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Understanding concentrated insulins – Supplementary Appendix 2. Phase 1-2 Studies. 

1. Figure S2-A. Phase 1 and Phase 2 completed randomized controlled trials of 

concentrated insulins: study design, baseline characteristics, and outcomes. 

2. References 
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Supplementary Appendix 2, Table S2-A. Phase 1 and Phase 2 completed randomized controlled trials of concentrated insulins: study design, 
baseline characteristics, and outcomes. 

RCT Number/ 
Publication Study Designa Arms 

T, R Dose N 

Demographics 
Male (%) 

Age (y) 
BMI (kg/m2) 

(Mean [SD] or 
[Range]) 

Outcomes 1b Outcomes 2b 

Basal 
IGlar300 
NCT01493115 [1] 
Shiramoto et al,    
2015 

double blind, 
single dose, 
PK/PD clamp, 
T1D (Japanese 
subjects) 

IGlar300, 
IGlar100  

T: 0.4, 0.6  
R: 0.4 
(units/kg) 

18 Male: 89% 
Age: 34.8 (11.5)  
BMI: 22.4 (2.1)  

PK TR at 0.4-unit/kg dose: 
-AUC0-36

c: 1506 (552)2220 (606)d pmol∙h/L  

-Cmax
c: 65 (20)104 (29)d pmol/L 

-tmax
e: 16 (12-16)8 (2-12)f h 

PD TR at 0.4-unit/kg dose: 
-GIR AUC0-36

c: 990 (1233)1859 (1085)d mg/kg 
-GIRmax

c: 1.2 (1.0)2.2 (0.8)d mg/kg/min 
-t50% GIR AUC0-36

e: 17 (14-21)13 (10-15)f h  

NCT01195454 [1] 
Shiramoto et al, 
2015 

double blind, 
single dose, 
PK/PD clamp, 
T1D (European 
subjects) 

IGlar300, 
IGlar100 

T: 0.4, 0.6, 
0.9  
R: 0.4 
(units/kg) 

24 Male: 79% 
Age: 42.6 (10.0)  
BMI: 25.6 (2.0)  

PK TR at 0.4-unit/kg dose: 
-AUC0-36

c: 1170 (534)1908 (654)d pmol∙h/L 
-Cmax

c: 53 (17)92 (36)d pmol/L 
-tmax

e: 12 (8-14)12 (8-12) h 

PD TR at 0.4-unit/kg dose: 
-GIR AUC0-36

c: 631 (590)1725 (920)d mg/kg 
-GIRmax

c: 1.6 (1.1)2.2 (0.9)d  mg/kg/min 
-t50% GIR AUC0-36

e: 17 (12-24)12 (11-13)f h  

NCT01349855 [2] 
Becker et al,g 2015 

double blind, 
steady state, 
PK/PD clamp, 
T1D 

IGlar300, 
IGlar100 

T: 0.4  
R: 0.4 
(units/kg) 

18 Male: 94% 
Age: 44.9 (7.3)  
BMI: 25.9 (2.1)  

PK TR at 0.4-unit/kg dose: 
-AUC0-24

c: 1986 (840)2334 (846) pmol∙h/L 
Ratio (T/R): 0.83; CI: 0.69, 1.00  

-Cmax
c: 109 (39)140 (50) pmol/L 

 Ratio (T/R): 0.78; CI: 0.68, 0.91  
-t50% AUC0-24

e: 10.4 (10-11)9.6 (9-10) h 

-t1/2
c: 19.0 (6.4)13.5 (6.9) h 

PD TR at 0.4-unit/kg dose: 
-GIR AUC0-24

c: 2028 (1223)2449 (1172) mg/kg 
Ratio (T/R): 0.73; CI: 0.56, 0.94  

-GIRmax
e: 2.5 (1.8-3.4)3.2 (2.6-3.8) mg/kg/min 

Ratio (T/R): 0.81; CI: 0.68, 0.97  
-t50% GIR AUC0-24

e: 11.2 (10-13)10.2 (9-11) h 
Difference (T - R): 0.86; CI: -0.75, 2.76 

NCT01349855 [3] 

Steinstraesser et al, 
2014 

Metabolism 
substudy  

IGlar300, 
IGlar100 

T: 0.4, 0.6 
R: 0.4 
(units/kg) 

30 Male: 93% 
Age: 43.3 (8.7) 
BMI: 25.5 (2.6) 

M1 is the main active moiety after both R and 
T, and T has lower M1 peak to trough 
differences than R. 

At SS, M1 was quantifiable up to 32 h for R and 
up to 36 h (end of clamp) for T. 

NCT01838083 [4] 
Becker et al, 2015 

double blind, 
steady state, 
PK/PD clamp, 
T1D 

IGlar300 
+ PS-20, 
IGlar300 

T: 0.4  
R: 0.4 
(units/kg) 

50 Male: 76% 
Age: 42.1 (11.1) 
BMI: 25.4 (3.1) 

PK TR: 
-AUC0-24

h: 16201638 pmol∙h/L 
Ratio (T/R): 1.00; CI: 0.95, 1.06  

-Cmax
h: 9594 pmol/L 

 Ratio (T/R): 1.02; CI: 0.91, 1.14  
-t50% AUC0-24

e: 10.810.7 h 
Difference (T - R): 0.23; CI: 0.01, 0.46 

PD TR : 
-GIR AUC0-24

h: 15311495 mg/kg 
Ratio (T/R): 1.02; CI: 0.87, 1.20 

-t50% GIR AUC0-24
e: 11.411.3 h 

Difference (T - R): -0.33; CI: -1.04, 0.38 
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RCT Number/ 
Publication Study Designa Arms 

T, R Dose N 

Demographics 
Male (%) 

Age (y) 
BMI (kg/m2) 

(Mean [SD] or 
[Range]) 

Outcomes 1b Outcomes 2b 

Basal 
IGlar300, contd. 
NCT01676233 [5] 
Jinnouchi et al, 
2015 

8.4 week, open 
label, CGM, 
T1D 

IGlar300, 
IGlar100 

Titrated to 
fasting 
SMPG  
4.4-7.2 
mmol/L  

20 Male: 40% 
Age: 52.1 (15.9) 
BMI: 23.4 (3.4) 

No PK results -24-h glucose variability (AUCmean_24h) (primary 
EP): 

Ratio (T/R): 0.96; CI: 0.79, 1.16 
-Nocturnal glucose variability (AUCmean_noc)  

Ratio (T/R): 0.94; CI: 0.69, 1.27 
NCT01658579 [6] 
Bergenstal et al,i 
2017 

16 week, open 
label, CGM, 
T1D 

IGlar300, 
IGlar100 

Titrated to 
fasting 
SMPG  
4.4-7.2 
mmol/L  

59 TR 
Male:57%52% 
Age: 44.943.5 
BMI: 27.427.2 

No PK results TR: 
-% time  SG within target range 4.4-7.8 mmol/l 
(final 2 weeks of study; primary EP):  
LSM (SE) 31.8 (1.5)31.0 (1.6) 

LSM difference (T - R): 0.75; CI: -3.61, 5.12 
-Difference between minimum and maximum 
mean CGM SG (final 2 weeks of study): 
0.781.56 mmol/L  
-No statistical difference in intrasubject 
variability 

IDeg200 
NCT01076634 [7]  
Korsatko et al, 
2013 

double blind, 
steady state, 
PK/PD clamp, 
T1D 

IDeg200, 
IDeg100 

T: 0.4  
R: 0.4 
(units/kg) 

33 Male: 94% 
Age: 40.3 (10.4) 
BMI: 25.3 (1.9) 

PK TR: 
-AUC0-24

h: 110,805 (33)112,358 (27) 
pmol∙h/L 

Ratio (T/R): 0.99; CI: 0.91,1.07 
-Cmax

h: 6065 (37)6568 (26) pmol/L 
-AUC0-12/AUC0-24: 53%55% 
-tmax

e: 99 h 

PD TR: 
-GIR AUC0-24

h: 2123 (48)2255 (48) mg/kg 
Ratio (T/R): 0.94; CI: 0.86,1.03 

-GIR AUC0-12/GIR AUC0-24: 46%48% 

NCT01154881 [8] 
Hövelmann et al,j 
2012 

double blind, 
steady state, 
PK/PD clamp, 
T2D 

IDeg200, 
IDeg100 

T: 0.6 
(units/kg) 

16 Male: 88% 
Age: 59.4 (6.0) 
BMI: 30.0 (2.5) 

PK T: 
-t1/2

c: 26.2 h 
PD T: 

-GIR AUC0-12/GIR AUC0-24: 54% 
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RCT Number/ 
Publication Study Designa Arms 

T, R Dose N 

Demographics 
Male (%) 

Age (y) 
BMI (kg/m2) 

(Mean [SD] or 
[Range]) 

Outcomes 1b Outcomes 2b 

Basal 
IDeg200, contd. 
NCT02536859 [9] 
Heise et al, 2017 

double blind, 
steady state,  
PD clamp,  
T1D 

IDeg200 
IGlar300 

T: 0.4  
R: 0.4 
(units/kg) 

60 Male: 91.2% 
Age: 45.1 (8.8) 
BMI: 25.6 (2.1) 

No PK results PD 
-Between-day within-patient variability for GIR 
AUCτ (primary EP): 

Ratio (R/T): 3.70k; CI: 2.42, 5.67  
-GIR AUCτ: 

Ratio (R/T): 0.70k; CI: 0.61,0.80 
Prandial 

ILis200 
NCT01133392 [10] 
de la Peña et al, 
2016 

open label, 
single dose, 
PK/PD clamp, 
HS 

ILis200, 
ILis100 

T: 20  
R: 20 
(units) 

38 Male: 95% 
Age: 32.4  

(23-45) 
BMI: 22.6  
(19.0-25.9) 

PK TR: 
-AUC0-tlast

h: 1920 (20)1940 (20) pmol∙h/L 
Ratio (T/R): 0.99; CI: 0.95, 1.03  

-Cmax
h: 819 (32)887 (34) pmol/L 

 Ratio (T/R): 0.93; CI: 0.90, 0.97  
-tmax

e: 1.00 (0.50-3.00)0.75 (0.50-3.00) h 
Difference (T - R): 0.25; CI: 0.00, 0.25 

-t1/2
c: 0.83 (0.30)0.92 (0.25) h 

PD TR: 
-Gtot

h: 125 (25)123 (30) g 
Ratio (T/R): 1.01; CI: 0.96, 1.07  

-Rmax
h: 544 (23)539 (27) mg/min 

Ratio (T/R): 1.01; CI: 0.96, 1.05  
-tRmax

h: 2.11 (49)2.00 (56) h 
Difference (T - R): 0.10; CI: -0.40, 0.50 

-tRlast
h: 7.04 (14)7.12 (15) h 

Difference (T - R): 0.00; CI: 0.00, 0.00 
NCT02111083 [11] 
ClinicalTrials.gov 

double blind, 
single dose, 
PK/PD clamp, 
HS 

ILis200, 
ILis100 

T: 20  
R: 20  
(units) 

38 Male: 92% 
Age: 31.7 (7.2) 
BMI: NR 

PK TR: 
-AUC0-t’

h: 2200 (16)2230 (17) pmol∙h/L 
Ratio (T/R): 0.99; CI: 0.97, 1.01 

-Cmax
h: 744 (38)851 (38) pmol/L 

 Ratio (T/R): 0.87; CI: 0.83, 0.92 
-tmax

e: 1 (0.5-3.0)1 (0.5-2.0) h 

Difference (T - R): 0.25; CI: 0, 0.38 

PD TR: 
-Gtot

h: 120 (31)120 (33) g 
Ratio (T/R): 0.99; CI: 0.95, 1.02  

-Rmax
h: 503 (36)526 (36) mg/min 

Ratio (T/R): 0.95; CI: 0.90, 1.00 
-tRmax

h: 2.71 (52)2.32 (52) h 
Difference (T - R): 0.42; CI: 0.16, 0.69 

        
        
        
        
        
        



5 

 

RCT Number/ 
Publication Study Designa Arms 

T, R Dose N 

Demographics 
Male (%) 

Age (y) 
BMI (kg/m2) 

(Mean [SD] or 
[Range]) 

Outcomes 1b Outcomes 2b 

Prandial/Basal 
U-500R 
B5K-EW-IBHA 
[12] 
de la Peña et al, 
2011 

double blind, 
single dose, 
PK/PD clamp, 
HS (obese) 

U-500R, 
U-100R 

T: 50, 100 
R: 50, 100 
(units)l 

24 Male: 58% 
Age: 39.6 (12.1) 
BMI: 34.4 (2.6) 

PK TR (50-unit dose): 
-AUC0-t’

h: 6430 (24)6960 (27) pmol∙h/L 
Ratio (T/R): 0.94; CI: 0.88, 1.00  

-Cmax
h: 548 (22)809 (32) pmol/L 

 Ratio (T/R): 0.69d; CI: 0.63, 0.75  
-tmax

e: 4.00 (0.50-8.00)3.00 (1.00-8.00) h 
Difference (T - R): 0.00; CI: 0.00, 4.00  

-t1/2: 4.6/3.9 h 
 

PK TR (100-unit dose): 
-AUC0-t’

h: 12,300 (19)12,400 (22) pmol∙h/L 
Ratio (T/R): 0.98; CI: 0.92, 1.05  

-Cmax
h: 1020 (31)1400 (28) pmol/L 

Ratio (T/R): 0.72d; CI: 0.66, 0.78  
-tmax

e: 8.00 (0.50-8.00)3.00 (1.00-8.00) h 
Difference (T - R): 2.50d; CI: 0.00, 4.00 

-t1/2: 4.43.3 h 

PD TR (50-unit dose): 
-Gtot

h: 419 (28)387 (33) g 
Ratio (T/R): 1.07; CI: 1.00, 1.16  

-Rmax
h: 628 (42)709 (50) mg/min 

Ratio (T/R): 0.88d; CI: 0.80, 0.96  
-tRmax

h: 6.17 (20)5.30 (25) h 
Difference (T - R): 0.78; CI: 0.11, 1.45 

-tRlast
h: 19.7 (18)18.3 (22) h 

Difference (T - R): 1.38d; CI: 0.43, 2.34 
 
PD TR (100-unit dose): 

-Gtot
h: 621 (33)586 (23) g 

Ratio (T/R): 1.09; CI: 1.01, 1.17  
-Rmax

h: 826 (37)966 (22) mg/min 
Ratio (T/R): 0.87d; CI: 0.80, 0.95  

-tRmax
h: 6.37 (25)5.32 (22) h 

Difference (T - R): 1.04d; CI: 0.38, 1.70 
-tRlast

h: 21.5 (11)18.3 (15) h 
Difference (T - R): 3.24d; CI: 2.29, 4.19 
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RCT Number/ 
Publication Study Designa Arms 

T, R Dose N 

Demographics 
Male (%) 

Age (y) 
BMI (kg/m2) 

(Mean [SD] or 
[Range]) 

Outcomes 1b Outcomes 2b 

Prandial/Basal 
BIOD-531m 
3-150 [13] 
Morrow et al, 
2014 (82-LB) 

double blind, 
single dose, 
PK/PD clamp, 
HS (obese) 

BIOD-531, 
U-500R 
(R1), 
Humalog 
Mix 75/25 
(R2) 

T: 1, 0.5  
R1: 1 
R2: 0.5 
(units/kg)  

13 Male: 62% 
Age: 39.8 (13.5) 
BMI: NR 

PK TR1 (1-unit/kg dose): 
-tmax

c: 223.8 (62.3)393.3 (58.3) min 
 

PK TR2 (0.5-unit/kg dose): 
-tmax

c: 131.3 (43.4)160.0 (11.9) min 

PD TR1 (1-unit/kg dose): 
-GIR AUC0-24

c: 4230 (329)4477 (512) mg/kg 
-GIRmax

c: 6.28 (0.66)5.54 (0.67)d mg/kg/min 
-onset of actionc: 7.2 (4.1)21.4 (6.7)d min 
-duration of actionc: 1165 (57)1384 (38)n min 

 

PD TR2 (0.5-unit/kg dose): 
-GIR AUC0-24

c: 2913 (315)2148 (285)d mg/kg 
-GIRmax

c: 4.89 (0.72)3.10 (0.55)n mg/kg/min 
-onset of actionc: 14.6 (6.0)35.9 (7.9)d min 
-duration of actionc: 1076 (51)1284 (47)n min 

NCT02212951 
[14] 
Morrow et al, 
2015 (977-P) 

single blind 
12-hour 
glycemia with 
standard meals 
T2D 

BIOD-531, 
U-500R 
(R1), 
Humalog 
Mix 75/25 
(R2) 

T, R1, R2: 
0.6 
(units/kg) 

12 NR No PK results TR1R2: 
-average 12-hour glucose concentration dosed 
prebreakfast:  
9.9 (0.66)10.9 (0.49)d12.5 (0.59)k mmol/L 

NCT02324309 
[15] 
Morrow et al, 
2015 (6) 

single blind 
24-hour 
glycemia with 
standard meals 
T1D/T2D 

BIOD-531, 
U-500R 
(R1), 
Humalog 
Mix 75/25 
(R2) 

T, R1, R2: 
2 doses: 
1.2 and 0.8 
(units/kg) 

12 Male: 75% 
Age: 55.4 
BMI: NR 

TR1R2: 
-absorption (time to 1/2 max insulin 
concentration): 11.7 (1.2)41.7 (9.8)k42.2 
(2.6)k min 

TR1R2: 
-mean postbreakfast period (breakfast to lunch 
interval) glucose concentration (primary EP):  
9.1 (0.65) 9.9 (0.41)d10.0 (0.56)n mmol/L 
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Abbreviations (exact terminology may vary slightly by agent): AUC, area under the serum insulin concentration/time curve; AUC0-36 (24) (12), AUC from 0 to 36 (24) (12) h; AUC0-t’, AUC 
from time 0 to time of return to baseline concentration; AUC0-tlast, AUC from time 0 to time of last measurable concentration; AUCmean_24h (noc), mean 24-hour or mean nocturnal AUC;  
BIOD-531, recombinant human insulin 400 units/mL with proprietary excipients; BMI, body mass index; CGM, continuous glucose monitor; CI, confidence interval; Cmax, maximum 
serum insulin concentration; EP, endpoint; GIR, glucose infusion rate; GIR AUCτ, area under the GIR curve during one dosing interval (0-24 h); GIRmax, maximum GIR; GIR AUC0-36 (24) 

(12), area under the GIR/time curve from 0 to 36 (24) (12) h; Gtot, total glucose infused; HS, healthy subjects; IDeg200/100, insulin degludec 200/100 units/mL; IGlar300/100, insulin 
glargine 300/100 units/mL; ILis200/100, insulin lispro 200/100 units/mL; LSM, least-square mean; M1, 21A-Gly-human insulin; N, number of randomized subjects; NR, not reported; 
PD, pharmacodynamics; PK, pharmacokinetics; PS-20, polysorbate 20; R, R1, R2, reference insulin; RCT, randomized controlled trial; Rmax, maximum GIR; SD, standard deviation; SE, 
standard error; SEM, standard error of the mean; SG, sensor glucose; SMPG, self-monitored plasma glucose; SS, steady state; T, treatment insulin; T50% AUC0-24, time to 50% of AUC0-24; 
t50% GIR AUC0-36 (24) , time to 50% of GIR AUC0-36 (24); T1D, type 1 diabetes; T2D, type 2 diabetes; t1/2, terminal half-life; tmax, time to Cmax; tRlast, time of last nonzero GIR; tRmax, time to 
Rmax; U-500R/100R, human regular insulin 500/100 units/mL. 
SI conversion factors: To convert glucose from mmol/L to mg/dL, multiply by 18; to convert insulin from pmol/L to μunits/mL, divide by 6.00 [16]. 
aStudies use a crossover intervention model. Euglycemic-clamp studies used either automated (STG-22 [NCT01493115], Biostator [NCT01195454, NCT01349855, NCT01838083, 
NCT01154881, and B5K-EW-IBHA], or ClampArt [Profil, Neuss, Germany] [NCT02536859]) or manual (NCT01076634 and NCT01133392) clamps (type of clamp not reported for 
NCT01076634 and 3-150). 
bNumbers of patients tested may vary slightly from the randomized number; statistical comparisons give 90% or 95% CIs; additional interval analyses are reported in some studies; see 
publications for specific details. In some cases, statistical measures were not specified. Markedly higher AUCs for IDeg are likely due to reduced receptor-mediated clearance as a 
consequence of lower insulin receptor binding affinity relative to human insulin (0.05:1) [17], leading to substantially higher circulating IDeg concentrations. Euglycemic clamp duration 
for ILis200/100 and U-500R/U-100R was up to 8 and 24 hours, respectively. 
cMean or mean (SD or SEM). 
dp<.05. 
eMedian or median (range or interquartile range). 
fp<.1. 
gTrial was a crossover study in 2 parallel cohorts: 0.4 (cohort 1, n = 18) or 0.6 (cohort 2, n = 12) units/kg IGlar300 vs 0.4 units/kg IGlar100. Results are for cohort 1. 
hGeometric mean or geometric mean (coefficient of variation [%]). 
iParallel treatments/within treatment crossover for morning vs evening injection. 
jOnly reports IDeg200 results; IDeg100 results reported separately [18]. 
kp<.001 or p<.0001. 
lDemographic results dose range: 0.4-0.6 units/kg (50-unit dose) and 0.8-1.3 units/kg (100-unit dose). 
mFollowing the merger between Biodel Inc and Albireo Limited, a planned trial (NCT02446028) was suspended, and the record on ClinicalTrials.gov reports that the IND has been 
withdrawn.  
np<.01. 
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