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December 16,2010

Steven McKinney, Ph.D.
Statistician
Molecular Oncology and Breast Cancer Program
British Columbia Cancer Research Centre
675 West 10th Ave, Floor 4
Vancouver B.C.
vsz tL3
Canada
Email: smckinney@bccrc.ca
Tel: 604-675-8000 x7561

Christine M. Micheel, Ph.D.
Program Officer
Board on Health Care Services and National Cancer policy Forum
Institute of Medicine
500 5th Street, NW, 767;
Washington, DC 20001
USA
Voice: 202 334-1402 and 202 603-3t05
Fax:202334-2647
Email : c:micheel@nas.edu

Dear Dr. Micheel,

I have been following with interest and concern the development of events related to the
three clinical trials (NCT00509366, NCT00 545g4g,NCT0-0636441) cunently under
review by the Institute of Medicine (Review of Omics-Based Tests for Prediðting patient
Outcomes in Clinical Trials).

I have reviewed many of the omios papers related to this issue, and wish to communicate
my concerns to the review committee. In brief, my concern is that the methodology
employed in the now retracted papers, and many others issued by the Duke groupJ4 or.
a flawed statistical analytical paradigm. Essentially the paradigm involves ntting-u
statistical model to all available study dat4 then splitting the dãta into subsets, labeling
one of them a "training" set, another a "validation" or "test" set, and showing that the
statistical model works well for both sets. The analysis paradigm is describeã as a
statistical train-test-validate exercise in several published pup.ir, though it is technically
not a true train-test-validate exercise as the model under evaiuation involves predictor
components derived from the full data set.

I believe that this issue needs to be investigated as part of the Institute of Medicine,s
review, because concerned readers who have written letters to journal editors have not
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been successfi¡l in educating a wider audience (inparticular journal editors and reviewers
of biomedical journals) as to the problematic aspects of the analysis method that are
repeatedly used by the Duke goup. The issue at hand is not just one researcher who
committed effors in one analysis, but rather the systematic use of a flawed analytical
patl$igm in multiple papers discussing personalized medicine in a widening scope of
medical scenarios.

The statistical properties of this analytical paradigm, in particular its type I error rate,
have not to my knowledge been reviewed or published. I respectfulþiequest the IOM
committee to include this issue in its agenda for the upcoming review, as findings from
this committee will provide a broader educational opportunity, allowing journaliditors
and reviewers to have a better understanding of the statistical propertiei ôttne anaþses
repeatedly developed and submitted for publication by the Duke University investigators.

As a citizen of the United States and a taxpayer, and as a practicing biomedical applied
statistician, I am especially concerned about the possibility that the funding gameied for
such potentially flawed studies is detracting from other groups' ability to obtain funding
to perform valid research in the valuable arena of personalized medicine. Additionally,
theuse of human subjects in ongoing studies invoiving this methodology is ethically
problematic.

I will discuss this issue in greater detail in the attached Appendix to this letter of concern,
and provide citations to the literature illustrating the various aspects involved.

Thank you for your consideration of this matter.

Yours sincerely

/ø**.!*-7
Steven McKinney

Attaghrnents: Appendix - Details of points of concern regarding the statistical analytical
paradigm repeatedly used in personalized medicine research papers published by Duke
University investigators.
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Appendix - Details of points of concern regarding the statistical analytical
paradigm repeatedly used in personalized medicine research papers
published by Duke University investigators

112001 V/est et al. [1] published some details of a statistical analytical method involving
"Bayesian regression models that provide predictive capability based on grn" 

"*p."rsioodata". In the Statistical Methods section of this paper they state that the ,;Analysis 
uses

binary regression models combined with singular value däcompositions (SVD;) and with
stochastic regularization by using Bayesian analysis (M.w., unpublished *ork¡ *
discussed and referenced in Experimental Procedures, which are published as supporting
information onthe PNAS web site."

Given the current state of affairs, it is of concern that so many papers have been
published using this methodology when some undetermined u*o-*t of the underþing
theory is unpublished.

In the supporting information on the PNAS website, the authors state "statistical
Methods. The analysis uses standard binary regression models combined with singular
value decompositions (SVDs), also referred to as singular factor decompositions, ãnd
with.stochastic regularization using Bayesian analysii (1). It is beyond the scope'here to
provide full technical details, so the interested reuã"r isrefened tó ref. 2, whicir extends
ref. 3 from linear to binary regression models; these manuscrþs are available at the
Duke web site, www.isds.duke.edu/-mw. some key details are elaborated here.,'

It is_unclear why it should be "beyond the scope" to include details of the analytical
methods in the supporting information materials - typically this is precisely the place to
provide such details. Fortunately the reference "ref. 2" cited,above (West, M., Ñevins, J.
R., Marks, J. R., spang, R. & zuzan,H. (2000) German conference on Bioinformatics,in
press.) is still available as an online publication in the electrónic journal n Síhco Bíologt
(reference [2] below).

In the online journal article, the authors provide additional details about the analytical
method, including the fact that "In a fîrst step we fitted the regression model using the
e1tir9 set of expression profiles and class assignments.,, (see ùre section titled
'?robabilistic tumor classification"). This is a key point, and is precisely why the
investigators' continued publications claiming to iráve *validateå" their anaþis is false
and deserves thorough statistical evaluation as part of the IOM review of these issues.
When predictor variables derived from the entire set of data are used, it can not be
claimed that subsequent "validation" exercises are true cross-validation or out-of-sample
evaluations of the model's predictive capabilities, as the Duke investigators repeatedly
state in publications.

In the same paragraph, the authors state "Note, that if we draw a decision line at a
probability of 0.5 we obtain a perfect classification of all 27 tumors. However the
analysis uses the true class assignments zt ... zz7 of all the tumors. Hence, although the
plot demonstrates a good fît of the model to the data it does not give us ¡eliable 

"
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indications for a good predictive performance. One might suspect that the method just

"stores" the given class assignments in the paramet.r, fl ' " F'1. 
Indeed this would be

the case if one uses binary regression for n samples and n predictors without the
additional reshains introduced by the priors. That this suspicion is unjustified with
respect to the Bayesian method can be demonstrated by out-of-sample predictions."

I believe this is the key flaw in the reasoning behind this statistical anal¡ical method.
The authors state without proof (via theoretical derivation or simulation study) that this
Bayesian method is somehow immune to the issue of overfitting a model to a set of data.
This is the aspect of this analytical paradigm that truly needs a sound statistical
evaluation, so that a determination as to the true predictive capacity of this method can be
scientifically demonstrated.

The authors state fifiher in the Discussion section that "Clearly, the methodology is not
limited to only this medical context nor is it specialized to diagnostic questions ônty. We
have applied our model to the problem of predicting the nodal status of breast tumors
based on expression profiles of tissue samples form the primary tumor. The results are
reported in West et al., 2001. Due to the very general setting of our model, we expect it
would be successful for a large class of diagnostic problems in various fields of
medicine.'o

Interestingly, the supporting material cited in [1] actually references [1]. This again is an
issue of concern.

Also now of concern is the realization of the authors' predictior¡ that they expect the
method to be applicable to a large class of diagnostic problems in various fieids of
medicine. Indeed the authors have used this methodology in a widening scope of medical
fields, as will be outlined below. That this methodology has been accepted fbr
publication in many journals over many years, before its statistical properties have fruly
been investigated, is indeed an issue ofconcern.

I believe that part ofthe reason thatjournal editors and reviewers have not questioned the
methodology is that the method uses primarily Bayesian statistical models, which are not
as widely taught or understood in biological and medical higher education. It is difficult
for many non-statisticians to follow the statistical logic and mathematical aspects of such
complex Bayesian methods.

Thus the authors clearly describe that their paradigm is to fit a model to an entire data set,
derive a set of predictors from that model, then use those predictors along with others on
subsets of the entire data set. They state that the excellent performance of such models is
validated, when it appears that what is actually demonstrated is that a model overfitted to
an entire data set performs well on subsets of that entire data set. This issue should in my
opinion be a key issue of concern in this IoM review of this omics methodology.

In early 2006, an apparently seminal paper was published by the Duke investigators in
thejournal Nature (Bildetal. [3]). Thiswasfollowedbyapublicationin theNew
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England Journal of Medicine (Potti et al. [a]) and another inNature Medicine (Potti et al.
[5]). All of these papers cite West et al. [1] and use the methodology therein. References
[3] and [5] discuss breast cancer, and reference [4] discusses lung cancer. All use the
same analytical paradigm, fitting an initial model to all available data to develop
predictors (called "metagenes" in [3] and [4], then "gene expression signatures" in t5])
based on a singular value decomposition of the entire data set; then using these predictors
on various subsets of the data involved and calling some portion of this subset analysis a
"validation" exercise.

At this point researchers at the M.D. Anderson clinic explored the possibility of adapting
this analytical paradigm, and asked statisticians Keith Baggerly and Kevin Coombes to
review the publications. Their investigations are of course key in shedding light on this
issue. In 2007 Baggedy and Coombes published a letter in the Conespondence section
of Nature Medicine (Coombes et al. [6]). Coombes et al. state "Theirioftware does not
maintain the independence of training and test sets, and the test data alter the model.
Specifically, their software uses 'metagenes': weighted combinations of individual genes.
Weights are assigned through a singular value decomposition (SVD). Their software
applies SVD to the training and test data simultaneously, yielding different weights than
when SVD is applied only to the haining data (Supplementary Report 9). Even using this
more extensive model, however, we could not reproduce the reported results." and further
state that'oWhen we apply the same methods but maintain the separation of training and
test sets, predictions are poor (Fig. 1 and Supplementary Report 7). Simulations show that
the results are no better than those obtained with randomly selected cell lines
(Supplementary Report 8)."

Thus Coombes et al. have performed some initial analysis that sheds light on the true type
I and type II error rates of this methodology. What is unclear from the work of Coombes
et al. is the degree of departure from the null condition of no difference between groups
of interest in the data sets used, so that the power of the st¿tistical method can be properly
evaluated. This is why a careful systematic study of this methodology, using knowniull
data (data with equivalent distributional characteristics between groups of interest) and
known non-null data (data with increasing levels of differential charaiteristies between
groups of interest) is required, so that power characteristics of the methodology can be
measured under null and non-null conditions. Further, such analysis needs toproperly
evaluate model performance on true out-of-sample data.

In 2007, the Duke group published another heavily cited paper (Hsu et al.lTl,recently
retracted on November 76,2010). SVD components developed for this paper were
termed "gene expression signatures". All of these papers share the attribute that
excessive claims of model accuracy are repeatedly asserted, with purported evidence
from exercises termed "cross-validation".

Recently, additional papers from the Duke investigators have been published concerning
viral infection(Zaas et al. [8]) and bacterial infection (Zaas etal. t9l). Statnikov et al.
[10] submitted a letter challenging this methodology once again, stating ..we suggest
several approaches to improve the analysis protocol that led to discovery of the áõute
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respiratory viral response signature. First, to obtain an unbiased estimate of predietive
accuracy, genes should be selected using the training set ofsubjects as opposed to
selecting genes from the entire data set as \M¿rs done in the study of Zaas-ital. (2009). The
latter gene selection procedure is known to typically lead to overoptimistic predictive
accuracy estimates. Second, the cross-validation procedure employed by Zaas et al.
should be modified to prohibit the use of samples from the same subjecis both for
developing signature and estimating its predictive accuracy, as this ii another potential
source of over-optimism,"

The Duke investigators, as with all previous challenges, offer only verbal refutations to
these points, with no formal statistícal evaluation via simulation or otherwise to address
the true distributional properties of this method.

More recent papers from the Duke investigators that should be reviewed include
Chen et al. I l] and Chen et al. [12]. Additional complex Bayesian methods continue to
be combined around the same analytical paradigm, an¿ it is beyond the capability of
many journal editors and reviewers to understand and deconshuct the arguments offered
by the Duke investigators.

Additionally, with the apparent weight of so many seemingly accurate anaþsis results,
resources such as research grants from federal agencies are being utilized without proper
understanding of the value of the returns. Moreover, several studies on humans (tñe 

-

clinical trials currently scheduled for review, and the viral infection studies described in
references [8] and [9]) have been conducted based on methodology with as yet unknown
statistical properties. This is an issue of major concern, and a review of the statistical
properties of the methodology used throughout these studies along with a publication of
guidelines for evaluation of whether or not humantrials involving this methodolgy
should be permitted would be very valuable to the research community.
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