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SUMMARY
With the analysis of complex, messy data sets, the statistics community has recently focused attention on
“reproducible research,” namely research that can be readily replicated by others. One standard that has
been proposed is the availability of data sets and computer code. However, in some situations, raw data
cannot be disseminated for reasons of confidentiality or because the data are so messy as to make dissem-
ination impractical. For one such situation, we propose 2 steps for reproducible research: (i) presentation
of a table of data and (ii) presentation of a formula to estimate key quantities from the table of data. We
illustrate this strategy in the analysis of data from the Prostate Cancer Prevention Trial, which investigated
the effect of the drug finasteride versus placebo on the period prevalence of prostate cancer. With such an
important result at stake, a transparent analysis was important.
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1. INTRODUCTION

The Prostate Cancer Prevention Trial (PCPT) investigated the effect of finasteride versus placebo on the
period prevalence of prostate cancer determined by biogsynipsorand others2003. The PCPT ran-
domized 18 882 men to receive either placebo or finasteride over 7 years. At annual intervals, men in both
arms were scheduled to receive tests for prostate-specific antigen (PSA) and also a digital rectal examina-
tion (DRE). If PSA was elevated or DRE indicated an abnormal finding, a biopsy was recommended. A
biopsy was also offered at the end of the study to all living participants who had not been previously diag-
nosed with prostate cancer. A nonrandom sample of participants with prostate cancer on biopsy received
surgery. The original endpoint was prostate cancer on biopsy. However, due to problems with interpreting
this endpoint, it was later decided that a more relevant endpoint was prostate cancer determined on surgery
and classified as either low grade (less severe) or high grade (more severe) based on a Gleason score (GS).
The analysis is complicated because endpoint data were missing in 2 stages, biopsy and surgery following
biopsy, both of which depended on whether or not biopsy was recommended and the grade on biopsy.

Three recent papers proposed different ways to estimate the effect of finasteride on high-grade prostate
cancer ascertained by surgery in the presence of missing Eeisky and others 2008 Redmanand
others 2008 Shepherdand others 2008. However, none of these papers was conducive to reproduc-
ibility. A reproducible and transparent analysis is important because the data are very complex and the
results could affect a large number of men who currently receive finasteride for benign conditions.

One standard for reproducibility is the availability of data sets and computer Pedg 2009. How-
ever, due to confidentiality considerations and the messiness of the data, it was not feasible to disseminate
the raw data. Instead, we chose another approach to reproducible research, namely presenting tables of
counts and reporting simple closed-form maximum likelihood estimates. Please also see the supplemen-
tary material available @iostatisticsonline for additional clinical background and important documen-
tation for reproducible research on definitions, classification of subjects, derivations, and calculations.

2. DATA TABLES
We define
X = randomization group witk = 0O if placebo and = 1 if finasteride,
A = indicator of biopsy recommendation with= 1 if positive recommendation
and 0 otherwise,
Y = the prostate cancer outcome if everyone were biopsied,yt0 if no cancery = 1
if low-grade cancer, ang = 2 if high-grade cancer,
D = “definitive” (for this study) prostate cancer outcome wadth= 0 if no cancer on biopsy,
1 if low-grade prostate cancer on surgery, and 2 if high-grade prostate cancer on surgery,
My = 0 if missing the biopsy and 1 otherwise,
Mp = 0 if missing the surgery and 1 otherwise.
The data involve 3 types of counts:
Mya = the number of persons in randomization groupwith biopsy recommendatio,
missing a biopsy outcome and missing a surgery outcome,
Nxay = the number of persons in randomization growpith biopsy recommendatiom, biopsy
outcomey, and missing surgery outcome,
kxayd = the number of persons in randomization grouwith biopsy recommendatica, biopsy
outcomey, and surgery outconmz
Because persons who had surgery must have had prostate cancer on biopsy and hence had to be
diagnosed with prostate cancer at surgkgyyq is only defined fory # 0 andd # 0. Investigators were
interested in 2 possible definitions for high-grade prostate cancer, either a GS greater than or equal to 7 or
a GS greater than or equal to 8 (Tablesnd?2).
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Table 1. Data from PCPT using GS greater than or equalf@as the definition of high-grade prostate

cancer
Persons without a biopsy and without surgéma)
Randomization Biopsy
group(x) recommendations
Placebo No 3955
Yes 215
Finasteride No 4169
Yes 214
Persons with biopsy but no surgeiikay)
Randomization Biopsy Biopsy outconig)
group(x) recommendatiolia) No cancer G« 7 GS>7
Placebo No 3675 417 78
Yes 479 249 104
Finasteride No 3791 230 75
Yes 458 145 132
Persons with biopsy and surgeikkayd)
Randomization Biopsy Surgery outcont (
group(x) recommendatiolia) Biopsy GS< 7 GS>7
outcome(y)
Placebo No G 7 83 19
GS>7 8 13
Yes GS<7 83 33
GS>7 9 46
Finasteride No Gx 7 50 6
GS>7 7 14
Yes GS<7 44 23
GS>7 10 55

3. A TRANSPARENT ANALYSIS

We analyzed the data in the tables using a transparent approach involving closed-form maximum like-
lihood estimates. The parameter of interest is the probability of “definitive” prostate cancer outcome
conditional on randomization groug

Paix = pr(D = d|x). (3.1)

Other parameters are the probability of cancer outcgnoa biopsy conditional on randomization
groupx and definitive prostate cancer outcothe

/Iylxd = pr(Y = Y|X, d)a (32)

and the probability of biopsy recommendat@monditional on randomization group biopsy outcome
y, and definitive prostate cancer outcothe

Pajxyd = PI(A = alx, y, d). (3.3)
We make 2 reasonable assumptions.
AsSsumMmPTION3.1 The probability of missing a biopsy outcome depends on randomization grang

biopsy recommendatioa, but not biopsy outcomg, namelyzys = pr(My = 0| X, a) = pr(My = 0]
X,a,y).
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Table 2. Data from PCPT using GS greater than or equal®as the definition of high-grade prostate
cancer

Persons without a biopsy and without surgémya)

Randomization Biopsy

group(x) recommendationa

Placebo No 3955
Yes 215

Finasteride No 4169
Yes 214

Persons with biopsy but no surgeinay)

Randomization Biopsy Biopsy outconig)
group(x) recommendatiolia) No cancer G« 8 GS> 8
Placebo No 3675 488 7
Yes 479 316 37
Finasteride No 3791 291 14
Yes 458 231 46
Persons with biopsy and surgeikkayd)
Randomization Biopsy Surgery outcorft®
group(x) recommendatiofa) Biopsy GS< 8 GS> 8
outcome(y)
Placebo No G 8 120 0
GS>8 3 0
Yes GS< 8 152 4
GS>8 5 10
Finasteride No Gx 8 70 1
GS>8 5 1
Yes GS< 8 101 6
GS>8 12 12

AssuMPTION3.2 The probability of missing a surgery outcome following a biopsy depends on random-
ization groupx, biopsy recommendatice, and outcome of biopsy, but not the outcome of the surgery
d, namelyyxay = pr(Mp = 0| x,a,y, My =1) = pr(Mp = 0| x,a, y,d, My = 1).

Because the model is saturated, we computed maximum likelihood estimates by setting observed cell
counts equal to their expected values. Let “+” in a subscript denote summation. The maximum likeli-
hood estimate of the relative risk (RR) for finasteride versus placebo group of high-grade prostate cancer
d=2is

RR = fi21/p20, Where

1 2
B\Z|x= Zzl)xay /Nx,

a=0 y:l
Nx = Kx4+++ + Nx4++ + My = number in groux,

kxayz
(1= 7xa) (1 = jxay)

Uxay = = imputed number witlx, a, y, who haved = 2,
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Table 3. Estimated RRs for high-grade prostate cancer for finasteride versus placebo
(95% confidencéntervals)

Definition of high-grade prostate cancer@S

7 or above 8 or abay
Our method unadjustéd 0.83(0.65, 1.05) 1.53(0.85, 2.75)
Adjusted 0.82 (0.64, 1.06) 1.40 (0.71, 2.76)
Redmarand otherq2008) 0.73 (0.56,0.96) 1.55
Pinskyand otherg2008) 0.84 (0.58, 1.06) 1.39 (0.7250)

TBased on data from Tabldsand2.
*Based on family history, race, age. See supplementary material avail@testtisticsonline.
8No confidence interval reported, said to be imprecise.

= Mya
@ Kyxart + Nxat + Mya

= fraction withx anda who are missing biopsy

Nxay

;?Xﬁy = ——— — fraction biopsied wittx, a, y who are missing surgery. (3.4)
Kxay+ + Nxay

The estimated variance of RR was computed using the multinomial-Poisson transforiakieni994).
We also computed estimates after adjusting for baseline variables using propensity-to-be-missing scores
(Bakerand others2008.

4, RESULTS AND CONCLUSIONS

Based on the results in TalBewe draw? clinically important conclusions. First, finasteride likely lowers

the risk of high-grade prostate cancer defined as a GS of 7 or greater, with a point estimate indicating a
lower risk under finasteride and an upper bound of the 95% confidence interval indicating a very slight
increase in risk (hence borderline statistical significance). Second, finasteride possibly increases the risk
of high-grade prostate cancer defined as a GS of 8 or greater, with a point estimate indicating higher
risk under finasteride but a lower bound of the 95% confidence interval indicating a substantial decrease
in risk (hence statistically not significant). The main caveats, shared by all analyses of the PCPT data,
are unmeasured confounders, misclassification of data, and lack of a definitive prostate cancer mortality
endpoint. Although the results are qualitatively similar to previous results, it does not diminish the clinical
importance of this analysis. Because our basic analysis is transparent and reproducible, it should carry
extra weight with the clinical community.

SUPPLEMENTARY MATERIAL

Supplementary material is available at http://biostatistics.oxfordjournals.org.
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