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Summary

The aim of the review was to analyze the availability of insulin therapy and the ways to improve it in countries with the largest number of
patients with diabetes. It was also aimed to assess the medical, social and economic importance of insulin therapy and industrial production
of therapeutic recombinant insulin.

Materials and methods. The analysis was based on the data taken from monographs and publications in peer-reviewed journals, reports of
companies and medical organizations, and the information available in the Internet. The demand and supply in the market of recombinant
therapeutic insulin, the insulin market segmentation, and the costs for insulin replacement therapy in countries with the largest number of
patients with diabetes were studied.

Results and discussion. The pro- and contra- arguments regarding the import of insulin and its impact on the national budget are presented.
Technological specifics of recombinant insulin production are discussed, the funding and investments in the biopharmaceutical sector are
analyzed. The benefits of industrial production of recombinant therapeutic insulin and its impact on the regional and national economy are
demonstrated.

Conclusion. The availability of therapeutic insulin in most countries with the largest number of diabetics is unsatisfactory and needs a radical
improvement. By analyzing the economic aspects of diabetes and the pharmacoeconomics of insulin, it is advised to develop a modern
management system for insulin replacement therapy, especially in countries with large numbers of diabetics. The use of innovative
technologies will reduce the production costs of recombinant therapeutic insulin, increase the availability of insulin therapy and thereby
improve the quality of life in diabetic patients. Evidence that the production of therapeutic insulin has a positive effect not only on the
healthcare, but on the socio-economic situation in the region is also provided. Countries with a number of diabetics exceeding 5 million are
encouraged to launch their own production of recombinant therapeutic insulin. The results of the present analysis confirm that half of them
are able to manufacture adequate human insulin and/or its analogues.
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Pe3stome

Lesib — aHann3 JOCTYMHOCTY UHCYIIMHOBOW Tepanuu v nyTed ee Yy LleHns B CTPAHaX ¢ HanbosbLLUMM KOIMYECTBOM NayneHToB ¢ NabeTom.
[lpoaxanu3npoBaHa MeaNKO-CoLMAbHAas U NONTUKO-3KOHOMUYECKAS 3HAYUMOCTb MHCYSIUHOBOV Tepannu v npoMbILLIEHHOr0 MPoU3BOJ-
CTBa rperaparos pBKOMﬁMHaHTHOI' 0 UHCYJINHa.
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OpI/IFI/IHaJ'IbHBIC CcTaTbu

ORI

Marepuarnbi v MeToabl. AHann3 NpoBOANIICS Ha OCHOBE JaHHbIX MOHOTPAWUI 1 MyOINKaLni B HayYHbIX PELEHIUPYEMbIX XYDHANax, 0TYETOB
(hapmaLjeBTUYECKUX KOMNAHWI U MEANUMHCKMX OPraHU3aLni, a TAKXe PENeBaHTHON HGHOPMALIUY, PA3MELLEHHON B CeTU VIHTEPHET. M13y4e-
Hbl CAPOC 1 MPEAIIONKEHNE HA PbIHKE PEKOMOUHAHTHOIO UHCYINHA, CErMEHTALNS PbIHKA UHCYJIMHA U CTOUMOCTb 3aMECTUTESTbHON MHCYINHO-
BOVI TEpanuu B CTPaHax ¢ HanbosibLLUNM KOJIUYECTBOM O0JIbHbIX CaXapHbIM AUA0ETOM.

Pe3synbTathl v 06cyXeHue. [IPeSCTaBIEHbI ADIYMEHTbI B 1013y M MPOTUB MMITOPTA MHCYSIUHA U €10 BIUSHUS HA FOCY4apCTBEHHbIN OIOIKET.
O6CyX[aroTcs TEXHONOMNYECKMe 0COOEHHOCTY NPON3BOACTBA PEKOMONHAHTHOIO UHCY/NHA, AHATIN3NPYIOTCS (OUHAHCUPOBAHNE N UHBECTH-
Luu B GMohapMaLeBTNYecKnii CekTop. [Toka3aHb! MPeNMyLLECTBA POMbILLIEHHOr0 NPOM3BO/ACTBA NPenapaToB PEKOMOUHAHTHOIO MHCYIIUHA
1 €ro BIIUSHUE HA PErVIOHATIBHYIO M HALMOHATTbHYIO SKOHOMUKY.

3aksio4eHue. [JocTynHoCTb nNpenapaToB MHCYIMHA B OObLIMHCTBE CTPAH C HANGOJbLUAM KOIUYECTBOM GOJIbHbIX JNAOETOM SBIISETCS Hey-
J0BIETBOPUTESTLHON U TPEOYET PaAuKaIbHOr0 YITyqLLEHNS. AHAIIN3 SMUANMUOTIOTNYECKUX, SKOHOMUYECKNX acrekToB Auabeta u hapmako-
SKOHOMUKN NHCYSIMHA MOATBEDXKAAET LieIECO00PA3HOCTb PA3PA0OOTKMN COBPEMEHHON CUCTEMBI YIPABEHUS 3aMECTUTESTbHOM MHCYIMHOTEPA-
Mei, 0C06EHHO B CTPAHAX C GONbLLINM KOJIMYECTBOM 60JIbHbIX AUABETOM. VICTIONb30BaHNE NHHOBALMOHHBIX TEXHONOMIA I03BOSTUT CHU3UTH
Ce0eCTOMMOCTb IPOU3BOJCTBA IPENapaToB PEKOMOUHAHTHOIO UHCYJINHA, [T0BbICUTB JOCTYHOCTb MHCYIMHOBOM TEPANNY U TEM CaMbiM Mpo-
LJUTb 1 YITYSLLINTb KaYECTBO XU3HN O0NbHbIX AUA6ETOM. B 0630pe MpuBeAeH NpUMep Toro, Y70 NpoM3BOACTBO NMPenapaToB UHCY/IMHA OKa-
3bIBAET MOIOXUTESTbHOE BINSHNE HE TOJIbKO HA 37PABOOXPAHEHNE, HO U HA COLUATTbHO-9KOHOMUYECKYIO CUTYaUnto B pernoxe. CTpaHam,
B KOTOPBIX YNCII0 OOJbHBIX ANAOETOM NPEBbILLAET 5 MIH 4e/I0BEK, PEKOMEHAYETCS HayaTb COOCTBEHHOE MPOU3BOACTBO NIPENapaToB PEKOM-
OMHAHTHOrO MHCYNIMHA. Pe3ysibTaTbl JAHHOM0 aHanM3a nogTBEPXAAtoT, 4T0 [10/I0BUHA U3 HUX B COCTOSHUN HAYaTb MPOU3BOACTBO afeKBaTHO-
[0 KONIN4ECcTBa Y6/T0BEYECKOr0 MHCYIIUHA W/WIW 60 aHasI0roB.

KnioyeBbie cnosa

Anuaemmnonorus u hapMako3KOHOMUKA CaXapHOro AnAGeTa, Mpenapatsl PEKOMOUHAHTHOrO UHCYINHA, JOCTYIHOCTb U MOTPEGHOCTb UHCYIN-
Ha, IPOU3BOJCTBO 4e/10BEYECKOr0 UHCY/IMHA 1 ero aHanoros, QALY, aHanu3 "3aTpatsl-3¢hheKTUBHOCTL" UHCYIMHOBOI Tepanum, hapmako-
9KOHOMUKA NHCYIINHA.

Crartbs noctynuna: 28.06.2019; B popa6orannom supe: 08.08.2019; npunsaTa k nevaru: 19.09.2019.

KoHdhnukT unTepecos
ABTOp 3asBnsAeT 06 OTCYTCTBUM HEOOXOAMMOCTMN PACKPbITUA (PUHAHCOBON NOLLEPKKM UMW KOHPANKTA NHTEPECOB B OTHOLLEHWN AAHHOW Ny6NnKaLmm.

Nns uutMpoBanus
lMoHomapeHko C.B. [locTynHoCTb M (DapmMako3KOHOMMKA WHCYNMHOBOW Tepanuu B CTPaHax C HanbOMbLIMM KOMMYECTBOM OOMbHbIX AMABETOM.
GAPMAKOIKOHOMIKA. CopemeHHas dapmakoakoHoMuka u dapmakoanugemuonorus. 2019; 12 (3): 178-190. DOI: 10.17749/2070-4909.2019.12.3.178-190.

Introduction

Diabetes mellitus (DM), as defined by the World Health Organization
(WHO), is “a chronic metabolic disease characterized by elevated
levels of blood glucose, which leads over time to serious damage to the
heart, blood vessels, eyes, kidneys and nerves” [1]. This progressive
disease occurs when the body does not synthesize enough insulin or
when it cannot effectively use produced insulin [2-4].

Insulin is an anabolic hormone synthesized in beta-cells of the
pancreas. The physiological action of insulin manifests in a significant
drop of blood glucose concentration. The exogenously administered
insulin termed the insulin replacement therapy (IRT) is a vital
medication for diabetes in children and adults [3-8]. A condition in
which glucose concentration is significantly higher than physiological
is called hyperglycemia. In the IRT, recombinant insulin (rl) is
predominantly used [4, 6-8].

According to the WHO, the number of patients with diabetes
increased fourfold from 1980 to 2014 [2]. In 2017, 425 million people
on Earth suffered from this disease (Fig. 1) and, according to the
International Diabetes Federation (IDF), about half of them live with
undiagnosed diabetes [5]. More than 70% of patients with DM live in
14 countries (Fig. 2), referred to as countries with the largest number
of diabetics (LND). In these countries, the number of people with
impaired glucose tolerance is also the highest one [5]. In the LND
countries, the number of diabetic patients varies from 5 to 114 million,
with the prevalence of DM from 6.2 to 17.3%; that is, in countries with
LND, on average, 9.6% of the adult population have this metabolic
syndrome (Fig. 3) [5].

Tackling a disease of such epidemic proportions [2] requires
excessive expenses (Fig. 3-8), which often leads to a disproportionate
increase in health care costs and adversely affects the social budget,
the health care system and the national economy, especially in the LND

countries [9-10]. Most countries have developed programs for
prevention and treatment of diabetes as recommended by the WHO
[2,4]. The development of the Diabetes program is especially important
for countries with LND. Several reputable international and national
organizations, including the WHO, IDF and the International Insulin
Foundation (lIF) emphasize that the availability of IRT is vital for
patients with diabetes.

Aim — analyze the availability of insulin therapy and the ways to
improve it in countries with the largest number of patients with
diabetes. It was also aimed to assess the importance of industrial
production of recombinant insulin in the medical, social and political-
economic aspects.

Abbreviations:

Diabetes mellitus (DM)

Insulin-replacement therapy (IRT)

Recombinant insulin (rl)

Largest Number of Diabetics (LND)

Glucose-lowering medications (GLM)

Biopharmaceutical production of recombinant insulin (BPrl)
Active Pharmaceutical Ingredient (API)

Materials and Methods

The following sources were used for this review and analysis:
monographs on diabetes, therapeutic insulin, production of
recombinant therapeutic proteins and their pharmacoeconomics;
scientific publications in peer-reviewed journals, reports and releases
from companies (www.lilly.com, www.novonordisk.com, www.sanofi.
com, www.biocon.com, www.bioton.pl, www.geropharm.ru, www.
julphar.net, www.scigenltd.com) and organizations (American
Diabetes Association, ADA; European Medicines Agency, EMA;
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International Diabetes Federation, IDF; IDRF; India Diabetes Research
Foundation, International Insulin Foundation, IIF; JDRF; Juvenile
Diabetes Research Foundation, The Pharmaceutical Research and
Manufacturers of America, PhRMA; World Health Organization, WHO)
as well as the information from the Internet sites (www.biopharmax.
com, www.gelifescience.com, www.haiweb.org, www.patentgoogle.
com, www.sigmaaldrich.com).

The data reflecting the needs for insulin, the market of recombinant
insulin in various regions, the costs for insulin replacement therapy in
countries with LND were analyzed. The pros and contras of the
recombinant insulin import versus its local production were compared.
The risk assessment of investing into the recombinant insulin
production was performed using the SWOT and PEST analyses.

Results and discussion

1. Financial aspects of diabetes care in countries with a large
number of diabetics

Great progress has been made in the diagnosis and treatment of
diabetes; however, in countries with LND, especially those with low or
lower-middle incomes, a significant part of diabetic patients do not
receive an appropriate treatment [11-15]. For patients with diabetes in
India, Bangladesh and Pakistan, IRT is unaffordable (see Fig. 4).
Recently, WHO issued a statement: “Governments and other interested
parties should give priority to ensuring affordable and equitable access
to insulin, a vital drug for people with diabetes” [2]. IIF experts have
developed a protocol that can facilitate the availability of IRT [16].

IRT is vital for patients with type 1 diabetes mellitus (T1DM); they
need insulin for life [3-4,6]. More than 90% of patients diagnosed with
DM suffer from type 2 diabetes mellitus (T2DM) [4-5,7]. To prevent
hyperglycemia, patients with T2DM are prescribed, first-line, oral
glucose-lowering medications (GLM), and only then —insulin injections
or a combination of both [3-4,7]. Oral GLM are usually cheaper than
insulin [2], therefore, in low-budget health systems, the authorities
prefer oral GLM monotherapy or their combination that saves budget
but may cause irreparable damage to patients.
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Figure 1. The number of people with diabetes and the global sales of recombinant
insulin.

Note. The number of patients (in millions) suffering from diabetes (red line) is
indicated on the left ordinate axis, the sales volume (green line) is indicated on the
right ordinate axis in billions of USD [1-2, 5, 22, 65, https.//diatribe.org/search/
advancedyrising %20cost % 20insulin , https.//www.zionmarketresearch.com/sample/
human-insulin-market].

According to the global sales figures, less than 10% of diabetics
currently receive insulin for glucose lowering treatment (see Fig. 1).
Long-term  observations have shown that uncompensated
hyperglycemia leads to the development of serious complications,
such as: heart attack, stroke, blindness, and damage to kidneys and
other organs [3] that may result in early disability or premature death
[2, 11, 17-19]. Treatment of complications caused by uncontrolled
diabetes is several times more expensive than the cost of high effective
IRT. In North America, the EU and Japan, 80-90% of diabetic patients
receive IRT if prescribed [2, 4-5]. In the United States of America (US),
Germany, Brazil and Japan, the health care expenses per GDP are the

m China

M India

m USA

M Brasil

| Mexico

M Indonesia

M Russia

W Egypt
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Figure 2. The number of patients (million) with diabetes in countries with the largest number of diabetics around the world in 2017 according to the IDF report [5].

www.pharmacoeconomics.ru

180

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2019; Vol. 12 (3)



0y

OpI/IFI/IHaJIbeIe CcTaTbu

20

15

10

5 4

0_.\& PP S &S &S
RO NN @Q}\&Q& NS Q%gc @\@% Si(é\%\%@ & &@

Figure 3. Prevalence of diabetes and the level of spending per patient in countries with the highest number of diabetics.
Note. The diabetes occurrence rate as percentage of the adult population (blue) [2, 5]; the ratio (%) (red) of the spending per patient [2, 5] to the nominal GDP per capita in
2016-2017 [World Economic Outlook Database-April 2018, International Monetary Fund].
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Figure 4. Direct costs of treating one patient with diabetes per year (in USD) [5]. The cost of the standard insulin replacement therapy (IRT standard) is taken from

report [2].

highest in the LND countries as well as the diabetes treatment funding
is higher than the average one (see Fig. 5). In countries with a high
prevalence of diabetes — Egypt, Mexico, Turkey, and US - the expenses
for diabetes care exceed 10% of the total health care budget (see
Fig. 5).

In the high income LND countries, there is a government-established
system of prevention and control of hyperglycemia; accordingly, the
quality and duration of life of patients with diabetes in these countries
is high [2,5]. In four Asian countries with LND, the diabetes control
programs are poorly funded, and the total costs of treatment for
diabetes are several times lower than that recommended by the
standard IRT guidelines (see Fig. 4-5).

Almost half of all diabetics in the world live in two giant countries
(China and India) (see Fig. 2). The US holds the third place by the
number of patients with DM. The US is the world leader in health care
costs; more than 16% of the national health budget is allocated for the
care of diabetes and related complications [17,20,21].

In each of the 13 countries shown in Fig. 2, the number of
diabetics exceeds 6 million. In Iran in 2017, there were almost 5
million diabetics (see Fig. 2). Figures 4 and 5 show that in some
countries with LND, the cost of treating patients with DM is too high
for the health care budget and (according to specialists) the costs
will increase as the number of diabetics and their life expectancy
will rise [22].
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Figure 5. Total health care costs and the costs of diabetes treatment in countries with the largest number of diabetics.
Note. Level of health care expenditure as percentage of the GDP (red) (Current health expenditure per capita (USD) [https.//data.worldbank.org/indicator/SH. XPD.CHEX.

PC.CD] including the expenditure for diabetes as percentage of the GDP (blue) [5].

According to the IDF, the total global cost of prevention and
treatment of diabetes and its complications more than tripled between
2003 and 2013 due to the growing number of adults living with DM and
the increased cost of their treatment. The direct costs of providing
medical care to diabetics (aged 20-79 years) worldwide reached USD
727 billion in 2017, while the US only spent 327 billion [17]. In the
same year, India (see Fig. 2.), which ranks second in the world in terms
of the number of diabetics (more than 17% of all diabetics in the
world), spent only 7.23 billion dollars for their DM care [5], or about
1% of the global diabetes spending’s; this amounted to more than 10%
of the national health budget, which is above the average level for
countries with LND (see Fig. 3). The total expenses for diabetes care,
as well as the expenses per patient differ by tens or even hundreds of
times between countries with low and high income (see Fig. 4, 5). The
annual cost of treatment of one diabetic patient was 100 times (in
2010) and 200 times (in 2017) higher in the US than in Southeast Asia
[20]. In 2017, the health care of one DM patient in the US cost about
USD 12,000 per year, whereas in Pakistan, the respective figure was
62, and in Bangladesh — USD 51 [5.17] (see Fig. 4). According to the
WHO forecasts, the overall picture of diabetes-associated morbidity
and mortality is not expected to change in the coming years. If the
insufficient funding of diabetes care continues, the global losses from
this disease will reach USD 2.2 trillion in 2030 and will have a heavy
impact on the economies of LND countries [9,18-19].

The heavy economic burden of diabetes, especially in low and low-
middle income countries, is manifested not only in the high national
expenditure, but also (and most of all) in the family payment for
treatment of diabetes and its complications, as well as the income
losses due to disability [9,17-18,20-21].

The cost of IRT is less than 20% of the direct expenses associated
with DM [23]. To reduce the direct and indirect costs, the society has
to provide an access to insulin therapy for all patients with diabetes, as
recommended by the WHO, IIF and IDF; this is relevant for each region
and, above all, for countries with LND.

2. Economic and social aspects of insulin replacement therapy in
countries with a large number of diabetics

Since it was first used in clinical practice, therapeutic insulin has
proved to be a human natural GLM that specifically and effectively

reduces blood glucose levels in patients with all types of DM [3-4, 6]
and thus provides for the extension and improvement of millions of
lives. The absence or unavailability of this medication is a life-
threatening event for diabetics receiving IRT.

Long-term randomized multicenter studies in North America (DCCT
/ EDIC and PDP) and Europe (UKPDS) have shown socio-economic
benefits of IRT because optimal control of diabetes reduces the overall
costs associated with this disease [3-4, 6-7]. The results of these
studies in combination with the data on epidemiology and economics
of diabetes and pharmacoeconomics of insulin therapy can be used for
optimizing the antidiabetic budget in countries with LND (see Fig. 2).
In countries with advanced life expectancy, the number of diabetics is
high; there, a significant proportion of patients with long-term T2DM
have to be treated with insulin to compensate for progressive
hyperglycemia [3, 5-7, 19].

In the EU countries and the US, about one-third of diabetics receive
IRT, but in countries with low or low middle incomes, including those
with LND, insulin is hardly affordable for most patients (see Fig. 4). In
the Asian countries with LND, the funding for the treatment of diabetics
is inappropriately low (see Fig. 3). Health budget as a percentage of
GDP in India, Indonesia, Pakistan and Bangladesh is 3-5 times lower
than that in the US, Germany, Brazil or Japan; the difference in the
diabetes-associated spendings between the first and second groups of
countries is even greater (see Fig. 5). In LND countries with low-budget
health care that rely on insulin import, the main problem is the
availability of therapeutic insulin [2, 11-13, 20].

Due to the high number of consumers, the emerged markets in
countries with LND are especially attractive to insulin manufacturers.
Until 2015, an insignificant part of rI was produced in nine countries
with LND (see Fig. 2). In the US, a full range of blockbuster rl products
are manufactured. Germany as part of the EU, also obtains all required
types of therapeutic rl.

Some companies from India and China produce a cheaper version of
rl using their own technology (about 10% of the domestic rl market);
yet the quality of this product does not meet the requirements of the
European Pharmacopoeia (EP/EMA) or the US Pharmacopeia (UP/
FDA). That is, the availability and quality of insulin under the public
procurement program in LND countries (see Fig. 3) depends on social
strategy, as well as on the structure and sustainability of the financial
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system in these nations. According to experts in diabetic care, the
socio-political and socio-economic priorities of the government can be
assessed by how timely and what quality of IRT the national program
provides [2].

Insulin is leading the growth rate in sales of biopharmaceuticals
because the number of IRT- dependent diabetics is on the rise, and
because these patients need to gradually increase the dose after years
of insulin (see Fig. 1). From 2004 to 2018, the number of diabetics in
the world increased almost 2.2-fold. During these years, the volume of
commercial sales of human rl and its analogues increased more than
5-fold (see Fig. 1). According to experts in pharmacoepidemiology and
pharmacoeconomics, this trend in the rl sales (5-8% per year) will
continue for the next 5 years**¢d. The stable growth of the insulin
market (see Fig. 1) is a practical confirmation of the economic
feasibility of IRT.

Understanding the economic and social aspects of diabetes care,
governments of LND countries intend to start the complete production
(comprising up- and down-stream, and filling) of their own insulin. In
some of these countries, attempts were made to develop high-quality
and low-cost rl using their own technology; yet, setting up a production
line proved to be an impossible task. Biopharmaceutical production of
recombinant insulin (BPrl) requires significant investments and special
types of cooperation, including the participation of experts in
epidemiology of diabetes and pharmacoeconomics of insulin, in order
to avoid imbalances in the budget.

Thus, economics of diabetes is an important discipline for analyzing
the national health budget, as the direct and indirect costs for daily
therapy, for preventing and treating the complications of DM, including
the losses due to disability, can reach a significant part of the healthcare
budget, like it happens in the US [14, 17] and other countries with LND
(Fig. 4-5). Therefore, the epidemiological and pharmacoeconomic
considerations are crucial for developing of antidiabetic programs and
for planning of public health budget in countries with LND. This
approach will help overcome economic and social barriers concerning
the availability of insulin therapy in countries with a large number of
diabetics.

3. Types of recombinant insulin, its production and market, the price
of insulin replacement therapy

The insulin market, like any other medicine market, is characterized
not only by the demand but also by the purchasing power of the
consumer. In 2015, the rl sales reached USD 25 billion (see Fig. 1), but
the global demand was 3-4 times higher [13,24].

Unlike many genetically engineered biological blockbusters, insulin
is not a monopoly, but an oligopoly product. Until recently, three
competing pharmaceutical companies — Novo Nordisk (Bagsvaerd,
Denmark), Sanofi (Paris, France) and Eli Lilly (Indianopolis, US) —
produced about 96% of the global insulin that met the quality
requirements of EMA and FDA [10, 20, 25]. This dominating triumvirate
determines the policy of production, pricing and marketing of
therapeutic rl. Such companies as Biocon (India), Julphar (United Arab
Emirates), Tonghua Dongbao Pharmaceutical Co. Ltd., Gan & Lee

a Human Insulin Market All Geared Up For Rapid Development With
Expected Growth Of USD 43.6 Billion By 2021. [Electronic resource].
URL: https://www.zionmarketresearch.com/news/global-human-insulin-
market. Accessed: 26.06.2019.

b Human Insulin Market Overview. [Electronic resource].URL: https:/
www.psmarketresearch.com/market-analysis/human-insulin-market.
Accessed: 26.06.2019.

c Global Basal Insulin (Long-acting insulin) Market — Growth, Trends
and Forecast (2019-2024). [Electronic resource]. URL: https:/www.
mordorintelligence.com/industry-reports/insulin-market. Accessed:
26.06.2019.

d Estimated global human insulin market revenue from 2015 to 2021.
[Electronic resource]. URL: https://www.statista.com/statistics/731843/
human-insulin-revenue-worldwide. Accessed: 26.06.2019.

(China), Bioton (Poland), Geropharm (RF) are active in Asia and
Europe, where they sell rl manufactured according to their own patents
and technology [26].

By its pharmacokinetic profile, commercial recombinant insulin is
produced as a short-, regular-, or long-acting hormone. Information
about the properties of rl, its mixed forms, and numerous trademarks
is available on the websites of manufacturers and pharmacies [26].
Endocrinologists use the insulin pharmacokinetics to develop daily or
long-term pharmacodynamics of glucose adjusted to the clinical
characteristics of a patient [3-4, 6].

The increase in sales of rl products has so far occurred by 11% per
year, mainly due to the expansion of US and EU markets of the
innovative insulin analogues of fast or prolonged action, which are
modifications of the human insulin molecule. Two insulin analogs
Lantus and Aspart are among the top 10 best-selling therapeutic
recombinant proteins.

The success of Lantus (insulin glargine) in the treatment of DM
stimulated the production of its biosimilars by the US pharmaceutic
giants Lilly, Merck and Mylan [27-29]. In parallel, the annual sales of
prolonged insulin analogues produced by Sanofi and Novo Nordisk in
the US fell by more than 3 billion USD.

The global market of rl products is far from saturation (see Fig. 1),
therefore, the manufacturers are going to determine the market sectors and
prices for hormone replacement therapy for quite a while [10, 12, 26, 30].

Experts predict that due to the prolonging life expectancy of
diabetics, the gradually increasing dose requirements, and new cases
of DM, the rl sales will increase [25, 27-29, 31-34]. The above factors
together with the growing production of biosimilars may change the
insulin market segmentation in the way it happened in 2015 with the
basal insulin analogues. Manufacturers of the original preparations
warn of the danger of insulin biosimilars [35]. Other researchers are
confident that rl biosimilar are fully consistent with the safety and
efficacy of the original drug [32, 34, 36]. Full saturation of the rl market
by national manufacturers (like it takes place in the US) has not yet
been implemented in any country. The WHO plans to increase the
availability of essential medicines, including insulin up to 80% before
2025 [1]. In order to solve such a global problem, it is necessary to
significantly increase the production volume, considerably reduce
prices of the rl and its delivery.

The cost of IRT depends on the type of insulin and its formulation.
The price of human insulin packed in large (10 ml) vials is the lowest
per unit of insulin activity; this package is commonly used in the
hospital settings [12]. This preparation with a specific activity of 100 U
is recognized as a standard for insulin therapy [2, 30]. In this case, the
average cost of annual therapy varies from 80 USD to 240 USD
depending on the region [2, 12, 37]. In pre-filled syringe pens, the
price of insulin injections is 25-75% higher than the above standard [2,
30, 37, 38). A single-use pre-filled insulin syringe is safer and easy to
use for injection and dosing [39-40]; therefore, despite the higher cost,
such syringe pens are preferably recommended for children and elderly
patients.

The production of rl analogues is usually more expensive than that
of human insulin, so their price is 2-5 times higher (depending on the
region). As a result, the cost of injection using a pre-filled syringe pen
with an innovative insulin analogue can be several times higher than
the standard formulation [12,30,38-40].

A number of clinical studies have shown that using more expensive
insulin analogues may ultimately prove to be more cost-effective than
therapy with human rl. For example, several randomized studies
showed that dangerous nocturnal hypoglycemia occurs less frequently
with the prolonged insulin preparations glargine and detemir (Lantus
and Levemir) than under therapy with other rl products [7, 41-46].
More than half of the Lantus and its biosimilars manufactured by the
three pharmaceutical giants are used inside the US; most patients
prefer pre-filled insulin pens [17,25].
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The biopharmaceutical sector is a rapidly growing part of the global
market with its increasing influence on the financial, political and
informational components. The US can be called the “global pharmacy”,
as more than half of all medicines, including recombinant therapeutic
proteins, are manufactured in this country [47].

For most countries with LND, imported biopharmaceuticals are
more expensive than domestic products, especially if they are made in
high-income countries. In addition to the high prices, imports of
therapeutic insulin have a number of other negative factors; however,
they can be counter balanced by positive factors as can be seen from
Table 1.

4. Specifics of recombinant insulin production

According to the WHO recommendations, the absolute majority
of diabetic patients use genetically engineered insulin for the IRT.
Technological details of rl production —the gene expression system,
the conditions for the recombinant polypeptide biosynthesis, the
processes of protein purification and insulin formulation — have
been well known for a long time [32,48-51]. Pure rl can be obtained
in the laboratory rather quickly as it is a well-expressed
heterogeneous protein [48,52]. Recently, a group of volunteers in
the US announced their intention to produce very cheap rl in a
conventional laboratory in framework of the open project Biohacking
Insulin [53]. However, the production of high-quality and certified
commercial insulin, like other recombinant therapeutics, is very
expensive in the US and the EU, so the prices of these
biopharmaceuticals remain high [8,30].

Obtaining the active pharmaceutical ingredient (API) of insulin from
cultured cells is a complex and expensive multi-step process®
associated with organizational measures to meet the requirements of
EP/EMA or UP/FDA and to allow this product to be used for injection
[24,27,29,33]. To date, several technologies with some different
characteristics have been developed to produce the rl on an industrial
scale [31,33,50-51,54,55]. To get an optimally developed biophar-
maceutical technology, well-trained specialists are needed.

e Biocon Virtual Tour. [Electronic resource]. URL: http://www.biocon.com/
bioconvirtualtour_v1/. Accessed: 26.06.2019.

Table 1. Negative and positive effects of insulin imports on the national budget.

The first step of the rl production is to construct a highly productive
strain of the specific microorganism that provides for stable and high-
yield synthesis of recombinant protein. For the controlled biosynthesis
of recombinant protein, large bioreactors with a huge amount of
nutrient medium are used, which makes the up-stream stage quite
expensive.

The next step — isolation and purification of the target protein to
obtain APl insulin — is called the down-stream step; this one is even
more expensive [50]. The down-stream process consists of more than
30 stages; at each stage, a considerable part of the product is
unavoidably lost, which significantly reduces the final yield and
ultimately leads to the high cost of the end-product.

The notion that the down-stream stage of the production is the most
expensive one is evidenced by the prices offered by insulin suppliers,
where highly purified recombinant protein is several times more
expensive than the primary protein®®.

The costs of recombinant protein production depend on the level of
protein expression and on the efficiency of the down-stream stages.
The costs are also determined by the capacity of the factory; therefore,
the proposed projects for industrial insulin production must be carefully
evaluated [56,57]. From the practical experience of others, the
production exceeding 1.5 tons of rl can be profitable [24,58]. This
amount of rl is sufficient to cover the needs of about 1.5 million
patients, which is 30% of the 5 million diabetics receiving IRT; these
figures are in line with the recommendations of endocrinologists and
the therapy standards for diabetes [3-4,6].

Production capacity of 1.5 tons will cover the need for IRT in Iran. In
other countries with LND and a high need for insulin, much more rl of
various types must be produced.

The development of a technological scheme that ensures a high
yield of the product of required purity is extremely important. To
optimize the production process, researchers are looking for time-and

f SIGMA-ALDRICH Insulin. [Electronic resource]. URL: https://www.
sigmaaldrich.com/catalog/search?term=insulin&interface. Accessed:
26.06.2019.

g Recombinant Human Insulin. [Electronic resource]. URL: https://www.
kerafast.com/product/1179/recombinant-human-insulin. Accessed:
26.06.2019.

Negative factors

Positive factors

Notes

High prices for therapeutic insulin, so IRT is
not available to everyone in need

Unlike the local start of manufacturing,
imports do not require large investments

It is possible to pay according to a strategic
plan in a flexible and gradual manner upon
receiving the import product

Dependence on drug supplies from abroad
that may be disrupted from time to time

Some patients can pay for treatment from
their own funds, without waiting for
purchases under the social program

In China, up to 60% of the treatment costs are
paid by patients from their own funds, in India
it is even higher — up to 80%

The supplier may change the selling prices
depending on global demand and the amount
of insulin produced

For large volume orders, it is possible to
organize a tender or select a different
supplier and also dictate the range and
conditions of the supply

Prices for branded biological products,
including insulins in low- or lower middle-
income countries may be lower than in
Europe and the US

Major insulin manufacturers can dictate their
terms conditions of drug sales

Often there is a choice between price and
quality from several suppliers. Some patients
may pay extra from personal funds for
exclusive drugs

For branded drugs in the US, patients must
pay extra from their personal funds

Support for production, research and
technology of the exporting country, but not
the importing one

Targeted delivery and limited quantities
increase the control over distribution and
prevent resale or misuse

Information about the intended use of IRT is
helpful for creating a real database, receiving
reports, and analyzing the mandatory
“cost—effectiveness” data regarding the
therapy

Branded insulins are formulated using modern
means of drug delivery, which makes insulin
therapy very expensive

Low-income countries mainly use the
cheapest insulin supplied in vials

Brand-name insulin manufacturers provide
high efficacy, proven safety, and the best
pharmaceutical quality

Note. IRT — insulin replacement therapy.
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material-saving solutions that fit into modern recombinant blockbuster
technologies. Therefore, manufacturers patent not only the recombinant
genes and the expressing constructs but also the methods for obtaining
primary insulin and for purification the proteohormone, as well as the
methods for formulating API and for improving the drug delivery [59-
60].

5. Economic aspects of recombinant insulin production

In contrast to low-molecular generics, rl like other biopharmaceutical
blockbusters faces extremely high barriers before entering the market
of biosimilars [25,61]. It is worth mentioning that the pre-sale period of
a new product lasts about 3 years, therefore, the return of the
investments becomes optimal only after several years [61-63].

Thus, the production of high-quality, competitive and commercially
viable biopharmaceutical blockbuster is a high-cost and long-term
project with a risk of unforeseen losses [25,57,61]. Successfully
implementing such a project is more feasible in high-income countries
with high regulation of the pharmaceutical market. An organization
with a strong budget, stable partnerships and right financial
connections has good chances to launch an insulin production facility.
The big biopharmaceutical companies in India and China, as well as
manufacturers in other countries with LND, have so far failed to start
production of rl biosimilars with a radically lower price in order to make
insulin therapy affordable for diabetic patients in their countries. In the
pharmacoeconomic aspects, IRT is affordable and even cost-effective
for patients in the US, Germany and Japan, but expensive for patients
in other countries with LND, and unaffordable for most diabetics in
India, Bangladesh and Pakistan (see Fig. 4-5). For countries with LND,
which need large purchases of insulin (see Fig. 2), it is especially
important to make a timely choice: to continue importing or start
independently producing the required amount of rl (see Table 1).

Efficacy of IRT is individual: some patients prefer human insulin,
others —its analogues or even pork insulin. Establishing the production
of several different types of high-quality insulin in countries with low rl
demand and only for the domestic market is economically unprofitable;
yet, countries with LND, major importers of insulin, should develop
their own sovereign production of various rls.

The production of recombinant therapeutic proteins can be highly
cost-effective, but doubts about successful completion of the project
and its financial risks prevent developers from investing in the
production of biological products or biosimilars. The recent innovations
in the up-stream and down-stream phases of insulin production have
to optimize the rl costs so that the IRT has become more affordable
and even cost-effective [64]. For an enterprise such as rl production,
the investor should realistically assess the cost-benefit and cost-
effectiveness of this project. The known risks and their impacts are
recently discussed by others [57,62-63].

In addition to the barriers impeding the access to rl [13,14,16,57]
and the pro and contra arguments on the insulin import in countries
with LND (see Table 1), other instruments like the SWOT-analysis and
PEST-analysis can help the interested parties to make the best
decision. SWOT is an acronym for English words Strengths,
Weaknesses, Opportunities, and Threats. Recently, a company that
manufactures high-tech equipment for insulin quality testing made a
good use of-SWOT analysis [65]. Table 2 summarizes the strengths
and weaknesses of rl production, as well as potential opportunities and
threats associated with promoting rl sales in the market.

PEST (Table 3) refers to the analysis used to identify Political,
Economic, Social, and Technological factors that have an impact on the
implementation of a rl project.

Each element of SWOT and PEST analyses may include a wide range
of factors contributing to the risk level. The PEST analysis for the
project shown in Table 3 includes important general factors (as for any
innovative production) and also the factors with a direct impact on the
production and market of recombinant insulin. The PEST analysis for
experts in the field of pharmacoeconomics has its own characteristics.
Recently, a PEST analysis for the biopharmaceutical industry including
recombinant insulin manufacturers™ was presented [66].

There are supporters and opponents for both the import and the
domestic production of recombinant insulin. Therefore, experts in DM
epidemiology and rl pharmacoeconomics have an important say in

h Sanofi SWOT and PESTLE Analysis. [Electronic resource]. https:/www.
swotandpestle.com/sanofi/. Accessed: 26.06.2019.

i Novo Nordisk SWOT & PESTLE Analysis [Electronic resource]. https://
www.swotandpestle.com/novo-nordisk/. Accessed: 26.06.2019.

Table 2. SWOT-analysis of factors crucial for decisions on the funding of the project of recombinant insulin production.

Factors Strengths (8)

Weaknesses (W)

The use of innovative methods and modern technologies
significantly reduces the cost of therapeutic protein production

High cost of recombinant insulin production
Low yield of the final product

Internal

The manufacturer determines the price of the product.
The price of the sought-after therapeutic insulin includes a margin
that meets the requirements of both investor and manufacturer

High price of insulin therapy, external pressure on the
selling prices

factors

and its production is profitable

The global market of recombinant insulin is constantly growing

A significant part of the investment from the start of the
project to the start of commercial production

“Know how” used in the manufacturing of insulin can be exploited
to produce a number of other recombinant therapeutic peptides

The need for highly qualified staff. The need to create a
modern logistic system and distribution network

Opportunities (0)

Threats (T)

Recombinant insulin has been used effectively in the treatment of
diabetes for over 30 years. Diabetics use IRT with a consistent
increase in the dose of insulin. The number of patients who need
insulin for life is constantly growing

External

An increase in production and sales of branded and new
rl products is possible. Growth in regional and global
markets for GLM (other than insulin), both oral and
parenteral

factors Patent protection of an innovation technology. The lack of
competition for the product for more than 10 years.

Shorter term and lower research costs for biosimilar insulin

Possible delays in the process of drug registration.
There may be problems with the marketing of the
product

In principle, it is possible to use less expensive forms for rl
delivery

Opposing activities of direct and indirect competitors or
distributors. Competitors may attempt to dump the
prices

Note. IRT — insulin replacement therapy; rl — recombinant insulin; GLM — glucose-lowering medications.
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Table 3. PEST analysis of factors crucial for initiation of recombinant insulin production.

Factors

General and specific features

« Type of the political system, its stability;
« Legal foundations of state administration;

« Level of corruption;
Protection of budget-forming resources

Political « Adherence to the law and freedom of enterprise;

 Types and amounts of taxes;

 The model of the available insulin therapy;

« Stability of the financial system in the country;
« The investment climate and economy growth potential;
« The role of the industrial component in the country’s economy;

Economical - Level of development and methods of regulation of the pharmaceutical market;
« Capacity of the pharma market, medical services, forecast for their development;

« The national “Diabetes” program and its funding;
Health insurance guarantees and its relevant budget

Social

Demography and gender structure of the population;

Social program and protection of workers’ rights;

« Health care harmonization and expected reforms to improve patient QALY;

« Number of diabetic patients, trained experts in diabetes care or qualified endocrinologists, contacts with specialists;
Public awareness of health problems, contacts with patients, access to information about therapeutic medicines;
Activity of national and public associations that protect the rights of people with diabetes

« Investment in science and technology;

Technological

« Scientific and technological potential, level of education;
« Qualified personnel for biopharmaceutical production and bioengineering;
- Government support for technological and industrial progress;

« Availability of modern equipment and materials;

- Adherence to the standards of diabetes care;

Opportunities for clinical research and certification;

Network of pharmacies and distributors, facilities for storage and delivery of pharmaceuticals, up-to-date logistics;
High level of information technology and automation;

Measures for protecting and preserving the environment

making these decisions. Professionally prepared SWOT- and PEST-
analyses will help in the development of strategic goals and planning of
financing mechanisms for producing and selling the rl in countries with
LND.

Before starting a rl pharmaceutical project, it is advisable that the
investors, supervisors, and other interested parties assess the
feasibility of the “Insulin production” project considering specific
factors and national priorities.

Of major factors for considerations regarding the rl production are
the safety and efficacy of insulin therapy that provide a high QALY
(Quality Adjusted Life Years) score [67].

6. Social and economic benefits of producing recombinant biological
products

In order to assess the socio-economic importance of BPrl, its direct
contribution to the pharmaceutical sector and its impact on the
community health and the regional economy should be analyzed. From
the above, one can clearly see the positive consequences of the BPrl
for health care in countries with LND; among those, the efficacy of IRT,
the quality of life of patients with diabetes, the increase in the number
of healthy newborns, the healthcare cost reduction and independence
on the supply of imported medicines. In addition, BPrl directly and
indirectly stimulates the development of infrastructure, technologies
and economic activity in the region, reduces the import,-and increases
the employment and employee incomes, resulting in increased tax
deductions (Table 4). This development is also associated with
modernization of the structures related to the BPrl and similar
innovative technologies; indirectly, it involves educational progress,
additional training activities and improvements in  modern
communications.

The importance of the BPrl is directly demonstrated in Table 4,
where the data for insulin production were adjusted to the report by
PhRMA (International Federation of Pharmaceutical Manufacturers &
Associations) in 2017 [47] on the economic aspects of biotherapeutic
industry. According to this report, more than 800 thousand people
are employed in the US biopharmaceutical sector, with about 300
thousand employees directly involved in the production, and each
employee creates sales of nearly 2 million USD a year (see Table 4).
Biopharmaceutical production stimulates a nearly fivefold increase in
the indirect employment in the region (see Table 4) and provides a
significant increase in the investments [47]. In 2014, 7300 employees
at the Frankfurt-Hochst (Sanofi) factory produced insulin (Lantus) for
€ 6.1 billion in selling prices’. Such production stimulated the creation
of 46.4 thousand indirect jobs. Similarly, to produce Glargin-type
insulin for € 1.5 billion, about 2 thousand skilled personnel is required,
which will create more than 11 thousand jobs in the region.
From the computational model (Table 4) it can be seen that the sale of
Lantus insulin for € 6 bin per year, about € 6.5 bIn of investment will
return to the region only in taxes for 10 years of sales. In addition, the
revenue from active sales could reach 10 billion USD over five years.
Consequently, the production of insulin blockbusters has a positive
impact on health care and economy, and also stimulates the progress
of technology in the region.

7. Rational approach to the purchase of recombinant insulin
Due to the high costs of insulin, pharmacoeconomics of insulin is an
important part of the health care system in countries with LND. With

j Hohe Investitionen trotz riicklaufiger Umsitze. [Electronic resource]. URL:
https://www.fnp.de/wirtschaft/hohe-investitionen-trotz-ruecklaeufiger-
umsaetze-10874033.html. Accessed: 26.06.2019.
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Table 4. Direct and indirect impacts of insulin production on income and regional economy.

Personal | Personal Tax Total in the region
Impact Employment, | Output,
Industry thousand bin USD Income, Revenue, Employment, Output, Personal Tax
bin USD bin USD thousand bin USD Revenue, bin USD
Biopharmaceutical industry | g5 g67 | 5g4 4 104 205 4766.4 13193 67.3
(US) [47]
Production Lantus,
(Sanofi-Aventis Deutschland 7,8002 6.082 0.78 0.19 46.3 12.8 6.55
GmbH, Frankfurt-Hochst)!
Newcomerlrls*ulm 1,924 15 1142
producer

* In 2016, the USA industry exported more than $52 billion in biopharmaceuticals [ Pharmaceutical Research and Manufacturers of America (PhRMA) special 301 submissial

2018. Washington, DC: PARMA. 179 p.].
** Personal income and tax may be unlike in different countries.

10 [https.//www.fup.de/wirtschaft/hohe-investitionen-trotz-ruecklaeufiger-umsaetze- 10874033.html].

this approach, the cost-effectiveness of IRT is analyzed by comparing
the cost of the treatment (financial component) and its results (positive
dynamics of therapy, years of active life saved, QALY, etc.), thereby
helping to achieve optimal distribution of health resources. The
pharmacoeconomic analysis also considers the costs of research,
development, certification, and production of therapeutic insulin.
Randomized studies on pharmacoepidemiology and diabetic
economics in the LND regions should help develop a rational
therapeutic strategy with both the existing and new antidiabetic drugs.
The “therapeutic effect / cost” analysis is fundamental for determining
the model of diabetes management [46, 67-68]. Based on this analysis,
national guidelines for optimal diabetes management are created. In
any case, the financial constraints should not be decisive for choosing
the type of therapy; rather, the recommendations of endocrinologist or
family doctor are the most important considerations to get optimal
QALY [4, 46, 67-68]. The quality of life with diabetes is higher in
patients diagnosed at the early stages of the disease and those who
receive timely treatment using reliable standard methods. The
unavailability of insulin remains one of the major obstacles to the
successful treatment of DM and may lead to incurable complications,
disability and premature death.

Taking into account the practical recommendations of experts in
pharmacoepidemiology and pharmacoeconomics, one can assess the
number of patients in need of IRT and also the demand for a specific
type of insulin in countries with LND.

As noted above, insulin is the only hormone that acts quickly and
effectively against hyperglycemia of any etiology [3-4, 6]. The need for
insulin continues to rise (see Fig. 1) due to the population growth, the
expansion of the market and the transition of diabetic patients with
T2DM to insulin therapy. According to the analysts, the demand for IRT
will increase significantly in the following years, especially in countries
with LND which import insulin in large quantities [65]. Therefore, for
each of these countries (see Fig. 2), it is important to determine the
timely procurement program for therapeutic rl (see Table 1), starting
from the training specialists in pharmacoepidemiology and
pharmacoeconomics.

Tables 1, 2 and 4 show that, on the one hand, the industrial
production of the insulin API'is costly and can be profitable only over a
period of several years; on the other hand, the BPrl has given a
systemic positive effect on the health of the community and leads to
socio-economic progress of the entire region. Experts in
pharmacoepidemiology and pharmacoeconomics should conduct a
financial evaluation of diabetes therapy in countries with LND (see
Fig. 2) by using modern methods of planning, medical statistics and
modeling as well as considering the individual sensitivity of patients [4,
46, 67-70]. On this basis, they will calculate the demand for IRT,
estimate the expenses and present the recommendations to the
interested parties. In addition, practical approaches (see Tables 1-3)
and the experience with pharmacoeconomics of rl can be used as a

model for upgrading the procurement system for other expensive
biopharmaceuticals.

Conclusion

Modern pharmacoeconomic analysis helps, especially in large
importing countries, improve the supply of biologics necessary for IRT
or other types of biopharmaceutical therapy in order to improve the
QALY of patients with DM. Specifically, experts in pharmacoeconomics
of insulin are needed to optimize the IRT and improve the procurement
strategy for insulin — a life-saving drug according to the WHO.

Until now, decades-long studies by several groups have not resulted
in the creation of an effective artificial or bio-analogous pancreas to
compensate for insulin deficiency or to stimulate the insulin synthesis
with stem cells [3, 71-73]. Exogenous rl remains the most effective
and natural glucose-lowering medication. To make the insulin therapy
affordable in LND countries with low and low-middle income, it is
necessary to significantly reduce its cost. To achieve this goal,
revolutionary changes in IRT technology are needed. The ways to
create an innovative IRT include: research into new types of rl [71, 74-
76], minimizing the production expenditure, improvements in the up-
stream and down-stream processes [77-84], as well as to apply
advanced and inexpensive methods of the drug delivery [85-90].

Pharmacoeconomic analysis provides a comprehensive picture of
diabetes management: it incorporates the Economic, Clinical and
Humanistic Outcomes, abbreviated as ECHO.

The ECHO approach was recently used to analyze the availability of
insulin therapy and the need for the production of rl in countries of the
Eurasian Union [91]. This analysis (see Fig. 3-5, Tables 1-3) suggests that
countries with low regulation of the pharmaceutical market and with
insufficient funding for the Diabetes program (e.g., Bangladesh and
Pakistan) will be importing the main part of rl for a long time. Countries
with LND with a responsible policy toward the IRT (see Fig. 3-5) and a high
level of regulation of the pharmaceutical market (Germany and Japan) can
produce several types of rl in the blockbuster volumes. Due to the political
situation, the Iranian government intends to independently produce
important genetically engineered drugs®, including the rl, which, in
principle, is possible based on the SWOT and PEST analyses (see Table
2-3). For countries with a growth-oriented pharmaceutical market (Brazil,
China, Russia, Turkey), their own production of modern recombinant
insulin in required volumes is feasible not only in the future, but also in the
present, pending the necessary government support as specified in the
PEST analysis (Table 3). The inexpensive production of biopharmaceutical
insulin makes the IRT available in the countries with LND for most patients,
increases their QALY, and stimulates the development of new technologies
that improve health care, economy, budget stability and social climate of
the local community and the entire country.

k [Electronic resource].URL: https:/financialtribune.com/articles/people/26779/
iran-big-market-for-insulin-production-export. Accessed: 26.06.2019.
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