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Disclaimer

* The opinions expressed in this presentation
and on the following slides are solely those of
the presenter and not necessarily those of
Novartis.

* Novartis does not guarantee the accuracy or
reliability of the information provided herein.
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Target audience...

O € Python Experiences

4=m SAS Experiences

* SAS programmer who wants to learn Python from
scratch.
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Outline

* Introduction of SASPy

— Pre-requirements
— SASPYy Installation

* Use of Python in clinical study
— Data handling / reporting / visualization
— Possible application example

* Summary

* Conclusion
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Outline

* Introduction of SASPy

— Pre-requirements
— SASPYy Installation
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Objective

* This presentation will cover
— How to establish SAS session in Python.
— How to read SAS dataset and process in Python.
— How to create summary tables and plots by Python.

* Then discuss a possible usage of Python for
clinical study, meaning how Python can support
daily reporting activity for SAS programmers.
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Introduction

* Why Python?

— Python is the one of the most popular programming languages in
recent years. It is now getting used in machine learning and Al.

— Big advantage of Python is that plenty of Python libraries to
implement various analysis and it can be a “one stop shop” for
programming.

* What is SASPy?

— SASPYy is the module which provides Python Application
Programming Interfaces (APIs) to the SAS system.
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Pre-requirement

"« Focus on “Windows * As of July
PC SAS” 2018, v2.24 is
connection. the latest

» See reference for
other connection

. type.

version.

SAS 9.4 or

higher.

Python3.X
or higher.

Jupyter

notebook » Previously called

“IPython Notebook”.

* Run Python on the
web browse.

|
1 Available from

. Anaconda distribution

PhUSE EU Connect 2018 U) NOVARTIS
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https://www.anaconda.com/download/

SASPy Installation

* Installation process

1 Download SASPy API, then make sure to install fipeconds3 B3-b1

J Anaconda Navigator

below contents appropriately. B nacondo Prom
» SAS 9.4 or higher version. D iiil:egptzzbs::ngs

* Anaconda3 Distribution & Spyder

2 Open “Anaconda Prompt” and install SASPy il
 Enterpip install saspy o

3 After importing saspy (import saspy)in
python, need to edit SAS configuration A e vstent 0:16) THEC
files(sascfg.py) to establish corresponding SAS e or “license” for more infornat ion.
session (See next slide)

* File location is obtained by saspy.SAScrfg.

A3¥¥ | ib¥¥site-pack

4  Start session to create class instance setting
configuration type (Windows)
° Sas =
saspy.SASsession (cfgname="'winloca
17)
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SASPy Installation (Cont.)

[] Name
. . . . . . _pycache__

* To optimize configuration file to your | ave
system environment, you need to create =] _init_
sascfg_personal.py instead of E;nf;g o
SaSCfg.py (=] sas_mag-ic

|Z| sasbase
* Usually there are 3 modifications 7] sascfg
required in sascfg_personal.py. ) B sascfg_persona
|| sasets
a) Update SAS config_names as ‘winlocal’ in [B) sasioiom
sascfg_personal.py. =] sasiostdio
SAS config_names=['winlocal'] = \Z| SASLogLexer
|Z| sasml
b) Update SAS session to specify java.exe file in [ [Eamec e
your PC. [B) sasqc
winlocal = {'java' : 'C:\ProgramData\Oracle\Javal\javapath .
\java.exe',

'encoding' : 'windows-1252",
'classpath' : cpW}

pW = “C:\\Program Files\\SASHome\\SASDeploymentManager\\Y.4
\\products\\deploywiz__54476_ prt_xx sp0_ 1\\deploywiz
\\sas.svc.connection.jar"

cpW += ";C:\\Program Files\\SASHome\\SASDeploymentManager\\S5.4

C) WlndOWS Cllent CIaSS path Make sure |Ocatlon \\products\\deploywiz__54476_ prt_xx sp0_ 1\\deploywiz
. \log4j.jar"
|InkS are Corresponded tO yOUl' own _:pW $=] "30:\\Program Files\\SASHome\\SASDeploymentManager\\9.4
. \\products\\deploywiz 94476 rt  xx sp0  1\\deploywiz
enVIronment \\zas.securityl?ssl};i.j;" T e

cpW += ";C:\\Program Files\\SASHome\\SASDeploymentManager\\9.4
\\products\\deploywiz__54476__ prt_ xx sp0_ 1\\deploywiz

PhUSE EU Connect 2018 \\sas.core.jar"

cpW += ";C:\\ProgramData\\Znaconda3\\Lib\\site-packages\\saspy
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SASPy Installation (Cont.)

* Finally to establish local connection, check whether
system PATH environment variable is added correctly.
— “C:\Program Files\SASHome\SASFoundation\9.4\core\sasext”.

- ™
Environment Variables I&J
User variables for NAKAJYU1 - l o
o | B |3
Variable Value - i/ \moconda Frouy i
onedrive C:¥Users¥NAKAJYU 1¥OneDrive - Novar... |=
TEMP %alJ ROFILE%:¥AppData¥Local¥Temp
T™MP %USERPROFILE:¥AppData¥local¥Temp
[ New... ] | Edit... ‘ ‘ Delete ‘ N

System variables

Variable Value

ComSpec C:¥WINDOWS¥system32¥cmd.exe

DEFLOGDIR C:¥ProgramData¥McAfee¥DesktopProt... \
|

FP_NO_HOST_C... NO

MNovAppCatalog CAT_PHDEV-JAPAN_T_01 o
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12 Business Use Only



Outline

* Use of Python in clinical study
— Data handling / reporting / visualization
— Possible application example
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How to handle SAS dataset in
Python ?
e After establish SAS session in Jupyter notebook,

In [1]:  import saspy

In [2]: sas = saspy.SASsession(cfgname='winlocal')

SAS Connection established. Subprocess id is 175%¢

* you need to select the best choice or combination in
data handling from three possible options.

PhUSE EU Connect 2018 d NOVARTIS
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How to handle SAS dataset in

Python ?

Choices Description Example code of data sorting in Jupyter notebook cell
<>: SAS dataset, []: Pandas DataFrame

Jupyter Magic commands is utility command such %%SAS

magic provided by IPython. Set “%%SAS” on the  libname temp “Xxxxxxxx”;

top of cell, then SAS code can be effective
within that python cell.

proc sort data = temp.<AAAA> out = work.<BBBB>;
by USUBJID descending AESEV; run;

SASPy APl  SASPy can setup a SAS session and run

analytics from Python.

sas.saslib('temp’, path="xxxxxxx")
<AAAA>=sas.sasdata('<AAAA>’, libref="temp’

<BBBB> = <AAAA> sort(by="USUBJID DESCENDING AESEV’,
out="temp’)

Pandas Pandas is a third party package to handle
DataFrame  one dimension data (Vector: Series) and 2

(DF)

dimension data (Matrix: DataFrame), Set
“import Pandas”

[BBBB]=[AAAA].sort_values(by=['USUBJID', 'AESEV1,
ascending=[True, False])

Pandas DataFrame «  Whereas SASPy can handle SAS dataset

Column

directly, this presentation is mainly focusing on

O-W Pandas DF in order for following data

1
2
3

PhUSE EU Connect 2018
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handling, reporting and visualization.
« Advantage of Jupyter magic will be referred in
later slide.
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Data handling and reporting in
Jupyter using SAS dataset

1. SASPy
1) Import SASPy and establish SAS session

— >>> 1mport saspy Assume
— >>> sas = saspy.SASsession (cfgname=‘winlocal’) CDISC
2) Convert SAS datasets to Pandas DF ddlimm%’
— >>> sas.saslib(‘temp’, path=“"C:\\Users\\....”) atasets
— >>> dfae = sas.sasdataZdataframe (‘ae’, libref=‘temp’)

— >>> dfdm = sas.sasdataZdataframe (‘dm’, libref=‘temp’)

“right”, “left”,
2- Pandas “outer” can be

1) Import Pandas and merge two DF selected for

— >>> import pandas as pd merge.

— >>> wk = pd.merge (dfdm, dfae, on=‘USUBJID’, how = ‘inner’)

PhUSE EU Connect 2018 U NOVARTIS
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Data handling and reporting in
Jupyter using SAS dataset

2. Pandas

2) With a very simple code, summary result is available by
pivot table () function.

— >>> pd.pivot table (wk,

values = ‘AGE’,
columns = [ ‘ARM’], Sel?cct several
aggfunc = ‘describe’ ) ====mmmmm-————————— 2 aggiunc

options.

ARM Miracle Drug 10 mg Miracle Drug 20 mg Placebo

25% 70.000000 66.0 80.0 f 4 )
50% 71.000000 66.0 80.0 When agg unc = ‘count
5% 72.000000 66.0 80.0 ARM Miracle Drug 10 mg Miracle Drug 20 mg Placebo
I count 6.000000 50 50 ﬁ
max 72.000000 66.0 80.0
mean 71.000000 66.0 80.0
min 70.000000 66.0 80.0
std 1.095445 0.0 0.0

) NOVARTIS
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Data handling and reporting in
Jupyter using SAS dataset

2. Pandas
3) Show AE summary table

— >>> pd.pivot table (wk,

values
index
columns
aggfunc
fill value

'USUBJID',

[ "AEBODSYS',
['ARM'],
lambda x:x.nunique(),

0

)

'"AEDECOD'],

ARM Miracle Drug 10 mg Miracle Drug 20 mg Placebo

AEBODSYS AEDECOD

Cardiac disorders Palpitations
Gastrointestinal disorders Constipation

Diarrhoea

General disorders and administration site conditions Fatigue
Metabolism and nutrition disorders Decreased appetite

Musculoskeletal and connective tissue disorders Arthralgia

1

0

0

0

0

Vomiting 0
0

1

0

1

Nervous system disorders Dizziness 1
Headache 0

Psychiatric disorders Agitation 1

1

Anxiety

o O - O O O O ©O = O = =2 O O

0
1
0
0
1
0
1
0
1
0
0
0
0
1

Note that option

aggfunc = ‘count’
doesn’t consider
duplication.
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Matplotlib for data
visualization

* |[n order to plot data by Matplotlib, first generate
1)figure and 2)sub plot. At least one sub plot must be
created.

import matplotlib.pyplot as plt

# 1) Call figure instance

fig = plt.figure ()

# 2) Call subplot

ax = fig.add subplot(111)

Subplot

dat = [0, 1]
# Line plot by plot function
ax.plot (dat)

08

# Display with show function
plt.show ()

PhUSE EU Connect 2018 U NOVARTIS

19  Business Use Only



Matplotlib for data
visualization

To try below examples, run following code first.

>>> import numpy as np

>>> import matplotlib.pyplot as plt

>>> x1 = np.array([l, 2, 3, 4, 5])

>>> x2 = np.array([100, 200, 300, 400, 500])
>>> x = np.random.normal (50, 10, 1000)

>>> vy np.random.rand (1000)

>>> plt.hist (x,
range= (50, 100),
color='red')

Histgrams hist() Compute and draw

the histogram of x.

The bars are >>> plt.bar (x1,
positioned at x with
the given align ment.
Their dimensions are
given by width and

height.

Make a pie chart of
array x. The fractional
area of each wedge is
given by x/sum(x).

Bar charts bar()

'Apr', |Mayl])

Pie charts pie() >>> plt.pie (x3,

bins=16,
rwidth=0.8,

X2, width=1.0,

linewidth=3, align='center',
tick label=['Jan', 'Feb', 'Mar',

labels=["'Tokyo',

'Osaka', 'Hiroshima', 'Kyoto'],
counterclock=False,
startangle=90, autopct="%1.1f%%")

>>> plt.axis('equal')

Scatter plot  scatter A scatter plot of y vs x

() with varying marker

size and/or color. linewidth='2")

20 Business Use Only

>>> plt.scatter(x, vy, s=15,
c="'blue', marker='*",

Hiroshima




Matplotlib for data
visualization

* Indeed, using CDISC dataset, typical clinical study plots
can be created.

SBP (mmHg), Mean with SD

PhUSE EU Connect 2018
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Possible application example 1

Jupyter Noteboolk * By using SASPy,

A Jupyter notebook

can be an editor for
SAS programming.

SAS Python .
. * Jupyter Magic is
* Develop » Quick data ble Pvth {
SAS code check by enapie Fython 1o
3_2?_ Crbeate ?gmrgarx)f submit SAS code in
s by andas
Jupyter and Jupyter notebook cell.
magic. visualization : :
(Matplotlib) * Thus interactive data

check and
visualization can be

added to your SAS
programming.

PhUSE EU Connect 2018 U NOVARTIS
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Possible application example 1

import saspy

* Suggestion C.....[ Jupyter Magic clinical study.

%let templib=C:\Users\NAKAJYU1l\Desktop\tempds;

° Establls ;::;ar—n:e:;ltl_b "gtemplib.";
RC = fil "Filenm", "stemplib.");:
e Read S, o mme ses s e processed for

DID = dopen("filenm") ;

TFL_ if DID gt 0 then do;
NUM = dnum(DID):
call symput ("1", trim(left (put (NUM, best.)))):
do i =1 to NUM ;

FNAME = dread( DID , 1 ) :

output ;
end;

ena;

« Set up ¢ -
* SAS COl smeczo 1000; k cell by %%SAS.

%do i = 1 %to &l.;
. e Thus TF = upyter notebook.
Magic e Py
call symputx("item", FNAME);

Jupyter

libname %scan(&item., 1, ".") XPORT "&templib./&item" ;
prec copy in = $scan(&item., 1, ".") out = outlib;run;
° A I P %end;

pp y $mend;
%loop:

* If datase.
Pandas DF and apply functions for quick summaries.

nverted Pandas

PhUSE EU Connect 2018 d NOVARTIS
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Possible application example 2

* There are many strength in Python and handing PDF
file is one of advantage of using Python.

* In Novartis, aCRF is created in semi-automated
process. Only manual process is creation of below

Excel file. The idea is to make this excel file automated
in Python.

Central level

Central

Annotationj | —

Database

Blank CRF of
Study Y

Excel file to link
Project level page and CRF ID

Annotated CRF
| _roi IS8

x

Annotated CRF
of Study Y
Lror B

Project

Annotated CRF ‘ level |
\ Annotation | ﬁ

from study 2
Database

Annotated CRF '

PhUSE EU Connect 2018 - d NOVARTIS
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Possible application example 2

 To extract comment box from PDF file, 3rd party Python library
“pdfminer” is able to extract text box from PDF.

» Go through every page of blank crf and get text information from each
pages.

 Store those text data into Pandas DF until last page of PDF.

Pandas

» Then convert Pandas DF to SAS datasets, to process text data, Pandas
DF needs to be converted to SAS dataset by SASPy df2sd ()
function.

PhUSE EU Connect 2018 d NOVARTIS
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Possible application example 2

* Process obtained SAS data by Jupyter notebook.

» Obtained information in SAS dataset will be merged central annotation
N[T[\i:1@ database by SAS code in order to keep study individual information

Magic only.

 Converted merge SAS dataset to csv file and export file by to csv ()
function. You can also select SASPy or Jupyter magic (proc export)
Pandas directly to export csv file.

0 SCRTENNGY
Center No. Subject No. Viset Name

— B Merge
annotation DB

SRatus

e = b NOVARTIS




Possible application example 2

import sy

import saspy

import pandas as pd
from pdfminer.converter immort PDFPagelagregator
from pdfm;ner.layguc R e —
from pdfm}ner.pdfznte laparaﬁs -
from pdfminer.pdfpage

ars

Actual code

LiParams (detect vertical=True)
resource manager = PDFResourceManager()

device = PDFPageRggregator (rescurce manager, laparams=laparams)

£ Opsn SAS 2
sas = saspy.SASsessic

\\nakajyul

if isinstance(lay

return [layou

if isinstance(lay
boxes = []

for child in

boxes.ext

return boxes

page_num
init = []
total = pd.DataFrame(init).T

for page in PDFPage.get_pages(f
N interpreter.process page (pa
return [] layout = device.get_result|
boxes = find textboxes_recu

page_num += 1
page = str(page num)
templ = pd.DataFrame(init).

temp=pd.DatzFrame ( [page
templ=templ.append (temp
total=total.append (templ)

rslt:

£ R

rsl \n

# Convert dataframs to SAS dats

pdftext=sas.dfZsd(rslt, "pditext

T.close(]
<

PhUSE EU Connect 2018
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interpreter = PDFPageInterpreter(rescurce manager, device)

proc sort datz = temp.pdftext out = wkl nodupkey;
by value page;

run;
data wkZ;
set wkl;

length cxfid $30.;
pagenum = input(page, best.);
crfid = strip(value);
run;
proc sgl neprint ;
select max ( pagenum ) into maxn from wkZ ;
quit ;
%let maxn = &maxn ;

proc sort data = temp.central annotation database out = wk3 nodupkey;

by crfid;
run;

data wk4;
merge wkZ (in=a) wk3(in=b);
by crfid;
if a and b;
keep pagenum crfid;
proc sort;
by pagenum crfid;
run;
data dummy;
do pagenum = 1 to &maxn.;
output;end;
run;
data temp.rslt;
merge dummy wk4;
by pagenum;
Iun;

Pharma AG\work\02_ NON

PROJECT\python\SAS";

U NOVARTIS



Outline

* Summary
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Summary

* SASPy can establish SAS session in Python.

* The advantages of use of Python with SAS

datasets

— Jupyter magic which allows SAS script in Jupyter notebook

— Easy to convert SAS dataset to Pandas DF, then easy to display
by Matplotlib. Quick data review can be performed by simple
Python code.

— Pdfminer is capable to read PDF file and process extracted data
in Python.

PhUSE EU Connect 2018 U NOVARTIS

29 Business Use Only



Summary

e Summary of Python libraries in this presentation

Python library

SASPy
Pandas

Matplotlib

Numpy

pdfminer

PhUSE EU Connect 2018
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It provides Python APIs to the SAS system and establish SAS session and
run analytics from Python through a combination of object-oriented methods
and Python magic.

It is a Python package providing fast, flexible, and expressive data structures
designed to make working with “relational” or “labeled” data both easy and
intuitive.

It is a Python 2D plotting library which produces publication quality figures in
a variety of hardcopy formats and interactive environments across platforms.

NumPy can also be used as an efficient multi-dimensional container of
generic data. Arbitrary data-types can be defined. This allows NumPy to
seamlessly and speedily integrate with a wide variety of databases.

It attempts to reconstruct complex structures by guessing from its positioning.

), NOVARTIS



Outline

* Conclusion

PhUSE EU Connect 2018 U NOVARTIS
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Conclusion

* Both programming languages have each advantage
and disadvantage respectively. With the combination of
SAS and Python via SASPYy, it can maximize the value
of programming.

* There is no doubt SAS is the most popular software in
clinical study data analysis. However, acquiring Python
programming sKkill additionally will enable SAS
programmer to expand the capability and
opportunity of your daily work.

Let's find a better solution,
It's all up to you !
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