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L E A R N I N G  O B J E C T I V E S
By the end of this section you will be able to: 

	+ Demonstrate a mechanistic understaning of cytotoxicity

	+ Reflect on the key issues of tumout/host toxicity

I N T RO D U C T I O N  TO  C E L L  TOX I C I T Y
Over the next two weeks we will begin to look at the toxicity of treatment at the cellular level starting with 
the basics of cell death.   We will cover why cell death is a normal and important stage of tissue growth 
and how controlling a cell’s demise can reduce the impact on surrounding cells enabling an organism 
to continue to grow.   Then we will dissect the mechanisms of cell death drawing on the most recent 
understanding in the field and begin to understand at a conceptual level how cancer cells evolve to use 
some of the normal cellular functions to their advantage, enabling them to survive.    

U N D E R S TA N D I N G 
C H A LLE N G E S  O F  T U M O U R 
B I O LO GY 

W H AT  I S  C Y TOTOX I C I T Y ?
Cell death is a normal event which occurs when the functions of that cell are no longer needed, or if the cell 
becomes damaged in a way which cannot be repaired. 

In a healthy multicellular organism, cell death is a critical part of developmental and regulatory processes 
which allow the organism to control and regulate its cellular components and maintain homeostasis. 

Cell death is also important for when things go wrong either due to cell damage or disease. If the cell’s 
internal machinery is unable to repair the damage, the cell will undergo regulated cell death to limit the 
impact on surrounding cells or tissue. In simple terms, two main types of cell death occur: regulated or 
accidental. 

	+ Regulated Cell Death (RCD) - relies on dedicated molecular machinery to control the cell’s demise. 

	+ Accidental Cell Death (ACD) - the instantaneous and catastrophic demise of cells due to exposure to 
physical (temperature, pressure, radiation), chemical (extreme pH variations) or mechanical (shear 
forces). 
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A N  OV E RV I E W  O F  T H E  U N D E R LY I N G 
M O L E C U L A R  M E C H A N I S M S  O F  C E L L  D E AT H
In the next video, we will take a bird’s eye view of the current understanding around cell death with a 
general introduction into the molecular mechanisms involved. We will explore the requirements for 
formulated guidance around the definition and explanation of cell death from morphological, biochemical 
and functional perspectives. 
You are encouraged to take notes for your portfolio so you can reflect on your learning later.

OV E RV I E W  O F  T R E ATM E N T  S T R AT E G I E S
It is important to understand these different treatment approaches and appreciate the impact 
and effects of toxicity resulting from the different treatment strategies and combinations.

https://video.manchester.ac.uk/embedded/ffffffff-e5d9-5b92-0000-01826f34fd80
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C H E M OT H E R A PY
Chemotherapy is a type of cancer treatment that uses drugs to kill cancer cells. Please spend a couple 
of minutes exploring the various chemotherapy treatment examples. If required, please download the 
transcript for an accessible version. 
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L E A R N I N G  O B J E C T I V E S
By the end of this section you will be able to: 

	+ Understand the ethical considerations attached to personalised medicine

	+ Gain critical insights into appropriate methodologies and ket considerations

	+ Critically reflect on current practice to seek new approaches 

	+ Analyse and evaluate multi-modal data to identify high risk populations

I N T RO D U C T I O N
In this section, we’ll explore the valuable role of molecular characterisation in various aspects of cancer 
care. This not only includes identifying actionable targets, but also selecting the right treatment dose and 
duration. We’ll also delve into its significance in immunotherapy approaches and biomarker development. 

I M P O RTA N C E  O F 
PR EC I S I O N  M E D I C I N E  I N 
C A N C E R  TR E ATM E NT
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P H A R M ACO G E N O M I C S
Understanding drug response is crucial for precision in oncology. The variability in drug response 
is influenced by factors like pharmacokinetics and pharmacodynamics. Genetic and enviornmental 
variations impact how drugs interact with the body. Pharmacodynamics relates to the drug’s action 
on the whole body, while pharmacokinetics pertains to how to body processes the drug. 

Tumour denomic analysis aids in choosing therapies, predicting side effects, and determining 
the appropriate dosage. Besides genomics, host-related factors also play a role in drug response. 
Generally, tumour heterogeneity contributes more to pharmacodynamic variability than 
pharmacokinetics variability. 

P H A R M ACO G E N O M I C S  I N  P R E C I S I O N 
O N CO LO GY

P H A R M ACO G E N O M I C S  I N  P R E C I S I O N  O N-
CO LO GY 

https://video.manchester.ac.uk/embedded/ffffffff-d704-f2a4-0000-018d17bc6880
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P R E C I S I O N  I M M U N OT H E R A PY

Immunotherapy is a cancer treatment that uses the patient’s own immune system to fight cancer 
cells and potentially cure the disease. The main types of immunotherapy are checkpoint inhibitors, 
CAR T-cell therapy, and cancer vaccines. 

However, the response to immunotherapy is not always good, and there are a number of factors that 
can affect this, including low participation in clinical trials, the lack of well-established biomarkers of 
response and, high costs.

To improve the effectiveness of immunotherapy, we need to identify patient-specific neoantigens or 
patient specific immune suppressive mechanisms. Advanced single-cell technologies, peptidomics 
can help us to invesitgate these mechanisms. 

Additionally, it is important to understand how immunotherapy works in combination with other 
cancer treatments, such as radiotherapy and chemotherapy, so that we can develop more precise 
and effective treatment regimens in the future. 

T Y P E S  O F  C A N C E R  VACC I N E

Cancer vaccines: There are two main types of cancer vaccines: prophylactic and therapeutic. 

	+ Prophylactic vaccines: These are conventional vaccines that prevent infections by oncogenic 
viruses, such as the human papillomavirus (HPV) which can cause certain cancers. 

	+ Therapeutic vaccines: These vaccines harness tumour-associated antigens to boost the immune 
system and attack cancer cells. The source of these tumour-specific antigens can be whole 
tumours, tumour cells, proteins, peptides, DNA or RNA. 

Therapeutic cancer vaccines can be further classified based on two factors: 

	+ The identity of the tumour antigens: This refers to the specific molecules targeted by the vaccine.

	+ Whether priming of antigen-presenting cells occurs in situ or ex vivo: In situ priming happens 
within the body, while ex vivo priming occurs outside the body, for example, in a lab. 

Anonymous antigens (those of unknown identity) can be co-localised with antigen-presenting cells 
either ex vivo or in situ. Predefined vaccines may require personalised approaches to target unique 
antigens, or they may be designed to target features shared across tumour types. 
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P RO G N O S T I C  B I O M A R K E R S

Understanding tumour biology is essential for developing effective and targeted cancer treatments. 
Inter and Intra patient heterogeneity, however, makes it difficult to achieve sustained responses. 
Biomarkers that can identify responders to specific treatments can help to avoid side effects in 
non-responders. In addition, identification of specific molecular alterations can also (e.g. BCR-ABL 
or HER2 amplification) can indicate treatment possibilities. The development and use of cancer 
biomarkers is therefore key to implementing precision oncology approaches. Biomarkers ar efeatures 
of tumour cells or the surrounding microenvironment that can be used to accurately diagnose, 
predict prognosis, or predict response to treatment. 

Some of the prognostic biomarkers linked to different features of tumours in different types of 
cancers are listed here. 
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S E C T I O N  S U M M A RY

Identifying actionable targets remains a cornerstone of precision medicine, but tumour molecular 
profiling offers so much more. It informs personalised dosing, minimises side effects and guides 
optimal treatment choices. Leveraging engineering alongside omics data can dramatically accelerate 
the selection of the right treatment and the development of new drugs. 
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L E A R N I N G  O B J E C T I V E S
By the end of this section you will be able to: 

	+ Explain the principles of medical oncology 

	+ Assess the treatment needs of individual patients and construct an appropriate treatment plan 

	+ Demonstrate efficient and effective problem-solving regarding treatment selection based on 
clinical evidence

M E D I C A L  O N CO LO GY
In this unit, over the next two weeks, we are going to be looking at how we give systemic treatment to 
patients with cancer, and how those treatments and treatment-pathways that would be over branches of 
oncology. In the second week, will look a little bit more at how these treatments are changing and might 
continue to change in the future, as oncology continues to develop. And you will have the chance to see 
two interviews with experts in the field. The aim of these two weeks is to think about and understand 
the guiding principles of medical oncology, how we assess a treatment plan for an individual patient and 
develop your problem solving skills. 

B R A N C H E S  O F  O N CO LO GY

D I F F E R E N T  PAT H WAYS  O F  S YS T E M I C 
T H E R A PY  T R E ATM E N T 
This first video will introduce the key concepts behind the different ways systemic therapy is delivered. 

https://video.manchester.ac.uk/embedded/ffffffff-c709-193c-0000-018f14e4f3a0
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AC T I V I T Y:  M ATC H  T H E  T R E ATM E N T  T Y P E
The aim of this activity is to consolidate the knowledge from the video. Can you match the 
description of the patients’ treatment to the type of treatment pathway?
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T Y P E S  O F  S YS T E M I C  C A N C E R  T R E ATM E N T
Systemic cancer treatment can be broadly split into these groups. 
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L E A R N I N G  O B J E C T I V E S
By the end of this section you will be able to: 

	+ Understand how specific molecular and genetic vulnerabilities can be used to therapeutically 
target cancer cells

	+ Have an insight into the range of different targeted therapies available

	+ Gain an understanding of the limitations of targeted therapy

I N T RO D U C I N G  TA RG E T E D  T H E R A PY
The focus of this section will be on targeted therapy. We’ll explore how specific genetic and molecular 
vulnerabilities of cancer cells linked to various tumour hallmarks can be exploited as therapeutic targets. 
We’ll discuss the strengths and limitations of two main types of targeted therapy: small molecules and 
antibody-based therapeutics. And in particular, given the success of antibodies within the clinical setting, 
we’ll focus on examples of how antibody approaches work to eliminate cancer cells. This will link with 
learning from the first two weeks of this unit when we discussed a specific type of antibody therapy 
against immune checkpoints.  

E S TA B LI S H E D  A N D 
E X PE R I M E NTA L 
TH E R A PE U TI C S
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P R I N C I P L E S  O F  TA RG E T E D  T H E R A PY
The principle of targeted therapy is to attack specific molecular vulnerabilities in cancer cells using 
either small molecules or monoclonal antibodies (mAb), which have more precise targeting effects than 
standard treatments such as chemotherapy. These approaches differ in their basic properties and have 
distinct mechanisms of action that elicit anti-cancer activity. The concept of molecularly targeted therapy 
is analogous to the ‘magic bullet’ concept first proposed by Paul Ehrlich in the 1800s. We will consider 
examples of small molecule and antibody based therapeutics to illustrate how this approach works.

Small molecule inhibitors have been developed that target a number of different vulnerabilities across 
a spectrum of cancer types. Based on the specific mutational and biological drivers that underpin the 
development of the given tumour type, small molecules may be used to target a variety of pathways 
(hallmarks), including those that regulate DNA damage/repair, cell death, oncogenic signalling, 
angiogenesis, endocrine signals, and metabolism. Examples of clinically approved targets are summarised 
below.
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B I S P E C I F I C  A N T I B O D I E S  A S  A N  E M E RG I N G 
N E W  FO R M  O F  TA RG E T E D  T H E R A PY
We have heard previously about the use of monoclonal antibodies as a form of targeted therapy. Often 
antibodies are used because of their unique specificity for a defined target. Combinations of different 
antibodies can also be used to help enhance efficacy further. However, this approach can be refined 
through the use of bispecific antibodies, which can simultaneously engage two epitopes: one on the 
tumour cell and one on an immune effector cell, for example.

The following two recordings will provide more information on bispecific antibodies. First, Dr Xiaomeng 
Wang, a discovery scientist working on cancer immunotherapy, will provide an introduction to bispecific 
antibodies and how they work. Then Dr Emma Searle, a consultant haematologist at the Christie Hospital, 
will provide perspective on the clinical use of bispecific antibodies for the management of multiple 
myeloma.

https://video.manchester.ac.uk/embedded/00000000-5e08-bd45-0000-018dd15dc540
https://video.manchester.ac.uk/embedded/ffffffff-9ce8-421b-0000-018da4c17b80
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T R A N S FO R M AT I V E  O N CO LO GY
Through studying this fully online, part-time course, you will learn knowledge 
and skills to make a difference in the oncology field. Whether you are keen to 
further develop your understanding of the current models you are using in a 
pre-clinical setting; looking to move towards discovery, translational or data 
science or even into a patient-facing role.

manchester.ac.uk/transformativeoncology

studyonline@manchester.ac.uk

https://www.manchester.ac.uk/study/online-blended-learning/courses/data-analytics-and-social-statistics/?utm_source=course-sample&utm_medium=organic&utm_campaign=dass-course-sample&utm_content=cta
https://www.manchester.ac.uk/study/online-blended-learning/courses/transformative-oncology/
mailto:studyonline%40manchester.ac.uk?subject=MA%20Educational%20Leadership%20in%20Practice
mailto:studyonline@manchester.ac.uk

