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Abstract

The current healthcare dynamic has shifted from one-size-fits-all to patient-centred care, with 

our increased understanding of pharmacokinetics and pharmacogenomics demanding a 

switch to more individualised therapies. As the pharmaceutical industry remains yet to 

succumb to the push of a technological paradigm shift, pharmacists lack the means to provide 

completely personalised medicine (PM) to their patients in a safe, affordable, and widely 

accessible manner. As additive manufacturing technology has already established its strength 

in producing pharmaceutical formulations, it is necessary to next consider methods by which 

this technology can create PM accessible from pharmacies. In this article, we reviewed the 

limitations of current pharmaceutical manufacturing methods for PMs, three-dimensional 

(3D) printing techniques that are most beneficial for PMs, implications of bringing this 

technology into pharmacy practice, and implications for policy surrounding 3D printing 

techniques in the manufacturing of PMs.  
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Introduction

It is well established that variation exists from one patient to another - enhanced knowledge 

in pharmacogenomics, individual pharmacokinetics, and a patient's unique anatomy and 

physiology has formed the understanding that not one patient is or responds the same as 

another (Savard, 2013). Personalised medicine (PM), as opposed to currently available 

conventional medicines, is underpinned by the notion of patient-centred care, as the 

medication is produced with drug(s), dose(s), release kinetics, and formulation completely 

customised to suit the individual patient's needs, as determined by the patient's personal 

preferences and the prescribers understanding of the patient's unique disease profile. Patient 

populations that most require personalisation include geriatrics , paediatrics (Bartelink et al., 

2006), and overweight/obese patients (Cheymol, 2000), as often non-conventional doses are 

needed to account for their altered pharmacokinetic profiles, and modified dosage forms are 

required in cases of anatomical dysfunction, e.g. dysphagia (Aziz et al., 2022). Adverse drug 

reactions occur, especially in these populations, when their altered kinetics and needs are 

unaccounted for, with untailored therapy representing 75-85% of total adverse drug reaction 

cases (Alhnan et al., 2016). Currently, non-conventional doses are obtained via traditional, 

pharmacist-performed compounding. Many have raised the issue of poor on-site regulation 

and quality control, leading to increased dosing errors and cases of contamination (Drazen et 

al., 2012; Watson et al., 2021).

As the pharmaceutical industry remains yet to succumb to the push of a technological 

paradigm shift, health care professionals are left without the means to provide utterly 

personalised health care to their patients in a safe, affordable, and widely accessible manner. 

However, the three-dimensional (3D) printing of PMs offers pharmacy practice a novel 

solution to our current gap in patient-centred care; however, it does not come without 

implications. While previous reviews have explored the technical applications of 3D printing 

for pharmaceuticals (Afsana et al., 2018; Anwar-Fadzil et al., 2022; Chen et al., 2020; Dumpa 

et al., 2021; Lim et al., 2018), none have investigated the impact on policy and practice. 

Thus, this review aims to discuss the feasibility of introducing 3D printing methods into 

pharmacy practice for PMs to become readily available to patients in the community. The 
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study will specifically address technical methods in production, transitioning from 

experimentation to the consumer, and the resulting implications for practice and policy. 

An initial screening of PubMed, Embase, Google Scholar, and Scopus was performed. 

Specific keywords included in the search were: three-dimensional printing (3d printing, 3-

dimensional printing, additive manufacturing, digital manufacturing, layered manufacturing); 

PMs (individualised medicines, individualised therapy, personalised therapy, precision 

medicine); and Pharmacy Practice (clinical practice, pharmacy setting, pharmacy, chemist, 

compounding). The search included all types of studies and grey literature published from 

2018 to 2022. Literature regarding bioprinting (e.g., 3D printing of tissues, prosthetics, and 

other medical implants) was excluded. Additionally, citation chaining was performed to 

ensure articles missed by the database searches were included.  

Accessibility to PM within current pharmacy practice 

The current dominating method of pharmaceutical production worldwide is batch 

manufacturing. Through this process, an active pharmaceutical ingredient (API) is 

synthesised and tested off-site. It is then shipped to a secondary location that blends the API 

and required excipients together to undergo various production line processes depending on 

the product type (Hock et al., 2021). The concept of mass-producing pharmaceuticals means 

that only a set of predefined commonly used doses are created per drug. These predefined 

doses are packaged accordingly and shipped to pharmacies and hospitals worldwide. The 

nature of this process is underpinned by and benefits from a lack of personalisation. It is 

through the production of a few discrete doses for a prescriber to choose from that large 

pharmaceutical companies can provide consumers with fast and cheap medicine. This quality 

is unarguably ideal and beneficial for patients and pharmacists. However, this does come at a 

cost to the overall therapeutic outcome of the patient. O'Connor and Lee (O’Connor and Lee, 

2017) identified inter-patient variation of up 10-30 fold exists between patients taking the 

same dose. As such, prescribers will often instruct patients to modify the dose accordingly, 

either through tablet splitting, a method that leads to waste, uneven weight distribution and 

hence inaccurate dosing, or through taking multi-tablet regimens, which becomes especially 

dangerous and confusing for patients where multiple doses and drugs are involved (Alhnan et 

al., 2016). The vulnerability of mass-produced pharmaceuticals to international supply chain 
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issues has also been raised, as it creates dynamic availability of specific medicines to the 

patient (O’Connor and Lee, 2017). This concept has been exemplified in our current 

environment, as COVID-19 lockdown measures significantly impacted global medical supply 

chains, with Australia experiencing a 300% rise in drug shortages between 2019-2020 

(Cameron and Bushell, 2021). Drug shortages are incredibly limiting when attempting to 

offer personalisation to a patient, as patients are forced to take second-line, less effective, or 

unsuitable medicines (Phuong et al., 2019). 

As such, compounding, the most traditional method of pharmaceutical formulation, is utilised 

in pharmacies to provide patients with PM that is otherwise unachievable via mass 

production. Compounding allows for individualisation of dose and dosage form, shape, 

colour, and taste. It also provides a solution to patients that have reason to avoid certain 

excipients (e.g. allergies) (Sellers and Utian, 2012). However, Drazen et al. (Drazen et al., 

2012) raise concern about the limitations compounding presents to patient safety, calling for 

regulations to be implemented that address the adverse drug reactions and, unfortunately, 

deaths occurring due to the calculated drug concentration errors and cases of contamination 

within compounded medicines. The Food and Drug Administration (FDA) simultaneously 

raised its concerns about current quality compounding guidelines following the death of 60 

patients due to contaminated drugs from a pharmacy store (US Food and Drug 

Administration (FDA)). However, this still fails to be addressed, with Watson et al. (Watson 

et al., 2021) highlighting the lack of change within regulations that ensure quality control of 

compounded medicines. 

Technical methods of 3D printing PM 

Creating a completely PM requires a dynamic manufacturing process whereby administration 

route, product size and shape, and drug release kinetics can be quickly and simply modified 

to suit the individual patient's needs and preferences. 3D printing, the process by which an 

object is built up in a layer-by-layer method, according to instructions from a computer-aided 

design (CAD) software, offers a solution to the limitations current pharmaceutical 

manufacturing methods impose on the development of PM. The flexibility 3D printing 

provides to the manufacturer, being the ability to present an automated printed build of any 

possible designed structure in a wide variety of material options, has already established roots 
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in other manufacturing industries such as agriculture, aviation, and automotive (Shahrubudin 

et al., 2019). However, we have seen a recent surge in interest within the realm of medicine, 

arising from the ability for printed products to be manufactured to a high degree of accuracy 

using biocompatible materials (Shahrubudin et al., 2019). As such, 3D printed (3DP) medical 

devices (De Maio et al., 2022; Hagan et al., 2022; Zong et al., 2022), implants (He et al., 

2022; Thygesen et al., 2022; Yang et al., 2022), anatomical models (Fritz et al., 2020; Goh et 

al., 2021; Wake et al., 2022) and tissues for transplant (Belgheisi et al., 2022; Sharma et al., 

2021; Ye et al., 2022) have already debuted their appearance on the market to be utilised in 

the personalisation of health care services. However, it is the ability to determine specified 

inner structures with intricate geometries, compartments, and infill patterns and densities via 

layered construction that is most attractive in overcoming obstacles of traditional 

pharmaceutical large-scale manufacturing and small-scale compounding.

Hot Melt Extrusion (HME) 

Hot-melt extrusion describes the mixing of polymeric material in a chamber via a rotating 

screw under elevated temperatures. Active pharmaceutical ingredients (API) and other 

excipients may be added in combination with a polymer to the chamber. By heating the 

chamber above the polymer's melting point or glass transition temperature, molecular 

level mixing occurs, forming a final amorphous product. This extrudate can act as a drug-

loaded filament for other techniques (Patil et al., 2016). 

Fused Deposition Modelling (FDM) 

A premade solid drug-loaded filament, produced mainly by HME printing, is fed through 

an extrusion nozzle and heated to the melting point. According to the CAD software 

specified XYZ coordinate, the molten filament is then deposited onto a building platform 

and solidified. This process is repeated in layers, building upwards until the final dosage 

form is produced (Dumpa et al., 2021).

Semi-Solid Extrusion (SSE)

SSE follows the same method as FDM; however, semi-solid material, such as hydrogels 

or pastes, is extruded through a nozzle and deposited in a layered manner according to 
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CAD specified coordinates. As such, high temperatures are not required, and thus it is 

particularly beneficial for use with thermolabile drugs (Seoane-Viaño et al., 2021).  

Vat Photopolymerisation

Within a vat, ultra-violet (UV) light is applied to a thin layer of liquid photosensitive 

material (e.g., resin or photopolymer) that sits upon a base. The chemical reaction 

occurring within bonds upon exposure to UV light allows material hardening to happen in 

a defined shape. The base then moves downwards, with each new layer irradiated until 

the final dosage form is complete. There are two types of vat photopolymerisation 

techniques: stereolithography (SLA) and digital light processing (DLP). Both methods 

use UV light as their radiation source yet vary in their application: SLA uses a single laser 

beam that travels in time to each desired coordinate, while DLP uses multiple digital 

mirrors to cure an entire layer in multiple points instantaneously (Xu et al., 2021).

Ink-Jet Printing 

Inkjet printing is based on a similar concept to regular office inkjet printers. Rather ink 

cartridges for inkjet printing contain API in solution, and this is printed onto a variety of 

edible material sheets (Evans et al., 2021).

Selective Laser Sintering (SLS) 

SLS utilises the heat of a laser to sinter a layer of powdered particles, consisting of API 

and other excipients, together to form the shape of the CAD designed image. New layers 

of powder are applied on top, and the process is repeated until the final dosage form is 

complete. The print is extracted, and excess powder is brushed off to reveal the final 

design (Charoo et al., 2020). 
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Table 1. 

Examples describing the benefits of 3DP pharmaceuticals for PM 

No. 3D Printing Technologies API Benefit to Personalisation Ref.

1 HME/FDM Warfarin  3D-printed tablets with warfarin dose calculated according to 

specific desired patient INR outcome

 Accurately titrated warfarin dose-response to suit individual 

patient needs as confirmed in-vivo on Sprague-Dawley rats

(Arafat et 

al., 2018)

2 HME/FDM Ketoprofen  Amorphous solid dispersion significantly improved dissolution 

and bioavailability of BSC II class drug 

 Dissolution profile manipulated by adjusting fill density of the 

inner core and outer shell: fastest drug release occurred with 

lowest fill density

 Quality per US Pharmacopeia 

(Hu et al., 

2022)

3 HME/FDM Humanised 

monoclonal 

antibody (mAb)

 First to achieve FDM printed mAb loaded implantable device 

 Homogenous amorphous solid dispersion of mAb in polymer 

matrix 

 Stable formulation with confirmed sustained-release profile over 

12 weeks in-vitro designed for improved patient adherence 

(Carlier 

et al., 

2021)
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4 FDM Pramipexole, 

levodopa, 

praziquantel

 Computerised calculations developed a geometric model 

(cylinder based) that maintained a zero-order drug release profile 

over each of the 3 APIs in varying dosages

 Implementing this formula means that dose titrating for 

personalisation can easily be achieved while maintaining release 

kinetics 

(Windolf 

et al., 

2022)

5 SSE Paracetamol, 

ibuprofen

 Unique dosage form: chewable LegoTM-like drug-loaded bricks 

made with soft edible gelatine-based matrix 

 Designed to be acceptable for the paediatric population 

(Rycerz 

et al., 

2019)

6 SSE Phenytoin  Unique dosage form: fast disintegrating tablets printed within a 

syringe to form a solution for oral administration upon drawing 

up liquid into the syringe

 Designed for dysphagic patients to ease oral drug administration 

with improved dosing accuracy 

(Panraksa 

et al., 

2022)

7 SSE Triamcinolone 

acetonide

 Hydrophobic drug was printed within a water-based 

mucoadhesive formulation 

 It offers a promising technique for personalising oral mucosa 

treatments, utilising drugs that otherwise would be unable to act 

via this administration route

(Schmidt 

et al., 

2022)

8 SSE Amikacin 

sulphate

 The ability to design complex microarchitectures for bone 

scaffolds with a locally acting sustained-release of antimicrobial 

(Cui et 

al., 2022)
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drug offers excellent benefit for the personalisation of drug-

loaded implants 

9 SSE Levocetirizine 

hydrochloride

 Unique dosage form: drug-loaded oral dispersible films 

 Designed for simple oral administration, especially beneficial for 

paediatric populations and dysphagic patients 

(Yan et 

al., 2020)

10 SSE Captopril, 

nifedipine, 

glipizide

 Complex osmotic pump shaped multi-compartmental polypill 

able to deliver three active ingredients with two separate and 

well-defined release mechanisms 

 Captopril achieved zero-order release kinetics, nifedipine and 

glipizide followed first-order release kinetics 

 Showed ability to personalise drug combination and release 

profile within a polypill to reduce pill burden 

(Khaled 

et al., 

2015)

11 Vat Photopolymerisation Paracetamol, 

caffeine, 

naproxen, 

chloramphenicol, 

prednisolone, 

aspirin

 Six-drug polypill separated into six separate drug-containing 

compartments with confirmed individualised release profiles. 

 High resolution of SLA technique meant that a six-drug 

containing complex designed polypill could be printed within an 

average pill size of roughly 1cm diameter.

(Robles-

Martinez 

et al., 

2019)

12 Vat Photopolymerisation 5-fluorouracil  5-fluorouracil loaded in an acrylated hyperbranched polyester 

showed enhanced drug release in a simulated colon environment 

and inhibition of premature drug release  

(Chen et 

al., 2022)
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 Print time was quick; significantly slower in comparison to other 

3D printing techniques and conventional methods s

 Benefit to personalisation is fast, simple method of creating 

complex dosage forms 

13 Ink-jet Printing Propranolol  Unique dosage form: orodispersible drug delivery systems

 Designed for simple oral administration, especially beneficial for 

paediatric populations and dysphagic patients

(Vakili et 

al., 2016)

14 Ink-jet Printing Thiamine 

hydrochloride

 Rapid drug release achieved 

 Thiamine existed in suspension and as such displayed high 

solubility in PVP allowing for manipulation to form a rapid 

dissolution profile

(Cader et 

al., 2019)

15 SLS Paracetamol  Orally disintegrating tablets were successfully printed to have 

disintegration times within 4 secs in water 

 Designed for simple oral administration, especially beneficial for 

paediatric populations and dysphagic patients

(Fina et 

al., 

2018b)

16 SLS Paracetamol  Cylindrical, gyroid lattice, and bi-layer structures with 

customisable release characteristics

 Customised drug release properties in simple, cost-effective 

manner

(Fina et 

al., 

2018a)
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17 SLS Amlodipine, 

lisinopril

 Two-drug containing polypills were printed as both films and 

cylindrical prints 

 Achieved partial amorphous solid dispersion for both drugs and 

maintained this over a variety of concentrations, showing this 

technique can uphold quality dosages across concentration 

ranges. 

(Trenfield 

et al., 

2020)



13

Proposed benefits of 3D printing techniques to personalisation

Examples of the benefits each technique above presents to personalisation of medicine has 

been outlined in Table 1. All techniques displayed the ability to create unique dosage form 

types such as orodispersible films (Fina et al., 2018b; Vakili et al., 2016; Yan et al., 2020), 

tablets in syringe (Panraksa et al., 2022), gummies/chews (Rycerz et al., 2019), and drug-

loaded implantable devices [40, 45] that are otherwise too difficult to achieve with current 

pharmaceutical manufacturing techniques, especially in the case of on-site compounding. 

Another notable benefit to personalisation, was the achievement of zero order release kinetics 

(Khaled et al., 2015; Windolf et al., 2022), whereby the application of computational 

calculations in CAD software to design a shape that would release a constant amount of drug 

over time, has been praised for its potential in maximising therapeutic outcomes for patients 

while limiting risk of toxicity [41]. The achievement of an amorphous solid dispersion, 

namely via HME, is also of great benefit to personalisation. As the molecular level mixing of 

poorly-water soluble drugs with molten polymer occurs, the drug exists in a higher energy 

state than crystalline, increasing the drug's ability to form solution and thus reach the site of 

action. This has been demonstrated mostly through the increased bioavailability of 3DP 

Biopharmaceutical Classification System (BCS) II drugs compared to conventional dosage 

forms (Carlier et al., 2021; Hu et al., 2022; Trenfield et al., 2020), proving the benefit of this 

technique in optimising drugs via simple methods to comply with any administration route 

and dosage form, size, and shape that the patient desires. 

There are also proposed benefits to see in the future once these techniques are established 

within pharmacy practice. Arafat et al. (Arafat et al., 2018) raised the idea of a dynamic 

warfarin dosing system, whereby patients could wear international normalised ratio (INR) 

sensors that generate real-time data regarding coagulation levels to feed to a 3D printing 

database, to then be translated into 3DP warfarin doses, demonstrating the potential for these 

systems to work alongside therapeutic drug monitoring methods. Li et al. (Li et al., 2021) 

also introduced the notion of integrating established physiologically based pharmacokinetic 

(PBPK) models with 3D printing technology to further provide a means of personalising 

patient dosing, as the dose can be estimated according to input patient defined parameters and 

then translated into the appropriate 3DP dosage form. 
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Personalised medicine would have more implications for compounds with a narrow 

therapeutic index, where individualising the dosage and release profile of the compound may 

significantly reduce the risk of toxicity for certain patients while enhancing the therapeutic 

effect. There is still value in the current 'one size fits all' or 'few sizes fit almost all' method of 

pharmaceutical production when it comes to wide therapeutic index drugs. However, it 

should also be mentioned that for certain patients, even wide therapeutic index drugs may 

require personalisation. 

Apart from the considerations of pharmacokinetics and pharmacodynamics, the need for dose 

adjustment at different stages of treatment is also a factor to consider. For example, during 

dose reduction of medications, some patients may require a much slower tapering process 

than others to minimise the risk of serious withdrawal effects. However, this may not be 

feasible with the current production system. E.g., in Australia, the antidepressant Venlafaxine 

is available in three strengths: 37.5mg, 75mg and 150mg and is only available as a sustained-

release formulation meaning the capsule cannot be modified and crushed for smaller doses. 

Prescribers are forced to reduce the dose by half each time for every patient when tapering 

which increases the risk of the patient getting withdrawal effects. With 3D printing, 

medication could be customised for different patient needs. 

This paper does not call for pharmaceutical companies to change the entire pharmaceutical 

production. Instead, it raises the possibility of applying 3DP as part of the production process 

to fill the current gap in personalised medicine, especially for special patient populations. As 

the concept of PM is increasingly recognised in the healthcare system to be an imperative 

part of patient-centred care, the pharmaceutical industry should also recognise the demand for 

adopting new technology such as 3D printing in the drug development process to 

accommodate different patient needs.

Implications of 3DP PM for pharmacy practice 

PMs need to be developed within the framework of manufacturing at a community or hospital 

pharmacy level. As the ability for 3D printing to create PMs is already well established, 
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moving forward involves assessing the feasibility of introducing this technology into the 

community.

Doctor acceptability 

For 3D printed personalised medicine to be introduced in the community, doctors, i.e., 

prescribers, must first understand and see the therapeutic benefit of this novel technology in 

clinical practice. In general, many doctors hold a positive view towards the applications of 

3D printing in the pharmaceutical sector. In a small cross-sectional study conducted by Goh 

et al. in 2022, 55 healthcare professionals in Singapore were surveyed of which 22 are 

doctors and 33 are pharmacists (Goh et al., 2022). More than 60% of healthcare professionals 

were willing to prescribe 3D printed tablets. Another study by Rautamo et al. in 2020, also 

interviewed health professionals including physicians on the potential for 3D printing as a 

manufacturing method in paediatric medicines (Rautamo et al., 2020). Many see the great 

benefit of 3D printing in providing patient-specific dosing, improving drug acceptance and 

producing new drugs on-demand in the hospital setting. Some doctors also suggested the use 

of 3D printing in personalising drug combinations and doses for HIV and organ transplant 

patients as a polypill to minimise polypharmacy and improve adherence. However, concerns 

regarding medication safety, administration, cost, stability, bioequivalence, and drug 

interactions were also expressed. These concerns must be addressed for physicians to change 

their current practice and include 3D printed drug products as part of their treatment options. 

It is worth noting that many of the concerns were due to the lack of knowledge towards the 

capability and function of this new technology. For example, regarding the concerns about 

drug interactions between the different active ingredients in a polypill, 3D printing may have 

the advantage of preventing some harmful drug interactions (Goh et al., 2022). 3D printing 

has the flexibility in tablet design, where blank layers can be printed to physically separate 2 

or more ingredients in a pill and adjust their release profile. This allows one drug to be 

released before another to minimise the risk of drug interactions. 

Another major issue in the implementation of 3D printed PM in practice is the lack of clinical 

resources and guidelines for prescribers to follow. Currently, the health system evolves 

around evidence-based practice. It involves physicians making clinical decisions based on the 

best available evidence to ensure the quality use of medicine and patient safety. Therefore, 
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having 3D printed PM included in the guidelines would allow doctors to see it as a possible 

option for patient treatment. This is not a near future, as the first FDA-approved 3D printed 

drug Spritam® became available on the market in 2015 for the treatment of epilepsy, it has 

been included in widely used evidence-based prescribing guidelines such as UpToDate in the 

US. In the guidelines, its formulation (tablets for oral suspension/soluble disintegrating 

tablet), available strengths (250mg, 500mg, 750mg, 1000mg), flavour (spearmint) as well as 

administration directions (Tablet disintegrates in a mean time of 11 seconds (ranging from 2 

to 27 seconds) in the mouth when taken with a sip of liquid) are outlined giving physicians an 

option to prescribe it for patients with swallowing difficulties (UpToDate, 2023).

Pharmacist acceptance

The current role of a pharmacist involves the custody, preparation, dispensing, and provision 

of medicines ((PSA), 2019). As such, pharmacists lie at the forefront of introducing 3DP PMs 

to the community. However, it is crucial to recognise that graduate pharmacists currently are 

not taught and thus, in the absence of additional study, lack the skills to navigate CAD 

software and 3D printing technology. A questionnaire performed in Saudi Arabia aimed to 

investigate the current knowledge of pharmacists regarding 3D printing technology. Only 

53.2% of participating pharmacists communicated they were even aware of the general 

concept of 3D printing, with even less, 22.4%, aware of its use in the pharmaceutical 

industry. Although this raises concern for pharmacist acceptance of 3DP PM, 75% of 

pharmacists agreed there is a requirement to introduce PMs to address non-conventional 

patient needs, with 60% of pharmacists responding that they would be willing to learn how to 

3D print PMs to do so (Algahtani, 2021).

A survey performed in the Netherlands, a country with a strong foundation in traditional 

compounding, further engaged with pharmacists to understand their opinions on the matter. 

Pharmacists within the study identified PMs, especially via 3D printing techniques, to be too 

specialised for all community pharmacies to partake in, and thus would be better suited for 

university hospitals and existing specialised compounding pharmacies. Interestingly they also 

raised the fact that pharmacy is a business. As such if 3D printing and its associated training 

and equipment were a financially attractive option that suited their business model, then, they 

would be very willing to engage (Beer et al., 2021). While further international studies would 
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be required, these initial surveys highlight the potential acceptability of pharmacist 

engagement in learning how to implement 3D printing PMs into their practice in a way that is 

commercially advantageous.  

Economic viability

Economic gain is an essential factor that contributes largely to the decision-making process a 

business will undertake when looking to adopt new methods. In the case of pharmacy, it is 

considered a business, and as such, pharmacy owners have responded in surveys that they 

will consider the financial benefit of 3D printing PMs carefully before introducing this 

service to the community (Algahtani, 2021; Beer et al., 2021).

There are many factors to be considered when assessing the economic viability of 3D printing 

PMs within pharmacy practice. The initial cost of installing a 3D printer in a pharmacy varies 

widely based on the type of printer introduced and how technical the pharmacist desires the 

settings. FDM is the cheapest, most accessible option, with basic hobbyist models available 

from USD$180 and industry-grade models starting at USD$2500 (Chen et al., 2021). As 

FDM usually prints with low resolution compared to other techniques and has a long print 

time (hours) (Dumpa et al., 2021), pharmacists do have the option to try other quick, high-

resolution techniques near a similar price point; for example, industry-grade SLA printers 

exist from USD$3500. For all techniques, this price quickly reaches anything above 

USD$15,000 for larger and more complex models (Chen et al., 2021). This introduces a 

limitation to pharmacy practice, as pharmacy business owners will have to carefully consider 

the benefit an additional cost for increased print speed would provide to allow this production 

method to keep up with the fast-paced, demanding environment of community pharmacy. 

However, compounding pharmacies already allow for longer production time of traditional 

compounding techniques, often requesting patients to pick up their medicines a few days 

later. Hence, this limitation already exists in the realm of providing PMs. 

However, the cost of start-up is not only limited to the machine. Other costs identified 

include CAD software prescription, cost of computers that can run software with higher 

system requirements, cost of materials used for printing, and cost of pharmacist training, 

which is currently not easily defined. 
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This system poses a cost to the pharmacy owner, but it will likely also introduce costs to the 

patient. Issues of the price of patient tests that can be performed to optimise the 

personalisation of medicine have been raised, as pharmacogenetic testing is regarded as an 

expensive practice (Amekyeh et al., 2021). In many countries, patients also have their health 

care and treatment partly subsidised by the government (Beer et al., 2021), so with the 

uncertainty of where 3DP PMs fit within current guidelines, there is no way to predict 

whether the costs of PMs will need to be entirely covered by the patient or not. 

Taken together, many have raised concerns around the cost-effectiveness of 3D printed drugs 

compared to conventional drugs. As shown in Table 1, patients taking warfarin may benefit 

from 3D printed PM to achieve precise dosage titration based on INR to suit their needs. 

However, current conventional warfarin tablets are already available in many different 

strengths including 1 mg, 2 mg, 2.5 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7.5 mg and 10 mg and the 

cost is extremely low ranging from USD $0.10 to $0.88 per unit (Drugs.com, 2023). From an 

economic perspective, 3D printed warfarin tablets may not have an advantage over the 

current generic brands available, due to the cost of a 3D printer, active ingredients and 

fibre/filament required in the production process. However, cost-effectiveness analysis not 

only compares costs but also the outcome of the treatment. From a clinical and patient 

perspective, 3D-printed tablets may offer a greater benefit. With the current warfarin dosing 

titration, patients may need to take multiple tablets and multiple strengths to make up for their 

dose. This raises the issue of administration error and adherence. With 3D printing, it is 

possible to customize doses into one tablet, which is more convenient for the patient and 

reduces the risk of an incorrect dose being administered. During the dose titration period, 3D 

printing also allows small batch production to minimise wastage.

Moreover, since doctors are prescribing PM through compounding in current practice, using 

conventional compounding approach. Compounding pharmacies need to invest in the 

equipment and devices required to manufacture extemporaneous products. This includes 

capsule machines, fume hoods, measuring devices, containers etc., as well as the cost of a 

clean room and labour. With the current method, pharmacists often need to spend 30 minutes 

to over an hour making just one product. On the other hand, for 3D printed drugs, the cost 

involves the initial investment in a 3D printer and the recurring cost of ‘ink’, i.e., the active 

ingredient and filament. This is not much different from the current compounding production 

process (Beer et al., 2021). As a result, 3D printing may prove more cost-effective for 
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compounding pharmacies in the long run, since it requires less floor space, less labour, and is 

less prone to human error. 

As researchers Gilbert (Thomas and Gilbert, 2015) interestingly applied the notion of 

economies of scale to this current situation, they proposed that as 3D printing techniques 

become a more widely adopted practice in community pharmacy, then price would follow, 

allowing 3DP PM to become a cheaper service to introduce and maintain in a community 

setting. 

Safety and quality

The most outstanding issue associated with traditional compounding is the lack of 

implementation of quality testing methods that assure the patient is receiving correctly dosed 

and safe medicine. (Drazen et al., 2012; Watson et al., 2021). Many have similar concerns for 

3D printing of PMs.

The computerised nature of 3D printing PM overcomes the risk of human error affecting dose 

calculations and the mechanical weighing of individual materials when a pharmacist is 

manufacturing on-site. This is because computational calculations can quickly and accurately 

determine the number of layers and final print weight as a function of the input dose without 

pharmacist involvement. 

Stability and shelf life are also factors that must be assessed for 3D prints. Patients taking 

home any medication trust that the product is effective following a reasonable amount of time 

stored. Aita et al. (Aita et al., 2020) observed the dissolution behaviour of and dose contained 

within SSE printed tablets to remain unchanged following a storage period of 5 days; 

however, this study presented limitations in its short duration, hence was unable to establish a 

reasonable conclusion regarding the stability of the printlets beyond this time. Other prints 

containing complex release profiles have also been assessed, with zero-order kinetics of a 

binder jet printed controlled released pseudoephedrine tablet showing unchanged release 

kinetics following a month of open container exposure to room temperature of normal 

humidity (Wang et al., 2006). Although the data available shows no concern for degradation 

and instability following storage, much further testing is required to ensure that the stability 

and shelf life of 3D printing PMs is reasonable to be stored in a patient's home over time. 
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Methods for on-site quality control of 3D printing PMs have already been proposed, offering 

a benefit to PM that has yet to be addressed in traditional compounding. Vakili et al. (Vakili 

et al., 2016) implemented colourimetry to identify the specific dose of propranolol present on 

an orodispersible film. Colourimetry is an analytical technique whereby a colour's saturation 

is quantified (Gilchrist and Nobbs, 2017). By dying propranolol ink red and assessing via 

colourimetry the saturation of the printed coloured dye compared to the base material, 

colourimetry proved to distinguish between the amount of colour present and translate this to 

drug concentration accurately (R2 > 0.9758), allowing for quick drug concentration testing in 

a non-destructive manner (Vakili et al., 2016). Trenfield et al. (Trenfield et al., 2018; 

Trenfield et al., 2020) proposed an alternate method called the 'point-and-shoot' approach. 

Their study involved the development of amlodipine and lisinopril specific calibrated models 

based on the near infra-red (NIR) spectroscopy results of each of those drugs. NIR is a non-

destructive analytic technique used to determine organic structural compositions by how the 

examined sample absorbs or emits radiated light of known varied wavelengths (O’Sullivan 

and Kerry, 2013). The NIR calibrated model determined drug and concentration by matching 

tested values to the predetermined absorbance value from the calibrated graph, with model 

data applied over a range of geometries displaying excellent linearity, accuracy, and 

specificity (Trenfield et al., 2018; Trenfield et al., 2020). The advantage of NIR is that it can 

be applied to a community pharmacy setting, as NIR devices are available in a portable 

desktop form, a more accessible option than traditional bulky lab based analytical machines 

(Eady et al., 2021). 

Community pharmacists have also suggested the benefit of having mass-produced filaments 

as this not only incorporates large-scale pharmaceutical companies as critical stakeholders in 

the provision of PM but also allows for additional safeguards to be implemented, such as off-

site quality testing of drug-loaded cartridges/filaments and the use of traceable barcodes to 

minimise drug error (Beer et al., 2021). However, the issue with mass-produced filaments is 

that it would limit the flexibility of 3D printing in the personalisation of treatment. The 

manipulations to the dosage forms and the release profiles of different drugs through 3D 

printing would be constrained as it would have been pre-defined in the mass-production 

process. For patients who may be allergic to the ingredients in the filaments, pharmacies 

would need another production system in place to accommodate their needs. This will likely 

incur a whole new set of costs for the pharmacy and may not be economically feasible for 
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them. Therefore, it could be argued that at the current stage, the implementation of 3D 

printing in the pharmaceutical industry would likely evolve around two pathways: 

compounding small batches of extemporaneous preparations in pharmacies to fill the gap in 

personalised medicine and large-scale production in pharmaceutical companies to aid drug 

development.

Patient acceptability

Patients must accept this type of medicine in order for it to be viable in practice.  Most 

studies have investigated paediatric acceptability of 3DP medicines, as children are usually 

the most critical assessors of how well the feel and taste of medicine is tolerated. Paediatrics 

also make up a large portion of PM requirements, with 37% of all paediatric scripts requiring 

some form of manipulation prior to administration, including tablet splitting, tablet crushing, 

and pharmacist compounding (Lafeber et al., 2022). Studies have illustrated that following 

the administration of a personalised 3DP medication, a large majority, 77%, of children 

would be happy to continue to take the medication daily if they were told to do so. An 83% 

overall paediatric acceptability of the dosage form, with 93% of children enjoying the taste 

(Bracken et al., 2022), shows that unique paediatric dosage forms such as 3DP chews and 

gummies provide an enjoyable alternative to "bad tasting oral liquids" (Lafeber et al., 2022). 

Limited studies extend beyond paediatric patient acceptability; hence, it is imperative that 

further research is performed in older populations. 

Implications of 3DP PM for policy 

Internationally, no current policies or guidelines exist that specifically outline the role of and 

provide a framework for the use of 3D printing techniques in the manufacturing of PM. 

Pharmacists do, however, have access to frameworks that outline how on-site 

extemporaneous production of medicines may be performed, which can be referred to when 

looking for ways to apply 3D printing methods as a means of doing so. Hence, we have 

outlined in Table 2. the regulatory frameworks of international compounding guidelines, 

discussing further their implementability within the scope of 3D printing PM.  
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All international compounding frameworks included criteria whereby a compounded 

formulation was exempt from requiring approval from that country's respective governing 

pharmaceutical or manufactured goods agency. The following criteria were consistent with 

all assessed guidelines: the preparation must be performed by a registered pharmacist or 

pharmacy technician; the product must comply with the specified form of quality assessment 

guideline, e.g. quality testing as outlined by the United States Pharmacopeia (USP) must be 

confirmed for medicines compounded in the United States (US); and the compounding 

formulation must resonate with the drug, dose, and dosage form that has been prescribed by 

the practitioner (Brazil Ministry of Health (BMOH), 2012; Committee of Ministers (COM), 

2016; General Pharmaceutical Council (GPC), 2018; National Association of Pharmacy 

Regulatory Authorities (NAPRA), 2018; Pharmacy Board of Australia (PBA), 2017; US 

Food and Drug Administration (FDA), 2016). In some cases, such as the US, a written note 

from the practitioner identifying the need for compounding is additionally required (US Food 

and Drug Administration (FDA), 2016).

Points of difference arose regarding whether a defined need for compounding was necessary. 

For example, Australian compounding guidelines only approve of compounding methods in 

the circumstance that commercially available medicines are unavailable or unsuitable (e.g., in 

the case of allergy to excipient) (Pharmacy Board of Australia (PBA), 2017); however, this is 

contrary to Brazil, where pharmacists can compound any medicine, regardless of the 

product's commercial availability (Brazil Ministry of Health (BMOH), 2012). Another 

defining point of difference was which formulations may be used in the case of 

compounding, with Germany allowing only the use of specific methods outlined in the 

Deutscher Arzneimittel-Code/ Neues Rezeptur Formularium (DAC/NRF) (Deutsche 

Arzneimittel-Codes/Neues Rezeptur Formularium (DAC/NRF), 2022), whereas other 

countries such as Brazil and Australia provide reputable formularies to follow, such as the 

Australian Pharmaceutical Formulary (APF) (Pharmaceutical Society of Australia (PSA), 

2022), however, additionally allow for the use of other formulations whereby quality, safety, 

efficacy, stability, and rationale can be confirmed (Brazil Ministry of Health (BMOH), 2012; 

Pharmacy Board of Australia (PBA), 2017). This is notable when discussing the use of 3D 

printing techniques as a method of compounding, as the future development of confirmed 

formulations that adhere to the criteria mentioned above would allow for the implementation 

of 3DP PMs into pharmacy practice.  
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Interestingly, Brazil has shown to have a much more developed system of compounding PMs 

compared to other countries, with compounding pharmacies as the predominating pharmacy 

type and compounded formulations accounting for annual revenue of $1.5B USD in 2017 

(World Congress of Compounding (WCOC), 2018). As such, their additional guidelines 

surrounding physical spaces that must be available in all compounding pharmacies are of 

benefit to consider if other international policies are to be revisited to accommodate for 3D 

printing methods, as the requirement of an on-site quality control lab for all compounding 

pharmacies addresses key safety concerns discussed prior in implications for practice (Brazil 

Ministry of Health (BMOH), 2012).   

Although it is evident that 3D printing could be considered a method of compounding and as 

such has compounding frameworks available to follow in pharmacy practice, there is a need 

for these written regulations to be adapted to include guidelines and terminology for 3D 

printing specifically, as well as the development of confirmed 3D printing formulations to 

follow that have defined quality assurance measures. An example of guidelines being 

amended to accommodate the use of 3D printing techniques is the recent US FDA and 

Australian Therapeutic Goods Administration (TGA) guidelines for manufacturing 

personalised medical devices, produced in 2017 and 2021, respectively (Therapeutic Goods 

Administration (TGA), 2021; US Food and Drug Administration (FDA), 2017). These 

guidelines followed a similar rationale regarding the requirements for considering 

personalisation, allowing for personalised devices to be 3DP if the device: is personalised 

prior to manufacturing; comes from a written request by a practitioner, has no commercially 

suitable alternative, and is suited to the individual's specific anatamo-physiology. These 

updates, as well as the statement released by the FDA outlining that "3D printing also has 

medical applications for FDA-regulated drugs and biologics" (US Food and Drug 

Administration (FDA), 2020), provide precedence that further amendments to current 

guidelines will allow for the future of 3D printing techniques for PM being utilised in 

pharmacy practice. 
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Table 2. 

International compounding guidelines and a summary of the criteria whereby on-site extemporaneous manufacturing is exempt from requiring 

governing agency approval.

No. Country Criteria for exemption from required governing agency approval Ref

1 Australia  Prescription can act as the instruction for compounding 

 Appropriate circumstance: commercial product unavailable, commercial product unsuitable 

(e.g., allergy), undertaking research sanctioned by an ethics committee

 Products compounded according to formulations published in a reputable source or using 

formulations with confirmed quality, stability, safety, efficacy, and rationality 

 Complex compounding (sterile preparations, hormones, cytotoxics, micro-dose dosage 

forms with less than 25mg of API, modified-release preparations) requires developing a 

professional practice profile and evidence of the appropriate training.

 Pharmacists should document the preparation of compounded products 

(Pharmacy 

Board of 

Australia 

(PBA), 2017)

2 Europe  The physician must identify on the prescription that it is for in-pharmacy preparation

 Appropriate circumstance: commercial product unavailable, commercial product unsuitable 

(e.g., allergy)

 Products should be prepared following appropriate quality assurance systems, e.g. The 

European Pharmacopeia or other national 

 (Committee of 

Ministers 

(COM), 2016)
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 Documentation is recommended but not necessary unless in the case of stock preparations. 

Documentation includes demonstrating the need for pharmacy preparation, demonstrating 

all ingredients meet relevant requirements, a record of preparation process and testing 

(where required). 

3 USA  The practitioner must note on valid prescription the need for compounding 

 The product is compounded with the United States Pharmacopeia (USP) chapters on 

pharmacy compounding

 All ingredients used must be FDA approved 

 The compounded medicine must not be a copy of commercially available products 

 The product does not contain drugs that are on the difficult to compound list (still being 

developed with the Pharmacy Compounding Advisory Committee 

(US Food and 

Drug 

Administration 

(FDA), 2016)

4 Brazil  A pharmacist may compound any valid prescription 

 The compounding methods are performed per those outlined in the Brazilian Pharmacopeia 

National Form or where quality, efficacy, and stability can be confirmed 

 The quality guarantee must be followed: 

o Prepare appropriate documentation for procedures, compounding orders, materials, 

conditions and cleaning of workspace, storage methods, a record of personnel training, 

a record of auditing and inspections, and records of maintenance 

o Provide necessary subsidies to the pharmacist to maintain the safety and efficiency of 

products and keep conditions hygienic and sanitary. 

o There must be an assigned area for quality control

(Brazil 

Ministry of 

Health 

(BMOH), 

2012)
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5 Canada  There must be a demonstrated patient-healthcare professional relationship 

 There must not be third party reselling of the product outside of the pharmacy setting 

 A pharmacist may compound a valid prescription where necessary (not available 

commercially or commercial options are not suitable for the patient) 

 Pharmacist must receive proper orientation, training, and a skills assessment before 

compounding

 Compounding must be performed in a separate space designated explicitly for 

compounding 

 The methods of compounding must follow the Master Formulation Record, and where 

changes are made, there must be documented rationale and references to ensure quality and 

safety

(National 

Association of 

Pharmacy 

Regulatory 

Authorities 

(NAPRA), 

2018)

6 United Kingdom  Preparation must be in accordance with a prescription 

 Record of the premises (temperature, moisture, etc.), a record of staff training, 

documentation of methods for each preparation, and record of equipment and facilities 

maintenance must be kept and ready in the case of an audit. 

 The formula for compounding used must be documented complete including the methods 

uses and the source of the formula (The British Pharmacopeia or any other reputable, 

traceable source)

(General 

Pharmaceutical 

Council 

(GPC), 2018)
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Conclusion

3D printing techniques have proved the ability to create complex PMs in a way that is simple, 

fast, and potentially more accessible to pharmacy practice in the future. Although further 

research must be performed, this technology seems acceptable for both pharmacists and 

patients, seeming most feasible to be initiated within specialized pharmacy settings such as 

hospitals and compounding facilities. There is also demonstrated potential for its use 

following existing polices and frameworks. As 3D printing of PM becomes a reality for 

pharmacy, careful consideration must be made for the technical and clinical implications and 

the impact this has on current practice and policy.
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