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1. EXECUTIVE SUMMARY 

Eli Lilly and Company submitted this original Biologics License Application (BLA 761063) seeking 

approval for EMGALITYTM (Galcanezumab) for preventive treatment of migraine in adult patients 

with episodic or chronic migraine. Galcanezumab is a humanized immunoglobulin G4 (IgG4) 

monoclonal antibody that targets calcitonin gene-related peptide (CGRP), which is implicated in 

the pathophysiology of migraine. CGRP is a potent vasodilator neuropeptide and elevated blood 

concentrations of CGRP have been associated with migraine and other painful conditions.  In 

addition, CGRP infusions can also induce migraine-like attacks in some individuals with a history 

of migraine.  

The application is supported by three confirmatory phase 3 studies in episodic migraine (Studies 

CGAG and CGAH) and in chronic migraine (Study CGAI). The phase 3 studies included two dose 

levels: 120 mg once monthly with 240 mg loading dose and 240 mg once monthly without a 

loading dose. Both dose levels showed statistically significant and similar mean change from 

baseline in number of monthly migraine headache days during the placebo-controlled treatment 

period. The reduction in monthly migraine days was 4-5 days from baseline with galcanezumab 

treatments as compared to 2-3 days following treatment with placebo.  In addition, there were 

statistically significant reduction in the use of acute migraine medications and the duration of 

headache experienced.  The Applicant is seeking approval  for 120 mg once monthly regimen, 

with a 240-mg loading dose (as 120 mg x 2 injections) using either prefilled syringe(s) or prefilled 

pen (s).  

The primary focus of this review is to evaluate: 

1. acceptability of the proposed dosing regimen,  

2. adequacy of the PK bridge between the prefilled syringe and auto injector pen, and 

3. impact of immunogenicity on the PK/PD of galcanezumab.  

1.1 Recommendations 

The Office of Clinical Pharmacology has reviewed the information submitted under BLA 761063 

and recommends the approval of 120 mg monthly dosing regimen (with a 240 mg loading dose) 

of galcanezumab for the preventive treatment of chronic and episodic migraine in adults.  

Key review issues with specific recommendations and comments are summarized below: 
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Review Issue Recommendations and Comments 

Pivotal evidence of 
effectiveness 

Three randomized, double-blind, placebo-controlled, phase 3 
studies in subjects with episodic migraine (CGAG, CGAH), and 
chronic migraine (CGAI) provided the required evidence of 
efficacy. The phase 3 studies included two dose levels - 120 
mg monthly with a 240 mg loading dose, and 240 mg monthly 
without a loading dose. Both dosing regimens showed similar 
efficacy/safety. The applicant is seeking approval for only the 
low dose regimen (i.e., 120 mg monthly with a loading dose 
of 240 mg), as studied in the pivotal trials in patients with 
episodic and chronic migraine. 

General dosing instructions The recommended dose is 120 mg injected subcutaneously 
once monthly, with a 240 mg loading dose. The dose can be 
administered to the abdomen, arm, buttocks, or thigh areas. 

Dosing in patient subgroups 
(intrinsic and extrinsic factors) 

Dose adjustment is not required based on demographic 
factors such as age, sex, race, ethnicity and body weight. 

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

Galcanezumab was administered using single dose prefilled 
syringe(s) in the pivotal phase 3 studies. The applicant 
performed a pivotal PK bridging study (CGAQ) and 
demonstrated bioequivalence between prefilled syringe and 
prefilled pen formulations.  

Both prefilled syringe and prefilled pens are acceptable.  

 

1.2 Post-Marketing Requirements and Commitments 

None 
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

2.1 Pharmacology and Clinical Pharmacokinetics 

Mechanism of Action: 

Galcanezumab is a humanized IgG4 monoclonal antibody that binds to calcitonin gene-related 

peptide and prevents its biological activity without blocking the CGRP receptor.  

Absorption: 

After a subcutaneous dose of 120- or 240-mg galcanezumab, the mean peak plasma 

concentrations are achieved by 5 to 7 days. The time to peak plasma concentration is similar in 

healthy subjects and in migraine patients. Site of administration (abdomen, thigh, back of the 

upper arm, and buttocks) was not found to be a significant covariate for galacanezumab exposure 

based on PopPK analysis. Galcanezumab exposure increases proportionally with dose over 120-

240 mg range after multiple dose administration. 

Distribution: 

The apparent volume of distribution (V/F) of galcanezumab was 7.3 L (34% inter individual 

variability), based on Pop-PK analyses. 

Metabolism and Elimination: 

Galcanezumab is a humanized IgG4 monoclonal antibody and is eliminated by degradation into 

small peptides and amino acids via catabolic pathways. Based on a population PK analysis, the 

apparent clearance (CL/F) of galcanezumab was approximately 0.008 L/h and the half-life of 

galcanezumab was about 27 days. 

Drug Interaction Studies: 

Monoclonal antibodies typically do not undergo metabolism by the cytochrome P450 system and 

unlikely to be affected by drug transporters; therefore, no drug interaction studies were 

conducted with galcanezumab.  

Special Populations: 

Renal elimination of IgG monoclonal antibodies is generally low. The IgG monoclonal antibodies 

are mainly eliminated via intracellular catabolism and hepatic impairment is not expected to 

significantly influence the clearance of galcanezumab. Therefore, dedicated clinical 

pharmacology studies to evaluate the effects of renal impairment and hepatic impairment on the 

PK of galcanezumab were not conducted. Based on a population PK analysis, bilirubin 

concentration or creatinine clearance did not significantly influence the CL/F of galcanezumab. 
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Immunogenicity: 

The overall incidence of anti-drug antibody (ADA) across the phase 3 studies with treatment 

periods up to 12 months, was about 12.5%, most of which were of low titer. Most patients who 

developed ADA had presence of neutralizing anti-drug antibodies (NAb). Presence of ADA, 

irrespective of titer and NAb, did not seem to affect the PK, efficacy, or safety of galcanezumab 

in those patients. However, this was based on limited data from patients who were ADA positive 

and only one of the phase 3 studies had one year data. Please refer to Section 4.5 for details. 

2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing 

The recommended dose is 120 mg injected subcutaneously once monthly, with a 240-mg loading 

dose (as two consecutive subcutaneous injections of 120 mg/ml). The sites for injection include 

the abdomen, thigh, back of the upper arm, and buttocks and the available dosage forms include 

prefilled syringe and prefilled pen. The impact of injection site on PK of galcanezumab was not 

tested in a dedicated study, however, it was not found to be a significant covariate in the PopPK 

analysis.  The recommended dosing regimen and the sites of injection are the same as those 

tested in phase 3 studies.  

Similar efficacy/safety was demonstrated for both 120 mg (with 240 mg loading dose) and 240 

mg once monthly regimens in episodic and chronic migraine patients. Since there is no 

therapeutic advantage with the high dose regimen, the applicant is seeking approval for only the 

120 mg monthly regimen as tested in phase 3 studies. The review team agrees with this proposal.    

 

2.2.2 Therapeutic individualization 

No therapeutic individualization is necessary based on extrinsic/intrinsic factors. Galcanezumab 

is a subcutaneously administered IgG4 antibody and is not expected to be metabolized by major 

CYP450 enzymes or affected by drug transporters. Renal/Hepatic impairment is not expected to 

affect pharmacokinetics of galcanezumab and no dedicated clinical pharmacology studies were 

performed in subjects with renal or hepatic impairment. Based on a population PK analysis, 

bilirubin concentration or creatinine clearance did not significantly influence the CL/F of 

galcanezumab. 

2.3 Outstanding Issues 

None.   

2.4 Summary of Labeling Recommendations 

The applicant’s labeling recommendations are generally acceptable. 
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 

3.1 Overview of the Product and Regulatory Background 

Galcanezumab injection is intended for subcutaneous use and is formulated as a sterile, 

preservative-free, solution available in a single-dose prefilled pen or a single-dose prefilled 

syringe manufactured to deliver 120 mg galcanezumab. There are other biologics in addition to 

galcanezumab, targeting the CGRP pathway for migraine prophylaxis. This include erenumab 

(AIMOVIG®), the first CGRP receptor blocker approved in the US in 2018 for the preventive 

treatment of migraine.  

In this application, the applicant submitted 10 clinical studies to support the approval of 

galcanezumab. These include four phase 1 clinical pharmacology studies (CGAA and CGAE, CGAO, 

CGAQ) in healthy subjects, two phase 2 studies in patients with episodic migraine (ART-01, CGAB), 

three phase 3 studies in patients with episodic (CGAG, CGAH) and chronic migraine (CGAI) and 

one open label safety study (CGAJ). Across the four phase 1 clinical pharmacology studies, single 

doses of galcanezumab were administered over a range of 1 to 600 mg, multiple doses of 150 mg 

once every 2 weeks (Q2W) and 300 mg once every 4 weeks (Q4W). Galcanezumab was 

administered over a range of 5 to 300 mg Q4W in the phase 2 study, and at 120 mg and 240 mg 

monthly in the phase 3 studies. Overview of the pivotal studies are summarized in Table 1.  
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Table 1 Overview of Study Designs for phase 3 Studies CGAG, CGAH, and CGAI 

 Study CGAG Study CGAH Study CGAI 

Population  Episodic Migraine Chronic Migraine  

Primary Endpoint Mean change from baseline in the number of monthly MHDs during the double-blind 
treatment phase. 

Study Design A phase 3, multisite, randomized, double-

blind, parallel, placebo- controlled trial 

with 4 study periods: 

1. Screening and washout (3-45 days) 

2. Prospective Baseline (30-40 days) 

3. Double-Blind Treatment (6 months) 

4. Follow-up (galcanezumab washout phase; 4 

months) 

A phase 3, multisite, randomized, 

double-blind, parallel, placebo-

controlled trial with 5 study 

periods: 

1. Screening and washout (3-45 days) 

2. Prospective Baseline (30-40 days) 

3. Double-Blind Treatment (3 months) 

4. Open-Label Extension (9 months) 
5. Follow-up (galcanezumab washout 

phase; 4 months) 

Study Treatments Galcanezumab 120 mg subcutaneous, once monthly (with a 240-mg loading dose); 

Galcanezumab 240 mg subcutaneous, once monthly; or Placebo subcutaneous, 

once monthly 

No. Randomized 

Pts with at least 

One Injection 

(n) 

Total (N = 858) 
galcanezumab 120 mg 
(n=213) 
galcanezumab 240 

mg (n=212)  

placebo (n=433) 

Total (N = 915) 
galcanezumab 120 mg 
(n=231) 
galcanezumab 240 

mg (n=223)  

placebo (n=461) 

Total (N = 1113) 
galcanezumab 
120 mg (n=278) 
galcanezumab 

240 mg (n=277) 

placebo (n=558) 

Key 

Inclusion 

Criteria 

ICHD-3 diagnosis of migraine with or without aura 

History of 4 to 14 MHDs prior to Visit 1 and at least 

2 migraine attacks per month on average within 

the past 3 months 

4 to 14 MHDs and at least 2 migraine attacks per 

month during the prospective baseline period 

ICHD-3 diagnosis of chronic migraine 

For at least 3 months, history of 15 or 

more headaches per month, of which at 

least 8 have features of migraine, and at 

least 1 headache-free day per month 

15 to 29 headache days per 30-

dayperiod in the prospective baseline 

period, of which at least 8 are MHDs 

Treatment Duration 6 months double-blind 3 months double-blind plus 9 months 
open-label 

Abbreviations:  ICHD-3 = International Classification of Headache Disorders – 3rd edition, beta; MHD = 
migraine headache days; No. = number; Pts = patients; SP = Study Period
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3.2 General Pharmacology and Pharmacokinetic Characteristics 

Pharmacology 

Mechanism of Action:  Galcanezumab is a humanized IgG4 monoclonal antibody that binds 
calcitonin gene-related peptide (CGRP) and prevents its biological 
activity without blocking the CGRP receptor.  

General Information  

Healthy volunteers vs. 
patients: 

There was no difference in PK between healthy volunteers and 
migraine patients based on Pop-PK analysis. 

Dose proportionality:  The maximum plasma concentration at steady-state (Cmax,ss), 
minimum concentration at steady-state (Cmin,ss), and area under the 
concentration versus time curve during one dosing interval at steady-
state (AUCtau,ss) after a multiple monthly subcutaneous dose of 120- 
or 240-mg galcanezumab were dose proportional in migraine 
patients. In addition, the Cmax and AUC0-∞ after receiving a single 
subcutaneous dose ranging from 1 to 600 mg was generally dose 
proportional based on the phase 1 Study CGAA in healthy volunteers. 

Accumulation: The recommended dosing regimen of 240 mg loading dose 
followed by a monthly dose of 120 mg resulted in achievement of 
steady-state concentrations after the first dose. The monthly 
dosing regimen of 240 mg resulted in a 2-fold accumulation at 
steady state and achieved steady-state by month 3 to 4. This is 
expected based on the half life of galcanezumab (~27 days). 

Immunogenicity:  With 12 months of treatment, up to 12.5% of galcanezumab -
treated patients developed anti-drug antibodies, most of which 
were of low titer and tested positive for neutralizing activity in vitro. 
The presence of ADA, did not seem to affect the PK, efficacy, or 
safety of galcanezumab based on the limited data and duration of 
exposure available.  

Absorption  

Tmax The median Tmax ranged from 5-7 days. 

Similar galcanezumab exposure is achieved irrespective of 
subcutaneous administration in the abdomen, arm, buttocks, or thigh 
areas, based on pop-PK analyses. 
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Distribution  

Distribution: The apparent volume of distribution (V/F) was estimated to be 7.33 
L with 34% inter individual variability.  

Elimination  

Mean Terminal 
Elimination Half-life:  

Approximately 27 days  

Metabolism / 
Excretion: 

Monoclonal antibodies are not known to be metabolized by the 
cytochrome P450 system or affected by drug transporters. As a 
humanized IgG4 monoclonal antibody, galcanezumab is expected to 
be degraded into small peptides and amino acids via catabolic 
pathways in the same manner as endogenous IgG. 

 

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 pivotal evidence of effectiveness is from three phase 3 studies: Study I5Q-MC-CGAG (CGAG) 

and Study I5Q-MC-CGAH (CGAH) for episodic migraine, and Study I5Q-MC-CGAI (CGAI) for 

chronic migraine. Each of these studies evaluated 2 dosing regimens of galcanezumab given as 

once monthly subcutaneous injections: a 120 mg dose regimen that included a 240-mg loading 

dose, and a 240 mg dose regimen. All the 3 studies met their primary objective. The key efficacy 

findings from these studies are as follows: 

Episodic Migraine:  

In Study CGAG (N=858) and Study CGAH (N=915), both dosing regimens of galcanezumab (120 or 

240 mg/month) were superior to placebo in the overall mean reduction of the number of 

monthly migraine headache days (MHDs) during the 6-month, randomized, double-blind period.  

Both the pivotal phase 3 studies consisted of a screening visit (visit 1), a baseline period (30-40 

days), followed by a 6-month, double-blind, treatment period during which they were assigned 

to either monthly regimens of (a) 120 mg with a starting loading dose of 240 mg or (b) 240 mg. 

The study enrolled EM patients with a history of MHD of at least 1 year prior to visit 1; and 

migraine onset prior to age 50; and experiencing 4-14 MHD, with at least 2 migraine attacks per 

month and achieved 80% compliance with a diary during the baseline period. Both the dosing 

regimens of galcanezumab (120 mg with a starting loading dose of 240 mg; or 240 mg/month) 

were superior to placebo in the overall mean reduction of the number of monthly migraine 
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headache days (MHDs), and no dose-response was observed. The results for these studies are 

presented in Figure 1 and Figure 2 below. 

 

  

Figure 1 Mean change from baseline in the number of migraine headache days by month for 
the double-blind treatment period of Study CGAG. 

  

Source: Clinical study report I5Q-MC-CGAG – Figure 11.1 on Page 86 
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Figure 2. Mean change from baseline in the number of migraine headache days by month for 
the double-blind treatment period of Study CGAH. 

  
 

Source: Clinical study report I5Q-MC-CGAH – Figure 11.1 on Page 86 
 

 

Additionally, both dosing regimens (120 or 240 mg/month) were also superior to placebo on all 

key secondary outcomes, including clinically significant response rates (mean percentages of 

patients with ≥50%, ≥75%, or 100% reductions from baseline in monthly MHDs); Reduction in 

MHDs with acute medication use; improvement in functional outcomes as assessed by the 

Migraine-Specific Quality of Life Questionnaire Version 2.1 (MSQ) Role Function-Restrictive 

score. Please refer to clinical review by Dr. Suhail Kasim for details. 
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Chronic Migraine: 

Study CGAI (N=1113), was a randomized, double-blind and placebo-controlled pivotal phase 3 

trial. It consisted of a screening visit (visit 1), a baseline period (30-40 days), followed by a 3-

month, double-blind, treatment period during which they were assigned to either monthly 

regimens of (a) 120 mg with a starting loading dose of 240 mg or (b) 240 mg. The study enrolled 

patients with CM in the pivotal trial (CGAI) were defined as those with a history of at least 1 

headache-free day per month for 3 months prior to visit 1; and migraine onset prior to age 50; 

and experiencing at least 1 headache-free day, at least 15 headache days, of which at least 8 

must be MHD and achieved 80% compliance with a diary during the baseline period Both the 

dosing regimens of galcanezumab (120 mg with a starting loading dose of 240 mg; or 240 

mg/month) were superior to placebo in the overall mean reduction of the number of monthly 

migraine headache days (MHDs), and no dose-response was observed. The results for this study 

is shown in Figure 3 below. Additionally, galcanezumab was also superior to placebo on all key 

secondary outcomes (≥50% and ≥75% response rates, reduction in MHDs with acute medication 

use, improvement in functional outcomes as assessed by the MSQ Role Function-Restrictive 

score, and PGI-S rating). 

 

Figure 3. Mean change from baseline in the number of migraine headache days by month for 
the double-blind treatment period of Study CGAI. 

  

Source: Clinical study report I5Q-MC-CGAI – Figure 11.1 on Page 104 
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Exposure-response (E-R) analysis using average steady state concentrations (Cav, ss) of 

galcanezumab and the mean baseline- and placebo-corrected reduction in the number of 

migraine headache days at the end of week 12 in chronic and episodic migraine population was 

conducted. There was a clear difference in the exposures between the two dosing regimens 

tested in these studies. The E-R analyses showed no apparent relationships between efficacy and 

galcanezumab concentrations and were consistent with the observed lack of dose-response 

relationships. Please refer Appendix 4.3 for further details. 

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 of 120 mg/month with a 240 mg loading dose is acceptable. 

In all the 3 pivotal studies, the applicant tested two dosing regimens (120 mg/month with a 240 

mg loading dose and 240 mg/month without a loading dose). Based on the primary efficacy 

endpoint results, i.e., mean baseline- and placebo-corrected reduction in monthly MHDs (across 

6 months in EM patients; and 3 months in CM patients), both the dosing regimens were shown 

to be effective and well tolerated. There was no dose-response or an apparent exposure-

response relationship observed in these studies. Table 2 presents the least squares mean 

differences between galcanezumab and placebo in the number of monthly MHDs for Studies 

CGAG, CGAH, CGAG/H combined, and CGAI.  

Table 2 Mean difference betwefen galcanezumab and placebo in the number of monthly 
migraine headache days for Studies CGAG, CGAH, CGAG/H combined (6 months), and CGAI (3 
months). 

Study Dose LS Mean difference vs Placebo (95% CI) 

CGAG 120mg -1.92 (-2.48, -1.37) 

240mg -1.76 (-2.31, -1.2) 

CGAHI 120mg -2.02 (-2.55, -1.48) 

240mg -1.9 (-2.44, -1.36) 

CGHG+CGAH 120mg -2.96 (-2.35, -1.58) 

240mg -1.83 (-2.22, -1.44) 

CGAI 120mg -2.09 (-2.92, -1.26) 

240mg -1.88 (-2.71, -1.05) 

Source: Integrated summary of efficacy; Figure ISE.8.1.; Page 69/545 

 

In addition to the phase 3 studies, the review team evaluated the results from a phase 2 study 

CGAB (N~400), where no loading dose was used. This dose-finding study evaluated four dose 

levels of galcanezumab (i.e., 5, 50, 120, or 300 mg given every 4 weeks) relative to placebo in 

patients with episodic migraine. The results indicated that doses less than 120 mg/month did not 
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have robust clinical efficacy. The 120 mg/month regimen did not show statistically significant 

improvement relative to placebo at months 1 and 2, and was significant only at month 3. The 300 

mg dose showed significant separation from placebo at months 1 and 2, and not at month 3. 

Based on these observations, a 240-mg loading dose was implemented in phase 3 for the 120 

mg/month maintenance dose to achieve steady-state galcanezumab concentrations by Month 1, 

as illustrated in Figure 4 below, by which the applicant expected to provide a quicker onset of 

effect.  

 

 

Figure 4 Model-predicted galcanezumab concentration-time profiles after a 
dosing regimen of 240-mg loading dose followed by 5 consecutive 

once monthly doses of 120 mg, or 6 consecutive once monthly 
doses of 240 mg. 

 

Source: Population PK/PD report: Figure 10.1 on page 54  
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Overall, no major safety concerns were observed for both dose regimens. The most commonly 

reported AEs included injection site pain, nasopharyngitis, upper respiratory tract infections and 

injection site reactions. The incidence rates for the injection site pain in patients administered 

with monthly dosing regimens of 120 mg (with loading dose of 240 mg) and 240 mg were 

comparable. Please refer to the clinical safety review by Dr. Lourdes Villalba and Dr. Sally Yasuda 

for further details. 

In conclusion, monthly dosing regimen of 120 mg with a loading dose of 240 mg of galcanezumab 

offers similar efficacy to that of 240 mg monthly dosing regimen in both chronic and episodic 

migraine, and thus we recommend the approval of monthly dosing regimen of 120 mg with a 

loading dose of 240 mg. 

 

3.3.3 Is an alternative dosing regimen and/or management strategy required for 

subpopulations based on intrinsic factors? 

No. Dose adjustment is not necessary based on intrinsic factors such as race, age, gender, 

bodyweight or renal or hepatic impairment. Body weight (range 37 to 141 kg) was the only 

statistically significant covariate on CL/F affecting the PK of galcanezumab, with a less than 

proportional increase in CL/F with increasing body weight. However, it was not identified as a 

statistically significant covariate on efficacy. Please refer to Section 4.2 for details. 

Age (18 to 65 years, at study entry), race (72% Caucasian, 14% Black, 6% Asian, 6% multi-racial, 

1% American Indian), ethnicity (74% non-Hispanic, 22% Hispanic), sex (80% female, 20% male), 

creatinine clearance using Cockcroft-Gault equation (24 to 308 mL/min), and bilirubin (2 to 46 

μmol/L) were not significant factors affecting the PK of galcanezumab.  

Specific clinical pharmacology studies to evaluate the effects of renal impairment and hepatic 

impairment on the PK of galcanezumab were not conducted. Based on population PK analysis, 

Cockcroft-Gault creatinine clearance (range: 24 to 308 mL/min) and bilirubin (range: 2 to 46 

μmol/L) were not significant factors affecting galcanezumab PK. Please refer to Section 4.2 for 

more details. 

 

3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the 

appropriate management strategy? 

No. Galcanezumab is administered by subcutaneous injection and thus food-drug interactions 

are not anticipated.  
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Galcanezumab is a humanized IgG4 monoclonal antibody that is eliminated by degradation into 

small peptides and amino acids via catabolic pathways. Monoclonal antibodies typically do not 

undergo metabolism or transport as their clearance pathway. Therefore, no drug interaction 

studies were conducted with galcanezumab. Based on the pharmacokinetic characteristics of 

galcanezumab, drug-drug interactions are not expected. 

3.3.5 Is the to-be-marketed formulation the same as the clinical trial formulation, and if not, 

are there bioequivalence data to support approval of the to-be-marketed formulation? 

The proposed commercial presentations include a single-use prefilled syringe and an autoinjector 

pen, containing a 120-mg/mL solution of galcanezumab. The prefilled syringe was used in all 

phase 3 studies. The autoinjector pen was used in the open label safety study I5Q-MC-CGAJ 

(CGAJ) and bioequivalence Study CGAQ. Study CGAQ demonstrated bioequivalence between 

prefilled syringe and autoinjector pen formulations.  

A consult was sent to the Division of New Drug Bioequivalence Evaluation (DNDBE) within the 

Office of Study Integrity and Surveillance (OSIS) for clinical and analytical site inspection for 

study CGAQ. OSIS recommended accepting the data without an on-site inspection since this site 

was recently inspected and the inspectional outcome was classified as No Action Indicated 

(NAI). Please refer to review of Dr. Shila S Nkah in DARRTS, dated 12/22/2017 for details.  
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4. APPENDICES 

For the determination of plasma galcanezumab concentrations, the Applicant used a validated 

enzyme-linked immunosorbent assay (ELISA) method. This method was developed and validated 

by   The ELISA method was validated in compliance 

with the standards set forth in the FDA Bioanalytical Method Validation guidance. Summary of 

validation parameters is presented in  Table 3 

 

Table 3 Summary of Bioanalytical Method Validation and Performance 

Analyte / Parameter Galcanezumab 

Range (ng/ml) 0.20 to 50.00 

Inter day Precision (%CV) 2.7%-5.2% 

Intraday Accuracy (%Dev) 97.4%-104.8% 

Intraday Precision (%CV) 1.6%-8.8% 

Inter day Accuracy (%Dev) 97.6%-102.6% 

  

Reference standard LY2951742, Lot #RS0675 

Specificity No interference in the blank matrix or CGRP was 

seen 

Recovery (%) 106% (CV%:1.7%)  

Stability (% Mean Ratio):   

Freeze/Thaw Stability (% 

difference) 

5 cycles (2.3-4.5) 

Human plasma (Room Temp) 136 days (7.8-12.9) 
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4.1. Evaluation of the effect of Immunogenicity on the PK/PD of 

Galcanezumab 

Evaluating the Effect of Immunogenicity on Galcanezumab PK 

The model-predicted CL/F was unchanged in patients who had ADA present compared to patients 

that did not have ADA present (Figure 5). 

 

Figure 5: Model-predicted galcanezumab CL/F in patients with anti-drug antibodies  

 
Abbreviations: N=number of patients; n=number of observations Note: The middle line in each box plot represents the median; the top and bottom margins of the box 

represent the 75th and 25th percentiles; the whiskers extend to the 95th and5th percentiles; data points outside the whiskers represent the points beyond the 

percentiles  Source: Summary of clinical Pharmacology; Figure  

 

 

Graphical analysis of observed galcanezumab concentrations corresponding to ADA titers from 

Studies CGAG and CGAH in patients with episodic migraine and CGAI in patients with chronic 

migraine following doses of 120 and 240 mg during the double-blind treatment phase show that 

galcanezumab concentrations were generally similar irrespective of ADA titer (Figure 6). This 

finding is supportive of the lack of effect of ADA on galcanezumab PK shown by the population 

PK analyses. 
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Figure 6 Galcanezumab serum concentrations during the double-blind treatment phase 
categorized by ADA titer (top panel 120 mg, bottom panel 240 mg). 

 
Source: Summary of clinical Pharmacology; Figure 2.7.2.16; Page 67/76 

Effect of Immunogenicity on Total CGRP Concentrations and Primary Efficacy Endpoint 

Graphical analysis of observed total CGRP concentrations corresponding to ADA titers was 

performed on data from Studies CGAG and CGAH in patients with episodic migraine and Study 

CGAI in patients with chronic migraine following doses of 120 and 240 mg during the double-

blind treatment phase. This analysis shows that total CGRP concentrations were generally similar 

irrespective of ADA titer. This observation suggests that although the majority of ADA detected 

in the phase 3 studies demonstrated neutralizing activity in vitro, they had no appreciable effect 

of inhibiting the binding of the CGRP ligand to the galcanezumab antibody Figure 7. 
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Figure 7 Total CGRP concentrations during the double-blind treatment phase categorized by 
ADA titer (top panel 120 mg, bottom panel 240 mg). 

 

Source: Summary of clinical Pharmacology. Figure 2.7.2.18, Page 70 of 76 

 

Finally, the relationship between TE ADA+ and the average change in monthly migraine headache 

days for each individual patient through the treatment phases was evaluated from Studies CGAG 

and CGAH (6 month double-blind), CGAI (up to 12 months including double-blind and open-label 

data), and CGAJ (12 months). Only galcanezumab-treated patients were included, and for CGAI, 

only those who were initially randomized to galcanezumab in the double-blind phase were 

included. The results did not show a clinically meaningful impact of immunogenicity on 

galcanezumab efficacy. A similar mean monthly migraine headache day reduction was observed 

between TE ADA+ patients and those who did not become TE ADA+. The potential for a 
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relationship with higher titer was explored and none was seen. The review team also looked at 

the effect of different titers of ADA on the change from baseline in total headache days for pooled 

data from all studies. Results showed no difference in change in total headache days across 

different titers Figure 8. However, the available data on ADA and PK/PD or efficacy is limited to 

derive firm conclusions on the impact of immunogenicity. 

 

Figure 8 Correlation between Antidrug Antibody Titer and Change from Baseline in Migraine 
Headache Days. 
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4.2. Pharmacometrics Assessment: Population PK/PD Analyses 

4.2.1. Applicant’s Population PK/PD analysis: 

Population PK (PopPK) analyses were conducted by the applicant to characterize the PK of 

galcanezumab in healthy subjects and subjects with episodic and chronic migraine (EM & CM, 

respectively). Their key objectives were to: (1) evaluate the effects of intrinsic and extrinsic 

factors on the PK of galcanezumab that can potentially explain the interindividual differences in 

PK and aid in appropriate dose adjustment, if necessary; and (2) derive exposure metrics that can 

be used for subsequent exposure-response analyses of the efficacy and safety endpoints.  

Data from 6 clinical studies, which included two phase I studies in healthy volunteers (I5Q-MC-

CGAE, [CGAE] and I5Q-MC-CGAO [CGAO]), a phase 2 study in patients with episodic migraine 

(I5QMC-CGAB [CGAB]), and three phase 3 studies in patients with episodic migraine (CGAG, 

CGAH) and chronic migraine (CGAI) were used in the population PK analyses. Furthermore, one 

phase 3 study I5Q-MC-CGAJ (CGAJ) in patients with EM & CM was used as a validation dataset 

for the PK modeling output.  

Additionally, the applicant also performed population PK/PD analyses to characterize the 

relationship between the concentrations of galcanezumab and calcitonin gene-related peptide 

(CGRP). Pooled data from the phase 3 efficacy Studies CGAG, CGAH, and CGAI were included for 

these analyses. A brief description of these studies is given in Table 4. 
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Table 4 Summary of the characteristics of the studies used for PopPK/PD analyses  

Study ID Subjects Doses/Route Description of data 

I5Q-MC-
CGAO 
 

Phase 1:  
Healthy subjects 
(N=15) 

Part A: 240 mg (SC)  
Solution formulation in 
a PFS  

Rich PK:  
Week 0 (predose, 8, 24, 48, 96, 
and 120 h postdose);  
Week 1 (168, 216, and 264 h 
postdose);  
Week 2, 3, 4, 6, 8, 10, 12, 16, and 
20. 

Healthy subjects 
(N =160) 

Part B: 300 mg (SC) 
Lyophilized formulation 
or solution formulation 
in a PFS 

I5Q-MC-
CGAE 

Phase 1:  
Healthy subjects 
(N = 45) 
[Japanese: 25 
Caucasian: 20] 

Single dose:  
5, 50, 120, 300 mg 
Multiple dose:  
300 mg Q4W 

Rich PK: 
Single dose: 
Week 0: predose, 8, 24, 48, 96, 
and 120 h postdose; 
Week 1: 168, 216, and 264 h 
postdose,  
Weeks 2, 3, 4, 6, 8, 10, 12, 16, 
and 20.  
Multiple dose; 
Week 0-6, 8-12, 14, 16, 20, 
24, 28 

I5Q-MC-
CGAB 

Phase 2: 
Patients with 
episodic migraine 
(N = 268) 

5, 50, 120, 300 mg 
Q4W*3 (SC) 

Sparse PK: 
Week 4, 8, 10, 12, 18, 24 

I5Q-MC-
CGAG 

Phase 3: 
Patients with 
episodic migraine 
(N = 418) 

LD: 240 mg, 120 QM*5 
(SC); 
 
240 mg QM*6 (SC) 

Sparse PK: 
Month 0.5, 1, 2, 3, 4, 4.5, 5, 5.5, 
6, 8, 10. 
CGRP:  
Predose, Month 0.5, 1, 2, 3, 4, 
4.5, 5, 5.5, 6, 8, 10 

I5Q-MC-
CGAH 

Phase 3:  
Patients with 
episodic migraine 
(N = 446) 

LD: 240 mg, 120 QM*5 
(SC); 
 
240 mg QM*6 (SC) 

Sparse PK: 
Month 0.5, 1, 2, 3, 4, 4.5, 5, 5.5, 
6, 8, 10. 
CGRP:  
Predose, Month 0.5, 1, 2, 3, 4, 
4.5, 5, 5.5, 6, 8, 10 
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Study ID Subjects Doses/Route Description of data 

I5Q-MC-
CGAI 

Phase 3: 
Patients with 
chronic migraine 
(N = 547) 

DB: 240 mg, 120 QM*2 
(SC); 240 QM*3 (SC) 
 
OL: 240 mg, 120 mg, 
flexible dose (discretion 
of investigator) QM * 7 
(SC) 

Sparse PK:  
Month 0.5, 1, 2, 3, 4, 5, 6, 9, 12, 
16  
CGRP: Predose, Month 0.5, 
1, 2, 3, 16 

I5Q-MC-
CGAJ 

Phase 3: 
Patients with 
episodic  
(N = 213) & 
chronic migraine 
(N = 57) 

LD: 240 mg, 120 QM*11 
(SC); 
 
240 mg QM*12 (SC) 

Sparse PK: 
Month 0.5, 1, 2, 3, 6, 12, 16 

Note: N: Number of subjects included in the respective trials; SC: Subcutaneous, PFS: Pre-Filled 

Syringe; Q4W: Every 4 weeks; LD: Loading dose; QM: Once Monthly; CGRP: Calcitonin Gene-

Related Peptide; DB: Double-Blind (Phase); OL: Open Label (Phase);  

Source: Adapted from the PopPK report, Table 7-1 on page 15 

 

The final dataset for the PopPK analyses consists of a total of 15770 quantifiable galcanezumab 

PK samples from a total of 2412 subjects, of whom 84 were healthy subjects, 1601 were subjects 

with episodic migraine and 376 were subjects with chronic migraine. The PK samples in which 

the concentrations were below the limit of quantification (N = 48 samples, 0.5%) were excluded.  

The PopPK data of galcanezumab was modeled using non-linear mixed effects in NONMEM. The 

structural model developed by the applicant consists of a one-compartment model, whose 

absorption was characterized by first order absorption rate constant (ka, hr-1), distribution 

characterized by apparent volume of distribution (V/F, liters) and elimination characterized by 

apparent clearance (CL/F, liters/hr). The apparent terminal half-life was estimated based on the 

post-hoc estimates of CL/F and V/F.  

Covariate identification was performed in a step-wise manner and the list of covariates explored 

include age, dose, bodyweight, race,  ethnicity, sex, healthy volunteers, anti-drug antibodies 

(ADA) titer, presence of ADA (positive), treatment emergent ADA, kidney function estimated by 

creatinine clearance using by Cockcroft-Gault method, bilirubin and injection site location.  

During the End-of-Phase 2 (EoP2) discussions with the agency, the applicant stated that they 

would explore various site injections in the PK bridging study from the lyophilized solution 

formulation and pre-filled syringe to which the agency agreed. Additionally, phase III trials report 
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the use of different injection sites (i.e., abdomen, thigh and back of upper arm) and such 

information was collected and assessed as a covariate in the population PK analyses   

Body weight was retained as a covariate on CL/F, whose allometric coefficient was estimated 

based on a power model. The parameter estimates of the final PopPK model along with their 

precision (bootstrap analysis carried out by sampling 200 datasets from the analysis dataset with 

replacement and fitting the final model) are shown in Table 5.  

The qualification of the final PopPK model was performed by using the prediction-corrected 

Visual Predictive Check (pcVPC) shown in Figure 9. Additionally, the applicant also performed 

external validation of the final model using the PK dataset from study CGAJ in with EM & CM 

patients. The qualification was based on visual comparison of the observed data overlaid with 

90% prediction intervals (based on simulated data using the final popPK model) and is shown in 

Figure 10 

The relationship between CGRP and galcanezumab concentrations, collected in the phase 3 

efficacy Studies CGAG, CGAH, and CGAI as described in Table 4 was explored. In general, total 

plasma CGRP concentrations increased after administration of galcanezumab. The final dataset 

for these analyses included a total of 5533 quantifiable total (i.e., bound + unbound) CGRP 

concentrations from 1319 patients (both EM & CM patients) paired with the associated time-

matched galcanezumab concentrations. CGRP sample records that were BQL following 

galcanezumab treatment were excluded from the analyses (<1%). The relationship was best 

characterized by an Emax -type model, whose maximal effect (Emax) on CGRP was 7.5 ng/ml and 

EC50 (galcanezumab concentrations producing 50% of Emax) was estimated to be 20138 ng/ml 

and is shown in Figure 11. 
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Table 5 Parameter estimates of the final PopPK model 

-  

Source: Population PK/PD report Table – 8.2 on Page 33 

  

Reference ID: 4278873



28 
 

 

 

Figure 9 Goodness of fit plots for the final PopPK model – prediction-corrected visual 

predictive check without observed data (top panel) and with observed data (lower panel) 

 

Source: Population PK/PD report Figure 8.5 on Page 35 
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Figure 10 External validation using PK data from study CGAJ for the final popPK model 

 

Source: Population PK/PD report Figure 8.6 on Page 36 
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Figure 11 Galcanezumab – CGRP concentration relationship categorized by dose (top panel) 

and patient population (bottom panel) 

 

Source: Population PK/PD report Figure 8.7 on Page 38 
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Since bodyweight was retained as a significant covariate on CL/F in the final popPK model, the 

applicant noted the relationship between the bodyweight and post-hoc estimates of CL/F in 

Figure 12. The applicant further explored the impact of bodyweight by simulating galcanezumab 

concentration-time profiles following (a) 240 mg monthly dosing regimen and (b) 240 mg loading 

dose followed by 5 consecutive monthly doses of 120 mg using the final popPK model. These 

simulations were performed at the 5th and 95th percentiles of bodyweights (52 and 105 kg 

respectively) and are shown in Figure 13 

 

 

Figure 12 Relationship of model-predicted galcanezumab CL/F and body weight 

 

Source: Population PK/PD report Figure 10.2 on Page 56 
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Figure 13 Model-predicted galcanezumab concentration-time profiles at the 5th and 95th 

percentiles of bodyweight after dosing regimens of 240 mg loading dose followed by 5 

consecutive monthly doses of 120 mg (top panel) or 6 consecutive monthly doses of 240 mg 

(bottom panel) 

 

Source: Population PK/PD report Figure 10.4 on Page 58  
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Reviewer’s comments: 

The applicant modeled the PK data of galcanezumab concentrations from studies listed in Table 

4, which included both rich and sparse sampling designs in subjects with episodic and chronic 

migraine as well as healthy subjects. The final model parameter estimates and associated 

uncertainty in the estimation reported in Table 5 seem reasonable. Based on the post-hoc 

estimates, the apparent terminal elimination half-life was estimated to be 27 days. The covariate 

model suggested that bodyweight was a significant covariate on the apparent clearance. The 

applicant performed simulations based on the final popPK model at the 5th and 95th percentiles of 

the bodyweight (52 and 105 kg respectively) following the dosing regimens of 240 mg monthly 

and 240 mg loading dose followed by 120 mg monthly. Although the median galcanezumab 

concentration profiles in the heavier patient (95th percentile bodyweight) were lower than the 

lighter patient (5th percentile bodyweight), there was a significant overlap in the 90% prediction 

intervals of galcanezumab concentration-time profiles. These results were consistent in both the 

dosing regimens. Additionally, the median and 90% prediction intervals in the (model-based) 

efficacy results for the heavier and lighter patients also overlapped (please refer Section 4.3 for 

more details), suggesting that bodyweight does not seem to have a clinically meaningful impact 

and no dose adjustment is necessary based on body weight. This is consistent with the lack of a 

dose-response relationship between 120 mg and 240 mg in the pivotal studies. The prediction-

corrected visual predictive check (Figure 9) along with the external validation using PK data from 

CGAJ in patients with EM & CM (Figure 10) suggest that the final popPK model was able to 

characterize the PK of galcanezumab adequately. 

The applicant explored the relationship between the galcanezumab and total CGRP 

concentrations and found that the estimated galcanezumab EC50 to be about 20138 ng/ml. 

However, the applicant did not report the goodness of fit statistics or the associated uncertainties 

with the estimated parameters and so, these values need to be interpreted with caution. 

Specifically, the EC50 value based on visual inspection does not seem to correspond to a value of 

20138 ng/mL. The average galcanezumab concentrations at steady state (Cav, ss) following 240 

mg loading dose and 5 consecutive monthly doses of 120 mg and 6 consecutive doses of 240 mg 

are 22100 and 42300 ng/ml, respectively. These data suggest that it is likely that there will be 

adequate to extensive target engagement at effective doses of 120 and 240 mg. Furthermore, it 

appears that maximum total CGRP concentrations are not required to reach the plateau for 

clinical efficacy measures. Lastly, it can also be noted that there seem to be an overlap of the 

galcanezumab and total CGRP concentrations (Figure 11), in general, from episodic and chronic 

migraine patients, suggesting that antibody-target binding interaction is likely to be similar across 

the patient population. 
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4.3. Exposure-Response for Efficacy Analyses 

4.3.1. Applicant’s Exposure-Response for Efficacy Analyses 

Exposure metrics, namely, the average steady state (Cav, ss) galcanezumab concentrations, were 

derived from the final popPK model. Efficacy data was pooled from the double-blind treatment 

period (90 days in CM study and 180 days in EM studies) in 2 episodic migraine studies (CGAG 

and CGAH) and 1 chronic migraine study (CGAI) for the exposure-response (ER) analyses and a 

brief description of the study characteristics are summarized in Table 4. In all the studies, subjects 

used ePRO (patient reported outcomes) diary every day throughout the baseline and double-

blind treatment period to report various characteristics of each headache experienced by the 

patient, e.g., migraine headache, duration, severity etc. Additionally, information on the 

concomitant medications used for the acute treatment of migraine such as name, dose, and 

whether the patient used any other pain medications for any other conditions was also recorded. 

The final dataset included 17483 migraine headache day records from 2881 individuals after 

excluding 24 records from 5 patients due to inadequate dose/sample information. Subsequently, 

relationships were explored between the monthly migraine headache days and galcanezumab 

concentrations.  

 

An indirect response model, where the galcanezumab concentrations indirectly stimulate the loss 

of response was able to best characterize the action of galcanezumab treatment according to the 

following equation: 

 

𝑑𝑀

𝑑𝑡
= 𝑘𝑖𝑛(1 − 𝑃) − 𝑘𝑜𝑢𝑡 (1 +

𝐸𝑚𝑎𝑥 ∗ 𝐶

𝐸𝐶50 + 𝐶
) ∗ 𝑀 

 

where M is the monthly migraine headache days,  

t is the time,  

kin is the zero-order rate constant for the formation of monthly migraine headache days,  

kout is the first-order rate constant for the dissipation of the monthly migraine headache days  

P is the effect of placebo on monthly migraine headache days,  

Emax is the maximum effect (related to the rate of dissipation of monthly migraine headache 

days), and EC50 is the galcanezumab concentrations producing 50% of Emax.  
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In the model, the half-life of the dissipation of the monthly migraine headache days is determined 

based on the equation: 

  

  t1/2M = 0.693/kout 

 

and kin is determined per the equation: 

 

  kin = BM*kout 

 

where, BM is the baseline monthly migraine days.  

Covariates including age, bodyweight, sex, presence of ADA (positive), treatment-emergent ADA, 

ADA titer and presence of neutralizing antibodies (Ab) were explored on the E-R model 

parameters for which IIV was estimated. However, none of them were retained in the final model 

as they did not meet the prespecified criteria for inclusion.  

The model parameter estimates in the final E-R model are summarized in Table 6.  
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Table 6 Parameter estimates from the final galcanezumab – migraine headache model 

 

Source: Population PK/PD report Table 8.5 on Page 41 
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The exposure-response analyses was performed using pooled data from both EM & CM studies, 

but the parameters that were estimated separately for each population include the baseline 

incidence of monthly migraine days (BM), half-life based on the first-order constant for the 

dissipation of migraine headaches (t1/2M) and maximum effect (Emax). The typical value for the BM 

in episodic migraine patients was estimated to be 9 days and in chronic migraine patients was 

estimated to be 18 days. The typical value of t1/2M was estimated to be 50 days in chronic migraine 

patients and 18 days in episodic migraine patients. It should be noted that the duration of the 

double-blind treatment duration was only 90 days in chronic migraine study and therefore, t1/2M 

may not be appropriately estimated in this population.  

The typical value of Emax in the episodic migraine patients (1.39) was about 3 times higher than 

that in chronic migraine patients (0.435). The typical value of the placebo response was inhibition 

of the formation of migraine headaches by 40%. Given that the patients with chronic migraine 

have a higher BM and lower Emax compared to patients with episodic migraine, the model-

predicted baseline- and placebo-corrected change in the monthly migraine headache days was 

about 2 days for both patient populations. Lastly, a single EC50 (galcanezumab concentrations 

resulting in 50% of Emax) parameter was used to characterize both patient populations.       

 

The qualification of the final ER model was performed using bootstrap analyses (to determine 

the precision of the parameter estimates) and visual predictive checks, shown in below in Figure 

14 (pooled data) and in Figure 15 and Figure 16 in EM & CM populations respectively. 

 

The model predicted and observed relationship of dose and average steady-state galcanezumab 

exposures to the change from baseline in the monthly migraine days is shown in Figure 17 

 

 

  

Reference ID: 4278873



38 
 

 

 

 

 

Figure 14 - Visual predictive check for final E-R model for placbeo and galcanezumab 
treatment groups 

 

Source: Population PK/PD report- Figure 8.9 on Page 42 
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Figure 15 Visual predictive check for final E-R model for placbeo and galcanezumab in 

patients with episodic migraine 

 

Source: Population PK/PD report- Figure APP.3.2.9 on Page 104 

  

Reference ID: 4278873



40 
 

 

 

 

Figure 16 Visual predictive check for final E-R model for placbeo and galcanezumab in 

patients with chronic migraine 

 

Source: Population PK/PD report- Figure APP.3.2.10 on Page 105 
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Figure 17 Relationship of dose and average steady-state concentrations to the change from 

baseline in the monthly migraine days at month 6 for patients with episodic migraine and 

month 3 for patients with chronic migraine 

 

Source: Population PK/PD report- Figure 10.5 on Page 60 
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Impact of Bodyweight 

Bodyweight was evaluated directly in the ER model as a potential covariate, but was not found 

to be significant in either episodic or chronic migraine. However, since it was found to be a 

statistically significant covariate on galcanezumab CL/F, simulations were performed using the 

final E-R model based on the 5th (52 kg) and 95th (105 kg) percentiles observed from the phase 3 

studies at the dosing regimens of 240 mg loading dose followed by 5 consecutive monthly doses 

of 120 mg. The results of the model-based predictions for median along with 90% prediction 

intervals in both CM & EM populations is shown in Figure 18. The applicant noted that the model-

predicted efficacy profiles for the lighter (5th percentile) and heavier (95% percentile) patients 

overlap, suggesting that bodyweight is not a clinically relevant covariate and therefore, no dose 

adjustment is necessary based on the bodyweight.  

 

Total CGRP Concentration – Migraine Headache Relationship 

A total of 745 quantifiable CGRP concentrations from 745 patients (studies CGAG and CGAH in 

EM patients at month 6) and 528 CGRP concentrations from 528 patients (CGAI in CM patients 

at month 3) were paired with the associated time-matched migraine headache days. The 

relationship between the change from baseline in the monthly migraine days and CGRP 

concentrations (presented as quartiles) were evaluated by graphical assessments and descriptive 

statistics and is shown in Figure 19. In patients with EM, the applicant notes a slight trend toward 

improved efficacy with increasing total CGRP concentrations, but a less apparent one in CM 

patients.  
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Figure 18 Effect of body weight on the change from baseline in migraine 

headache days in patients with episodic and chronic migraine. 

 

Source: Population PK/PD report- Figure 10.7 on Page 63 
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Figure 19 Relationship between change from baseline in migraine headache 

days and CGRP concentration in quartiles. 

 

Source: Population PK/PD report- Figure 8.8 on Page 39 and Table 8.4 on Page 40 
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Reviewer’s comments: 

The applicant developed exposure-response (E-R) relationships between the popPK model-derived 

exposure metric, namely, the average steady state galcanezumab concentration over the dosing 

interval (Cav, ss) and the monthly migraine headache days using the pooled data from both CM and 

EM populations. It should be noted that the double-blind galcanezumab treatment period varied, 

i.e., 3 months in CM patients and 6 months in EM patients. The results of the final ER model seem 

reasonable based on the model parameter estimates and associated uncertainty. The EM patients 

were associated with lower baseline incidence of monthly migraine days (BM =9 days), higher 

Emax (1.39), shorter half-life based on the first-order constant for the dissipation of migraine 

headaches (t1/2M = 18 days), while the CM patients were associated with higher BM (18 days), 

lower Emax (0.435) and longer t1/2M (50 days). The t1/2M in CM patients should be interpreted 

cautiously in the light of the shorter duration of treatment regimen (which can impact its 

estimation). It can also be noted that the inter-individual variability estimates in the placebo 

response, t1/2M and Emax were very high (~97 – 271%). This is likely a consequence of increased 

heterogeneity in the placebo response and drug effects resulting from pooling of the data from 

both EM and CM patients. Lastly, none of tested covariates were found to have a statistically 

significant impact on the ER relationship, suggesting that there is no need for a dose adjustment.  

Overall, the trends in the exposures (steady-state average galcanezumab concentrations) and the 

monthly migraine headache days (primary efficacy endpoint) seem shallow for both episodic and 

chronic migraine, consistent with the findings of the dose-response observations from pivotal 

safety and efficacy studies.  
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