
European Journal of Pharmaceutical Sciences 173 (2022) 106181

Available online 2 April 2022
0928-0987/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Overview of authorized drug products for subcutaneous administration: 
Pharmaceutical, therapeutic, and physicochemical properties 

Ilse R. Dubbelboer a,*, Erik Sjögren a,b 
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A B S T R A C T   

There is a growing body of research about subcutaneously administered biologics, emphasizing the need for 
optimized bioavailability predictions. It is important to inform both translational and in silico models with 
properties of the drug products and compounds. However, the pharmaceutical, therapeutic and physicochemical 
properties of market authorized drug products for subcutaneous administration are currently not collated in the 
public domain. We provide an overview of subcutaneous administered drug products for humans and animals 
market authorized in EU, Canada, and the US. 

Data on the drug products were collected from the respective authorities, i.e. European Medicines Agency, 
Health Canada, and U.S. Food and Drug Administration. Physicochemical properties of active substances were 
gathered from DrugBank. 

Human drug products were often indicated for treatment of diabetes and anemia. EU veterinary drug products 
were often immunologicals. Canadian and US veterinary drug products often acted as antiinfectives for systemic 
use, on the genito-urinary system or as sex hormones. The final dataset with >1700 subcutaneous drug products 
is provided. In EU drug products, the majority of active substances were biologics. In the US, drug products most 
often contained small molecules. Solutions, emulsions and suspensions were the most common dosage forms. A 
minority of subcutaneous drug products were also registered for intramuscular or intravenous administration. 

The analysis presented here could aid further research, exploring formulation properties, prescription or sales 
of market authorized SC drug products and development of inclusive in silico models.   

1. Introduction 

Hypodermic or subcutaneous (SC) administration of drugs is when a 
device penetrates the epidermis and dermis (layers of the skin) and 
deposits the product into the adipose tissue residing immediately under 
the skin and over the muscle (Richter et al., 2012). It came into practice 
in the 1840s and 1850s when several physicians, independently from 
each other, invented the hollow needle and syringe (Haller, 1981; 
Macht, 1916). The technique was initially used to treat neuralgia, and 
the drug morphine was administered at the location where pain 
occurred. In the late 1860s, it was found that SC administered drugs 
could work systemically and not necessarily had to be administered at 
the site of treatment (Haller, 1981). It was also noted that SC adminis-
tration required less substance to obtain the same effect as after oral 
administration, that gastrointestinal side effects could be avoided, and 
that the site of administration affected the absorption rate. From then 

on, the technique became widely known and used among physicians, 
who used a range of different SC formulations, including solutions, 
tablets, and implants. From the 1860s to the 1880s, the most common 
drugs for treating patients were morphine and opium, followed by 
atropine, chloroform, digitalis, strychnine, and quinine; also tested 
before the start of the 20th century were SC administration of nutrients, 
such as oils (Haller, 1981). 

Nowadays, SC administration is still conducted via a needle, from 
where the drug product is injected, the needle is removed after a short 
time period to allow for tissue relaxation. Prolonged administration can 
also occur with the use of a catheter. The active substance can then be 
absorbed to the systemic blood circulation through either blood capil-
laries or via the lymphatic system (Aulton and Taylor, 2018). Many 
drugs traditionally administered intravenously are now replaced by the 
SC route, like insulin (Fry, 2012), heparin (Verstraete, 1990), immu-
noglobulins (Rezaei et al., 2011), and more recently oncological biologic 
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drugs such as monoclonal antibodies (Bittner et al., 2018). Compared to 
the intravenous route, it is less invasive, more convenient and less 
painful for the patient, and the ease of administration reduces the need 
for involvement of healthcare systems on a frequent basis (Bittner et al., 
2018). Reduced need for healthcare systems on a frequent basis reduce 
the costs of the care. Additional advantages are the avoidance of 
first-pass extraction observed with oral administration and the rapid 
administration (Turner and Balu-Iyer, 2018). The SC route is associated 
with a few disadvantages, such as a limitation in administration volume 
and the slow absorption compared to other parenteral routes (Mathaes 
et al., 2016; Turner and Balu-Iyer, 2018). Still, the advantages outweigh 
the disadvantages with this route, with growing popularity. 

Whilst searching scientific literature on PubMed using terms like 
“subcutaneous administration” and “pharmacokinetics”, it occurred to 
us that two main topics over the recent years were i) pharmacokinetics 
of biologics, and ii) the impact of formulation on pharmacokinetics of 
small molecules. Simultaneously, multiple reviews have taken up chal-
lenges with SC administration of biologics, which are also known as 
therapeutic proteins, biotherapeutics, biopharmaceutics or biologicals 
(Badkar et al., 2021; Collins et al., 2017; Datta-Mannan, 2019, p.; Gra-
del et al., 2018; Jarvi and Balu-Iyer, 2021; Sánchez-Félix et al., 2020; 
Sequeira et al., 2019; Turner and Balu-Iyer, 2018; Varkhede et al., 
2020). While these observations reflect the academic and industrial 
interested into the innovation of SC administrated drug products, this 
might not reflect the current situation on the market. Two recent reports 
touch upon this subject by reporting overviews of drug products 
approved by the U.S. Food and Drug Administration (FDA) (Sar-
avanakumar et al., 2019; Zhong et al., 2018). Saravanakumar et al. 
(2019) report that 7% of drug products approved during 2005–2016 
were registered for the SC route, while Zhong et al. (2018) found that 
22.8% of drug products approved up to 2017 were registered for 
administration by injection (including SC). However, no further details 
regarding SC administered drug products were provided. This lack of 
published compiled data prevents any analyses regarding SC drug use 
between species, regions, drug classes, and formulations. Making this 
information readily available may facilitate the development of new 
predictive experimental and mathematical models aiming to capture 
drug disposition following SC administration of different drugs and 
formulations, both within and between species. 

The objective of this report was thus to provide an overview of 
unique SC administered drug products which have received market 
authorization for humans and animals in the EU, Canada, and the US. 
Three aspects of the drug products were evaluated. Firstly, the thera-
peutic use of these drug products, according to the Anatomic Thera-
peutic Chemical classification system (ATC) code. Secondly, the 
pharmaceutical properties, such as dosage forms and additional 
administration routes. Finally, the physicochemical properties of the 
active substances used in these drug products. This report creates insight 
into the availability of SC administered drug products, and sheds light 
on the most commonly registered drug products in SC administration. 

2. Methods 

Data handling and manipulation, as well as occasional data acqui-
sition from webpages, was performed using R (version 4.0.4, 64-bit, The 
R Foundation) in Rstudio (version1.1.456, RStudio, Inc., Boston, US). 
The following packages were utilized: dplyr, XML, methods, tidyverse, 
openxlsx. 

2.1. Data collection 

The final drug product dataset included information on drug prod-
ucts from the EU, Canada, and the US. Drug products were defined as 
“the finished dosage form that contains a drug substance, generally, but 
not necessarily in association with other active or inactive ingredients”, 
as per Drugs@FDA Glossary of Terms (U.S. Food and Drug 

Administration, 2021a). Both drug products for human and for veteri-
nary use were included. A dosage form was defined as “the physical form 
in which a drug is produced and dispensed” (U.S. Food and Drug 
Administration, 2021). The dataset of SC administered drug products is 
available as Supplementary Information 1, sheet “Dataset of authorized 
Drug prod”. 

2.1.1. Europe 
Data on drug products registered through the centralized procedure 

were downloaded from the European commission’s Union Register of 
medicinal drug products (European Commission, 2021) and the Euro-
pean Medicines Agency (EMA) website (European Medicines Agency, 
2021a). Additional information, like strength, dosage form and admin-
istration route, were retrieved from EMAs website on medicines (Euro-
pean Medicines Agency, 2021b). The drug product was searched, and its 
European public assessment report (EPAR) page was visited. There, the 
PDF “all authorized presentations” was downloaded, and necessary in-
formation was collected. Data was collected March 16, 2021. 

2.1.2. Canada 
Data on all available marketed drug products in Canada was down-

loaded from the Drug Product Database of Health Canada on March 23, 
2021 (Health Canada, 2021). Here, the product information for all 
approved products was downloaded. This was available as a .zip file 
with 11 .txt files, containing all necessary information. 

2.1.3. United states 
Information about registered, approved and marketed human drug 

products were downloaded on March 9, 2021 from the FDA website (U. 
S. Food and Drug Administration, 2021b), and combined with data from 
the FDA Orange Book acquired on March 16, 2021 (U.S. Food and Drug 
Administration, 2021c). Together these datasets included information 
on prescribed and over the counter drugs, including brand name and 
generic drug products, therapeutic biological drug products, and medi-
cal gasses. Information regarding registered, approved, and marketed 
veterinary drug products were downloaded from FDA’s website on 
March 24, 2021 (U.S. Food and Drug Administration, 2021d), also called 
the Green Book or electronic animal drug product listing directory. Only 
veterinary drug products that were approved, i.e. [conditional] 
approved new animal drug application ([C]ANADA), and legally mar-
keted unapproved were included. Bulk ingredients and unapproved drug 
products were thus not included. 

To complete information on the drug products, data was added 
manually or through R from DailyMed (U.S. National Library of Medi-
cine, 2021). DailyMed is an online database at the U.S: National Library 
of Medicine that contains labeling for drug products that were submitted 
to the FDA by companies. The National Drug Code (NDC) provided in 
the Green Book download and the DailyMed database was used to link 
the two datasets and retrieve necessary information. Data was retrieved 
March 11, 2021 to April 18, 2021 

2.1.4. Anatomical therapeutic chemical (ATC) codes 
ATC codes were included in the datasets of the human and veterinary 

drug products in the EU and human drug products in Canada. For the 
veterinary drug products in Canada and the human and veterinary drug 
products in the US, the ATC code was inferred from other drug products 
with the same active substance, strength, dosage form, and adminis-
tration route. For drug products that could not be classified by this 
approach, the ATC and vetATC codes were retrieved from the WHO 
Collaboration centre for Drug Statistics Methodology websites (WHO 
Collaborating Centre for Drug Statistics Methodology, 2021a, 2021b). 
The data was acquired from March 11, 2021 to April 18, 2021. 

2.1.5. DrugBank information 
Database v5.1.8 of DrugBank (Wishart et al., 2018) was downloaded 

and parsed to a table. This database was utilized to couple 
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physicochemical properties to active substances, as described below. A 
separate dataset including only approved compounds (as so classed by 
DrugBank) was created from the database. Approved compounds are 
defined by DrugBank as “…drugs that have been officially accepted for 
commercialization in at least one jurisdiction at a given time. Due to the 
presence of different regulatory agencies around the world, once a drug is 
approved, this status will remain in the drug card even if the drug is later 
withdrawn from the market….”. DrugBank categorizes compounds into 
small molecule drugs or biologics (official DrugBank term: biotech). 
Small molecule drugs are of low molecular weight (900 Daltons) and are 
“produced by chemical synthesis”. Some drugs larger than 900 Daltons 
are also considered small molecule drugs. The biologics includes drugs 
with a biological origin such as protein based therapies, gene therapies, 
vaccines, allergenics, and cell transplant therapies. This report has kept 
the same categorization. 

2.2. Data handling 

Unique market authorized drug products were determined based on 
the unique combination of application number, approval authority, 
market authorization holder, brand name, active substance(s), strength, 
dosage form, administration route, and when applicable species. Only 
drug products currently holding market authorization were included. 
Drug products were not differentiated based on packaging or packaging 
content. All compounds in the drug products for SC administration in the 
complete dataset were classified as either “small molecule” or “bio-
logic”, based on DrugBank information. When the compound was not 
available on DrugBank, classification was inferred from molecular 
weight. When the compound was of natural origin, like allergens or 
vaccines, it was classified as “biologic”. 

The registered administration routes of these unique drug products 
were assessed, and the drug products which were registered for SC 
administration were selected (Supplementary Information 1, sheet 
“Dataset of authorized Drug prod”). Additional administration routes 
registered for these drug products were noted, as was the dosage form. 
Adjustments to align the registered dosage forms to the dosage form 
administered subcutaneously was conducted when needed. For 
example, “powder for solution” and “lyophilizate and solvent for solution for 
injection“ were both noted as “solution”, as the administered dosage form 
of these drug products will be a solution. The dosage forms “injectable”, 
“injection”, “powder”, “kit”, and “liquid” were classified as “other”. This 
decreased the number of different dosage forms, and facilitated assess-
ment of the result. 

The unique active substances were extracted from the unique drug 
products registered for SC administration. Active substances were 
defined as “the substance responsible for the activity of a medicine”, as per 
EMA definition (European Medicines Agency, 2021c). We inspected 
which active substances were used most in the unique drug products for 
SC administration. Finally, the physicochemical properties of these 
active substances were investigated. Data on the properties were 
retrieved from the DrugBank database as described before. When 
measured or experimental molecular weight or log P were available 
from DrugBank, these values were used. Otherwise, calculated or pre-
dicted properties were used throughout the report. pKa acidic and basic 
were capped at 0 (values below 0 were set to 0) and 14 (all above were 
set to 14). For each individual drug, acidic pKa values were excluded if 
the value was > 8 or higher than any pKa basic of the molecule. Basic 
pKa values were excluded if the value was < 5 or if it was lower than any 
acidic pKa of the molecule. The log P was capped from − 10 to 10 (all 
values below and above were set to these limits). This was applied to 
optimize the range shown in the figures, and affected 11 compounds 
with low logP (inulin: − 62; tesamorelin: − 35; lixisenatide: − 33; pram-
lintide: − 28; corticorelin ovine triflutate: − 27; semaglutide: − 17; 
cobamamide: − 15; mecobalamin: − 14; hydroxocobalamin: − 14; hepa-
rin: − 13.2; enoxaparin: − 13.2) and 9 compounds with high logP 
(squalene: 10.43; moclobemide: 10.6; aluminum tristearate: 10.81; 

bisoctrizole: 12.7; beta carotene: 17.62; venetoclax: 99; tezacaftor: 99; 
gilteritinib: 99; nabumetone: 2400). 

Data were evaluated using median and range. 

3. Results 

Fig. 1 shows the total number of unique drug products with market 
authorization and the percentage of these products that are registered 
for SC administration. EU had the lowest number of total market 
authorized human drug products (2883) and Canada had the highest 
(11,918). The EU had the fewest total market authorized drug products 
for veterinary use (543), while the US had the most (1194). With regards 
to the percentage SC administered drug products, the EU had the highest 
(18%, 39%) and US the lowest percentage of approved drug product 
(2%, 11%), both for human and veterinary drug products, respectively. 
A majority of the market authorized drug products from the EU human, 
Canada human, and EU veterinary datasets contained biologics (Fig. 1). 

3.1. Type of compounds and ATC codes: therapeutic groups 

The results of the ATC classifications are shown in Fig. 2. In each 
human drug product datasets, over 55% of drug products belonged to 
the following anatomical main groups (ATC, level 1): alimentary tract 
and metabolism (A), blood and blood forming organs (B), and antineo-
plastic and immunomodulating agents (L) (Fig. 2). Therapeutic sub-
groups (ATC, level 2) with highest number of drug products did differ 
per region, but all included drugs used in diabetes (A10; 21% EU, 11% 
Canada, 16% US) and immunosuppressants (L04; 12% EU, 8% Canada, 
14% US). In the EU, drug products were often also classed as antianemic 
preparations (B03, 25%), and immunostimulants (L03, 10%). While 
Canadian and the US drug products often were classed as antithrombotic 
agents (B01; 9% Canada, 18% US) or pituitary and hypothalamic hor-
mones and analogues (H01; 11% Canada, 7% US). For active substances 
included in these ATCs, please see SI1, sheet “Active substances in 
drugprod”. 

The active substances most often formulated in the SC human drug 
products differed also per region (SI1, sheet “Active substances in drug-
prod”). In the EU, drug products most often contained erythropoietin 
(biologic, B03XA01, 90 drug products), insulin (human) (biologic, 
A10AC01, 35 drug products), and darbepoetin alfa (biologic, B03XA02, 

Fig. 1. Percentage of market authorized drug products that are administered 
SC in the three regions (EU: European union, CAN: Canada, US: United states of 
America) for human and veterinary use. Bars are divided into drug products for 
SC administration containing small molecules (solid color) and biologics 
(dotted), and drug products registered for other administration routes (white). 
Number of market authorized drug products for human and veterinary use in 
each region is given behind the bars. Values in bars are number of market 
authorized drug products for SC administration containing (small molecules 
| biologics). 
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28 drug products). In Canada, drug products were often formulated with 
insulin or insulin (human) (biologic, A10A), pollen (biologic), soma-
tropin (biologic, H01AC01), and epoetin alfa (biologic, B03XA01), with 
61, 35, 28, and 16 unique drug products respectively. US drug products 
most often included methotrexate (small molecule, L04AX03, 24 drug 
products), enoxaparin (small molecule, B01AB05,16 drug products), 
and epinephrine (small molecule, C01CA24, 15 drug products). 

As displayed in Fig. 2, many veterinary drug products classed into 

the musculo-skeletal system (QM; 13% EU, 8% Canada, 8% US), and 
antiinfectives for systemic use (QJ; 8% EU, 23% Canada, 32% US) 
anatomical main groups. However, the majority of the EU veterinary 
drug belonged to immunologicals (QI, 72%), while a majority of veter-
inary drug products from Canada and the US belonged to the genito 
urinary system and sex hormones (QG, 29% Canada, 20% US). Another 
large anatomical group for US veterinary drug products was the anti-
parasitic products, insecticides and repellents group (QP, 21%). 

Fig. 2. Categorization of unique drug products registered for SC administration in the Anatomical Therapeutic Chemical (ATC) classification system. Figures are 
divided according to geographical authorization location and whether the drug product is registered for human or veterinary use. The first ATC level (anatomical 
main group) is given on the y-axis. The second ATC level (therapeutic subgroups) is defined with colors in each figure; level names are given in Supplementary 
information 1, excel sheet “(vet)ATC level 1&2 codes”. ATC level 1 anatomical main groups and ATC level 2 therapeutic subgroups are also searchable at (WHO 
Collaborating Centre for Drug Statistics Methodology, 2021a, 2021b). 
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The largest veterinary therapeutic subgroups in the EU were im-
munologicals for bovidae (QI02, 43%), and ovidae (QI04, 12%), and 
antiinflammatory and antirheumatic products (QM01, 13%). For the 
Canadian drug products, these were antibacterials for systemic use 
(QJ01, 23%), sex hormones and modulators of the genital system 
(QG03, 26%), and antiinflammatory and antirheumatic drug products 
(QM01, 8%). In the US dataset, antibacterials for systemic use (QL01, 
31%), sex hormones and modulators of the genital system (QG03, 20%), 
and endectocides (QP54, 18%) were identified as the main therapeutic 
subgroups. 

EU veterinary drug products most frequently contained the active 
substances meloxicam (small molecule, 28 unique drug products, 
QM01AC06), and different strains of a vaccine against foot-and-mouth 
disease (biologics, QI02AA04). Canadian veterinary drug products 
most often contained estradiol (benzoate, QG03, small molecule), 
trenbolone acetate (small molecule, QG03), and meloxicam, being 
formulated into 34, 17, and 8 drug products, respectively. As in Canada, 
the US veterinary drug products also most often contained estradiol (26 
drug products), and trenbolone (19 drug products). Another active 
substance often found in the SC drug products from the US was iver-
mectin (small molecule, QP54AA01, 19 drug products). These results 
are found in SI1, sheet “Active substances in drugprod”. 

The US dataset included data of registration back to the 1930s and 
the earliest approved human products for SC administration which still 
have market authorization were investigated. Insulin was approved in 
1982; andepinephrine in the EpiPen® was approved in 1987. Then in 
the 1990s, sumatriptan succinate, enoxaparin, interferon, dalteparin, 
glatiramer, follitropin and etanercept were approved for SC adminis-
tration. All human drug products registered in the US were prescription 
drugs. 

3.2. Drug products registered for subcutaneous use – additional 
administration routes and dosage forms 

The frequency of dosage forms and administration routes of SC 
administered drug products from the EU, Canada and the US are shown 
in Table 1 (human drug products) and Table 2 (veterinary drug prod-
ucts). Tables 1 and 2 also show the number of drug products containing 
small molecules or biologics. 

The majority (>56%) of human drug products from the three regions 
were registered exclusively for the SC administration route (Table 1). 
Between 10 and 31% of the drug products were also registered for the IV 
route. About 18% of the Canadian human drug products were registered 
for the SC, IV (intravenous), and IM (intramuscular) administration 
routes. Drug products containing small molecules had a wider variety of 
registered administration routes (Table 1). Drug products containing 
biologics from the EU and US were only registered for the SC, IM or IV 
routes. Drug products containing biologics with market authorization in 
Canada were also registered for intradermal, percutaneous and intrale-
sional administration routes. 

Most human drug products containing small molecules or biologics 
authorized in the EU and Canada were formulated as solutions or as 
suspensions. In the US, the dosage form of the majority of the human 
drug products containing small molecules or biologics were “other”, 
which included “injectable”, “injection”, and “liquid”. However, a large 
part human US drug products were solutions (44% small molecules, 33% 
biologics). 

The SC (exclusively) or in combination with IV or IM were the main 
registered administration routes for veterinary drug products (Table 2). 
This was irrespective of the type of active substance in the drug product. 
Drug products containing small molecules were in some cases also 

Table 1 
Registered administration routes and dosage forms of market authorized human drug products from the EU (centralized route), Canada, or the US. Other dosage forms 
are e.g. injectable, injection, liquid, powder or kit. Substances were divided into small molecules and biological, with the number of drug products per category given.  

Region Drug type Administration route Frequency (%) Solution Suspension Emulsion Implant Other 

EU Small molecule (78) SC 54 (69%) 47 5 0 2 0 
Extracorporeal; IV; SC 12 (15%) 12 0 0 0 0 
IV; SC 11 (14%) 11 0 0 0 0 
ID; Intratumoral; Peritumoral; SC 1 (1.3%) 0 0 0 0 1 

Biologic (441) SC 289 (66%) 237 52 0 0 0 
IV; SC 150 (34%) 150 0 0 0 0 
IM; SC 2 (0.5%) 0 2 0 0 0 

Canada Small molecule (210) IM; IV; SC 74 (35%) 54 0 2 0 18 
SC 66 (31%) 53 6 0 4 3 
IV; SC 47 (22%) 45 0 0 0 2 
IM; SC 7 (3%) 5 0 0 0 2 
IM; Intraperitoneal; IV; SC 5 (2%) 5 0 0 0 0 
Intrathecal; IV; SC 3 (1.4%) 3 0 0 0 0 
Epidural; IV; SC 2 (1%) 2 0 0 0 0 
ID; SC 2 (1%) 0 0 0 0 2 
Intra-arterial; Intracavitary; IM; IV; SC 1 (0.5%) 1 0 0 0 0 
Intracardiac; IM; Intratracheal; IV; SC 1 (0.5%) 1 0 0 0 0 
IM; Intrapleural; IV; SC 1 (0.5%) 1 0 0 0 0 
IM; Intrasynovial; IV; SC 1 (0.5%) 1 0 0 0 0 

Biologic (295) SC 202 (68%) 174 20 0 2 6 
IV; SC 27 (9%) 27 0 0 0 0 
ID; Percutaneous; SC 16 (5%) 2 0 0 0 14 
IM; SC 13 (4%) 11 2 0 0 0 
Intracutaneous; SC 12 (4%) 1 0 0 0 11 
ID; SC 12 (4%) 3 0 0 0 9 
IM; IV; SC 12 (4%) 12 0 0 0 0 
Intralesional; IM; IV; SC 1 (0.3%) 1 0 0 0 0 

US Small molecule (141) SC 107 (76%) 48 2 0 3 54 
IV; SC 18 (13%) 4 0 0 0 14 
IM; SC 11 (8%) 5 0 0 0 6 
IM; IV; SC 3 (2%) 3 0 0 0 0 
IV; IM; SC; Intraosseous; Endotracheal 1 (0.7%) 1 0 0 0 0 
IV; Intraocular; IM; SC 1 (0.7%) 1 0 0 0 0 

Biologic (99) SC 93 (94%) 29 1 0 0 63 
IV; SC 6 (6%) 4 0 0 0 2 

ID: intradermal; IM: intramuscular; IV: intravenous; SC: subcutaneous. 
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registered for other administration routes, such as intraperitoneal, 
topical or epidural, but biologics were only 

The most common dosage form for veterinary drug products were 
solutions, in similarity to the human drug products (Table 2). Emulsions 
(EU drug products) and implants (Canada and US drug products) were 
the second most used type of dosage form. As with the human drug 
products, dosage forms for veterinary drug products from the US were 
often classified often into “other”. Interestingly, implants were only used 
for drug products containing small molecules. Drug products containing 
biologics were also often formulated as suspensions or emulsions. 

Looking into the type of active substances that the drug products 
contained, drug products registered for any of the top administration 
routes (SC, IM, IV) contained small molecules or biologics (SI1, “Dataset 
of authorized Drug prod”). Drug products containing small molecules that 
were exclusively registered for the SC administration route contained, 
for example, low molecular weight heparins (B01), pituitary and hy-
pothalamic hormones and analogues (H01), methotrexate (L04), estra-
diol (QG03), beta-lactam antibacterials and penicillins (QJ01), and 
macrocyclic lactones (like ivermectine, QP54A). Biologics used exclu-
sively SC were, for example, monoclonal antibodies (C10, L04), darbe-
poetin alfa (B03), etanercept (L04), insulin (A10), and viruses (QI). SC 
and intravenously administered active substances included both small 
molecules and biologics. Examples of small molecules are bortezomib 
(L01), dalteparin, enoxaparin, treprostinil (B01), meloxicam (QM01), 
and oxytetracyline (QJ01). Examples of active substances in drug 
products containing biologics registered for the SC and IV routes are 

different epoetins (B03), filgrastim and interferon alfa-2b (L03), and 
insulins (A10). Even for the SC and intramuscular administration, drug 
products contained small molecules and biologics. Small molecules were 
for example atropine (A03), insulins (A10), oxytetracycline, florfenicol, 
ceftiofur, tulathromycin (QJ01), while biologics were vaccines (e.g., 
against foot-and-mouth disease (QI02)) or somatropin (H01). Small 
molecules that could be administered SC, IV and IM were, for example, 
atropine (A03), epinephrine (C01), morphine, hydromorphone (N02), 
naloxone (V03), meloxicam (QM01). Biologics that could be adminis-
tered SC, IV and IM were, for example, glucagon (H04), insulin (A10), 
acepromazine (QN05), and oxytocin (QH01) 

Generally, active substances formulated as suspensions (SI1, “Dataset 
of authorized Drug prod”) for humans were insulins (A10, biologic), 
exenatide (A10, biologic), viruses (J07, biologic), azacitidine (L01, 
small molecule), and leuprorelin (L02, small molecule). Examples of 
active substances formulated as suspensions for veterinary use were 
insulins (QA10, biologic), viruses (QI04–07, biologic), and ceftiofur 
(QJ01, small molecule). Emulsions were only used for vaccines against 
foot-and-mouth disease (QI02, biologic) and vitamin E and K supple-
ments (small molecule). Active substances in suspensions and emulsions 
were often classified as biologics (Tables 1 and 2). Implants were mainly 
used for estradiol products [(Q)G03, small molecule], that often also 
including trenbolone, tylosin, progesterone, or testosterone (small 
molecules). These were mainly veterinary drug products (Table 2). So-
lutions were used for a wide variety of active substances, and were the 
main dosage form used for SC administered drug products (Tables 1 and 

Table 2 
Registered administration routes and dosage forms of market authorized veterinary drug products from the EU (centralized route), Canada, or the US. Other dosage 
forms are e.g. injectable, injection, liquid, powder or kit. Substances were divided into small molecules and biological, with the number of drug products per category 
given.  

Region Drug type Administration route Frequency (%) Solution Suspension Emulsion Implant Other 

EU Small molecule (49) SC 13 (27%) 10 1 0 2 0 
IM (Pigs); IM (Sheep); SC (Cattle) 7 (14%) 7 0 0 0 0 
IM; SC 5 (10%) 5 0 0 0 0 
IV (Cattle); SC (Cattle); IM (Pigs); IV (Horses) 5 (10%) 5 0 0 0 0 
IV; SC 5 (10%) 5 0 0 0 0 
IM; IV; SC 4 (8%) 4 0 0 0 0 
IV (Dogs); SC (Dogs); SC (Cats) 3 (6%) 3 0 0 0 0 
IV (Cattle); SC (Cattle); IM (Pigs) 2 (4%) 2 0 0 0 0 
IM (Pigs); Intraveneous (Cattle); IV (Horses); SC (Cattle) 1 (2%) 1 0 0 0 0 
IM (Pigs); IV (Cattle); SC (Cattle) 1 (2%) 1 0 0 0 0 
IM (Pigs); SC (Cattle) 1 (2%) 1 0 0 0 0 
IM (Pigs); SC (Cattle); SC (Sheep) 1 (2%) 1 0 0 0 0 
IV (Cattle); IV (Horses); SC (Cattle) 1 (2%) 1 0 0 0 0 

Biologic (161) IM; SC 95 (59%) 0 7 88 0 0 
SC 57 (35%) 7 47 2 0 1 
In-ovo; SC 5 (3%) 0 5 0 0 0 
IM (Cattle); SC (Sheep) 2 (1.2%) 0 2 0 0 0 
IV (Dogs); SC (Cats) 2 (1.2%) 0 2 0 0 0 

Canada Small molecule (100) SC 47 (47%) 16 4 0 27 0 
IM; SC 23 (23%) 17 5 1 0 0 
IM; IV; SC 10 (10%) 10 0 0 0 0 
IV; SC 9 (9%) 9 0 0 0 0 
Intraperitoneal; IV; SC 4 (4%) 4 0 0 0 0 
Block/infiltration; Epidural; IM; SC 2 (2%) 1 0 0 0 1 
IM; Intraperitoneal; IV; SC 2 (2%) 0 0 0 0 2 
Epidural; IM; SC 1 (1%) 1 0 0 0 0 
Intracardiac; IM; IV; SC 1 (1%) 1 0 0 0 0 
IM; Intrauterine; SC 1 (1%) 1 0 0 0 0 

Biologic (11) IM; IV; SC 6 (55%) 6 0 0 0 0 
SC 5 (45%) 3 2 0 0 0 

US Small molecule (123) SC 78 (63%) 25 5 0 29 19 
IM; SC 29 (24%) 20 6 0 0 3 
IM; IV; SC 8 (7%) 5 0 0 0 3 
IV; SC 6 (5%) 5 0 0 0 1 
IM; Intra-articular; Intrasynovial; SC; Intralesional 1 (1%) 0 1 0 0 0 
IM; IV; SC; Intraperitoneal; Topical 1 (1%) 1 0 0 0 0 

Biologic (13) IM; IV; SC 8 (62%) 3 0 0 0 5 
SC 5 (38%) 1 2 0 0 2 

ID: intradermal; IM: intramuscular; IV: intravenous; SC: subcutaneous. 
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2). 

3.3. Active substances their physicochemical properties 

3.3.1. Active substances: matching DrugBank data and classification 
The number of active substances formulated in the market autho-

rized SC administered drug products are shown in Table 3. Of the human 
datasets, the Canadian dataset had the highest number of unique active 
substances (210) and the US the lowest (80) (Table 3). In each human 
dataset, over 80% of the active substance were matched with the 
DrugBank data (Table 3). The majority of matched active substances 
from the human datasets were classified as biologics (or biotech as 
defined by DrugBank), namely 84 in the EU dataset, 105 in the Canadian 
dataset and 43 in the US dataset (Table 3). 

In the EU veterinary dataset, only 13% of the active substances could 
be matched to DrugBank data (Table 3). The remaining 72 active sub-
stances that could not be matched were biologics, such as inactivated 
viruses used in vaccines (SI1, “APIs NOT matched with Drugbank”). For 
the Canadian and US veterinary datasets, over 85% could be matched to 
DrugBank data. In contrast with the human datasets, the 3 veterinary 
datasets contained at least 89% small molecules, and thus only 10% or 
fewer biologics (Table 3). 

Combining the unique active substances from all datasets that were 
matched to DrugBank information, there were 257 unique substances. 
Eight active substances were used in both human and veterinary drug 
products, of which 4 were small molecules and 4 were biologics. There 
were 191 unique active substances used only in human drug products, 
72 small molecules and 119 biologics. Fifty-eight unique active sub-
stances were used only in veterinary drug products, and 57 were small 
molecules and 1 biologic. 

DrugBank substances that were marked as “approved” on DrugBank 
were included as a separate dataset. There were 4270 unique pharma-
cologically active substances that were approved, of which 33.6% were 
biologics and 66.4% small molecules. 

3.3.2. Active substances: physicochemical properties 
The physicochemical properties of all the above-mentioned 257 

active substances that were matched with DrugBank and the DrugBank 
dataset of approved active substances were evaluated to assess the 
chemical drug space (Fig. 3). Physicochemical data on each unique 
active substance can be found in SI1, “APIs matched with Drugbank”. Note 
that physicochemical properties of biologics included in the datasets 
were not available from DrugBank, with the exception of molecular 
weight (see discussion in 4.4). The molecular weight (MW) of active 
substances used in humans was generally higher than active substances 
used for veterinary treatment (Fig. 3A). Depending on regional data sets, 
the median molecular weight of active substances used in human drug 

products ranged from 4118 to 24,035 g/mol between regional datasets, 
and from 368 to 601 g/mol for active substances used in veterinary drug 
products (Fig. 3A). The median MW of approved substances from 
DrugBank was 353 g/mol. There were no regional differences between 
molecular weight of active substances. 

The human drug products included 34 active substances with high 
molecular weight (>100.000 g/mol). These active substances were 
monoclonal antibodies, human immunoglobulin G, and asfotase alfa. 
There were 32 active substances with MW between 10.000 and 100.000 
g/mol, of which the majority were protein-based therapies, like in-
terferons, epoetins, filgastrims, and tropins. There were 91 active sub-
stances with MW between 900 and 10.000 g/mol. About a quarter (22) 
of the active substances were classified as biologics. Many of the 91 
active substances were peptide drugs, such as vasopressin, degarelilx, 
semaglutide, teduglutide, insulin, glucagon and desmopressin. Active 
substances with MW under 900 g/mol were abundant, with 47 active 
substances. One was classed as a biologic, namely guselkumab. Most 
likely, the molecular weight of this biotech compound was mislabelled 
in the DrugBank dataset by not including the kilo in Da. In the dataset 
with approved active substances from DrugBank, thyroglobulin, eptifi-
batide, damoctocog alfa pegol, cerliponase alfa, avelumab, and anti-
hemophilic factor (recombinant), pegylated were also identified as 
biotech compounds with a molecular weight below 900 g/mol. 

The veterinary datasets included active substances with a molecular 
weight between 900 and 10.000 g/mol (59 small molecules, 3 biologics) 
and with molecular weigh below 900 g/mol (55 small molecules). The 
matched biologics were insulin (human), insulin (pork) and oxytocin. 
One biologic (choriogonadotropin alpha) had a molecular weight of 
25,719 g/mol. 

The median log P of all approved active substances in DrugBank was 
2.1 (Fig. 3B), and all were classified as small molecules. Substances 
formulated in human drug products were less lipophilic (median log P 
range 0.2 – 0.9) than substances formulated in veterinary drug products 
(2.8–3.3). The median solubility of human and veterinary drug products 
in the EU, Canada and the US ranged from 10− 4.4 to 10− 3.4 mol/L 
(Fig. 3C). DrugBank active substances had a median solubility of 10− 3.6 

mol/L, these were all classified small molecules. 
The active substances used in human drug products in the EU had the 

highest median polar surface area (PSA), which was 205.9 Å2 (Fig. 3D). 
The median PSA of the human drug products in Canada and the US, and 
the veterinary drug products in all three regions ranged from 74 to 132 
Å2. The median PSA of all approved active substances in DrugBank was 
72 Å2, these were all classified small molecules. In the regional human 
and veterinary data sets, the median number of hydrogen bond donors 
ranged from 2–6 and the median number of hydrogen bond acceptors 
ranged from 4 – 10 (Fig. 3E and F). The median number of hydrogen 
bond donors and acceptors from active substances on DrugBank were 
one and four, respectively. These active substances from the DrugBank 
dataset were all classified small molecules. 

Finally, the median acidic pKa for the active substances in human 
and veterinarian drug products ranged from 3.8 to 7.7 (Fig. 3G), while 
the median basic pKa ranged from 10.3 to 11.8 (Fig. 3H). The median 
acid and basic pKa of all approved active substances in DrugBank were 
4.1 and 8.7, respectively. The majority of active substances had a posi-
tive charge at physiological pH (Fig. 3I). 

The DrugBank database did not provide physicochemical properties 
for all matched active substances (Fig. 3). Physiochemical property 
values were not available for the biologics from the collected datasets, 
with the exception of molecular weight. For small molecules, up to 10% 
of molecular weight was not available, while 0 – 28% was missing for 
biologics (Fig. 3A). In the DrugBank dataset, 6% of molecular weight 
values were unavailable for small molecules, and 84% for biologics. As 
mentioned before, values for the remaining physicochemical properties 
used in this report were available only for small molecules. For lip-
ophilicity, polar surface area, number of hydrogen bond donors and 
acceptors, values were available for at least 90% of small molecules in 

Table 3 
Number of unique active substances that are formulated in the SC administered 
drug products per dataset, and the number of these that were matched with 
Drugbank. The number of small molecules and biologics, as defined by 
DrugBank.  

Region Species # unique 
active 
substances 
in drug 
products 

# unique 
active 
substances 
matched 
with 
DrugBank 

# small 
molecules 
matched 

# 
biologics 
matched 

Human EU 116 105 (91%) 21 84 
Canada 210 168 (80%) 63 105 
US 80 79 (99%) 36 43 

Veterinary EU 84 11 (13%) 10 1 
Canada 62 53 (85%) 49 4 
US 51 48 (94%) 43 5 

DrugBank  NA 4270 2837 1433 

NA: not applicable. 
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the collected datasets. The number of missing solubility values for small 
molecules ranged from 5 to 22% in the collected datasets. 

4. Discussion 

In this report, we investigated a comprehensive dataset of drug 
products from the EU, Canada and the US that are registered for the SC 
administration route. 

There were noticeable differences in regional datasets, among which 
were the dosage form, the therapeutic class of the drug products, and 
active substances used in the drug products. FDA and EMA have 
guidelines on providing the public with data on market authorized drug 
products (Center For Drug Evaluation And Research, 2017, p. 2004; The 
European Parliament And Of The Council, 2004). As such, drug product 
information was freely available and downloaded from EMA, Health 

Canada, and FDA websites. The type of information included and the 
ease of acquisition differed between the regions, and sometimes be-
tween datasets on human and veterinary drug products from the same 
region. 

4.1. Data collection 

In the EU, drug products can get one of three types of market 
authorization: national only market authorization, mutually recognized 
market authorization, and community authorization (European Medicines 
Agency, 2021d). National only market authorization is given on a national 
basis, without any interaction between the Member States of the EU 
(European Medicines Agency, 2021d). Data is thus only available on a 
national basis, and these products were not included in our analysis. 
Mutually recognized market authorization is given when a drug product 

Fig. 3. Physicochemical properties of active substances used in SC administered drug products. Molecular weight (A), lipophilicity (log P, B), solubility (LogS, C), 
polar surface area (D), number of hydrogen bond donors (E), number of hydrogen bond acceptors (F), calculated acidic pKa (G), calculated basic pKa (H), and charge 
at physiological pH (I) are given. Data is shown for both human (hum, darker color) and veterinary (vet, lighter color) and for drug products with market autho-
rization in EU (blue), Canada (CAN, red), and the US (black/gray). Data from all approved active substances on DrugBank (DB, pink) are also shown. The number of 
active substances that were matched with data from DrugBank but that were missing calculated physicochemical values (NAv) is given for each physicochemical 
property, except for pKa and charge at physiological pH. The PSA (3038), HBA (191), HBD (116) of inulin and HBA (122) of mipomersen from the DB are not shown 
to improve readability of the figures. 
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has been assessed and has been approved at an EU level involving at 
least two member states (also called the decentralized procedure) (Euro-
pean Medicines Agency, 2021d). Data on products with market autho-
rization granted through the decentralized procedure can be found at the 
Heads of Medicines Agencies (HMA) (Heads of Medicines Agencies, 
2021a, 2021b). We did investigate this source of information and found 
over 40.000 drug products. However, the route of administration was 
unknown on these websites, and further investigation was not deemed 
time-efficient. Finally, when a drug product has been granted community 
authorization in the EU, it has been approved through the centralized 
procedure (European Medicines Agency, 2021d). This drug product has 
then been assessed and approved on an EU wide basis by the European 
Commision. All drug products with new active substances that are 
intended to treat AIDS or HIV, cancer, diabetes, neurodegenerative 
diseases, auto-immune and other immune dysfunctions and viral dis-
eases should be authorized through the centralized procedure. This is 
valid also for medicines derived from biotechnology processes, 
advanced-therapy medicines, orphan medicines, and veterinary medi-
cines for use as growth or yield enhancers (European Medicines Agency, 
2021d). This implies that most generic and non-prescription (over--
the-counter, OTC) drug products are assessed and authorized at national 
level or through the decentralized procedure in the EU, and were thus not 
included in this report. 

Drugs with community authorization in the EU were available as an 
Excel file on EMAs website, containing both human and veterinary 
drugs. Unfortunately, information regarding the dosage form, adminis-
tration route, and packaging of drug products (or in EMA terminology, 
preparations) were not included. This data was available as a PDF 
download from each drug product’s European public assessment reports 
(EPAR) webpage. As there were over 1400 drug products with market 
authorization, information being only available as PDF did pose a 
problem. The PDFs demanded labor intensive manual downloading and 
information transfer. Although the drug information is given in a public- 
friendly overview as the regulations stipulate (The European Parliament 
And Of The Council, 2004), the data on unique drug products is not 
easily accessible for research purposes. The availability of information 
on veterinary drug products might change in the near future, when the 
EU is launching its Union Product Database (UPD) as required per 
Regulation (EU) 2019/6 (EUR-Lex, 2021). The UPD will include infor-
mation on name, strength, pharmaceutical form, authorization holder, 
target species, route of administration, and if applicable, withdrawal 
period. It will also include information on which EU member states the 
drug product has market approval. 

The data from Health Canada was most complete and easy to navi-
gate. There were choices to download data on approved drug products, 
marketed (active) drug products, canceled (inactive) drug products, and 
dormant drug products. We chose to download the marketed (active 
drug products). This dataset came as several compressed UTF-8 text 
files, which could be linked together by a drug code. The files contained 
all information we needed. Unfortunately, no approved and marketed 
vaccines for animals were included in the dataset, which we discovered 
after data analysis. Vaccines for veterinary use are regulated by the 
Canadian Food Inspection Agency, where information on veterinary 
biologics can be downloaded as a CSV or XML document (Canadian Food 
Inspection Agency, 2021). However, these documents do not include 
administration route, dosage form, ATC, or species. The data from 
Health Canada was the easiest to use and most accessible dataset of the 
three regions. 

For the US authorized drug products, data could be acquired from 
several places. However, none of these datasets were complete and most 
often lacked a key or specific code to tie datasets together. All drug 
products in the US are given a national drug code (NDC), and there is a 
registry of all drug products with an NDC code (U.S. Food and Drug 
Administration, 2021e). Here, the complete registry can be downloaded 
as two text or Excel documents. However, it is stated that “Inclusion in the 
NDC Directory does not indicate that FDA has verified the information 

provided. The content of each NDC Directory entry is the responsibility of the 
labeler submitting the SPL file. Assignment of an NDC number does not in any 
way denote FDA approval of the product. Any representation that creates an 
impression of FDA approval because a product has an NDC number is 
misleading and violates federal law” (U.S. Food and Drug Administration, 
2021e). We therefore opted to download the data from the FDA website, 
where three datasets of interest were available. The Drugs@FDA and 
Orange Book included data on human drug products. Together these 
datasets contained information on prescription and OTC drug products 
that have market authorization in the US, excluding vaccines, allergenic 
products, blood and blood products intended for infusion, plasma de-
rivatives, cellular and gene therapy products and products regulated by 
Center for Drug Evaluation and Research under an (abbreviated) new 
drug application ([A]NDA) (like plasma volume expanders, or platelet 
additive solutions). Neither dataset included the NDC number though. 
Veterinary drug products could be downloaded as an Excel file from the 
Green Book (U.S. Food and Drug Administration, 2021d). This dataset 
did not include data regarding strength, administration route, dosage 
form or species. The dataset did include a link to the drug information as 
an online text file, which was utilized. However, when more data was 
needed, it was retrieved from DailyMed. None of the datasets included 
any vaccine drug products, which was noted after data analysis. Vaccine 
products are regulated by the Center for Biologics Evaluation and 
Research (CBER). We did not discover a downloadable dataset on 
licensed vaccines in the US, other than a list with product name and 
trade name (U.S. Food and Drug Administration, 2021f). 

4.2. Therapeutic groups 

The SC administered drug products were included in many phar-
macological and therapeutic classes of the ATC classification. Most 
human drug products included active substances indicated for diabetes, 
anemia, thrombosis, and cancer, or included immunosuppressants or 
immunostimulants. The active substances most frequently registered in 
human drug products were insulin, methotrexate, erythropoietin (or 
EPO), epopoetin alfa, and darbepoetin. Diabetes mellitus type 1 requires 
constant treatment with insulin, and globally 5 out of 100.000 people 
get this disease (Liu et al., 2020). SC methotrexate is used as an 
immunosuppressant in the treatment of rheumatoid arthritis and 
Crohn’s disease (Martindale, 2021; Pudipeddi et al., 2019; Puig, 2014). 
Erythropoeitin, epoetin alfa and darbepoetin are used in the treatment of 
symptomatic anemia of chronic renal failure, and reduce the need for 
frequent blood transfusions (Martindale, 2021). 

There was a larger variability in therapeutic areas for the veterinary 
drug products. Many were registered as anti-infectives for systemic use, 
but also drug products to treat the musco-skeletal system and the genito- 
urinary system as well as sex hormones were frequently registered. In 
veterinary drug products, the top used active substances were melox-
icam, estradiol and trenbolone. Meloxicam is a non-steroid anti-in-
flammatory drug (NSAID), and used mostly in the treatment of pain and 
inflammation, often from osteoarthritis in dogs, but also in cats (Curry 
et al., 2005). Estradiol and trenbolone can be used as growth promotors 
in cattle (Martindale, 2021). The use of growth promotors has been 
banned in the EU since 1988 (Stephany, 2010), and market authorized 
drug products with these active substances were only found in the US 
and Canada. 

4.3. Administration route and dosage forms 

The SC route was a minor administration route in humans; below 
18% of all market approved drug products were registered to be 
administered this way. The SC route was more common in veterinary 
products where up to 39% of all market approved drug products were 
registered for this administration route. This could be due to medication 
difficulties to animals, where the owners are responsible for giving the 
treatment. The veterinary patients, like companion animals, can be often 
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reluctant to take the drugs, which might result in a high degree of non- 
compliance (Sivén et al., 2017). A SC administration by the veterinarian 
is easy and quick and will result in high compliance. There were also 
regional differences in the percentage of SC administered drug products. 
The EU had the highest percentage of SC administered human and 
veterinary drug products, while the US had the lowest portion of SC 
administered human and veterinary drug products. This was likely the 
result of the data selection and handling, as discussed in Section 4.1. In 
short, the Canadian and US datasets included all market authorized drug 
products, both prescription and OTC. The EU data only included drug 
products that were assessed through the centralized procedure. This 
leaves out, among others, the OTC products from the EU dataset. It is 
likely that OTC products are formulated for administration routes that 
are easy and safe to use for the patient, such as the oral administration 
route. 

In the EU and Canada datasets, the majority of SC drug products were 
formulated as solutions. In the US, around 40% of the drug products 
were formulated as solutions, ~60% (human) and ~ 25% (veterinary) as 
other. The “other” category for the US datasets contained dosage forms 
“injectable”, “injection”, “powder”, ”kit”, and “vial”. The difference in 
nomenclature can skew the results, as a formulation might be classified 
as a solution in the EU, but as an injectable in the US. Interestingly, the 
term “injectable” is not on the list of Structured Product Labeling 
acceptable terms for dosage forms, as adopted by the FDA (U.S. Food 
and Drug Administration, 2021g). The terms “injectable” and “injec-
tion” are not descriptive of the injected dosage form, it merely describes 
that the product can be administered parenterally. Similarly, powder is 
not descriptive of the final administered dosage form. These dosage 
forms were thus organized under the nomenclature “other” in this 
report. In the EU, emulsions were the main dosage form for veterinary 
products, of which the majority contained vaccines. In the case of vac-
cines, the emulsions enhance the immune response, and can thus in-
crease the effectivity of the vaccine (Shah et al., 2015). Suspensions 
(immediate or extended release) were used in all regions, for human and 
veterinary drug products, and for drug products containing small mol-
ecules or biologics. Formulating drug products as suspensions, instead of 
solutions, can be done to increase stability of the formulation or to in-
crease the administered dose to the patient (Aulton and Taylor, 2018). 
Due to the limited volume (up to 2.5 ml) that can be administered 
subcutaneously to humans (Mathaes et al., 2016), it is likely that sus-
pensions are used to be able to administer a larger dose. As the active 
substance is not completely dissolved in a suspension, this will cause a 
prolonged absorption of the active substance into the blood. An 
example: insulin forms hexamers, which can be stabilized by addition of 
zinc, leading to the formulation of suspensions (Gradel et al., 2018). As 
only mono- and dimers can be absorbed into the blood capillaries, the 
hexamers need to be dissociated into mono- and dimers (Gradel et al., 
2018). This specific strategy causes a prolonged release and absorption 
of insulin to the blood stream, decreasing the necessity for frequent in-
jections (Owens, 2011). 

4.4. Active substances 

Of the active substances formulated in SC drug products, not all 
could be matched to the DrugBank database. In most datasets, over 90% 
of active substances were available on DrugBank. However, in the EU 
veterinary and Canadian human datasets, only 13 and 77% of active 
substances, respectively, could be matched with a compound on Drug-
Bank. Unmatched active substances were mainly (veterinary) vaccines 
and allergens (SI1, “APIs NOT matched with Drugbank”). Although 
DrugBank did contain information on the human vaccines, the variants 
were not specified. For the allergens, DrugBank information was often 
more specified than the active substance from the drug product. The 
veterinary vaccines were often not included in the DrugBank database. 
These active compounds were thus not included in the evaluation of 
physicochemical properties. Even when unique active substances 

matched with the DrugBank database, DrugBank did not always contain 
physicochemical properties for all compounds. For small molecules, 
over 78% of the matched active substances in a dataset contained 
physicochemical values. When the values were not available, these were 
mainly natural products, such as hormones, bile acids, lipids, and vita-
mins. For biologics, over 75% of the matched active substances in a 
dataset contained molecular weight values. Values for lipophilicity, 
solublity, pKa, polar surface area, etc., were not available. These phys-
icochemical properties are of less relevance for biologics from a 
formulation perspective. More relevant properties of biologics are for 
example pI and aggregation. However, these values were not available 
from DrugBank. Unfortunately, the unavailability of the active sub-
stance on DrugBank or the unavailability of physicochemical data on 
DrugBank hampered our attempts at creating a drug space of the 
DrugBank dataset and comparing this with the active substances 
formulated in SC administered drug products. Thus, no complex evalu-
ations on properties could be performed. 

The physicochemical properties of the active substances used in SC 
administered drug products were diverse. Active substances adminis-
tered SC to humans were relatively large molecules, with low logP and 
low solubility. Active substances administered SC to animals were, in 
comparison, smaller molecules, more lipophilic, but had similar solu-
bility. Larger molecules also have the possibility for more hydrogen 
bond donors and acceptors and a higher PSA, which was also shown in 
our dataset. Our findings on the physicochemical properties of active 
substances formulated in veterinary drug products from the US was in 
good agreement with a recent paper by Scott et al. (2020), Scott et al. 
(2020). As mentioned before, there is a growing volume of literature on 
SC administration of biologics (Badkar et al., 2021; Collins et al., 2017; 
Datta-Mannan, 2019, p.; Gradel et al., 2018; Jarvi and Balu-Iyer, 2021; 
Sánchez-Félix et al., 2020; Sequeira et al., 2019; Turner and Balu-Iyer, 
2018; Varkhede et al., 2020). In this report, we confirm that a majority 
of market authorized human drug products are indeed biologics. The 
literature does reflect the current situation of market authorized drug 
products. Additionally, a recent review of FDA approved drug products 
showed that the portion of biologics was 15 times higher in drug 
products approved 2005–2016 compared to established drug products 
(Saravanakumar et al., 2019). We could therefore reasonably assume 
that the number of biologics administered SC will only grow in the 
future. 

5. Conclusion 

To the best of our knowledge, this is the first comprehensive over-
view of drug products for SC administration currently granted market 
authorization in the EU, Canada and the US. The presented results 
constitute a foundation for future research on SC administered drug 
products. Although commercial services have this type of information 
available, this analysis is the first that will be publicly available. 

We confirmed that current literature on biologics for SC adminis-
tration does reflect more and more the market authorized drug products, 
as the majority of human drug products contained biologics. The most 
common active substances in SC drug products for humans were insulin, 
methotrexate, and epoetins, while the NSAID meloxicam and the growth 
hormones estradiol and trenbolone were most common in SC drug 
products for animals. An interesting follow-up would be an investigation 
into the most prescribed or sold SC drug products, and the overlap in the 
active substance with most drug products and most prescriptions, uti-
lizing this data set as a starter for further research. The study conclu-
sively showed that a clear majority of SC administered human and 
veterinary drug products were formulated as solutions and exclusively 
registered for the SC route. Emulsions were mainly used for vaccines, 
whilst suspension were used to formulate biologics like insulin and 
vaccines. Overall, the active substances in human drug products had a 
higher molecular weight as compared to veterinary drug products, 
reflecting the higher proportion of biologics approved for human use. 
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However, it should not be forgotten that many small molecules are also 
being administered subcutaneously. An often-stated question in litera-
ture is about modeling the pharmacokinetics and bioavailability of SC 
administered biologics and its shortcoming. Our overview strongly 
suggests that in silico models developed in the future should not only 
function for biologics, but also for small molecules, preferentially 
including the possibility to describe dissolution and release from a va-
riety of dosage forms. Future research should investigate the effect of 
formulation on the drug absorption from the SC site, and this research 
provides the basis on which this information can be gathered. This 
overview might be used to further grow the field of SC drug products, 
and adds to the understanding of the drug products available for SC 
administration. 
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