
1 
 

Slide 1 

Salam and hello evryone I’m Dr Noureddine Boukhatem from Mohammed First university and  

I’ll try to give you through this talk an overview of the new trends in   management of oncology 
patients . I’ll focus in this talk on two aspects that drives the new paradigms in oncology  

The first one is Tumor genotyping  and the second is tumor immune environement  
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So let me announce you the plan of this presentation  
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First, the histopathologique classification of the tumor is now completed by tumor genotyping in 
order to identify driver genes and oncogene addiction . These informations help to select the best 
treatement that  match the tumor type. The tumor immune environement is also now considered to 
define treatement strategy.  

Second, the monitoring of the patient response in a real time maner through repeated biopsies is 
possible now thanks to liquide biopsies (Circulating tumor cells and circulating tumor DNA)  
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As we mention it above targeted therapy needs a robust clinical tumor genotyping to be effective  
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Once the choice of a targeted therapy has been done based a Robust Clinical Tumor Genotyping ,   

Monitoring response to this targeted therapy and evaluating resistance in a real time manner are 
now feasible through repeated liquid biopsies  
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Now, lets open a parenthesis about biomarkers  
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Biomarker tests …………… 

More precisely it help to fulfill a …..  
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biomarkers are used for all kinds of diseases but mainly in cancer  
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Tumor typing depend not only on it histology and it occurring site, additional data on tumor 
genotyping and immune environment are needed to choose the best treatments  
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All tumors cells are genetically unstable and accumulate thousands of mutations witch are passenger 
or driver mutations.  

Driver mutations occurs on oncogenes and tumor suppressor genes  
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Different studies aiming to identify significantly mutated genes in a collection of tumors have been 
done  

They identify overlapping lists of significantly mutated genes  

Significantly mutated genes found in three of the four studies are depicted in the boxes below 
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Driver genes belong to 11 main pathways 

Theses pathways are mostly implicated in controlling cell cycle, programmed cell death (apoptosis, 
necroptosis , etc.), genomic integrity maintaining and oxidative stress managing  
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How are mutations  generated in cancer cells? 

First we can say that there are intrinsic factors  such as abnormal cell multiplication and DNA repair 
defect and extrinsic factors such as exposure to mutagen sources 
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Different cancers show different types and numbers of mutations 

Some cancers have low somatic mutation prevalence and others a high level  

When we consider substitution mutations the different cancers have different types  some are prone 
to generate C to T (such as melanoma)  and others C to G mutations are dominant (such as Lung 
cancer)  
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The "Pan-cancer" study which aimed to shed light on the relationship between the type of cancer 
and the mutational signature used a cohort of more than seven thousand cancer case. 
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The mutational catalog derived from the tumors genomic sequencing  include about five million 
somatic mutations  

The analysis generated thirty mutational signatures  
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If we consider substitution which are far the most frequent somatic mutations , there are 6 
substitution types and if we consider the nucleotide before and after each substitution we then have 
96 sets  

estimating the frequencies of these 96 sets is that what define a mutational signature  

Slide 18 

30 distinct mutational signatures have been identified  
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Some signatures have a wide mutational spectrum  
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Where others have  a Narrow mutational spectrum  
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Some signatures have a mutational spectrum dominated by C to T substitutions  
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And others, where  C to A substitutions are dominating  
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This is the picture when  we consider the Association of signatures with types of cancer  
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While some signatures are ubiquitous and seen in all type of cancers  
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Others signatures can only seen in one type of cancer  
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On the other hands  

Some cancer types only have ubiquitous signatures  
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While Others cancers have numerous of different signatures  
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Ubiquitous signatures dominated by a C to T at CpG sites accumulate with age   

These substitutions are  due to spontaneous deamination of methylated cytosine residues  

Slide 29 

As an example of Signatures related to environmental exposures 

The Signature 4 is associated with smoking in lung cancer 

Signature 4 is more frequent in Lung adenocarcinome patients who are Tobacco smokers than in the 
non-smokers  

Slide 30 

As we can see Benzo[α]pyrene a carcinogen present in tobacco generate the same mutational profile 
as in signature 4 

Thus Signature 4 is due to carcinogens present in tobacco  
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Signature 16 is a second  example of signature related to environmental exposure 

In liver cancer, signature 16 is significantly associated with age, gender, alcohol and tobacco 

So   Signature 16 may be due to a product of liver metabolism, which production is increased in 
males, smokers and drinkers. 

Slide 32 

Signature 24 has been identified in the liver cancers of 5 patients, all from African countries exposed 
to aflatoxin B1. 

So Signature 24 is associated with aflatoxin B1 exposure.  
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Similarly the signature 22 seems to be related to exposure to aristolochic acid a powerful carcinogen 
present in Aristolochia plants found in Chinese herbal remedies 
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As an example of signature related to DNA repair defects  

Signature 3 is related to homologous recombination repair deficiency  
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And signature 6 is related to DNA mismatch repair deficiency.  
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As we already mention it above : the tumor genotyping in order to identify driver genes and 
oncogene addiction is now a standar of cancer patient care. These informations help to select the 
best treatment that  match the tumor type and that is what we call targeted therapy  
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Here some examples of associations, oncogene addiction/drug, illustrating targeted therapy : 

 Chronic myeloid leukemia patients harboring  Philadelphia chromosome (BCR-ABL fusion) are 
treated with Imatinib  

Invasive ductal  breast cancer patients with HER2 amplification are treated with Trastuzumab  

In lung adenocarcinoma with mutated EGFR Erlotinib/Gefitinib and others tyrosine kinase inhibitors  

In melanoma with BRAF V600E the treament is PLX4032  based  

In Lung adenocarcinoma with ALK mutations the treatment is Crizotinib based  
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Here some illustrations showing a more efficient treatment results than chemotherapy  

Best PFS: Progression free survival with Imatinib than with chemo 

Better Disease free survival with Trastuzumab  

Best PFS with Gefitinib 
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If we consider the Percentage of patients harboring at least one potentially targetable damaging 
alteration 

28 % of cancer patients can already be treated with  an FDA-approved drug  

And 86% of cancer patients can potentially  be treated with Drugs which are currently being studied 
in phase I to III clinical trials  
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Here examples of  targetable oncogenic addictions in Non small cells lung cancer  

Its only  in one third  of NSCLC tumors where we can’t identify  an oncogenic driver  

KRAS and EGFR are mutated respectively in 25 and 17% of cases  
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And here the arsenal of molecules already in use for targeted therapies  
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The better we understand the molecular diversity of cancers, the more aware we are of their unique 
sensitivity and resistance to specific drugs 

The contribution of oncological pathology is increasingly important for the treatment of cancers, 
which leads to the introduction of new standards: 

Identify which patients will best benefit from a given targeted cancer drug  

Slide 42 

But the situation is more complicated in targeted therapy as we know that tumors are polyclonal and 
the selective pressure exerted by the targeted treatment can lead to the emergence of resistant 
clones. In other cases, some of sensitive cells can lost the targeted  mutations or acquire an  other 
mutation that we have to treat with an other drug.  

Tumors with EGFR T790M mutation are treated with first and second generation of Tyrosine Kinase 
Inhibitors (Erlo, Gefi, Afatinib, etc.) and tumor with tertiary kinase mutations (C797S) must be treated 
with third generation TKI such as Osimertinib  
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Mechanism of resistance other than, the lost of T790M mutation and rare second site mutations, 
include : HER2 amplification, Small-cell transformation and MET amplification  
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The selective pressure exerted by the targeted treatment can lead to the emergence of the resistant 
clones : those who haven’t T790M mutation and those who acquire a second mutation C797S.  

An other level of complication came from the allelic configuration of these two mutations as the 
treatments options are different in Trans configuration (Erlotinib or  Gefitinib combined to 
Osimertinib) and in  Cis configuration where systemic therapy as chemotherapy fits more  
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Collection of circulating tumors cells and Circulating tumor DNA from peripheral blood is what we call 
liquid biopsy  

Liquid biopsy are not invasive and can be repeated more frequently    

Now we can have the information about the tumor cells molecular changes in the course of 
treatment through liquid biopsy so we can monitor the treatment response and  detected an early 
resistance  

Here two examples illustrating what are the added values of liquid biopsy 
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First, a decrease of  circulating tumor DNA after treatment will be a good prognostic marker  

Second, change in mutant allele frequencies can predict resistant clones emergence which can 
enable us to the anticipation of  disease progression 
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Here two examples illustrating what are the added values of liquid biopsy 

First, a decrease of  circulating tumor DNA after treatment will be a good prognostic marker  

Second, change in mutant allele frequencies can predict resistant clones emergence which can 
enable us to the anticipation of  disease progression  
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As we already said the more treatment options lead to a More complicated treatment protocol 

Her the example of Non Small Cell Lung Carcinome treatment protocol showing the two parts : the 
oncogenic addiction based treatment and the immunotherpy based treatment  
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The idea to deploy the immune system as a tool to treat neoplastic disease originated in the 
nineteenth century 

Cancer immunotherapy has greatly developed in recent years and now revolutionized the field of 
oncology by prolonging survival of patients with rapidly fatal cancers 
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The historical concept of cancer treatment is to target the tumors cells and destroy them. 

The new paradigm in immunotherapy is to target the immune system to empower it and make it 
more efficient in recognizing and eliminating tumor cells  
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To make it short : the MHC on the surface of Antigen Presenting Cells could submit antigens to the T 
Cell Receptor, with a costimulatory signal (the binding of CD28 to CD86/CD80), resulting in an 
activation of T-cell.  

But when CTLA-4 on the surface of activated T-cell binds to CD86 or CD80 and/or when PD-1 binds 
with its ligand PD-L1 these leads to the inhibition of T-cell activation and proliferation.  

Tumor cells by expressing ligands (CD86 or CD80) and PD-1 are able to inhibit T-cell activation and 
proliferation so they avoid ther destruction by activated T cells.  
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Binding of a humanized antibody to PD1, PDL1 and CTLA4 can restore T cell activity and proliferations 
so that they can destroy tumor cells 

Here we illustrate this concept by using an antibody anti PD-1 named Nivolumab  
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And here we illustrate this concept by using an antibody anti CTLA-4 named Ipilimumab  
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Here some of Immune Checkpoint Antibodies tested in NSCLC  
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The list of drug for immunotherapy using the concept of immune checkpoint blockade is constantly 
growing  for various cancers 

Here for NSCLC  
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And for renal cell carcinoma; recurrent/metastatic squamous cell carcinoma of the head and neck; 
Melanoma and Blader cancer  
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Who will benefit most from immunotherapy ? There is some biomarker already in use like PD-L1 
expression by tumor cells, Tumor mutations burden, Micro Satellite Instability  and others marker are 
coming like tumor immune environment (Tumor infiltrating lymphocytes) and immune genomic 
signature  

Slide 57 

The tumor mutation burden (TMB) is defined as the number of nonsynonymous coding mutations 
per megabase  

The red line indicates the threshold for samples with a high mutation burden (13.8 mutations/Mb)  

Non small cell lung cancer, colorectal cancer and melanoma are among cancers with high TMB and 
are good candidates for immunotherapy  
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But not all patients can benefits from immune therapy 

There is no significant difference between chemo and immune therapy when  we consider all 
patients 

But when we consider those with high TMB immune therapy is better than chemotherapy and 
inversely chemotherapy is better for patients with low TMB  
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The other prognostic markers for immunotherapy so far identified include PDL-1 expression, DNA 
repair deficiency and Tumor immune environment;  But the later is not completely set for routine 
use 
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Now immunotherapy using Immune Checkpoint Inhibitors is widely set on different liquid and solid 
cancers.  

Among them the most frequent worldwide cancers such as Breast, lung and colorectal cancers  
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Here an no exhaustive list of the  U.S. FDA Approved Immune-Checkpoint Inhibitors  
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Beside immuno checkpoint blocade there is Adoptive T cell therapy : Chimeric antigen receptors 
(CARs) and others cell based immunotherapy 

We dont develop more this kind of immunotherapy here simply we can say that they are limited in 
use due to time consuming and expensiveness  
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Among all cancer cell therapy CAR-T cell therapy is the most developed  
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Cancer vaccine therapy is still in development  

The same as for cell based therapy, cancer vaccine therapy is a personalized and hard to set up and 
thus its an expensive cancer therapy  
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Synthetic lethality is a  phenomenon in which the occurrence of a single genetic event is tolerable for 
cell survival, whereas the co-occurrence of multiple genetic events results in cell death 
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Poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors (PARPi) are a new and 
promising molecules for targeted therapy  

These (PARP) inhibitors are used in order to undergo synthetic lethality of tumor cells  

The PARP enzyme is implicated in DNA base excision repair correcting DNA single strand breaks, 
where BRCA1/2 proteins are implicated in DNA Homologous recombination repair and correct DNA 
double strand breaks 
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When a tumor cells have an inefficient DNA Homologous repair system due to mutations in BRCA1/2 
genes if we inhibit the PARP enzyme, DNA single strand breaks are then not repaired and evolve to 
Double strand breaks who can’t be repaired  due to  BRCA1/2 mutations  

Unrepaired DNA double strand breaks lead to  replication fork collapse  and tumor cells are no more 
able to replicate their DNA and are directed to programmed cell death  
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In tumor cells with a mutation in the BRCA1 or BRCA2 genes, unrepaired single-strand breaks due to 
PARP1 inhibition turn into double-stranded breaks during DNA replication, the HR pathway being 
inoperative. This results in cell cycle arrest in G2/M phase transition, leading to apoptosis of the cells  
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Olaparib, one of the early PARP inhibitors authorized was indicated for maintenance treatment of 
some gynecological cancers  

The indication of Olaparib has been extended to breast cancer treatment  

Niraparib and Rucaparib have enriched the catalog of PARP inhibitors and this catalog is expected to 
grow in the near future  
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Radiosensitivity to standard doses of radiation therapy can be ruled by polygenic trait, single genes 
or can be part of syndromic neoplasm  
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..... 
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Some genomic signatures for personalized radiotherapy has been developed 

For example RNA based, gene expression based or etiology base signatures 
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...... 
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Nearly 50% of common cancer cases are preventable and attributable to potentially modifiable risk 
factors  
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Major modifiable lifestyle factors that influence cancer risk include :  Cigarette smoking and tobacco 
use, alcohol consumption, Physical activity , diet , Radiation and infections   
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Among all this six pillar of cancer prevention, screening tests and medical imagery deserve the most 
endeavor as the precancerous lesions and cancer early stages can be cured in 98% of cases 

Most of the pharmaceutical companies focus on the development of drugs for the treatment of 
cancer because they are more lucrative 

But public and no profit research organizations must focus more on screening test development  
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Some of the screening programs nationwide have been shown to reduce morbidity and mortality 
from common cancers such as breast, colorectal and cervical cancers.  

Vaccine for cervical cancer is available.  
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Hereditary cancer is caused by an inherited genetic mutation. It is typical to see a recurring pattern of 
cancer across two to three generations—like multiple individuals diagnosed with the same type of 
cancer(s) and individuals diagnosed with cancer much younger than average.  
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In the age of genomics, oncogenetics is a growing discipline. It is defined as the identification and 
management of families where there is a suspected hereditary risk of cancer. This relatively new 
discipline is part of a modern medicine that aims to be both preventive and predictive. 

The book “Constitutional Oncogenetics” gives precise descriptions of the main syndromes that cause 
a predisposition for cancer 

I’ll be glade to give an overview of this topic  in an near future when it will be possible  
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Thank you for your attention 

 

 

 

 

 

 


