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SUMMARY

e Brief overview of ROC curves

e ROC curve statements/options available in
proc LOGISTIC

e Assumes use of SAS 9.2

e Assumes basic knowledge of logistic
regression

e Does not cover model selection technigues



Introduction

e Logistic regression provides the estimated
probability that the event of interest will happen.

e |t can be used as a decision making tool whereby,
given the probability of the event happening you
decide to take action or not

e In order to do this, a probability cut-off is
required — a probability higher than the cut-off
you predict the event will happen, belowthe cut-
off you predict the event won’t happen.



e The accuracy of a predictive model can be
assessed by comparing the predicted outcome
with the actual known outcome.

e And the predicted outcome depends on the
probability cut-off specified




For example,

Low grade breast cancer patients require
radiation therapy (RT) after surgical
removal of the tumour.

e Standard treatment: Whole breast
— 4 to 6 weeks treatment

e New treatment: Partial breast
— 1 week treatment
— reduced side effects
— takes 2 hours longer per patient to plan
— Some women are not suitable to receive a
partial plan



The question Is:

e Can these women be identified ahead of time so
2 hours Is not spent on planning their treatment
and they can make arrangements to be receiving
treatment for 4-6 weeks.



Logistic Regression

e Model Outcome:
— probability of not suitable for a Partial Plan

e Patient characteristics:
— age
— breast laterality
— radiation dose volume
— breast volume
— surgical cavity volume
— ratio of the surgical cavity volume to breast velume
— ratio of radiation dose volume to breast volume
— breast quadrant the tumour was located In
— number ot weeks between final breast surgery and the
CT scan used for radiation planning purposes



Predictive Model Criteria

Want the predictive model to save planning a
partial plan for at least 25% of patients that
would not be suitable to have one.

Would accept a cost of not giving a partial plan
to 5% of patients that could potentially receive
one.



Probability cut-off for not suitable for Partial Plan = 0.2

KNOWN OUTCOME
PREDICTED Not suitable Suitable
OUTCOME
Not suitable TRUE POSITIVE FALSE POSITIVE
(p>0.2) rate=0.762 rate=0.272
(n=48) (n=72)
Suitable FALSE NEGATIVE TRUE NEGATIVE
(p<0.2) rate=0.238 rate=0.728
(=) (n=193)
1 1




Probability cut-off for not suiteble for Partial Plan = 0.45

KNOWN OUTCOME
PREDICTED Not suitaple Suitable
OUTCOME
Not suitable TRUE POSITIVE FALSE POSITIVE
(p>0.45) rate=0.318 rate=0.049
(n=20) (n=13)
Suitable FALSE NEGATIVE TRUE NEGATIVE
(p<0.45) rate=0.682 rate=0.951
(n=43) (n=252)
1 1
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- Proc LOGISTIC ROCs!

Let's see how...




Proc LOGISTIC ROCs!

e In order to produce a ROC curve in proc
LOGISTIC, ODS graphics needs to be
turned on.

ods graphics on;




The ROC curve can then be requested in the proc
LOGISTIC statement using the PLOTS option.

ods graphics on;

PLOTS(ONLY)=(ROC (ID=prob) (EFFECT));
CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtobr;
run;

The ONLY option suppresses the default plots and
only the requested plots are displayed.

In this case only the ROC curve and the EFFECT, plot
will be displayed.




ods graphics on;
proc logistic DATA=dset
PLOTS (ONLY) = (ROC (ID=prob) EFFECT) ;
MODEL partplan = quadrant cavtobr;
run;

ID=prob option requests that the predicted
probabilities are displayed on the ROC plot
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ods graphics on;
proc logistic DATA=dset
PLOTS (ONLY) = (ROC (ID=casenum) EFFECT) ;
CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtobr;
run;

e |ID=prob option requests that the predicted
probabilities are displayed on the ROC plot

e If instead you wanted the observation.number
displayed, ID=casenum could be used.
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ods graphics on;
proc logistic DATA=dset;
CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtohr /
OUTROC=dset namey,

run;

The option OUTROC= produces an output
dataset that holds all the data that is used to

produce the ROC plot.
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ods graphics on;
proc logistic DATA=dset;
CLASS quadrant / PARAM=glm;

MODEL partplan = quadrant cavtobr /
OUTROC=dset name;

run;

If the PLOTS option is not specified the OUTROC=
option will still produce a ROC curve.

But, the predicted probabilities or observation number
will not be shown on the plot.

The OUTROC dataset is not provided Iif you only
request the ROC curve using the PLOTS option.




ods graphics on:
Ods output classification=classification table;
proc logistic DATA=dset;
CLASS quadrant / PARAM=glm;

MODEL partplan = quadrant cavtobr /
OUTROC=dset _name

CTABLE( PPROB=(.3) .5 to .9 by .1) ;|

run;

CTABLE with PPROB= option can be used to obtain the
Classification Table

Can also request the classification table dataset with the
ods output statement

If PPROB= is not specified then the default is to show
classifications for probability cut-offs from O t0 1 at
Intervals of .02
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ods graphics on;

proc logistic DATA=dset
PLOTS (ONLY) = (ROC (ID=prob)) ;

CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtobr /
OUTROC=dset name
ROCEPS=0.1I;
run;

The ROCEPS= option requires a number between 0 and 1 which
specifies the criterion for how you want the event probabilities
grouped on the ROC curve or output into the. OUTROC

ataset.

(The default is 1E-8)
The AUC is adjusted accordingly.




e In each group, the difference between the largest
and the smallest estimated event probabilities
does not exceed the given value.

e The smallest estimated probability in each group
serves as a cut point for predicting an event
response.

e The OUTROC= option needs to be specified for
ROCEPS= to have an effect
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ods graphics on;
proc logistic DATA=dset PLOTS (ONLY)=(ROC (ID=prob));
CLASS quadrant / PARAM=glm;

MODEL partplan = quadrant cavtobr /
SELECTION=forward;

run;

If an automated model selection method is specified in the
MODEL statement,

and a ROC plot has been requested in the PLOTS option,

or the OUTROC= option has been specified in the MODEL
statement

then a ROC plot for the final selected model is provided as well as
an overlaid plot of each of the ROC curves for each stage of the

model selection process.
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ods graphics on;
proc logistic DATA=dset PLOTS (ONLY)=(ROC (ID=prob));
CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtobr / NOFIT;
ROC ‘Quadrant’ quadrant;
ROC ‘Cavity to Breast Ratio’ cavtobr;
run;

e If an automated model selection process Is not used then
the ROC statement can be used to obtain a ROC curve for
each predictor of interest

e A ROC curve In which all of them are overlaid i1s also
provided

e Effects used in any of the ROC statements must be
specified in the MODEL statement




ods graphics on;
proc logistic DATA=dset PLOTS (ONLY)=(ROC (ID=prob));
CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtobr(/ NOFIT;
ROC ‘Quadrant’ quadrant;
ROC ‘Cavity to Breast Ratio’ cavtobr;
run;

e The NOFIT option can be specified to instruct SAS to ignore
fitting the model specified in the MODEL statement.

e A model for each of the specified ROC statements is fitted.

e An observation with a missing value for any.of the variables
specified in the MODEL statement is excluded, even if it is
missing for a variable not specified in the ROC statement. This
gives a common sample size for each ROC model.
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MHann=-Hhitney

Standard 95% Wald Somers’ D
ROC Model firea Error C idence Limits (Gini)
Quadrant 0.6554 0.0388 0.5793 0.7314 0.3108
Cavity to Breast Yolume Ratio 0.6904 0.0404 0.6113 0.769 0.3808
ROC fAssociation Statistics

ROC Model Tau-a

Quadrant 0. 0967

Cavity to Breast Yolume Ratio 0.1186

For each ROC statement it displays the AUC along
Its standard error and 95% ClI.

A 95% CI which contains 0.5 means it Is not
significantly different from random guessing



ods graphics on;
proc logistic DATA=dset
PLOTS (ONLY) = (ROC (ID=prob))
ROCOPTIONGE (NODETAILSCOUT=roc dset);
CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtobr / NOFIT;
ROC ‘Quadrant’ quadrant;
ROC ‘Cavity to Breast Ratio’ cavtobr;

run;

e ROCOPTIONS can be used to specify global options that apply
to every ROC statement

e NODETAILS suppresses the model fitting information for
models specified in the ROC statements

e OUT=<dset name> appends the ROC data for each ROC
statement into one dataset (the alias for ROCOUT= In the
MODEL statement)



ods graphics on;
proc logistic DATA=dset
PLOTS (ONLY) =(ROC (ID=prob))
ROCOPTIONS (NODETAILS) ;
CLASS quadrant / PARAM=glm;

MODEL partplan = quadrant cavtobr cavvol brvol
/ NOFIT;

ROC ‘Ratio’ quadrant cavtobr;

ROC ‘Quadrant’ quadrant;

ROC ‘Separate’ quadrant cavvol brvol;

ROCCONTRAST REFERENCE (‘*Ratio’) E ESTIMATE;
run;

e ID=prob asks for probability cut-offs to be shown on the ROC
curves

e Use NODETAILS as not interested in the model fitting
Information for each of the ROC statements

e Requesting 3 models each with a separate ROC statement




ods gr
proc

run;

aphics on;
logistic DATA=dset
PLOTS (ONLY) = (ROC (ID=prob) )
ROCOPTIONS (NODETATILS) ;
CLASS quadrant / PARAM=glm;

MODEL partplan = quadrant cavtobr cavvol brvol
/ NOFIT;

ROC ‘Ratio’ quadrant cavtobr;

ROC ‘Quadrant’ quadrant;

ROC ‘Sevarate’ quadrant cavvol brvol;
ROCCONTRASTREFERENCE ( *Ratio’) VE JESTIMATE;

e Using

the ROCCONTRAST statement to compare the ROC

curves specified by the ROC statements

e The ROC curve labelled ‘Ratio’ will be the REFERENCE
comparison curve

e E requests the contrast coefficients to be displayed
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ROC fissociation Statistics
--------------- Mann-Whitney --------—-------
Standard 95% Hald Somers" D
ROC firea Error Confidence Limits (Gini) Gamma Tau-a
Quadrant 0.6554 0.0388 0.5793 0.7214 0.3108 0.3936 0.0967
Ratio 0.8090 0.0315 0.7472 0.8707 0.6179 0.6179 0.1924
Addition 0.8025 0.0319 0.7400 0.8650 0.6050 0.6050 0.1883
This te”S US ROC Contrast Coefficients If no OptionS are
ROC . .
whether the Mode 1 Row1 Row? specified in the
I Quadrant i 0
re_ference group Is Quadran | k ROCCONTRAST
different from at Pt on - : statement the Wald
|eaSt One Of the ROC Contrast Test Results teSt for ROC ContraSt
Others at the Contrast DF Chi=-Square Pr > ChiSq |S rOVided b
. Reference = Hatio 2 18.9817 <.0001 p y
5% sig. level default
ROC Contrast Rows Estimation and Testing Results
Standard 95% Hald Pr >
Contrast Eztimate Error Confidence Limits Chi=Sguare ChiSqg
Quadrant - Ratio -0.1536 0.03260 -0.2242 -0.0830 18.1930 <. 0001
fiddition - Ratio =0 00647 0.0109 -0.0279 0.0150 0.3497 0.5543
Output - (Untitled) | ] Log - [Untitled) | B Planstudy.sas * <) GRAPH1 WORK.GS. ..




ods graphics on;
proc logistic DATA=dset
PLOTS (ONLY) = (ROC (ID=prob) )
ROCOPTIONS (NODETATILS) ;
CLASS quadrant / PARAM=glm;

MODEL partplan = quadrant cavtobr cavvol brvol
/ NOFIT;

ROC ‘Ratio’ quadrant cavtobr;

ROC ‘Quadrant’ quadrant;

ROC ‘Separate’ quadrant cavvol brvol;

ROCCONTRAST REFERENCE (‘*Ratio’) E(ESTIMATE;
run;

e ESTIMATE requests that the comparison be made between the
REFERENCE ROC and each ROC statement

e ESTIMATE=ALLPAIRS could be used to do all pair
comparisons



Help

Mim| X =

Output - {Untitled)

e @

ROC fAissociation Statistics

--------------- Mann-Whitney --------—-------

Standard 95% Hald Somers" D
ROC firea Error Confidence Limits (Gini) Gamma Tau=-a
OQuadrant 0.6554 0.0388 0.5793 0.7314 0.3108 0.3936 0.0967
Ratio 0.8090 0.0315 0.7472 0.8707 0.6179 0.6179 0.1924
Addition 0.8025 0.0319 0.7400 0.8650 0.6050 0.6050 0.18383

ROC Contrast Coefficients

ROC
Mode1 Rowl Row?2
Quadrant 1 1]
Ratio -1 -1
Addition 0 1
ROC Contrast Test Hesults
Contrast DF Chi=Sguare Pr > ChiSqg
Reference = Ratio 2 18.9817 <.0001

ROC Contrast Rows Estimation and Testing Results

Standard 95% Hald Pr >
Contrast Eztimate Error Confidence Limits Chi=Sguare ChiSqg
Quadrant - HRatio -0.1536 0.0360 -0.2242 -0.0830 18.1930 €.0001
fiddition - Ratio =0.00647 0.0109 -0.0279 0.0150 0.3497 0.5543

Output produced by specifying the ESTIMATE option
in the ROCCONTRAST statement

Cutput - [Untitle Log - [Untitle Planztudy,.sas S GRAPHT WORK, G5, ..
put - (Untitled] | E]Log- (untitled) | G PlanStudy.sas * |




Using a validation dataset

e The dataset that model i1s determined from
1s often called the ‘test’ dataset.

e The model can then be applied to a
‘validation’ dataset to see how well 1t
performs on the validation dataset

e This can be done using the SCORE
statement in proc logistic



ods graphics on;
proc logistic DATA=dset OUTMODEL=model name;
CLASS quadrant / PARAM=glm;
MODEL partplan = quadrant cavtobr;
run;
proc logistic INMODEL=model name;
SCORE DATA=partplan OUT=score dset CLM

run;

e OUTMODEL

OUTROC=score roc;




SUMMARY

e Using PLOTS= option to:
e Produce ROC curve/AUC
e Show predicted probs/observation # on plot

e Using OUTROC= option to:
e Produce ROC curve/AUC
e Obtaining ROC plot dataset
o Utilise ROCEPS= option

e Using automated model selection process;to
obtain overlaid ROC plots for each model
selection process
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B Output - (Untitled)

Parameter

Intercept
quadrant
quadrant
quadrant
quadrant
quadrant
cav_breast_ratio

Effect

quadrant
quadrant
quadrant
quadrant

DR £ 0L

Tvpe 3 Analy=zis of Effects

Hald
Effect DF Chi=Sguare
quadrant 4 291317
cav_brea=st_ratio 1 32.52719

Pr > ChiSqg

<.00
<.00

finaly=zis of Maximum Likel ihood Eztimates

Central

Lower Inner
Lower Outer
Upper Inner
Upper Outer

Central

Lower Inner
Lower Outer
Upper Inner

cav_breast_ratio

Azsociation of Predicted Probabilities and

Standard

DF Estimate Error
1 =3.4610 0.4697
1 0.1326 0.5459
1 1.9773 0.6096
1 -0.6308 0.6847
1 1.7165 0.4698
1] 1] .
1 0.6314 0.11495

Odd=s Ratio Estimates

2 Point
E=stimate

vz Upper Outer 1.142
va Upper Outer 7.223
vz Upper Outer 0.532
vs Upper Outer L .565
1.977

o1
o1

Hald
Chi=-Sguare Pr > ChiSqg
54 . 2957 < 000
0.0590 0.8081
10.5215 0.0012
0.8486 0.3569
13.3508 00003
32.5279 <.0001
95% HWald
Confidence Limits
0.392 3.329
2.187 23.857
0.139 2.037
2.216 13.974
1.564 2.498

Observed Responses

larer

Percent Concordant 80.9 Somer=s" D 0.618
Percent Discordant 19.1 Gamma 0.618
Percent Tied 0.0 Tau- 2
Pairs 16695 C 0.809
| Output - (Untitled) ] Log - (Untitled) B Planstudy.sas * ‘ gk WIEWTABLE: Predict... | Mgk vIEWTABELE: Receiv. .. ‘ gk I E

P I R T [N T T SN N =l =g



Frobability

Predicted Probabilities for partplan=N
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EFFECT plot

As the ratio of the cavity volume
to breast volume increases, the
probability of not being
suitable for partial breast
radiotherapy increases and the
likelihood of not being suitable
IS higher for women with a
tumour in the lower and upper
Inner breast quadrants
compared to other quadrants
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ods graphics on;
proc logistic DATA=dset PLOTS (ONLY)=(ROC (ID=prob));

CLASS quadrant / PARAM=glm;

MODEL partplan = quadrant cav vol /
OUTRUC=esEL name;

run;

If the ROC curve is requested in the PLOTS option but the
OUTROC= option is not specified then the OUTROC dataset

will not be provided.




