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Results of Many High-Throughput “Omics” Studies
Are Difficult to Reproduce, in Part Because the Data
and Methods Supplied Are Inadequate

A major goal of “omics” is personalizing therapy—the
use of “signatures” derived from biological assays to
determine who gets what treatment. Recently, Potti et
al. (1 ) introduced a method that uses microarray pro-
files to better predict the cytotoxic agents to which a
patient would respond. The method was extended to
include other drugs, as well as combination chemo-
therapy (2, 3 ). We were asked if we could implement
this approach to guide treatment at our institution;
however, when we tried to reproduce the published
results, we found that poor documentation hid many
simple errors that undermined the approach (4 ). These
signatures were nonetheless used to guide patient ther-
apy in clinical trails initiated at Duke University in
2007, which we learned about in mid-2009. We then
published a report that detailed numerous problems
with the data (5 ). As chronicled in The Cancer Letter,
trials were suspended (October 2, 9, and 23, 2009), re-
started (January 29, 2010), resuspended (July 23,
2010), and finally terminated (November 19, 2010).
The underlying reports have now been retracted; fur-
ther investigations at Duke are under way. We spent
approximately 1500 person-hours on this issue, mostly
because we could not tell what data were used or how
they were processed. Transparently available data and
code would have made checking results and their validity
far easier. Because transparency was absent, an under-
standing of the problems was delayed, trials were started
on the basis of faulty data and conclusions, and patients
were endangered. Such situations need to be avoided.

What Should Be Supplied?

We wrote to Nature (6 ) to identify the 5 things that
should be supplied: (a) the raw data; (b) the code used

to derive the results from the raw data; (c) evidence of
the provenance of the raw data so that labels could be
checked; (d) written descriptions of any nonscriptable
analysis steps; and (e) prespecified analysis plans, if
any. We intended these criteria as suggestions for jour-
nals, but we see them as requirements before starting
clinical trials that use omics signatures to guide
treatment.

Lessons from New Information about the Duke
Case

Lessons about the role of transparency—and how it
might be achieved— can be drawn from events in the
Duke case that are being examined in the Institute of
Medicine’s (IOM)2 “Review of Omics-Based Tests for
Predicting Patient Outcomes in Clinical Trials,” which
first met on December 20, 2010. This meeting included
presentations by Lisa McShane of the National Cancer
Institute (NCI) (7 ) and Robert Becker of the US Food
and Drug Administration (FDA) (8 ). The NCI also re-
leased documents (9 ) detailing their involvement,
which we have annotated (10 ). These details show that
problems were more widespread and severe than we
knew: Other clinical trials [e.g., Cancer and Leukemia
Group B (CALGB) 30506] and reports (11 ) were af-
fected, and the NCI, which compelled production of
the raw data and code, was unable to reproduce the
reported results. These documents and testimony
(quoted below) strengthen our belief that we need
transparent supplying of data and code.

Is Requiring Code Extreme?

Many journals require some posting of raw data on
publication, and other reporting standards for bio-
marker studies have been suggested (12 ). Dr. McShane
notes [37 min, 40 s into the presentation (7 )], however,
that these precautions would not have sufficed in this
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case: “the statistical algorithms used to develop these
classifiers are quite complex; you basically have to get
the computer code.” She notes, “some statisticians . . .
are calling for the extreme measure that computer code
should be provided when . . . articles are submitted to
journals.” Later, she notes the IOM must decide [50
min, 34 s (7 )], “was this an extreme situation? And
should we not try to guard against all possible extreme
situations?” In the first instance, “extreme” refers to
whether providing code is practical; in the latter, it asks
whether this case was atypical. The severity of the prob-
lems encountered in this instance is (in our experience)
atypical, but our inability to understand what was done
absent the code is not. We do not see the submission of
code as impractical (we have posted code ourselves).
We concede that checking code at review time is likely
impractical, but positive effects may still be seen if in-
vestigators know the code could be checked later.

Lack of Information Makes Spotting Basic Mistakes
Difficult

We worry about practicality, but we know, empirically,
that spotting mistakes in high dimensions is difficult.
Identifying unlabeled data is difficult. Dr. McShane
notes [26 min, 57 s (7 )],

Keep in mind that these classifiers went through multiple
levels of review. They went through journal review. They
went through . . . local review at Duke. They went
through NCI review in the NCI study sections. They went
through CTEP [Cancer Therapy Evaluation Program]
review, where they did not fare so well . . . But there were
many, many people who looked at this data and found it
satisfactory.

People Repeatedly Make Basic Mistakes

If mistakes were exceedingly rare, supplying extra in-
formation might not be an issue. But our own experi-
ence, as well as comments from the NCI and the FDA,
suggests mistakes are not rare. In discussing studies in
which omics results are evaluated retrospectively, Dr.
McShane notes [1 h, 1 min, 18 s (7 )],

it can be an enormous waste of resources and patients’
time if the classifiers in fact are not locked down . . . and
again, I see this a lot, people claiming they have a classifier
just because they can write down a list of genes, and they
don’t appreciate all the many other steps that go on before
you get the results of that classifier.

Dr. Becker notes [17 min, 50 s (8 )],

it’s not uncommon, we have seen in IDEs [investigational
device exemptions] that we view, to have a fairly “loose”
idea of exactly what the device is going . . . to show you as

a trial or an investigation gets underway. And the need to
actually hone that question or hypothesis . . . is surpris-
ingly often something that has to go back and be
addressed.

Our Focus Is Not on Complex Issues; It Can Be
Done

Dr. McShane notes [47 min, 53 s (7 )],

This is not rocket science. There is computer code that
evaluates the algorithm. There is data. And when you
plug the data into that code, you should be able to get
the answers back that you have reported. And to the
extent that you can’t do that, there is a problem in one
or both of those items . . . It really wasn’t debates about
statistical issues. It was just problems with data and
changing models.

As Gilbert Omenn puts it in summarizing the objec-
tions in (5 ) [40 min, 36 s (7 )], “many aspects there
were not highfalutin’ statistics; they were unlabeled ta-
bles; they were mislabeled tables; these were things in-
disputably unacceptable.”

Omic Signatures Are Medical Devices

Another factor in considering what to supply is regula-
tory. In January 2004, Correlogic advertised a
proteomic-pattern algorithm, OvaCheck, to diagnose
ovarian cancer. The claims were questioned, and the
FDA issued restraining letters (13 ). In June 2004, the
FDA ruled that OvaCheck was a medical device subject
to FDA review. The FDA has since indicated that omic
signatures, or “in vitro diagnostic multivariate index
assays” (IVDMIAs), are also devices (14 ). Thus, IDEs
must be obtained before omic signatures are used to
guide therapy in clinical trials. An FDA audit team vis-
ited Duke in January 2011, reportedly because IDEs
had not been obtained (15 ). We found the following
exchange between Larry Kessler and Robert Becker in-
teresting [37 min, 33 s (8 )]:

[Larry Kessler:] Do you feel that this is an issue of educa-
tion of both the IRBs [institutional review boards] and
NIH-style investigators who (a) don’t really understand
that some of these algorithms are medical devices and
(b) the rules about understanding when you apply for an
investigational device exemption . . . that the rules still
apply? I have a suspicion that this is not [bold added to
show emphasis by speaker] well known, Bob, and you
might actually have some insight here.

[Robert Becker:] To answer your question: yes.
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How Can Such Information Be Supplied?

We use Sweave (16 ) to document our analyses.
Other tools, such as GenePattern (17 ) and Galaxy
(18 ), are available. In terms of supplying raw data
and metadata, the Gene Expression Omnibus (GEO)
allows both but does not make depositing the latter
easy.

Some Tools to Make It Easier

A recurring problem is that connections between clin-
ical characteristics and assay data are not maintained.
This problem is exacerbated by the fact that the current
standard [Minimum Information about a Microarray
Experiment (MIAME) (19 )] uses just 1 unstructured
text field to store sample characteristics (response and
so forth). The most commonly used MIAME imple-
mentation is the MINiML format used at GEO.
MINiML uses XML to store metadata about the raw
data, which are stored as tables in external files. Given
this structure, it may be easy to add another external
file, also documented in XML, for tabulating sample
characteristics. To test this possibility, we developed 2
R packages: The MINiML package reads the current
format, and ArrayCube creates an R object that

matches this format and adds capacity for an ex-
tra sample table. Both packages are compatible
with Bioconductor and are available at http://
bioinformatics.mdanderson.org/Software/OOMPA.

An Advocate’s Last Word

Patient advocate Elda Railey notes [54 min, 23 s (7 )],

I just have to ask: Why are we not asking for the data? . . .
we’ve been calling for recommendations since . . . [2001]?
. . . We’re still not asking the questions and we’re not
getting the data? It should not get to patient trials before
we ask for the data and get the confirmation.
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