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ABSTRACT
An audience that wants to learn more about clinical trials will appreciate this comprehensive introduction
to the role of a SAS® programmer in Clinical Trials Phases I-III. The presentation will cover the role of
Clinical Data Interchange Standards Consortium (CDISC) and the implications for capturing and reporting
clinical trials data. Those who have just begun their careers in the Pharmaceutical industry will also
benefit from attending this presentation. If you have been working in the Pharma industry for some time
this will be a refresher and could lead you to discover hidden gems. The presentation will begin with an
introduction to Human Clinical Trials. A short history of the evolution of standards in clinical trials will be
provided. The construction of datasets based on current CDISC data standards will be the next step. The
talk will be a microcosm of a clinical trial study. It will cover the study protocol, eCRFs (capture of data)
and SAP (plan to analyze data). There will be greater focus on how the eCRF data is standardized to
form the Study Data Tabulation Model (SDTM) and a further refined dataset model for analysis. This is
called the Analysis Data Model (ADaM). This will eventually lead to an appreciation of how such
standardization leads to a more streamlined production of study related outputs such as Tables, Listings
and Graphs (TLG).

INTRODUCTION
In this gentle introduction to the Pharmaceutical world, you will learn about the various stages of drug
development. You will also get to know the complications in drug development and the chances of a drug
receiving Food and Drug Administration (FDA) approval. This is a US specific regulatory agency, but the
process is similar for other agencies like the European Medicines Agency (EMA) or the Pharmaceuticals
and Medical Devices Agency (PMDA) in Japan. You will then learn about the Human Trials stage where
the bulk of SAS Programming occurs. At this stage, you will get to know the types of documents that a
programmer needs to familiarize. Next comes SAS data followed by a review of the evolution of
standards and the current data standards. You will get an appreciation of these data standards in
analyzing data and generating SAS reports.

THE PHARMACEUTICAL DRUG DEVELOPMENT PROCESS
Let us start at the very beginning and understand how a drug goes through the development process. Let
us look at the complications involved and the chances of successfully getting an FDA approval from the
time the drug was conceived. The drug development process is shown below in Figure 1. At the far left of
the figure is the Basic Research process which studies a disease of interest to identify a target to attack
the disease. Then Scientists develop a molecule to hit the target in the Drug Discovery phase and
advance one or more molecules for the Pre-Clinical testing phase. In this stage, the drug is extensively
tested in Lab and animal models to determine whether it is safe for humans. Once the toxicity levels are
safe enough to advance to humans, the company presents the evidence to the FDA and files an
Investigational New Drug (IND) application. If the FDA gives the go ahead, the drug proceeds to human
trials. Phases I through III have different objectives in a continuum. In Phase I a few healthy volunteers
are administered the drug to test safety and to get an idea of a safe dose range. If the results are good,
the drug moves to Phase II where it is more extensively studied in patients bearing the disease for which
the drug is targeted. Typically, the goal at this stage is to continue monitoring safety and seek answers to
the drug’s effectiveness against Placebo and/or a drug considered the current Standard of Care. In this
Phase II stage, they further tune the dose strength to try to get the ideal mix of safety and efficacy. The
final stage before seeking FDA approval is Phase III. This is a very expensive stage of development that
could involve thousands of patients and hundreds of clinics.
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Figure 1 Research and Development Process, Source: PhRMA, 2015

Considering the high cost of Phase III, drug candidates are carefully evaluated after Phases II. Is it worth
the risk to advance to Phase III considering the overall failure rates of drug development? Speaking of
failures, you are probably aware that the drug industry has an extremely high rate of failure. It is worth
talking about it a bit. See Figure 2 below and focus on the rectangle outlined:

Figure 2 Development times by Phase and Risk of failure, Source: Drug Discovery World 2004
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As seen above it takes roughly four years before the drug enters the human trials phase. Although this
data is a bit dated from 2004, the overall development of a drug has stayed remarkably consistent around
10-12 years. Do take note that the risk of failure is 0.984. That is not a misprint. After accounting for the
sunken costs in this high rate of failures, the cost of a single drug from Discovery to Launch is estimated
to be a staggering $2.6 Billion (Grabowski and Hansen, 2014).
If you consider the approval rate after the drug reaches human trials, it is roughly 10 percent of all drugs
that reach the market. The success rate by each Phase in human trials is presented in Figure 3:

Figure 3 Probability of Success from the Start of Human Trials, Source: BIO Industry Analysis
(2006-2015)

The above figure is self-explanatory. You may have noticed that the Phase II to Phase III transition
probability is just 31 percent. You were made aware earlier that the cost of Phase III is prohibitive and
unless a company considers the Phase II results as promising, they are unlikely to move it further along.
Once the drug passes Phase III, the company will file a New Drug Application (NDA) if the this is a
synthesized drug and born out of chemical entities. A common type of pill such as Ibuprofen is a chemical
entity. Otherwise, if there are living organisms in the drug a Biological Licensing Application (BLA) is filed.
You may think of vaccines as an example of a simple biologic substance. The FDA reviews all the
evidence and decides whether to approve the drug to enter the market.

The above discussion should give you a basic understanding of the complications, rigor, risks and the
length of drug development. It is time to move on to what happens during these human trials and what a
SAS programmer does. Let us start with Phase I human trials. There are many documents that a
programmer deals with during these Trials. We will not cover them all but there are three critical
documents that a program needs to be very familiar – (1) Study Protocol, (2) Case Report Form and
(3) Statistical Analysis Plan. Let us now look at these documents a little closer.
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HUMAN CLINICAL TRIALS
When a company receives FDA’s approval to conduct trials in humans, the drug begins another lengthy
phase to reach the market. The first objective is to establish the safety of drug in normal and healthy
volunteers. These are your Phase I studies that use a small number of healthy subjects. Phase II studies
continue with safety assessment and fine tune the drug dose strength. Phase III studies are conducted on
large sample sizes. Statisticians carefully evaluate the sample size sufficient to represent the incidence
rate of the disease in the general population.

To carry out a study, there are many components and functions that need to come together. The
sponsoring company puts together a detailed study plan called a Study Protocol (mentioned above) with
the help of Clinical Scientists, Statisticians, Programmers, Data Managers and Medical Writers all of
whom contribute to the development of the Protocol.

STUDY PROTOCOL
A typical protocol begins with the study title. Programmers are concerned primarily with the study design
and methodology, the primary end points, the visit schedules of patients etc. A sample title of a Protocol
is below in Error! Reference source not found.:

Figure 4: Title in a Study Protocol. Source: ClinTrials.Gov, NIDA study, Version 1, Date: 3 April,
2002

The Study Protocol is a thorough document that encompasses multiple function areas. The SAS
programmer will focus mainly on the Study Design, the analysis methods and the Patient Visit Schedule.
The Study Design in this Protocol is presented in Figure 5

Figure 5: Study Design from the Protocol for GBR 12909. Source: ClinTrials.Gov, NIDA study
Version 1, Date: 3 April, 2002

Although the SAS programmer needs to be familiar with the protocol, the key sections are the Study
Design and the plan for analysis. However, before you analyze any data, let us see how that data are
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captured and what type of a data structure can you expect. The data collection plan is traditionally known
as a Case Report Form (CRF).

CASE REPORT FORM
We now commonly use the electronic version which is called eCRF. A sample is provided below in Figure
6:

Figure 6 Collection of Demographics information

The above is one of the first forms used to capture the demographic information. What you see above is a
partial form. Some fields are pre-populated such as the study number and the drug name on the top left.
The date of capture is entered on the top right. The actual demographic information collection starts
below the DEMOGRAPHICS banner. There is obviously much more information collected at the first visit
called Screening Visit. This is also the visit that determines whether a patient qualifies for this study. Let
us next look at the form that captures the side effects of the medication in Figure 7.

Figure 7 Collection of Adverse Events
What you see above is the data collection form for any Side Effects during the study period. In scientific
terms these are called Adverse Events (AE). Programmers refer to them by the acronym AE. This form
captures whether there were any AEs, how severe, was it related to the drug, how did they treat the AE,
was there any hospitalization? Was the study drug stopped? What was the outcome – meaning was it
resolved? These are some of the information collected. The specific side effect is captured and then
coded to a standardized medical terminology. As an example, an investigator at the site may record an
Adverse Event as “Retinopathy due to diabetes”. The standardized Preferred Term in the Medical
Dictionary for Regulatory Activities (MedDRA) dictionary is “Diabetic retinopathy”.
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Each data collection form or module is called a domain. There are many domains in any given study. At
the time of the Screening visit, a patient needs to qualify to be in the trial. The protocol specifies many
conditions that a patient must meet. This is called the Inclusion Criteria. There are also many conditions
that a patient should fail. That means if a patient meets those Exclusion Criteria, then that patient is
excluded from the trial. Besides all the above domains, there are a few common data domains. Let us first
take Drug Accountability– this means dispensing a certain number of pills at a visit that will sufficiently
cover the patient until his next visit. A few more are always provided to account for losses through spills
etc. This form also includes collecting back remaining unused pills from the previous visit. Accounting the
usage of the medication is critical to determine compliance to the dosing regimen. This information allows
the sponsor to aim for the best dose that has the greatest compliance. You can have the greatest drug
but if patients do not take as prescribed, it is not that great. Another module is Medical History.
Sponsoring companies want to know what a patient’s medical history is as far back as they can
remember. This is critical even in your own experience with your doctor visits. Sponsors also want to
know what medications the patients have taken in the past and continue taking now. This data domain is
called Prior and Concomitant Medications. At any given scheduled visit to the clinic, blood and urine
samples are normally collected to run a battery of Lab tests. This domain is appropriately called Labs.
Likewise, as you see in your own care by your provider, Vital Signs such as your pulse and blood
pressure are measured at each visit.
The blank CRFs that you have seen above do not offer you an idea of the variable names involved. This
is the reason CRFs get annotated. These annotations become variable names in the Oracle Clinical
Database. Let us look at an annotated sample CRF in Figure 8. All the texts in red are the annotations
and these become your variables in the electronically captured data in the Clinical Database.

Figure 8 Sample Annotated CRF for Variable Names
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You were introduced to two of the most important documents that a programmer deals with – the Study
Protocol and the Case Report Forms. We will deal with the third document – Statistical Analysis Plan
a little later when we discuss SAS data.

We have seen the gathering of data above. Before we look at where that data goes and how it eventually
makes it into SAS data sets, we need to understand the practices that drug development companies
follow for quality assurance.

LARGE SHADOW OF REGULATORY AGENCIES
The Regulatory Agencies scrutinize every part of the drug development process to assure patient safety
and to ensure proper conduct of trials. A company needs to have quality systems and practices in place
that are acceptable to the Regulatory Agencies. These practices ensure quality, integrity, reproducibility,
traceability and accountability. The study conduct, data collection, data storage, drug manufacturing,
laboratory sample collection and analysis etc. follow Good Clinical Practices (GCP). Specifically, the
manufacturing of drugs needs to follow Good Manufacturing Practices (GMP). The Laboratory sample
collection and analysis needs to follow Good Laboratory Practices (GLP). These Good Practices are
commonly referred as GxP during the conduct of the trials.
The data from multiple domains above (Demographics, Adverse Events etc.) are electronically captured
into a database. Oracle Clinical is one of the most common Relational Data Base Management Systems
that manages clinical trials data. Any electronic form of data needs to follow regulatory guidelines
commonly referred as 21 CFR Part 11 to maintain integrity and an audit trail (CDER, 2003).

From our perspective, we need to concern ourselves with what happens next to the data conforming to
the regulatory standards. The variables in Oracle Clinical for each domain are dumped to SAS datasets
bearing the same domain name. For example, Demographics may be captured as DEMO in Oracle and
written out to a SAS dataset DEMO. This is repeated for all CRF forms. While there is some structure to
this dataset there is still no defined Standard as each company has unique requirements with their data
collection approach. If the end goal is seeking approval to market, the Regulatory Agencies can benefit
from seeing and evaluating a standard approach to seeing patient data. This became a driver in the
founding of the Clinical Data Interchange Standards Consortium (CDISC). We will now look in a bit more
detail about those standards.

STUDY DATA TABLULATION MODEL (SDTM)
CDISC began as a volunteer effort by a collection of individuals from across the pharmaceutical industry.
It has since become a non-profit organization. It continues to grow to cover a broad range of data
standards for Drug and Medical Devices Development and Healthcare in general. We will next explore
the Study Data Tabulation Model (SDTM) that represents the collected data in a standardized way. Let us
focus on a single data domain to facilitate continuity from the Raw data through the production of outputs.
We will work with Lab data. The lab data on any patient is huge so let us just restrict this further to a
single test Triacylglycerol Lipase measured in U/L. “Lipase is a protein (enzyme) released by the
pancreas into the small intestine. It helps the body absorb fat. This test is used to measure the amount of
the lipase in the blood.” (MedlinePlus, 2018).

Below are the key Oracle Clinical fields data dump to SAS relevant to our discussion (see Figure 9). The
SUBJID and the SUBJECT fields are deidentified to protect patient’s privacy. The VISIT value “Day 1”
means the first time the patient was given study drug. Subsequently, the patient came to the clinic three
more times - 8 weeks after first dose and then 16 and 24 weeks after first dose. Notice the highlighted
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columns on the last row. Compared to the previous visits, the Lab test results returned a very high value
for Week 24 in the standard results column (STDRESN). The meaning of this result is interpreted through
Toxicity grades that are graded through Common Terminology Criteria for Adverse Events (CTCAE). This
is another look up table. Toxicity grades range from 1 through 5. The least toxicity is at value 1 whereas 5
means death. Toxicity grade 4 returned here is quite severe that would require hospitalization.

Figure 9 Raw LAB data, Sample Data for Lipase

Next, we look at how this captured data is standardized as per the requirements of SDTM. This is one of
the first places where a SAS programmer is involved. There are dedicated teams to convert raw datasets
to SDTM. At first glance, the SDTM data below (see Figure 10)appears just like the raw data with no
additional fields other than the LBTEST field. However, there is more to it. Notice that the SUBJECT field
is now called USUBJID. This is a requirement of the SDTM standards. It is a combination of the STUDYID
(Pharma-2018), Investigator Site number (10101) and the Subject number (10001). One of the simplest
SDTM rules is that the domain specific variable names begin with the domain name. Notice that the
values for this Lab domain all begin with LBxxxxx to satisfy this rule. Variable names are restricted to 8
characters. The values of character variables are restricted to 200 characters. This is because the
regulatory agencies like FDA need to maintain vendor neutrality. The only SAS transport data that is in
the public domain is in version 5 format, an old SAS version, which has these limitations. More rules and
details are in the SDTM Implementation Guide (SDTMIG, 2013). The below dataset is a very simple
representation to keep the focus to a narrow set. In real trials there are usually 100 plus Lab tests, date
fields (LBDTC), Results collected in Original units (LBORRES and LBORRESU), normal ranges LBNRHI
and LBNRLO, and many more variables. There is also a Supplemental Qualifier dataset for most of the
domains. For this LB dataset there will be an accompanying SUPPLB dataset that hosts the rest of the
raw variables which may not be required for analysis.

Figure 10 SDTM Lab dataset LB for Lipase

We have seen how the electronically captured data are converted to the SDTM standard. You would have
noticed that we have, thus far, avoided the topic of how we are going to analyze all the collected data.
This is a good time to introduce the third document Statistical Analysis Plan (SAP) that a SAS
programmer needs to be familiar.

STATISTICAL ANALYSIS PLAN AND REPORTS
Recall that you were introduced to the Study Protocol and the Case Report Form (CRF) earlier. The
SAP is the third and the single most important document for a programmer producing the standard
Analytical Data Model (ADaM) datasets and reports in the form of Tables, Listings and Figures (TLF). The
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SAP contains important elements from the protocol but focuses mainly on the goals of examining the
primary and secondary Efficacy end points of the study. The SAP clearly defines what those end points
are and how to measure them. If the measurement involves arriving at a complicated score, the SAP
provides guidance for the programmer to implement the algorithm. The SAP also provided rules for
handling missing data. For example, if a patient provides a partial date (2018-03) for the start of an
Adverse Event, the usual imputation rule would default to a conservative estimate and assign it to the
start of the month. The imputed date is 2018-03-01. The SAP also sets the rules for arriving at baseline
values. For example, a patient may have missed the study Baseline visit but an earlier but recent
screening record could be available to use as baseline. This method of imputation is called the Last
Observation Carried Forward (LOCF). Another important detail is the population of analysis. A hundred
patients may be randomized but one patient may have never taken the study drug. In this case the
Randomized population is 100 and the Safety population is 99. There are many other such minute details
contained in the SAP. Next comes the crux of the SAP – the statistical models to be used for analyzing
the end points. Finally, all supporting reports in the form of Tables, Listings and Figures (TLF). Figures
are also referenced as Graphs in which case the acronym becomes TLG. Presented below are some key
sections of a study SAP. We will start with a sample study design in Figure 11 of a study on Serbian
Smoking Reduction/Cessation Trial using a smokeless tobacco. This is found in the FDA repositories and
the SAP sections below are extracted from this study.

Figure 11 Study Design from a SAP. Source FDA, 2010

This below part of the SAP in Figure 12 partly captures what happens with the patient at the Baseline
visit.

Figure 12 Partial Details of the Baseline Visit
The next item of importance is the type of analysis population. This SAP discussed three types of
population – (1) Intent to Treat (ITT), (2) Modified Intent to Treat (MITT) and (3) Safety population. Below
is a screen capture of the definition of ITT in Figure 13:
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Figure 13 Population of Analysis Defined
The SAP also provides guidelines for the programmer to derive variables of importance (see Figure 14).
Captured below are the definitions of Age and Body Mass Index (BMI). We may think that Age is simple
to calculate but the degree of precision is extremely important. Is age the difference from Date of Birth to
the day the patient was Screened, Randomized or the first dose. These are the things that a SAP must
clarify.

Figure 14 Derivations of Variables

The SAP also clearly defines primary and secondary endpoints. Captured below is the primary endpoint
in Figure 15:

Figure 15 Primary Endpoint of the Study
We have seen a few things from the SAP to give us an idea of its importance to the analysis of the study.
The final part of the SAP that is of great relevance to the programmer is the section on outputs
collectively called TLFs. The table numbering satisfies regulatory requirements. Let us see a few of these
outputs described. See Figure 16 below :
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Figure 16 Sample of Outputs for the Study

In the previous few sections we have seen the derivation of variables and the request for outputs. This
brings us back to the data. Recall that we standardized the electronically captured data to SDTM. Go
back to that section and refresh if necessary. Recall also that the derivation of variables need to happen
before the planned outputs are programmed. It is time to introduce the next data standard for the analysis
variables.

ANALYSIS DATA MODEL (ADaM)
The data model which facilitates the analysis of the study data is called the Analysis Data Model. We
mentioned this briefly in the beginning. It is commonly referenced by the acronym ADaM. We will also go
back to the SDTM dataset LB and see how variables are added to facilitate the production of Table
14.2.7.8.1 Summary of Laboratory Parameters that we framed in orange above in the list of outputs.
You may recall that we have been following a single patient with a single lab test. Please refer to the
section on SDTM data if you need to refresh your memory. Next, see below Figure 17 for a sample of the
ADaM dataset ADLB. Notice how the BASE value for the lab test Lipase is attached to all the visits. Also,
the variables CHG (change from baseline) and PCHG (percent change from baseline) are attached to
facilitate producing the output.
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Figure 17 ADaM dataset ADLB for SDTM dataset LB

The basic tenet of the ADaM dataset is that the variable values are traceable to the source SDTM and
maintain a specific Basic Data Structure. All ADaM datasets begin with ADxxxxxxx. The dataset and
variable names are restricted to 8 characters just as with SDTM data. The same rules apply for the width
of character variable values. There is an ADaM Implementation Guide (ADAMIG, 2009). This is similar to
the SDTM Implementation Guide in laying out the rules of the ADaM dataset. The resultant dataset
should allow a programmer to produce outputs with the least amount of further manipulations. Ideally the
final output is a DATA or SQL step and a Statistical PROC away. As you can see, the above ADLB
dataset is basically ready to produce the numbers in the Summary of Lab Parameters output seen in
Figure 18 below.

Figure 18 Sample of Summary of Lab Parameters
A simple PROC MEANS or SUMMARY can be output with all the statistics that we need for the above
output. Another couple of steps to manipulate the formats and we have a publishable report after that. It
goes without saying that this is a very simple output to aid in the understanding of how data are gathered,
organized and eventually produced into a report. There are many graphical reports and patient level
listings that are also produced. It is not uncommon to see two hundred plus TLFs for a single study.

CONCLUSION
In this paper you saw a mini and simplified version of how a drug is born and the role of a SAS
programmer. Briefly let us recapture what we did.
1. We first walked through the stages of the drug development process at a very high level.
2. Next, we briefly reviewed the length of time from discovery to market, the prohibitive costs and
extreme risks involved in drug development.
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3. We then moved our focus to the human trials and introduced the key documents to familiarize as
a SAS programmer.
4. Once we understood the job of the Study Protocol, we saw how the Case Report Form is used to
collect data on the patients.
5. We observed how the electronically collected data makes it way to a Clinical database and then
to a SAS dataset while noting the large presence of Regulatory agencies at every step of the
way. We decided to focus on a single patient with a single lab test result and follow that patient’s
course through the rest of the way.
6. Next, we understood the importance of Standards initiatives and how they apply to the collected
data. The Study Data Tabulation Model or SDTM was introduced to you to represent all collected
patient level data.
7. Next, we examined the most important document for the programmer to refer to plan his analysis
and reports. We noted this to be the Statistical Analysis Plan or SAP and looked at some
important sections from it.
8. Once we learned the tasks for the programmer in the SAP, it became apparent that the SDTM
data were not in a format for ready analysis and reporting. We needed a separate data standard
– Analysis Data Model or ADaM to derive variables and attach baseline markers and other useful
variables for creating reports.
9. We looked at what kind of reports are produced and how the ADaM data facilitated these analysis
by being one DATA or SQL step and a Statistical PROC away from the requested numbers.
10. Finally, we visualized the output and acknowledged that this entire microcosm of a study was a
simplified version to aid the understanding of a beginner. In the real world the data and analysis
are much more complex.
Hopefully, you have come away with a basic understanding of what a SAS programmer does in the drug
development industry.
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