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:
	Dr Daniel Munoz-Espin
	

	Contact details:
Address & tel.


	Department of Oncology
University of Cambridge
Hutchison/MRC Research Centre
Box 197, Cambridge Biomedical Campus
Cambridge
CB2 0XZ
+44 (0)1223 763337
	

	Project No.
	P7EC604EE

	Project title
	Cellular senescence, plasticity and cancer: new frontiers and novel tools for diagnosis and therapy 

	Project purpose
	To dissect the role and the contribution of different processes and cellular states to cancer initiation and progression. This includes the incidence, extent and role of cellular senescence (and the SASP), cellular plasticity (de-differentiation processes) and pluripotency (cancer stem cells) in different contexts of damage and oncogenic stress. Determining the underlying mechanisms triggering these processes and how they are interconnected at the origin of cancer is essential to develop novel diagnosis and therapeutic interventions. Based on this knowledge, we aim to obtain proof of principle of the use of novel diagnostic and therapeutic tools to target premalignant and/or cancer cells.



	Date licence was granted
	10th June 2019

	Date of retrospective review is sent to the PPLh
	01/12/21




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


	B
	X
	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.  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
	Mild
	200
	1st year
	
	
	36
	
	
	36

	
	
	
	
	2nd year
	
	
	12
	
	
	12

	
	
	
	
	3rd year
	
	
	20
	
	
	20

	
	
	
	
	4th year
	
	
	3
	
	
	3

	
	
	
	
	Total
	0
	0
	71
	0
	0
	71

	2
	Mice
	Mild
	400
	1st year
	
	
	
	
	
	0

	
	
	
	
	2nd year
	
	
	
	
	
	0

	
	
	
	
	3rd year
	
	
	
	
	
	0

	
	
	
	
	4th year
	
	
	
	
	
	0

	
	
	
	
	Total
	0
	0
	0
	0
	0
	0

	3
	Mice
	Moderate
	100
	1st year
	
	
	
	18
	
	18

	
	
	
	
	2nd year
	
	
	
	7
	
	7

	
	
	
	
	3rd year
	
	
	
	5
	
	5

	
	
	
	
	4th year
	
	
	
	5
	
	5

	
	
	
	
	Total
	0
	0
	0
	35
	0
	35

	4
	Mice
	Moderate
	30
	1st year
	
	
	
	
	
	0

	
	
	
	
	2nd year
	
	
	
	5
	
	5

	
	
	
	
	3rd year
	
	
	
	
	
	0

	
	
	
	
	4th year
	
	
	
	4
	
	4

	
	
	
	
	Total
	0
	0
	0
	9
	0
	9

	5
	Mice
	Mild
	7000
	1st year
	
	
	564
	
	4
	568

	
	
	
	
	2nd year
	
	
	1261
	
	11
	1272

	
	
	
	
	3rd year
	
	570
	8
	4
	4
	586

	
	
	
	
	4th year
	
	84
	1157
	3
	10
	1254

	
	
	
	
	Total
	0
	654
	2990
	7
	29
	3680

	6
	Mice
	Moderate
	3000
	1st year
	
	
	
	7
	
	7

	
	
	
	
	2nd year
	
	
	
	216
	5
	221

	
	
	
	
	3rd year
	
	
	
	101
	7
	108

	
	
	
	
	4th year
	
	
	
	36
	2
	38

	
	
	
	
	Total
	0
	0
	0
	360
	14
	374

	7
	Mice
	Moderate
	1500
	1st year
	
	
	
	
	
	0

	
	
	
	
	2nd year
	
	
	
	110
	1
	111

	
	
	
	
	3rd year
	
	
	
	14
	1
	15

	
	
	
	
	4th year
	
	
	
	12
	
	12

	
	
	
	
	Total
	0
	0
	0
	136
	2
	138

	8
	Mice
	Moderate
	1000
	1st year
	
	
	
	37
	4
	41

	
	
	
	
	2nd year
	
	
	
	54
	5
	59

	
	
	
	
	3rd year
	
	
	
	
	
	0

	
	
	
	
	4th year
	
	
	
	55
	1
	56

	
	
	
	
	Total
	0
	0
	0
	146
	10
	156

	9
	Mice
	Moderate
	1550
	1st year
	
	
	
	60
	
	60

	
	
	
	
	2nd year
	
	
	
	177
	1
	178

	
	
	
	
	3rd year
	
	
	
	42
	
	42

	
	
	
	
	4th year
	
	
	
	138
	
	138

	
	
	
	
	Total
	0
	0
	0
	417
	1
	418

	10
	Mice
	Moderate
	1000
	1st year
	
	
	
	
	
	0

	
	
	
	
	2nd year
	
	
	
	213
	11
	224

	
	
	
	
	3rd year
	
	
	
	149
	
	149

	
	
	
	
	4th year
	
	
	
	145
	1
	146

	
	
	
	
	Total
	0
	0
	0
	503
	12
	515

	11
	Mice
	Moderate
	300
	1st year
	
	
	
	
	
	0

	
	
	
	
	2nd year
	
	
	
	
	
	0

	
	
	
	
	3rd year
	
	
	
	
	
	0

	
	
	
	
	4th year
	
	
	
	6
	
	6

	
	
	
	
	Total
	0
	0
	0
	6
	0
	6

	12
	Mice
	Moderate
	500
	1st year
	
	
	
	
	
	0

	
	
	
	
	2nd year
	
	
	
	31
	
	31

	
	
	
	
	3rd year
	
	
	
	
	
	0

	
	
	
	
	4th year
	
	
	
	
	
	0

	
	
	
	
	Total
	0
	0
	0
	31
	0
	31



*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

	5
	Higher
	Our breeding protocol has shown moderate cases (7/3680). These constitute sporadic cases (0.2%) from fight wounds, malocclusion, hydrocephalus and seizures.  

We have also shown some severe cases (29/3680). Most were reported as found dead, apart from 8 mice that were found moribund and generally unwell, not associated with their genetic background. This represents 1% of animals under breeding and maintenance.

Note that 18% of mice were reported as sub-threshold, lower than the expected severity (657/3680).

	6
	Higher
	3.9% of mice were reported as severe (14/360). These constituted animals that were 5 animals that were found dead. The reason was that the Ketamine / Xylazine anaesthesia mixture caused an adverse reaction in 2 mice. One mouse died 1 day after adenovirus treatment, which could also be to do with the anaesthesia or virus treatment. Two mice died during the tumour development stage, months after virus treatment. 

	7
	Higher
	1.5% of mice were reported as severe (2/138). These animals were found moribund.

	8
	Higher
	5.8% of mice were reported as severe (9/156). These constituted 8 animals that were found dead. 4 were found dead and one was moribund during the tumour development stage with signs of tumours at necropsy, 3 were found dead before the tumour development stage but after urethane injections without clinical signs observed before or at necropsy. 

	10
	Higher
	2.3% of mice were reported as severe (12/515). 7 mice had acute weight loss and rapid tumour development. 2 mice were found dead and 2 were moribund without weight loss but detectable tumours at necropsy. 1 mouse found dead without detectable tumours by IVIS before death or at necropsy, and no clinical signs were detected. 


 

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).

	
Though the majority of adverse events were well anticipated, however over the course of the project there have been some unanticipated complications. All experiments and adverse events are recorded by either animal technicians or research scientists into the MCMS database system. If recorded by animal technicians, then it is reported to the PIL responsible to keep an independent record. All incidences are reported to me as the PPL holder. We follow up on reports on a case by case basis and keep a record of action taken in the MCMS database. The whole research group has access to records also and are stored on our online research group drive. 

· Tumour development (protocols 6, 8 and 10)

As indicated above (section 2.2), we have noticed that some (1.3%) of our animals (protocol 6: 2/360; protocol 8: 6/156; protocol 10: 4/515) were being found dead or moribund at the tumour development stage without clinical signs being detected beforehand. These protocols were not well established in the literature, but during the tenure of the license we have been able refine them to reduce the number of animals surpassing the moderate severity limit. [Protocol 6: 5/216 severe in 2019 (2.3%); 7/101 severe in 2020 (6.9%); 2/36 severe in 2021 (5.6%). In 2021 the two adverse events were due to anaesthesia complications and no mice had adverse events related to tumour development. Protocol 8: 4/41 severe in 2018 (9.8%); 5/59 severe in 2019 (8.5%); 1/56 severe (1.8%) in 2021. Protocol 10: 11/213 severe (5.2%) in 2019; 0/149 severe (0%) in 2020; 1/145 severe (0.7%) in 2021]. We believe the reason for these adverse events at the tumour development stage was because we identified tumours elsewhere in the liver and thymus. We are now monitoring these animals more closely at the tumour development stage and carrying out CT scans to detect off-target tumours in the thymus or liver. This observation has been reported to the Home Office, representing 12 of the 25 animals included in the SC18 reports submitted for protocols 6, 8 and 10 (See 10 SC18 reports attached). This is 1.3% of all animals reaching the tumour development stage in these protocols.

SC18 reports: 20/10/18, 23/10/18, 30/01/19, 10/03/19, 29/05/19, 02/05/19, 01/08/19, 11/09/19, 04/09/21, 03/03/22

· Tamoxifen-fed diet (protocol 6 & 8)

Mice fed on a tamoxifen diet were acutely losing weight, which they quickly regained when placed back on normal diet. This maladaptive feeding behaviour was the only clinical sign observed in these animals. An amendment was made to include this adverse event. Previously, we attempted introducing tamoxifen intraperitoneally, but 2 (of 16) mice developed lumps at the injection site, likely due to repeated injections leading to corn oil accumulation. Though these did not show any clinical signs of causing discomfort.  We are now providing tamoxifen by mixing tamoxifen pellets with Nesquick for the first 15 days to encourage eating. Also, we can provide tamoxifen by oral gavage or by carrying out fewer intraperitoneal injections if they lose weight on the Tamoxifen/Nesquick diet. This observation was reported to the Home Office, and alterations to the procedure included as a PPL amendment on 26/03/19. An adverse event has not been reported since 2019. See 3 SC18 reports attached. 

SC18 reports 09/10/18; 13/02/19; 30/04/19

· Intratracheal treatment of adenovirus (protocol 6)

We have experienced some complications with the anaesthetic (Ketamine / Xylazine) tolerance of our mice. This has resulted in 2 mice being found dead before recovery from anaesthesia, and one mouse being found dead within 24 hours of anaesthetic and adenovirus administration. This constitutes 0.8% (3/374) of the animals having received anaesthesia. These have been reported to the Home Office. (See 2 SC18 reports attached). 

SC18 reports: 02/08/19; 11/11/21




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

	6
	14/360 (3.9%) = Combination of animals culled sick (2.5%) and found dead (1.4%) from tumour-related side effects.

	7
	2/138 (1.5%) = These were animals culled sick (generally unwell)

	8
	9/156 (5.8%) = Combination of animals culled sick (generally unwell, 0.6%) or found dead (5.1%) for either tumour related effects (3.2%) or unrelated (1.9%). 

	10
	12/515 (2.3%) = 9 (1.8%) culled sick, 7 (1.4%) due to weight loss attributed to tumour development, 2 culled sick (0.4%) due to being generally unwell due to tumour growth. 3 (0.6%) were found dead, 2 (0.4%) due to tumour development, 1 (0.2%) not due to tumour development.



2.5 Were your estimated animal numbers accurately reflected in your actual animal usage as provided in Table 2.1 above?									                           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.

	Please note
	The pandemic significantly affected our research and as such reduced the number of animals in many of the protocols.
Additionally, we moved animal facilities to the Anne McLaren Building during the tenure of this PPL, which also significantly affected our research as we had to rederive all of our colonies with the new animal facility before restarting our projects. 

	1
	71/200. Super-ovulation was required less often than expected due to the above delays associated with the pandemic and the rederivation to the Anne McLaren Building.

	2
	0/400. Animals being rederived were moved onto the project license for Anne McLaren Building’s technical staff and so were not recorded on this PPL.  

	3
	35/100. Fewer embryo recipients were required as the majority of our colonies were already established by other PPLs.  

	4
	9/30. Few vasectomies were required to establish colonies.  

	5
	3680/7000. The pandemic and animal house migration (to Anne McLaren Building) resulted in a significant reduction in our breeding, so it is unlikely that we will reach the 7000 by the end of the PPL. 

	6
	374/3000. We have established and refined this protocol during the tenure of this license, despite the delays due to covid and rederivation to the Anne McLaren Building. We expect to use this more frequently in the next PPL.

	7
	138/1500. We have established and refined this protocol during the tenure of this license, despite the delays due to covid and rederivation to the Anne McLaren Building. We expect to use this more frequently in the next PPL.

	8
	156/1000. We have established and refined this protocol during the tenure of this license, despite the delays due to covid and rederivation to the Anne McLaren Building. We expect to use this more frequently in the next PPL.

	9
	497/1550. The pandemic and animal house migration resulted in a significant reduction in our experiments. 

	10
	515/1000. The pandemic and animal house migration resulted in a significant reduction in our experiments.

	11
	6/300. We focused on chemotherapy as our preferred model for therapy-induced senescence. We predict that this will be used more frequently over the next PPL, as per the original aim. 

	12
	31/500. Most drugs during this PPL had already optimised dose regimes and so fewer animals were used than expected. As we further establish novel drugs and techniques through our projects, we expect to use this protocol more frequently.



2.6 Have you re-used animals? 								         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

	
	Not applicable 

	
	



2.7 Has there been any animal wastage? 							         	YES 

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:

We tend to use optimised productive breeding strategies where necessary, for example using only homozygous mutant animals where that allows to avoid animals being produced with an unwanted genotype. Importantly, as many of our genetic models rely on two or three mutated alleles it reduces the number of animals produced with the correct experimental genotype. When surplus animals result from these crosses, we try to use animals with an unwanted genotype, or produced in excess for pilot studies, control groups, tissue sharing, validation of new data and training. 

Despite our efforts, we do still produce animals that we cannot make use of. Examples include those with unwanted genotypes that are incompatible with other applications and excess breeding production. We are working with staff at the Anne McLaren Building to minimise these as much as possible. 


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

Majority of excess is produced from breeding and maintenance (protocol 5), only isolated cases were recorded in experimental protocols (6-12). The estimated animal excess is 651 of 5425 (12% surplus).




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.
	
A) General breeding strategy:
· For colonies that are being maintained without experimental work, 2 cages of males and 2 cages of females are kept as breeders. Upon reaching 4 months, they are substituted for younger mice. 
· Lines are maintained as homozygous where possible. The only colonies that have to be kept as heterozygous due to embryonic lethality if homozygous are those harbouring KRas mutated alleles. Where there are multiple alleles in the colony, there must be a representation of genotypes that allows sufficient breeding for control animals. During development of new colonies, mice that are heterozygous and homozygous for the new alleles are maintained to understand the effect of the transgene. 
· Periodically mice are bred to avoid genetic drift, every 10-15 generations they are crossed with an inbred control strain. 
· Generally, sibling mice are avoided as parental breeders to prevent adverse events from inbreeding. 
· Experimentally, animals are bred according to our requirements. The numbers of animals required for the study are calculated and then, depending on genotype, the numbers of litters required to produce enough experimental animals are determined. We generally account for excess (around 20%) to account of problems that may arise. If not required as ‘excess’ for the initial experiment, the mice are typically used for further experiments following data acquisition that determines further experiments are required. 

B) Uses for excess stock animals:
· Validation of new data (as indicated above)
· Pilot studies
· Controls (typically WT or genetically compatible animals)
· Procedure training

C) Non applicable





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    
		b) accessed by researchers outside the University?				 	         NO
		c) would you allow other researchers at the University to use your strains?	         YES
		d) would you allow external researchers to use your strains with an MTA applied?	         YES

If you have answered YES to any of these questions please elaborate below:
	
a) MCMS is used to store information on animal stocks and procedures. It is accessible to other members at the university using the database, and so we can be contacted by them if they are interested in a particular strain. 
b) N/A
c) and d) Mouse strains are available to the scientific community once adequate Material Transfer Agreement (MTA) has been signed by both parties, in line with good research practice. 





If you have answered NO to any of these questions please explain why.
	
b) MCMS is unavailable to members external to the University, for security reasons. 




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 

Please explain/provide examples.
	
Transport: All animals are housed within the same facility to minimise transport between them. New lines are typically brought in locally from Charles River Laboratories (Saffron Waldon, UK), which is less than 15 miles from our animal house.

Excess: This is limited where possible through using mice with incorrect genotype as controls for the experiment where possible. If not, they can be used as breeders for the next generation, or as part of other experiments / pilot studies where appropriate and the genetic background does not interfere with the study aims. 

Housing: Single housing of animals is reduced by ensuring genotyping of animals is performed within a few weeks of birth where possible. If animals are paired for mating then we will be notified if this leaves remaining animals within the cage that are singly housed. 




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

	Species
	Source
	Approx. percentage

	Mouse
	Charles River
	4.8%

	Mouse
	In-house breeding
	95.2%



2.12	During the tenure of the licence have you requested an amendment to increase/decrease animal numbers?  											         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? 									          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 

Please explain.
	In our lab we optimise, characterise, and validate our data using our expertise with mouse and human in vitro cultures before translating to in vivo models. We utilise functional assays for cancer growth and plasticity, providing initial information allowing the most efficient translation to pre-clinical animal models. Additionally, we have been establishing 3D-organotypic co-cultures to study senescence and lung cancer, whereby primary tissues from animal models can be used. This partially recapitulates in vivo cellular behaviours and allowed us to study tumour microenvironment to partially replace animal usage. Projects within the laboratory are attempting develop these techniques further. Finally, we also validate our findings in ex vivo human samples of lung adenocarcinoma, adenoma, and hyperplasia to further reduce animal models required to ascertain this information. 




3.2 Have you been able to reduce your animal usage?  					               YES 

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.
	
Breeding:
· Cryopreservation is used to preserve important lines when they are not required, reducing the holding of live animals for extended periods. 

Experimental design: 
· We carry out pilot studies where we can to optimse the experimental design through identification of uncontrolled variables. This information can be discussed with local statisticians (e.g. Dominique-L. Couturier) to help us appropriately power our experiments and use the correct number of animals to draw statistical conclusions. 
· Where possible, we typically use one half of a mouse lung for one experimental output (ie. Flow cytometry) and another half for a different output (ie. Histology). This halves the number of animals used to answer test these hypotheses.  
· Subcutaneous injections of cancer cells (protocol 9) are carried out on each flank of the mouse, halving the number of mice required to carry tumours.

Methods used:
· We use a CT scanner for non-invasive imaging of the same animals over time, reducing the number of animals used.
· In vivo imaging system (IVIS) allows non-invasive imaging of tumour growth, reducing the number of animals used. 




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

Please explain:
	
We have a network of collaborators working on senescence and NSCLC within the UK that we share mouse lines with (e.g. Juan Pedro Martinez-Barbera at UCL, London, who provided the p16:FDR mice). We also try to snap-freeze or formalin-fix organs that we are not using for other groups in Cambridge to use. For example, Jackie Shields has been provided with lung tissue, and Mona Shehata has been provided with mammary tissues from our animals.




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.

	
In vivo Techniques:
· Cell/tissue grafting
· Orthotopic lung cancer cell injection
· Subcutaneous injections of tumour and/or senescent cells 
· Intratracheal and intranasal instillation of adenoviruses to activate lung cancer
· Intraperitoneal injection of carcinogens to induce lung cancer.
· Ionizing radiation
· Tamoxifen treatment to activate genetic models of lung cancer
· Drug treatments using chemotherapies, senolytics and SASP modulators to chemically manipulate tumour development. 
· Oral gavage
· Intravenous injections
· Cell transplantation.
· Genetic and chemical labelling. 
· Non-invasive imaging: CT scans and IVIS 
· Induction of lung fibrosis and damage through chemical administration (bleomycin / LPS)

Animal models 
P16mKCreERT2
P16-FDR
P16-FDR (FVB)
P16-FDR-KRas
P16-FDR-KP
C57BL/6J
FSF-KrasG12V
LoxP-KP
Oct4-KP
Oct4-GFP-Kras
OSKM-K5
OSKM-K5-Kras
OSKM-BK
P16-3MR-Kras
SCID/Charles River
Sting-KP
Sting-K
Balb/C nudes (Charles River)




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

	· Techniques: All methods used have been successful and resulted in important and relevant observations and data. 

· Mouse models: Most mouse models have been productive and provided vital information relevant to this project. The OSKM-K5 mouse line showed some skin-related adverse effects, so this was retired in favour of the OSKM-BK line. The new mouse line we have developed, P16mKCreERT2, is currently being characterised and validated. 




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

	
The main challenges have been described in section 2.3, and are further clarified below: 

Weight loss from tamoxifen diet (protocol 6 & 8)
· Unexpected effect: mice fed a diet with tamoxifen lost weight through avoiding the food.
· Action taken: After discussion with the NVS and NACWO, we now provide Tamoxifen pellets with Nesquick to improve feeding behaviour. We also amended our PPL to monitor and weigh these mice when on a tamoxifen-diet, if they lose 10% weight they are returned to a normal diet until they regain weight. We are also able to provide tamoxifen by IP injections (limiting the number of repeated injections where we can) and by oral gavage. 

Deaths during tumour development stage (protocol 6, 8, 10)
· Unexpected effect: Mice being found dead during tumour development stage, months following urethane injection or adenovirus administration. Post-mortem assessment showed that urethane treatment has been shown to cause cancers outside of the lung, such as the liver and thymus, which could explain some of these unexpected events. Additionally, depending on the genetic background, the onset of lung cancers from these protocols can take many months, at which point the animals may show signs of ageing and sporadic and incidental tumours outside of the lung that are associated with this.
· Action taken: During the tumour development stage there is now increased monitoring for clinical signs, we have also added laboured breathing as a clinical sign in a PPL amendment. We also, where possible, longitudinally measure tumour burden by microCT analysis. This also includes the thymus and liver to detect tumour development in these regions. Additionally, we are currently characterising mice with more sensitive genetic backgrounds to lung cancer from Urethane injections (protocol 6). This should reduce time that mice have lung tumours for, and reduce the unexpected adverse events from tumours outside of the lung and from ageing.
· We identified acute weight loss from rapid tumour development following orthotopic cancer cell injection (Protocol 10) in 5 week old mice at the time of injection. We now only inject animals that are 7 or 8 weeks old and over 18 grams body weight.




3.7 Have you attempted or been able to refine any of your techniques or models? 
         YES
	
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.
	
Refinements have been mentioned in section 3.6. 
· Providing Nesquick with Tamoxifen pellets has improved the feeding behaviour and limited weight loss from maladaptive eating.
· Orthotopic cell grafting is now only carried out on mice 7w or older, weighing over 18g to avoid weight loss and adverse events from rapid tumour development
· Where possible, animals are culled by schedule 1 rather than terminal anaesthesia and perfusion fixation. We have refined a technique whereby we can reinflate the lung to preserve the structure for histological analysis.  
· Transplantation of lung cancer cells via the intratracheal route, rather than through tail vein injection, facilitates engraftment in the target tissue and limits their spread in off-target areas. 




3.8 Do you use systems to monitor the welfare of your experimental animals (e.g., scoring sheet)?													         YES 

If not, why?
	
Many protocols used within this project have been refined during the tenure of the license. Rather than a scoring system, generally we used a combination of weight monitoring and clinical signs such as hunched posture, rapid breathing, piloerection, social isolation, gait, eating and drinking behaviour to monitor animal welfare and determine humane endpoints that are well described in the adverse events. We also now monitor tumour development longitudinally with non-invasive imaging techniques, the microCT and IVIS. These were effective at maintaining animal welfare and limiting adverse events. 

Additionally, for tumour-bearing mice (protocol 9), a scoring system is used to monitor the welfare of experimental animals. 
 



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?
	In protocol 9, we use a scoring system to measure the clinical condition of tumour-bearing mice. The assessment of appearance, posture, behaviour, assessment of feeding and drinking, body weight measurements are carried out daily. At the tumour site, calliper measurements to determine tumour volume are carried out, as well as inspections of the tumour sites for distension, ulceration and compromised mobility. 
These indicators are used in a scoring system whereby any mouse scoring above 2 in any category was humanely killed. These indicators include:
1. % of tumour ulcerated area (a score of 3 is 10%)
2. Presence of discharge (a score of 3 indicates wet, purulent discharge)
3. Signs of neighbouring inflammation (a score of 3 indicates red and swollen skin)
4. Depth of tumour (a score of 3 is 3-4mm depth and cratered)
5. Animal behaviour (a score of 3 is isolation from cage mates, not readily moving when cage disturbed, and limping)
6. Scratching (a score of 3 indicates frequent scratching)
7. Animal appearance (a score of 3 indicates piloerection in 50% of body, severe hunching in back even when walking)
8. Dehydration (a score of 3 indicates skin tenting for more than 5 seconds, severely sunken eyes and cool to touch). 
We have not had to refine this system during the license tenure. 



3.9 Were the end points detailed in your project licence appropriate? 			        YES 
Have you needed to modify them during the tenure of your licence? 			        YES

Please explain.
	
We added laboured breathing as a clinical sign of lung tumour development in a PPL amendment. Otherwise, the end points did not need modifying. 




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.

	
Authorised non-schedule 1 method: Perfusion fixation under terminal anaesthesia to preserve the structure of the lung as much as possible. We have found that, in some cases, we can preserve lung structure by instead culling with a schedule 1 method and re-inflating the lung post-mortem.   

We perform schedule 1 killing methods: dislocation of the neck, rising concentration of carbon dioxide and overdose of anaesthetic. All of which have death confirmed using a secondary method.




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

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.
	
As stated above, we have been able to preserve lung structure after schedule 1 killing of the animal, rather than perfusion fixation under terminal anaesthesia, which has refined the way these animals were killed. 




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

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





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).
	
I do agree. Information can be added. 





















































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, other than indicated delays

4.2 When your licence is due to expire will you have completed the programme of work described in this licence? 										                 YES,     we will have addressed the original questions, however many are still ongoing. 

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).

	Main goals and specific aims of the project:
A) Goal: To gain insight into mechanisms and processes that lie at the origin of cancer, thereby increasing our fundamental knowledge. In particular, we are interested in the role, incidence and extent of cellular senescence, cellular plasticity, and pluripotency (cancer stem cells), and how these processes and cellular states may collectively or independently promote cancer initiation and progression.
Aims:
a. To address the contribution of cellular senescence to plasticity and pluripotency, and how it affects cancer initiation and progression in response to damage and/or oncogenic stress.
b. To identify the components of the secretome of senescent cells (SASP) and to characterise how they affect nearby cells and the tissue microenvironment. In particular, how the SASP affects cellular plasticity and pluripotency, proliferation/tumorigenesis, inflammation, and/or regulation of the immune system.
c. To address the contribution of cellular de-differentiation (gain of cellular plasticity) and/or pluripotency (cancer stem cells) to cancer initiation and progression in response to damage and/or oncogenic stress
d. To isolate tumour precursor cells in order to characterise their origin, gene expression profiles, and epigenetics status.
B) Goal: To develop novel diagnostic and therapeutic interventions for cancer based on novel drugs and chemical agents, nanoparticles, and imaging probes. We aim to implement new targeted therapies for premalignant and/or cancer cells, thereby meeting an existing clinical need.
Aims:
a. To develop novel diagnostic tools to detect premalignant and cancer cells. This includes diagnostic nanoparticles loaded with tracers and also imaging probes.
b. To develop new therapeutic methods to eliminate premalignant cells, thereby preventing early progression, and cancer cells. We also aim to kill resistant cells after chemotherapy (avoiding recurrence). For this, we will design cytotoxic nanoparticles and novel drugs or chemical agents.
c. To generate targeted therapies capable of improving current chemotherapy treatment outcomes in already established tumours. In particular, by increasing the specific targeting for cancer cells, thereby reducing off target effects in healthy tissues.

Achievements to date
Goal A
1) Established the incidence of senescence, pluripotency, and reprogramming at the origin of lung cancer and after common treatment regimens such as chemotherapy in the lungs. This was not explored at all in the context of lung cancer and has provided key information into the mechanisms of how lung cancer develops and therapy resistance. We have identified macrophages and endothelial cells as key players that become senescent during the onset of cancer and contribute to tumour growth. We are preparing a manuscript for publication on this work (Haston et al., 2022; see section 4.6 for full reference). The works has opened many avenues and questions that can be answered in future projects, and we have been awarded a CRUK Programme Foundation Award and a Darley Sands Fellowship to continue this work over the coming years. 
2) We have developed, characterised, and refined multiple tools to study both the origin of lung cancer and therapy resistance in advanced disease, which can be used to provide essential answers to the questions arisen from this license in the future. 
3) Identification of TGF-beta as a key component of senescent secretome that drives lung cancer progression. It highlights a novel drug target that can be used in combination with standard NSCLC therapy to improve patient outcomes. This work is in final stages of development and due to be submitted for publication in late March 2022 (Gonzalez-Gualda et al., 2022, see full reference in 4.6). 
4) We have discovered how pluripotency through reprogramming induces changes in cell fates that impair tumour progression in NSCLC. The induction of apoptosis and senescence through reprogramming in our NSCLC models highlighted a potential therapeutic avenue that could be explored to help with the treatment of NSCLC. This work is being prepared for submission (Zhang et al., 2022; see 4.6 for full reference).
Goal B
1. Development and validation of nanoparticle-based approaches for the treatment of NSCLC. This has contributed to three publications during this licenses tenure and demonstrated that efficient targeting of senescent cells using a nanoparticle-based approach can be effective at the management and treatment of NSCLC in combination with standard chemo and radiotherapies (Lozano-Torres et al., 2021; Gonzalez-Gualda et al., 2020; Muñoz-Espín et al., 2018. See 4.6 for full references).
2. We have developed a nanoparticle-based approach for the detection of senescent cells, which could be used to stratify patients according to their senescent burden before and after therapy regimens. Based on our data this could predict how well a patient will respond to standard therapies, and when a tumour recurrence could occur. A patent has been granted based on these nanoparticles and we have received a Novel Technology Award with the CRUK/CRT Ltd Project Development Fund. The project is entitled “Cyanine dye nanoparticles for senescence imaging”.




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.).

	
We had a delay with our mouse models because we moved animal facilities in 2019/2020, which involved rederiving and starting up colonies again from scratch in the new facility. 

The COVID-19 pandemic also delayed our projects, halting all the work in the laboratory for a significant period and minimised the animal work since while we were undergoing shift work.  




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.

	
Original benefits proposed
1) Interplay between cellular senescence, plasticity and cancer.
2) Preclinical validation of novel methods and tools for cancer early detection and therapy. 

Explored benefits and beneficiaries
1) We have discovered the incidence and role that cellular senescence plays in the development of lung cancer in early disease, as well as in response to therapy in the context of advanced disease. This has further highlighted the use of senescence-targeting therapies to develop more refined treatment and management options for NSCLC patients, as well as a cancer preventative therapy.
2) We have developed and validated therapeutic tools for the clearance of senescent cells in NSCLC models. A nanoparticle utilising galactose-conjugation of the senolytic Navitoclax (ABT-263) was effective at clearing senescent cells and limiting tumour growth in our NSCLC models. Additionally, this approach avoided the thrombocytopenia and platelet toxicity that is typically seen from Navitoclax treatment, making it a more attractive option as a senescence-modifying therapy. 
3) We are currently acquiring in vivo validation for the diagnostic nanoparticle-based tool that we have developed and is showing promising results at being able to detect senescent cells in the whole organism. This is useful for patients in terms of identifying those with high senescent burden, but also as a tool for researchers as there are limited approaches to identifying senescent cells reliably in vivo currently. 

Further insights are required and there are many more challenges for the future towards the next PPL term. Now that we have a better understanding of incidence and role of senescence, as well as mechanistic insights that we previously unexplored in NSCLC, there are many questions for the future. For example, the role and interplay of ageing and the tumour microenvironment (such as the immune system) with cellular plasticity, reprogramming and senescence.



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?

	
We have been able to at least partially address our key scientific questions & objectives despite the delays arising from rederivation into the Anne McLaren Building and the pandemic. However, we have many more questions to address that are related to these scientific questions given our promising results, particularly while using our now established NSCLC mouse models. This will have to span towards the next PPL term. 




4.7 Were you able to identify/develop/implement any new scientific or technical developments during the tenure of this licence? 									          	      YES

If so, what were these and what were/was the benefit(s)?  
	
During this PPL’s tenure, we have developed multiple methods to allow the study of senescence, cellular reprogramming and plasticity in NSCLC. These include:
· Generation and/or characterisaton and validation of genetically engineered mouse models to study senescent cells (e.g. p16FDR; P16mKCreERT2) and cellular reprogramming (Oct4-KP; Oct4-GFP-Kras; OSKM-BK) in the context of lung cancer. Additionally, the senescent cells can be ablated genetically to corroborate information gained by pharmacological clearance of senescent cells. 
· Multiple methods of lung cancer induction have been refined, including chemical treatment, adenovirus administration and orthotopic injections. These combined provide a robust view to study lung cancer development in alternative contexts, to better recapitulate the heterogeneity that is seen when treating this disease in humans. 
· Identification of TGF-beta inhibition (through the drug Galunisertib) as a potential method for limiting lung cancer growth by blocking the senescence-associated effects. 
· The use of novel nanoparticle-based approaches to more effectively target (Nav-Gal) and detect (J-Agg) senescent cells.  





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:
1) Lozano-Torres B, Blandez JF, Galiana I, Lopez-Dominguez JA, Rovira M, Paez-Ribes M, Gonzalez-Gualda E, Muñoz-Espín D, Serrano M, Sancen.n F, Mart.nez-M..ez R. A two-photon probe based on naphthalimide-styrene fluorophore for the in vivo tracking of cellular senescence. Anal Chem. 2021;93(5):3052-3060
2) Gonzalez-Gualda E, Paez-Ribes M, Lozano-Torres B, Macias D, Wilson III JR, Gonzalez-Lopez C, Ou H-L, Miron-Barroso S, Zhang Z, Lerida-Viso A, Blandez JF, Bernardos A, Sancenon F, Rovira M, Fruk L, Martins CP, Serrano M, Doherty GJ, Martinez-Manez R, Muñoz-Espín D*. Galacto-conjugation of Navitoclax as an efficient strategy to increase senolytic specificity and reduce platelet toxicity. Aging Cell. 2020 9(4):e13142. doi: 10.1111/acel.13142. Epub 2020 Mar 31.
3) Muñoz-Espín D*, Rovira M, Galiana I, Gim.nez C, Lozano-Torres B, Paez-Ribes M, Llanos S, Chaib S, Mu.oz M, Ucero AC, Garaulet G, Mulero F, Dann S, VanArsdale T, Shields DJ, Bernardos A, Murgu.a JR, Mart.nez-M..ez R, Serrano M*. A versatile drug delivery system targeting senescent cells. EMBO Mol Med. 2018; 10:e9355. (* Corresponding authors)



	Publications pending, or under review:

1. Haston S, Gonzalez-Gualda E, Reen V, Panousopoulo L, CarrenoG, Guiho R, ManshaeiS, Gonzalez-Meljem JM, Lim HY, Simpson DJ, Birch J, Pallikonda HA, Chandra T, Macias D, Signore M, Gil J, Muñoz-Espín D* and Martinez-Barbera JP*. Clearance of a senescent macrophage-enriched niche ameliorates tumorigenesis in KRAS-driven murine lung cancer models. In preparation. (*Co-corresponding authors).
2. Gonzalez-Gualda E, Macias D, Morsli S, Martin J-E, , Ou H-L, Slater G, Rassl D, Rintoul R, Doherty GJ, Narita M, Muñoz-Espín D*. A TGFb-enriched senescent secretome triggered by platinum-based therapy modulates TGFbR1 signalling and the AKT-mTOR pathway to exacerbate lung cancer progression. In preparation.
3. Zhang Z, Pedrosa, Macias D, Collado M, Muñoz-Espín D*. OSKM-induced reprogramming induces apoptosis and senescence impairing tumour progression in NSCLC. In preparation.
4. Baker A, Ou H-L, Fruk LJ, Muñoz-Espín D*. Cyanine dye nanoparticles allow tracking of cellular senescence in vivo. In preparation.


	Presentations at scientific meetings:

04/2022-Madrid (Spain). Spanish National Cancer Research Centre (CNIO). Ad Hoc Seminar.
Title: “Impact of cellular senescence in lung cancer: Novel cancer preventative and therapeutic strategies”.
04/2022-Madrid (Spain). Hospital 12 de Octubre.
Title: “Impact of cellular senescence in lung cancer: Novel cancer preventative and therapeutic strategies”.
02/2022-Cambridge (UK). Milner Therapeutics.
Title: “Impact of cellular senescence in lung cancer: Novel cancer preventative and therapeutic strategies”.
12/2021-Osaka (Japan). International Cell Senescence Association (ICSA) Meeting.
Title: “Tumour-promoting effects of oncogene and chemotherapy-induced senescence in lung cancer: senolytic opportunities”.
12/2021-Osaka (Japan). International Cell Senescence Association (ICSA) Meeting.
Title: :Impact of Senescence on Tumour Microenvironment - How senescence-associated secretomes precondition premalignant lesions to cancer”. (Poster)
11/2021-Carcassone (France). International Cell Senescence Association (ICSA) Meeting.
Title: “Impact of cellular senescence in lung precancerous lesions: Senotherapeutic opportunities”.
10/2021-Virtual Conference (TransOceanic). The Early Detection of Cancer Conference. CRUK.
Title: “Senotherapy as a potential preventive treatment for lung precancerous lesions”.
10/2021 – Virtual Conference (TransOceanic). The Early Detection of Cancer Conference. CRUK. Title: “Impact of Senescence on Tumour Microenvironment”. (Poster)
10/2021 – Virtual Conference (TransOceanic). The Early Detection of Cancer Conference. CRUK. Title: “Discovery of Senescent Biomarkers”. (Poster)
09/2021-Virtual Conference (International). Hitachi – Fusion of Biology and Digital Technologies for 2050.
Title: “Early Detection of Cancer”. 
09/2021-Santander (Spain). ACINAR 2021-The Art of Breathing Conference.
Title: “Nanotechnology applied to respiratory diseases”. 
09/2021-Virtual Conference (International). Workshop with Dr Fruk and Dr Li laboratories.
Title: “Targeting senescence in lung cancer: Translational opportunities”. 
07/2021-Cambridge (UK). Interest Groups Meeting. CRUK CC Early Detection Programme.
Title: “cfDNAs as markers of lung senescence and cancer detection”. 
06/2021-Coimbra (Portugal). 1st RESETAgeing International Conference.
Title: “Galacto-conjugation as an efficient Senotherapy in cancer and age-related diseases”. 
06/2021-Cambridge (UK). Chemical Engineering and Biotechnicology (CEB) Conference. 
Title: “Discovery of Senescent Biomarkers”. (Poster)
03/2021-Cambridge (UK). Cambridge Philosophical Society New Membership Lecture.
Title: “Targeting cellular senescence in cancer and ageing”. 
01/2021-Cambridge (UK). Annual Cancer Early Detection Symposium
Title: “Senotherapy as a potential preventative treatment for lung precancerous lesions”. 
11/2020-Virtual Conference (TransOceanic). ACED Alliance. Pitch Festival.
Title: “cfDNAs as markers of lung senescence and cancer detection”. 
06/2020-Cambridge (UK). School of Clinical Medicine. Department of Oncology. Cancer Lecture.
Title: “Targeting cellular senescence in cancer and ageing”. 
03/2020-Cambridge (UK). Lightning Talk-Aerodigestive Programme. CRUK Cambridge Institute.
Title: “New frontiers at the origin of lung cancer: novel diagnostic and therapeutic tools”. 
10/2019-Badajoz (Spain). Congress-Spanish Society of Cell Biology.
Title: “Therapy-induced senescence promotes lung cancer progression”.
09/2019-Athens (Greece). International Cell Senescence Association (ICSA) Meeting. Cellular senescence the bright & dark side. Biomedical Research Foundation of the Academy of Athens.
Title: “Therapy-induced senescence promotes lung cancer progression”.
09/2019-Athens (Greece). International Cell Senescence Association (ICSA) Meeting. Cellular senescence the bright & dark side. Biomedical Research Foundation of the Academy of Athens.
Title: “Effect of chemotherapy-induced SASP in lung cancer progression” (Poster).
09/2019-Portland (US). Knight Cancer Institute-OHSU. Keynote Speaker.
Title: “Effects of chemotherapy-induced senescence in cancer progression and novel therapeutic tools”.
06/2019-Marrakech (Morocco). The 7th Mediterranean Neuroscience Conference.                                                                                                                                                                            
Title: “Cellular senescence from development to ageing”.
04/2019-Cambridge (UK). NanoEvening Event. Institute for Manufacturing.
Title: “A versatile drug delivery system targeting senescent cells”. 
03/2019-Alicante (Spain). Espacio Asma. Hotel Melia Alicante.                 
Title: “Biological theories for rejuvenation”.
10/2018-Madrid (Spain). Neumochiesi 8th Edition. Real Fabrica de Tapices.
Title: “Biological theories for rejuvenation”.
10/2018-Brussels (Belgium). 4th Eurosymposium on Healthy Ageing (EHA). Muntpunt Library.
Title: "A versatile drug delivery system targeting senescent cells".
09/2018-Oxford (UK). British Society for Research on Ageing (BSRA) 68th Meeting. University of Oxford. Oriel College.
Title: "Tracking and targeting senescent cells".
07/2018-Montreal (Canada). International Cell Senescence Association (ICSA) Meeting. University of Montreal and CRCHUM.
Title: "A versatile drug delivery system targeting senescent cells".
06/2018-London (UK). Blizard Institute – Barts and The London.
Title: “A versatile therapeutic tool to target senescent cells in age-related disorders”.
03/2018-Cambridge (UK). University of Cambridge School of Clinical Medicine.
Title: “Imaging techniques and novel tools for cancer early detection and intervention”.




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

4 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    
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?
	
Public events:
07/2021-Cambridge (UK). CRUK Early Detection Interest Group Launch. 
Title: “Biomarkers and Tumour Microenvironment”.
04/2021-Cambridge (UK). Cambridge Phisophical Society.
Title: “Targeting Cellular Senescence in Cancer and Ageing”.
04/2021-Cambridge (UK). CRUK Early Detection Breakfast Meeting (Virtual)
Title: “Nanostructured Tools for Early Detection: What can we do now and where should we go?”
03/2021-Cambridge (UK). Cambridge Science Festival. ED Programme Presentation
Title: “How early detected cancer lesions can be treated”. 
03/2021-Cambridge (UK). Cambridge Science Festival. ED Programme Presentation
Title: “How our bodily fluids help diagnose cancer earlier”. 
03/2019-Cambridge (UK). Cambridge Science Festival. ED Programme.
Outreach activities: “Early Lung Cancer Detection”. 

05/2018-Chelmsford (UK). Essex Country Cricket Club.
Title: “Novel tools for cancer early detection and intervention”.





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.

	
26/03/19 Amendment
We requested an amendment that included the following alterations: 
· microCT scanning as an additional method for monitoring tumour progression longitudinally. 
· Intratracheal instillation of influenza viruses (such as adenovirus) to induce lung cancer. Adverse effects were updated to account for this.  
· Diet alteration (high fat diets)
· Alteration to tamoxifen-feeding protocol, including Nesquick with the pellets to promote feeding.
· Laboured breathing added as a clinical sign of lung damage or lung cancer, based on our previous data.
· Diethylnitrosamine (DEN) added as a chemical agent to induce lung cancer. 

16/09/19 Amendment
We requested an amendment to include the adverse effects for activation of KrasG12V by adeno-Cre (adenovirus) administration in protocol 7. It was previously only included in protocol 6, though it is included as a component of protocol 7 also. 




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.

	
	Protocol
	Date

	8
	19.08.18

	8
	09.10.18

	8
	20.10.18

	8
	23.10.18

	8
	07.01.19

	8
	09.01.19

	8
	30.01.19

	6 & 8
	13.02.19

	8
	10.03.19

	8
	30.04.19

	10
	02.05.19

	10
	29.05.19

	6
	01.08.19

	6
	02.08.19

	10
	29.11.20

	6
	04.09.21

	8
	11.09.19

	6
	11.11.21

	8
	03.03.22







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).

	
N/A




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).

	
N/A




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.)?

	
The unprecedented COVID-19 pandemic has caused absences of key staff during lockdown periods and has resulted in significant delays. 







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
	01/12/21

	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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