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Survival Analysis in SAS: A Comprehensive Guide

Introduction:

Are you grappling with data that involves time-to-event? Understanding the lifespan of a product, the
duration of a disease, or the time until customer churn requires specialized statistical techniques. This
comprehensive guide dives deep into the world of survival analysis using SAS, equipping you with the
knowledge and practical skills to analyze time-to-event data effectively. We'll cover the fundamental
concepts, key SAS procedures, interpretation of results, and common pitfalls to avoid, all while emphasizing
best practices for SEO and data analysis. Whether you're a seasoned SAS programmer or a beginner
navigating the complexities of survival analysis, this post will significantly enhance your analytical
capabilities.

What is Survival Analysis?

Survival analysis, also known as time-to-event analysis, is a branch of statistics focused on analyzing the
time it takes for a specific event to occur. This event could be anything from the failure of a machine to the
remission of a disease or even customer churn in a business context. Unlike traditional regression analysis
which focuses on predicting a continuous outcome, survival analysis deals with censored data – instances
where the event of interest hasn't occurred within the observation period. This censoring is a crucial aspect
that necessitates specialized statistical methods.

Key SAS Procedures for Survival Analysis

SAS offers powerful procedures specifically designed for survival analysis. Let's explore the most
commonly used ones:

PROC LIFEREG: This is a versatile procedure used for both parametric and semi-parametric1.
survival analysis models. It's particularly useful when you have covariates (explanatory variables)
that influence the survival time. PROC LIFEREG allows you to fit models such as the Weibull,
Exponential, Log-logistic, and Log-normal distributions. It provides estimates of hazard ratios, which
quantify the relative risk of an event occurring based on different covariate levels.



PROC PHREG: This procedure is specifically designed for fitting proportional hazards models (Cox1.
regression), a semi-parametric model widely used in survival analysis. The proportional hazards
assumption is critical; it states that the hazard ratio between two groups remains constant over time.
PROC PHREG allows you to assess the significance of covariates and estimate their impact on the
hazard rate. It's particularly valuable when the underlying survival distribution is unknown or
complex.

PROC LIFETEST: This procedure is used for descriptive survival analysis. It produces Kaplan-Meier1.
curves, which graphically represent the survival probabilities over time. PROC LIFETEST is
invaluable for visualizing survival patterns, comparing survival curves between groups, and
identifying potential differences in survival experiences. This procedure is often the first step in any
survival analysis workflow.

Interpreting the Results: Key Metrics and Considerations

Understanding the output from SAS procedures is crucial for drawing meaningful conclusions. Here are
some key metrics:

Survival Function (S(t)): The probability of surviving beyond time t. This is often represented graphically
by the Kaplan-Meier curve.
Hazard Function (h(t)): The instantaneous risk of the event occurring at time t, given that the individual
has survived up to that point.
Hazard Ratio (HR): The ratio of hazards between two groups. An HR > 1 indicates an increased risk in the
group compared to the reference group, while an HR < 1 indicates a decreased risk. Statistical significance
of the HR is assessed through p-values.
Confidence Intervals: Provide a range of plausible values for the estimated parameters (e.g., hazard ratios).
Wider confidence intervals suggest greater uncertainty in the estimates.
Log-rank Test: A statistical test used to compare survival curves between different groups.

Handling Censored Data: A Crucial Aspect

A significant challenge in survival analysis is handling censored data. Censoring occurs when the event of
interest hasn't happened by the end of the study period. SAS procedures automatically handle right-
censoring, the most common type where the event is observed after the study ends. Understanding and
correctly handling censoring is critical for accurate results. Failure to account for censoring can lead to
biased estimates.



Advanced Techniques in Survival Analysis with SAS

Beyond the basic procedures, SAS offers capabilities for more advanced techniques, including:

Time-Varying Covariates: These are covariates that change over time, requiring more complex modeling
approaches.
Competing Risks: Situations where multiple events can occur, and the occurrence of one event prevents
the occurrence of others.
Frailty Models: Account for unobserved heterogeneity among individuals that might influence their
survival times.

Example: Analyzing Customer Churn with SAS

Let's consider a scenario where a telecommunications company wants to analyze customer churn. The
event of interest is the cancellation of a service contract. The dataset would include variables such as
contract length, customer demographics, and service usage. Using PROC PHREG, the company could
model the effect of these variables on the time until churn, allowing them to identify factors contributing
to higher churn rates and develop targeted retention strategies.

Book Outline: "Mastering Survival Analysis with SAS"

I. Introduction to Survival Analysis:
Defining Survival Analysis and its Applications
Types of Survival Data and Censoring
Key Concepts: Survival Function, Hazard Function, Hazard Ratio

II. SAS Procedures for Survival Analysis:
PROC LIFETEST: Kaplan-Meier Estimation and Log-Rank Test
PROC PHREG: Proportional Hazards Regression
PROC LIFEREG: Parametric Regression Models
Model Diagnostics and Assumptions

III. Interpreting Results and Reporting:
Understanding Hazard Ratios and Confidence Intervals
Visualizing Survival Data with Kaplan-Meier Curves
Communicating Results Effectively

IV. Advanced Topics in Survival Analysis:
Time-Varying Covariates
Competing Risks
Frailty Models



V. Case Studies and Applications:
Real-world examples across various domains (e.g., medical research, engineering, business)

VI. Conclusion:
Summary of key concepts and techniques
Future directions in survival analysis

Detailed Explanation of Book Outline Points:

(I. Introduction to Survival Analysis): This section would lay the foundational knowledge needed to
understand survival analysis. It would explain the core concepts like survival function, hazard function, and
hazard ratio using clear definitions and simple examples. Different types of censoring (right, left, interval)
would be explained along with their impact on analysis.

(II. SAS Procedures for Survival Analysis): This section would provide detailed step-by-step instructions on
how to use the core SAS procedures (LIFETEST, PHREG, LIFEREG) with example datasets. It would
cover data preparation, syntax, output interpretation, and how to deal with common issues. Emphasis
would be on practical application and clear explanations of the code.

(III. Interpreting Results and Reporting): This would be a crucial section focusing on how to translate the
statistical output from SAS into meaningful insights. It would cover the interpretation of hazard ratios,
confidence intervals, and p-values. The importance of proper visualization using Kaplan-Meier curves
would be highlighted, alongside guidelines for effective reporting of findings.

(IV. Advanced Topics in Survival Analysis): This section introduces more complex concepts, such as
handling time-varying covariates (variables that change over time), analyzing competing risks (multiple
events that can occur), and incorporating frailty models (account for unobserved individual heterogeneity).

(V. Case Studies and Applications): Real-world examples would be presented to illustrate the practical
application of survival analysis across diverse fields. This would solidify the learning by showing how the
techniques are used to solve specific problems in medicine, engineering, finance, or marketing.

(VI. Conclusion): This section would summarize the key concepts, techniques, and procedures covered in
the book. It would also point towards potential areas for further exploration and advancements in the field
of survival analysis.



FAQs

What is the difference between PROC PHREG and PROC LIFEREG in SAS? PROC PHREG focuses1.
on proportional hazards models (semi-parametric), while PROC LIFEREG allows for both parametric
and semi-parametric models, offering flexibility in specifying the underlying survival distribution.

How do I handle censored data in SAS? SAS procedures automatically handle right-censoring, the1.
most common type. You simply need to correctly identify and code your censored observations.

What is a Kaplan-Meier curve, and how is it used? A Kaplan-Meier curve graphically represents the1.
survival probability over time. It's used to visualize survival patterns, compare survival curves
between groups, and assess the impact of treatments or interventions.

What is a hazard ratio, and how is it interpreted? A hazard ratio is the ratio of hazards between two1.
groups. An HR > 1 indicates an increased risk in the group compared to the reference group, while
an HR < 1 indicates a decreased risk.

What is the proportional hazards assumption? The proportional hazards assumption states that the1.
hazard ratio between two groups remains constant over time. This assumption should be checked
before interpreting the results of a proportional hazards model.

How can I check the proportional hazards assumption in SAS? You can visually check it through1.
plots of scaled Schoenfeld residuals or use formal statistical tests like the test of interaction terms in
PROC PHREG.

What are time-varying covariates, and how are they handled? Time-varying covariates are variables1.



that change over time. They require special handling in SAS procedures, often involving
restructuring the data into a longer format.

What are competing risks, and how are they modeled in SAS? Competing risks arise when multiple1.
events can occur, and the occurrence of one event prevents the others. Specialized techniques and
models are needed to handle these situations within SAS.

What are frailty models, and when are they useful? Frailty models account for unobserved1.
heterogeneity among individuals, which can impact survival times. They're useful when you
suspect there's unexplained variation in survival experiences that’s not captured by observed
covariates.

Related Articles:

Introduction to Statistical Modeling with SAS: A foundational overview of statistical modeling1.
concepts and SAS procedures.

Regression Analysis in SAS: A Beginner's Guide: A comprehensive tutorial on linear and logistic1.
regression using SAS.

Understanding Kaplan-Meier Curves in Survival Analysis: A detailed explanation of Kaplan-Meier1.
curves and their interpretation.

Interpreting Hazard Ratios in SAS: A focused guide on understanding and interpreting hazard ratios1.
from SAS output.



Time-Varying Covariates in Survival Analysis with SAS: A deep dive into handling time-varying1.
covariates in survival models.

Competing Risks Analysis using SAS: A practical guide to analyzing competing risks using SAS1.
procedures.

Frailty Models in SAS: Accounting for Unobserved Heterogeneity: An advanced tutorial on fitting1.
and interpreting frailty models in SAS.

Survival Analysis in Clinical Trials using SAS: A specialized guide to applying survival analysis1.
techniques in clinical trial settings.

SAS Programming for Data Management in Survival Analysis: A tutorial on data preparation and1.
management techniques specific to survival analysis datasets in SAS.

  survival analysis sas: Survival Analysis Using SAS Paul D. Allison, 2010-03-29 Biomedical and
social science researchers who want to analyze survival data with SAS will find just what they need
with this easy-to-read and comprehensive guide. Teaches many aspects of data input and
manipulation. Numerous examples of SAS code and output make this an eminently practical book,
completely updated for SAS 9.
  survival analysis sas: Extending SAS Survival Analysis Techniques for Medical Research Alan
B. Cantor, 1997
  survival analysis sas: Applied Survival Analysis David W. Hosmer, Jr., Stanley Lemeshow,
Susanne May, 2011-09-23 THE MOST PRACTICAL, UP-TO-DATE GUIDE TO MODELLING AND
ANALYZING TIME-TO-EVENT DATA—NOW IN A VALUABLE NEW EDITION Since publication of the
first edition nearly a decade ago, analyses using time-to-event methods have increase considerably
in all areas of scientific inquiry mainly as a result of model-building methods available in modern
statistical software packages. However, there has been minimal coverage in the available literature
to9 guide researchers, practitioners, and students who wish to apply these methods to health-related
areas of study. Applied Survival Analysis, Second Edition provides a comprehensive and up-to-date
introduction to regression modeling for time-to-event data in medical, epidemiological, biostatistical,
and other health-related research. This book places a unique emphasis on the practical and



contemporary applications of regression modeling rather than the mathematical theory. It offers a
clear and accessible presentation of modern modeling techniques supplemented with real-world
examples and case studies. Key topics covered include: variable selection, identification of the scale
of continuous covariates, the role of interactions in the model, assessment of fit and model
assumptions, regression diagnostics, recurrent event models, frailty models, additive models,
competing risk models, and missing data. Features of the Second Edition include: Expanded
coverage of interactions and the covariate-adjusted survival functions The use of the Worchester
Heart Attack Study as the main modeling data set for illustrating discussed concepts and techniques
New discussion of variable selection with multivariable fractional polynomials Further exploration of
time-varying covariates, complex with examples Additional treatment of the exponential, Weibull,
and log-logistic parametric regression models Increased emphasis on interpreting and using results
as well as utilizing multiple imputation methods to analyze data with missing values New examples
and exercises at the end of each chapter Analyses throughout the text are performed using Stata®
Version 9, and an accompanying FTP site contains the data sets used in the book. Applied Survival
Analysis, Second Edition is an ideal book for graduate-level courses in biostatistics, statistics, and
epidemiologic methods. It also serves as a valuable reference for practitioners and researchers in
any health-related field or for professionals in insurance and government.
  survival analysis sas: Survival Analysis John P. Klein, Melvin L. Moeschberger, 2013-06-29
Making complex methods more accessible to applied researchers without an advanced mathematical
background, the authors present the essence of new techniques available, as well as classical
techniques, and apply them to data. Practical suggestions for implementing the various methods are
set off in a series of practical notes at the end of each section, while technical details of the
derivation of the techniques are sketched in the technical notes. This book will thus be useful for
investigators who need to analyse censored or truncated life time data, and as a textbook for a
graduate course in survival analysis, the only prerequisite being a standard course in statistical
methodology.
  survival analysis sas: Survival Analysis with Interval-Censored Data Kris Bogaerts, Arnost
Komarek, Emmanuel Lesaffre, 2017-11-20 Survival Analysis with Interval-Censored Data: A Practical
Approach with Examples in R, SAS, and BUGS provides the reader with a practical introduction into
the analysis of interval-censored survival times. Although many theoretical developments have
appeared in the last fifty years, interval censoring is often ignored in practice. Many are unaware of
the impact of inappropriately dealing with interval censoring. In addition, the necessary software is
at times difficult to trace. This book fills in the gap between theory and practice. Features: -Provides
an overview of frequentist as well as Bayesian methods. -Include a focus on practical aspects and
applications. -Extensively illustrates the methods with examples using R, SAS, and BUGS. Full
programs are available on a supplementary website. The authors: Kris Bogaerts is project manager
at I-BioStat, KU Leuven. He received his PhD in science (statistics) at KU Leuven on the analysis of
interval-censored data. He has gained expertise in a great variety of statistical topics with a focus on
the design and analysis of clinical trials. Arnošt Komárek is associate professor of statistics at
Charles University, Prague. His subject area of expertise covers mainly survival analysis with the
emphasis on interval-censored data and classification based on longitudinal data. He is past chair of
the Statistical Modelling Society and editor of Statistical Modelling: An International Journal.
Emmanuel Lesaffre is professor of biostatistics at I-BioStat, KU Leuven. His research interests
include Bayesian methods, longitudinal data analysis, statistical modelling, analysis of dental data,
interval-censored data, misclassification issues, and clinical trials. He is the founding chair of the
Statistical Modelling Society, past-president of the International Society for Clinical Biostatistics,
and fellow of ISI and ASA.
  survival analysis sas: SAS Survival Analysis Techniques for Medical Research Alan B.
Cantor, 2003 If you are new to survival analysis or want to expand your capabilities in this area,
you'll benefit from Alan Cantor's SAS Survival Analysis Techniques for Medical Research, Second
Edition, which presents the theory and methods of survival analysis along with excellent discussions



of the SAS procedures used to implement the methods described. New features of the second edition
include a discussion of permutation and randomization tests; a discussion of the use of data
imputation; an expanded discussion of power for Cox regression; descriptions of the new features of
SAS 9, such as confidence bands for the Kaplan-Meier curve; appendixes that cover mathematical
and statistical background topics needed in survival analysis; and student exercises. The new
features, along with several useful macros and numerous examples, make this a suitable textbook for
a course in survival analysis for biostatistics majors and majors in related fields. This book excels at
presenting complex ideas in a way that enables those without a strong technical background to
understand and apply the concepts and techniques.
  survival analysis sas: Modeling Survival Data: Extending the Cox Model Terry M.
Therneau, Patricia M. Grambsch, 2013-11-11 This book is for statistical practitioners, particularly
those who design and analyze studies for survival and event history data. Building on recent
developments motivated by counting process and martingale theory, it shows the reader how to
extend the Cox model to analyze multiple/correlated event data using marginal and random effects.
The focus is on actual data examples, the analysis and interpretation of results, and computation.
The book shows how these new methods can be implemented in SAS and S-Plus, including computer
code, worked examples, and data sets.
  survival analysis sas: Survival Analysis Using SAS Paul David Allison, 2010 Estimation of
Survival Probabilities Confidence Intervals and Bands, mean life, median life Basic Plots Estimates of
Hazards, log survival, etc. Basic plots Tests of equality of groups
  survival analysis sas: Complex Survey Data Analysis with SAS Taylor H. Lewis, 2016-09-15
Complex Survey Data Analysis with SAS® is an invaluable resource for applied researchers
analyzing data generated from a sample design involving any combination of stratification,
clustering, unequal weights, or finite population correction factors. After clearly explaining how the
presence of these features can invalidate the assumptions underlying most traditional statistical
techniques, this book equips readers with the knowledge to confidently account for them during the
estimation and inference process by employing the SURVEY family of SAS/STAT® procedures. The
book offers comprehensive coverage of the most essential topics, including: Drawing random
samples Descriptive statistics for continuous and categorical variables Fitting and interpreting linear
and logistic regression models Survival analysis Domain estimation Replication variance estimation
methods Weight adjustment and imputation methods for handling missing data The easy-to-follow
examples are drawn from real-world survey data sets spanning multiple disciplines, all of which can
be downloaded for free along with syntax files from the author’s website:
http://mason.gmu.edu/~tlewis18/. While other books may touch on some of the same issues and
nuances of complex survey data analysis, none features SAS exclusively and as exhaustively. Another
unique aspect of this book is its abundance of handy workarounds for certain techniques not yet
supported as of SAS Version 9.4, such as the ratio estimator for a total and the bootstrap for
variance estimation. Taylor H. Lewis is a PhD graduate of the Joint Program in Survey Methodology
at the University of Maryland, College Park, and an adjunct professor in the George Mason
University Department of Statistics. An avid SAS user for 15 years, he is a SAS Certified Advanced
programmer and a nationally recognized SAS educator who has produced dozens of papers and
workshops illustrating how to efficiently and effectively conduct statistical analyses using SAS.
  survival analysis sas: Survival Analysis David G. Kleinbaum, Mitchel Klein, 2013-04-18 A
straightforward and easy-to-follow introduction to the main concepts and techniques of the subject.
It is based on numerous courses given by the author to students and researchers in the health
sciences and is written with such readers in mind. A user-friendly layout includes numerous
illustrations and exercises and the book is written in such a way so as to enable readers learn
directly without the assistance of a classroom instructor. Throughout, there is an emphasis on
presenting each new topic backed by real examples of a survival analysis investigation, followed up
with thorough analyses of real data sets. Each chapter concludes with practice exercises to help
readers reinforce their understanding of the concepts covered, before going on to a more



comprehensive test. Answers to both are included. Readers will enjoy David Kleinbaums style of
presentation, making this an excellent introduction for all those coming to the subject for the first
time.
  survival analysis sas: Survival Analysis Using S Mara Tableman, Jong Sung Kim, 2003-07-28
Survival Analysis Using S: Analysis of Time-to-Event Data is designed as a text for a one-semester or
one-quarter course in survival analysis for upper-level or graduate students in statistics,
biostatistics, and epidemiology. Prerequisites are a standard pre-calculus first course in probability
and statistics, and a course in applied linear regression models. No prior knowledge of S or R is
assumed. A wide choice of exercises is included, some intended for more advanced students with a
first course in mathematical statistics. The authors emphasize parametric log-linear models, while
also detailing nonparametric procedures along with model building and data diagnostics. Medical
and public health researchers will find the discussion of cut point analysis with bootstrap validation,
competing risks and the cumulative incidence estimator, and the analysis of left-truncated and
right-censored data invaluable. The bootstrap procedure checks robustness of cut point analysis and
determines cut point(s). In a chapter written by Stephen Portnoy, censored regression quantiles - a
new nonparametric regression methodology (2003) - is developed to identify important forms of
population heterogeneity and to detect departures from traditional Cox models. By generalizing the
Kaplan-Meier estimator to regression models for conditional quantiles, this methods provides a
valuable complement to traditional Cox proportional hazards approaches.
  survival analysis sas: Survival Analysis Xian Liu, 2012-06-13 Survival analysis concerns
sequential occurrences of events governed by probabilistic laws. Recent decades have witnessed
many applications of survival analysis in various disciplines. This book introduces both classic
survival models and theories along with newly developed techniques. Readers will learn how to
perform analysis of survival data by following numerous empirical illustrations in SAS. Survival
Analysis: Models and Applications: Presents basic techniques before leading onto some of the most
advanced topics in survival analysis. Assumes only a minimal knowledge of SAS whilst enabling
more experienced users to learn new techniques of data input and manipulation. Provides numerous
examples of SAS code to illustrate each of the methods, along with step-by-step instructions to
perform each technique. Highlights the strengths and limitations of each technique covered.
Covering a wide scope of survival techniques and methods, from the introductory to the advanced,
this book can be used as a useful reference book for planners, researchers, and professors who are
working in settings involving various lifetime events. Scientists interested in survival analysis should
find it a useful guidebook for the incorporation of survival data and methods into their projects.
  survival analysis sas: Business Survival Analysis Using SAS Jorge Ribeiro, 2022-01-27 Solve
business problems involving time-to-event and resulting probabilities by following the modeling
tutorials in Business Survival Analysis Using SAS: An Introduction to Lifetime Probabilities, the first
book to be published in the field of business survival analysis! Survival analysis is a challenge. Books
applying to health sciences exist, but nothing about survival applications for business has been
available until now. Written for analysts, forecasters, econometricians, and modelers who work in
marketing or credit risk and have little SAS modeling experience, Business Survival Analysis Using
SAS builds on a foundation of SAS code that works in any survival model and features numerous
annotated graphs, coefficients, and statistics linked to real business situations and data sets. This
guide also helps recent graduates who know the statistics but do not necessarily know how to apply
them get up and running in their jobs. By example, it teaches the techniques while avoiding
advanced theoretical underpinnings so that busy professionals can rapidly deliver a survival model
to meet common business needs. From first principles, this book teaches survival analysis by
highlighting its relevance to business cases. A pragmatic introduction to survival analysis models, it
leads you through business examples that contextualize and motivate the statistical methods and
SAS coding. Specifically, it illustrates how to build a time-to-next-purchase survival model in SAS
Enterprise Miner, and it relates each step to the underlying statistics and to Base SAS and
SAS/STAT software. Following the many examples-from data preparation to validation to scoring



new customers-you will learn to develop and apply survival analysis techniques to scenarios faced by
companies in the financial services, insurance, telecommunication, and marketing industries,
including the following scenarios: Time-to-next-purchase for marketing Employer turnover for
human resources Small business portfolio macroeconometric stress tests for banks International
Financial Reporting Standard (IFRS 9) lifetime probability of default for banks and building societies
Churn, or attrition, models for the telecommunications and insurance industries
  survival analysis sas: Biostatistics and Computer-based Analysis of Health Data Using SAS
Christophe Lalanne, Mounir Mesbah, 2017-06-22 This volume of the Biostatistics and Health
Sciences Set focuses on statistics applied to clinical research.The use of SAS for data management
and statistical modeling is illustrated using various examples. Many aspects of data processing and
statistical analysis of cross-sectional and experimental medical data are covered, including
regression models commonly found in medical statistics. This practical book is primarily intended for
health researchers with a basic knowledge of statistical methodology. Assuming basic concepts, the
authors focus on the practice of biostatistical methods essential to clinical research, epidemiology
and analysis of biomedical data (including comparison of two groups, analysis of categorical data,
ANOVA, linear and logistic regression, and survival analysis). The use of examples from clinical trials
and epidemiological studies provide the basis for a series of practical exercises, which provide
instruction and familiarize the reader with essential SAS commands. - Presents the use of SAS
software in the statistical approach for the management of data modeling - Includes elements of the
language and descriptive statistics - Supplies measures of association, comparison of means, and
proportions for two or more samples - Explores linear and logistic regression - Provides survival data
analysis
  survival analysis sas: The Frailty Model Luc Duchateau, Paul Janssen, 2007-10-23 Readers
will find in the pages of this book a treatment of the statistical analysis of clustered survival data.
Such data are encountered in many scientific disciplines including human and veterinary medicine,
biology, epidemiology, public health and demography. A typical example is the time to death in
cancer patients, with patients clustered in hospitals. Frailty models provide a powerful tool to
analyze clustered survival data. In this book different methods based on the frailty model are
described and it is demonstrated how they can be used to analyze clustered survival data. All
programs used for these examples are available on the Springer website.
  survival analysis sas: A Handbook of Statistical Graphics Using SAS ODS Geoff Der, Brian
S. Everitt, 2014-08-15 Easily Use SAS to Produce Your Graphics Diagrams, plots, and other types of
graphics are indispensable components in nearly all phases of statistical analysis, from the initial
assessment of the data to the selection of appropriate statistical models to the diagnosis of the
chosen models once they have been fitted to the data. Harnessing the full graphics capabilities of
SAS, A Handbook of Statistical Graphics Using SAS ODS covers essential graphical methods needed
in every statistician’s toolkit. It explains how to implement the methods using SAS 9.4. The
handbook shows how to use SAS to create many types of statistical graphics for exploring data and
diagnosing fitted models. It uses SAS’s newer ODS graphics throughout as this system offers a
number of advantages, including ease of use, high quality of results, consistent appearance, and
convenient semiautomatic graphs from the statistical procedures. Each chapter deals graphically
with several sets of example data from a wide variety of areas, such as epidemiology, medicine, and
psychology. These examples illustrate the use of graphic displays to give an overview of data, to
suggest possible hypotheses for testing new data, and to interpret fitted statistical models. The SAS
programs and data sets are available online.
  survival analysis sas: SAS Survival Analysis Techniques for Medical Research, Second Edition
(Hardcover Edition) Alan B. Cantor, 2003-01-16 If you are new to survival analysis or want to expand
your capabilities in this area, you'll benefit from Alan Cantor's SAS Survival Analysis Techniques for
Medical Research, Second Edition, which presents the theory and methods of survival analysis along
with excellent discussions of the SAS procedures used to implement the methods described. New
features of the second edition include a discussion of permutation and randomization tests; a



discussion of the use of data imputation; an expanded discussion of power for Cox regression;
descriptions of the new features of SAS 9, such as confidence bands for the Kaplan-Meier curve;
appendixes that cover mathematical and statistical background topics needed in survival analysis;
and student exercises. The new features, along with several useful macros and numerous examples,
make this a suitable textbook for a course in survival analysis for biostatistics majors and majors in
related fields. This book excels at presenting complex ideas in a way that enables those without a
strong technical background to understand and apply the concepts and techniques.
  survival analysis sas: Analysis of Survival Data D.R. Cox, David Oakes, 1984-06-01 This
monograph contains many ideas on the analysis of survival data to present a comprehensive account
of the field. The value of survival analysis is not confined to medical statistics, where the benefit of
the analysis of data on such factors as life expectancy and duration of periods of freedom from
symptoms of a disease as related to a treatment applied individual histories and so on, is obvious.
The techniques also find important applications in industrial life testing and a range of subjects from
physics to econometrics. In the eleven chapters of the book the methods and applications of are
discussed and illustrated by examples.
  survival analysis sas: Applied Medical Statistics Using SAS Geoff Der, Brian S. Everitt,
2012-10-01 Written with medical statisticians and medical researchers in mind, this
intermediate-level reference explores the use of SAS for analyzing medical data. Applied Medical
Statistics Using SAS covers the whole range of modern statistical methods used in the analysis of
medical data, including regression, analysis of variance and covariance, longitudi
  survival analysis sas: Analysis of Correlated Data with SAS and R Mohamed M. Shoukri,
2018-04-27 Analysis of Correlated Data with SAS and R: 4th edition presents an applied treatment of
recently developed statistical models and methods for the analysis of hierarchical binary, count and
continuous response data. It explains how to use procedures in SAS and packages in R for exploring
data, fitting appropriate models, presenting programming codes and results. The book is designed
for senior undergraduate and graduate students in the health sciences, epidemiology, statistics, and
biostatistics as well as clinical researchers, and consulting statisticians who can apply the methods
with their own data analyses. In each chapter a brief description of the foundations of statistical
theory needed to understand the methods is given, thereafter the author illustrates the applicability
of the techniques by providing sufficient number of examples. The last three chapters of the 4th
edition contain introductory material on propensity score analysis, meta-analysis and the treatment
of missing data using SAS and R. These topics were not covered in previous editions. The main
reason is that there is an increasing demand by clinical researchers to have these topics covered at a
reasonably understandable level of complexity. Mohamed Shoukri is principal scientist and professor
of biostatistics at The National Biotechnology Center, King Faisal Specialist Hospital and Research
Center and Al-Faisal University, Saudi Arabia. Professor Shoukri’s research includes analytic
epidemiology, analysis of hierarchical data, and clinical biostatistics. He is an associate editor of the
3Biotech journal, a Fellow of the Royal Statistical Society and an elected member of the
International Statistical Institute.
  survival analysis sas: Logistic Regression Using SAS Paul D. Allison, 2012-03-30 Informal and
nontechnical, this book both explains the theory behind logistic regression, and looks at all the
practical details involved in its implementation using SAS. Includes several real-world examples in
full detail.
  survival analysis sas: Frailty Models in Survival Analysis Andreas Wienke, 2010-07-26 The
concept of frailty offers a convenient way to introduce unobserved heterogeneity and associations
into models for survival data. In its simplest form, frailty is an unobserved random proportionality
factor that modifies the hazard function of an individual or a group of related individuals. Frailty
Models in Survival Analysis presents a comprehensive overview of the fundamental approaches in
the area of frailty models. The book extensively explores how univariate frailty models can represent
unobserved heterogeneity. It also emphasizes correlated frailty models as extensions of univariate
and shared frailty models. The author analyzes similarities and differences between frailty and



copula models; discusses problems related to frailty models, such as tests for homogeneity; and
describes parametric and semiparametric models using both frequentist and Bayesian approaches.
He also shows how to apply the models to real data using the statistical packages of R, SAS, and
Stata. The appendix provides the technical mathematical results used throughout. Written in
nontechnical terms accessible to nonspecialists, this book explains the basic ideas in frailty modeling
and statistical techniques, with a focus on real-world data application and interpretation of the
results. By applying several models to the same data, it allows for the comparison of their
advantages and limitations under varying model assumptions. The book also employs simulations to
analyze the finite sample size performance of the models.
  survival analysis sas: Statistical Analysis of Medical Data Using SAS Geoff Der, Brian S.
Everitt, 2005-09-20 Statistical analysis is ubiquitous in modern medical research. Logistic
regression, generalized linear models, random effects models, and Cox's regression all have become
commonplace in the medical literature. But while statistical software such as SAS make routine
application of these techniques possible, users who are not primarily statisticians must take care to
correctly implement the various procedures and correctly interpret the output. Statistical Analysis of
Medical Data Using SAS demonstrates how to use SAS to analyze medical data. Each chapter
addresses a particular analysis method. The authors briefly describe each procedure, but focus on
its SAS implementation and properly interpreting the output. The carefully designed presentation
relegates the theoretical details to Displays, so that the code and results can be explored without
interruption. All of the code and data sets used in the book are available for download from either
the SAS Web site or www.crcpress.com. Der and Everitt, authors of the best-selling Handbook of
Statistical Analyses Using SAS, bring all of their considerable talent and experience to bear in this
book. Step-by-step instructions, lucid explanations and clear examples combine to form an
outstanding, self-contained guide--suitable for medical researchers and statisticians alike--to using
SAS to analyze medical data.
  survival analysis sas: Statistical Programming with SAS/IML Software Rick Wicklin,
2010-10-22 SAS/IML software is a powerful tool for data analysts because it enables implementation
of statistical algorithms that are not available in any SAS procedure. Rick Wicklin's Statistical
Programming with SAS/IML Software is the first book to provide a comprehensive description of the
software and how to use it. He presents tips and techniques that enable you to use the IML
procedure and the SAS/IML Studio application efficiently. In addition to providing a comprehensive
introduction to the software, the book also shows how to create and modify statistical graphs, call
SAS procedures and R functions from a SAS/IML program, and implement such modern statistical
techniques as simulations and bootstrap methods in the SAS/IML language. Written for data analysts
working in all industries, graduate students, and consultants, Statistical Programming with SAS/IML
Software includes numerous code snippets and more than 100 graphs. This book is part of the SAS
Press program.
  survival analysis sas: Counting Processes and Survival Analysis Thomas R. Fleming, David P.
Harrington, 2011-09-20 The Wiley-Interscience Paperback Series consists of selected books that
have been made more accessible to consumers in an effort to increase global appeal and general
circulation. With these new unabridged softcover volumes, Wiley hopes to extend the lives of these
works by making them available to future generations of statisticians, mathematicians, and
scientists. The book is a valuable completion of the literature in this field. It is written in an
ambitious mathematical style and can be recommended to statisticians as well as biostatisticians.
-Biometrische Zeitschrift Not many books manage to combine convincingly topics from probability
theory over mathematical statistics to applied statistics. This is one of them. The book has other
strong points to recommend it: it is written with meticulous care, in a lucid style, general results
being illustrated by examples from statistical theory and practice, and a bunch of exercises serve to
further elucidate and elaborate on the text. -Mathematical Reviews This book gives a thorough
introduction to martingale and counting process methods in survival analysis thereby filling a gap in
the literature. -Zentralblatt für Mathematik und ihre Grenzgebiete/Mathematics Abstracts The



authors have performed a valuable service to researchers in providing this material in [a]
self-contained and accessible form. . . This text [is] essential reading for the probabilist or
mathematical statistician working in the area of survival analysis. -Short Book Reviews, International
Statistical Institute Counting Processes and Survival Analysis explores the martingale approach to
the statistical analysis of counting processes, with an emphasis on the application of those methods
to censored failure time data. This approach has proven remarkably successful in yielding results
about statistical methods for many problems arising in censored data. A thorough treatment of the
calculus of martingales as well as the most important applications of these methods to censored data
is offered. Additionally, the book examines classical problems in asymptotic distribution theory for
counting process methods and newer methods for graphical analysis and diagnostics of censored
data. Exercises are included to provide practice in applying martingale methods and insight into the
calculus itself.
  survival analysis sas: SAS and R Ken Kleinman, Nicholas J. Horton, 2014-07-17 An Up-to-Date,
All-in-One Resource for Using SAS and R to Perform Frequent Tasks The first edition of this popular
guide provided a path between SAS and R using an easy-to-understand, dictionary-like approach.
Retaining the same accessible format, SAS and R: Data Management, Statistical Analysis, and
Graphics, Second Edition explains how to easily perform an analytical task in both SAS and R,
without having to navigate through the extensive, idiosyncratic, and sometimes unwieldy software
documentation. The book covers many common tasks, such as data management, descriptive
summaries, inferential procedures, regression analysis, and graphics, along with more complex
applications. New to the Second Edition This edition now covers RStudio, a powerful and easy-to-use
interface for R. It incorporates a number of additional topics, including using application program
interfaces (APIs), accessing data through database management systems, using reproducible
analysis tools, and statistical analysis with Markov chain Monte Carlo (MCMC) methods and finite
mixture models. It also includes extended examples of simulations and many new examples. Enables
Easy Mobility between the Two Systems Through the extensive indexing and cross-referencing,
users can directly find and implement the material they need. SAS users can look up tasks in the
SAS index and then find the associated R code while R users can benefit from the R index in a
similar manner. Numerous example analyses demonstrate the code in action and facilitate further
exploration. The datasets and code are available for download on the book’s website.
  survival analysis sas: Advanced Survival Models Catherine Legrand, 2021-03-22 Survival
data analysis is a very broad field of statistics, encompassing a large variety of methods used in a
wide range of applications, and in particular in medical research. During the last twenty years,
several extensions of classical survival models have been developed to address particular situations
often encountered in practice. This book aims to gather in a single reference the most commonly
used extensions, such as frailty models (in case of unobserved heterogeneity or clustered data), cure
models (when a fraction of the population will not experience the event of interest), competing risk
models (in case of different types of event), and joint survival models for a time-to-event endpoint
and a longitudinal outcome. Features Presents state-of-the art approaches for different advanced
survival models including frailty models, cure models, competing risk models and joint models for a
longitudinal and a survival outcome Uses consistent notation throughout the book for the different
techniques presented Explains in which situation each of these models should be used, and how they
are linked to specific research questions Focuses on the understanding of the models, their
implementation, and their interpretation, with an appropriate level of methodological development
for masters students and applied statisticians Provides references to existing R packages and SAS
procedure or macros, and illustrates the use of the main ones on real datasets This book is primarily
aimed at applied statisticians and graduate students of statistics and biostatistics. It can also serve
as an introductory reference for methodological researchers interested in the main extensions of
classical survival analysis.
  survival analysis sas: Dynamic Prediction in Clinical Survival Analysis Hans van
Houwelingen, Hein Putter, 2011-11-09 There is a huge amount of literature on statistical models for



the prediction of survival after diagnosis of a wide range of diseases like cancer, cardiovascular
disease, and chronic kidney disease. Current practice is to use prediction models based on the Cox
proportional hazards model and to present those as static models for remaining lifetime a
  survival analysis sas: Event History Analysis Paul David Allison, 1984-11 Drawing on recent
event history analytical methods from biostatistics, engineering, and sociology, this clear and
comprehensive monograph explains how longitudinal data can be used to study the causes of deaths,
crimes, wars, and many other human events. Allison shows why ordinary multiple regression is not
suited to analyze event history data, and demonstrates how innovative regression - like methods can
overcome this problem. He then discusses the particular new methods that social scientists should
find useful.
  survival analysis sas: Statistical Graphics Procedures by Example Sanjay Matange, Dan Heath,
2014-11-29 Sanjay Matange and Dan Heath's Statistical Graphics Procedures by Example: Effective
Graphs Using SAS shows the innumerable capabilities of SAS Statistical Graphics (SG) procedures.
The authors begin with a general discussion of the principles of effective graphics, ODS Graphics,
and the SG procedures. They then move on to show examples of the procedures' many features. The
book is designed so that you can easily flip through it, find the graph you need, and view the code
right next to the example. Among the topics included are how to combine plot statements to create
custom graphs; customizing graph axes, legends, and insets; advanced features, such as annotation
and attribute maps; tips and tricks for creating the optimal graph for the intended usage; real-world
examples from the health and life sciences domain; and ODS styles. The procedures in Statistical
Graphics Procedures by Example are specifically designed for the creation of analytical graphs. That
makes this book a must-read for analysts and statisticians in the health care, clinical trials, financial,
and insurance industries. However, you will find that the examples here apply to all fields. This book
is part of the SAS Press program.
  survival analysis sas: Applied Econometrics Using the SAS System Vivek Ajmani, 2011-09-20
The first cutting-edge guide to using the SAS® system for the analysis of econometric data Applied
Econometrics Using the SAS® System is the first book of its kind to treat the analysis of basic
econometric data using SAS®, one of the most commonly used software tools among today's
statisticians in business and industry. This book thoroughly examines econometric methods and
discusses how data collected in economic studies can easily be analyzed using the SAS® system. In
addition to addressing the computational aspects of econometric data analysis, the author provides a
statistical foundation by introducing the underlying theory behind each method before delving into
the related SAS® routines. The book begins with a basic introduction to econometrics and the
relationship between classical regression analysis models and econometric models. Subsequent
chapters balance essential concepts with SAS® tools and cover key topics such as: Regression
analysis using Proc IML and Proc Reg Hypothesis testing Instrumental variables analysis, with a
discussion of measurement errors, the assumptions incorporated into the analysis, and specification
tests Heteroscedasticity, including GLS and FGLS estimation, group-wise heteroscedasticity, and
GARCH models Panel data analysis Discrete choice models, along with coverage of binary choice
models and Poisson regression Duration analysis models Assuming only a working knowledge of
SAS®, this book is a one-stop reference for using the software to analyze econometric data.
Additional features include complete SAS® code, Proc IML routines plus a tutorial on Proc IML, and
an appendix with additional programs and data sets. Applied Econometrics Using the SAS® System
serves as a relevant and valuable reference for practitioners in the fields of business, economics, and
finance. In addition, most students of econometrics are taught using GAUSS and STATA, yet SAS®
is the standard in the working world; therefore, this book is an ideal supplement for
upper-undergraduate and graduate courses in statistics, economics, and other social sciences since
it prepares readers for real-world careers.
  survival analysis sas: Survival Analysis Using SAS Paul David Allison, 2005
  survival analysis sas: Practical Multivariate Analysis Abdelmonem Afifi, Susanne May, Robin
Donatello, Virginia A. Clark, 2019-10-16 This is the sixth edition of a popular textbook on



multivariate analysis. Well-regarded for its practical and accessible approach, with excellent
examples and good guidance on computing, the book is particularly popular for teaching outside
statistics, i.e. in epidemiology, social science, business, etc. The sixth edition has been updated with
a new chapter on data visualization, a distinction made between exploratory and confirmatory
analyses and a new section on generalized estimating equations and many new updates throughout.
This new edition will enable the book to continue as one of the leading textbooks in the area,
particularly for non-statisticians. Key Features: Provides a comprehensive, practical and accessible
introduction to multivariate analysis. Keeps mathematical details to a minimum, so particularly
geared toward a non-statistical audience. Includes lots of detailed worked examples, guidance on
computing, and exercises. Updated with a new chapter on data visualization.
  survival analysis sas: Introducing Survival and Event History Analysis Melinda Mills,
2011-01-19 This book is an accessible, practical and comprehensive guide for researchers from
multiple disciplines including biomedical, epidemiology, engineering and the social sciences. Written
for accessibility, this book will appeal to students and researchers who want to understand the
basics of survival and event history analysis and apply these methods without getting entangled in
mathematical and theoretical technicalities. Inside, readers are offered a blueprint for their entire
research project from data preparation to model selection and diagnostics. Engaging, easy to read,
functional and packed with enlightening examples, ‘hands-on’ exercises, conversations with key
scholars and resources for both students and instructors, this text allows researchers to quickly
master advanced statistical techniques. It is written from the perspective of the ‘user’, making it
suitable as both a self-learning tool and graduate-level textbook. Also included are up-to-date
innovations in the field, including advancements in the assessment of model fit, unobserved
heterogeneity, recurrent events and multilevel event history models. Practical instructions are also
included for using the statistical programs of R, STATA and SPSS, enabling readers to replicate the
examples described in the text.
  survival analysis sas: Lifetime Data: Models in Reliability and Survival Analysis Nicholas P.
Jewell, Alan C. Kimber, Mei-Ling Ting Lee, G. Alex Whitmore, 2013-04-17 Statistical models and
methods for lifetime and other time-to-event data are widely used in many fields, including medicine,
the environmental sciences, actuarial science, engineering, economics, management, and the social
sciences. For example, closely related statistical methods have been applied to the study of the
incubation period of diseases such as AIDS, the remission time of cancers, life tables, the
time-to-failure of engineering systems, employment duration, and the length of marriages. This
volume contains a selection of papers based on the 1994 International Research Conference on
Lifetime Data Models in Reliability and Survival Analysis, held at Harvard University. The
conference brought together a varied group of researchers and practitioners to advance and
promote statistical science in the many fields that deal with lifetime and other time-to-event-data.
The volume illustrates the depth and diversity of the field. A few of the authors have published their
conference presentations in the new journal Lifetime Data Analysis (Kluwer Academic Publishers).
  survival analysis sas: Survival Analysis Using the SAS® System Paul David Allison, 2000
  survival analysis sas: Applied Survival Analysis Using R Dirk F. Moore, 2016-05-11 Applied
Survival Analysis Using R covers the main principles of survival analysis, gives examples of how it is
applied, and teaches how to put those principles to use to analyze data using R as a vehicle. Survival
data, where the primary outcome is time to a specific event, arise in many areas of biomedical
research, including clinical trials, epidemiological studies, and studies of animals. Many survival
methods are extensions of techniques used in linear regression and categorical data, while other
aspects of this field are unique to survival data. This text employs numerous actual examples to
illustrate survival curve estimation, comparison of survivals of different groups, proper accounting
for censoring and truncation, model variable selection, and residual analysis. Because explaining
survival analysis requires more advanced mathematics than many other statistical topics, this book
is organized with basic concepts and most frequently used procedures covered in earlier chapters,
with more advanced topics near the end and in the appendices. A background in basic linear



regression and categorical data analysis, as well as a basic knowledge of calculus and the R system,
will help the reader to fully appreciate the information presented. Examples are simple and
straightforward while still illustrating key points, shedding light on the application of survival
analysis in a way that is useful for graduate students, researchers, and practitioners in biostatistics.
  survival analysis sas: Simulating Data with SAS Rick Wicklin, 2013 Data simulation is a
fundamental technique in statistical programming and research. Rick Wicklin's Simulating Data with
SAS brings together the most useful algorithms and the best programming techniques for efficient
data simulation in an accessible how-to book for practicing statisticians and statistical programmers.
This book discusses in detail how to simulate data from common univariate and multivariate
distributions, and how to use simulation to evaluate statistical techniques. It also covers simulating
correlated data, data for regression models, spatial data, and data with given moments. It provides
tips and techniques for beginning programmers, and offers libraries of functions for advanced
practitioners. As the first book devoted to simulating data across a range of statistical applications,
Simulating Data with SAS is an essential tool for programmers, analysts, researchers, and students
who use SAS software. This book is part of the SAS Press program.
  survival analysis sas: Regression for Health and Social Science Daniel Zelterman, 2022-05-12
This textbook for students in the health and social sciences covers the basics of linear model
methods with a minimum of mathematics, assuming only a pre-calculus background. Numerous
examples drawn from the news and current events with an emphasis on health issues, illustrate the
concepts in an immediately accessible way. Methods covered include linear regression models,
Poisson regression, logistic regression, proportional hazards regression, survival analysis, and
nonparametric regression. The author emphasizes interpretation of computer output in terms of the
motivating example. All of the R code is provided and carefully explained, allowing readers to
quickly apply the methods to their own data. Plenty of exercises help students think about the issues
involved in the analysis and its interpretation. Code and datasets are available for download from the
book's website at www.cambridge.org/zelterman
  survival analysis sas: Basic Statistics Using SAS Enterprise Guide Geoff Der, Brian S.
Everitt, 2007 Emphasizing the practical aspects of SAS analysis, this example-rich guide shows users
how to conduct a wide range of statistical analyses without any SAS programming required.
Exercises at the end of each chapter help readers consolidate what they have learned.
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