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A B S T R A C T

Background and purpose: Clinical introduction of in-house developed medical devices in Europe requires con
formity to the Medical Device Regulation (MDR) 2017/745 Article 5(5). Published experience on regulatory 
aspects of these devices is limited. This work describes our in-house development and verifications of the 3D 
printed patient-tailored ARCHITECT brachytherapy applicator and accompanying software, prepared to support 
clinical investigation and in-house use.
Materials and methods: Article 5(5) mandates an ‘appropriate’ quality management system (QMS) and exempts in- 
house medical devices from all MDR requirements except general safety and performance requirements (GSPRs). 
An institutional QMS was available, comprising documented procedures and fill-in templates for all project 
phases to compile technical documentation. In the first phase, the QMS requires a market analysis to justify the 
in-house exemption. In the design phase a prototype is developed, to be iteratively improved during 
manufacturing and verification phases, based on risk evaluations, verification tests, and processing constraints. 
Documentation is lastly compiled to support clinical investigations and routine use of the device.
Results: After confirming that no suitable marketed device was available, risk-based design and manufacturing 
approaches were used to safeguard in-house development. Verifications of material, manufacturing, mechanical 
safety, cleaning and sterilisation, use and workflow, and compatibility with procedures showed compliance with 
GSPRs. Simulated dosimetric benefits were observed compared to marketed devices.
Conclusion: The ARCHITECT applicator was developed in a systematic process, resulting in documented work
flows and verification steps. Our approach provides a practical framework for MDR-compliant introduction of in- 
house equipment and can inform future best practice guidelines.

1. Introduction

The European Union Medical Device Regulation (EU MDR) 2017/ 
745 came into full application on May 26, 2021 [1]. Compared with its 
predecessors, it imposes more stringent requirements for placing medi
cal devices on the market and/or using them in clinical practice [2,3]. 
Among others, the MDR revised its scope, updated the risk classification, 
reformed safety and performance requirements, stipulated clinical 
evaluations and data collation, e.g., through post-market surveillance 
(PMS), and redefined the role of notified bodies [4–7]. To aid 

implementation and application of the MDR, manufacturers or notified 
bodies can use guidance documents from the Medical Devices Coordi
nation Group (MDCG) [8], and harmonised standards [9]. Additionally, 
manufacturers may need to account for a range of other regulations, 
standards, and common specifications. Relevant EU legislation may 
include device-specific rules such as the In Vitro Diagnostic Regulation 
(IVDR) 2017/746 [10], the Directive 2013/59/Euratom [11], and the 
Artificial Intelligence (AI) Act 2024/1689 [12–14], as well as horizontal 
legislation such as the Product Liability Directive 2024/2853 [15], or 
the General Data Protection Regulation (GDPR) 2016/679 [16]. Other 
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national regulations can additionally apply within the EU member 
states, e.g., for performing clinical investigations. Furthermore, relevant 
standards, such as those issued by the International Organization for 
Standardisation (ISO), International Electrotechnical Commission (IEC), 
or American Society for Testing and Materials (ASTM) need to be 
considered. And lastly, (inter)national commission recommendations 
may be applicable, such as those for medical physics applications by the 
International Commission on Radiation Units and Measurements 
(ICRU), International Commission on Radiological Protection (ICRP), or 
American Association of Physicist in Medicine (AAPM) task groups (TG). 
The changes in the EU medical device legislation may be regarded as an 
effort to prevent future safety issues and reduce the frequency of alerts 
and recalls, as experienced under the previous directive [17]. Moreover, 
it encourages ‘more’ systematic and rigorous approaches to develop, 
evaluate, manage and monitor devices [18,19]. However, the MDR in
creases the burden for manufacturers and authorities, and is argued to 
preserve a system that lacks clarity, uniformity and centralised 
accountability [14,20]. This may slow down, and even hamper, both 
new device development and market entry [21], as well as continuation 
and availability of existing medical devices [22].

The MDR also regulates ‘in-house’ development (i.e., by health in
stitutions) of medical devices, including medical device software 
(MDSW), which is commonly performed when commercially available 
devices fail to meet specific clinical needs. Medical physicists can for 
example be involved in developing tools for diagnosis, imaging and 
delineation, treatment planning, dose calculation, and (customised) 
irradiation devices. Devices that are ‘custom-made’ (i.e., prescribed to 
an individual patient) and possibly manufactured in-house are subject to 
specific requirements distinct from the standard MDR conformity 
assessment procedures, as discussed in several papers [23–25]. In-house 
developed or modified medical devices –that are not custom-made– are 
exempt from the MDR requirements except for general safety and per
formance requirements (GSPRs, Annex I, MDR), provided that the con
ditions specified in Article 5(5) are met [26]. This includes no transfer to 
another legal entity, justification that the target patients’ needs/per
formance cannot be met by a commercially available medical device, 
and manufacturing (on a non-industrial scale) and use under ‘appro
priate’ quality management systems (QMS) [1,27]. Although the MDR 
requirements not covered in the Article 5(5) exemption do not formally 
apply for in-house development, the Regulation is often used as a 
reference for good practices, such as technical documentation, clinical 
investigations, and risk classification. Several works have attempted to 
provide guidance on regulatory compliance for in-house developed 
medical devices [13,14,26,28], but these lack practical examples. Case 
examples or studies of in-house developed or custom-made devices with 
clear procedural descriptions are scarce [24,29–31]. In the context of 
medical physics applications, MDR compliance of in-house developed 
MDSW has been described [32,33], but with limited procedural details. 
Some studies have documented efforts on MDR-related procedural steps, 
such as risk analysis [34], QMS [35], or performance/safety evaluations 
of 3D printed medical devices [36–38]. As such, there remains a need for 
detailed, practice-oriented case studies that document regulatory pro
cesses for in-house medical devices.

In this work, we describe our systematic approach to the MDR- 
compliant in-house development and evaluation of a novel 3D printed 
patient-tailored applicator for cervical cancer brachytherapy (BT; in
ternal irradiation), called the ARCHITECT applicator, with accompa
nying software. The ARCHITECT applicator’s outer geometry and 
(curved) needle channels are adapted to the patient’s anatomy. By 
customising needle placement, this applicator is expected to improve 
brachytherapy treatment plan quality. Initially, applicator generation 
was performed manually [39], which is currently automated with 
dedicated software [40]. Given the use of standardised operations and 
geometry to design the applicator, we consider this to be a ‘patient- 
matched’ medical device (i.e., custom-made procedures do not apply) 
[41]. As the software and the applicator cannot achieve their intended 

purposes independently, they are considered together as a single med
ical device [42]. To enable routine clinical in-house use in accordance 
with Article 5(5), sufficiently detailed documentation demonstrating 
device compliance with the GSPRs, supported by verifications and 
clinical investigation, is required. In the Netherlands, documentation 
known as an Investigational Medical Device Dossier (IMDD) is currently 
also required to use medical devices without CE-marking in clinical in
vestigations (following Article 82, MDR) [43]. Similar documentation is 
mandated in other EU member states. This paper describes our work 
following the MDR framework, including Article 5(5), to prepare the 
documentation required for clinical investigation and anticipated 
routine clinical use of the in-house developed ARCHITECT applicator. It 
may serve as a practical example for compiling MDR-compliant tech
nical documentation for in-house developed medical devices.

2. Materials and methods

2.1. General overview

At our university hospital, the Erasmus Medical Centre (Rotterdam, 
the Netherlands), a structured workflow is used for in-house developed 
medical devices consisting of five phases: (1) Preliminary investigation 
and justification; (2) Design; (3) Manufacturing and verification; (4) 
Validation; and (5) Post-investigational use and conformity assessment 
[31]. Risk management is an integral part of phases 2–5 and is itera
tively updated. Upon completion of the first three workflow phases, the 
IMDD can be compiled which is analogous –with exception of post- 
investigational use aspects– to the technical documentation in Annex 
II of the MDR. In this article, we specifically focus on these phases 
required to initiate clinical investigation (Fig. 1). Workflows and tem
plates were made available in Microsoft Word and Excel, and were 
collected on a web-based platform created by our Medtech Innovation 
Support Office (MISO). These documents were structured as fill-in 
templates with a document history and approval frontpage, with sec
tions referring to annexes for detailed information. After each phase, 
completed documents were sent for review to MISO and other compe
tence centres within the hospital.

2.2. Preliminary investigation and justification

To justify in-house development, it must be demonstrated that clin
ical needs cannot be sufficiently met by (off-label use of) commercially 
available medical devices, or modification by the manufacturer of these 
devices. Therefore, this phase consisted of (Fig. 1, Step 1): (a) specifi
cation of intended purpose, (b) determination of the programme of re
quirements, and (c) market analysis and justification. First, it was 
determined whether the applicator and software qualify as a medical 
device (Article 2, MDR), and thus whether the MDR applies. Intended 
purpose specification included detailing of the intended patient popu
lation, intended user, type of use (e.g., frequency, duration, and contact 
with patient or user considering EN ISO 10993–1:2018 [44], and ste
rility), and claims (intended clinical benefits and precautions). Defini
tions were adopted from IEC 62366–1:2015 [45]. In accordance with the 
latter, a process tree was constructed to outline user interactions with 
the applicator and software [46,47]. This helped compiling a pro
gramme of requirements, categorised in essential requirements (i.e., to 
meet the intended purpose), and requirements related to other phases in 
the process tree. For the market analyses, product brochures of vendors 
were studied and the commercial applicators were evaluated with 
respect to the essential requirements. A rationale for in-house applicator 
development was subsequently written.

2.3. Design

The in-house developed device has to meet the GSPRs in Annex I of 
the MDR. GSPRs include general requirements (e.g., on risk 
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management and achieving performance in accordance with the inten
ded purpose), design and manufacturing, and information to be sup
plied. In this phase, the following steps were performed (Fig. 1, Step 2): 
(a) identification of relevant GSPRs, (b) risk class determination and risk 
analysis, and (c) creation and documentation of design. Documentation 
provided in this phase was aligned with Annex II of the MDR, Sections 1 
to 5. A checklist document for GSPRs was supplied and filled in. The risk 
class of the combined applicator and MDSW –which, for in-house de
vices, serves only as a reference for risk [26]– was determined using 
Annex VIII of the MDR and MDCG 2021-24 [48], and the MDSW safety 
class was assigned according to IEC 62304:2015 [49]. Risk management 
was performed in accordance with EN ISO 14971:2019 and included 
stakeholder meetings [50]. The process tree and methods in guidance 
document ISO/TR 24971:2020 were used for hazard identification [51]. 
Risk management included determination of risk levels, compilation of 
the risk matrix (determining probability and severity of potential 
harms), specification of risk control measures, and justification whether 
benefits outweigh the (residual) risks. This process enabled direct 
coupling between procedural steps, requirements, risk control measures, 

and evaluations, as also required per IEC 62304:2015 for the MDSW 
[49]. The operating principles, defined as methods to accomplish the 
intended use and corresponding mechanisms [45], were specified based 
on the requirements, risk analysis, and functional analysis. The MDSW 
was decomposed into modules, for which a series of input–output re
lationships and corresponding integration tests were devised. Device 
design iterations were created and modifications were tracked using 
flowcharts and version control software. Lastly, plans were created for 
subsequent phases: manufacturing and verification, and validation. 
Here, verification refers to design criteria checks, and validation refers 
to intended use and (pre)clinical performance checks [52].

2.4. Manufacturing and verification

The manufacturing and verification phase included (Fig. 1, Step 3): 
(a) documentation of manufacturing procedures, (b) verification of 
design and manufacturing, and (c) update of risk management. In-house 
development requires an ‘appropriate’ QMS for manufacturing. There
fore, a company that is certified to EN ISO 13485:2016 within the scope 

Fig. 1. Scheme showing major steps in the regulatory workflow of the in-house developed ARCHITECT applicator and accompanying software. In this article, the 
scope is limited to the first three stages to provide technical documentation for clinical investigation (the investigational medical device dossier). Light grey blocks 
indicate the relevant MDR Annexes and Articles, and dark grey blocks indicate relevant standards and guidelines used for our application. Document and spreadsheet 
icons indicate the type of fill-in template provided for our in-house QMS, and coloured squares the relevant stakeholders. Figure adapted from van Kempen et al. [31].

R. Straathof et al.                                                                                                                                                                                                                               Physica Medica 145 (2026) 105783 

3 



of 3D printing of medical devices was selected as supplier [52]. 
Manufacturing process flowcharts, quality assurance documentation, 
and material characterisation reports were obtained from the supplier. 
Documents related to cleaning, disinfection and sterilisation were ac
quired from the in-house Central Sterilisation Department. Quality 
assurance protocols were developed to safeguard manufacturing of each 
3D printed applicator. For the MDSW, development was fully performed 
in-house and quality management was informed by IEC 62304:2015 
[49]. Core MDSW modules were implemented, and an issue tracking 
system was adopted for development activities, maintenance, or user- 
requested modifications. Quality assurance of the MDSW was sup
ported through automated verification tests per module, as well as 
requesting the user to review and confirm intermediate outputs. Several 
verifications were performed to demonstrate compliance of the medical 
device with the requirements and specifications. These include verifi
cations of: (i) performance; (ii) use and workflow; (iii) mechanical 
safety; (iv) compatibility with procedures; (v) material and 
manufacturing; and (vi) cleaning and sterilisation (Supplementary 
Table S.1). These verifications were used to iteratively improve the 
design, and to adjust evaluations of residual risks in the risk manage
ment file. Materials were assembled in preparation for the validation 
phase including the clinical investigation plan, product information, and 
supporting materials.

3. Results

3.1. General overview

Development and documentation of the applicator and software 
were performed in line with requirements for clinical investigation. 
During this process, feedback was obtained from relevant stakeholders, 
including medical physicists, radiation oncologists, radiotherapy tech
nicians, MISO, the supplier of the 3D printed applicators, the Central 
Sterilisation Department, and a patient advocacy group. The patient- 
tailored ARCHITECT applicator and the MDSW are shown side-by-side 
in Fig. 2. The applicator consists of two 3D printed halves that are 
customised to the individual’s anatomy and connect to a commercially 
available intrauterine tandem. The applicator body contains curved 

channels to guide (conventional) plastic needles for interstitial (IS) and 
intracavitary (IC) positioning of sources. The MDSW automatically 
generates the device embodiment based on medical image-derived plan 
data from a previous application, typically performed one week earlier. 
For the first application, a conventional BT applicator with packing is 
used; for each subsequent application, a patient-tailored applicator is 
generated. Details on the software implementation have been previously 
described [40].

3.2. Preliminary investigation and justification

The intended purpose was defined as use in patients with locally 
advanced cervical cancer (FIGO stages IB-IV), including those with 
parametrial, vaginal or nodal involvement, as part of an image-guided 
adaptive BT workflow [53], aiming to improve dosimetry over 
commercially available applicators (Table S.2 in supplementary mate
rial). The ARCHITECT applicator and software are intended to be used 
by health care professionals, including radiation oncologists, medical 
physicists and technicians trained in BT. As it is tailored to each appli
cation, the applicator is intended for single use. It is sterilised by the 
hospital prior to use and will be in contact with the (vaginal) mucosa and 
cervix (compromised surfaces) (see EN ISO 10993-1:2018 [44]). In the 
process tree (Table S.4 in supplementary material), the device’s lifecycle 
(manufacturing, use, installation and maintenance, and disposal) was 
detailed. A programme of requirements for the applicator was cat
egorised into two main groups: essential requirements –relating to 
source positioning, applicator placement, and imaging compatibility– 
and requirements regarding the medical device’s lifecycle. Essential are 
the ability to position sources according to the patient anatomy, 
including IS needle angles of at least up to 20◦ relative to the tandem to 
reach parametria [54–56], and caudal source placement to cover vaginal 
extensions. Market analysis and consultation with one of the vendors 
indicated that none of the commercially available applicators fulfilled 
all essential requirements, and existing devices could not be modified to 
achieve the necessary patient-specificity. In addition, no existing MDSW 
could be adapted to (automatically) generate the applicator, justifying 
in-house development of the medical device including MDSW.

Fig. 2. Illustrations of the 3D printed patient-tailored ARCHITECT applicator and the accompanying planning software. (a) Panel showing views of applicator 
assembly, containing: (1) Geneva intrauterine tandem (Elekta AB), (2) ProGuide interstitial needle (Elekta AB), (3) patient-tailored applicator body, (4) entry region, 
(5) needle fixation template, and (6) needle lock insert (Elekta AB). (b) Collection of panels in the needle channel planning phase of the software, which is 
implemented in MATLAB (R2021b). A large set of candidate needle trajectories is shown, planned within the applicator body and target region.
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3.3. Medical device design

Relevant GSPRs and appropriate verification methods and proced
ures (for example ISO standards) were first identified in this phase 
(example shown in Table S.3 in supplementary material). The applicator 
and software were classified as a class IIa device per Rules 5 and 11 (Ch. 
III, Annex VIII), and implementing Rule 3.3 (Ch. II, Annex VIII). The 
MDSW was classified as safety class A in accordance with IEC 
62304:2015, as failure of the software –after implementation of risk 
control measures– does not result in unacceptable risks. In both cases, it 
was considered that: (i) a conventional applicator can be used if a sig
nificant risk is detected at any stage, with the MDSW only employed 
during the preparatory phase, (ii) treatment planning and irradiation are 
prepared and performed with CE marked devices (needles, transfer 
tubes, afterloader, treatment planning software, etc.), and (iii) sources 
are never in direct contact with the applicator. For hazard identification 
in the risk analysis, the safety requirements, process tree, and Annex A of 
ISO/TR 24971:2020 were used. Risk levels were defined in a first 
stakeholder meeting, and an inventory of the largest risks per procedural 
step in the process tree was made. For risk level determination, defini
tions in TG-100:2016 were considered [47], but probability levels were 
adjusted based on evaluations of the application. A total of 113 risks 
were subsequently identified and assigned probability and severity 
scores (example shown in Table S.5 in supplementary material). Risk 
control measures were devised primarily related to design characteris
tics. In a second stakeholder meeting, major residual risks were dis
cussed, and risk scores were updated.

Based on the risk and functional analysis, operating principles and 
design characteristics related to safety were refined. Features of con
ventional applicators were preserved to support familiarity and reduce 
risks, such as applicator assembly (same connector types), needle 
insertion and locking mechanism (same accessories and procedures), 
immobilisation (same procedure), and reconstruction (same library- 
based workflow). Design parameters, including the diameter at the 
introitus and apex, along with the decision for a two-part design, were 
derived from an anatomical study of the vaginal and target geometry in 
90 patients [57]. Several design iterations were created and 3D printed. 
Every design change was related to verifications in a design history 
flowchart. In the final embodiment design (Fig. 2), applicator halves are 
connected to a Geneva tandem (Elekta AB, Stockholm, Sweden) with a 
form-fit and snap-fit mechanism. A swept tapered section connects the 
patient-tailored top to a 25 (or 28) mm circular entry region. Standard 
entry configurations provide up to six (or eight) IS needles to be inserted 
per half. ProGuide 6F needles and obturators (Elekta AB) are guided 
through 3.0 mm diameter channels and can be locked with needle lock 
pins (Elekta AB) in dedicated templates [58]. Dwell positions in the IS 
needles at a distance of 6 mm to the top surface are used to mimic a 
conventional ring structure [55]. The halves also include tapered 
channel ends (to 2.4 mm for improved needle guidance), a dedicated 
channel that facilitates insertion of ultrasound gel for applicator 
reconstruction [39], and an extruded patient identification number. 
Descriptions of product features, accessories, and materials were 
documented.

For the MDSW, core modules were designed that handled data ini
tialisation, geometry processing, catheter planning and geometric 
coverage-based selection, dwell-time optimisation and configuration 
evaluation, and export. The largely automated workflow was aligned 
with the current clinical workflow and uses additional user input espe
cially for quality control as to mitigate risks. In addition, automated 
verification tests were devised for each module. Inputs of the MDSW are 
obtained from Oncentra Brachy (version 4.6, Elekta AB) and MIM 
(version 7.1, MIM Software Inc., Beachwood, OH, U.S.A), and include: 
(i) delineations of target volumes, organs at risk (OARs), and the vaginal 
cavity (RTStruct file), (ii) MR images, (iii) treatment plan (RTPlan file), 
and (iv) conventional applicator data (XML files). The software exports 
among others treatment plans, CAD data (STL files for 3D printing, and 

XML files for library-based reconstruction [59]), and plan reports (e.g., 
dosimetry tables, slice views, and needle insertion sheets). Changes in 
the code were tracked by using Git and linked to requirements and risks 
with unique IDs.

3.4. Manufacturing and verification

ARCHITECT applicators are 3D printed on a Formiga P1 system 
(EOS, Krailling, Germany) using PA-12 (EOS PA 2200) by Oceanz (Ede, 
the Netherlands). The material and printing technique were selected 
considering biocompatibility (EN ISO 10993–1:2018), sterilisability, 
and mechanical properties. Prints and channels are cleaned with 
manual, pressurised air, and ultrasonic cleaning, and post-processed 
with vapour treatment (AMT PostPro SFX, Veszprém, Hungary) to 
ensure smooth surfaces. Procedures and quality control actions are 
standardised. Cleaning, thermal disinfection, and sterilisation (auto
claving at 134 ◦C, 3.04 bar for 4 min.) are performed in accordance with 
in-hospital guidelines.

MDSW code was implemented in MATLAB (R2021b, MathWorks, 
Natick, Massachusetts, USA) and uses command-line user inputs (Fig. 2). 
The software runs on the computing cluster of Erasmus MC and uses 
Erasmus RTStudio, which is an in-house developed radiotherapy soft
ware package built on the MatterhornRT platform. Access to the soft
ware is restricted to authenticated medical personnel, and all 
computations are performed on pseudonymised data. For complex op
erations, the use of software of unknown provenance (SOUPs) was 
minimised and limited to well-tested functions. Automated multi- 
criteria dwell-time optimisation is performed with the in-house devel
oped optimiser BiCycle [32,60,61]. For geometry processing, three 
toolboxes are used: gptoolbox, GIBBON, and MeshFix [62–64]. A QMS is 
available in the web application Redmine. In case of a task, bug or issue, 
the user can request changes. The developer can subsequently modify a 
local copy of the code, perform automated testing on a subset of cases, 
and commit the code to the Git repository. The Redmine platform no
tifies the user of the changes and keeps track of modifications to the 
software.

Verifications (Fig. 3) showed that intended performance and safety 
were achieved after several design iterations. Patient-tailored applicator 
configurations were non-inferior and, in selected cases, improved 
dosimetry compared to clinically used configurations in a simulated 
cohort of 22 patients (Fig. 3a) [40]. In this cohort patient-tailored 
configurations resulted in increased adherence to planning aims and 
significantly improved CTVIR D98 while reducing bladder D2cm3 . In 
addition, we verified our software’s functioning in a larger dataset of 85 
patients. Planning aim attainment improved with the ARCHITECT 
configurations, and potential trade-offs between the number of needle 
channels and plan quality were observed [65]. In a pelvic phantom 
study, radiation oncologists found the prototype intuitive and easy to 
use, but noted that needle insertion required excessive force and that 
greater stiffness was needed at the applicator’s distal ends (Fig. 3b). This 
led to a redesign of the needle fixation template and an increase in 
channel diameter (to 3.0 mm). Mechanical evaluations were conducted 
and led to a reduction of the distal end lengths and extension of appli
cator body to ensure adequate stiffness. Connections with other parts, 
including tandem and needle lock pins, were shown to not fail after 100 
mating cycles. No obstructions of the Flexisource (Elekta AB) dummy 
cable were observed when bending ProGuide 6F (Elekta AB) catheters to 
the maximum curvature specified by the manufacturer (13 mm), which 
is higher than the curvature constraint used in the MDSW. Results from 
insertion force experiments and simulations indicated that channel 
lumen of 3 mm and maximum bending radii of 50 mm limited needle 
insertion forces sufficiently [39,66]. Needle deflections from the cen
treline amounted to 1.6–6.1 mm at 50 mm depth in phantom mea
surements, depending on the insertion angle (Fig. 3c). Simulation results 
suggested that at smaller deviations from the tissue normal, deflections 
were primarily driven by channel lumen diameter and curvature. To 
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limit deflections to acceptable levels (<5 mm, i.e., the margin taken into 
account by the MDSW), further tapering of the channels, reduction in 
channel curvature, and restriction of insertion angles (<75◦ with respect 
to surface normal) were therefore necessary. Reconstruction of the 
ARCHITECT applicator on MR imaging using library models in Oncentra 
Brachy (Elekta AB) and a line marker in the tandem was feasible 
(Fig. 3d), and resulted in an average dwell position error of 1.7 mm 
(including uncertainty due to rigid registration, slice thickness and 
transport) between CT and MR. To improve visibility of the applicator 
halves, dedicated channels were added in which ultrasound gel can be 
inserted.

Several material verifications were performed. Biological safety risks 
of the MD were found to be negligible based on biocompatibility test 
reports from the material supplier, reported data, and cytotoxicity 
testing (ISO 10993–5:2009) on the final product. Average dose depth 
curves of PA-12 and water were furthermore within 1% at 1 to 6 cm from 
the source channel as determined from Gafchromic film (Fig. 3e) [38]. 
Based on data from the material supplier, a single steam sterilisation 
procedure at 134 ◦C, 3.04 bar for 4 min did not detriment mechanical 
properties of PA-12 samples and achieved sterility (EN ISO 
11737–1:2018). Thermocouple measurements on the surface and in the 
lumen of the applicator showed that these reached the required tem
perature of 134 ◦C for at least 3 min. (Fig. 3f). As the narrow channels 
pose risks for cleaning and sterilisation, custom cleaning connectors and 

sterilisation trays were developed. The risks were re-evaluated after 
verifications, and rationales were written for the residual risks that had 
been reduced to the lowest practicable level but were not fully resolved. 
This was the case for 7 risks, including PA-12 powder release, improper 
cleaning and sterilisation of the needle channels, excessive needle 
insertion forces and deflections, and prolonged duration of treatment. In 
all cases, potential benefits were deemed to outweigh these residual 
risks.

For each individual 3D printed applicator, additional quality assur
ance procedures are implemented alongside the standard QMS of the 3D 
print supplier and our routine BT workflow. Following design in the 
MDSW, the predicted dose distribution and needle geometry are 
reviewed and compared to that of the clinically used configuration by 
the BT team in MIM software. A medical physicist visually inspects the 
generated STL for accuracy of connecting interfaces, surface smooth
ness, and minimum wall thickness. After manufacturing, internal 
channels are cleared of excess PA-12 powder by the supplier using 
pressurised air, ultrasonic cleaning, and manual brushing. Upon product 
receipt in the hospital, inspection is performed by a medical physics 
assistant. Applicator channels are cleaned with brushes to confirm 
complete removal of residual powder. Moreover, correct interfacing 
with the intrauterine tandem is verified, and smooth needle insertion 
and locking are validated. Unobstructed source traversal is assessed with 
the Source Position Check Ruler (Elekta AB). Finally, the dimensional 

Fig. 3. Summary of verification results for the ARCHITECT applicator and software (see Supplementary Table S.1). (a) Dosimetric comparison in a complex patient 
case (FIGO IIIC2, T2a2N1M0, treated with 4 BT fractions) as part of a virtual planning study showed a 1.3 Gy increase in CTVHR D90 with no change in OAR D2cm3 

doses. (b) Phantom study feedback by radiation oncologists highlighted distal-end stiffness and ease of needle insertion. (c) Needle deflections for varying insertion 
angles. (d) Library-based reconstruction of the applicator on MR and CT. (e) Dose-depth curves for PA-12 and control/water (TG-43) setups. (f) Temperature profiles 
during 134 ◦C, 3.04 bar steam sterilisation from thermocouples at the applicator body and within the channel lumen.
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accuracy of the applicator body (width and length) is determined using 
callipers, and channel positions are compared with those of the virtual 
model with a printout. When no gross deviations, e.g., due to patient or 
needle configuration mix-ups, are identified, approval for use is granted.

4. Discussion

In this work, we present the in-house development of a patient- 
tailored BT applicator with dedicated software, compliant with MDR 
requirements for clinical investigations. A systematic and risk-based 
design approach was considered, linking process steps to re
quirements, (design) characteristics for safety, risks and control mea
sures, design versions, and product verification activities. To 
demonstrate safety and performance of the medical device including 
software, a series of pre-clinical verifications was performed. By pre
paring the relevant QMS procedures and templates, we initiated the 
technical documentation required for clinical investigations or in-house 
use in accordance with MDR Article 5(5). Finalisation of the IMDD is 
pending for submission to the institutional review board.

The MDR has a profound impact on the introduction, continuation, 
and availability of in-house developed medical devices in Europe. In 
particular, research support, protected time, and regulatory expertise 
are all needed to overcome these barriers, as also identified within 
ESTRO and other working groups [13,67]. In addition, a commonly 
discussed challenge is whether regulatory approval is required and 
whether to pursue it for simple assistive tools, such as spreadsheets 
performing calculations. At our institute, regulatory knowledge was 
acquired and QMS procedures implemented alongside this project, 
while other MDR-compliant medical devices were simultaneously 
developed [32]. Nevertheless, the development of the medical device 
and the documentation process was lengthy, lasting ~24 months 
alongside other research activities by two full-time researchers. Simi
larly, other studies have demonstrated that in-house development pro
cedures often involve substantial time and cost investments [32,68]. In 
our case, we benefitted from selecting a 3D print supplier with a QMS 
system (EN ISO 13485:2016) in place. Point-of-care (in-house) 3D 
printing potentially reduces turnaround time and costs [30], but since an 
appropriate QMS for the manufacturer is mandated, only a limited 
number of centres in Europe are currently equipped for these proced
ures. To facilitate widespread adoption of in-house development, re
searchers are encouraged to document workflows and verification steps, 
and share experiences for development of best practices.

Although flowcharts in this work and others are often presented as 
linear frameworks [13,69], the development of medical devices in 
general is complex and involves multiple iterations [31,70]. Our appli
cator prototype underwent nine major iterations, which were for 
example based on risk evaluations, verification tests, and processing 
constraints. As prospective risk management is mandated by the MDR 
–as well as by the Directive 2013/59/Euratom [11]–, it can be put at the 
core of the design, manufacturing and verification phases [18]. This can 
be achieved with an integrated development approach in which proce
dural steps, requirements, (design) characteristics for safety, risk man
agement, and evaluations are tightly coupled, as was implemented in 
this work. For MDSW, the IEC 62304:2015 standard already mandates 
such an integrated approach in which software requirements, design 
elements, and verifications are directly linked to risks. A corresponding 
framework for traceability had already been established in our depart
ment for another MDSW application [32]. However, there are some 
challenges in prospective risk management of medical devices. Previous 
surveys in radiotherapy have indicated that there are large disparities in 
institutes in the application and knowledge gaps of risk management 
[71,72]. In addition, risk management requires a multidisciplinary 
perspective and can be time-consuming. And lastly, whereas the EN ISO 
14971:2019 framework has been harmonised to the MDR, risk man
agement in medical physics applications is often performed using failure 
mode and effects (FMEA) or fault tree analyses, which only partially 

address the former [51]. Therefore, we initiated our analysis by adapt
ing from existing terminology and FMEA analyses [47,73,74], but used 
the EN ISO 14971:2019 framework.

The in-house MDR exemption is only justified in case no commer
cially available device can (be modified to) meet desired target needs or 
performance. Similarly, custom-made devices can address individual 
patient needs, require a written prescription (i.e., statement by an 
authorised healthcare professional) and are exempt from certain MDR 
obligations [26]. In case of the latter, Article 52(8) of the MDR applies, 
requiring among others a QMS (Article 10(9), MDR), and compliance 
with GSPRs (Annex I, MDR) and device-specific procedures (Annex XIII, 
MDR) [1,41]. As detailed in MDCG 2023-1, custom-made devices are out 
of scope of the in-house exemption [27], although it remains unclear 
which pathway applies when such devices are manufactured within a 
health institution [26]. In addition, by definition of MDCG 2021–3, 
custom-made medical devices are to be distinguished from ‘adaptable’ 
(i.e., mass-produced), or ‘patient-matched’ (i.e., matched within a 
design envelope) medical devices [41]. Although the patient-tailored 
applicator discussed in this work is adapted to the patient’s anatomy, 
this procedure is performed by the MDSW following standardised rules 
and is based on a combination of template models and files of the pa
tient. Similarities to the examples given in MDCG 2021–3 lead us to 
classify it as patient-matched rather than custom-made. Patient-tailored 
3D printed cervical cancer BT applicators with custom needle configu
rations can achieve better target coverage and OAR sparing than com
mercial applicators typically in patients with large target volumes or 
complex geometries [40]. Therefore, custom needle geometries may be 
favourable for 20–30% of all applications [56,75]. In addition, 3D 
printing can be used to accommodate for patients with a narrow vagina 
or related indications that cannot be treated with conventional devices 
[56]. And lastly, 3D printing may provide a cost benefit, although this is 
not considered a valid justification for the Article 5(5) exemption [27]. 
However, 3D printing comes with challenges related to medical device 
design (e.g., time and experience of staff), manufacturing (e.g., toler
ances, post-processing, and quality assurance), and material properties 
(e.g., mechanical, dose attenuation, biocompatibility, sterilisation, and 
imaging properties). Several papers have therefore proposed verification 
methods [36–38], which are similar to the ones presented here. Stand
ardisation and reporting of verification tests can help distribute the 
burden associated with the development of these medical devices and to 
maintain overall cost-effectiveness.

There are several limitations to this study. In this work, we outline 
our efforts to set up technical documentation as required for clinical 
investigation (IMDD) of an in-house developed medical device, antici
pating the Article 5(5) MDR exemption. This means that clinical eval
uation (validation phase) to verify safety and performance of the 
medical device (Article 61, MDR) and corresponding documentation 
were outside the scope of this paper. Our planned clinical investigation 
is a prospective, non-randomised feasibility trial in 25 patients, with 
secondary aims to assess plan quality, configuration geometry, adverse 
events, workflow, and user and patient experience. The first application 
in each patient will be performed with a standard commercial appli
cator, followed by use of the patient-tailored applicator in subsequent 
applications. Approval by the medical ethics committee is pending. 
Considerations for clinical evaluation of medical devices have previ
ously been described [76], and a summary of an IMDD is provided by 
Willemsen et al. [29]. In brief, in most cases clinical evaluation requires 
clinical investigation (Articles 62, 74 or 82, and Annex XV) [43]. For in- 
house developed medical devices, Article 62 or 82 applies depending on 
the aim of the investigation and national guidelines [26]. Clinical 
investigation in practice follows guidelines on good clinical practices 
(see Recital 64 of the MDR, which e.g. lists EN ISO 14155:2020 [77], and 
the Declaration of Helsinki). Materials required for review by the 
institutional review board in the Netherlands then include: (a) the 
clinical investigation plan (including research protocol and study- 
specific information, e.g., informed consent forms), (b) product 
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information (including the IMDD and instructions for use), and (c) 
supporting materials (including documents listed by Chapter II, Annex 
XV of the MDR). Also post-investigational use aspects were not discussed 
here, such as routine collection and review of data gained during clinical 
use, and user training. Moreover, next to the pre-clinical verifications 
shown here, we plan to conduct a dry-run evaluation parallel to the 
clinic. This includes applicator planning, manufacturing and post- 
processing, transport and storage, and cleaning and sterilisation. As 
applicator planning procedures are almost fully automated, and other 
steps align with our current clinical practice, we do not anticipate large 
interferences with the existing workflow, which has been previously 
described [78]. Lastly, the regulatory framework under the MDR is 
complex and dynamic, as also evidenced by ongoing implementation 
and interpretation documents by the MDCG, as well as continuous 
harmonisation and updates of standards. For in-house developed and 
‘investigational’ medical devices –particularly those in lower risk 
classes– we feel that proportionality applies when considering the reg
ulations and standards, for example with regards to complexity of 
documentation, the used QMS, and verifications [26]. Within this 
context, the MDR represents the primary regulatory framework, and 
harmonised standards constitute the maximum practical level of align
ment. Other non-harmonised or general standards can be adopted only 
when they directly apply to specific device types. In many cases we 
could offset risks by relying on standard, certified systems and work
flows. As such, for several steps we adopted ‘light’ approaches, for 
example in the development of the MDSW by: (i) having concise docu
mentation and using incremental coding, opposed to basing this on a 
detailed software development plan, (ii) using basic verification testing 
rather than multi-level testing, and (iii) applying simple version control 
rather than formal configuration management. MDR-compliant in-house 
manufacturing should ensure safety and performance, whilst allowing 
the flexibility to adapt to clinical needs, consistent with the principles of 
Article 5(5).

5. Conclusions

Medical devices manufactured and used in health care institutions in 
Europe must comply with the MDR. In this work we documented the 
MDR-compliant development of a patient-tailored cervical cancer 
brachytherapy applicator and dedicated software for use within a clin
ical study. We detailed our procedures, along with the relevant MDR 
articles, annexes, and standards, to guide researchers and developers 
pursuing similar in-house development. A series of verifications 
demonstrated adherence of the device to the general safety and per
formance requirements. Even under the Article 5(5) exemption, docu
mentation of regulatory aspects related to medical device development 
is complex and entails a significant workload. This highlights the need 
for involvement of multi-disciplinary stakeholders during the entire 
process, as well as providing researchers and developers with adequate 
infrastructural and regulatory support. Researchers and developers are 
encouraged to document similar efforts and share experiences for gen
eration of best practices for future in-house development of medical 
devices.
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[78] van Vliet-Pérez SM, van Paassen R, Wauben L, Straathof R, van de Berg NJ, 
Dankelman J, et al. Time-action and patient experience analyses of locally 
advanced cervical cancer brachytherapy. Brachytherapy 2024;23(3):274–81.

R. Straathof et al.                                                                                                                                                                                                                               Physica Medica 145 (2026) 105783 

10 

http://refhub.elsevier.com/S1120-1797(26)00070-0/h0380
http://refhub.elsevier.com/S1120-1797(26)00070-0/h0380
http://refhub.elsevier.com/S1120-1797(26)00070-0/h0380
http://refhub.elsevier.com/S1120-1797(26)00070-0/h0390
http://refhub.elsevier.com/S1120-1797(26)00070-0/h0390
http://refhub.elsevier.com/S1120-1797(26)00070-0/h0390

