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Hi everyone my name is Burger Lubbe I'm a statistical programmer from MMS Holdings and I will be presenting on navigating the complexities of 3D printing in the Pharmaceutical industry.
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A quick look at the agenda; first will have a look at 3D printing as a manufacturing process and why it's relevant.
Next, we will explore two 3D printing studies. Following that, some of the current guidelines of health authorities, and finally we'll head into the conclusion to wrap everything up.


Background

Why 3D printing?
* 3D printing -> Personalized Healthcare

« 3D Printing at the point of care
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As we navigate through the intricacies of pharmaceutical regulation, it is imperative to understand why 3D printing has emerged as a crucial component of our evolving healthcare landscape.

Medicine and healthcare are rapidly evolving towards personalization. This paradigm shift necessitates a manufacturing process that can seamlessly accommodate individualized treatments.
3D printing empowers us to create medical devices, pharmaceuticals, and prosthetics right at the point of care. It enables active involvement of caregivers and medical professionals in the design and manufacturing process. This shift not only enhances patient-centric care but also decentralizes the production of treatments, a notable advantage.

In this presentation, the primary focus will be on the Point of Care (POC) applications of 3D printing. Traditional manufacturing processes are already well-regulated, making them less of a concern in our discussion. The POC applications, however, represent a frontier where innovative regulatory frameworks are needed to ensure safe and effective personalized healthcare solutions.
�
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With this understanding of why 3D printing has such significance in the pharmaceutical industry, let us now delve into how 3D printing operates, starting with a practical definition. 
�3D printing, also known as additive manufacturing, is the process of fabricating a three-dimensional physical object by utilizing a digital model file and additive manufacturing principles instead of traditional or subtractive manufacturing principles.
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This slide illustrates the fundamental differences between two manufacturing processes.

Subtractive Manufacturing is a process where an object is created by removing material from a solid block until the desired final product is achieved.

In contrast, Additive Manufacturing is a process where an object is constructed layer by layer, with each successive layer bonding to the preceding one, ultimately forming a cohesive solid object.��
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Here we see a flow diagram of the 3D printing manufacturing process. Let's navigate through each step, briefly noting important elements. Please note that not all 3D printers functions identically, but the fundamental principles outlined in this next section remain consistent across the board. 
�Our journey begins with the first step: obtaining the 3D model.�
How the model should look, or function will be part of the study hypothesis and will depend on the intended use of the 3D printed device or drug, more information on this should be made available in the study protocol.�
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In the journey of obtaining a digital model for 3D printing, two common methods are employed: CAD or Computer-Aided Design and 3D scanning.

CAD is the utilization of computers to create models of complex structures utilizing modelling principles.

A 3D scanner is a device that digitizes real-life objects, creating digital replicas. To generate digital anatomical models CT or MRI scanning are often employed.

In practice, a combination of these methods are frequently necessary to achieve the most optimal results.
�


Background

3D CAM: Slicing
and G-code
\VileYe[=]

3D Printer
preparation

3D Model

Final product e Post Processing Printing

12


Presenter Notes
Presentation Notes
Moving forward to the second step, we embark on converting the 3D model into a format comprehensible to the 3D printer.
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Face mask with filter slot Sliced and supported model
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The conversion process is primarily executed through a slicing program. This program translates the model's geometry into G-code, which serves as a set of instructions for the 3D printer.

The G-code outlines how the printer should produce each layer. It manage support structures where necessary, it specify colour or material usage and execute other critical instructions. 

And now much like an onion or Shrek, our model has layers.
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The third step involves preparing the 3D printer for the printing process. This step includes tasks like Cleaning, Loading the Printing Materials, Levelling and Calibrating and General Maintenance. 
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The fourth step marks the commencement of the actual printing process—a pivotal phase that demands close supervision to prevent manufacturing errors. During this stage, various potential issues must be carefully monitored, including but not limited to: Layer Shifting, Adhesion Issues and Material Malfunctions.

This phase can be time-intensive and It's not uncommon for the printing process to reveal flaws in previous steps. In such cases, it may be necessary to restart the process from the point where the origin of the issue was identified to ensure a successful outcome.
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In the second to last step, we enter the critical phase of post-processing. This phase involves several key activities, each contributing to the refinement of the final print: Support Removal, Curing (If Required), Cleaning, Sanding and Polishing and Final Inspection. 

This phase is integral to the production of high-quality 3D prints and ensures that the final product aligns with the intended design and specifications. This is also where the quality control happens and Good Manufacturing Processes should be followed, as for the regulation regarding the QC, we will touch on that a bit later in the presentation.
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Now I proudly present a 3D printed object, created from a digital file utilizing the principles of additive manufacturing. 
It’s worth noting at this point that when a device or drug is approved by a regulatory agency the material and the intended use is part of the evaluation and can’t be deviated from.

Each step in this journey conceals a wealth of regulation and guidelines, particularly as we transition from the current manufacturing cycle, conducted by established manufacturing companies, to point-of-care production.

Although we only touched on the technical aspects of the 3D printing process more detail is available in the white paper.


Real World Applications
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Armed with an understanding of how 3D printing operates as a manufacturing method, we are now poised to explore its practical applications within the clinical industry. This next segment will shed light on how 3D printing is already making an impact and provide insights into its prospects in clinical studies.



Study objectives and analysis
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A compelling study conducted at the University School of Medicine in Shanghai, China, delved into the comparison between Personalized 3D printed Titanium Plates vs Traditional manufactured Surgical Splints. The primary objective was to measure the interbody Radiographic fusion rate 6 months postoperatively, aiming to assess the potential for achieving greater accuracy and evaluate the feasibility of this innovative clinical approach. The reason why this personalization was not possible without 3D printing, is due to complex lattice geometry that cannot be created by traditional manufacturing processes

The term "personalized" takes centre stage in this study. Notably, the personalized titanium plates were manufactured using 3D printing technology, emphasizing a key aspect highlighted earlier – 3D printing as an enabler of personalized healthcare. 

The study adopted a strategic approach, comparing personalized treatment with traditional methods to discern any significant advantages. 


NS

Study objectives and analysis

_ 3D-printed Titanium Cage | (PEEK) Cage

Participants Analyzed 24 26

Units Analyzed 34 40

BSF Grade 3 27 (79,4) 10 (25,0)
BSF Grade 2 6 (17,6) 24 (60,0)
BSF Grade 1 0 (0,0) 6 (15,0)
Cage Removed 1(2,9) 0 (0,0)

- Percentages are calculated using the number of units analyzed.
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This section presents noteworthy results from the study:
A total of 50 patients were analyzed, with 24 in the 3D printing  group and 26 in the control group. The analysis also considered the number of units, with 34 units in the 3D printing group and 40 units in the control group.
To evaluate the primary outcome the BSF (Bone Subsidence Fusion) grading scale was used, ranging from one to three, with a higher grade indicating a superior outcome.
Examining the ratio between grade three, grade two, and grade one for each arm, it becomes evident that the 3D-printed titanium cage demonstrated a better overall response. This outcome highlights the potential of personalized medicine to enhance patient care.





Study objectives and analysis

* Pre-adapted implants vs Non-
patient-specific orbital
implants

* Primary Objective - Orbital
Volume of the Injured Orbit
Compared to the Contralateral
Uninjured Orbit
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The next study introduces an innovative approach to trainee education in eye socket fracture repair, utilizing 3D printed models as an educational tool. The primary objective of this study is to assess the effectiveness of pre-adapted patient-specific orbital implants produced with an office-based 3D printer when compared to standard non-adapted orbital implants.

The study aims to preoperatively generate patient-specific models by printing anatomically accurate models of each patient from 3D scans, facilitating precise adaptation of titanium mesh for use in unilateral orbital fractures.

By employing these patient-specific models and moulding the implants using the 3D printed models, the study seeks to reduce operative time, leading to increased cost-efficiency and overall value enhancement in orbital fracture repair.
This study highlights the potential of 3D printing technology to revolutionize medical training and improve surgical outcomes through personalized approaches.



Study objectives and analysis

Patient-specific

Non-patient-specific

Participants Analyzed
Uninjured Orbit cm”3

Reconstructed Orbit cmA3

Length of surgery

Time interval from plate
insertion to fixation

Total Cost

(Personalized)
13

23

23,5

32,6

15,8
3602,54

(Non-Personalized)
12

22,8

28,6

53,3

41,4

4287,25
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The study results emphasize the comparison between the 3D-printed patient-specific treatment approach and non-specific treatment.

The primary focus was on assessing the orbital volume of the injured orbit compared to the uninjured orbit. Notably, pre-adjusted titanium plates resulted in only a minor increase in orbital volume, while non-specific orbital implants showed a significant increase. 

Several secondary outcomes provided valuable insights. These included a substantial reduction in surgical duration, a shorter time interval from plate insertion to fixation, and a simplified procedure leading to a reduction in overall costs. 

The findings of both these studies underscore the role of 3D printing as a facilitator of personalized medicine, enhancing both surgical outcomes and cost-efficiency.


Study objectives and analysis

Heterogeneity with added complexity

Innovation vs standardization

Device tolerances and maintenance

Statistical analysis of individuals
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Some things we need to be wary of.

In some cases, the diversity of the study designs and data handling make it difficult to identify which study designs and analysis yields the most accurate results, now personalization is adding another level of complexity that needs to be considered in an already nonstandard approach. 

Where regulation and automation is steering in the direction of standardization, innovation is pushing in the opposite direction with individualized health care.�As innovation runs its course, we see a trend away from general medicine where one size fits all to personalized. Even further, we envision individualized medicine where implants, and in the future, perhaps even drugs or organs, are manufactured for individual patients. As the scale of production decreases rapidly, there emerges a pressing need for a production method to meet this demand. At this stage of innovation, 3D printing seems to be that solution.

To ensure the consistency of the results we need to consider where medical devices was produced. Where lab results comes with ranges so should this device data come with tolerances due to the location and devices used to manufacture the 3D printed interventions. In this vein as we also calibrate lab equipment, 3D printers should also be calibrated, or we can end up with a whole different type of data issues. 

The closer we move to individualized treatment our statistical approaches might come loose at the seems, as generally statistical results are only accurate with appropriate sample sizes, so how do you statistically analyze an individual. This might be a whole presentation on it’s own for someone more statistically inclined then myself. 



Health Authority Conformance
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As we've explored how 3D printing significantly contributes to personalized medicine at the point of care, it's equally essential to acknowledge instances where 3D printing serves as a manufacturing method. For example, in 2015, a drug for epilepsy gained approval, harnessing the unique capabilities of 3D printers to craft complex geometries—an achievement beyond the reach of traditional manufacturing methods.

That said, let's delve into key considerations that point-of-care facilities must navigate within the current regulatory landscape.
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Before healthcare facilities embark on the journey of acquiring a 3D printer for medical device manufacturing at a point of care, several considerations demand attention: 

Access to certified medical device software for slicing and design is imperative for regulatory compliance. 

Facilities should employ a suitably qualified professional for design, 3D printing, and post-processing. These intricate, time-consuming tasks are best handled by experts rather than clinicians. However, this could become a hybrid position?
Printer selection should be aligned with the facility's diverse utilization cases. 
Material Selection and Storage guidance will ensure the consistent production of high-quality medical devices. 
And finally, above all, facilities should ensure strict adherence to applicable medical device regulations and prioritize robust quality assurance processes. Compliant operations are the cornerstone of safe and effective medical device manufacturing. 

These are only a few of the considerations, as good manufacturing practices should also be considered. Moreover, it's crucial to understand that any device created with the intent to treat patients will require exemption or approval from regulatory agencies. Fortunately, this is not where our regulatory journey ends.
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In response to the growing importance of 3D printing at point-of-care, the FDA has taken proactive steps to provide guidance and clarity. This forward-thinking approach aligns with the rapid adoption of 3D printers in hospitals.

The FDA recently released a discussion paper titled "3D Printing Medical Devices at the Point of Care." This paper explores various possible options available to hospitals seeking to establish in-house 3D printing facilities.

One of these options is the concept of a "Medical Device Production System (MDPS)." Under this model, hospitals would utilize an MDPS, which includes materials, software, and equipment for on-site medical device production. The responsibility for FDA compliance and liability would rest with the MDPS manufacturer, while the hospital would serve as the user.

Another approach is to have a traditional manufacturer provide point-of-care services directly within the hospital. In this scenario, the manufacturer assumes full responsibility for the devices created.

Alternatively, some hospitals choose to function as traditional manufacturers themselves. This involves obtaining FDA clearances, conducting necessary testing, and managing quality control, akin to the responsibilities of a typical medical device manufacturer.

These options reflect the FDA's commitment to fostering innovation in healthcare while ensuring safety and regulatory compliance. It's encouraging to see the FDA actively engaging with hospitals and the medical device community to navigate the evolving landscape of 3D printing.
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Since the adoption of the Medical Device Regulation also referred to as (MDR) in May 2021 (updated in Jan 2023), regulations governing medical 3D printing at the point of care have become more stringent. These regulations, known as the "Health Institute Exemption," are outlined in Article 5(5) of the regulations.

The "Health Institute Exemption" defines what constitutes a health institution and a manufacturer, with reference to the production of custom-made devices, which are covered in detail within the MDR. Some of the requirements for manufacturing include:

A requisite quality management system must be in place, including control over any subcontractors. 
Devices must adhere to the General Safety and Performance Requirements outlined in the MDR concerning performance, design, and manufacture.
A justification must be provided to explain why the need cannot be met by an equivalent device available in the market.
Comprehensive documentation, including the device's technical documentation, performance studies, and a declaration of compliance, is required. This information must be readily available for review by the relevant national body upon request.
A surveillance system should be in place to monitor the manufacturing process and device usage.

Under the MDR, hospitals are now obliged to establish robust processes and systems if they wish to engage in manufacturing. The level of compliance is nearly equivalent to that expected from any other manufacturer, ensuring patient safety remains paramount. The Medical Device Coordination Group, reporting directly to the MDR, has produced a guidance document regarding custom-made medical devices, offering valuable insights and clarity.




Conclusion
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As we conclude our exploration, we recognize that 3D printing is not just a manufacturing method. Its application empowers healthcare institutions to create personalized healthcare solutions, improving patient outcomes and experiences.
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As Spiderman learnt from Uncle Ben, with great innovation comes responsibility, or something like that. The regulatory landscape is evolving, and this presentation was intended to shed some light on the state of regulation of 3D printing. Healthcare facilities must navigate these changes with diligence and dedication ensuring patient safety remains paramount in the era of 3D printing.

Thank you for joining me on this journey to explore 3D printing's role in shaping the future of pharmaceuticals and healthcare. Your decision to join this side quest today has illuminated the path forward; a path where technology, regulation, and healthcare expertise converge. As we continue to push the boundaries of what's possible, let us remember that the heart of our efforts lies in the well-being of the patients we serve. Together, we stride into a future where innovation knows no bounds.





Thank you!
Any qguestions?

Burger Lubbe
blubbe@mmsholdings.com M
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Trigger question from my side.

Has anyone one here been involved in a 3D Printed trail? 

mailto:blubbe@mmsholdings.com
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