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o Lymphoma is a type of 
cancerous cell that develops 
in the immune system 

o 5th most common cancer in 
North America 

o Treatments:  

o chemotherapy  

o radiotherapy 

o bone marrow 
transplantation 

 

What is Lymphoma? 



What is 
Lymphoma? 

Stage 
Distribution 
and 5-year 
Relative 
Survival by 
Stage at 
Diagnosis for 
2002-2008, 
All Races, 
Both Sexes 

(NCI) 

Stage at 
Diagnosis 

Stage 
Distribution 

(%) 

5-year 
Relative 

Survival (%) 

Localized 
(confined to 
primary site) 

27 82.0 

Regional 
(spread to 
regional 

lymphnodes) 

19 77.8 

Distant (cancer 
has 

metastasized) 

47 61.7 

Unknown 
(unstaged) 

8 66.5 



 

• G .  L E N Z  S T U D Y  O N  D I F F U S E  L A R G E  B  C E L L  
L Y M P H O M A  

 

• A  P R E V I O U S  S T U D Y  I N  2 0 0 8  B Y  T H E  N C I  W A S  
P U B L I S H E D  I N  T H E  N E W  E N G L A N D  J O U R N A L  O F  
M E D I C I N E  

  

• I T  M E A S U R E D  T H E  S U R V I V A L  R A T E S  O F  L Y M P H O M A  
P A T I E N T S  

 

• T H E  T W O  T R E A T M E N T  G R O U P S  W E R E  R - C H O P  A N D  
C H O P  

 

Previous Study 



• O B J E C T I V E :  P R E D I C T  S U R V I V A L  A S  A  
F U N C T I O N  O F  G E N E  E X P R E S S I O N  
V A R I A B L E S  

 

• O U T C O M E =  T I M E  T O  D E A T H  

 

• P R E D I C T O R S =  G E N E  E X P R E S S I O N  L E V E L  
O B T A I N E D  B Y  M I C R O A R R A Y  T E S T I N G  

 

 

Previous Study 



M O S T  A F F O R D A B L E  A N D  
C O M M O N L Y  U S E D  F O R M  O F  

T E S T I N G  G E N E  
E X P R E S S I O N  

 

• Results are quantitative 

• 54,000 numeric variables 

Microarray Testing 



Summary Statistics of 
R-CHOP Data 

Mean Median 

Age 60.13 61 

Status 0.25 0 

Follow up time 2.14 2.41 

This is a retrospective study, therefore our data is censored (time to 

death is not always measurable) 
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D I S M I S S E D  1 8 0  C H O P  P A T I E N T S  

 

 Analysis is performed in R-Studio 

 

 Parsed through full dataset 

  

 Created new matrix that contains only patients treated with R-CHOP 

 

 New matrix contained 232 patients and 54,000 genes 

 

 We focused on the R-CHOP data because it is the newest and most 
effective form of chemotherapy treatment for lymphoma 

 

Reduction 



A S S O C I A T I O N  B E T W E E N  G E N E  A N D  O V E R A L L  
S U R V I V A L  

Univariate Screening 

For a given gene, and a randomly 
selected subject i and j: 
 
HO: Pr(gi > gj   ti < tj) = 0.5 
HA: Pr(gi > gj   ti < tj) ≠ 0.5 
 
Where gi and gj are the gene 
expressions for a randomly selected 
subject i and j; and ti and tj are their 
time to death.   



o Measure of association between time of death and level of 
gene expression. 

o 0.5 indicates no association 

 

o Calculated p-values to test the hypothesis based on the C-
index of Harrell 

 

o P-values were converted to Q-values 

 

o Genes selected to maintain 10% FDR 
 

Univariate Screening 



• False discovery rate : among those selected, the 
average number of genes thought to be 
significant that proved NOT to be significant  

• FDR =10%- manageable number and benchmark 
FDR 

• Lenz study used p values instead of using a false 
discovery rate to identify significant genes in the 
screening process  

False Discovery Rate 
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K-Means 
Clustering 

 The partitioning of genes into groups with similar expression 
levels 

 
 K- indicates the number of clusters into which the genes are 

partitioned 
 
 Squared Euclidean distance 
 
 C(i)- represents the cluster assignment for cluster i estimated 

by the algorithm 
 
 xi- represents the set of expression values for expression i 
  
 μk- mean of cluster k 
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•P R I N C I P L E  

C O M P O N E N T S  

O R  “ E I G E N G E N E S ”  

 

•D I M E N S I O N  
R E D U C T I O N  A I M S  
T O  C R E A T E  O N E  
S C O R E  F O R  E A C H  
C L U S T E R  

 

•F O R M S  A  L I N E A R  
C O M B I N A T I O N  O F  
C L U S T E R  G E N E S    

Dimension Reduction (Scoring) 

First Cluster Eigengenes 



Multivariate Cox Regression 

λ (t,x) = λ0 (t) exp {β1X1+…+βpXp} 
  
• λ- represents death rate (over time) 
• λ0 (t) -represents base line of death rate 
• β-represent estimated variable effect 
• Rule of thumb: no more than one variable for every ten events (n/10) 
• Outcome: time to event 
• Backward variable selection 

•Variables are taken out one by one starting with the least significant 
 

 



Final Model Estimates 

Eigengene β SE (β) p-value 

Cluster 2 0.116 0.040 0.0041 

Cluster 4 -0.209 0.061 0.0006 

Goodness of Fit: 
R2=0.24 (modest) 
C-Index=0.79 (good) 
 



Fitted Model Profile 

λ(t,x) = λ0(t) exp {0.116Y2-0.209Y4} 
 
Gene Profile= 0.116Y2 – 0.209Y4 



o A S S E S S  P E R F O R M A N C E  O F  G E N E  P R O F I L E  I N  
P R E D I C T I N G  S U R V I V A L  

o I L L U S T R A T E S  S E N S I T I V I T Y  V S  S P E C I F I C I T Y  O V E R  
T H E  R A N G E  O F  P O S S I B L E  C U T  O F F  V A L U E S  F O R  T H E  
G E N E  P R O F I L I N G  S C O R E  

o A U C -  A R E A  U N D E R  T H E  R O C  C U R V E  

o 1= PERFECT PREDICTION 

o .5=NO PREDICTIVE ABILITY  

o A L L  O F  T H E  P O S S I B L E  C U T  O F F  V A L U E S  F O R  
H A V I N G  A  P O S I T I V E  O R  N E G A T I V E  T E S T  

   

ROC Analysis 



ROC Curves 



ROC Curves 



ROC Curves 



AUC Curve By Year 



Conclusion 

Future Studies: apply our model to independent data sets 
(typically, these models work best with the population on which 
they are built) 
 

Questions? 



1 . F R A N K  E .  H A R R E L L  R - S T U D I O  P A C K A G E S :  
‘ S U R V A U C ’  A N D  ‘ R C O R R . C E N S  { H M I S C } '  

2 . N A T I O N A L  C A N C E R  I N S T I T U T E  

• http://seer.cancer.gov/statfacts/html/lymph.h
tml 
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