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is above the EMA and FDA cut-off criteria of R1 ≥ 1.02. The basic static models recommended by 

the EMA and FDA are designed to be stringent in nature by including a 50-fold safety margin for 

I/Ki (I = 1, Ki = 50; or I/Ki = 0.02). Should an assessment with the basic static model fail to pass 

DDI cut-off criteria, the EMA and FDA recommend assessment of DDI prediction with a static 

mechanistic model or a dynamic model, which incorporate much more detailed drug disposition 

parameters than the basic static model (Fahmi et al., 2009). For the static mechanistic model, 

these parameters include the effect of hepatic reversible inhibition, time-dependent inhibition 

(TDI), enzyme induction, and hepatic inlet concentration of a perpetrator drug; as well as fractional 

metabolism (fm) of a victim drug. However, the EMA and FDA recommend, in their most recent 

DDI guidelines, that inhibitory potential and induction potential with the static mechanistic model 

be considered separately and not simultaneously as was originally proposed by Fahmi and 

colleagues (2009). Thus, predictions of inhibitory perpetrator DDI potential with this model are to 

be based on an assessment of direct and time dependent inhibition only (as shown in Equation 

2). Furthermore, use of the static mechanistic approach described by the EMA and FDA in their 

respective DDI guidances, requires an estimate of hepatic inlet concentration (Ih) that is obtained 

by including absorption, dose, blood flow and blood partitioning parameters in addition to plasma 

Cmax and plasma protein binding parameters (Ito et al., 1998). However, in the case of imetelstat, 

because it is dosed intravenously, oral absorption parameters are not applicable and the hepatic 

inlet concentration is equivalent to the unbound systemic plasma concentration (fuplasma*Cmax= Ih 

= 2.19 μM). Imetelstat is not expected to be a time-dependent inhibitor of CYP2C8 (Supplemental 

Figure 1), and assuming a worst-case scenario of a victim drug with 100% systemic clearance 

through one P450 pathway (fm = 1), application of these parameters to the static mechanistic 

model yields a prediction of 1.04-fold change in the AUC of a victim drug that is a substrate of 

CYP2C8. This is well below the EMA and FDA AUC ratio cut-off criteria of ≥1.25 and indicates 

that imetelstat would likely not be a perpetrator of a clinical DDI. 
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The predicted lack of clinical DDI for imetelstat is consistent with the reported lack of clinical 

interactions with other oligonucleotides. Clinical pharmacokinetic interaction studies with 

simvastatin  (CYP3A4 mediated clearance), warfarin (CYP2C9/3A4/1A2 mediated clearance), 

rosiglitazone (CYP2C8/2C9 mediated clearance), glipizide (CYP2C9/2C8 mediated clearance), 

ezetimibe (glucuronidation mediated clearance), metformin (renal transporter mediated 

clearance), cisplatin (renal and copper transporter mediated clearance) and gemcitabine 

(nucleoside kinase mediated clearance) have all shown no significant pharmacokinetic interaction 

with therapeutic oligonucleotides (Adjei et al., 2003; Villalona-Calero et al., 2004; Geary et al., 

2006; Yu et al., 2009; Li et al., 2014). Furthermore, an in vivo rat preclinical interaction study with 

imetelstat co-administered with paclitaxel, which is metabolized by CYP3A1/2 in rat (Vaclavikova 

et al., 2004), showed no significant pharmacokinetic interaction (Janssen internal data), 

supporting the lack of reported DDIs by oligonucleotide based therapeutics.  

 

In conclusion, the findings presented in this study indicate that imetelstat is not a significant in 

vitro inhibitor of P450 enzymes in CHH, and the in vitro to in vivo extrapolation (IVIVE) of DDI 

potential using the EMA and FDA recommended static mechanistic model also projects imetelstat 

to not likely be a clinically P450 significant inhibitor, and thus consequently unlikely to affect the 

pharmacokinetics of concomitant pharmacotherapies that are metabolized by P450s. 
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FIGURE LEGENDS 

Fig. 1:  Truncated structures of (A) imetelstat, (B) phosphorothioate and (C) phosphodiester 

oligonucleotide linkages. The thio-phosphoramidate, phosphorothioate and phosphodiester 

linkages on each respective molecule are highlighted in red. 

 

Fig. 2:  IC50 plots of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and 

CYP3A4 inhibition by imetelstat in cryopreserved human hepatocytes (CHH). As described in 

Materials and Methods and Table 1, the inhibition of P450 enzymes was assessed at 0.1-100 μM 

imetelstat (n = 3) in CHH at 0.5 million cells/mL for 10 min followed by LC-MS/MS analysis. Curve 

fitting was not performed where IC50 values were projected to be > 100 μM. 
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Table 1: Experimental conditions for the measurement of P450 activity in pooled cryopreserved human hepatocytes (CHH) 

Enzyme Marker activity 

Substrate 

concentration 

(μM) 

CHH 

(million 

cells/mL) 

Incubation 

time in 

(min) 

Mass 

transition 

monitored 

(m/z) 

Ionization 

mode 
Internal Standard 

CYP1A2 Phenacetin O-deethylation 20 0.5 10 152 / 110 ESI+ d4-Acetaminophen 

CYP2B6 Bupropion hydroxylation 10 0.5 10 256 / 167 ESI+ d6-Hydroxybupropion 

CYP2C8 Amodiaquine N-dealkylation 3 0.5 10 328 / 283 ESI+ d3-N-Desethylamodiaquine 

CYP2C9 Tolbutamide hydroxylation 20 0.5 10  287 / 171 ESI+ d9-Hydroxytolbutamide 

CYP2C19 
S-Mephenytoin 4′-

hydroxylation 
5 0.5 10 235 / 150 

ESI+ 
d3-4′-Hydroxymephenytoin 

CYP2D6 
Dextromethorphan O-

demethylation 
1 0.5 10 258 / 157 

ESI+ 
d3-Dextrorphan 

CYP2E1 
Chlorzoxazone 6-

hydroxylation 
45 0.5 10 184 / 120 

ESI- 
d2-6-hydroxychlorzoxazone 

CYP3A4 Midazolam 1′-hydroxylation 2 0.5 10 342 / 324 ESI+ 13C3-1′-Hydroxymidazolam 
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Table 2: IC50 and maximum percent inhibition values for the inhibition of P450 isoforms by imetelstat and positive control inhibitors in 

pooled cryopreserved human hepatocytes (CHH) 

Enzyme Substrate IC50 (μM) 
Maximum inhibition 

(%) 

Positive control Inhibitor 

(concentration) 

Positive control inhibition 

(%) 

CYP1A2 Phenacetin >100 < 10 -Naphthoflavone (1 μM) 90 

CYP2B6 Bupropion >100 < 10 Ticlopidine (10 μM) 84 

CYP2C8 Amodiaquine >100 49 Montelukast (50 μM) 88 

CYP2C9 Tolbutamide >100 < 10 Sulfaphenazole (5 μM) 99 

CYP2C19 S-Mephenytoin >100 < 10 N-3-Benzylphenobarbital (4 μM) 96 

CYP2D6 Dextromethorphan >100 14 Quinidine (5 μM) 99 

CYP2E1 Chlorzoxazone >100 10 4-Methylpyrazole (10 μM) 92 

CYP3A4 Midazolam >100 18 Ketoconazole (4 μM) 98 
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Supplemental Table 1: Summary of IC50 values from early screening studies for P450 inhibition 

by imetelstat in pooled human liver microsomes (HLM) 

 

 

 

 

 

 

 

 

 

 

 

 

Early P450 inhibition screening studies with imetelstat in HLM were performed by In Vitro 

Technologies, Inc. (Baltimore, MD) for all P450 enzymes or Cerep (Redmond, WA) for CYP2C8 

with their respective in house validated conditions. Briefly, imetelstat (0.01 – 162 μM) was 

incubated with ≤ 0.5 mg/mL pooled HLM (obtained from In Vitro Technologies or XenoTech LLC 

– Kansas City, KS) for 10 min at 37°C in the presence of a NADPH-regenerating system, followed 

by termination of the assay with the addition of organic solvent and subsequent LC-MS/MS 

analysis. 

  

Enzyme Substrate 
Concentration 

(μM) 
IC50 (μM) 

CYP1A2 Phenacetin 50 > 1.8 

CYP2A6 Coumarin 8 12 

CYP2B6 S-Mephenytoin 1000 1.8 to 6 

CYP2C8 Paclitaxel 5 0.7 

CYP2C9 Tolbutamide 150 6 

CYP2C19 S-Mephenytoin 50 > 6 

CYP2D6 Dextromethorphan 5 10 

CYP2E1 Chlorzoxazone 50 26 

CYP3A4 Testosterone 100 4.4 



Supplemental Table 2: Summary of percent residual activity values for P450 inhibition by 

imetelstat in cryopreserved human hepatocytes (CHH) 

 

 P450 Residual Activity (%) 

[Imetelstat] 

(μM) 
CYP1A2 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP2E1 CYP3A4

0.1 104 112 88.9 104 102 102 105 103 

0.3 101 117 79.0 92.1 116 102 107 102 

1.0 101 119 86.4 93.6 108 102 96.5 97.4 

3.0 98.6 110 71.6 92.4 105 99.5 91.5 95.9 

10 102 113 61.5 91.0 95.3 88.5 96.0 94.7 

30 104 107 54.9 98.8 101 86.2 89.9 82.2 

100 108 139 51.3 103 104 99.3 95.3 85.1 

 

  



Supplemental Figure 1: IC50 shift experiment to assess the time-dependent inhibition (TDI) 

potential of imetelstat on CYP2C8 in cryopreserved human hepatocytes (CHH). 

 

 

An IC50 shift assay was performed with CHH for CYP2C8 as measured by amodiaquine N-

dealkylation as described in Materials and Methods. Briefly, imetelstat (0.1 – 100 μM) was 

incubated with or without a 60 min preincubation in the presence of 0.5 million cells/mL CHH, 

followed by 10 min incubation with amodiaquine at its approximate Km concentration and 

subsequent LC/MS-MS analysis. A lack of CYP2C8 TDI was observed as shown by the rightward 

IC50 shift following 60 min preincubation. 


