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Some	
  Biology…	
  
How is cancer diagnosed? 



Pa1ent	
  Diagnos1c	
  Evalua1on	
  



Some	
  Biology	
  …	
  
What is a biopsy? 

Patient’s tissue  
sample or blood sample Genomic profile 

Proteomic profile 

Pathology 



What does a pathologist look for 
examining biopsy tissue? 



Some	
  Biology…	
  
What does a pathologist look for examining biopsy tissue? 

Mild 
dysplasia 

Carcinoma in 
situ (severe 
dysplasia) Cancer 

(invasive) 

Normal Hyperplasia 



What is the relationship between  
tumor grade and patient survival? 

General Relationship Between  
Tumor Grade and Prognosis 

Patient 
Survival 

Rate 

Years 

High grade 
III or IV 

Low grade 
I or II 

100% 

1 2 3 4 5 



Hallmark of Cancer 
Warburg Effect 







Overview	
  of	
  Course	
  



Directly	
  Ionizing:	
  Electrons,	
  protons,	
  alpha,	
  etc	
  

Indirectly	
  Ionizing:	
  photons	
  

1.	
  Physics	
  and	
  Chemistry	
  Radia1on	
  Absorp1on	
  

Ionizing	
  

Excita8on	
  



𝐶𝑝=3470​𝐽/𝐾𝑔    ℃ = ​280  𝐽/70  𝐾𝑔  ∗𝑇℃ 	
  

𝑇  (℃)=1.15  𝑚  ℃=0.00115  ℃	
  

Temperature	
  Change	
  Due	
  to	
  Radia1on	
  









IR-induced DNA Damage is heterogeneous 

•  LowLET (X-rays,e-,protons) and HighLET are referred to as ionizing radiation.
•  Passage of IR through biological material deposits energy, producing free radicals, particularly 

OH radicals, and stable molecules that produce DNA damage.
•  Reaction of radicals and molecules with DNA leads to chemical damage to the target.

DAMAGE TYPE          No./Gy/cell 
 
base damage    > 1000 
 
Single-Strand Break (SSB)  500-1000 
 
Double-Strand Break (DSB)  ~ 30 
 
sugar damage, DNA-DNA   various 
+ DNA-protein cross links    

2.	
  Mechanism	
  of	
  DNA	
  Damage	
  and	
  Repair	
  



There are Six Major DNA Repair Pathways 
 in Human Cells 

1)  Base Excision Repair (BER) 
2)  Nucleotide Excision Repair (NER) 
3)  Mismatch Repair (MMR) 
4)  Homologous Recombination, FA/BRCA pathway (HR) 
5)  Non-Homologous End-Joining (NHEJ) 
6)  Translesion DNA Synthesis (TLS) 





Cancer Cells are often defective in one DNA  
Repair Pathway 

Six normal DNA 
repair pathways 

❁ ❁ ❁ ❁ ❁ ❁

Normal cells 

The specific pathway lost 
may determine the best 
course of chemotherapy 
and radiation 
(personalized medicine) 

❒ ❁ ❁ ❁ ❁ ❁

Cancer cells 

B
BRCA1 
mutation

Predicts PARPi 
sensitivity of 
breast cancer



An inhibitor of a second DNA Repair Pathway  
can kill a cancer directly (Monotherapy) 

Six normal DNA repair 
pathways 

An inhibitor for the second 
pathway will kill the cancer cell 

❁ ❁ ❁ ❁ ❁ ❁

Normal cells 

One defective pathway leads 
to hyper-dependence on a 
second pathway 

❒
! 

❁ ❁ ❁ ❁

Cancer cells 

! 



DSB	
  Repair	
  

Repaired Unrepairable Mutation 

Re-enter cell cycle: 
Genome intact 

Cell death Re-enter cell cycle: 
Oncogenesis 

Cell Cycle Arrest  
DNA Repair 

Signaling 

DSB repair: 
HR 
NHEJ 



Cell Cycle Dependence of DSB Repair :

•  Repair using sister chromatid.
•  High fidelity.
•  Restricted to S-G2-M

•  Repair without sister chromatid
•  Low fidelity, prone to errors.

– mutations + small deletions.
•  Operates mainly during G1.
•  Tolerated because DSBs likely 
to occur in non-coding regions.

Homologous 
Recombination (HR)

Non-homologous
End joining (NHEJ)

Cell cycle
10000 bp

G1

S

G2
M



SHORT	
  BREAK	
  



3.	
  Cell	
  Survival	
  Curves	
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4.	
  Radiosensi1vity	
  and	
  Cell	
  Cycle	
  Dependence	
  



4.	
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  Cycle	
  Dependence	
  



5.	
  Frac1onated	
  Radia1on	
  and	
  Dose	
  Rate	
  Effects	
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5.	
  Frac1onated	
  Radia1on	
  and	
  Dose	
  Rate	
  Effects	
  



6.	
  Oxygen	
  Effect	
  and	
  Reoxygena1on	
  

Oxygen	
  Fixa1on	
  Hypothesis	
  (OFH)	
  



6.	
  Oxygen	
  Effect	
  and	
  LET	
  Dependency	
  



6.	
  Oxygen	
  Effect,	
  Tumor	
  Size	
  abd	
  Vessel	
  Distance	
  



6.	
  Process	
  of	
  Reoxygena1on	
  



7.	
  Linear	
  Energy	
  Transfer	
  (LET)	
  and	
  RBE	
  

LET:	
  	
  is	
  the	
  average	
  energy	
  locally	
  imparted	
  to	
  the	
  medium	
  per	
  unit	
  length	
  of	
  the	
  track.	
  	
  

LET	
  =	
  dE/dL	
  



7.	
  Linear	
  Energy	
  Transfer	
  (LET)	
  and	
  RBE	
  



7.	
  Linear	
  Energy	
  Transfer	
  (LET)	
  and	
  RBE	
  

Overkill	
  Effect	
  



7.	
  Linear	
  Energy	
  Transfer	
  (LET),	
  RBE	
  and	
  OER	
  

OER	
  Dependency	
  on	
  LET	
  



8.	
  Acute	
  Radia1on	
  Syndrome	
  



8.	
  Acute	
  Radia1on	
  Syndrome	
  







9.	
  Radioprotectors	
  

cysteine	
   cysteamine	
  

DRF=Dose	
  Reduc1on	
  Factor	
  



10.	
  Radia1on	
  Carcinogenesis	
  

Radia1on	
  Effects	
  



10.	
  Radia1on	
  Carcinogenesis	
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10.	
  Radia1on	
  Carcinogenesis	
  


