
Figure 5: Percent Pain Relief at 30 min post dose versus time to select an effective oral dose

Line represents median prediction of percent pain relief by PK-PD model; shaded areas indicate prediction uncertainty, obtained from the uncertainty of the 

parameter estimates.

Target level compared to intranasal sumatriptan: placebo corrected pain relief should be at least 12%. Since the placebo response in the Phase II trial was 

18%, pain relief should be at least 30%.

Results (continued)

The PK model adequately described the concentration-time profiles after 

oral administration of different doses of COL-144 (Figure 4).

The model was used to predict migraine relief at 30 minutes after oral dos-

ing of COL-144 (Figure 5).

• �The target level derived from published sumatriptan data is indicated in 

Figure 5.

• �The predicted oral dose range needed to reach the desired therapeutic 

target is 170 mg and above.

Conclusions

• �A PK-PD model was developed, which adequately described the relation 

between plasma concentration and response (headache scores).

• �On the basis of this concentration versus response relationship, a likely 

effective dose range for an oral dose ranging study in migraine using an 

oral tablet formulation was identified.

Objective

To predict an oral dose range of COL-144 that is at least as effective as 

sumatriptan in the acute treatment of migraine.

Background

• �COL-144, a Neurally Acting Anti-Migraine Agent (NAAMA), is a selective 

agonist at 5-HT1F receptors that, unlike triptans, is not a vasoconstrictor1.

• �In a Phase II trial with an adaptive dose allocation design, the efficacy of 

COL-144 given as an i.v. infusion was established (Figure 1)2.

• �The relationship between plasma concentration and headache response 

was analyzed using population pharmacokinetic-pharmacodynamic (PK-

PD) modeling.

• �A subsequent Phase I trial studied the PK of an oral liquid formulation of 

COL-144 (see Pilgrim et al poster, this meeting). Using the relationship 

between plasma levels and headache response, together with the oral PK 

of COL-144, an oral dose range was predicted that is expected to provide 

acute migraine relief.

Figure 1: Proportion of patients with headache response 2 hours post dose

Bars represent proportion of responders per dose group; numbers above        

bars represent number of subjects included per dose group.

Methods

Data available

• �Phase II trial (intravenous infusion of COL-144 over 20 min):

	 – �Doses: Placebo (n=42), 2.5 mg (n=4), 5 mg (n=12), 10 mg (n=24), 

20 mg (n=28), 30 mg (n=16), 45 mg (n=4)

	 – �PK measured and headache scored (4 point scale; 0-3 no headache 

to severe headache) for 4 hours

• Phase I trial (oral liquid formulation of COL-144):

	 – �Doses: 25 mg (n=6), 50 mg (n=6), 100 mg (n=14), 200 mg (n=6), 

300 mg (n=6) and 400 mg (n=14)

	 – �PK measured for 30 hours

Background PK-PD modeling

• �Plasma concentration versus time profiles are described by compart-

mental models (Figure 2, upper part): drug is assumed to distribute into 

one or more interconnected hypothetical compartments, which mimics 

drug absorption, distribution, and elimination processes.

Figure 2: Schematic representation of PK-PD model

PK part is indicated in blue, hysteresis (delay) in green, and PD part in grey.

• �Target site is often in organ or peripheral tissue, rather than in plasma. 

Therefore, distribution to target site may cause delay (hysteresis). In gen-

eral, this is accounted for using an “effect compartment model”:

￼

	 – �Ce: concentration at effect site; Cp: plasma concentration; ke0: rate 

constant to describe delay

• �The resulting continuous description of the concentration at the target 

site is linked to the observed effect using a PD model. Many PD models 

have been developed with varying complexity based on physiological and 

mechanistic assumptions.

Modeling steps

1. �A population PK-PD model was developed to describe the relationship 

between plasma concentration and headache response:

	 • �Headache response was a categorical response (scores 0/1/2/3 i.e., 

none/mild/moderate/severe), which was modelled using a proportional 

odds model:

		  – �“Estimation of time course of probability to have a given score after 

administration of placebo (natural time course of attack) or drug 

(drug effect on headache)”.

		  – Example:

		  – �Hysteresis (delay) between plasma concentration and effect on head-

ache response is described using “effect compartment model”.

2. �A population PK model was developed to describe the concentration-time 

profile of COL-144 in plasma after oral administration.

3. �Using the PK model for oral COL-144, combined with the concentra-

tion-effect relationship, the minimal effective oral dose of COL-144 

was predicted as follows:

	 • �Dose should give a faster onset of headache response and/or higher 

response rate than intranasal sumatriptan (20 mg)3:

		  – �Pain Relief (score 3/2 to 1/0; placebo corrected) should be at least 

12% after 30 min.

		  – �Placebo corrected Pain Relief was used, because headache response 

in placebo treated subjects differs between trials.

Data analysis was performed using NONMEM® version 6.2.

Results

The resulting PK-PD model adequately described the headache scores 

after all intravenous doses of COL-144 (Figure 3).

Figure 3: Cumulative probability to have a certain headache score versus time

Dots represent observed headache response; lines represent predictions 

by PK-PD model; shaded areas indicate prediction uncertainty, obtained 

from the uncertainty of the parameter estimates. Doses were adminis-

tered intravenously.  

Figure 4: Examples of concentration time profiles after different oral doses

Dots represent measured plasma concentrations; lines represent individual pre-

dictions by PK model; broken lines represent population predictions by PK model 

(prediction for typical subject in population). Doses were administered orally.
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