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Indication

Type 2 diabetes mellitus F1CD411 code: SA11

INN

Neutral insulin injection

Medicine type

Biological agent

List type

Core

Additional notes

including quality-assured biosimilars

Formulations

ATC codes: A10ACO1

Parenteral > General injections > SC: 40 |U per mL in 10 mL vial (soluble) ; 100 IU per mL in
10 mL vial (soluble) ; 100 IU per mL in 3 mL cartridge (soluble) ; 100 IU per mL in 3 mL pre-

filled pen (soluble)

EML status history

First addedin 1977 (TRS 615)
Changedin 1979 (TRS 641)
Changedin 1987 (TRS 770)
Changedin 1997 (TRS 882)
Changed in 2023 (TRS 1049)

Sex

All

Age

Adolescents and adults

Therapeutic
alternatives

The recommendation is for this specific medicine

Patent information

Patents have expired in most jurisdictions
Read more about patents.

Tags

Wikipedia

DrugBank

Insulin @

Insulin (Insulin Human) @

Expert Committee recommendation

The Expert Committee recognized insulin as a life-saving essential medicine for which a strong public health need existed and
acknowledged that affordable and equitable access to insulin products continued to be a global health priority. The Committee was
encouraged by the progress made by WHO through its prequalification programme to address this challenge with the
prequalification of both human insulin and long-acting insulin analogue products in the recent past. The Committee recalled the
recommendationin 2021 to include long-acting insulin analogues on the Model Lists in prefilled pen and cartridge delivery systems
and considered that inclusion of human insulin in the same delivery systems would be consistent with that recommendation. The
Committee considered that cartridges and prefilled pens may offer advantages for patients over vials and syringes in terms of ease
of use, greater accuracy of dosing and improved adherence. The Expert Committee therefore recommended that the current

listings for human insulin on the EML and EMLc be extended to include cartridge and prefilled pen delivery systems.
Background

Humaninsulinin vials has been available on the EML since 1977 and on the EMLc since 2007.1n 2021, long-acting insulin

analogues, in cartridge and prefilled pen delivery systems, were added to the Model Lists (1).

Public health relevance
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Diabetes mellitus (type 1 and type 2) affected almost 460 million people worldwide in 2019, most of whom (about 95%) had type 2
diabetes (2). Proper management and treatment are crucial to prevent vascular complications and avoid adverse outcomes of
hypoglycaemia. Insulin treatment is crucial for people with type 1 diabetes and for many with type 2 diabetes. It is typically
administered through injections, with the preferred method being the basal bolus approach (3,4). This involves using intermediate
or long-acting insulin once or twice a day and short-acting insulin three to five times a day before meals, adjusted based on factors
such as blood glucose levels, growth, activity, illness and stress. Regular dose adjustments are necessary for effective diabetes
management. The proper administration of insulin is essential for diabetes management. If the dose is too high, it can lead to
hypoglycaemia, which may cause unconsciousness, seizures or death. If the dose is too low, glucose levels are poorly controlled,
increasing the risk of diabetic ketoacidosis and long-term vascular complications, which can also result in morbidity and death if not
treated appropriately. Reuse of needles for insulin administration is common in low-income countries and has been associated with

infection (5).

The application identified two systematic reviews that compared insulin cartridge or pen devices with vials and syringes. A 2016
systematic review and meta-analysis evaluated the efficacy of insulin pen devices compared with vial and syringe administrationin
patients with type 1 and type 2 diabetes (6). The review included 17 studies (10 retrospective cohort studies, six crossover
randomized controlled trials and a parallel non-randomized clinical trial). Six of the 17 studies included people with type 1 diabetes.
Data were reported for glycosylated haemoglobin (HbA1c) outcomes, hypoglycaemia, adherence (assessed using the medication
possession ratio, which estimates the proportion of days the patient has medication available during the observation period),
persistence (defined as the number of days until discontinuation of the medication), patient preference and quality of life. Meta-
analyses were performed where possible. The following results were reported in the application. ¢ For mean change in HbAlc at 12
months, there was very low-certainty evidence that cartridge/pen delivery systems improve HbA1c compared to vial and syringe
administration (mean difference (MD) -0.28%, 95% CI -0.49% to -0.07%; four randomized controlled trials, 5079 participants). e
For mean change in HbAlc at 12 months ininsulin-naive patients, there was low-certainty evidence that cartridge/pen delivery
systems improve HbA1c compared to vial and syringe administration (MD -0.35%, 95% Cl -0.50% to -0.19%; three randomized
controlled trials, 2973 participants). e For percentage of patients with at least one episode of hypoglycaemia after 12 months,
there was low-certainty evidence of fewer patients with hypoglycaemia with cartridge/pen delivery systems compared to vial and
syringe administration (risk ratio (RR) 0.78, 95% Cl 0.66 to 0.91; four randomized controlled trials, 7822 participants). ¢ For mean
change in medication possession ratio after 12 months, there was low-certainty evidence of improved adherence with
cartridge/pen delivery systems compared with vial and syringe administration (MD 0.10, 95% Cl 0.04 to 0.16; four randomized
controlled trials, 6860 participants). e For percentage of persistent patients after 12 months, there was low-certainty evidence of
more patients persistent at 12 months with cartridge/pen compared to vial and syringe administration (RR 1.31,95% Cl 1.15 to
1.48; six studies, 10 753 participants). The systematic review also reported a non-statistically significant trend favouring
cartridge/pen delivery systems for the percentage of patients who achieved HbA1c < 7% (RR 1.12,95% CI 0.99 to 1.27). Patient
preference was measured in different studies using several non-validated questionnaires and different time horizons (7-11). These
studies showed a tendency favouring cartridge/pen delivery systems. A single, small study used a short-form health survey (SF-36)
to assess quality of life in 32 and 33 patients assigned to use cartridge/pen or vial and syringe administration, respectively (12).
Cartridge/pen delivery systems were associated with statistically significant differences over vial and syringe administrationin
change from baseline scores for three sub-scales of the SF-36: physical component scores (+3.9 standard deviation (SD) 1.9 versus
-1.0SD 1.3,P =0.037); physical role scores (+16.4 SD 9.4 versus -18.2 SD 8.4, P = 0.008); and general health status score (+9.8
SD 4.0 versus -2.5 SD 3.3, P =0.021). Significant differences were not observed for the other sub-scales. A 2013 systematic review
of 17 studies aimed to identify real-world factors affecting adherence to insulin therapy in patients with type 1 and 2 diabetes (13).
Six studies used self-reported measures and 11 studies used calculated measures of adherence. Six of the studies reported
adherence by delivery system: three in patients starting insulin therapy and three in patients switching from vial and syringe
administration to a pen device. Five of these studies showed significantly higher adherence with a pen device thanvial and syringe
administration, measured using either medication possession ratio or proportion of days covered. The application pooled data from
these studies and found low-certainty evidence of higher adherence with pen devices compared with vial and syringe
administration (RR 1.16,95% Cl 1.12 to 1.21; six studies, 10 630 participants). Two recent studies conducted in North India (14)

and Lebanon (15) showed that patients preferred insulin pens/cartridges to vials and syringes for several reasons. Patients



reported that the injections using pens/cartridges were less painful, more convenient and simpler, leading to fewer instances of
missed insulin injections. Moreover, using pens/cartridges allowed patients to easily administer insulin for meals outside their
homes or during vacations. Additionally, patients experienced less social stigma with the use of pens/cartridges compared with

vials and syringes.

Harms

No data were presented in the application on harms associated with insulin administered using cartridge/pen delivery systems. The
application stated that the alternate delivery method has been in use for more than 20 years in some countries and no harmful

effects have been documented.

Cost / cost effectiveness

The cost of insulin pens/cartridges for diabetes management is higher than vials and syringes in most cases, particularly in low- and
middle-income countries (17). However, when considering the total cost of diabetes care, claims data in the United States show
cost savings with the use of pens/cartridges, primarily due to reduced hypoglycaemia compared to VaS (18,19). Aretrospective
observational study of individuals with type 2 diabetes enrolled in Medicaid in the United States, followed for 2 years, found
significantly lower annualized health care costs in those people using pen therapy compared with those using syringes (US$ 14 857
versus US$ 31 765). This difference was mainly due to reduced hospital, diabetes-related and outpatient costs. However,
prescription costs of syringes were significantly lower and prescription costs of pens significantly higher in patients who were
switched from syringes to pens versus those who remained on syringes (18). A longitudinal, retrospective analysis of two claims’
databases in the United States of individuals with type 1 or 2 diabetes who started insulin aspart therapy using pens (n= 10 577)
or vials/syringes (n = 9305) found that vial/syringe use was associated with a 35% and 44% higher risk of hypoglycaemia
compared with using pens/cartridges (19). Vial/syringe use was associated with 89% and 63% greater health care costs related to
hypoglycaemic events compared with pen/cartridge use. A study on the price and availability of insulin in 13 low- and middle-
income countries found that the median prices for short-acting, intermediate-acting and rapid-acting insulin and mixed human
insulin were lower for vials than for pens/cartridges. For example, the median price for 10 mL of 100 IU/mL mixed human insulin
was US$ 6.76 for vials, US$ 14.42 for cartridges and US$ 18.16 for pens (20). A cross-sectional survey evaluated price, availability
and affordability of insulin products in eight cities in Pakistan (21). This study included a comparison of median prices and
affordability of all types of insulin products combined (including originator and biosimilar products) in vial, pen and cartridge forms
in the private sector. The median prices for 10 mL of 100 IU/mL insulinin vials, pens and cartridges were 735,3070 and 1313
Pakistani rupees, respectively. The number of days’ wages of the least-paid, unskilled public sector worker required to obtain a 30-
day supply of human insulin in Pakistan was reported as 1.2 days for vials, 5.2 for pens and 2.2 for cartridges. In comparison, the
number of days’ wages for a 30-day supply of insulin was 3.3 days for vials and 6.9 for cartridges in Nepal, and 1.4 for vials, 5.1 for
pens and 3.5 for cartridges in Bengaluru, India. Ina survey in 2019 in leading diabetes centres in 37 low- and middle-income
countries supported by the Life for a Child Program, 16.7% of people with diabetes younger than 25 years were using insulin pens.

Additionally, 74% of respondents preferred insulin pens as their method of insulin delivery (5).

WHO guidelines

The 2018 WHO guidelines on second- and third-line medicines and type of insulin for the control of blood glucose levels in non-
pregnant adults with diabetes include a strong recommendation for the use of human insulin to control blood glucose levels in
adults with type 1 diabetes and in adults with type 2 diabetes for whom insulin is indicated, without reference to a particular

delivery system (16).

Availability

Human insulin in prefilled pens and cartridges have wide global regulatory approval. Current insulin prices and availability are a
barrier to treatment in most low- and middle-income countries, and some subpopulations in higher-income countries cannot reliably
access insulin because it is unavailable and/or unaffordable. To address this problem, in 2019 WHO issued a first invitation for
expressions of interest for prequalification of human insulin. In 2022, a second invitation was issued (22). Products included in the
second invitation included: e human insulin injection (soluble) 40 [U/mL in 10 mL vial; 100 IU/mL in 10 mL vial and cartridge; e

human intermediate-acting insulin 40 IU/mL in 10 mL vial; 100 IU/mL in 10 mL vial and cartridge (as compound insulin zinc



suspension or isophane insulin); e long-acting insulin analogue solution for injection 100 U/mL vial and 100 U/mL in 3 mL cartridge.
Human insulin solution 100 1U/mL and human insulin suspension 100 [U/mL in 10 mL vials and 3 mL cartridges manufactured by
Novo Nordisk were prequalified by WHO in September 2022 (23).

Other considerations

The technical team in the WHO Department of Noncommunicable Diseases reviewed and provided comments on the application.
The technical team did not support the application highlighting the following reasons. ¢ The body of evidence provided was
insufficient and selective, with some systematic reviews on the topic omitted. e A substantial percentage of the included studies in
the application were observational studies, with a risk of confounding bias. e No distinction was made between data on human and
analogue insulin. ¢ No adequate cost-effectiveness/utility/benefit analyses on the topic were provided. ¢ Environmental impact
concerns exist with plastic prefilled pens. e The evidence table provided was biased, with few data on people with type 1 diabetes,

and the results on the advantages of human insulin were not reported.
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