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Censored Data

e Censored data arise when the value of an
observation is only partially known.

* For example, in a medical trial the survival time of
a patient may only be known to greater than some
value because the patient left the study.

« Or a measurement taken to study groundwater
contamination may only be known to be less than
some detection or quantitation limit.
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Types of Censored Data

» Right-censored — known to be greater than.

> 45

e |eft-censored — known to be less than.

- ATA

e |Interval-censored — known to be between.

16,10]
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Example #1: Arsenic Concentrations

* Arsenic concentrations (ug/L) in an urban stream,
Manoa Stream at Kanewai Field, on Oahu, Hawaii.
(Tomlinson, 2003)

Coos S RUESE HARNSHOREY L sios 7 SR 2014 =eae
R 2wl = U] ) w10
<2.0 <2.0 <2.0 <2.0 <2.0<2.0 28 3.2
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Example #2: Breast Cancer Study

» Days between treatment and breast retraction —
Finkelstein and Wolfe (1985)

A breast cancer.sgd El £3
patient days left right treatment -
Humeric Censored
1 1 =45
2 2 [6,10]
3 3 <7
4 4 >46
5 3 46
6 [ [7,16]
7 7 -
8 A [7,14]
q 9 [37,44]
10 10 <8
11 11 [4,11]
12 12 >15
4 4 b M breastcancer 4 B |1 |
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Statgraphics Procedures

Option #1: Describe — Distribution Fitting — Fitting
Censored Data.

« Handles left-censored and right-censored data.
* Includes goodness-of-fit tests.

Option #2: R Interface — Distribution Fitting
(Arbitrarily Censored Data).

» Also handles interval-censored data.
* Does not include goodness-of-fit tests.
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Fitting the Arsenic Data

ﬁalseniccuncentlaﬁum.sgd | = ” (=] || £3 | ]
Arsenic o — Note: may use Edit — Replace
concentration Censored Values to create the

mi-g/L Value column.
Cenzcred Humeric Humeric

1 .5 .5 ]

2 o . 0

3 .3 .8 i

4 . B .6 ]

5 -7 o1 0

G T o7 i

) <.9 L9 -1

a -9 L9 ]

9 <1 1 -1

10 <] 1 -1

11 <1 1 -1

12 <1 1 -1

13 1.5 1.5 ]

14 1.7 1.7 ]

M 4k H\\ arzehic cil| 4
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Probability Plots

Probability Plots

Arsenic concentration Diata:

Walue '

Censored ‘ P \ |'h’a|ue
[Select:]

D |Een3n:|rn3|:|=EI

| Sort colurn hames

aF. Cancel | Drelete | Transform... Help
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cumulative percent

99.9

Probability Plots

Lognormal Probability Plot

1 N N N N a2 a1 N N N N N a1
0.1 1 10
Value
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Distribution Fitting (Censored Data)

Distribution Fitting (Censored Data) -
Arzenic concentration Diata
Walue :
Cenzored ‘ FI I"-.F'alue
Censzonng:
“\‘I IEenmred
[Select:)

[ Sart column names

. I Cancel | Crelete | Tranzform. .. Help
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Distribution Fitting Opticns
Distribution

Bermoull

Biromial

Dizcrete Uniform
Geometric
Hypergeametric

M egative Binamial
Poizzon

Beta

Beta [4-parameter]
Bimbaum-5 aunders
Cauchy
Chi-5gquare

Eirlang

E =ponential

[ I R L (LI (N N N L (LN N A AN AN B

B NI L LA N N N L I (N A AN AN B

<

E xponential [2-parameter]

E sponential Power

F M ariance B atio)
Folded Mormal

Gamma

3amma [3-parameter]
Generalized Gamma
Generalized Logistic
Half Marmal [2-parameter)
Inverse Gaussian
Laplace

Largest Esxtreme Y alue
Logiztic

Loglogishic

Loglogistic [3-parameter)

Lognarral

[ [ [ L L (L N A I (AN NN B

-

Lognormal [3-parameter]
el [2-parameter)
Mancentral Chi-5 quare
MNoncentral F
MNoncentral t

Mormal

Pareto

FPareto [2-parameter]

R aypleigh [2-parameter]
Smallest Extremne Walue
Student's b

Triangular

riform

[ wWeibull

[ wWeibull [3-parameter]
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Analysis Options

Binomial Trialz
Sample Size

|'II:IEI

Hypergeometric Trals
Sample Size

|‘II:IEI

{* Esztimate M
(" Speciy N

|'I oon

Megative Binomial Trials
{* Eslimate k
(" Specify k

s

Extended Threshold Parameters

{+ Estimate
(" Specify lowerupper

Ok

||1n 1.0

Cancel

Help




Tables and Graphs

Tables and Graphs

TABLES GRAPHS oK
v Analyziz Summarny v Frequency Histogram
) ) Caticel
v Goodness-of-Fit Tests v Cluantile Plat
| Tail Areas v Quantile-Cuantle Plot Al
| Critical " alues | Distribution Functions 1 Stare
v Cormparizon of Slternative Distributions [ Distiibution Funchions 2 Help
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Analysis Summary

Distribution Fitting (Censored Data) - Value
Data variable: Value
Censoring: Censored

24 values ranging from 0.5 to 3.2
Number of left-censored observations: 13
Number of nght-censored observations: 0

Fitted Distributions

Lognormal

mean = 0.94526

standard deviation = 0. 655927
Log scale: mean =-0.252828
Log scale: std. dev. = 0626949
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Goodness-of-Fit Tests

Goodness-of-Fit Tests for Value | Goodness-of-Fit Tests

Kolmogorov-Smirnov Test Include oK
ngngfmgll [ Chi-square Carel
DFI-LUS [}253282 v use equiprobable classes
DMINUS 0 168321 v K.almogarow-5 mirnay Help

M odified Kolmogaoros-Smirnoy D

K.Liper

DN 0253282
P-Value 0091989

BN DR R R B

Type | censoring — items

removed after prespeC|f|ed | Calculate distribution-specific P-Yalues

times. _
Cenzarnng
o

Type Il censoring — test -~

stopped after prespecified ~

number of failures.
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Comparison of Alternative Distributions

Comparison of Alternative Distributions

Distribution Est Parameters KsD
Loglogistic i 0219342
Lognormal 2 (0253282
Weibull 2 0.255712
Gamma Z 0257573
Inverse Gaussian ? 0260837
Birnbaum-Saunders 2 (0268475
Laplace i 0276909
Logistic 2 0283439
Largest Extreme Value 2 0285595
Normal 2 0287314
Exponential 1 0.366133
smallest Extrerne Value 2 0.374146
Uniform 2 0409164
Pareto <no fit=
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Goodness-of-Fit Tests

Goodness-of-Fit Tests for Value

Kolmogorov-amirnov Test
L oglogistic L ognormal
DPLUS 0219342 (.253282
DIMINLES 0177452 .168321
N 0219342 (253282
H-\Value 0.198755 (.091989
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Histogram with Fits

Histogram for Value

Distribution
1 |— Loglogistic
11— Lognormal

frequency
N
L

2= Statgraphics 18

centurion



o
©

o
o

cumulative probability

o
N

Quantile Plot

Quantile Plot

- . u Distribution
[ o 1 |— Loglogistic
— Lognormal

©
N

2= Statgraphics 18

centurion



Critical Values

Critical Values for Value

Lower Tail Area (<= [ oglogistic [ ognormal
(.01 (.148405 (1.180625
0.1 0.341207 (1.347741
0.5 (0.731694 0.776602
0.9 1.56907 1.73436
(199 360754 3.33901
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Quantile-Quantile Plot

Quantile-Quantile Plot

o [
=)
T 2[
> L

1 L

0 [ 1

0 1 2 3 4
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Nonparametric Estimates

« Statgraphics contains a procedure under Describe
— Life Data — Life Tables (Times) which will
estimate a nonparametric survival function for
right-censored data.

« Helsel (2012) shows how such a procedure may
be used to analyze left-censored data by “flipping”
the data values.
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Data Input Dialog Box

Life Tables (Tirmes)

Arzenic concentration [iata:

Walue i

Cenzared | h_ | |5""."'EI|LJE-'
[Cenzared:)
|I\\| |Een3::ured=-1
[Group:]

[ Sort column names [elect:]
ak. Cancel | Delete | Transfarm... | Help
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Kaplan-Meler Estimate

Estimated Survival Function

survival probability
o
»

0.2

1 1 1 1 1 1
0 1 2 3 4 5
5-Value
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Results

« Subtract each result from 5 to get what you want.

Percentile Table

Standard
Percentile Estimate Error
7o.0 4.7 0615438
50.0 43 0.136753
290 45

e Q1 =0.5 Median=0.7,Q3=0.9
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Fitting the Breast Cancer Data

» Uses the “interval” and “Icens” packages written
for R.

R - Installation and Cenfiguration >

1. Toinstall B, click the 'download B link on the R-project website:

2. Afrer inztaling R, enter the path to Bgui.exe in the field below:

|E:"~F'ru:ugram FilezhRYA-3.5. 24binhi386%F qui. exe Test

3. Set the maximum time bo wait for B o execute a zet of commands:

120 seconds

4. Inztall the R packages for the procedures you wish bo use. After prezsing a button, tppe Chil to copy and execute
the required commands.

Lizt inztalled packages |

Inztall pandoc rmarkdovwn, B cpp.stringi | Required by all procedures and for executing scripts.

Inztall ggplot2 Required to create graphs.
|nztall zeazonal Faor#-1348RIMA-SEATS Seazonal Adjustment,
Ingtall interval lcens For nonparametric analysiz of arbitranly censored data.

Inztall trm. S nowball wordeloud igraph For Text Mining.

|nztall MASS For Multidimenzsional Scaling.

Inztall tree For classification and regression trees.

(] 4 Cancel Advanced Help
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Data Input Dialog Boxes

Distribution Fitting (Arbitranly Censored Data)

|t
¢ Single colurn with censarng indicators

{" Two calumnz with lower and upper limits

OE.

Cancel

Help
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Data Input Dialog Boxes

Distribution Fitting (Arbitrarly Censored Data)

E:ﬂznt Drata:

|ef I In:la_lrls
right .’
tfreatmemnt

[Select]

H Itreatment="H ad"

I Sart column names

Q. I Cancel Drelete Tranzfarm... Help
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Analysis Options

Distribution Fitting (Arbitrarily Censored Data) Options

Azzymed Distribution

i I B R B S B B

Birmbaum-5 aunders
Cauchy

E xponential

Exponential [2-parameter)
E xponential Power
Folded Mormal

Garnma

zamma [3-parameter)

Generalized Gamma

Lawer threzhald:

0.0

Confidence level far intervals:

195.0 %

i I B I B B B B

)

Generalized Logistic

Half Marmal [2-parameter)
Inverse [aussian
Laplace

Largest Extreme W alue
Logiztic

Loglogistic

Loglogiztic [3-parameter]
Lognarmal

i I B B B B B B

Lognormal [3-parameter)
b awwell [2-parameter)
Marrnal

Fareto

Fareto [2-parameter)

R ayleigh [£-parameter)
Smallest Extremne Value
Weibull

Weibull [3-parameter)

v Apply Efron bias comrection

Mumber af bootzstrap subsamples:

|'IEIEIEI

k.

Cancel

Help
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Options

Assumed distribution — will be fit to the data.

Lower threshold — for distributions such as lognormal, the
minimum possible value.

Apply Efron bias correction — if smallest value is left-censored,
sets KMT nonparametric CDF at that observation to O for
purposes of calculating the mean and standard deviation.
Otherwise, CDF is assumed to decay linearly to O at lower
threshold.

Confidence level for intervals: confidence level used to create
confidence limits for distribution parameters and other
quantities.

Number of bootstrap subsamples: number of subsamples to be
used when estimating confidence limits for the distribution
parameters and other quantities.
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Analysis Summary

Distribution Fitting (Arbitrarily Censored Data) (treatment="Rad")

Data vaniable: days
selection variable: treatment="Rad"

Observations
Value Frequency
Uncensored 0
| eft-censored 3
Interval-censored 18
Right-censored 25
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Plotting the Data

Scatterplot
100 -

80

60

days

40:— |

20 | ‘| |

2= Statgraphics 18

centurion



Distribution Fitting

Parameter estimates are obtained by maximizing the
likelihood function:

L= ﬁa"(_r,.-}
o |
where

Iixi) = fixi) 1if the observation x; 15 uncensored
Iixi) = FiL;y 1f the observation 1s left-censored at L;
Ifxy) = I-FyUy 1f the observation 1s night-censored at U

Ifxy) = FylUy -FiL;) 1f the observation 1s interval-censored between [L;, L7]
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Example

Distribution Fitting

Fitted distribution: Lognormal

Parameter Estimate 95% LCL 85% UICL

Mean 100514 50.0203 447 337

Std. Dev. 2147 6.3.2189 298617

Distribution Properties
Estimate 895% LCL 85% UCL

Mean 100514 50.0203 447 337
Standard deviation 2147 6.3.2189 2986.17
Median 426171 281219 77.6418
Lower quartile 176137 11.2882 27.5537
Upper quartile 103.114 591971 257 675
Interquartile range 85.5001 44 1705 238614

Number of bootstrap subsamples: 1000
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Plot of Fitted Distribution

Lognormal distribution (Mean=100.514,Std. Dev.=214.7)

xoood) (o _

15 -

1 1 1 1 1 1
0 50 100 150 200 250 300
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Cumulative Distribution Function

Cumulative Distribution
Lognormal distribution:Mean=100.514,Std. Dev.=214.7

1 |— Lognormal

0.8 -

0.6 .

CDF

04 -

0.2 .

1 1 1 1 1 1 1
0 50 100 150 200 250 300
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Survivor Function

0.87
0.6
0.4

0.2

Survival Function

Survival Function
Lognormal distribution:Mean=100.514,Std. Dev.=214.7

— Lognormal

0 50 100 150 200 250 300
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Nonparametric Estimates

* A nonparametric estimate of the survival function
may be obtained without assuming any particular
distributional form.

 Estimated using the methods of Kaplan, Meier and
Turnbull.

« Can also calculate confidence limits for the
nonparametric survival function or CDF.
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Example

Monparametric Estimates

Kaplan-Meier-Turnbull Estimates

days |CDF Survival 95% LCL 95% UCL
40 0.0 1.0 0.891313 10

6.0 0.0463468 0.953653 (0.826087 10

7.0 0.0797102 0.92029 0.782609 10

110 [0.168378 0831622 (0.685386 10

240 (0.23913 0.76087 0.599359 (.869565
330 (0331776 (.668224 0.470669 0.800272
380 (0413562 (0.586438 0.332921 0.730274
460 0534442 (0.465558 0283185 0.66923
otatistics

Mean 33.5093

Standard deviation 159287

Standard error 2.34855
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Survivor Function

0.8

0.6

0.4

0.2

Example

Survival Function

1|— KMT

— 950 KMT limits
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Survivor Function

0.8
0.6
0.4

0.2

Example

Survival Function
Lognormal distribution:Mean=100.514,Std. Dev.=214.7

20 40 60 80
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— 95% KMT limits




Box-and-Whisker Plot

« Based on 1st, 25t 50t 75 and 99t percentiles.

Box-and-Whisker Plot for KMT Estimate

days
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Fitted quantile

Quantile-Quantile Plot

Quantile-Quantile Plot

120
100 |
80|
60 |
40

20 |

0 20 40 60 80 100 120
KMT quantile
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