Co-
Administration with Ritonavir 

 
Digoxin Parameter Predicted 

Geometric Mean 
(90%CI) 

Observed 
Geometric Mean 
(90%CI) 

 
Predicted/Observed 

AUC ratio 1.23 (1.19, 1.27) 1.29 (1.11, 1.47) 0.95 

Cmax ratio 1.31 (1.27, 1.35) 1.26 (0.98, 1.53) 1.04 

(Source: Study Report LY573144 PBPK P-gp, Table 8, \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\532-rep-stud-
pk-human-biomat\5322-rep-hep-metab-interact-stud\ly573144-pbpk-p-gp\ly573144-pbpk-p-gp.pdf) 

2.  P-gp Inhibition Model Application 
The P-gp-mediated interaction between lasmiditan and digoxin was implemented in Simcyp 
v17. The details of the trial simulation are listed in Table 17. For this simulation, digoxin was 
given as a single dose on day 5, after lasmiditan reached steady-state. Sampling was carried 
out for six more days due to the long half-life of digoxin. The predicted AUC and Cmax 

interaction ratios for digoxin are shown in Table 18. 

 

Table 17. Simulation Design for the Interaction between Lasmiditan and Digoxin. 

 
Compound Substrate Inhibitor 

Digoxin Lasmiditan 
Dose 0.5 mg 200 mg 

Start Day/Time Day 5/ 0900 hours Day 1/ 0900 hours 

Dosing Regimen Single dose Multiple dose 

Dosing Interval (hours) NA 24 

                                                      
5 Penzak, S, Shen. JM, Alfaro RM, Remaley, AT; Natarajan, V, Falloon, J. 2004. Ritonavir Decreases the Nonrenal Clearance of Digoxin in Healthy 
Volunteers with Known MDR1 Genotypes. Ther Drug Monit 26(3): 322-330. 
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Population Selected          Healthy 
Volunteers Population Size  100 

Number of Trials 10 
Number of Subjects per Trial 10 

Fasted/Fed Fasted 
(Source: Study Report LY573144 PBPK P-gp, Table 3, \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\532-rep-stud-
pk-human-biomat\5322-rep-hep-metab-interact-stud\ly573144-pbpk-p-gp\ly573144-pbpk-p-gp.pdf) 

Table 18. Predicted AUC and Cmax ratios of digoxin after five oral doses of 200 mg lasmiditan 
QD. 

Digoxin Parameter Predicted Geometric 
Mean 

Predicted 90% Confidence 
Interval 

AUC ratio 1.02 1.02- 1.03 
Cmax ratio 1.07 1.07- 1.08 

(Source: Study Report LY573144 PBPK P-gp, Table 6, \\cdsesub1\evsprod\nda211280\0001\m5\53-clin-stud-rep\532-rep-stud-
pk-human-biomat\5322-rep-hep-metab-interact-stud\ly573144-pbpk-p-gp\ly573144-pbpk-p-gp.pdf) 

The sensitivity analysis performed on the P-gp IC50 of lasmiditan  shows IC50 values from 8.5 to 
850 μM (10-fold lower and 10-fold higher than the measured IC50 of 85 μM), results in AUC 
ratios for digoxin that vary between from 1.0 to 1.1. This results in Cmax ratios between 1.0 and 
1.3. The sensitivity analysis performed on the lasmiditan Fh shows that varying the Fh from 0.3 
to 0.77 results minimal changes in AUC and Cmax ratios for digoxin. 

 

V. Review Questions 

Is the PBPK analysis adequate to evaluate the potential interaction with a probe CYP2D6 
substrate (such as dextromethorphan)? 

Yes, the PBPK analysis is adequate and supports that there is low potential for clinically 
significant interaction of lasmiditan with CYP2D6 substrates.  

The Simcyp dextromethorphan (a CYP2D6 substrate) model was validated against observed PK 
in CYP2D6 extensive metabolizers (EMs) and poor metabolizers (PMs), and two quinidine-
dextromethorphan DDI studies. In general, the predicted dextromethorphan PK profiles were 
able to describe the observed PK profiles following a single dose of dextromethorphan alone as 
well as when dextromethorphan was co-administered with a single 50 mg dose of quinidine 
(Abdul Manap et al. 1999, and Capon et al. 1996). However, for the data reported by Capon et 
al. (1996), there are inconsistencies between the observed PK parameters reported in Table 13. 
(Cmax ratio=17.8 and AUC ratio=42.6) and the values extrapolated from mean PK profiles and 
analyzed using non-compartmental analysis (NCA) (Cmax ratio=6.1 and AUC ratio=6.34) (Simcyp 
dextromethorphan model file V14 and V16). This discrepancy seems to be due to inconsistency 
in the NCA calculations.  
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The reviewer conducted a search in the Metabolism and Transport Drug Interaction Database 
from  for quinidine and dextromethorphan DDI studies. A 
total of five papers that reported quinidine and dextromethorphan DDI studies were found. The 
review team noticed some discrepancies in the DDI study results. Some of these studies 
suggested a higher drug interaction than the levels in the studies used in the model verification. 
This may be attributed to differences in the study design and doses used in these studies. Pope 
et al. 2004 reported more than 40-fold change in dextromethorphan AUC when it was co-
administered with quinidine. However, these results were not used in model validation because 
there were no PK profiles for dextromethorphan in this study and the authors reported only a 
summary of the parameters. The review team considered the PK data from PM and EM most 
reliable to validate the model for CYP2D6 elimination. This is because quinine has the potential 
to inhibit the metabolism of drugs that are substrates of CYP3A4 as well as inhibit P-gp 
substrates6 especially at high concentrations. 

To further confirm the conclusions, the reviewer conducted additional analyses to evaluate the 
effect of lasmiditan on the PK of desipramine (another sensitive CYP2D6 substrate). The 
Applicant’s lasmiditan model and the Simcyp default desipramine models were used. The 
Simcyp desipramine model was validated against PK data in CYP2D6 EMs and PMs, two clinical 
DDI studies with paroxetine, and three with fluoxetine (strong CYP2D6 inhibitors). The model 
was able to capture desipramine PK changes for the majority of the DDI results between 
desipramine and CYP2D6 inhibitors (paroxetine and fluoxetine). 

The simulated desipramine Cmax and AUC ratios (geometric mean) were 1.02 when 50 mg 
desipramine was administered alone or on day 7  following administration of 200 mg lasmiditan 
once daily for 11 days. Sensitivity analysis of CYP2D6 Ki of lasmiditan suggested that when Ki 
was lowered by 10-fold, the predicted desipramine Cmax and AUC ratios were lower than 1.2. 
These simulation results were consistent with the simulations evaluating the effects of 
lasmiditan on the PK of dextromethorphan.           

Although inconsistencies observed in the reported dextromethorphan PK changes when it was 
co-administered with quinidine, the simulations to evaluate the inhibition potential of 
lasmiditan on a CYP2D6 substrate is acceptable for the following reasons.  

• The dextromethorphan model was able to describe its PK in CYP2D6 EMs and PMs. 

• The additional simulations evaluating the effect of lasmiditan on the PK of desipramine 
(a sensitive CYP2D6 substrate) provided similar results as the simulations evaluating the 
effect of lasmiditan on the PK of dextromethorphan (a sensitive CYP2D6 substrate). 

• The sensitivity analyses suggested that increasing lasmiditan inhibition potential by 10-
fold increased desipramine or dextromethorphan AUC only by 1.2 to 1.3-fold.  

                                                      
6 USPI for Quinine Sulphate QUALAQUIN® https://www.accessdata.fda.gov/drugsatfda docs/label/2008/021799s008lbl.pdf 

Reference ID: 4465059

(b) (4)



46 
 

• The in vitro DDI R1 value for CYP2D6 was 1.02 which was right on the cutoff value of 
1.02, suggesting in vivo DDI potential might be low. 

 

Overall, the PBPK analyses suggested that the in vivo CYP2D6 inhibition potential for lasmiditan 
is low. 

 

Is the PBPK model adequate to quantitatively predict the potential interaction with the probe 
P-gp substrate digoxin? 

No, the PBPK model is inadequate to quantitatively evaluate the effect of lasmiditan on the PK 
of P-gp substrates (e.g. digoxin) for the reasons described below. 

The digoxin model did not account for the potential drug interaction by P-gp inhibition in the 
kidney. Results from the clinical drug interaction between ritonavir and digoxin showed that P-
gp inhibitors like ritonavir decreases the renal clearance for digoxin (P-gp substrate)7. The 
relative contribution of active vs. passive uptake of P-gp substrate (digoxin) in the liver, 
intestine or the kidney was not discussed or justified with regards to the impact of the 
uncertainty associated with assigning active vs. passive uptake on the DDI predictions. 

The PBPK model for lasmiditan utilized the ADAM model to predict the gut and enterocytes 
concentrations. As the gut and enterocytes concentrations are almost impossible to be 
measured, analyses should be conducted to evaluate the impact of uncertainties associated 
with gut and enterocytes concentration predictions on the DDI predictions. In addition, the in-
house data generated by the applicant suggested that in vitro Ki values generally under-predict 
the observed in vivo DDI between a P-gp inhibitor and digoxin.  

VI. Conclusions 

The review team finds the PBPK analyses adequate to predict low drug interaction potential 
with CYP2D6 substrates. However, the PBPK model is inadequate to quantitatively predict the 
potential interaction between lasmiditan and a P-gp substrate (e.g. digoxin). 

VII. Abbreviation 

AUC, area under the concentration-time profile;  B/P, blood to plasma ratio; CL, clearance; 
CLRenal, renal clearance; Cmax, maximal concentration in plasma; F, bioavailability; Fa, fraction 
absorbed;  fmCYP, fraction metabolized by a CYP enzyme; fup, fraction unbound in plasma; 
GFR, glomerular filtration; Kabs, oral absorption rate; LogP, octanol: water partition coefficient; 
PBPK, physiologically-based pharmacokinetic; pKa, acid dissociation constant 

 

                                                      
7 Clin Pharmacol Ther. 2004 Jul;76(1):73-84.Substantial pharmacokinetic interaction between digoxin and ritonavir 
in healthy volunteers. 
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VIII. Appendix 
 

Table 19. PBPK Model Input Parameters for Dextromethorphan 

Parameter Value Method/Reference 

Molecular weight (g/mol) 271.4 Simcyp default 

log P 3.8 Simcyp default 

Compound type Monoprotic Base Simcyp default 

pKa 8.3 Simcyp default 

B:P 1.32 Simcyp default 

fu 0.5 Simcyp default 

Absorption First order model 

Fa 1 Simcyp default 

ka (1/h) 2.6 Simcyp default 

fugut 1 Simcyp default 

Qgut (L/h) 20.584 Simcyp default 

Distribution Model Minimal PBPK Model 

VdSS (L/kg) 14.3 Simcyp default 

Elimination Model Enzyme Kinetics 

Enzyme CYP2B6 Simcyp default 

Pathway O-demethylation Simcyp default 

CLint (μL/min/mg protein) 0.03 Simcyp default 

Enzyme CYP2C9 Simcyp default 

Pathway O-demethylation Simcyp default 

CLint (μL/min/mg protein) 0.76 Simcyp default 

Enzyme CYP2C18 Simcyp default 

Pathway O-demethylation Simcyp default 

CLint (μL/min/mg protein) 0.01 Simcyp default 

Enzyme CYP2C19 Simcyp default 

Pathway O-demethylation Simcyp default 

CLint (μL/min/mg protein) 0.05 Simcyp default 

Enzyme CYP2D6 Simcyp default 

Pathway O-demethylation Simcyp default 

CLint (μL/min/mg protein) 250.85 Simcyp default 
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Enzyme CYP3A4 Simcyp default 

Pathway O-demethylation Simcyp default 

   

CLint (μL/min/mg protein) 
 

Enzyme 

1.13 
 

CYP2B6 

Simcyp default 
 

Simcyp default 

Pathway N-demethylation Simcyp default 

CLint (μL/min/mg protein) 
 

Enzyme 

4.74 
 

CYP2C9 

Simcyp default 
 

Simcyp default 

Pathway N-demethylation Simcyp default 

CLint (μL/min/mg protein) 
 

Enzyme 

0.14 
 

CYP2C18 

Simcyp default 
 

Simcyp default 

Pathway N-demethylation Simcyp default 

CLint (μL/min/mg protein) 
 

Enzyme 

0.05 
 

CYP2C19 

Simcyp default 
 

Simcyp default 

Pathway N-demethylation Simcyp default 

CLint (μL/min/mg protein) 
 

Enzyme 

0.07 
 

CYP2D6 

Simcyp default 
 

Simcyp default 

Pathway N-demethylation Simcyp default 

CLint (μL/min/mg protein) 
 

Enzyme 

2.15 
 

CYP3A4 

Simcyp default 
 

Simcyp default 

Pathway N-demethylation Simcyp default 

CLint (μL/min/mg protein) 3.02 Simcyp default 

CLR (L/h) 0.375 Simcyp default 

Source: Table 1 of report LY573144 PBPK CYP2D6. B.P. = blood to plasma ratio, CLint = intrinsic clearance, CLR = renal clearance, Fa = fraction 
absorbed, fu = fraction unbound in plasma, fugut = fraction unbound in the enterocyte, ka = absorption rate constant, log P = Logarithm of the 
octanol water partition coefficient, Peff = Intestinal effective permeability , pKa = pH at which 50% ionization occurs, Qgut = hybrid term that 
incorporates permeability and blood flow to the enterocyte, Vss = volume of distribution at steady state. 
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Table 20. PBPK Model Input Parameters for Lasmiditan 

Parameter Value Source 
Compound Name Lasmiditan  

 
 

Measured 
Molecular Weight (g/mol) 377.4 

log P 2.97 
Compound Type Monoprotic Base  

pKa 1 7.97 Predicted (Chemaxon) 
B:P 1 Assumed value for basic molecules 

fu (plasma) 0.45 Measured (report Covance 7874-123) 
Absorption Model ADAM  

Formulation Solution  
 

Average of A-B and B-A Papp measured in MDCK cells in   
Lasmiditan Papp (cm/s)*10-6

 23.05 the presence of P-gp Inhibitor (LSN335984) (study report 
  17ELIP4) 
 

Propranolol Papp (cm/s)*10-6
 

 
15.7 Average value of Papp measured in MDCK cells (study report 

17ELIP4 Table A1) 
 

Peff (cm/s)*10-4
 

 
4.12 Predicted in Simcyp using the measured Papp values for 

lasmiditan and propranolol 
 

Distribution Model Minimal PBPK 
Model 

 

Vdss (L/kg) 4 Manually entered to match reported values for Vdss 287.7 L 
Kp scalar 1.05 and for body weight 72 kg in study H8H-CD- LACA 

 
Clearance Type 

Whole Organ 
Metabolic 
Clearance 

 

 
Hepatocyte Clearance 
(µL/min/million cells) 

 
18 

Back-calculated from an average estimate of bioavailability 
of 0.5, a B:P of 1 and the assumption that Fa*Fg is 1, given 

the high permeability and solubility of lasmiditan 
 

Additional Clearance (L/h) 
 

10 Additional clearance required to match the observed IV 
clearance of 57.6 L/h (Study report H8H-CD-LACA) 

Renal Clearance (L/h) 2.89 Measured in the human ADME study H8H-CD-LAHH 
Inhibition Parameters   

Enzyme CYP2D6 Liver 
Ki (µM) 20.7 Study Report Covance 6180-505 

Fumic 0.736 Predicted with a QSAR method in human liver microsomes 
Transporter P-gp Small intestine and liver 

IC50 85 Measured using vesicles expressing P-gp (protein [C] of 
0.4mg/mL) (study report LY573144-- 2018 TP-P-gp-Inhib) 

Fuinc 0.78 Predicted in microsomes (internal QSAR model) and 

adjusted for protein concentration 
   Source: Table 2 of report LY573144 PBPK CYP2D6.  B.P. = blood to plasma ratio, CLint = intrinsic clearance, CLR = renal clearance, Fa = 

fraction absorbed, fu = fraction unbound in plasma, Fugut = fraction unbound in the enterocyte, Fumic = fraction unbound in the 
microsomal incubation, ka = absorption rate constant, log P = Logarithm of the octanol water partition coefficient, Peff = Intestinal 
effective permeability , pKa = pH at which 50% ionization occurs, Vdss = volume of distribution at steady state. 

 

Reference ID: 4465059



50 
 

Table 21. PBPK Model Input Parameters for Quinidine 

Parameter Value Method/Reference 

Molecular weight (g/mol) 324.4 Simcyp Default 

log P 2.81 Simcyp Default 

Compound type Diprotic Base Simcyp Default 

pKa 4.2, 8.8 Simcyp Default 

B/P 0.82 Simcyp Default 

fu 0.202 Simcyp Default 
Absorption First order absorption model 

Fa 1 Simcyp Default 

ka (1/h) 3 Simcyp Default 

fugut 1 Simcyp Default 

Qgut (L/h) 13.221 Simcyp Default 

Distribution Model Minimal PBPK Model 

VdSS (L/kg) 1.88 Simcyp Default 
Clearance Type Enzyme Kinetics 

Enzyme CYP3A4 Simcyp Default 

Pathway 3-OH Simcyp Default 

CLint (μL/min/mg protein) 20.65 Simcyp Default 

Enzyme CYP3A4 Simcyp Default 

Pathway N-oxidation Simcyp Default 

CLint (μL/min/mg protein) 2.6 Simcyp Default 

Enzyme CYP2C9 Simcyp Default 

Pathway N-oxidation Simcyp Default 

CLint (μL/min/mg protein) 0.4 Simcyp Default 

Enzyme CYP2E1 Simcyp Default 

Pathway N-oxidation Simcyp Default 

CLint (μL/min/mg protein) 0.52 Simcyp Default 

CLR (L/h) 3.87 Simcyp Default 

Ki (μM) CYP2D6 0.026 Rougee et al. 2016 (pH 7.4) 

fumic 0.951 Rougee et al. 2016 (pH 7.4) 

Ki (μM) CYP3A4 5.1 Simcyp Default 
Source: Table 7 of report LY573144 PBPK CYP2D6.  B.P. = blood to plasma ratio, CLint = intrinsic clearance, CLR = renal clearance, Fa = fraction 
absorbed, fu = fraction unbound in plasma, Fugut = fraction unbound in the enterocyte, fumic = fraction unbound in the microsomal  incubation, ka = 
absorption rate constant, Ki= inhibition constant, log P = Logarithm of the octanol water partition coefficient, Peff = Intestinal effective permeability , 
pKa = pH at which 50% ionization occurs, Qgut= hybrid term incorporating permeability and blood flow to the enterocyte, Vdss = volume of 
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distribution at steady state. 

Table 22. PBPK Model Input Parameters for Ritonavir 

Parameter Value Method/Reference 
Molecular weight (g/mol) 721 Simcyp library 
log P 3.9 Simcyp library 
Compound type Diprotic Base Simcyp library 
pKa 1.8, 2.6 Simcyp library 
B:P 0.587 Simcyp library 
Fu (plasma) 0.015 Simcyp library 
Main plasma binding protein α1 acid glycoprotein Simcyp library 
Absorption Model ADAM Simcyp library 
Formulation Solution  
Ritonavir Peff (cm/s)*10-4

 3.1 Simcyp library 
Fugut 0.015 Simcyp library 
Distribution Model Minimal PBPK Model Simcyp library 
VSS (L/kg) 0.41 Simcyp library 
Elimination Enzyme kinetics 
Enzyme CYP2D6 Simcyp library 
Pathway Pathway 1 Simcyp library 
Vmax (pmol/min/pmol) 0.7 Simcyp library 
Km (μM) 1 Simcyp library 
Enzyme CYP3A4 Simcyp library 
Pathway Pathway 1 Simcyp library 
Vmax (pmol/min/pmol) 1.37 Simcyp library 
Km (μM) 0.07 Simcyp library 
Enzyme CYP3A5 Simcyp library 
Pathway Pathway 1 Simcyp library 
Vmax (pmol/min/pmol) 1 Simcyp library 
Km (μM) 0.05 Simcyp library 
CLint (HLM) (μL/min/mg protein) 75 Simcyp library 
CLR (L/h) 0.53 Simcyp library 
Interactions 
Enzyme CYP2C9 Simcyp library 
Indmax 3.33 Simcyp library 
IndC50 (μM) 0.07 Simcyp library 
Enzyme CYP2D6 Simcyp library 
KI (μM) 0.04 Simcyp library 
Enzyme CYP3A4 Simcyp library 
Kapp(μM) 0.18 Simcyp library 
kinact (1/h) 19.8 Simcyp library 
Indmax 68.5 Simcyp library 
IndC50 (μM) 1 Simcyp library 
Enzyme CYP3A5 Simcyp library 
Kapp(μM) 0.18 Simcyp library 
kinact (1/h) 19.8 Simcyp library 
Indmax 68.5 Simcyp library 
IndC50 (μM) 1 Simcyp library 
Transporter ABCB1 (P-gp/MDR1) Simcyp library 
Organ Gut Simcyp library 
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Ki (μM) 0.179 Measured  
Fuinc 0.131 Predicted (QSAR) fumic 
Transporter ABCB1 (P-gp/MDR1) Simcyp library 
Organ Liver Simcyp library 
Ki (μM) 0.179 Measured In-house  

Source: Table 7 of report LY573144 PBPK P-gp. 
 

Table 23. PBPK Model Input Parameters for Digoxin 

Parameter Value Method/Reference 
Compound name Digoxin Simcyp library 
Molecular Weight (g/mol) 780.94 Simcyp library 
Log P 1.26 Simcyp library 
Compound type Neutral Simcyp library 
B:P 1.07 Simcyp library 
fu (plasma) 0.71 Simcyp library 
Absorption Model ADAM Model Simcyp library 
Peff,man (10-4cm/s) Duodenum 0.5 Simcyp library 
Peff,man (10-4cm/s) Jejunum I 4.67 Simcyp library 
Peff,man (10-4cm/s) Jejunum II 4.67 Simcyp library 
Peff,man (10-4cm/s) Ileum I 4.67 Simcyp library 
Peff,man (10-4cm/s) Ileum II 3.67 Simcyp library 
Peff,man (10-4cm/s) Ileum III 2.67 Simcyp library 
Peff,man (10-4cm/s) Ileum IV 1.67 Simcyp library 
Peff man (10-4cm/s) Colon 0.1 Simcyp library 
Distribution Model Full PBPK Model 
VSS (L/kg) 6.14 Simcyp library 
Elimination Model Enzyme Kinetics 
Renal Clearance (L/h) 9.66 Simcyp library 
Hep CLint (µL/min/106 cells) 0.37 Simcyp library 
Transport Intestinal and Hepatic 
Intestinal P-gp Jmax (pmol/min) 434 Simcyp library 
Intestinal P-gp Km (µM) 177 Simcyp library 
Area (cm2) 1 Simcyp library 
Fuinc 1 Simcyp library 
Intestinal RAF/REF 2 Simcyp library 
Passive diffusion clearance (mL/min/106 cells) 0.1 Simcyp library 
Hepatic P-gp Jmax (pmol/min/106 cells) 434 Simcyp library 
Hepatic P-gp Km (µM) 177 Simcyp library 
Liver RAF/REF 1.5 Simcyp library 

Source: Table 1 of report LY573144 PBPK P-gp. B:P = blood to plasma ratio, Fu = fraction unbound in plasma, Fuinc = Fraction unbound in the 
microsomal incubation, Log P = Logarithm of the octanol water partition coefficient, Peff = Intestinal effective permeability, Vss = volume of 
distribution at steady state. Jmax = The maximum  initial velocity or rate of transport, Km =Concentration of substrate which permits the 

transporter to achieve half maximal transport. 
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4.7 Figures and Tables 
 

Table 24. Summary of Individual Clinical Pharmacology and Efficacy Studies 

Study/Report Study Description Dose Levels 
Disposition and Metabolism Study 

110/LAHH [14C]-Lasmiditan Disposition 200 mg 
Healthy Subject PK, PD, and Tolerability 

LACA Single Ascending Dose (IV) 0.1 – 180 mg (IV) 

102/LAHS Single Ascending Dose (oral) 
25 – 400 mg (oral 
solution), 1 – 32 
mg (SL solution) 

103/LAHQ Relative Bioavailability and Single Ascending Dose Part 1: 200 mg 
Part 2: 50, 400 mg 

LAHE Multiple Ascending Dose 200 or 400 mg 
PK in Patients with Migraine 

LAHC PK in Migraine Patients During and Between Migraine Attacks 200 mg 

201/LAHM PK in Migraine Patients During Migraine Attack 2.5 – 45 mg (IV) 
Effect of Intrinsic Factors on PK and PD of Lasmiditan 

LAHA Effect of Age on Lasmiditan PK 200 mg 

LAIG Cardiovascular Effects of Lasmiditan in Elderly Subjects 100 or 200 mg 

114/LAHF Effect of Hepatic Impairment on Lasmiditan PK 200 mg 

113/LAHN Effect of Renal Impairment on Lasmiditan PK 200 mg 
Drug Interaction and Food Effect Studies 

LAHD Effect of Lasmiditan on Propranolol PD and PK 200 mg 

LAHI Effect of Lasmiditan on Sumatriptan PK 200 mg 

LAHT Effect of Lasmiditan on Topiramate PK 200 mg 

LAHU Effect of Lasmiditan on Sumatriptan PK 200 mg 

LAHE Effect of Lasmiditan on Caffeine, Midazolam, and Tolubutamide 200 and 400 mg 

PBPK-CYP2D6 Mechanistic PK Model Prediction of Lasmiditan on CYP2D6 200 mg 

NA Mechanistic PK Model Prediction of Lasmiditan on CYP34A 200 mg 

PBPK-P-GP Mechanistic Model PK Prediction of Lasmiditan on P-gp 200 mg 

LAHR Effect of Food on Lasmiditan Bioavailability 200 mg 
Thorough QT Study 

105/LAHP Effect of Lasmiditan on QTc 100 or 400 mg 
Human Abuse Liability 

LAHB Effect of Lasmiditan on Human Abuse Potential 100, 200, 400 mg 

LAHE Evaluation of Potential Withdrawal Symptoms Following Once-Daily Dosing 200 and 400 mg 
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Effect of Lasmiditan on Driving Performance 
106/LAHG Effect of Lasmiditan on Driving Impairment 50, 100, or 200 mg 

LAIF Effect of Lasmiditan on Duration of Driving Impairment 100 or 200 mg 
Efficacy Study  Design Objective Dose Levels 

Phase 2 placebo-controlled studies 

201/LAHM 

Multicenter, prospective, 
randomized, double-blind, 
placebo-controlled study with 
group sequential adaptive 
treatment design. Single dose 
to treat 1 migraine attack 

To evaluate the efficacy (headache 
response at 2 hours) of a range of IV doses 
of lasmiditan in order to select a dose 
range for further evaluation  

Lasmiditan IV 
Infusion 1, 2.5, 5, 
10, 20, 30, 45, 60 
mg; placebo  

202/LAHO 

Multicenter, prospective, 
randomized, double-blind, 
placebo-controlled, parallel-
group dose-ranging study. 
Single dose to treat 1 migraine 
attack 

To evaluate the efficacy (headache 
response at 2 hours) of a range of oral 
doses of lasmiditan in order to select a 
dose range for further evaluation 

Lasmiditan 50, 100, 
200, 400 mg; 
placebo 

Pivotal Phase 3 placebo-controlled studies 

301/LAHJ 

Multicenter, randomized, 
double-blind, parallel placebo-
controlled study of a single 
migraine attack  

To evaluate the efficacy at 2 hours of 
lasmiditan compared to placebo on 
migraine headache pain and MBS. Single 
dose to treat 1 migraine attack; single 
dose for rescue or recurrence as needed 

Lasmiditan 100, 
200 mg; placebo 

302/LAHK 

Multicenter, randomized, 
double-blind, parallel placebo-
controlled study of a single 
migraine attack 

To evaluate the efficacy at 2 hours of 
lasmiditan compared to placebo on 
migraine headache pain and MBS. Single 
dose to treat 1 migraine attack; single 
dose for rescue or recurrence as needed 

Lasmiditan 50, 100, 
200 mg; placebo 

Phase 3 open-label long-term study 

305/LAHL 

Multicenter, randomized, 
open-label parallel study of 
multiple migraine attacks for 
up to 12 months  

To evaluate the safety and tolerability of 
long-term intermittent use of lasmiditan 
100 and 200 mg. Single dose to treat all 
migraine attacks for up to 12 months; 
single dose for rescue or recurrence as 
needed per treated attack 

Lasmiditan 100, 
200 mg 

(Sources: Modified from Clinical Pharmacology Summary, Table 2.7.2.2., Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin-sum\clin-
pharm-sum--us---migraine-.pdf, and Clinical Efficacy Summary, Table CSE.2.7.3.2., Link \\cdsesub1\evsprod\nda211280\0001\m2\27-clin- 
sum\clin-efficacy-sum.pdf) 
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