SURVIVAL ANALYSIS
Introduction
	Survival data represent a set of individual times that passed for each followed subject between the start of a so called survival study and the moment when the subject reaches a predefined event (e.g. the time from a jaw cancer diagnosis until death occurs; the time from the start of chemotherapy in Hodgkin’s lymphoma until relapse occurs).

Analysis of survival data consists in a collection of statistical procedures specifically designed for this purpose. These procedures are different from those applied for quantitative data, since survival data have certain particular features. Frequently there are incomplete data (e.g. subjects who do not reach the predefined event, for instance healing or death, before the end of the study). Such incomplete data are called censored data. Another particular feature of survival data is their non-normal distribution. They do not follow a normal distribution curve. Censorship and non-normal distribution require specific statistical methods for correct analysis.
Graphical description of survival data can be performed using survival curves. The most frequently used graphical representation method for survival data is the Kaplan-Meier method. The resulting survival curve shows the variation in time of the proportion of surviving patients (who have not reached the predefined event). Such a curve starts with 100% survivors (survival probability of 1) at the beginning of the study and this number reduces progressively, as time goes by during the study.
To describe a „middling” survival time in the studied sample, the median survival time of the sample is used (and not the mean, since data are not normally distributed).
To evaluate the existence of any differences in survival between two different groups, the most frequently used statistical test is the log-rank test.
To predict survival time based on different subject characteristics (e.g. gender, tumor histology, etc.) a Cox regression may be used. It also tells us whether a certain characteristic has an influence on survival and if so, how much and in what way (by shortening or by lengthening survival time). Hence, a Cox regression is also useful for evaluating the existence and importance of a link between a prognostic factor and survival.
To quantify the importance of the effect of a certain characteristic on patient survival, hazard ratio (HR) is used as medical indicator.
Hazard is the instantaneous risk of a subject to reach the predefined event, given the fact that the subject survived up to that moment (e.g. the instantaneous risk to die for a subject with malignant melanoma). The higher the hazard, the higher the risk to reach the predefined event (e.g. a person who drinks alcohol and then drives has a higher hazard of producing a car accident than a driver who did not drink alcohol)

Hazard ratio of a group of subjects compared to another group represents the difference between the hazards of the two groups of subjects.


Aim of this practical session: 

· acquiring basic methodological skills for performing and interpreting clinical survival studies
Utility: 

· performing a clinical survival study for your graduation research and thesis 
· understanding and interpreting the results of clinical survival studies, as future practitioners
Requirements:

1) read and understand the following scenario, as well as the individual requirements of the protocol, results and interpretation sections below

2) perform the required descriptive operations for this study, then complete the corresponding parts of this document (remember to save your work while doing so)

3) perform the required analytical operations for this study, then complete the corresponding parts of this document (remember to save your work while doing so)
Scenario:
	A study was conducted to analyze the survival time / probability elapsed between diagnosis of lung cancer and death due to the disease, according to certain characteristics (tumor histological type, treatment). The subjects in the study were hospitalized veterans in several U.S. hospitals. 

During the study, subjects with a diagnosis of lung cancer were assigned randomly to receive cyclophosphamide or placebo. 

Patients who were previously treated surgically were excluded from the study. 

(the data is taken from the study: Veteran's Administration lung cancer trial,in Kalbfleisch, JD, Prentice RL. The Statistical Analysis of Failure Time Data. Wiley; 1980.)


Research Protocol

1. Aim and objectives of your research (fill in the corresponding empty spaces after the colon signs) 
Note: some spaces are already filled in. Read and understand the solutions, since this will help you in solving the rest of this activity. 
	Aim of research (evaluation of a hypothetic link between the potential risk or protective factor X and the disease Y / evaluation of a new diagnostic test X in identifying or confirming the disease Y / evaluation of the efficacy (or of certain adverse effects) of a treatment scheme X in patients suffering of the disease Y / describing a new health phenomenon in order to search for hypotheses regarding its possible prognostic factors): 
· Evaluation of potential links between the tumor histologic type or the treatment and the time from the diagnosis of lung cancer and death.
Objectives (evaluating the potential link between the prognostic factor and the disease /quantifying the importance of this link / evaluating the causality potential of this link):
· Testing potential links between the tumor histologic type or the treatment and the time from the diagnosis of lung cancer and death.
· Quantifying the importance of these links, if they exist



2. Domain of research (check the corresponding boxes, using an X)

	
	
	

	Description of a health phenomenon
	
	

	
	
	

	Evaluation of a diagnostic test
	
	

	
	
	

	Evaluation of a therapeutic approach
	
	

	
	
	

	Evaluation of prognostic (risk or protective) factors
	
	

	
	
	


3.Study type (check the corresponding boxes, using an X)

	A. Based on study objectives

	

	a. Descriptive (no tests or comparisons are performed, no links or associations are pursued)
	
	

	
	
	

	b. Analytical (tests or comparisons are performed, links or associations are pursued)
	
	

	

	B. Based on the researchers role

	
	
	

	a. Observational (the researcher does not intervene either on subjects or on the course of the disease)
	
	

	
	
	

	b. Experimental (the researcher does intervene on both subjects and on the course of the disease – e.g. by administering treatments, performing operations, etc.)
	
	

	
	
	


4. Target population and study sample (fill in the corresponding empty spaces after the colon signs)

	

	Target population

· Clinical characteristics (e.g. the disease, the stage of the disease, complications, functional status): 

· Demographic characteristics (restrictions regarding age, gender, socio-economic status of patients):  



	

	Accessible population (due to certain geographic or time-related constraints for either the subjects or the researcher. It should state the setting (hospital, GP, …) and the location (the city,…) ): 


	

	Study sample (identify and fill in possible inclusion and exclusion criteria, to make sure no relevant differences exist between the compared groups except the difference imposed by your subject grouping method)

	· Inclusion criteria (specifically identify the characteristics of subjects being studied; if subjects are chosen to form several groups, specify distinctive criteria for each group of subjects)
·  Clinical characteristics (e.g. only subjects with a certain disease X, in stage Y and functional impairment Z):
·  Demographic characteristics (e.g. only subjects older than 65, from rural environment, with low income and primary education at most): 



	· Exclusion criteria (applied only to subjects who comply with the above inclusion criteria; if not relevant, some or all exclusion criteria may be missing)
·  Biasing factors (e.g. coexistent diseases/coexistent treatments):

·  Adverse effects: 

·  Factors that make data collection difficult or impossible: 

·  Ethic issues: 

	· Sample size – is your sample large enough? (larger than 60, in this case) (Yes/No): 


5. Data collection method (check the corresponding boxes and fill in the corresponding empty spaces after the colon signs)

	A. Based on the studied population

	

	a. Exhaustive
	
	(the whole target population is studied)

	
	
	

	b. Sampling
	
	(a sample of the target population is studied)

	

	

	B. Based on the duration of data collection

	
	
	

	    Cross-sectional
	
	(data is collected at a given moment, like a „photographic image” of the medical situation)

	
	
	

	    Longitudinal
	
	(data is collected from the past or from the future, when referred to the start of a study)

	
	
	

	Retrospective
	
	(data is collected from the past (e.g. exposure to risk factors), from questionnaires or patient records)

	
	
	

	Prospective
	
	(data is collected in the future, by following patients over time (e.g. following the appearance or remission of a disease)

	
	
	

	

	C. Based on the grouping method 

	a. Representative sample
	
	(the research is performed on a sample group closely mirroring all characteristics of the target population from which it has been extracted)

	
	
	Specify the followed outcome (i.e. disease):

	
	
	Specify the followed factor: 

	
	
	

	b. Exposed – nonexposed
	
	(two groups are followed: one exposed, the other non-exposed to a prognostic factor)



	
	
	Specify the followed outcome (i.e. disease):

	
	
	Specify the predetermined exposure factor:

	
	
	

	c. Case - control
	
	(two groups are followed: the cases, who have the predetermined disease, and the controls, who are free of the predetermined disease)

	
	
	Specify the predetermined disease:

	
	
	Specify the followed exposure factor:

	
	
	


6. Defining variables (open the Excel database and fill in the names of all collected variables in the correct textboxes below)

	A. Qualitative (categorical)
	
	

	Nominal (e.g. hair colour)

· 
	Nominal dichotomial (e.g. gender)

· 
	Ordinal (e.g. disease severity)

· 

	B. Quantitative

	Continuous(e.g. weight)

· 
	Discrete (e.g. number of children in a family)

· 

	C. Survival (e.g. survival time before death)

	


7. Data description and analysis plan (check the corresponding boxes and remember how to execute and interpret each of the specified entities. Refer to files Instructions.doc and Interpretations.doc)
	Programs and database that will be used for data description and analysis:

· Excel – to solve section Results you will save, then open the file called BD_Sen.xls

· EpiInfo – to solve section Results you will import your data from the above Excel file (don’t do that just yet ! finish completing the Research Protocol first !)

	Data description 
a. for qualitative variables:
· Frequency tables

· Pie charts

b. for quantitative variables:
· Mean and standard deviation

· Frequency tables

· Histograms

c. for survival variables:
· Median of survival time

· Survival probability chart

	Description of potential relationships between variables
a. for qualitative variables:
· Contingency tables

· Column charts

b. for quantitative variables:
· Scatter charts

c. for survival variables:
· Survival probability charts

	Data analysis plan
Objectives:
(                    Evaluation of the existence of a relationship between a disease and a prognostic factor:
(        Comparison of qualitative data
o         2 / >2 independent samples (expected frequencies in the contingency table > 5 for > 80% of cells)
(         Chi square Test           
o         [image: image1]2 / >2 independent samples (expected frequencies in the contingency table < 5 for > 20% of cells)
(        Fisher's exact test         
o         [image: image2]Two dependent / paired samples
(         Mc Nemar Test           
(        Comparison of quantitative data that follow a normal distribution
o         [image: image3]Two independent samples
(        Student test for independent samples                 
(        Assuming equal / unequal variances 
o         [image: image4]Two dependent / paired samples
(        Student test for paired samples                            
(        Excel: t test paired two samples for means
(        Comparison of quantitative data that do not follow a normal distribution
o         [image: image5]Two independent samples                       
(        Mann Whitney U test                                 
o         [image: image6] Two dependent / paired samples           
(        Wilcoxon test for paired samples             

(      Comparison of survival data                                    
o         2 / >2 independent samples
(        Log-rank test                                              
 
(                    Quantifying the importance of the relationship - for studies of survival
o                                  The point estimator (it provides information to what was observed in the studied sample) and its 95% confidence interval (it provides information regarding what is happening in the target population / in reality - if the samples are correctly chosen)
· Hazard ratio
· The difference between survival probabilities at one point in time


	Data analysis (summarized for this scenario)
·    Objective 1 (testing the existence of a link between the tumor histologic type or the treatment and the time from the diagnosis of lung cancer and death): Log-rank test (performed in EpiInfo)
·  Objective 2 (quantifying the importance of these links, if they exist): Hazard Ratio (point estimate and its 95% CI), the difference between the survival probabilities at two years time


Results
8. Descriptive Results (Use EpiInfo  and refer to file Instructions.doc in order to obtain the results required below. After making sure that each representation is complete, easy-to-understand and self-explained, insert it below the corresponding colon sign. Remember to label all tables and figures correctly!) 
	Data on censure status were coded as follows 1 represents those with the event (death) – complete (uncensored observations, and 0 represents those with censored (incomplete) observations.
Survival curves chart compared by tumor histological type in EpiInfo (Advanced Statistics / Kaplan-Meier Survival):
[image: image7.png]



Interpreting survival curve (which group seems to have better survival):
Based on the above chart
median value for small cell group - from the graph in EpiInfo (see the file Interpretations - describing the data):
interpretation of the median for small cell histology group:
median value for squamous histology group:
interpretation of the median for squamous histology group:
The probability of survival at 1 year for squamous histology group - the graph in EpiInfo:
Interpretation of probability of survival at 1 year for squamous histology group:
The probability of survival at 1 year for small cell histology group:
Interpretation of probability of survival at 1 year for small cell histology group:
 
Comparative survival curves chart by treatment:
[image: image8.png]placebo Cyclophosphamide





Interpreting survival curve (which group seems to have better survival):



9. Data Analysis (Use EpiInfo and refer to file Instructions.doc in order to obtain the results required below. Insert each required result below the corresponding colon sign. 
Make sure to express your results using the formats specified in file Interpretations.doc)
	Testing the existence of the link

· p-value for survival difference by tumor histology type and name of applied test(using the format: p = value - name of the statistical test, using no more than 3 decimal places. If p <0.001 we write p<0.001):: 0,0007
· p-value for survival difference by treatment and name of applied test: 0,3211
Term
Hazard Ratio
95%
C.I.
Coefficient
S. E.
Z-Statistic
P-Value
Tip (epidermoid/a petites cellules) 
0.4279
0.2588
0.7074
-0.8489

0.2565

-3.3094

0.0009
Quantifying the importance of the link
· Hazard Ratio (HR) for tumor histology type and its 95% confidence interval:
· Difference between the probability of survival at 1 year time for tumor histology type:




Interpretations
10. Interpret the results of your study. Refer to file Interpretations.doc to verify your interpretations, only then fill in the empty spaces below.
	Statistical:


	(         Test result for survival difference (formulate the statistical hypothesis that  you retain and explain why)
· by tumor histology type:
· by treatment:

 
(         Medical indicators (interpret the  point estimate values)
· Difference between the probability of survival at 1 year time for tumor histology type:
· HR:
· Question: Does the point estimate of the medical indicator quantify what happens to patients from the study or from the target population? (color the correct response below)
(         The study / target population
 
(         Confidence interval of the medical indicators (Interpreted in the given clinical context)
· CI 95% of HR:
· Question: Does the confidence interval of the medical indicator quantify what happens to patients from the study or from the target population? (color the correct response below)
(         The study / target population

	Clinical:
	(         The medical  indicators (Interpret the point estimate values in the given clinical setting)
Difference between the probability of survival at 1 year time for tumor histology type: very important / medium / not important (color the correct answer)
HR: very important / medium / not important (color the correct answer)
 
(        Evaluate the precision of the results (look at the width of the confidence interval):  HR
         very precise / relatively precise / imprecise (wide range - imprecise results, narrow interval - precise results)
 
(         Evaluate the  confidence intervals  in the given clinical context for HR:
o          strong clinical significance (Both ends with highly significant clinical values)
o          weak  clinical significance (Both ends with less important clinical values)
o          unclear clinical importance (One end with a high clinical importance the other with a less important value)
 
(       Specify if an observational   study  is sufficient to draw a definitive conclusions regarding causality between the risk factor and the disease? (Single observational studies are not sufficient to draw conclusions regarding a causal effect).
· Yes / No



11. Conclusion of the research scenario (fill in the textbox below)

	


Conclusion of this activity: 
Today’s activity helps you perform a clinical survival study for your graduation thesis or for other research projects.  In the context of evidence based medicine/dentistry (EBM/EBD), it also helps you to understand and interpret the results of survival studies that you will read as future practitioners. 

Save the changes you made to this document, and then close it.  

Attach this Word document to an e-mail message and send it to the address provided by your assisting professor. Specify in the e-mail Subject: Your full name, your group and the title of this activity.
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