
Service Line: Technology Review 
Issue: 11 
Publication Date: January 2019 
Report Length: 35 Pages

CADTH TECHNOLOGY REVIEW 

Concentrated U-500 Insulin 
Regular for Injection: 
Pharmacology and 
Prospective Utilization



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 2 

  

Authors: Carlos Rojas-Fernandez, Samantha Verbrugghe, Louis de Léséleuc, Aleksandra Grobelna 

Cite As: Concentrated U-500 insulin regular for injection: pharmacology and prospective utilization. Ottawa: CADTH; 2019 Jan. (CADTH technology review; 

no.11).  

Acknowledgments: Anita Carrie, Anthony Budden, Alun L. Edwards 

ISSN: 2369-7385 

Disclaimer: The information in this document is intended to help Canadian health care decision-makers, health care professionals, health systems leaders, 

and policy-makers make well-informed decisions and thereby improve the quality of health care services. While patients and others may access this document, 

the document is made available for informational purposes only and no representations or warranties are made with respect to its fitness for any particular 

purpose. The information in this document should not be used as a substitute for professional medical advice or as a substitute for the application of clinical 

judgment in respect of the care of a particular patient or other professional judgment in any decision-making process. The Canadian Agency for Drugs and 

Technologies in Health (CADTH) does not endorse any information, drugs, therapies, treatments, products, processes, or services. 

While care has been taken to ensure that the information prepared by CADTH in this document is accurate, complete, and up-to-date as at the applicable date 

the material was first published by CADTH, CADTH does not make any guarantees to that effect. CADTH does not guarantee and is not responsible for the 

quality, currency, propriety, accuracy, or reasonableness of any statements, information, or conclusions contained in any third-party materials used in preparing 

this document. The views and opinions of third parties published in this document do not necessarily state or reflect those of CADTH. 

CADTH is not responsible for any errors, omissions, injury, loss, or damage arising from or relating to the use (or misuse) of any information, statements, or 

conclusions contained in or implied by the contents of this document or any of the source materials. 

This document may contain links to third-party websites. CADTH does not have control over the content of such sites. Use of third-party sites is governed by 

the third-party website owners’ own terms and conditions set out for such sites. CADTH does not make any guarantee with respect to any information 

contained on such third-party sites and CADTH is not responsible for any injury, loss, or damage suffered as a result of using such third-party sites. CADTH 

has no responsibility for the collection, use, and disclosure of personal information by third-party sites. 

Subject to the aforementioned limitations, the views expressed herein are those of CADTH and do not necessarily represent the views of Canada’s federal, 

provincial, or territorial governments or any third party supplier of information. 

This document is prepared and intended for use in the context of the Canadian health care system. The use of this document outside of Canada is done so at 

the user’s own risk. 

This disclaimer and any questions or matters of any nature arising from or relating to the content or use (or misuse) of this document will be governed by and 

interpreted in accordance with the laws of the Province of Ontario and the laws of Canada applicable therein, and all proceedings shall be subject to the 

exclusive jurisdiction of the courts of the Province of Ontario, Canada. 

The copyright and other intellectual property rights in this document are owned by CADTH and its licensors. These rights are protected by the Canadian 

Copyright Act and other national and international laws and agreements. Users are permitted to make copies of this document for non-commercial purposes 

only, provided it is not modified when reproduced and appropriate credit is given to CADTH and its licensors. 

About CADTH: CADTH is an independent, not-for-profit organization responsible for providing Canada’s health care decision-makers with objective evidence 

to help make informed decisions about the optimal use of drugs, medical devices, diagnostics, and procedures in our health care system. 

Funding: CADTH receives funding from Canada’s federal, provincial, and territorial governments, with the exception of Quebec. 



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 3 

Table of Contents 

Background .................................................................................................................. 5	

Policy Issue .................................................................................................................. 5	
Policy Question .............................................................................................................................. 5	

Research Questions ...................................................................................................................... 5	

1.	Literature Review ...................................................................................................... 6	
Objective ........................................................................................................................................ 6	

Methods ......................................................................................................................................... 6	

Results ........................................................................................................................................... 7	

Discussion .................................................................................................................... 9	

Limitations .................................................................................................................. 10	

Conclusions ............................................................................................................... 10	

2.	Utilization Analysis .................................................................................................. 13	
Objective ...................................................................................................................................... 13	

Data Sources and Methods ......................................................................................................... 13	

Methods ....................................................................................................................................... 15	

Data Analysis Limitations ............................................................................................................. 16	

Results ......................................................................................................................................... 17	

Summary Findings ....................................................................................................................... 18	

3.	Implications for Decision-Making ............................................................................ 18	

References ................................................................................................................. 20	

Appendix 1: Literature Search Strategy ..................................................................... 21	

Appendix 2: Utilization Results by Jurisdiction ........................................................... 23	
 

Tables 

Table 1:  Pharmacokinetic Parameters for Human Regular Insulin (100U/mL and 500U/mL, 
Subcutaneous Injection)b .................................................................................................. 11	

Table 2:  Pharmacodynamic Parameters for Human Regular Insulin (100U/mL and 500U/mL)a ..... 12	

Table 3:  Definitions of Pharmacodynamic Parameters ................................................................... 12	

Table 4:  Insulins Included in the NPDUISa Database Search ......................................................... 13	

Table 5:  Provincial Public Drug Plans and Programs With Claims Data Contained Within the 
Requested Time Period .................................................................................................... 14	



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 4 

Table 6:  Utilization of Insulins Currently Reimbursed in Canada by Beneficiaries Using  
More or Less Than 200 Units of Insulin Per Day ............................................................... 17	

Table 7:  Summary of Insulin Utilization and Expenditures for Patients Using 201 to 600 Units  
Per Day in 2017, by Province ............................................................................................ 35	

 

Figures 

Figure 1:  Utilization of Insulins Currently Reimbursed by Alberta, by Claimants Using More  
or Less Than 200 Units of Insulin Per Day ....................................................................... 23	

Figure 2:  Utilization of Insulins Currently Reimbursed by British Columbia, by Claimants  
Using More or Less Than 200 Units of Insulin Per Day .................................................... 25	

Figure 3:  Utilization of Insulins Currently Reimbursed by Manitoba, by Claimants Using More  
or Less Than 200 Units of Insulin Per Day ....................................................................... 26	

Figure 4:  Utilization of Insulins Currently Reimbursed by New Brunswick, by Claimants  
Using More or Less Than 200 Units of Insulin Per Day .................................................... 27	

Figure 5:  Utilization of Insulins Currently Reimbursed by Newfoundland and Labrador,  
by Claimants Using More or Less Than 200 Units of Insulin Per Day .............................. 29	

Figure 6:  Utilization of Insulins Currently Reimbursed by Nova Scotia, by Claimants Using  
More or Less Than 200 Units of Insulin Per Day .............................................................. 30	

Figure 7:  Utilization of Insulins Currently Reimbursed by Ontario, by Claimants Using More  
or Less Than 200 Units of Insulin Per Day ....................................................................... 31	

Figure 8:  Utilization of Insulins Currently Reimbursed by Prince Edward Island,  
by Claimants Using More or Less Than 200 Units of Insulin Per Day .............................. 33	

Figure 9:  Utilization of Insulins Currently Reimbursed by Saskatchewan, by Claimants  
Using More or Less Than 200 Units of Insulin Per Day .................................................... 34	



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 5 

Background 
Since July 2017, a concentrated formulation of human regular insulin under the trade name 
of Entuzity (Eli Lilly) has been commercially available in Canada.1 It consists of a pre-filled 
pen (U-500 KwikPen device) containing a 3 mL cartridge of 500 units/mL of biosynthetic 
human insulin regular solution (termed U-500 or U-500R).2 This formulation is five times 
more concentrated than conventional 100 units/mL insulin regular (U-100 regular or                        
U-100R), which is sold under various trade names including Humulin R (Eli Lilly) and 
Novolin ge Toronto (Novo Nordisk). While U-100 solutions are indicated for the treatment               
of all insulin-requiring diabetic patients, Entuzity is indicated only for the treatment of adults 
and children with diabetes requiring more than 200 units of insulin per day. 

The clinical rationale for using a concentrated insulin dosage form in patients requiring high 
amounts of the drug is to allow high doses of insulin to be administered in lower volumes. 
This improves adherence and patient satisfaction compared to the use of U-100 insulin 
(insulin at 100 units/mL).3-5 While concentration is the major variable differentiating U-100R 
from U-500R formulations, it cannot be assumed that a given dose of U-500R could be used 
to replace the same amount and type of U-100 insulin (e.g., 5 mL of U-100R insulin replaced 
by 1 mL of U-500R insulin), because insulin absorption is affected by various factors 
including insulin concentration and subcutaneous depot surface area.6,7 Accordingly, 
differences in the pharmacokinetics (PK) of U-500 insulin compared with U-100 insulin 
would be expected to result in pharmacodynamic (PD) differences, which may have 
implications in clinical practice by influencing patient selection, dosing regimen, and special 
precautions to avoid adverse events such as hypoglycemia. Appropriate pharmacokinetic 
and pharmacodynamic data must thus be compared in order to provide sound guidance for 
clinical and reimbursement decision-making. 

Policy Issue 
Government-funded Canadian drug plans have expressed uncertainty regarding the size of 
the population that would be eligible to receive Entuzity, as well as concerning the impact of 
differences in its pharmacokinetic properties on daily insulin consumption. A review of 
clinical evidence for U-500R insulin and of current insulin utilization in the Canadian 
population was requested before making decisions on reimbursement. The aim of this 
review is to compare the pharmacokinetic properties of U-500R insulin with those of 
currently reimbursed U-100R insulins, and to assess if any differences between these 
formulations would have an impact on the potential volume of Entuzity use in people with 
diabetes requiring more than 200 units of insulin per day.  

The following policy question was developed in consultation with public drug plans. 

Policy Question 

1. What is the predicted utilization of Entuzity in Canadian public drug plans? 

Research Questions 

To address this question, CADTH developed the following research questions: 

1. What are the pharmacokinetic and pharmacodynamic properties of U-500R compared 
with U-100R? 
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2. What is the predicted utilization of Entuzity in Canadian jurisdictions?  

a. What is the current utilization of insulin in Canada based on claims to public drug 
plans? 

b. What proportion of insulin claimants/beneficiaries uses more than 200 U per day?  

Two complementary approaches were adopted to answer the abovementioned research 
questions. First, a review of the scientific literature on PK and PD of U-500 was conducted, 
and therapeutic implications were derived from the results. These findings were used to 
support assumptions about the potential utilization of U-500 in the Canadian population. 
These assumptions formed the basis of a query to the National Prescription Drug Utilization 
Information System (NPDUIS). The aim was to identifying the subset of the population of 
drug plan beneficiaries requiring more than 200 units of insulin per day, thus providing an 
estimate of the uptake of Entuzity by the various drug plans. 

1. Literature Review 

Objective 

To compare the pharmacokinetic and pharmacodynamic properties of insulin U-500R 
compared with insulin U-100R.  

Methods 

The literature search was performed by an information specialist using a peer-reviewed 
search strategy. Published literature was identified by searching the following bibliographic 
databases: MEDLINE (1946‒ ) via Ovid; Embase (1974‒ ) via Ovid; and PubMed. The 
search strategy consisted of both controlled vocabulary, such as the National Library of 
Medicine’s MeSH (Medical Subject Headings), and keywords. The main search concept was 
insulin U-500R (Entuzity).  

No filters were applied to limit the retrieval by study type. Where possible, retrieval was 
limited to the human population. Retrieval was not limited by publication year or by 
language. See Appendix A for the detailed search strategies. The search was completed on 
July 27, 2018. 

Grey literature (literature that is not commercially published) was identified by searching 
relevant websites from the following sections of the Grey Matters checklist 
(https://www.cadth.ca/grey-matters): Health Technology Assessment Agencies, Drug and 
Device Regulatory Approvals, Clinical Trials Registries, and Databases (free and 
subscription-based). Google and other Internet search engines were used to search for 
additional Web-based materials.  

A single reviewer selected citations of interest if any or all of the following were noted in the 
title:  

 pharmacokinetics 

 studies describing clinical responses (efficacy and safety) of U-500R insulin 

 reviews of U-500R insulin or comparative reviews of U-100R and U-500R insulin 

 pharmacodynamics 



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 7 

 any study that in the opinion of the reviewer might contain additional references of 
interest in the bibliography. 

Bibliographies were also manually searched for additional citations of interest. 

Results 

Search Results 

The literature search resulted in 360 citations, 48 of which were selected for further review. 
The grey literature search identified 17 additional sources. A total of four sources of 
information were ultimately selected for use in this review;2,8-10 see Table 1. 

Pharmacokinetics 

Pharmacokinetic parameters identified from the grey literature and from full reports are 
presented in Table 1. The study authored by de la Peña et al. is the largest available data 
set (N = 24);8 relevant data from the grey literature was obtained from the Health Canada-
approved product monograph for Entuzity and UpToDate, an evidence-based clinical 
resource.2,10 

De la Peña et al. conducted a single centre, four-period, four-sequence, crossover, 
randomized, double-blind, euglycemic clamp study to evaluate the relative exposure for                
U-500R insulin and U-100R insulin after subcutaneous injection in 24 healthy, obese (body 
mass index [BMI] 30 kg/m2 to 40 kg/m2 and total body weight of 125 kg or less) participants. 
Secondary objectives included comparing other pharmacokinetic and pharmacodynamic 
parameters between the two formulations, as well as safety and tolerability. Patients were 
randomized to four different treatment sequences so that all participants received each of 
the following insulin treatments on four different occasions: ABCD, BDAC, CABD, and 
DCBA, where A = 50 units of U-500R, B =100 units of U-500R, C = 50 units of U-100R, and 
D =100 units of U-100R. Each dose was administered subcutaneously in alternating lower 
abdominal quadrants using U-100 insulin syringes with 8 mm 31-gauge needles. 
Participants were instructed to fast for eight hours prior to dosing and during each clamp 
procedure. 

Euglycemic glucose clamp procedures were separated by at least seven to 21 days, with a 
follow-up visit occurring seven to 28 days after the fourth study visit. Fasting glucose was 
measured three times at the beginning of each clamp procedure. Baseline glucose 
concentration was defined as the mean of these values. The blood glucose concentration 
target during the procedure was 0.3 mmol/L below the participant’s baseline blood glucose 
concentration. Blinded study personnel administered all insulin doses. The clamp procedure 
was conducted using an automated glucose clamp device, which adjusted the intravenous 
glucose (20% solution) infusion rate (GIR) to maintain the participant’s blood glucose within 
5% of the target. 

The following pharmacokinetic parameters were calculated:  

 area under the concentration-time curve from zero to return of baseline (AUC0 -t), which 
is a measure of total exposure to the administered dose of insulin 

 maximum serum concentration (Cmax), time to maximum serum concentration (tmax) 

 apparent terminal half-life (t1/2).  
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Relevant pharmacodynamic parameters (Table 2) included maximum GIR (Rmax), time of 
maximum GIR (tRmax), amount of glucose infused (Gtot), and times of half-maximum GIR 
before and after Rmax (early and late tRmax50). Table 3 describes the biological relevance of 
the aforementioned pharmacodynamic terms. 

Participants had a mean age of 39.6 (12.1) years; 14 (58%) were male; mean (standard 
deviation) values for the entire sample for weight, height, and BMI were 98.1 (12.9) kg, 
168.7 (10.4) cm, and 34.4 (2.6) kg/m2, respectively. All 24 participants completed at least 
one clamp procedure. Values for the area under the concentration-time curve were similar 
for U-100R and U-500R insulin for both study doses (50U or 100U); Cmax values were 
significantly higher (P < 0.05) for U-100R compared with U-500R at both doses tested; tmax 
values were similar for 50U doses of U-100R and U-500R (three and four hours), whereas 
tmax was significantly longer for U-500R compared with U-100R at the 100U dose (eight 
versus three hours, P < 0.05); lastly, the apparent plasma half-lives were similar for both 
insulin dosage forms as follows: 3.9 and 4.6 hours for 50U of U-100R and U-500R, 3.3 and 
4.4 hours for 100U of U-100R and U-500R.  

Davidson et al. described selected pharmacokinetic and pharmacodynamic properties of              
U-500R in 11 obese patients with type 2 diabetes who were treated with greater than 200 
total units of U-100 NPH plus regular insulin per day, were switched to U-500R insulin, and 
subsequently participated in a brief (seven-hour) pharmacokinetic study.9 Patients had 
hemoglobin A1C values of more than 8.0% for at least six months; U-500R doses were 
adjusted to achieve more than 50% of the values between 3.9 and 7.2 mmol/L before 
breakfast and supper. Ten patients were female; the mean weight of the sample was 101.8 
kg. Patients were instructed to omit the prior evening’s dose, the morning insulin dose, and 
to increase their bedtime snack in order to achieve a fasting plasma concentration of greater 
than 11. 1mmol/L. One hundred units of U-500R insulin were administered subcutaneously. 
Blood samples for measuring plasma glucose were drawn 10 minutes before, just before, 
and every 30 to 60 minutes after the injection until plasma glucose concentrations were less 
than 5.5 mmol/L, at which point the study was stopped and the patient was fed. Insulin and 
C peptide levels were measured using and enzyme-linked immunosorbent assay. Plasma 
glucose, insulin, and C peptide data over the seven-hour study were reported in graphical 
form only, the inspection of which suggests that Cmax was 110 μU/mL and tmax was five 
hours.9 

Data from the grey literature were sparse, only revealing tmax and t½ values for both insulins 
that were consistent with data from de la Peña et al.; and in the case of insulin U-500R, data 
appear to originate from that study.8 

Considering the aforementioned pharmacokinetic data, it is concluded that statistically 
significant differences exist in the pharmacokinetics of U-100R and U-500R insulins. 
Specifically, insulin U-500R demonstrates lower maximal plasma concentrations than U-
100R at doses of 50 U and 100 U, and demonstrates a longer time to maximal concentration 
than U-100R at a dose of 100 U. 

Pharmacodynamics 

Onset of action, time to peak effects, and duration of action are clinically relevant 
pharmacodynamic parameters (Table 2) that provide context for pharmacokinetic 
differences between insulin U-100R and U-500R. As previously noted, Cmax is higher for 

insulin U-100R, and Tmax is longer for insulin U-500R.8 The time to onset of action (tonset) was 

similar for both doses (50U and 100U) of insulin U-100R and U-500R, ranging from 11 to 16 
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minutes; there was no statistically significant difference in time to peak insulin effects (as 
measured by the tRmax) between U-100R and U-500R with the 50U insulin dose (5.3 versus 
6.17 hours), but values were statistically significantly shorter for U-100R compared with                 
U-500R at the 100U dose (5.32 versus 6.37 hours, P < 0.05). Duration of action was 
statistically significantly different between U-100R and U-500R for both study doses, ranging 
from 18.3 hours for U-100R insulin to 19.7 to 21.5 hours for U-500R (P < 0.05); early and 
late tRmax50 values were consistent with tRlast data.  

As previously noted, Davidson et al. only reported data in graphical form visual inspection, 
which suggests that the onset of action was evident at 30 minutes and peaked at six hours; 
plasma insulin levels began to rise within 30 minutes, peaking at five hours.9 The onset and 
duration of action were reflected in decreasing levels of C peptide over the same time 
period. Pharmacodynamic data from the grey literature was consistent with data from de la 
Peña et al. (Table 2).  

Overall, the pharmacodynamic data are congruent with the pharmacokinetic findings, as 
demonstrated by similar total amounts of infused glucose (Gtot, Table 2) across dose groups 
that were not significantly different, and are consistent with AUC values (Table 1); maximum 
glucose infusion rates (Rmax Table 2) were higher for U-100R compared with U-500R, 
consistent with a higher Cmax, and with higher mean immunoreactive insulin concentrations. 
Compared with insulin U-100R and consistent with greater tmax values for insulin U-500R 
(Table 2), the time to maximum effect was significantly (P < 0.05) longer for insulin U-500R 
(6.37 versus 5.32 hours) at the 100U dose. 

Discussion 
There is a paucity of studies comparing the pharmacokinetic properties of insulin U-500R 
with that of U-100R as shown by the present review, which revealed only one study.8 
Results from de la Peña et al. demonstrate differences in some but not all pharmacokinetic 
properties of insulin U-100R and U-500R.8 

The statistically significant differences in Cmax and Tmax between U-100R and U-500R insulin 
are not easily interpreted without considering relevant pharmacodynamic parameters. 
Specifically, the tonset is similar between U-100R and U-500R (11.04 to 16.2 minutes, 
respectively [not statistically significant]), meaning that U-500R insulin may be administered 
30 minutes prior to a meal to provide prandial coverage, as is the case for U-100R.8 Relative 
to U-100R, the peak effect (Rmax) of U-500R is delayed (i.e., increased tRmax) by 
approximately one hour (mean 6.37 versus 5.32 hours, P < 0.05) at the 100U dose, and is 
somewhat prolonged for the 50U dose with a mean of 6.17 versus 5.3 hours (not statistically 
significant). The delay in peak effect (Rmax) may be attributed to the longer tmax of U-500R 
with the 100U dose (median 8 versus 3 hours, P < 0.05).  

The duration of action (tRlast) was longer for U-500R insulin compared with U-100R insulin 
for both the 50U and 100U doses (by 1.4 and 3.2 hours, respectively; P < 0.05 for both 
comparisons). In practice, it is expected that the duration of action of U-500R would be three 
hours or more longer than that of U-100R owing to the fact that, by definition, patients using 
U-500R insulin will require doses of greater than 200 units per day, effectively leading to a 
duration of action of approximately 24 hours.11 The long duration of action of U-500R 
provides basal activity, which, combined with its prandial activity, obviates the need for 
supplementation with additional insulin.12 Lastly, U-500R insulin provides additional 
advantages of lower injection volumes and decreased injection frequency (e.g., twice to 
three times daily).12 
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According to a clinical expert consulted for this review, the late peak and longer action of          
U-500R versus U-100R (at high dose) might be difficult to discern clinically. It was further 
noted that U-100R is not typically used as the sole insulin in a treatment regimen, whereas 
that has typically been the case for U-500R. The kinetics of U-500R resemble those of 
intermediate acting insulins (NPH) rather than short-acting insulins and it is debatable 
whether U-500R should be compared to an insulin typically used for prandial glucose 
control. U-500R has been used clinically to replace combinations of prandial and basal 
insulin; direct comparison with only short-acting insulin, while pharmacologically valid,                 
lacks clinical applicability. 

Limitations 
The limitations of this report are confined to those of the study by de la Peña et al. and 
include the use of younger, healthy volunteers without diabetes, and limiting BMI to 40 
kg/m2. As U-500R is indicated for patients requiring more than 200 units of insulin per day, 
the highest dose in the de la Peña et al. study (0.8 to 1.3 units/kg) is not reflective of highly 
insulin-resistant, real-world populations whose required dosages are considerably higher 
(1.5 to 3.3 units/kg/day).9,13 It is well known that estimates of duration of action may be 
overestimated due to the contribution of endogenous insulin in healthy volunteers and in 
patients with diabetes. 7,14,15 As C peptide levels were not measured in de la Peña et al., the 
contribution of endogenous insulin could not be ascertained. Lastly, the dose design of the 
study was limited to a single dose rather than multiple dose situations, which would be 
observed in patients. Collectively, the pharmacokinetic and pharmacodynamic properties of 
U-500R are likely to be different in obese patients with diabetes, thus complicating the 
generalizability of these findings.  

Conclusions 
Statistically significant and clinically meaningful differences in PK and PD parameters 
between U-500R and U-100R were identified in the literature. When comparing a 100U 
insulin dose (a reasonable dose for someone needing more than 200U per day) of U-500R 
with U-100R, a delayed peak effect (Rmax) of one hour was observed, and duration of action 
(tRlast) was extended by 3.2 hours. In clinical practice, this longer duration of action would 
translate into effective basal activity for U-500R, which, combined with its prandial activity, 
obviates the need for the use of additional insulin (in other formulations) in high insulin 
users. Therefore, it is expected that the use of Entuzity should be sufficient to meet the 
needs of diabetes patients who require high doses of insulin (more than 200U per day) 
without requiring the use of additional (supplementary) insulin.  

As stated earlier, the objective of this review was to compare the pharmacokinetic and 
pharmacodynamic properties of insulin U-500R with those of insulin U-100R. Other 
outcomes such as glycemic control (e.g., A1C levels), safety (e.g., hypoglycemic events), 
insulin utilization, or patient adherence and satisfaction were not analyzed. Therefore, no 
conclusion can be made here regarding the impact of the observed pharmacokinetic and 
pharmacodynamic differences on the latter aspects. Additional work may be considered to 
address these broader questions, as well as to further characterize the pharmacokinetics 
and pharmacodynamics of the two dosage forms in patients with diabetes. Where possible, 
such reviews should examine studies including children, older adults, and patients with 
varying degrees of renal and hepatic impairment. In addition, appropriate studies should 
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include a control arm treated with conventional U-100 insulin in order to reliably establish the 
relative effect of U-500 in patients initiating or switching to this regimen. 

Table 1: Pharmacokinetic Parameters for Human Regular Insulin (100U/mL and 500U/mL, 
Subcutaneous Injection)a 

Full Reports 

Reference N Dose AUC0-t  Cmax  Tmax (Hours; 
Median, Range) 

t1/2  

Davidson et al.9 
(U-500R) 

9 100 U NR NR 5 (mean) NR 

de la Peña et al.8 
(U-100R) 

22 50 U 6,960 (27) 809 (32)b 3 (1 to 8) 3.9 

de la Peña et al.8 
(U-500R) 

21 50 U 6,430 (24) 548 (22)b 4 (0.5 to 8.0) 4.6 

de la Peña et 
al.8(U-100R) 

23 100 U 12,400 (22) 1,400 (28)b 3 (1 to 8)b 3.3 

de la Peña et al.8 
(U-500R) 

24 100 U 12,300 (19) 1,020 (31)b 8 (0.5 to 8.0)b 4.4 

Grey Literature 

Reference N Dose AUC0-t (Mean, 
Range) 

Cmax (Mean, 
Range) 

Tmax (Hours) T1/2 (Mean, 
Range) 

Entuzity PM 
 (U-500R)2 

24 50 and 
100 U 

NR NR NR 4.5 (1.9 to 10) 

UpToDate10 
(U-100R) 

N/A NR NR NR 0.8 to 2.0 1.5 

AUC0-t = area under the concentration-time curve (pmol×h/L); Cmax= maximum plasma concentration (pmol/L); CV (%) = coefficient of variation; PM = product monograph; 
R = regular; Tmax= time to achieve maximum plasma concentration (hours); t ½ = half-life (hours); U = units. 
a Values are reported as geometric means and CV(%), except for tmax, which is presented as median (range). 
b P < 0.05. 
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Table 2: Pharmacodynamic Parameters for Human Regular Insulin (100U/mL and 500U/mL)a 

Full Reports 

Reference N Dose Onset of 
Action 

(Minutes) 

 tRmax (hours) Rmax  Gtot 

(grams) 
tRlast  tRmax50 (hours) 

de la Peña et 
al.8  
(U-100R) 

22 50 U 16.2 5.3 (25) 709 (50)b 387 (33) 18.3 (22)b Early: 1.69 (33)b 

Late:10.5 (25)b 

de la Peña et 
al.8    
(U-500R) 

21 50 U 13.8 6.17 (20) 628 (42)b 419 (28) 19.7 (18)b Early: 2.33 (40)b 

Late:14.1 (21)b 

de la Peña et 
al.8  
(U100R) 

23 1,00I 
U 

11.04 5.32 (22)b 966 (22)b 586 (23) 18.3 (15)b Early: 1.51 (41)b 

Late: 11.7 (16)b 

de la Peña et 
al.8 (U-500R) 

24 1,00I 
U 

13.26 6.37 (25)b 826 (37)b 621(33) 21.5 (11)b Early: 2.02 (59)b 

Late: 15.1 (16)b 
Davidson et 
al.9  
(U-500R) 

9 100 U Within 30c 3 to 6 c NR NR NR NR 

Grey Literature 

Reference N Dose Onset of 
Action 

(Minutes) 

Time to 
Peak Effect 

(Hours) 

Rmax  Gtot 

(grams) 
tRlast mean 

(Range) 
tRmax50 (hours) 

Entuzity PM2 
 (U-500R) 

24  50 U 
and 

100 U 

< 15 NR NR NR 21 (13 to 24) NR 

UpToDate10 
(U-100R) 

N/A NR 15 to 30 2.5 to 5 NR NR 4 to12 NR 

Gtot = total amount of glucose infused; Rmax= maximum glucose infusion rate (mg/min); tRlast= duration of action (hours), tRmax = time to maximum glucose infusion rate 
(synonymous with time to peak effect); U = units.  
a Values are reported as geometric means and coefficient of variation (%) except for tmax, which is presented as median (range).  
b P < 0.05.  
c Estimated from graphical display in Davidson et al.9   

Table 3: Definitions of Pharmacodynamic Parameters 

Parameter Definition  Clinical relevance 

tRmax Time to maximum glucose infusion rate  Time to peak effect 
Rmax Maximum glucose infusion rate (mg/minute) Peak biological effect 
Gtot Total amount of glucose infused Measure of the overall glucose- lowering effect of insulin 
tRlast Time of last glucose infusion rate change Duration of action  
tRmax50  Early glucose infusion rate Affects dosing interval-insulins with slower onset; initially require 

closer plasma glucose monitoring to maintain control; less 
important for basal insulins with > 24 hour duration of action 

 

	  



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 13 

2. Utilization Analysis 

Objective 

To describe the aggregate utilization of all types of insulins reimbursed by Canadian public 
drug plans from 2014 to 2017 and to identify the population of beneficiaries using more than 
200 units of insulin per day according to claims data, in order to predict the size of the 
population that will be eligible for the daily use of U-500 insulin (Entuzity). 

Data Sources and Methods 

A request was made to the Canadian Institute for Health Information (CIHI) for 
administrative claims data from the NPDUIS database for insulins currently reimbursed by 
provincial public drug plans, excluding Quebec. The data set was restricted to insulins of 
100 U/mL or 200 U/mL concentrations, as listed in Table 4, for the most recently available 
four-year period (January 1, 2014 to December 31, 2017, referred to as 2014 through 2017, 
hereafter).  

Table 4: Insulins Included in the NPDUISa Database Search 

Name of Product Strength 
(U/mL) 

Product Type and Size 

Apidra (insulin glulisine) 100 5x3 mL cartridge, 5x3 mL pen, 10 mL vial 

Basaglar (insulin glargine) 100 5x3 mL cartridge, 5x3 mL pen 

Humalog (insulin lispro) 100 5x3 mL cartridge, 5x3 mL pen, 10 mL vial 

Humalog Mix25 (25% insulin lispro, 75% insulin lispro protamine) 100 5x3 mL cartridge, 5x3 mL pen 

Humalog Mix50 (50% insulin lispro, 50% insulin lispro protamine) 100 5x3 mL cartridge, 5x3 mL pen 

Humalog 200 (insulin lispro) 200 5x3 mL pen 

Humulin N (insulin NPH) 100 5x3 mL cartridge, 5x3 mL pen, 10 mL vial 

Humulin R (regular insulin) 100 5x3 mL cartridge, 5x3 mL pen, 10 mL vial 

Humulin 30/70 (30% regular insulin, 70% insulin NPH) 100 5x3 mL cartridge, 10 mL vial 

Novorapid (insulin aspart) 100 5x3 mL cartridge, 5x3 mL pen, 10 mL vial 

Lantus (insulin glargine) 100 5x3 mL cartridge, 5x3 mL pen, 10 mL vial 

Levemir (insulin detemir) 100 5x3 mL cartridge, 5x3 mL pen 

Novolin GE NPH (insulin NPH) 100 5x3 mL cartridge, 10 mL vial 

Novolin GE Toronto (regular insulin) 100 5x3 mL cartridge, 10 mL vial 

Novolin GE 30/70 (30% regular insulin, 70% insulin NPH) 100 5x3 mL cartridge, 10 mL vial 

Novolin GE 40/60 (40% regular insulin, 60% insulin NPH) 100 5x3 mL cartridge 

Novolin GE 50/50 (50% regular insulin, 50% insulin NPH) 100 5x3 mL cartridge 

NovoMix 30 (30% insulin aspart, 70% insulin aspart protamine) 100 5x3 mL cartridge 

NovoRapid (insulin aspart) 100 5x3 mL cartridge, 5x3 mL pen, 10 mL vial 

Note: Insulin NPH is also known as insulin isophane.  
a NPDUIS = National Prescription Drug Utilization Information System. 

NPDUIS captured data on claims accepted by provinces under the provincial public drug 
plans or programs listed in Table 5 that follows.  
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Table 5: Provincial Public Drug Plans and Programs With Claims Data Contained Within the 
Requested Time Period 

Jurisdiction Plan/Program Description 

Alberta Non-Group 

Seniors 

Palliative Care 

British Columbia Fair Pharma Care 

Permanent Residents of Licensed Residential Care Facilities 

Recipients of British Columbia Income Assistance 

Cystic Fibrosis 

Children in the At Home Program 

No-Charge Psychiatric Medication Program 

BC Palliative Care Drug Plan 

Smoking Cessation 

Manitoba Employment and Income Assistance Program 

Palliative Care 

Pharmacare 

Personal Home Care/Nursing Homes  

New Brunswick New Brunswick Prescription Drug Program, including:  
 seniors 
 nursing home residents 
 social development clients 
 individuals in Licensed Residential Facilities 
 children in care of the Minister Social Development and children with disabilities 
 multiple sclerosis 
 HIV/AIDS 
 cystic fibrosis 
 organ transplant recipients 
 growth hormone deficiency 

New Brunswick Drug Plan 

Newfoundland and Labrador Foundation Plan 

65Plus Plan  

Access Plan  

Select Needs Plan (Cystic Fibrosis) 

Select Needs Plan (Growth Hormone Deficiency Plan)  

Assurance Plan 

Nova Scotia Pharmacare Diabetic Assistance Program 

Palliative Care Drug Program 

 Under 65 Long-Term Care Pharmacare  

Drug Assistance for Cancer Patients 

Seniors’ Pharmacare Program 

Family Pharmacare Program 

Ontario Ministry of Community and Social Services  

Ministry of Health and Long-Term Care Ontario Drug Benefit Program  
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Jurisdiction Plan/Program Description 

Prince Edward Island Diabetes Control Program 

Generic Drug Program 

Opioid Replacement Therapy Program  

Immunization Program 

Family Health Benefit Program 

High-Cost Drug Program 

Nursing Homes  

Seniors’ Drug Program 

Catastrophic Drug Program 

Financial assistance for children in care  

Sexually transmitted diseases 

Smoking Cessation Program (Quit Care Program) 

Saskatchewan Universal Program 

Yukon  Chronic Disease and Disability Benefits Program 

Children’s Drug & Optical Program 

Pharmacare  

Methods 

Entuzity is indicated for adults and children with diabetes mellitus requiring more than 200 
units of insulin per day.2 CADTH therefore sought to estimate the potential market size of 
Entuzity by estimating the overall utilization of insulin in Canadian jurisdictions, as well as 
the proportion of beneficiaries using more than 200 units per day. 

CADTH obtained aggregate information on the number of beneficiaries and units dispensed, 
as well as the median number of units per day claimed, and the monetary amount paid by 
programs for all included insulins (see the previous Table 4) from CIHI. The data were 
grouped by jurisdiction and whether beneficiaries had claimed 200 or fewer units of insulin 
per day, or 201 to 600 units per day.  

Claims for zero or one-day supplies were excluded from the analysis undertaken by CIHI. 
Additionally, because of a number of outliers, claims for more than 600 units of insulin per 
day — the maximum baseline amount of insulin that patients were allowed to be using for 
inclusion in the Entuzity clinical trial2,16 — were also excluded from the analysis.  

Units of measure for insulin products were not available within NPDUIS, and reporting 
variation exists between jurisdictions. For example, a product might have a quantity of one; 
however, it is uncertain if this represented one a 10 mL vial or a 3mL pen/cartridge, one 
millilitre, or one 10 mL or 15mL package. Thus, CIHI analysts applied their judgment in 
determining the units of measures used and adjusted reported quantities of all jurisdictions 
to match those of Ontario and Saskatchewan, using the listed price of the drug products as 
a guide when standardizing reported quantity. 

Beneficiaries receiving insulin were defined as the total number of users for whom the public 
drug plans or programs included in the analysis (Table 5) had accepted at least part of at 
least one claim for an insulin product either toward a deductible, if applicable, or for 
payment. The amount reimbursed by the plans or programs is the amount of the total 
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prescription cost accepted that is paid by the plan or program, including the drug cost and 
the associated professional fee and markup, if applicable.  

The numbers of beneficiaries within each insulin user type (200 U/day or less, or 201 to 600 
U/day) was determined by calculating the average units per day, per insulin user: (quantity 
accepted × units of the insulin product) ÷ number of days' supply. Aggregate results were 
provided to CADTH researchers, who calculated the proportion of beneficiaries within each 
group for each outcome measure. 

Data Analysis Limitations 

Key limitations for this study include: 

 While accepted claims data indicate that a drug was dispensed, it cannot inform whether 
all or any of the drug was used. Thus, while it is a viable proxy, it may not fully reflect 
utilization in Canadian practice. 

 Utilization and claims information are presented in aggregate form and do not provide 
information on specific individual utilization metrics; patient level data were not available. 

 Number of days supplied for units as reported may be subject to claim entry decisions 
made at the pharmacy level, which may not be reflective of the true number of days over 
which the patient uses the claimed product. The variation in unit reporting between 
jurisdictions may have led to errors in the data set. 

Overall, approximately 17% of units of insulin and 2.3% of costs paid to reimburse them 
(calculated by CADTH using the proportion of excluded claims data for individual 
jurisdictions provided by CIHI) were excluded from the analysis because of the claims which 
contained them being for zero- or one-day supplies, or because of the claims being for more 
than 600 units per day. The exclusions reduced the total number of insulin units in the 
analysis from approximately 30.7 billion to 25.7 billion over the four-year time horizon, and 
the cost of that insulin from just over $1 billion to $985 million. Notable variation in the 
proportion of exclusions existed between jurisdictions. More information on jurisdictions with 
higher numbers of exclusions is given in Appendix 2. 

 The database search included all insulins listed in Table 4 and may not include all 
insulins reimbursed within the included jurisdictions throughout the 2014 to 2017 time 
period.  

 Data were also received on insulin utilization for Yukon over the requested time period. 
However, once data from zero- and one-day supplies and claims for more than 600 units 
of insulin per day were excluded, there were less than five beneficiaries remaining per 
year in the 201 to 600 units per day category, triggering redactions of these data due to 
patient confidentiality concerns. In all, 57% of the claims from the Yukon were excluded 
for 2014. While this proportion decreased to 40% in 2015, 31% in 2016, and 13% in 
2017, these irregularities could not be explained, and thus data from the Yukon was 
excluded from the analysis. 

 Feedback from CIHI indicated that claims data from certain public drug programs run by 
relevant CADTH stakeholders were not submitted for inclusion in NPDUIS. While this 
may slightly underestimate the overall impact of insulin use on public drug programs in 
Canada, it is unlikely to negate the findings of the current analysis. 
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Results 

Aggregated utilization results for the included jurisdictions together are summarized in Table 
5Table 6. The total number of public drug plan beneficiaries receiving insulin gradually 
increased year by year from 2014 to 2017, as did the number of units claimed and the total 
dollar amount reimbursed. However, the proportion of insulin beneficiaries receiving 201 to 
600 units per day decreased over the same time period, from 3.1% of all insulin 
beneficiaries in 2014 to 2.8% in 2017, while the proportion of units claimed by patients 
receiving 201 to 600 units per day rose from approximately 12.0% of all insulin units 
reimbursed in 2014 to 13.7% in 2016, before falling again to 13.2% in 2017. The proportion 
of costs reimbursed for patients receiving 201 to 600 units per day of insulin remained 
relatively stable at approximately 6% from 2014 to 2016, before falling to 5.6% in 2017.  

In 2017, the Canadian provincial jurisdictions included in the analysis spent more than $261 
million on 6.6 billion units of insulin for approximately 314,000 beneficiaries; approximately 
8,600 beneficiaries (2.8% of total insulin beneficiaries) used an average of 201 to 600 units 
per day, at a cost of almost $15 million (5.7% of annual costs reimbursed) for 874 million 
units of insulin (13.2% of total units reimbursed). As is to be expected, the relatively small 
proportion of patients using more than 200 units per day of insulin are using more units of 
insulin than those using 200 or fewer units per day; thus, these patients receive a larger 
proportion of the total units reimbursed than would be expected if insulin doses were similar 
for all patients. However, given that the approximately 13% of insulin units this higher-dose 
group are using are being reimbursed for only about 6% of insulin costs, it appears that 
those using higher doses of insulin may be using less expensive insulins, on average, than 
the overall population of insulin beneficiaries. 

Table 6: Utilization of Insulins Currently Reimbursed in Canada by Beneficiaries Using More 
or Less Than 200 Units of Insulin Per Day 

Calendar Year Using ≤ 200 U/Day Using 201 to 
600 U/Day 

Total Proportion 201 to 
600 U/Day 

Number of Beneficiaries 

2014 272,545 8,765 281,310 3.1% 

2015 284,501 8,513 293,014 2.9% 

2016 295,253 8,783 304,036 2.9% 

2017 305,328 8,644 313,972 2.8% 

Number of Units Claimed 

2014 5,324,821,100 726,884,870 6,051,705,970 12.0% 

2015 5,549,519,480 826,961,220 6,376,480,700 13.0% 

2016 5,690,849,010 902,696,320 6,593,545,330 13.7% 

2017 5,760,443,120 874,486,840 6,634,929,960 13.2% 

Amount Reimbursed by Public Plans  

2014 $212,115,612 $13,574,117 $225,689,729 6.0% 

2015 $228,362,390 $14,750,417 $243,112,807 6.1% 

2016 $239,754,450 $15,210,968 $254,965,418 6.0% 

2017 $246,382,315 $14,767,051 $261,149,366 5.7% 

Source: National Prescription Drug Utilization Information System. September 2018. Canadian Institute for Health Information: Ottawa. 
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Results for each individual jurisdiction can be found in Appendix 2. The results for the 
majority of jurisdictions were in line with national trends. In most jurisdictions, less than 3% 
of beneficiaries were using 201 to 600 units per day of insulin. Additionally, in most 
jurisdictions, between 3% and 5% of total units of insulin were used by beneficiaries 
receiving 201 to 600 U/day, for which between 3% and 5% of total insulin costs were spent.  

One jurisdiction — Ontario — appeared to have a different profile to the others. Ontario had 
a larger but relatively stable proportion of insulin beneficiaries claiming 201 to 600 units per 
day (approximately 4.5%), with roughly 20% of units and 7% of costs being used by this 
group (see Figure 7).  

The appendix also contains data on the median number of units per day claimed in each 
group (less than 200 U/day, 201 U/day to 600 U/day) by jurisdiction; this information could 
not be aggregated on a national level for inclusion in Table 6. 

Summary Findings 

Assuming Entuzity is reimbursed for patients using more than 200 units of insulin per day, 
as indicated by Health Canada,2 then the overall proportion of beneficiaries who would be 
eligible within the included jurisdictions is approximately 3%, and the current proportion of 
insulin costs reimbursed for these beneficiaries is approximately 6%. However, based on the 
total number of insulin units claimed by users of more than 200 units per day, Entuzity has 
the potential to replace up to approximately 12% to 14% of units of insulin currently 
reimbursed nationally. The magnitude of such a replacement will be strongly driven by the 
level and rate of change in prescribing practice surrounding patients with high insulin 
resistance, a shift that is difficult to predict and may vary between provinces. Whether the 
introduction of Entuzity substantially changes expenditures for each jurisdiction and their 
individual drug plans and programs will also depend on the per-unit cost of Entuzity 
compared to insulins currently being used by higher-dose insulin beneficiaries, which on 
average appear to be of lower cost per unit than those used by patients on more standard 
doses. Additionally, the impact of Entuzity on expenditures will depend on whether its 
distinct pharmacokinetic and pharmacodynamic profile, as ascertained in the previous 
section, translates into changes in effective daily dose.  

3. Implications for Decision-Making 
The conclusions from the literature review of pharmacological properties indicate that the              
U-500 formulation of insulin regular (Entuzity) does not perfectly match that of conventional 
U-100 insulin regular and exhibits a longer peak time and duration of action. Despite having 
the same basic composition as Humulin R (from the same manufacturer) and being 
marketed under the trade name Humulin R 500 in the US, clinical evidence suggests that 
Entuzity’s place in therapy differs significantly from that of U-100R insulin.  

According to the Health Canada-approved product monograph and in line with PK/PD data 
showing long duration of action, U-500R may be given both as prandial and basal insulin. 
Published literature supports the notion that, from a diabetes care perspective, U-500R 
would constitute a complete alternative to the mix of short- and long-acting U-100/U-200 
insulins taken by diabetic patients requiring more than 200 units of insulin every day.12 Of 
note, clinical evidence reporting the daily use of insulin units in users having switched to the 
U-500 formulation was not reviewed as part of this report. In sum, Entuzity is a suitable 
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replacement for all types and brands of insulins in its target population, and its potency 
relative to other types of insulins is unclear but can be assumed to be similar. 

These key postulates were used to draft a query to the NPDUIS encompassing all insulin 
products in order to identify users of more than 200 units per day. Results of the query show 
that the proportion of insulin users falling in that category varies between drug plans but do 
not substantially change over time. As a result, the prospective drug plan budget impact of 
introducing concentrated U-500 will be a function of the recent utilization and cost of insulins 
in the target population, the level of uptake of Entuzity in clinical practice, and the negotiated 
price of the drug. Before a decision to reimburse the drug is made by public drug plans, 
aspects beyond the budget impact may need to be considered. For instance, should the per-
unit cost of Entuzity be higher than other formulations, the cost-effectiveness of this new 
formulation may need to be demonstrated by comparing the clinical outcomes of patients 
using Entuzity versus standard formulations.   



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 20 

References 
1. Health Canada. Notice of compliance (NOC) for Entuzity. 2017. https://health-products.canada.ca/noc-ac/index-eng.jsp. Accessed 2018 Sep 6. 

2. Health Canada Product Monograph: Entuzity. Toronto (ON): Eli Lilly; 2017: https://pdf.hres.ca/dpd_pm/00040342.PDF. 

3. Eby EL, Wang P, Curtis BH, et al. Cost, healthcare resource utilization, and adherence of individuals with diabetes using U-500 or U-100 insulin: a 
retrospective database analysis. J Med Econ. 2013;16(4):529-538. 

4. Eby EL, Curtis BH, Gelwicks SC, et al. Initiation of human regular U-500 insulin use is associated with improved glycemic control: a real-world US cohort 
study. BMJ open diabetes res. 2015;3(1):e000074. 

5. Dailey AM, Williams S, Taneja D, Tannock LR. Clinical efficacy and patient satisfaction with U-500 insulin use. Diabetes Res Clin Pract. 2010;88(3):259-
264. 

6. Galloway JA, Spradlin CT, Nelson RL, Wentworth SM, Davidson JA, Swarner JL. Factors influencing the absorption, serum insulin concentration, and 
blood glucose responses after injections of regular insulin and various insulin mixtures. Diabetes Care. 1981;4(3):366-376. 

7. Goldman J, Kapitza C, Pettus J, Heise T. Understanding how pharmacokinetic and pharmacodynamic differences of basal analog insulins influence 
clinical practice. Curr Med Res Opin. 2017;33(10):1821-1831. 

8. de la Pena A, Riddle M, Morrow LA, et al. Pharmacokinetics and pharmacodynamics of high-dose human regular U-500 insulin versus human regular U-
100 insulin in healthy obese subjects.[Erratum appears in Diabetes Care. 2014 Aug;37(8):2414]. Diabetes Care. 2011;34(12):2496-2501. 

9. Davidson MB, Navar MD, Echeverry D, Duran P. U-500 regular insulin: clinical experience and pharmacokinetics in obese, severely insulin-resistant type 
2 diabetic patients. Diabetes Care. 2010;33(2):281-283. 

10. Insulin regular: drug information. In: Post TW, ed. Waltham (MA): UpToDate: www.uptodate.com. Accessed 2018 Sep 6. 

11. Bergen PM, Kruger DF, Taylor AD, Eid WE, Bhan A, Jackson JA. Translating U-500R Randomized Clinical Trial Evidence to the Practice Setting: A 
Diabetes Educator/Expert Prescriber Team Approach. Diabetes Educ. 2017;43(3):311-323. 

12. Cochran E. U-500 insulin: When more with less yields success. Diabetes Spectrum. 2009;22(2):116-122. 

13. Lane WS, Cochran EK, Jackson JA, et al. High-dose insulin therapy: is it time for U-500 insulin? Endocrine Practice. 2009;15(1):71-79. 

14. Heise T, Zijlstra E, Nosek L, Heckermann S, Plum-Morschel L, Forst T. Euglycaemic glucose clamp: what it can and cannot do, and how to do it. Diabetes 
Obes Metab. 2016;18(10):962-972. 

15. Swinnen SG, Holleman F, DeVries JH. The interpretation of glucose clamp studies of long-acting insulin analogues: from physiology to marketing and 
back. Diabetologia. 2008;51(10):1790-1795. 

16. Hood RC, Arakaki RF, Wysham CH, Li YG, Settles JA, Jackson JA. A randomized clinical trial comparing efficacy and safety of 2 titration algorithms for 
human regular u-500 insulin in severely insulin-resistant patients with type 2 diabetes. Endocrine Reviews. Conference: 97th Annual Meeting and Expo of 
the Endocrine Society, ENDO. 2015;36(Supplement 2). 

 

 

	  



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 21 

Appendix 1: Literature Search Strategy  

OVERVIEW 

Interface: Ovid 

Databases: Embase 1974 to July 25, 2018 
Ovid MEDLINE(R) ALL 1946 to July 25, 2018 
Note: Subject headings have been customized for each database. Duplicates between databases were 
removed in Ovid. 

Date of Search: July 27, 2018  

  

Study Types: No search filters were applied 
 

Limits: No date or language limits were used 
 

SYNTAX GUIDE 

/ At the end of a phrase, searches the phrase as a subject heading 

.sh At the end of a phrase, searches the phrase as a subject heading 

MeSH Medical Subject Heading 

fs Floating subheading  

exp Explode a subject heading 

* Before a word, indicates that the marked subject heading is a primary topic;  
or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

# Truncation symbol for one character 

? Truncation symbol for one or no characters only 

adj# Adjacency within # number of words (in any order) 

.ti Title 

.ab Abstract 

.ot Original title 

.hw Heading word; usually includes subject headings and controlled vocabulary  

.kf Author keyword heading word (MEDLINE) 

.kw Author keyword (Embase) 

.pt 

.po 
Publication type 
Population group [PsycInfo only] 

.rn CAS registry number 

.nm Name of substance word 
medall 
 

Ovid database code; MEDLINE In-Process & Other Non-Indexed Citations, MEDLINE Daily and Ovid MEDLINE 1946 
to Present 

oemezd Ovid database code; Embase 1974 to present, updated daily 
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MULTI-DATABASE STRATEGY 

1 entuzity*.ti,ab,ot,kw. 

2 (U-500 or U 500 or U500 or U500R or U-500R or 500 U or 500 unit* or 500 IU).ti,ab,ot,kw. 

3 Human Insulin/ or Insulin/ 

4 (humulin* or insulin* or KwikPen*).ti,ab,ot,kw. 

5 3 or 4 

6 2 and 5 

7 1 or 6 

8 7 use oemezd 

9 entuzity*.ti,ab,ot,kf,hw,rn,nm. 

10 (U-500 or U 500 or U500 or U500R or U-500R or 500 U or 500 unit* or 500 IU).ti,ab,ot,kf. 

11 exp Insulin/ 

12 (humulin* or insulin* or KwikPen*).ti,ab,ot,kf,hw,rn,nm. 

13 11 or 12 

14 10 and 13 

15 9 or 14 

16 15 use medall 

17 8 or 16 

18 remove duplicates from 17 

	
OTHER DATABASES	

PubMed A limited PubMed search was performed to capture records not found in MEDLINE. Same 
MeSH, keywords, limits, and study types used as per MEDLINE search, with appropriate 
syntax used.  

	

Trial registries (Clinicaltrials.gov 
and others) 

Same keywords, limits used as per MEDLINE search. 	

Grey Literature  

Dates for Search: July 27, 2018 

Keywords: Insulin U-500 (Entuzity) 

Limits: No date or language limits used 

	

Relevant websites from the following sections of the CADTH grey literature checklist Grey 
Matters: a practical tool for searching health-related grey literature 
(https://www.cadth.ca/grey-matters) were searched: 

 Health Technology Assessment Agencies 

 Drug and Device Regulatory Approvals 

 Databases (free and subscription-based) 

 Internet Search 
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Appendix 2: Utilization Results by Jurisdiction 
Total utilization results for all included jurisdictions can be found in Table 6, subject to the 
confines and limitations of the search as described previously. This includes the number of 
insulin beneficiaries, the number of units of insulin, and monetary amounts reimbursed for 
insulin from 2014 to 2017, broken down by amounts reimbursed to claimants using less than 
200 units of insulin a day and those using 201 to 600 units per day. Trends in individual 
jurisdictions can be found in Figures 1 through to Figure 9 that follow, presented 
alphabetically. These figures also incorporate the median units per day claimed, also broken 
down by beneficiaries using less than 200 units of insulin a day and those using 201 to 600 
units per day. 

Alberta 

While the overall number of beneficiaries receiving insulin in Alberta rose over the 2014 to 
2017 time period, as did the number of units reimbursed and total cost of insulin reimbursed 
by public plans, the proportion of patients receiving more than 201 to 600 units per day 
decreased from 2.0% to 1.5%; the proportion of units reimbursed and the proportion of costs 
for patients in this group also fell similarly over time. Median units per day claimed also 
decreased slightly over the time period in both groups of beneficiaries. 

Figure 1: Utilization of Insulins Currently Reimbursed by Alberta, by Claimants Using More 
or Less Than 200 Units of Insulin Per Day 

1a: Number of Beneficiaries Receiving Insulin in 
Alberta 

1b: Number of Insulin Units Reimbursed in Alberta 
(Thousands) 
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1c: Amount Reimbursed for Insulin by Alberta 
(Thousands of Dollars) 

1d: Median Units Per Day Reimbursed Per Insulin 
Beneficiary by Alberta  

 	
AB = Alberta; D = day; U = unit. 

British Columbia 

Similar to trends in Alberta, the overall number of beneficiaries receiving insulin in British 
Columbia, as well as the number of units reimbursed and their cost, increased over the 
included time period, although less steeply. However, the proportion or patients receiving 
201 to 600 units per day decreased from 1.5% to 1.1%. Median units per day claimed 
gradually decreased over the time period for patients using less than 200 units per day but 
not for those using 201 to 600 units per day. 
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Figure 2: Utilization of Insulins Currently Reimbursed by British Columbia, by Claimants 
Using More or Less Than 200 Units of Insulin Per Day 

2a: Number of Beneficiaries Receiving Insulin in BC  2b: Number of Insulin Units Reimbursed in BC 
(Thousands) 

2c: Amount Reimbursed for Insulin by BC 
(Thousands of Dollars) 

2d: Median Units Per Day Reimbursed Per Insulin 
Beneficiary by BC 

  

BC = British Columbia; D = day; U = unit. 

Manitoba 

The number of beneficiaries receiving insulin in Manitoba increased slightly over the 2014 to 
2017 time period, as did the number of units of insulin reimbursed and the cost of 
reimbursement. While the proportion of beneficiaries receiving 201 to 600 units per day was 
the lowest of all included jurisdictions, with the exception of Saskatchewan, and remained 
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stable at approximately 0.7%, the proportion of units dispensed to these beneficiaries 
decreased from 3.3% to 2.6%, as did the proportion of reimbursement cost, from 3.7% to 
3.0%. Median units per day claimed gradually decreased over the time period for patients 
using 201 to 600 units per day, and remained stable for those using less than 200 units per 
day. 

Figure 3: Utilization of Insulins Currently Reimbursed by Manitoba, by Claimants Using More 
or Less Than 200 Units of Insulin Per Day 

3a: Number of Beneficiaries Receiving Insulin in MB  3b: Number of insulin Units Reimbursed in MB 
(Thousands) 

  

3c: Amount Reimbursed for Insulin by MB 
(Thousands of Dollars) 

3d: Median Units Per Day Reimbursed Per Insulin 
Beneficiary by MB 

 	
D = day; MB = Manitoba; U = unit. 
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New Brunswick 

The number of beneficiaries receiving insulin in New Brunswick increased between 2014 
and 2017, as did the number of units of insulin reimbursed and the cost of that insulin. The 
proportion of beneficiaries receiving 201 to 600 units per day decreased from 1.9% to 1.5%, 
and, while the proportion of insulin costs paid for beneficiaries receiving 201 to 600 units per 
day also decreased over the time period, the proportion of units reimbursed for this 
subgroup of beneficiaries was highest in 2017, at 5.4%. Median units per day claimed 
gradually decreased over the time period for beneficiaries using less than 200 units per day, 
while this pattern was less clear for those using 201 to 600 units per day. 

Figure 4: Utilization of Insulins Currently Reimbursed by New Brunswick, by Claimants 
Using More or Less Than 200 Units of Insulin Per Day 

4a: Number of Beneficiaries Receiving Insulin in NB 4b: Number of Insulin Units Reimbursed in NB 
(Thousands) 
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4c: Amount reimbursed for insulin by (thousands of 
dollars) 

4d: Median units per day reimbursed per insulin 
beneficiary by NB 

 	
D = day; NB = New Brunswick; U = units. 

Newfoundland and Labrador 

As in most other jurisdictions, the number of beneficiaries receiving insulin in Newfoundland 
and Labrador increased between 2014 and 2017, as did the number of insulin units 
reimbursed and their costs. The proportion of beneficiaries receiving 201 to 600 units of 
insulin per day decreased from 2.9% to 1.8% over this time period, with the proportion of 
units reimbursed for this group and their cost similarly decreasing. Median units per day 
claimed gradually decreased over the time period for beneficiaries receiving less than 200 
units per day; the median for those using 201 to 600 units per day decreased from 2014 to 
2016 before rising again in 2017. 
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Figure 5: Utilization of Insulins Currently Reimbursed by Newfoundland and Labrador, by 
Claimants Using More or Less Than 200 Units of Insulin Per Day 

5a: Number of Beneficiaries Receiving Insulin in NL 5b: Number Of Insulin Units Reimbursed in NL 
(Thousands) 

  

5c: Amount Reimbursed for Insulin by NL 
(Thousands of Dollars) 

5d: Median Units Per Day Reimbursed Per Insulin 
Beneficiary by NL 

 	
D = day; NL = Newfoundland and Labrador; U = units. 

Nova Scotia 

The number of beneficiaries receiving insulin increased between 2014 and 2017 in Nova 
Scotia, as did the number of units of insulin and the cost of insulin reimbursement. The 
proportion of beneficiaries receiving 201 to 600 units of insulin per day, as well as the 
proportion of units dispensed and the cost of insulin for this subgroup, decreased from 2014 
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to 2016, before rising again in 2017. Median units per day claimed remained stable for 
beneficiaries using less than 200 units per day, while there was substantially more variability 
across years for those using 201 to 600 units per day.  

Figure 6: Utilization of Insulins Currently Reimbursed by Nova Scotia, by Claimants Using 
More or Less Than 200 Units of Insulin Per Day 

6a: Number of Beneficiaries Receiving Insulin in NS 6b: Number of Insulin Units Reimbursed by NS 
(Thousands) 

  

6c: Amount Reimbursed for Insulin by NS 
(Thousands of Dollars) 

6d: Median Units Per Day Reimbursed Per Insulin 
Beneficiary by NS 

 	
D = day; NS = Nova Scotia; U = units. 
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Ontario 

Similarly to other jurisdictions, the number of beneficiaries receiving insulin, as well as the 
number of units dispensed and their cost, gradually increased during the 2014 to 2017 time 
period. At approximately 4.5%, the proportion of beneficiaries receiving 201 to 600 units per 
day of insulin is higher than all the other included jurisdictions, with this subgroup of patients 
accounting for approximately 20% of insulin units dispensed and about 7% of 
reimbursement costs. These proportions remained relatively stable over the time period. 
Median units per day claimed decreased slightly over the time period for those using less 
than 200 units per day but increased over time for those using 201 to 600 units per day. Of 
all the included jurisdictions, the greatest amount of data was excluded from the Ontario 
data set because of claims being for zero- or one-day supplies, making units per day either 
incalculable or unreliable, or because of having extreme daily supply values (those over 600 
units per day, some of which were for substantially more). Approximately 25% of units 
claimed in Ontario were excluded, making up approximately 3% of insulin costs reimbursed 
within the province. 

Figure 7: Utilization of Insulins Currently Reimbursed by Ontario, by Claimants Using More 
or Less Than 200 Units of Insulin Per Day 

7a: Number of Beneficiaries Receiving Insulin in 
Ontario 

7b: Number of Insulin Units Reimbursed by Ontario 
(Thousands) 

  



	

	
	
CADTH TECHNOLOGY REVIEW Concentrated U-500 Insulin Regular for Injection: Pharmacology and Prospective Utilization 32 

7c: Amount Reimbursed for Insulin by Ontario 
(Thousands of Dollars) 

7d: Median Units Per Day Reimbursed Per Insulin 
Beneficiary by Ontario 

 	
D = day; U = units. 

Prince Edward Island  

The number of insulin beneficiaries and units dispensed increased over the 2014 to 2017 
time period in Prince Edward Island, as did the cost of reimbursed insulin, with the exception 
of 2015, where the cost of insulin was lower than in 2014. The proportion of patients 
receiving 201 to 600 units per day also increased over this time period, from 2.1% to 3.2%, 
with the proportion of units dispensed for this subgroup increasing from 4.5% to 6.5%. The 
portion of insulin costs reimbursed for patients receiving 201 to 600 units per day was lowest 
in 2015, at 2.8%, and highest in 2014 and 2017, at 3.9%. Median units per day claimed 
remained stable over the time period for those using less than 200 units per day, and 
decreased for those using 201 to 600 units per day. 
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Figure 8: Utilization of Insulins Currently Reimbursed by Prince Edward Island, by Claimants 
Using More or Less Than 200 Units of Insulin Per Day 

8a: Number of Beneficiaries Receiving Insulin in PE 8b: Number of Insulin Units Reimbursed by PE 
(Thousands) 

  

8c: Amount Reimbursed for Insulin by PE 
(Thousands of Dollars) 

8d: Median Units per Day Reimbursed per Insulin 
Beneficiary by PE 

 	
D = day; PE = Prince Edward Island; U = Units. 

Saskatchewan 

As with most other jurisdictions, the number of beneficiaries receiving insulin, the number of 
insulin units dispensed, and the cost of reimbursed insulin gradually increased over the 2014 
to 2017 time period. The proportion of beneficiaries receiving 201 to 600 units of insulin per 
day was lower in Saskatchewan than in all other included jurisdictions, remaining stable over 
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the time period at approximately 0.6%. The proportion of units dispensed for patients using 
201 to 600 units per day, as well as the proportion of insulin costs reimbursed for this 
subgroup, were low at approximately 1.5% each and stable over the time period. Median 
units per day claimed remained stable over time for beneficiaries using less than 200 units 
per day and deceased over time for those using 201 to 600 units per day claimed. 

Figure 9: Utilization of Insulins Currently Reimbursed by Saskatchewan, by Claimants Using 
More or Less Than 200 Units of Insulin Per Day 

9a: Number of Beneficiaries Receiving Insulin in SK 9b: Number of Insulin Units Reimbursed by SK 
(Thousands) 

 	
9c: Amount Reimbursed for Insulin by SK 
(Thousands of Dollars) 

9d: Median Units Per Day Reimbursed Per Insulin 
Beneficiary by SK 

 	
D = day; SK = Saskatchewan; U = units. 
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Table 7: Summary of Insulin Utilization and Expenditures for Patients Using 201 to 600 Units 
Per Day in 2017, by Province 

Province Beneficiaries Insulin Units Expenditures 

AB 444 20,956,700 $1,091,108 

BC 644 33,292,390 $1,060,679 

MB 127 8,582,500 $202,469 

NB 128 9,228,500 $308,703 

NL 134 13,490,000 $263,609 

NS 159 11,644,100 $344,665 

ON 6,775 768,646,650 $11,263,713 

PE 107 3,725,500 $52,270 

SK 126 4,920,500 $179,836 

AB = Alberta; BC = British Columbia; MB = Manitoba; NB = New Brunswick; NL = Newfoundland and Labrador; NS = Nova Scotia;  

ON = Ontario; PE = Prince Edward Island; SK = Saskatchewan. 

 


