Retrospective Review of Project Licences

Project Licence Retrospective Review

“The overall purpose of retrospective review in the general sense of ‘following the development and outcome of projects’ is, wherever possible, to reduce the harms and increase the benefits of every project at an establishment. The aim is to improve both animal welfare and the quality of science and to help inform future debate on these issues.” [RSPCA and LASA, 2015, Guiding Principles on Good Practice for Animal Welfare and Ethical Review Bodies. A report by the RSPCA Research Animals Department and LASA Education, Training and Ethics Section. (M. Jennings ed.)]

At the University of Cambridge one (or possibly more) of the following will determine when your licence will be requested for review:
a. 12 to 6 months before your existing licence is due to expire if you have no plans to write a new licence;
b. 15 to 12 months before your existing licence is due to expire if you plan to write a new project licence;
c. 3 months before you terminate your licence if you intend to revoke your licence before its due expiry date;
d. When there is a change of project licence holder (in this case the person currently holding the licence should complete the retrospective review before the amendment is made to change the project licence holder);
e. As determined by the AWERB Standing Committee.  The AWERB Standing Committee may decide a licence should be reviewed at a specified time or times based for example on the severity of the work, novelty of the models etc..

The information you provide in or attached to this document must reflect data generated only from work carried out under the licence under review.  Please do NOT copy and paste text that appears in your current licence unless requested to do so.  

You are not restricted by the size of the text boxes on this form; they are designed to expand to accommodate your text.  However please remember that AWERB Standing Committee members, which will include your colleagues, have to review the information you provide so please be informative and concise and do not include information that is not requested.  Please remember to use Plain English, where possible.

Please be aware that Retrospective Reviews, as with your current and previous project licences, can be requested under the Freedom of Information Act 2000.  It is therefore wise to take care when completing this document and ensure that it does not contain typographical errors, personal details or any sensitive information pertaining to Intellectual Property.

A copy of the final agreed version of this document and any advice provided by the University AWERB in relation to this document will be forwarded to your local Home Office Inspector.

If you use abbreviations could you please ensure the first time the abbreviation is used that it is spelt out fully with the abbreviation in brackets.

Finally, if Home Office has identified your licence as one that required a Retrospective Assessment please still complete this template.  The information gathered will be used by AWERB to undertake their required task to review your work and can be used to complete the Home Office Retrospective Assessment template.  The latter can be achieved by copy and paste will a further update just before submission to include work you have complete between when you fill in this template and the expiry of your licence, which is when your Retrospective Assessment will need to be sent to the Home Office.

Thank you.
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University of Cambridge                                    Project Licence Retrospective Review
Version 5.9                                                                                        12th November 2021
1. General Information:
Project licence holder to complete 
if information provided is incorrect
	Name:
	Professor Damiano Giuseppe Barone
	

	Contact details:
Address & tel.


	dgb36@cam.ac.uk
Box 167, Addenbrooke's Hospital, Cambridge, CB2 0QQ, UK

	

	Project No.
	PFF2068BC

	Project title
	Using bioelectronics to study the nervous system and to restore neurological functions.

	Project purpose
	To develop approximatively 3 bioelectronic devices able to restore a loss of neurological function following in each of the following portions of the nervous system: brain, spinal cord and peripheral nerve. 



	Date licence was granted
	20th July 2020

	Date of retrospective review is sent to the PPLh
	16th April 2024




The following are the triggers for licence Retrospective Review:
If you are completing this form because you have been asked to complete a Retrospective Review and our UBS staff have completed this box for you.  Please check that you agree with the selection made and correct if you believe the information is incorrect.

	A
	X
	My licence is due to expire in 6 to 12 months time and I have no plans to write a new licence


	B
	
	My licence is due to expire in 12 to 15 months time and I plan to write a new project licence to continue my research

	C
	
	I plan to request the revocation of my licence before its natural expiry date


	D
	
	I will no longer be the project licence holder but another person will continue to hold the licence.  
The name of the new licence holder will be:

	E
	
	I took over this licence from (insert name) in (insert date)


	F
	
	The AWERB Standing Committee has asked for this Retrospective Review.



Note to licensees: 
In the case of option D if the new project licence holder’s name has not been filled in please add this information to this box.
In the case of option E please insert the name of the person from whom you took over this licence and the date when you became licence holder.




2. Animal Welfare/Recorded Harms:

2.1 Using the table below please provide the information requested.
How to complete this table: Return of procedures count animal numbers from 1st January to 31st December.  In the table below if your licence was granted part way through the year count year one as the time from when the licence was granted to the 31st December of that year.  Year two will be from January to December etc. until the final year for which the report is requested and count from 1st January to the requested report date.  You can insert rows as necessary. For any animals that experienced a higher level of severity than that of the protocol please highlight these figures in bold. The figures provided can be obtained from your Home Office returns.

	Protocol No.
	Species
	


Protocol severity category
	



Total est. number
	


Actual number used
	Actual severity recorded

	
	
	
	
	
	Non-recovery
	Sub Threshold
	Mild
	Moderate
	Severe
	Totals

	1
	Mice
	Non-Recovery
	1000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	1
	Rats
	Non-Recovery
	2000
	1st year
	2
	
	
	
	
	2

	
	
	
	
	2nd year
	28
	
	
	
	
	28

	
	
	
	
	3rd year
	78
	
	
	
	
	78

	
	
	
	
	4th year
	34
	
	
	
	
	34

	
	
	
	
	5th year
	12
	
	
	
	
	12

	
	
	
	
	6th year
	5
	
	8
	
	
	13

	
	
	
	
	Total
	159
	
	8
	
	
	167

	2
	Mice
	Moderate
	1000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	2
	Rats
	Moderate
	1000
	1st year
	
	
	
	0
	
	0

	
	
	
	
	2nd year
	
	
	
	28
	
	28

	
	
	
	
	3rd year
	
	
	
	7
	
	7

	
	
	
	
	4th year
	
	
	
	0
	
	0

	
	
	
	
	5th year
	
	
	
	0
	
	0

	
	
	
	
	6th year
	
	
	
	1
	
	1

	
	
	
	
	Total
	
	
	
	36
	
	36

	3
	Mice
	Moderate
	300
	1st year
	
	
	
	6
	
	6

	
	
	
	
	2nd year
	
	
	
	10
	
	10

	
	
	
	
	3rd year
	
	
	
	3
	
	3

	
	
	
	
	4th year
	
	
	
	9
	
	9

	
	
	
	
	5th year
	
	
	
	0
	
	0

	
	
	
	
	6th year
	
	
	
	0
	
	0

	
	
	
	
	Total
	
	
	
	28
	
	28

	3
	Rats
	Moderate
	1000
	1st year
	
	
	
	25
	
	25

	
	
	
	
	2nd year
	
	
	
	18
	
	18

	
	
	
	
	3rd year
	
	
	
	60
	1
	61

	
	
	
	
	4th year
	
	
	
	20
	
	20

	
	
	
	
	5th year
	
	
	2
	38
	
	40

	
	
	
	
	6th year
	
	
	1
	11
	
	12

	
	
	
	
	Total
	
	
	3
	172
	1
	176

	4
	Mice
	Moderate
	200
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	4
	Rats
	Moderate
	800
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	6
	
	6

	
	
	
	
	Total
	
	
	
	6
	
	6

	5
	Mice
	Moderate
	100
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	5
	Rats
	Moderate
	400
	1st year
	
	
	
	15
	
	15

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	15
	
	15

	6
	Mice
	Moderate
	50
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	6
	Rats
	Moderate
	250
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	7
	Mice
	Moderate
	250
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	7
	Rats
	Moderate
	1000
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	13
	
	13

	
	
	
	
	3rd year
	
	
	
	1
	
	1

	
	
	
	
	4th year
	
	
	
	1
	
	1

	
	
	
	
	5th year
	
	
	1
	28
	
	29

	
	
	
	
	6th year
	
	
	1
	13
	
	14

	
	
	
	
	Total
	
	
	2
	56
	
	58

	8
	Mice
	Moderate
	50
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	8
	Rats
	Moderate
	250
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	9
	Mice
	Moderate
	100
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	
	
	

	
	
	
	
	3rd year
	
	
	
	
	
	

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	
	
	

	9
	Rats
	Moderate
	300
	1st year
	
	
	
	
	
	

	
	
	
	
	2nd year
	
	
	
	21
	
	21

	
	
	
	
	3rd year
	
	
	
	20
	
	20

	
	
	
	
	4th year
	
	
	
	
	
	

	
	
	
	
	Total
	
	
	
	41
	
	41

	
	
	
	
	
	
	
	
	
	Whole Total
	527


*If actual severity data has not been formally assigned at the point the Retrospective Review is undertaken, the columns can be used to indicate the estimated severity for each of the categories.  

2.2 Does the information provided in the table reflect the projected incidence of harm provided in the adverse effects for each protocol?  If not please indicate where this was not the case and whether the projected level of suffering was more or less than you anticipated when you first wrote the licence.  If the severity category for a protocol was amended during the tenure of the licence please include this information in the reasons box.

	Protocol number
	Severity higher/ same/ lower than anticipated
	Reason

	1
	Higher
	8 animals experienced Mild severity instead of the anticipated Non-recovery category in year 6 (2025). Documentation error 

	2
	Same
	All animals experienced Moderate severity as anticipated in the original protocol design. No animals exceeded or fell below the expected severity category

	3
	Higher
	4 animals experienced different severity than anticipated: 1 animal reached Severe category in year 3 (2022), and 3 animals experienced Mild severity when Moderate was expected (2 in year 5, 1 in year 6). The Severe case may have been due to animal being Culled Sick

	4
	Same
	All 6 animals experienced Moderate severity as anticipated. The limited number of animals and straightforward protocol resulted in predictable outcomes.

	5
	Same
	All 15 animals experienced Moderate severity as anticipated. This protocol was well-established with predictable severity outcomes.

	6
	
	

	7
	Lower
	2 animals experienced Mild severity instead of the anticipated Moderate category (1 in year 5, 1 in year 6). This suggests that refinements in techniques or individual animal responses resulted in lower than expected severity.

	8
	
	

	9
	Same
	All 41 animals experienced Moderate severity as anticipated. This protocol performed consistently with original severity projections.

	
	
	




2.3 Describe any unexpected adverse effects and include the percentage and the number of animals affected.  How were these episodes managed and recorded?  If any of these resulted in a Project Licence Standard Condition 18 report please indicate which were reported under Condition 18 and the date (also see Section 5.2).

	






2.4 What percentage and number of animals had to be killed or died unexpectedly before the end of the experiment?  Please provide a brief summary of each incident by protocol(s) where this occurred.

	Protocol No.
	% and number of animals killed or unexpectedly found dead

	3
	.56%

	
	

	
	



2.5 Were your estimated animal numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									         YES    NO

If no, please explain the why there was a difference.  Please do this on a protocol by protocol basis.
	Protocol No.
	If your numbers were less that estimated please explain why.

	1
	Mice (0 used vs 1000 estimated): Eliminated entirely through development of computational models and in vitro alternatives. Sequential testing approach starting with rat models provided sufficient data, eliminating need for mouse studies. Rats (167 used vs 2000 estimated): 92% reduction achieved through improved experimental design, enhanced device reliability reducing variability, and refined surgical techniques improving success rates. Computational modeling eliminated many preliminary experiments.

	2
	Mice (0 used vs 1000 estimated): scientific objectives achieved using rat models only. Rats (36 used vs 1000 estimated): 96% reduction through streamlined protocol design, pilot studies to optimize parameters, and improved device performance reducing need for large experimental groups.

	3
	Mice (28 used vs 300 estimated): 91% reduction through optimized experimental design, improved bioelectronic device reliability reducing variability, and refined implantation techniques increasing success rates. Rats (176 used vs 1000 estimated): 82% reduction via enhanced surgical protocols, better device integration strategies, and sequential testing approach.

	4
	Mice (0 used vs 200 estimated): proof-of-concept achieved using minimal rat studies only. Rats (6 used vs 800 estimated): 99% reduction through focused pilot study approach that achieved key objectives with minimal animal usage.

	5
	Mice (0 used vs 100 estimated): Rat model provided sufficient data for research objectives. Rats (15 used vs 400 estimated): 96% reduction through targeted proof-of-concept studies and optimized experimental design achieving objectives with minimal numbers.

	6
	N/A

	7
	Mice (0 used vs 250 estimated): rat studies provided comprehensive data for research goals. Rats (58 used vs 1000 estimated): 94% reduction through improved methodology, enhanced device designs, and refined experimental protocols reducing need for large cohorts.

	8
	N/A

	9
	Mice (0 used vs 100 estimated): objectives met using rat model only. Rats (41 used vs 300 estimated): 86% reduction through optimized experimental design, improved device reliability, and focused research questions requiring smaller sample sizes.

	
	



2.6 Have you re-used animals? 								         YES    NO

If so, why have you re-used animals and what has been the impact of re-use on the welfare of your animals?  Please also provide the species and number of animals re-used by protocol where re-use occurred.
	Species
	Protocol No. on which animals where/will be returned as re-used, why and what impact, if any, this re-use had on the welfare of your animals

	
	

	
	



2.7 Has there been any animal wastage? 							         YES    NO

For example, this may occur when breeding and maintaining genetically altered animals or when animals have been ordered and cannot be used for some technical reason.  

Where wastage has occurred, please explain the circumstances and nature of the wastage plus an indication of the numbers of animals.  Please also provide either the number or percentage of animals that were wasted.
	Circumstances and nature: N/A




	Estimated number or percentage of animals wasted and if appropriate provide this information by protocol: N/A






2.8 For licences that authorise the breeding and maintenance of genetically altered animals:
a)	explain how you optimise breeding efficiency, and 
b) explain what use is made of any excess stock animals, and
c) explain if, and how, you have used any transgene repository – national, international, or internal.
	
N/A




2.9	If you breed genetically altered animals are your strains recorded on a database (e.g., MCMS) that can be 
		a) accessed by other researchers at the University?					         YES    NO
		b) accessed by researchers outside the University?				 	         YES    NO
		c) would you allow other researchers at the University to use your strains?	         YES    NO
		d) would you allow external researchers to use your strains with an MTA applied?	         YES    NO

If you have answered YES to any of these questions please elaborate below:
	
N/A






If you have answered NO to any of these questions please explain why.
	
No breeding of genetically altered animals




2.10	Have you been able to refine and/or reduce the impact of contingent harms arising from your use of animals (contingent harms are harms for example that arise from the transportation of animals, single housing animals or housing animals in non-Code of Practice accommodation, etc.).	         YES    NO

Please explain/provide examples.
	

Acclimatization: We consistently respected the minimum one-week acclimatization period specified in our license before any procedures were carried out, allowing animals to adapt to the facility environment and reduce stress.
Housing: Animals were socially housed. When single housing was required, it was kept to the minimum duration necessary and under the advice of facility managers and the VNS.
Environmental conditions: All animals were housed in individually ventilated cages with appropriate environmental enrichment, maintaining optimal temperature, humidity, and lighting conditions according to Code of Practice standards.
Monitoring and care: We implemented frequent health checks and monitoring protocols, with particular attention during post-operative periods. Appropriate analgesic medication and supportive care (including wet mash food, gel supplements, and fluids when needed) were provided to minimize discomfort and support recovery.
Handling techniques: We used refined handling methods (non-tail handling techniques such as cupping and tube handling) to reduce stress during routine procedures.




2.11	By species and percentage please indicate the source of your animals.

	Species
	Source
	Approx. percentage

	Rat
	Lewis strain (commercial suppliers)
	50.7%

	Rat
	CD (Charles River) strain
	27.1%

	Rat 
	Sprague Dawley strain
	13.6%

	Rat
	Lister Hooded strain
	4.8%

	Rat
	Wistar strain
	2.2%

	Rat
	Stock/Other strains
	1.6%

	Mouse
	C57BL/6J strain (commercial suppliers)
	5.3%



2.12	During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  											         YES    NO

If so which protocols were amended and were numbers increased or decreased, and by how much?
	Protocol No.
	Original estimated Number
	Amended estimated number

	
	
	

	
	
	



If you have increased or decreased animal numbers please explain why this was necessary?
	






2.13	During the tenure of this licence have you requested an amendment to increase/decrease the severity of any protocols? 									         YES    NO

If so which protocols were amended and were the severity categories increased or decreased?
	Protocol No.
	Original severity category
	Amended severity category

	
	
	

	
	
	



If you have increased or decreased the severity category of any of your protocols why was this necessary?
	








3. 3Rs:

In this section, please explain what steps you have taken during the tenure of your licence that resulted in 3Rs gains.  This might include working with collaborators to refine your model, changing the anaesthetic regime or equipment, etc.  Consider every change you have made and its impact on the 3Rs – even small changes and initiatives can result in 3Rs gains.

The following definitions come from the NC3	Rs website and are included to help you provide information under the most appropriate R below: 

Definitions
Advancing research into animal 
welfare by exploiting the latest
in vivo technologies and by 
improving understanding of 
the impact of welfare on 
scientific outcomes
Appropriately designed and analysed experiments that are robust and reproducible, and truly add to the knowledge base
Accelerate the development and use of models and tools, based on the latest science and technologies, to address important scientific questions without the use of animals














3.1 [bookmark: The_3Rs_definitions]Have you attempted or been able to replace any of your techniques or models with non-animal alternatives?  										         YES    NO

Please explain.
	
Yes, using data collected from our experiments, we developed computer models and simulations that replicate interactions between our bioelectronic devices and neural tissue (particularly spinal cord).
These computational models now allow us to:
· Test device parameters and configurations in silico before animal studies
· Predict optimal stimulation settings
· Pre-screen devices computationally
This has resulted in a significant reduction in animal numbers for subsequent studies, as we can now eliminate many preliminary animal experiments by using computational modeling to answer initial research questions and optimize experimental design before proceeding to in vivo work.





3.2 Have you been able to reduce your animal usage?  					         YES    NO

If so, how have you achieved this (e.g., through experimental design, changes to the regulated procedures used)? Please give an indication of the actual numbers reduced.
	
Yes, we reduced animal usage through several approaches:
1. Computational modeling: As mentioned above, using data from early experiments to develop simulation models that eliminated the need for many preliminary studies.
2. Sequential testing approach: Starting with non-recovery and subcutaneous models before progressing to more complex procedures, ensuring only validated approaches proceeded to higher-severity protocols.
3. Enhanced device reliability: Our improved bioelectronic devices had more consistent performance, reducing variability and the need for larger experimental groups.
4. Shared control groups: Where scientifically appropriate, we used common control groups across related experiments to minimize total animal numbers.
Estimated reduction: Approximately 15-20% reduction in planned animal usage compared to original license estimates, particularly in preliminary testing phases where computational models replaced exploratory animal studies.





3.3 Are you involved with any tissue sharing  either within the University or more widely?  

Please explain:
	
Yes, we actively shared tissue samples with other research groups, particularly with chemical engineering colleagues. These shared tissue samples were used for:
· Device fabrication studies
· Bioelectronic device masking and coating development
This tissue sharing arrangement maximized the scientific value obtained from each animal used, as tissues that had served their primary purpose in our bioelectronics studies could then contribute to complementary research in device engineering and materials science. This collaborative approach ensured no tissue was wasted and supported broader research goals in biomedical engineering.





3.4 Please LIST the techniques and/or animal models you have used on your licence (include GA models).  Later on you will be asked about the 3Rs achievements – please do not detail your 3Rs achievements in this box.

	

Animal Models:
· Wild-type rats and mice
· Genetically altered mice (inflammasome knock-out, t-cell deficient)
· Genetically altered rats (immunodeficient strains)
Limited Injury Models:
· Unilateral brain lesions (non-eloquent areas, sensory-motor cortex, visual/auditory cortex)
· Peripheral nerve lesions (forearm nerve bundle only)
· No spinal cord injury models in recovery animals
Bioelectronic Devices:
· Brain neural interface devices (cortical surface and intracortical)
· Spinal cord neural interface devices 
· Peripheral nerve interfaces (cuff electrodes)
· Electrophoretic drug delivery systems




3.5 How successful have these techniques and/or models been?  

	
Very successful. We have managed to publish at least one peer-reviewed publication per implanted device/technique developed under this license.
The techniques have proven highly effective for:
· Device validation: Our non-recovery testing protocols successfully validated device functionality before progression to chronic studies, significantly reducing failure rates in recovery experiments.
· Biointegration studies: The foreign body reaction assessment models provided crucial data for developing strategies to improve long-term device performance and biocompatibility.
· Chronic recording quality: Our brain and spinal cord interface devices demonstrated stable, high-quality recordings over extended periods , enabling meaningful data collection for device optimization.





3.6 What limitations, if any, have you encountered?  Were you able to overcome these limitations and, if so, how?

	

One significant limitation was the acceptability of implanted devices (back end) by socially housed animals. External components were sometimes damaged through normal cage mate interactions, compromising data quality.
We overcame this by changing how our implants were externalized - redesigning connectors to be more robust, and improving subcutaneous routing to minimize external hardware. This allowed us to maintain social housing while ensuring device integrity and data quality.




3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES    NO
	
Please provide a list of techniques or models you have been able to refine and the refinements you have made.  Please indicate if you have published or disseminated this information during the tenure of this licence and attach a copy of the publication.
	
· Vascular port technology - replaced plastic caps with metallic caps that were significantly more durable and less susceptible to damage from cage mate interactions
· Wire routing methodology - evolved from cranial tunneling to low cervical tunneling, and ultimately to subcutaneous-only tunneling, which reduced surgical complexity and improved animal welfare while maintaining device functionality
These refinements substantially improved:
· Device longevity and data quality
· Surgical success rates
· Animal welfare through reduced external hardware
· Social housing compatibility
Publication status: Information regarding these refinements has been incorporated into peer-reviewed publications produced during this license tenure.





3.8 Do you use systems to monitor the welfare of your experimental animals (e.g., scoring sheet)?													         YES    NO

If not, why?
	





If you do use a welfare monitoring system, what do you use?  Did you refine or modify your system during the tenure of your licence and what impact did this have?
	We employed multiple welfare monitoring systems:
· BBB score for motor deficit development in animals with neurological lesions
· Weight reduction percentage as a key health indicator, with predetermined humane endpoints
· Pain assessment scoring using standardized behavioral indicators and response to analgesics
· Experiment-specific scoring systems tailored to the particular procedures and expected outcomes for each protocol (e.g., device implantation recovery, foreign body reaction assessment, neurological function evaluation)
Refinements during license tenure:
We refined our monitoring approach by developing more sensitive experiment-specific welfare criteria based on our accumulated experience with each device type and surgical procedure. This allowed for:
· Earlier detection of welfare concerns
· More precise humane endpoints
· Reduced variability in welfare assessment between different researchers
· Better correlation between welfare scores and actual animal condition






3.9 Were the end points detailed in your project licence appropriate? 			         YES    NO
Have you needed to modify them during the tenure of your licence? 			         YES    NO

Please explain.
	
The endpoints detailed in the original project licence proved to be appropriate and effective throughout the license tenure. They provided clear, practical guidance for welfare monitoring and humane endpoint determination across all protocols. No modifications were necessary as the original endpoints adequately covered the range of procedures and potential complications encountered during the research.



3.10 Please review the non-schedule 1 methods of killing authorised on the protocols on your licence.  In the box below, list each method and beside each clearly indicate which you have used?  Examples of non-schedule 1 methods include: exsanguination, decapitation and perfusion fixation.

	
N/A




Were these killing methods the most refined? 						         YES    NO
Were they the most appropriate for your experimental data?				         YES    NO

If you have answered NO to either of the above questions please explain.  If you were able to refine the way your animals were killed please explain how this was achieved.
	

N/A




3.11 Have you received awards or funding specifically targeted at the 3Rs?		         YES    NO

If so what was the source of your funding, when did you receive it and what did the funding allow you to achieve?
	






The AWERB 3Rs committee is particularly interested in this section of your review because information you provided here could be of interest and use to other researchers at the University.  

Information that you have included in this section will be included in the UBS 3Rs Search Tool unless you complete the box below.  UBS will only add information to the UBS 3Rs Search Tool section on the UBS website that University staff can log into using their Raven Access.  You should however disseminate all 3Rs finding more widely. 

I do not agree to information provided in this section to be added to the UBS 3Rs Search Tool for the following reason(s).
	









4. Scientific Progress and Benefit Achievements:

4.1 Taking into consideration that your licence may not be due to expire, has your research progressed as you expected?									         YES    NO

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										         YES    NO

4.3 Regardless of whether you managed to complete your programme of work, what have you achieved/discovered during the time since this licence was granted? (Please copy your key scientific questions/objectives which appear at the beginning of Part D, or in the Action Plan, of your project licence into the box below and against each explain what you have achieved/discovered).

	
Objective 1: Which stimulation setting and design (electrical and metabolic) is required to modulate neuronal function in a healthy animal model?
· Successfully identified optimal stimulation parameters for spinal cord, and peripheral nerve interfaces
· Developed protocols for electrophoretic drug delivery combined with electrical stimulation
· Established baseline recording and stimulation thresholds for each anatomical location
Objective 2: Which stimulation setting and design (electrical and metabolic) is required to modulate neuronal function in an injured animal model?
· Characterized device performance in limited injury models (brain lesions, peripheral nerve lesions) and spinal cord ( non-recovery)
· Optimized stimulation parameters for compromised neural tissue
Objective 3: Are stimulation and recording specific enough to generate/capture single unit signals?
· Achieved single-neuron resolution recordings with our ultra-flexible electrode arrays (peripheral; nerves)
· Demonstrated superior signal-to-noise ratios compared to conventional electrodes
Objective 4: Does the selected setting and design restore lost neurological function?
· Successfully demonstrated proof-of-concept for spinal cord bypass systems
· Showed functional restoration in peripheral nerve injury models
Objective 5: Is any such restoration maintained in the long term?
· Demonstrated stable device performance over chronic implantation periods 
· Developed strategies to minimize foreign body reaction for long-term biointegration
· Showed sustained functional benefits in chronic studies





4.4 For key scientific questions/objectives you could not complete either fully or partly, please include an explanation as to why you were not able to achieve what you set out to achieve when the licence was granted (reasons could for example include lack of funding, the model took longer than expected to develop, another group published data which meant continuing the work would equate to repeating the work, etc.).

	
N/A - All key scientific objectives were completed successfully during the license tenure.




4.5 In the expected benefits section of your licence you described the benefits you believed would be likely to arise from your programme of work.  Please explain what benefits have actually been achieved and, if appropriate, explain how these differ from what you anticipated you could achieve when you wrote the licence.

	





4.6 Specifically, if you were unable to address any or even all your key scientific questions/objectives what impact did this have on the benefits arising from your work?

	
N/A




4.7 Were you able to identify/develop/implement any new scientific or technical developments during the tenure of this licence? 									          YES    NO

If so, what were these and what were/was the benefit(s)?  
	
New scientific/technical developments achieved:
1. Novel bioelectronic device designs: Developed ultra-flexible neural interfaces using biocompatible materials (parylene-C) that significantly reduce tissue damage compared to traditional rigid silicon probes.
2. Advanced tissue integration strategies: Created hybrid implant systems combining bioelectronics with remodellable collagen matrices that promote tissue ingrowth and minimize foreign body response.
3. Innovative implantation systems: Designed detachable 3D-printed implanters with hydrophobic-coated shuttles for precise delivery of flexible multishank neural probes.
4. Tissue mechanics insights: Discovered fundamental differences in how peripheral nervous system (PNS) tissue responds mechanically to injury compared to central nervous system - PNS tissue stiffens while CNS softens, correlating with regenerative capacity.
5. 360-degree spinal cord interfacing: Created flexible circumferential bioelectronics enabling 360-degree recording and stimulation of the spinal cord, demonstrating proof-of-concept closed-loop systems for bypassing complete spinal cord injuries.
6. Ultra-conformable peripheral nerve interfaces: Developed revolutionary cuff implants with sub-nerve resolution that achieve fascicle-specific recording and stimulation of peripheral nerves. These devices demonstrated unprecedented long-term stability (21+ days) with minimal foreign body reaction through optimal mechanical matching to nerve tissue.
7. Velocity-selective neural recording: Achieved the first demonstration of conduction velocity and direction sorting from peripheral nerve recordings in awake, freely-moving animals. This breakthrough enables identification of specific nerve fiber types (motor vs. sensory, different speeds) without invasive penetrating electrodes.
8. Sub-nerve stimulation resolution: Demonstrated that conformable cuff electrodes can achieve selective stimulation of nerve portions typically requiring invasive penetrating devices, enabling production of complex hand movements including wrist and finger flexion/extension.
9. Biohybrid regenerative bioelectronics: Created the first functional neural interface combining human iPSC-derived skeletal myocytes with flexible electronics for peripheral nerve restoration. 
10. Biological signal amplification: Demonstrated that transplanted cells can serve as biological amplifiers for neural signals, significantly improving recording resolution and reducing axon-electrode distance through formation of functional neuromuscular junctions.
11. Neuropathic pain biomarkers: Established chronic nerve interfaces as research tools for identifying and tracking C-fiber activity changes associated with neuropathic pain development in freely-moving animals, providing new insights into pain physiology.
Benefits:
· Long-term biocompatibility: Flexible devices showed minimal foreign body response over 2+ months, with parylene-C cuffs showing near-absent fibrosis compared to clinical-standard PDMS
· Enhanced recording quality: Achieved stable, high-resolution neural recordings with improved signal-to-noise ratios over time, including fascicle-specific resolution without nerve penetration
· Reduced tissue damage: Significantly lower astrocytic activation and fibrotic scarring compared to traditional probes through optimized mechanical properties
· Clinical translation potential: Technology platforms suitable for neuroprosthetic applications, and chronic neural monitoring.
· Manufacturing versatility: Hybrid fabrication enables rapid prototyping of customized neural implants combining electrical and fluidic capabilities
· Neurological restoration potential: Both circumferential spinal interfaces and biohybrid peripheral devices demonstrated capability for neurological restoration - spinal cord injury bypass and functional restoration of amputated nerves
· Precision medicine applications: Velocity-selective recording enables personalized neural interfaces that can distinguish between different types of neural activity for targeted therapies
· Research tool advancement: Chronic interfaces provide new capabilities for studying neural physiology in awake animals, particularly for pain research and neural regeneration studies





4.8	Using the headings below please provide a list of publications and meetings attended where research arising from work undertaken under this licence has been disseminated.  
Please highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated.
Please only include publications arising from research undertaken under the authority of this licence.  If you have papers in press please include these.
	Publications in scientific journals:
Carnicer-Lombarte, A., Barone, D.G., Wronowski, F., Malliaras, G.G., Fawcett, J.W., & Franze, K. (2023). Regenerative capacity of neural tissue scales with changes in tissue mechanics post injury. Biomaterials, 303, 122393. https://doi.org/10.1016/j.biomaterials.2023.122393

Boys, A.J., Carnicer-Lombarte, A., Güemes-Gonzalez, A., van Niekerk, D.C., Hilton, S., Barone, D.G., Proctor, C.M., Owens, R.M., & Malliaras, G.G. (2023). 3D Bioelectronics with a Remodellable Matrix for Long-Term Tissue Integration and Recording. Advanced Materials, 35(8), 2207847. https://doi.org/10.1002/adma.202207847

Middya, S., Carnicer-Lombarte, A., Curto, V.F., Hilton, S., Genewsky, A., Rutz, A.L., Barone, D.G., Kaminski Schierle, G.S., Sirota, A., & Malliaras, G.G. (2023). Multishank Thin-Film Neural Probes and Implantation System for High-Resolution Neural Recording Applications. Advanced Electronic Materials, 9(9), 2200883. https://doi.org/10.1002/aelm.202200883

Gurke, J., Naegele, T.E., Hilton, S., Pezone, R., Curto, V.F., Barone, D.G., List-Kratochvil, E.J.W., Carnicer-Lombarte, A., & Malliaras, G.G. (2022). Hybrid fabrication of multimodal intracranial implants for electrophysiology and local drug delivery. Materials Horizons, 9(6), 1727-1734. https://doi.org/10.1039/d1mh01855h

Barone, D. G., Carnicer‑Lombarte, A., Tourlomousis, P., Hamilton, R. S., Prater, M., Rutz, A. L., Dimov, I. B., Malliaras, G. G., Lacour, S. P., Robertson, A. A. B., Franze, K., Fawcett, J. W., & Bryant, C. E. (2022). Prevention of the foreign body response to implantable medical devices by inflammasome inhibition. Proceedings of the National Academy of Sciences, 119(12), e2115857119. https://doi.org/10.1073/pnas.2115857119

Woodington, B. J., Lei, J., Carnicer‑Lombarte, A., Güemes‑González, A., Naegele, T. E., Hilton, S., El‑Hadwe, S., Trivedi, R. A., Malliaras, G. G., & Barone, D. G. (2024). Flexible circumferential bioelectronics to enable 360‑degree recording and stimulation of the spinal cord. Science Advances, 10, eadl1230. https://doi.org/10.1126/sciadv.adl1230

Carnicer‑Lombarte, A., Boys, A. J., Güemes, A., Gurke, J., Velasco‑Bosom, S., Hilton, S., Barone, D. G., & Malliaras, G. G. (2024). Ultraconformable cuff implants for long‑term bidirectional interfacing of peripheral nerves at sub‑nerve resolutions. Nature Communications, 15, 7523. https://doi.org/10.1038/s41467-024-51988-1




	Publications pending, or under review:

El Hadwe, S., Ruiz‑Mateos Serrano, R., Psaltakis, G., Forner, M., Lee, C., Swedick, S., Benta, A., Zhang, X., Gahnnam, M., Hasan, T., Trivedi, R. A., Carnicer‑Lombarte, A., Malliaras, G. G., & Barone, D. G. (under preparation). Non‑penetrating high‑resolution recording of the spinal cord for movement decoding and source localization in freely moving animals.

Kawan, M., Carnicer‑Lombarte, A., Middya, S., Jin, A., Hilton, S., Hastings, N., Kotter, M. N., Malliaras, G. G., & Barone, D. G. (under preparation). Neuronal membrane‑derived biohybrid neural interface reduces foreign body response in the brain.



	Presentations at scientific meetings:

In addition to the licence holder presenting each of the published works at least once, all collaborators contributed to multiple presentations of these projects at major international conferences across relevant disciplines.





Have you remembered to highlight in bold the publications which contain and meetings at which 3Rs achievements were disseminated?

4.9 Have you engaged with the general public by giving interviews about your work on radio, television, at a public meeting or debate or in a newspaper article?					          YES    NO

If you answered NO: why?
	





If you answered YES: how, where (i.e., what medium did you use) and when did you engage with the public, what sort of information did you disseminate and what was the outcome?
	 Podcasts : https://www.youtube.com/watch?v=i_iHi2v7JuY

News articles : https://www.independent.co.uk/news/science/university-of-cambridge-cambridge-b2541795.html

https://www.cam.ac.uk/research/news/wraparound-implants-represent-new-approach-to-treating-spinal-cord-injuries

https://www.bbc.co.uk/news/articles/cn4zll12ekwo

https://pharmatimes.com/news/cambridge-researchers-develop-robotic-nerve-devices-for-neurological-conditions/





a. 

5. Project Licence management information.

5.1 Amendments (if applicable):
Provide dates and a summary of all amendments made to this licence (i.e., what each amendment requested and why it was required) since the licence was granted (or if appropriate since the licence was last reviewed).  
Please read questions 2.11 and 2.12 – for amendments that apply to this question including those that apply to either 2.11 or 2.12, please provide the date of the amendment here and, if relevant, a note that further information can be found in Section 2.11 or 2.12.

	
Since grant on 20 July 2020, there has been one amendment:
· 26 May 2022 – Amendment requested to revise and expand the authorized programme of work.




5.2 Project licence Standard Condition 18 Reports (if applicable):
Provide dates and copies of all Condition 18 reports sent to the Home Office since the licence was granted (or if appropriate since the licence was last reviewed).  Copies of any reports should be attached/supplied as separate documents please.

	





5.3 Non-Compliance (if applicable):
Provide the date, a summary of the nature of any non-compliance and the outcome (or if appropriate since the licence was last reviewed).

	





5.4 Compliance Assurance Meetings [CAMs] or Root Cause Analysis (RCA) meetings (if applicable):
Provide the date, a summary of the nature of any incident and the outcome, if known (or if appropriate since the licence was last reviewed).

	





5.5 Have there been any other issues that have affected the management of this licence that you feel should be taken into consideration, (e.g., equipment failure, absence of key staff, change in the health status of the animal unit etc.)?

	








6 Retrospective Review:  

Project Licence Holder check list:
	AWERB requires the following documents
	Documents sent to AWERB

	Completed copy of this form
	

	Copies of Condition 18 reports (if applicable)
	

	Copies of 3Rs publications (if applicable)
	







For UBS office use only:
	
	Date

	1. Retrospective review form sent to project licence holder
	16/04/2024

	2. Retrospective review form received by the Project Support Team
	

	3a. Project Support Team meeting 
	

	3b. 3Rs committee
	

	3c. AWERB Standing Committee
	

	4. Process completed
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