Waterfall Plot

~ Widely used in oncology clinical trials to present the variability of outcomes.

~ Awaterfall plotis used to present each individual subject's response to a
particular drug based on a parameter, such as tumor burden.

- Best way to display the improvement (reduction) in tumor size seen in each of the
participating subjects

~ Work best in a study with a smaller cohort of subjects.

~ Provide clear picture of study results from worst to best, based on the parameters
included.

Data from PH Il study = The ANNOTATE dataset (WNO) willbe ¢ iesarbrotecitset RO Batdrausthlegnd
referenced in SASIGCHART to plot. dlaamoz

- The graphical approaches to produce length function § 8 textstyle $ 45;
SUBD | AL | RESP waterfall plot can vary significantly. retan xsys 3'ysys 3 when'a' function labef hsys 3 size 2
o e - Inourexample, SASGRAPH PROC  POstn S
m 050 GCHART is used to create the plot.

pattern1 color=Blue;
018 51600 pattern2 color=green;
pattern3 color=orange;
an IR patternd value = S color=red
nim 468 5 e {1101 pattern
an §73P0 I* Createan annotate data set, ANNO, display the
size, label of the barlcolor */
" 91830 function="abel; xsys="9' x=+65; y=5.1; style='marker"
5 2% data anno ; size=2.3; text=C": color="purple’;output
1812 2889 P0 setfinal function="1abel, xsys="9 x=+4.5, y=5.5; style='Courier New",
1850 %5 00 length function color $8; size=2.7: text="No post-baseline assessment’
e retain color “black’ xsys ysys'2' when 3" color="dark black’, output;
19314 675 50 function label size 1.3 style ‘simplex; un;

anm 113757 PD midpoint = subjid;
/=8

)
an Sl p i PROC GCHART DATA=all anno=ANNOZ,
21115 H1%4 ifaval = 0 and respne 6 then do; text= trm{letr*)): ~ VBARsubjid /ref=-50 cref=black descending SUBGROUP =resp
0 T4 P ifavalc="PD' then color= "red" TYPE=sum SUNVAR=aval

ifavalc='SD' then color= "orange”: RAXIS=axis1 MAXIS=axis2 LEGEND=legend! width=1.3

i §l ifavalc="CR' then color="blug": space=1LEVELS=all anno=anno;
51313 4500 ifavalc="PR' then color="green”: formatresplol. ;
51317 0P end,

run; RUN;

Qum,

~ Each of the bars in the plot refer to the

percentage of change in the target lesions as 100
compared to the haseline measurements for

each subject.

~ This haseline change usually corresponds to as
the ‘best response’ to the treatment for each

subject,

- Waterfall plot go from the worst value from the
left to the best value to the right side of the plot
L.e., improvement (reduction) in tumor.,

- Vertical bars abovethe line representworst
response describedas positive percent.

~ Vertical bars belowx-axis representachieved
tumor reduction, describedas negative percent
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Waterfall Plot of Maximum Percent Change by Best Overall Response Category

change)

Best Response
(s

1

~

o
n

Best Overall Response

Forest Plot

— The plot visually shows whether a treatment does or does not provide a positive

outcome

— Great visual tool for subgroup analysis

- One of the best ways to visualize data as table and graph on one page

— Best used for displaying point estimates and their associated confidence
intervals for treatment comparison in subgroup analysis.

- The confidence intervals for subgroups are represented by horizontal lines on the
graph with their point estimates annotated on the lines.

- These statistics as well as the median survival time and frequencies by treatment are
often added to the graph to provide a complete picture of the efficacy data.
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- These procedures can be
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Using SAS/GRAPH PROC GPLOT and ANNOTATE data set (ANNOPLOT), with
frequency of events, median PFS, and hazard ratio with 9% confidence intervals, will
be referenced using the ANNO= option.

proc gplot data=final ANNO = ANNOPLOT;
note height = 0.15in | = left
move=(75,2) "Favors Drug A <"
move=(%4.2.7)"
plot y*x=block / haxis=axis1
href=1
vaxis=axis2 nolegend noframe;

proc sql noprint;
select max(neword1 )into: maxy from final;
select ceil(max(x) )into: maxx from final,
select floor(min(x))into: minx from final;
quit

data annoPLOT (keep=xy xsys ysysstyle colortextsize );

set final;

ifblock»=26:

length text style 835 :

retain xsys ysys'2 style ‘Albany ANT;

"Drug A frequency and mediansurvival (COL1);

size=1.6;

x= %sysevalf{dminx-2.5);
y=neword!;

color="black’;

text=colt;

output;

if neword1=&maxy then do;
size=A.T;

X = %sysevalfEminx-2.5);
y=newordi+3;
color="black’,

text=Drug’;

output,

end;

if neword1=&maxy then do;
size=1.T;

x= %sysevalfidminx-2.5);
y=newordl+2,
color="black’;

text="A"

output,

end'

Forest Plot on Progressjon Free Survival (PFS)

Subgroup

Overall

Diagnosis Group 1
Diagnosis Group 2

Baseline ECOG =0
Baseline ECOG >=1

Male
Female

Age < 65
Age >= 65

Europe
Non-Europe

Drug A + B
Drug A + C

Skin Only
Skin & Other Involvement

Baseline Skin Tumor Score>0
Baseline Skin Tumor Score=0

* indicates % Change is 0

Couplete Response [N

=
: Stable Disease -
—

No Best Overall Response A

*Drug B+C frequency and median survival (COL2);
size=1.6;

x= %eval(&minx-1);
y=neword!;

color="black;

text=col2;

output;

if neword1=&maxy then do;
size=A.T;

X = %eval(minx-1);
y=neword1+3;
color="black’;

text="Drug’,

output;

end;

ifneword1=8maxy then do;
size=A.T:

x= %eval(minx-1);

y= ﬂe'ﬂofm'z:
color="black’;

text='B +C'

output;

end;

Events; N/ Median (months)

Drug
A

33:63/15.8

28148/ 15.7
515/ 26.5

2143/ 16.6
12:20/ 8.8

18:32/16.2
15:31/14.8

19:35/ 20.6
14,28/ 14.5

21:37/15.8
1226/ 14.8

33:63/15.8
33:63/15.8

13:30/21.8
20:33/13.9

20:40/ 15.8
13;23/14.8

Drug
B+C

43:63/ 3.2

35.48/ 2.5
8:15/4.3

31,45/ 3.2
12:18/3.2

25,36/ 2.9
18:27/3.2

26:40/ 2.5
17.23/3.2

27:35/ 2.8
16:28/3.3

27:37/ 3.5
16,26/ 2.5

20:29/2.9
23.34/3.2

23,38/ 2.5
20,25/ 3.5

Favors Drug A <

Partial Response
Progressive Disease
No post-baseline assessment

*hazard ratio (COL3);

X = %sysevalfidmaxx+0.5)
y=neword!;

color="black’

text=col3;

output;
ifneword1=8maxythen do;
size=A.T;

x= %sysevalfidmaxx+0.5)
y=neword!+3;
color="black’

text="Hazard Ratio (95%Cl)’
output:

end;

"overall headerfortreatment groups;
ifneword1=8maxythen do;
size=A.T:
x= %sysevalfidminx-1.5);
y=neword!+5;
color="black’
text="Events; N/ Median (months)’
output;
end;
un;

Hazard Ratio (95% CI)

0.246 (0.150, 0.403)

0,252 (0.147, 0,432)
0.217 (0.062, 0.758)

0.134 (0.070, 0.258)
0.599 (0.262, 1,369)

0.198 (0.099, 0,395)
0.300 (0.144, 0.624)

0.089 (0.035, 0.226)
0.488 (0.237, 1.003)

0.190 (0.100, 0.364)
0.310 (0.138, 0.698)

0.271 (0.157, 0.468)
0.169 (0.088, 0.326)

0.226 (0.106, 0.484)
0.256 (0.132, 0.498)

0.237 (0.122, 0.458)
0.269 (0.125, 0.579)

Introduction

— Easy to recognize patterns and find exemptions

— Different colors, patterns, symbols can translate the
message clearly

— Easy to understand complex clinical data

— SAS ODS Graphics (SG Procedures/GTL) and SAS/GRAPH Annotate

— Effectively translate the data to non-clinicians

— Commonly used plots for potential safety and efficacy endpoint

— Waterfall Plot

— Swimmer Plot

- Kaplan-Meier Plot
— Forest Plot

— Boxplot

provide great flexibility for generating these customized graphics.

Oncology Efficacy Endpoints at a Glance

Kaplan-Meier Plot (K-M)

- K-M is the most frequent method used overall for survival analysis or efficacy.

- KM is a visual presentation of censored survival/failure or time to event
curves, e.g. PFS, OS.

- 0S is the “gold standard” among primary endpoints. Time from randomization until
death from any cause. Usually presented as Median OS, or percentage of
subjects alive at specified timepoints.

- PFSis the time from randomization to disease progression or death.

~ In order to generate a K-M plot, at least two pieces of data are required for
each subject:

- the status atlast ohservation (gvent or censored defined as per analysis plan)
- the time to event (or time to censoring)

- If the survival functions between two or more groups are to be compared, then a
third piece of data is required: the group assignment of each subject

proc lifetest data = final alpha=0.05;

- The first step in this process is to fime os_aval*os_ it

refer to ODS graphics to output the S0 et

PROC LIFETEST survival dataset. o

dataanno;
: length function style $40 text $100;
- Cox Propomonal hazards modelto STYLE=TimesNewRoman'; “style="SIMPLEX'; xsys ='2ysys ="6", x = 8; 'y = 6.5; y =13.6;

estimate Hazard ratio between size =1; position="5"function = 'label'; text="Time (months) from Randomization";

; output;
treatment arms adjusted for ‘
STYLE="TimesNewRoman'; *style="SIMPLEX"; xsys ='4';ysys ='4'; hsys="9"; x =T y = 2.6;

covariates and Iog-rank test p'Va|Ue. size =2.8; position="4"function="label’; text="Number of patientsat risk";
output

- AnnOtatlon dataset IS needed tO STYLE="TimesNewRoman'; *style="SIMPLEX", xsys ='4';ysys="4' x=T; y =1.T;
p|ace Various 6|ements on the size =2.8; position="4"function ='label'; text="Drug A",

output
graph STYLE="TimesNewRoman'; *style="SIMPLEX'; xsys ='4';ysys ="4', x=T7; y = 0.7,
' size =2.8; position="4'function = 'label'; text="Drug B";
output

- The graphical approaches to run;
produce plOt can vary Significanﬂy proc gplot data=finalt annotate=anno;

plot survival*aval = trt/ haxis=axis2 vaxis=axis1 NOLEGEND vref=0.5

€g SGPLOT or GPLOT. formatsurvival 8.1 aval8. trtgrpt.
- Inour example, SASIGRAPHPROC  symboitv=nonel=stepijL=1 c= biueh = 1= 1,
GPLOTlS used. symbol2V=nonel=stepljL=1 c=redH=1W=1;

run;
quit;

- For each interval, probability of survival is
calculated as number of subjects surviving
divided by number of subjects at risk.

- Subjects who have died, dropped out, or not
reached the time yetare not counted as at risk.

slaty ot Crvarnll S uare iwal

- Negative events (e.g., PFS, OS)resultina
left to right descending pattern as subjects
no longer “survive” the event: They
experience disease progression or death.
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Kaplan-Meier Plot of Overall Sunvival
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BOX Plot

~ Boxplot is a popularand useful tool for exploring continuous oncology endpoints,
e.g. baseline or change from baseline value for endpoints of interest.

~ Boxplots are simple visualizations that are powerful to convey variation in data
without making any assumptions about the underlying statistical distribution.

~ A boxplot can provide treatment comparison of the mean, median, 25" and 75"
percentile, minimum, and maximum.

- shows distributions of data is particularly useful for understanding the shape of the
distribution and whether there are outliers

- In addition to the continuous endpoint, investigators may also be interested in
information of a categorical endpoint displayed on the same graph.

~ This can be achieved by using SAS/GRAPH PROC GPLOT and the ANNOTATE facility
to create a box plot superimposed by a scatter plot.

- The SAS ANNOTATE macros namely %MOVE and %LINE will be utilized to create ANNOTATE
observations to draw lines for the box plot for the continuous endpoint baseline CD30 expression.

- The mean, median, 25" and 75 percentile, and minimum and maximum created from SAS PROC UNIVARIATE.

data anno;
setstat
where n=0;
by trin;
refainxsys 2 ysys 2"

**draw a vertical line for the minimumand maximumrange; IR A g i S i
Y4l max2,tin min2 plack 1,0.0) LINE macro, %LINE(x1, y1, x2, y2, color line, size), will draw a line

basedonthe specified X, Y coordinates and attributes.

**draw a horizontal line atthe 75 percentile;
S%movel(trtn-0.3 max1);
Yline(trtn-0.3 max1 trin+0.3, max1 black 1,0.1);

**drawvertical lines from 75%to 25% percentile;
%move(trtn-0.3 max1);
%line(trtn-0.3,max1 trtn-0.3,min1 black 1,0.1);

MOVE macro, %MOVE(x, y), will move the X, Y valuesto a point
without drawing.

S%move(trtn+0.3 max1);
%line(trin+0.3, max1 trtn+0.3 min1 black 1,0.1);

——1ORE CODE ——
run;

Boxplot of Baseline CD30 Expression with ORR

n=41 n=41
*"

- In our example, continuous endpointis baseline CD30 expression and categorical endpoint is objective
response rate (ORR). ORR will be superimposed ona box plot of a continuous endpoint, baseline CD30
expression.

- The responder values for ORR are 0 (non-responder) or 1 (responder)

- jittering” will be implemented to offset the identical X and Y values by manipulating the horizontal X values used for the scatter plot. The
“jittering” technique manipulates the X values based on the counts of each responder value for each treatment group. The X value (_TRTN) will
be shifted to the right by adding the count value multiplied by a factor of 0.05 if the count value is plural. It will be shifted to the left by subtracting
the count value multiplied by the same factor for odd count values

%doi=1 %to 3;
proc sort data=final out=final&i;
" byaval;
where trtn=&i,
run;

g

data finaldi,

set finaldi;

by aval,

retain count.,

if first.avalthen count=0;

if not first.avalthen count=count+1;
run;

Baselne CDIO expresson (sverage)
g 88 8 8 3 8- 8

data _finaldi;

set finald;

if count=0 then _trin=trtn;

if mod(count 2)=0 then _trin=trtn+count*0.05;

else if mod(count 2) ne 0 then _trin=trtn-count*0.05,
run;
%end;

s

o

- The ANNOTATE data set (ANNO) will be referenced using the ANNOTATE= option in SAS/GPLOT to draw the box
plot. The responder (ORR4 11, ORR4_31) and non-responder variables (ORR4_10, ORR4_30) for each treatment
group will be plotted as a scatter plot against the “jitered” X value ( TRTN). The OVERLAY option in the PLOT
statement allows both the box plot and the scatterplot to display on the same page.

g

proc gplot data = final;

note height = 0.15in | = left
move=(50,64) "n=%cmpres(&trt1)"
move=(125,64) "n=%cmpres(&trt2)";
plot (orr4_11 orrd_10 orrd_31

orrd_30)* trin/overlay noframe
annotate = anno
legend=legend1
haxis = axis1
vaxis = axis2;

run;
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Swimmer Plot

- Another useful visual tool to assess treatment efficacy endpoints for individual ™ RSNAITES DoF ey iy Al Absel .y dose ouppand nery Jnar pe
subjects - The bars representthe duration of treatment in weeks.

: : ; o - Primary tumor types are differentiated by colors of the bars.
- Itisa graphical way to display subject's response story

- Annotation can be added for the following information: tumor response assessment (such as
CR, PR, SD, PD) over time, percent change at maximum reduction from baseline in target
lesions, and treatment status (ongoing).

z Efﬂcacy endpoints may include tumor response evaluation over time as - SAS GTLis used for creating the swimmer plot. PROC TEMPLATE is used for creating the graph

. - D late.
measured by Response Evaluation Criteria in Solid Tumors (RECIST), or i
percent change from baseline in target lesions for measurable disease as I
defined by the presence of at least one measurable lesion. S
- These endpoints are always juxtaposed with other valuable information, such as

treatment doses, duration of treatment, primary tumor type, and treatment status to
create a compelling visual presentation.

~ Each Bar looks like a swim lane and hence called swimmer plot

SCATTERPLOT
- In PROC TEMPLATE, the SCATTERPLOT statements can be used to annotate symbols or text

- Forexample, SCATTERPLOT is used to create annotation for the tumor response over time (CR, PR, SD and PD),
freatment status (XE), and the percent change at maximum reduction from baseline (X1).

VECTORPLOTand DISCRETELEGEND

- In PROC TEMPLATE, the VECTORPLOT statement can be used for creating bars
or lines by adjusting the thickness option (THICKNESS=).

- Forexample, VECTORPLOT can be used to create the horizontal bars
based on treatment duration (TRTDURW) for the X axis and the record
identfier (ID) for the Y axis. These values are also grouped by primary
tumor type (PRITMTYP). Note that the top right legend for the grouped
variable is created by the DISCRETELEGEND statement.

ScatterPlot X=x1 Y=id | MarkerCharacter=avalc MARKERCHARACTERATTRS=(family="'Courier New' size=7pt weight=bold) NAME="SCATTER";

%do %while (%scan(&resp,&r)ne );
%if %scan(&resp,&r)=CR %then %do;
ScatterPlot X=cr Y=id / Markerattrs=(color=black Symbol=diamond Size=3px) LegendLabel="CR" NAME="cr";
Yiend;
%iif %scan(&resp,&r)=PR %ithen %do;
ScatterPlot X=pr Y=id | Markerattrs=(color=black Symbol=triangle Size=Opx) LegendLabel="PR" NAME="pr";
Yend;
%if %scan(&resp,&r)=SD %then %do;
ScatterPlot X=sd Y=id / Markerattrs=(color=black Symbol=square Size=3px) LegendLabel="SD" NAME="sd";
Yend,
%if %scan(&resp,&r)=PD %ithen %do;
ScatterPlot X=pd Y=id | Markerattrs=(color=black Symbol=circle Size=9px) LegendLabel="PD" NAME="pd";
Hend;
Yilet r=teval(&r+1);
Yend,
$hlet r=1;

VectorPlot X=trtdurw Y=id XOrigin=0YOrigin=id/group=pritmtyp
Lineattrs=(Pattern=1 Thickness=Tpx) ARROWHEADS=FALSE NAME="type";

DiscreteLegend “type” / Location=inside across=1 autoAlign=(topright)
Title=""Border=false valueattrs=(SIZE=8pt)

ScatterPlot X=xe Y=id / Markerattrs=(color=black Symbol=greaterthan Size=10px) LegendLabel="Ongoing" NAME="on",

- The DISCRETELEGEND statement can be used to create the legend for these endpaints.

Dosage (mg/kg)

DiscreteLegend
do %while (%scan(8resp,&r) ne);
"if %scan(&resp,&rj=CR %then %do;
"C["
%end;

"if %scan(&resp,&rj=PR %then %do;
"

%end;

"if %scan(Gresp,&rj=SD %then %do;
o
%end;
"if %scan(&resp,&rj=PD %then %do;

"

%end;
hlet r=teval(&r+1);

%end;

n " nn

on” [ Location=inside across=1 autoAlign=(bottomright) Title=""Border=false valueattrs=(SIZE=8pt)

Individual Patient Data

18
Weeks in Treatment

Conclusion

— Oncology efficacy data can be more effectively presented using visual tools
such as K-M plots, box plots, forest plots, swimmer plots, and waterfall plots.

- With some customization, these tools can tell a more compelling and complete story
of the clinical trial endpoints such as overall survival (OS), progression free survival
(PFS), objective response rate (ORR), percent change in target tumor size, and
tumor response evaluation over time as measured by Response Evaluation Criteria
in Solid Tumors (RECIST).

- SAS ODS Graphics (SG Procedures/GTL) and SAS/GRAPH Annotate provide great
flexibility for generating these customized graphics.
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