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Abstract

During the last thirty years, Bayesian methods have been developed rapidly with the explosively growth of
high-speed computers. Bayesian Methods are quite useful and easy to interpret with the graphical displays of
treatment effects by modeling. In rare diseases, we could not have the access to large samples for a parametric
data analysis. Under this circumstance, Bayesian Methods might be a more flexible framework for rare diseases
treatment modeling. In this article, the challenge of rare diseases is introduced in section I. The Bayesian Method
and how to use Bayesian Method in rare diseases treatment prediction is introduced in section II. And Bayesian
Method examples are shown in section IV.

I. INTRODUCTION

A. Challenge of Rare Diseases
The challenges of rare diseases are much greater than other diseases. The solutions for rare diseases

are not distinguished as other diseases since there might be few experts in rare diseases. The limitation
will cause diagnosis and treatment delay while it may not have corresponding medication for those rare
diseases.

There are approximately 7,000 rare diseases and disorders. 30 million people, which is 10% of total
population in the United Stated, are living with rare diseases. Such diseases usually have a genetic
basis, 80% often affecting patients early in childhood, and are frequently progressive, disabling and life
threatening in nature. These characteristics can have a devastating psychological impact on families of
children suffering from these diseases.

Figure 1: World wide statics for Rare diseases



II. BAYESIAN METHODS

When applying extremely complicated Bayesian Models, various problems have been discovered for
those data we could not apply a precise distribution on. We can use Bayesian Methods to solve those
kinds of problems and find the accurate convergence.

Bayesian Methods can be very powerful when dealing with small sample sized data sets. In rare disease
cases, Bayesian Methods could incorporate with historical data, which may come from previous studies
(if it is a rollover study) used as a prior distribution, and build an appropriate model for explanation of
the treatment results. Under suitable conditions, Bayes factor rates are of the same order as those that
would be obtained under the correct model, but we point out a potential loss of sensitivity to detect truly
active covariates.

Bayesian Method considers that parameters are random and the data is fixed. It can be extended in
machine learning process. If we would like to train the machine some language or knowledge to learn,
we always use known data set as the training data. In this case, the dataset is already fixed and it is not
random anymore.

The prior distribution in Bayesian Method expresses the uncertainty about treatment effect without
gathering the data. For rollover data sets, we can use previous data set to derive the prior distribution
for current study. Otherwise, the prior distribution needs modeling assumption based on similar previous
studies or concurrent data for those diseases.

The posterior distribution for the treatment effect (model parameters) given the data is found by
combining the prior distribution with the likelihood for the parameters given the data.

This is done using Bayes Rule:

P (parameters | data) =
P (parameters) P (data | parameters)

P (data)
(1)

The denominator is just the required normalizing constant, and can often be filled in at the end, if necessary.
So as a proportionality, we can write

P (parameters | data) ∝ P (parameters) P (data | parameters) (2)

which can be written schematically as

Posterior ∝ Prior× Likelihood (3)

We make predictions by integrating with respect to the posterior:

P (new data | data) =
∫

parameters

P (new data | parameters) P (parameters | data) (4)

III. BAYESIAN ANALYSIS IN SAS
SAS provides two kinds of Bayesian analysis[1]:
• built-in Bayesian analysis in several modeling procedures like GENMOD, FMM and PHREG.
• the MCMC procedure for general-purpose modeling.

The built-in Bayesian procedures are ideal for data analysts who just start to use Bayesian methods,
and they suffice for many analysis objectives. Simply adding the BAYES statement generates Bayesian
analyses without the need to program priors and likelihoods for the GENMOD, PHREG, LIFEREG, and
FMM procedures. Thus, you can obtain Bayesian results for the many statistical models like the following

• linear regression
• logistic regression
• Poisson regression
• Cox proportional models
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• finite mixture models
The built-in Bayesian procedures apply the appropriate Markov chain Monte Carlo sampling technique.
They also provide default prior distributions depending on what models are specified. You can choose
from other available priors by using the CPRIOR= option (for coefficient parameters) and SCALEPRIOR=
option (for scale parameters). Other options allow you to choose the numbers of burn-ins, the number of
iterations, and so on[1].

Although the built-in Bayesian procedures provide Bayesian analyses for many standard techniques,
they only go so far. You might want to include priors that are not available, or you might want to perform
a Bayesian analysis for a model that isnt offered. For example, the GENMOD procedure doesnt presently
offer Bayesian analysis for the proportional odds model. However, you can fit nearly any model that you
want, for any prior and likelihood you can program, with the MCMC procedure.

The following sections describe how to use the built-in Bayesian procedures to perform Bayesian
analyses.

IV. BAYESIAN METHOD EXAMPLE: RARE DISEASES (DATASET SIZE IS ABOUT 30)
We applied Bayesian methods on an example data set about a rare disease. The data set includes the

values of 25 instances and 10 attributes. Because in rare diseases, there may not be so many patients or
enrolled subjects. We use small sample size to explain the variables and we can expand the theory to other
rare diseases. The response is whether the patient is recovered from the disease. Explanatory variables
include the age, gender and the duration of the disease before the treatment began.

Logistic regression is considered for this data set.

y = logit(β0 + β1 · age+ β2 · bp+ ...) (5)

A normal prior distribution with large variance is used here as a noninformative prior distribution on all
the regression coefficients

π ∼ normal(0, var = 1e6) (6)

We fit this logistic regression model into the built-in PROC GENMOD. The SAS code is shown below.

proc stdize data=newbay1 reponly method=mean out=baymean;
var mcv_lc platlc cesd base_cd4 partsc age_sc c342le;

run;
data baye1;
set baymean;
array _nums {*} _numeric_;
do i = 1 to dim(_nums);
_nums{i} = round(_nums{i},.01);

end;
drop i;
run;

ods graphics on;
proc genmod data=baye1;
model y=mcv_lc platlc cesd base_cd4 partsc age_sc c342le smokbh status
racesc/dist=normal;
bayes seed=1 outpost=post;
run;

Figure 2 displays the posterior summaries and Figure 3 displays the posterior intervals.
The intervals suggest that treatment is very influential. Some parameters do not appear to be that

important. However, all terms are kept in the model.
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Figure 2: Posterior Summaries

Figure 3: Posterior Intervals

V. CONCLUSIONS

From the above results, we can conclude that Bayesian method can be a powerful framework for rare
diseases treatment modeling and analysis, especially when the data size is very small, in which case most
other statistical methods like machine learning are not that useful.
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