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Adventures in Statistics
• Clinical trials
– Part 1: Bayesian bandits to platforms (Sept 28)
– Part 2: Embracing adaptive Bayesian clinical trials (Oct 26)
– Part 3: Regulators & CID, Complex Innovative Designs (today)

• Other adventures
–
–
–
–

Commonalities?

Attributing ancestry: The corny but $B story of genetics of maize … & Bayes
DNA profiling
The science of doping … or lack thereof
BRCAPRO: Risk model for carrying a deleterious mutation of BRCA1 or BRCA2
based on family history … a marriage of Mendel and Bayes
– Attributing reductions in breast cancer mortality to treatment vs screening:
A Bayesian CISNET model (early ABC—Approximate Bayesian Computation)
– Multiplicities, p-values, & observational studies
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Recordings of all presentations in this
Adventure Series are publicly available
https://openworks.mdanderson.org/biostatistics_adventures/
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How to use, interpret, and quantify this info?
Landis
Landis

Figure 1. Scatterplots of pairs of metabolites from samples from 167
athletes. Blue dots are for Landis. French national anti-doping laboratory
designations of ‘positive’ (red +’s) and ‘negative’ (green dots).
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Outline
• Bayes rule
• Lab errors & WADA errors
• What info/experimentation
is necessary?
• Publishing vs closed science
• Multiplicities galore
• Athlete’s Biological Passport

Doping cases mentioned:
• Floyd Landis
• Mary Decker Slaney*
• Shelby Houlihan
• Andrus Veerpalu*
• Kamila Valieva
• Daniel Wanjiru*
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Mary Decker Slaney, 1996 Olympics:
My first experience with the ”science” of doping

Chance
Vol. 17, No. 2, 2004
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Mary Decker Slaney case
•
•
•
•
•

Slaney’s testosterone/epitestosterone (T/E) ratio exceeded upper limit of 6.
USOC: Slaney guilty of testosterone doping.
Why 6? What was the false-positive rate of using UL of 6?
No credible evidence was presented.
In Sept 1997 a 3-member Doping Hearing Board of the USATF exonerated
her based on statistics and endocrinology (of 38-year-old women).
• In April 1999 the IAAF (International Association of Athletics Federations),
exerting its stated right to overrule a member federation, deciding that
Slaney “was guilty of a doping offense … and that the USATF’s Doping
Hearing Board decision … was erroneous.”
• Slaney filed a suit against IAAF and USOC in U.S. District Court.
• March 2001: Court lacked jurisdiction. Although the arbitrators [IAAF] were
not bound by rules of evidence, the issue could not be relitigated.
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My presentations to USATF Hearing Board and to Court
of Arbitration in Sport (CAS) in later cases
• How to calculate probability an athlete has been doping
given that a test is positive.
• How is it related to probability of positive test given that
the athlete has been doping? Has not been doping.
• What is required in making such calculations?
• How to determine and justify that a test is “positive”?
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Bayes Rule
• Probability doping given positive test, +, vs probability of +
given athlete doped:

•
•
•
•
•

D = athlete intentionally used particular banned substance
N = complement of D
P(+|D) is test’s sensitivity
P(+|N) is test’s false-positive rate
Additional conditions …
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Additional Conditions
All probabilities conditional on ancillary evidence associated with testing,
including
• Test characteristics,
• Procedural performance (contaminations, etc.),
• Possible errors in data entry, math errors,
• Results of tests of known negative and known positive,
• Serial nature of tests of the athlete (e.g., Athlete’s Biological Passport)
• And tests of other athletes,
• Athlete’s age, gender, race, metabolism, etc.
• Multiplicities,
• Etc.
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Major distinction
• Naturally occurring substances in humans
(Testosterone, hGH, Hgb) vs foreign substances
(trimetazidine, etc.)

• Between them is nandrolone and pork burrito, etc.
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“The US 1500m and
5,000m record holder
Shelby Houlihan has
been banned for four
years for doping after
her claim that she ate
a contaminated pork
burrito 10 hours
before a positive test
for nandrolone [an
anabolic steroid] was
rejected.”
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“The 28-year-old insisted that ingesting the anabolic steroid must have inadvertently
come from eating a burrito “from an authentic Mexican food truck that serves pig offal
near my house in Beaverton, Oregon” 10 hours before a 6am drugs test last December.
“Houlihan’s team had agreed with the AIU to hold an expedited hearing at the court of
arbitration for sport (CAS) in Lausanne, in the hope of proving her innocence before
the US trials [2020] that begin on Friday, but went public after hearing CAS’s verdict
had gone against her.”
“I did everything I could to prove my innocence,” Houlihan said. “I passed a polygraph
test. I had my hair sampled by one of the world’s foremost toxicologists. The World
Anti-Doping Agency [WADA] agreed that the test proved that there was no build-up of
this substance in my body, which there would have been if I were taking it regularly.
DB: Why didn’t she eat another pork burrito and have a test 10 hours later?
Or buy samples of pork burritos from this food truck and have tested?
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What did CAS have to say about pork burritos?
•

•

•

CAS: “The Athlete’s explanation that the 19-NA in her sample resulted from her
consumption of the meat of an uncastrated boar simply cannot be accepted. The
explanation presupposes a cascade of factual and scientific improbabilities,
which means that its composite probability is (very) close to zero.”
Specifically, the CAS panel found that though it was possible that Houlihan
unwittingly ingested the meat of an uncastrated boar, for various reasons it was
highly unlikely, and moreover, that even if she had, it would not account for the
relatively high levels of nandrolone found in her samples. It found that the
nandrolone in her samples was consistent with that found in products commonly
sold on the Internet for the purpose of enhancing athletic performance.*
https://www.instagram.com/p/CQHnnb5h6Ht/?utm_source=ig_web_copy_link
*DB: A more compelling alternative may be that nandrolone is known to
contaminate some nutrition supplements.
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From a famous, highly respected statistician
•

•

•

•

"The probability of this result being produced by a deceptive person was reported to
be 0.0002 or less than 0.02%.” If this follows from a calculation by Bayes rule then part
of the input had to be the prior probability of being deceptive.
Looks to me that it is simply an example of the prosecutor's fallacy - mixing up P(A|B )
and P(B|A). The question is: what is the base rate? which proportion of athletes are
cheats and liars?
The other question is, what is the probability that Ms Houlihan would have brought
such excellent compelling character witness evidence had she actually been a liar and
a cheat? Maybe 1 in a hundred cheat. But maybe only 1 in hundred cheaters can bring
such compelling character evidence. So given the character evidence and using my
prior, the chance she did lie and cheat is 1 in 10 000.
I suppose that the chemometric evidence is such that 2 in 10 000 persons can have
such a value by pure chance I think this means that the posterior chance of guilt is 1 in
3; of innocence is 2 in 3.
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Back to Bayes rule. Example: Cancer Screening
•
•
•
•
•

D is cancer and + is positive test
Suppose sensitivity P(+|D) = 95%
Suppose specificity P(–|N) = 95%
P(D|+) is “positive predictive value” of test
P(D) is prevalence of cancer in pop’n, say 0.1%
0.95

0.00095

0.05

0.00005

0.05

0.04995

0.95

0.94905

0.001

0.999
18

Example: Cancer Screening
0.95

0.00095

0.05

0.00005

0.05

0.04995

0.95

0.94905

0.001

0.999

Condition on +: 0.00095+0.04995
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From prior to posterior
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Empirical Validation and WADA (born 1999)
• No empirical validation of WADA testing procedures!

• Great basic science, biology, chemistry
• But no credible demonstration of how well their
detection methods work for doping in practice
• Fix upper limit, process known samples, publish falsepositive & false-negative results. (Blinding is essential.)

• Compare regulation of medical diagnostics
• Finally, experimental results must be published!
21
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WADA’s Evaluation of a
Test’s False-Positive Rate*
• In Andrus Veerpalu case (CAS 2011/A/2566) WADA claimed falsepositive rate (for hGH test) < 1 in 10,000
• Basis: Data from < 200 athletes (in training or competition)
• Very strong (and unjustified) assumption: log-normal
• But before determining log-normal parameter values they dropped
all large observations, assuming they were the dopers!
• Tiny probability above DL (and all deletions were above the DL!)
• At CAS hearing I asked the WADA statistician: “So you’re saying that
you cut off the tail of the distribution and then claimed that it had a
small tail. Is that correct?”
*Fischer K, Berry DA. Statisticians introduce science to international
doping agency: The Andrus Veerpalu case. Chance 27.3(2014):10-16
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TheCAS
Paneldecision
finds that the
Respondent
[WADA] has
regarding
Veerpalu
failed to meet its burden of proof in relation to the
26 March 2013
reliability of the decision limits and in establishing
the violation of FIS ADR by means other than the
Test, namely through admission.

The Panel notes that there are many factors in this
case which tend to indicate that the Athlete did in
fact himself administer exogenous hGH, but that
for the reason that the decision limits have not
been proven as reliable in the course of this
proceeding, the violation of the FIS ADR cannot be
upheld on appeal. Therefore, the ban imposed by
the decision of the FIS Doping Panel is
overturned.
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WADA statement regarding CAS decision
The World Anti-Doping Agency (WADA) has now had the opportunity to carefully study the
decision rendered by the Court of Arbitration for Sport (CAS) on March 26th 2013 in the case
of Mr. Andrus Veerpalu.
WADA regrets the outcome of this case, where according to the CAS panel in its
decision “there are many factors
in this case
to indicate
I wonder
if which
theytend
split
into that the Athlete did in fact
administer exogenous hGH.” It means to WADA that a likely cheater has evaded a sanction
training and validation sets or if
due to a tenuous technicality. WADA is deeply disappointed with this situation, but
“tenuous
technicality”?!
acknowledges the CAS that’s
authorityaand
understands
that the panel was not comfortably
satisfied with the decision limits (DL) currently applied to the hGH test.
/…./
WADA will therefore encourage Anti-Doping Organizations (ADOs) to continue collecting
samples for analysis pursuant to the hGH test and will, based on the larger number of
samples now available, advise on revised decision limits shortly.

http://playtrue.wada-ama.org/news/wada-statement-onrecent-cas-decision-on-hgh/
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View from Martin Bidlingmaier,
developer of WADA’s hGH test
“As far as I understood, the decision made very clear that the
test itself is scientifically sound and there were no doubts
with respect to all the labwork. The discussion arose only
around the statistical model used around the decisions they
make, between positive and negative. … I’m a physician and a
biochemist, I’m not a statistician, and it’s their world, their
arguments. I have no idea if it’s valid or not.”
http://fasterskier.com/article/how-wada-dropped-the-ball-on-theveerpalu-doping-case/
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Krista Fischer, Ph.D
Estonian Genome Center, University of Tartu, Estonia
27

Estonian main daily
newspaper „Postimees“
March 27, 2013.
Cartoonist: Urmas Nemvalts
This one is larger than the
others – I am sure it used
some doping to grow! Give
me the bottle! I will not let it
slip our hands as happened
with Veerpalu.

WADA and
springtime
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Example WADA lab “Error”
• Here’s a false-positive incident in doping similar to
those in proficiency tests, but in an actual case at issue
• The negative control for a B sample tested positive!

• Three days later with a different machine, the control
was negative and the B sample was positive
• Case should have been summarily dropped; it wasn’t.
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Another major flaw shows biases possible without blinding
• From IOC to lab testing B sample: “This sample must be analysed for XXXX.
The concentration of the XXXX found in the A sample was estimated to be
around XXXX pg/ml.”
• The IOC is telling the confirming laboratory exactly what to find!
• Introduces huge bias in the processing; greatly influences conclusions
• Confirming lab might even carry out analyses until it successfully confirms!
• Of course, must blind the B sample lab to A sample finding, but also blind
the B sample analysis to the fact that it is a B sample!
• Present confirmation process is invalid … and meaningless
• It leaves no hope of independent confirmation
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What should be done?
• Validation studies are more than lab-proficiency tests
• Quantifying false-positive rate means incorporating, at minimum:
–
–
–
–
–
–
–
–
–

Errors collecting and processing blood and urine samples,
Potential for contamination of samples,
Circumstances of the athlete,
Possibility of passive exposure,
Possibility of active exposure by competitor spiking drink with trimetazidine!
Number of times the athlete has been tested, and for what substances, and results,
Circumstances of those tests,
Number of tests across athletes,
Quantitative as well as qualitative results of those tests.

• Only appropriate validation of WADA’s procedures requires known samples
from real people in field-collection settings
• Everyone involved in handling samples must be blinded as to any differences
from other samples being collected and tested
• Requires resources-–such studies are essential to establish process credibility
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Kamila Valieva of ROC performs during the Women’s Figure Skating Singles Free Skate
at the Beijing 2022 Winter Olympic Games on February 17, 2022.
32

On January 6, 1994, Nancy Kerrigan was attacked after practice at the Cobo Arena in
Detroit, Michigan, in what would become one of the biggest sports scandals in history.
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Kamila Valieva: What happens next?
• RUSADA needs to determine what -- if any -- sanctions to impose
on Valieva as the initial suspension was only provisional
• If sanctions are imposed, WADA must decide whether or not to
appeal the decision
• If WADA appeals, the case will be heard by CAS, which will make
the final decision on the figure skating team event medals
• Only then will the IOC be able to award the medals for the team
event
CNN, February 20, 2022
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CAS criticizes WADA
• CAS published a 41-page document on Thursday outlining its
reasons for allowing Valieva to compete, notably blaming
WADA for the way events had unfolded in the teenager's case.
• "It is unfortunate that this episode occurred to mar this
Athlete's, and other Athletes', Olympic Winter Games
experience," said CAS.
• "This has been the result of the relevant anti-doping bodies to
ensure timely analysis of pre-Games samples, and failing to
ensure that pending cases are resolved before the Olympic
Winter Games commence."
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Analogy with Clinical Trials
• Compare doping tests with medical diagnostics and drugs
• Cancer biologists, e.g., have developed monoclonal antibodies and
small molecules for hitting particular targets in cancer’s pathways.
But it’s theory.
• It’s also theory that hitting a target benefits the patient.
• Drug companies must show empirically that their products benefit
patients. Requires randomized clinical trials.
• Same for medical diagnostics. Clinical trials emulate clinical practice
(“field conditions”) to demonstrate that a test’s sensitivity and
specificity are large enough for the test to be useful, and to enable
calculating P(D|+).
• Abortive trial sponsored by NFL Players Association …
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As regards “publish”
•
•
•
•

WADA’s attitude to not divulge their detailed methods is anti-science
Science in a closet is not science
Athletes are told they tested positive. But are denied access to such basic information
as lab logs regarding handling their samples, and, for example, whether replicate tests
were carried out. This would be unacceptable in a regular court of law.
I am not alone in this view. In Nature’s editorial regarding my commentary:
“Nature believes that accepting 'legal limits' of specific metabolites without such
rigorous verification goes against the foundational standards of modern science, and
results in an arbitrary test for which the rate of false positives and false negatives can
never be known. By leaving these rates unknown, and by not publishing and opening to
broader scientific scrutiny the methods by which testing labs engage in study, it is
Nature's view that the anti-doping authorities have fostered a sporting culture of
suspicion, secrecy and fear. “Detecting cheats is meant to promote fairness, but drug
testing should not be exempt from the scientific principles and standards that apply to
other biomedical sciences, such as disease diagnostics. The alternative could see the
37
innocent being punished while the guilty escape on the grounds of reasonable doubt.”

Multiplicities
• Consider false-positive rate of 1%.
• Suppose an athlete has 20 tests in a year, so 20 opportunities to experience
a false positive. The probability of at least one false positive in that season is
1 – (1 – 0.01)20 = 0.182
• This is conservative. Doesn’t consider
– Additional substances tested
– Body fluids tested
– Re-analyses of samples

• Moreover, 200 tests in athlete’s lifetime means overall FPR is:
1 – (1 – 0.01)200 = 0.866
• To preserve 1% overall implies single-test FPR of 0.00005:
1 – (1 – 0.00005)200 = 0.0100
• To verify a 1/20,000 FPR requires sample size > 20,000
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Multiplicities
• More tests for medalists and leaders (Landis in 2006 Tour, 8 tests vs
average among other riders of 0.6)
• Irony is that athletes are penalized for being good!
• No one knows the false-positive rate of WADA’s processes. Would
require extensive experimentation—that’s never been done. WADA is
greatly underfunded. There’s little appreciation for science at any level.
• But having many tests requires having a minuscule single-test falsepositive rate, which is not close to being justified

• Otherwise virtually every top athlete will have a false-positive test at
some time in their career
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Associated Press
10/15/2020
MONACO – Former London
Marathon winner Daniel
Wanjiru of Kenya has been
banned for four years for
doping.

The Athletics Integrity Unit
said it was “highly likely”
that Wanjiru used prohibited
substances, citing
abnormalities in his
biological passport.

Appeal to CAS is ongoing
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Sottas P et al. The Athlete Biological Passport.
Clinical Chemistry 57(2011):969-76
• “Doping triggers physiological changes that provide
physiological enhancements.”
• “[The ABP provides] proof of a doping offense.”
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Figure 1 of Sottas:
The numerous
abnormalities
suggest that it is very
unlikely that such a
blood profile would
not [sic] be obtained
under normal
physiological
conditions.

The rider was
subsequently
convicted of doping
with the variant of
rEPO known as CERA
(continuous
erythropoiesis
receptor activator).
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Inferences for ABP
•
•
•
•

Claim in Hearing Bundle: false-positive rate 1/10,000
Distributional assumptions? Extreme value theory?
WADA’s analysis is Bayesian (a la Sottas et al)
Again, the theory has to be confirmed with an empirical
study such as the one I described, but it would be costly
• Multiplicities
– Within ABP?
– Across ABPs?
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The Moth presents Mary Claire King
https://www.youtube.com/watch?v=tOP5pUIYhv4
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BRCAPRO
Risk model for carrying a deleterious mutation
of BRCA1 or BRCA2 based on family history
… a marriage of Mendel and Bayes

Google: bayes mendel parmigiani
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Giovanni and I and the Duke SPORE
(mid 1990s)
• All SPOREs have statistical cores
• The Duke SPORE in breast cancer had a
statistical project: building what eventually
we called BRCAPRO (the PRO for probability)
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BRCA1 mutation carriers

Incidence of
breast &
ovarian
cancer

J Natl Cancer Inst
1997;89:227-37

No mutation in BRCA1
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Likelihood ratios and posterior probabilities
for woman with unknown family history
Assumes woman has cancer

Assumes woman is cancer-free
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Calculating probabilities of carrier status
• Directly, calculating joint (and then marginal)
probabilities by considering the various possibilities,
including BRCA1, BRCA2, & neither
• MCMC (See Biswas & Berry at Adventures website)
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BRCAPRO
• Uses cancer information about proband and 1st
and 2nd degree relatives
• Provides probability of mutation at BRCA1 and
BRCA2 separately and combined
• References:
– Berry et al, JNCI 1997
– Parmigiani et al, AJHG 1998
– More than 100 pubs from BayesMendel
51

Examples
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Example family 1 (non-AJ)
age50s

BC30s age?
age70

age?

age?

age51

BC38

age?

BC38

age12
age22

BRCAPRO = 55%
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Example family 2 (non-AJ)
age77

age84

age83 age83

BC49

age78 BC39

OC58

age40

BRCAPRO = 2.4%

age64

age38

age54

age27 age24

Myriad = 59%

age?

age30
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Example family 3 (non-AJ)
age90

age77

age93 age85 age54 age75

age79
BC67

BRCAPRO = 21%

age74
OC73

age53

age63

age87 age5
BC49
BC80

age2

age79
BC51

Myriad = NA

age94

age84
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Example family 4 (AJ)
age85

age85

age68 age70 age64

age29

BRCAPRO = 48%

age36

age50

age54
BC44
BC52

age61 age64 age56
OC61

age34

age32

Myriad = NA
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Validation study (first among many)
• 301 families
• Six centers:
–
–
–
–
–
–

DFCI
Georgetown
Creighton
San Antonio
Pittsburgh
Lahey

BRCAPRO validation,
sensitivity of genetic testing of
BRCA1/BRCA2, and
prevalence of other breast
cancer susceptibility genes.
J Clin Oncol 20(2002):2701-12.
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Information requested for each family member
•
•
•
•
•
•
•
•
•

Breast cancer? age at diagnosis?
Ovarian cancer? age at diagnosis?
Both breast/ovarian? ages?
Bilateral breast cancer? ages?
Male breast cancer? age at diagnosis?
Exact relationship with counseland?
Current age or age at death (including for unaffecteds)?
Ashkenazi Jewish?
Any genetic testing?
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Frequency distribution of BRCAPRO
150
125
100
75
50
25
0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
BRCAPRO
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Comparison, BRCAPRO vs sequencing results
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Non-AJ (red squares) (n=175)
vs. AJ (blue circles) (n=126)
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Bonuses
1.0

• Gene sequencing
sensitivity ≥ 85%
• There is
no BRCA3!
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Relative accuracy of BRCAPRO & Myriad* models
•

Of the 144 with Myriad model, BRCAPRO more accurate in
110 (76%)—better whether higher or lower:
•
•

•

If BRCAPRO > Myriad
then test is positive 74% of time
If BRCAPRO < Myriad
then test is negative 88% of time

Of the 157 for which Myriad not apply:
•

•

Average BRCAPRO is 46%
77/157 = 49% tested positive

*Myriad uses logistic regression; not Mendelian. Today, BOADICEA is more competitive
with BRCAPRO and is commonly used, sometimes as supplement to BRCAPRO.
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Duke study* relating subject’s assessment with BRCAPRO
(n = 200)
BRCAPRO

Subject

Bluman LG et al.(1999). Attitudes, knowledge and risk perceptions of women with
breast cancer considering testing for BRCA1 and BRCA2. J Clin Oncol 17(1999):1040-1046.
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Slight relationship between subject and BRCAPRO
(n = 200)
S 100
u 90
b
j 80
e 70
c
t 60
a 50
s
s 40
e
s 30
s
m 20
e
n 10
t
0

Regression line
y = 61.3 + 0.176 x
r = 0.26, P = 0.0002

0 10 20 30 40 50 60 70 80 90 100
BRCAPRO (%)
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Experts vs BRCAPRO (Quartiles of each)
Experts
B
R
C
A
P
R
O

1
2
3
4
Total

1
76
11
2
2
91

2
28
12
5
19
64

3
8
2
3
15
28

4
1
0
1
15
17

Agreement: 106 (53%)
BRCAPRO > Experts: 54 (27%)
BRCAPRO < Experts: 40 (20%)

Total
113
25
11
51
200
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Thanks!
See you on Tuesday, March 29, 2022
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