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Abstract This chapter addresses the core of literature-based discovery (LBD),

namely, what is discovery and how is the generation of discovery confirmed. The

chapter starts with definitions of discovery and innovation, especially in the LBD

context, and then proceeds to describe radical discovery and LBD. It then describes

the vetting necessary to confirm the presence of discovery. Finally, the chapter con-

cludes with a few examples where use of more comprehensive vetting techniques

would have been prudent before discovery was reported. The LBD focus is on

open discovery systems (start with a problem, discover a solution, or vice versa)

exclusively.

1 Discovery and Innovation Definitions

Discovery is ascertaining something previously unknown or unrecognized. More

formally, discovery in science is the generation of novel, interesting, plausible, and

intelligible knowledge about the objects of study [42]. It can result from uncover-

ing previously unknown information, or synthesis of publicly available knowledge

whose independent segments have never been combined, and/or invention. In turn,

the discovery could derive from logical exploitation of a knowledge base, and/or

from spontaneous creativity (e.g., Edisonian discoveries from trial and error) [17].

Innovation reflects the metamorphosis from present practice to some new, hope-

fully better practice. It can be based on existing non-implemented knowledge. It can

follow discovery directly, or resuscitate dormant discovery that has languished for

decades.

In the LBD context, discovery is linking two or more literature concepts that

have heretofore not been linked (i.e., disjoint), in order to produce novel, interesting,
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plausible, and intelligible knowledge. Thus, simply linking two or more disparate

concepts is a necessary, but not sufficient, condition for LBD. In particular, concepts

may be disjoint because the value of their integration has not been recognized previ-

ously, or they may be disjoint because there appears to be little value in linking them

formally. Examples of the latter (which had been proposed as potential discovery)

will be shown later in this chapter.

Also, in the LBD context, innovation is the exploitation of a discovery link-

age, mainly the identification of a linkage that was not being exploited at a suffi-

cient pace.

More generally, radical discovery and radical innovation depend on the source

of the inspiration and/or the magnitude of the impact. The more disparate the source

of ideas from the target problem discipline, the more radical the potential discov-

ery or innovation. The greater the magnitude of change/impact resulting from the

discovery or innovation, the more radical the potential discovery or innovation.

2 Radical Discovery

Discovery and innovation are the cornerstones of frontier research. One of the meth-

ods for generating radical discovery and innovation in a target discipline is to use

principles and insights from disciplines very disparate to the target discipline, to

solve problems in the target discipline.

The challenge has become more critical due to increasing specialization and

effective isolation of technical/medical researchers and developers [16]. As re-

search funding and numbers of researchers have increased substantially over the

past few decades, the technical literature has increased substantially as a result. Re-

searchers/developers struggle to keep pace with their own disciplines, much less to

develop awareness of other disciplines. Thus, we have the paradox that the expan-

sion of research has led to the balkanization of research! The resulting balkanization

serves as a barrier to cross-discipline knowledge transfers, and retards the progress

of discovery and innovation [16].

As a result, identifying these linkages between the disparate and target disci-

plines, and making the subsequent extrapolations has tended to be a very serendip-

itous process. Until now, there has been no fully systematic approach to bridging

these unconnected target and disparate disciplines.

Once the principles and associated techniques have been established for produc-

ing insights from these disparate literatures, many applications are possible. These

include:

1. Promising opportunities for researchers to pursue

2. Promising new Science & Technology (S&T) directions for program managers

to pursue

3. Promising leads for intelligence analysts to pursue
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3 Literature-Based Discovery

The pioneering LBD study was reported in Swanson’s paper hypothesizing treat-

ments for Raynaud’s Disease [36]. Many subsequent open and closed system LBD

studies were performed by Swanson/Smalheiser, including migraine and magne-

sium [37], somatomedin-C and arginine [38], and potential biowarfare agents [40].

They also developed more formalized analytical techniques for hypothesizing rad-

ical discovery [29, 39]. Other researchers have used variants of Swanson’s LBD

approach for hypothesizing radical discovery in open and closed discovery systems,

but only open discovery systems will be addressed here.

Gordon and Lindsay [10] used an information technology-based approach to help

automate the LBD process. Weeber et al. [45] used a two step model of discov-

ery (open discovery step followed by closed discovery step) to simulate Swanson’s

actual discovery. Further, Weeber et al. [46] identified potentially new target dis-

eases for the drug thalidomide. Stegmann and Grohmann [33] used a co-word

clustering of MeSH terms to identify potential discovery by location on density-

centrality maps. Srinivasan [30] generated a potential discovery-identifying algo-

rithm that operated by building MeSH-based profiles from Medline for topics.

Yetisgen-Yildiz and Pratt [49] use an LBD system called LitLinker that incorporated

knowledge-based methodologies with a statistical method. Van der Eijk et al. [43]

mapped from a co-occurrence graph to an Associative Concept Space (ACS), to

identify discovery from concepts that were close to each other in ACS but had no

direct connections. Gordon and Dumais [9] used latent semantic indexing, based

on higher order co-occurrences, to compute document and term similarity. Bruza et

al. [5,6] generated a semantic space approach based on the Hyperspace Analogue to

Language to produce representations of words in a high dimensional space. Wren et

al. [48] defined classes of objects, extracted class members from a variety of source

databases, and then studied their co-occurrences in Medline records to generate im-

plicit relationships. Hristovski et al. [12, 13] used semantic predications to enhance

co-occurrence-based LBD systems.

The general theory behind this approach, applied to two separate literatures, is

based upon the following considerations [36].

Assume that two literatures with disjoint components can be generated, the first

literature AB having a central theme “a” and sub-themes “b,” and the second liter-

ature BC having a central theme(s) “b” and sub-themes “c.” From these combina-

tions, linkages can be generated through the “b” themes that connect both literatures

(e.g., AB → BC). Those linkages that connect the disjoint components of the two

literatures (e.g., the components of AB and BC whose intersection is zero) are can-

didates for discovery, since the disjoint themes “c” identified in literature BC could

not have been obtained from reading literature AB alone.

For example, as shown in Swanson’s initial LBD paper, dietary eicosapentaenoic

acid (theme “a” from literature AB) can decrease blood viscosity (theme “b” from

both literatures AB and literatures BC) and alleviate symptoms of Raynaud’s disease

(theme “c” from literature BC). There was no mention of eicosapentaenoic acid in

the Raynaud’s disease literature, but the acid was linked to the disease through the

blood viscosity themes in both literatures [36].
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A central problem with all the LBD studies that have been reported in the open

literature is the absence of a gold standard that can be used as a basis of comparison.

A true gold standard would allow comparisons of quality and quantity of potential

discoveries. Many of the studies use Swanson’s results (Fish Oil and Eicosapen-

tanoic Acid) as a comparison standard. As I point out later, I have questions as to

whether Swanson’s hypotheses are true discoveries or are really innovations, and in

any case his results give no indication of the extent of discoveries possible.

In science, if we want to estimate the quality of a predictive tool, we have a cou-

ple of main choices. If we have an exact solution to the problem, we can compare

the predictive tool solution to the exact solution, and estimate the error as the differ-

ence between the exact solution and the predictive tool solution. Alternatively, if we

have some way of estimating the error that accompanies a predictive tool solution,

we can estimate the accuracy by that approach.

In LBD, we dont know the extent of discovery possible for any problem, and

therefore are not able to estimate the comprehensiveness of any approach (recall).

Further, we are not able to estimate the quality of any discovery until much testing

has been done, and therefore cannot estimate the fraction of the potential discoveries

identified that are in fact potential discoveries (precision).

For the LBD approaches reported in the literature, there appears to be an imbal-

ance between the prediction of potential discovery and its validation. Most of the

effort seems to have focused on the front end of the process (discovery candidate

identification) with little effort on the back end (vetting of potential discovery pre-

dictions). As I will show, this has allowed non-discovery items to be represented as

discovery.

As a result, I believe this insufficient vetting has contributed to the slowing of

LBD implementation. LBD intrinsically has powerful capabilities, and one would

have expected that, two decades after Swanson’s initial paper, there would be treat-

ments proposed for all the major chronic degenerative diseases, similar imple-

mentations for their non-medical equivalents, as well as major sponsored research

programs on LBD throughout the world. As far as I know, no major clinical trials

have been reported on LBD-driven hypotheses, and benefits resulting from these

LBD studies have yet to be realized.

Given:

• The length of time since Swanson’s pioneering paper (two DECADES)

• The massive number of medical and technical problems in need of radical dis-

covery

• The relatively few articles published in the literature using existing LBD ap-

proaches to generate radical discovery (especially articles not published by the

Swanson/Smalheiser team and not replicating the initial Raynaud’s results)

• Concerns about the validity of the discoveries reported

It is clear that improvements in the fundamental LBD approach and its dissemi-

nation and acceptability are required.

My text mining group has been working on improving LBD for the past few

years. The general approach we have followed was reported in 2006 [18]. We have
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used our specific versions of LBD on five problems (four medical, one non-medical),

and have generated voluminous potential discovery for each problem. I believe we

have ‘cracked the code’ on LBD. Our results constituted the Special Issue of the

journal Technological Forecasting and Social Change, February 2008. The remain-

der of this chapter is focused on the potential discovery vetting procedures we have

used, and includes some examples of applying our vetting procedures to discoveries

that have been reported in the LBD literature.

4 Validating Potential Discovery (Vetting)

The purpose of our vetting procedures is to insure that what we report as potential

discovery has not been found in the literature previously, and obeys the criteria for

discovery set forth at the beginning of this chapter. If a concept has been found in the

literature previously, but we believe its reporting would accelerate its development,

we might report it as an innovation. We have instituted a four step vetting process

that balances thoroughness with pragmatism.

The first step is to check for appearance of the potential discovery concept in

the core target problem research literature. How do we define this literature? Ide-

ally, every research document published globally in the core problem area would

constitute this literature. The practical compromise we have made is to define the

source literature for the core target problem literature as the Science Citation Index

and Medline. While I believe this is a bare minimum core literature requirement

to search for prior art/science, some examples shown in the next section illustrate

that even this threshold requirement was not met before potential discovery was

published.

In this first step, we operationally check for the intersection of the core target

problem literature with the potential discovery literature. If the intersection is a null

set, the first check is successful. Thus, if we check whether Fish Oil is a potential

discovery for Raynaud’s Disease, we might use the query Fish Oil (or its many spe-

cific variants) and Raynaud’s Disease (or its variants), and see whether any records

are retrieved. The real issue here, as will be discussed later, is how broadly or nar-

rowly we define the core target problem literature and the potential discovery con-

cept literature. The breadth of definition could determine whether we have generated

discovery, innovation, or nothing. For example, Fish Oil may or may not be a dis-

covery, depending on whether we define the Raynaud’s Disease literature to include

or exclude the Peripheral Vascular Disease literature.

The second step could be viewed as a continuation of the first step. We go

beyond simple intersection to see whether there are citation linkages between the

potential discovery concept and the core target problem literature that would indicate

researchers were aware of the linking between these literatures previously. There are

many types of citation linkages (citing papers, cited papers, papers that share common

references, papers that share common citing papers, etc). Depending on how far we

plan to proceed with a potential discovery (e.g., do we want to patent the potential

discovery), we check at least the citing papers for linkages between the concept

literature and the problem literature.
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The third step is checking the patent literature. This is more difficult than the first

step because of the typically wide breadth and scope of the claims in each patent.

All steps are run serially. Once the first three steps have been taken successfully,

we then have the potential discovery candidate concepts examined by experts. We

access two types of experts: those expert in the core target problem literature (e.g.,

Raynaud’s Disease), and those expert in the potential discovery concept literature

(e.g., Fish Oil). We ask the experts in the core target problem literature whether

the potential discovery concept is indeed discovery (i.e., have they seen it before

in the target problem context), and we ask the experts in the potential discovery

concept literatures whether the concept could be extrapolated to the target problem.

If we report potential discovery concepts that have been only partially vetted, we

state that fact.

5 Examples of Validation Issues

This section presents examples of applying some of our vetting techniques to poten-

tial discoveries reported in the LBD literature.

5.1 Use of MeSH Variables

An LBD approach based on the analysis of actual text phrases is intrinsically a high-

dimensional process, due to the large number of words/phrases in the literature. To

circumvent this dimensionality problem, LBD researchers have used approaches

that convert the problem from high-dimensional to low-dimensional. One widely

used approach reported in recent LBD papers [30, 43, 49] is the use of MeSH terms

instead of text terms. MeSH is a taxonomy (controlled vocabulary) in the major

medical database (MEDLINE). MeSH is generated by independent indexers who

read each MEDLINE article, then assign selected MeSH terms to each article. There

are approximately 22,500 MeSH terms in the total MEDLINE taxonomy, orders of

magnitude less than the number of text words/phrases.

The positive aspects of using MeSH terms, in addition to the reduced number of

variables, are that relevant articles can be retrieved containing desired concepts but

not necessarily specific text terminology. Thus, a query with a very small number

of MeSH terms (e.g., lung neoplasms) can retrieve many lung cancer records that

would have required perhaps hundreds of text query terms to have the same degree

of coverage, and many of those retrieved records might not contain the terms lung

neoplasms or lung cancer.

On the negative side, MeSH terms are restricted to the medical literature. Addi-

tionally, very recent MEDLINE records have not been indexed with MeSH terms,

and would be inaccessible for LBD purposes unless text terms were added (thereby

defeating one of the major reasons for selecting MeSH terms).
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Further, the mapping from text terms to MeSH terms is not one-to-one, nor is it

conservative like transforming from thermodynamic variables (e.g., pressure, tem-

perature, density) to conservation variables (e.g., new variables that include com-

binations of the thermodynamic variables and are conserved across discontinuities,

such as mass, momentum, energy) in a fluid flow system [21]. There is a well-known

phenomenon called the indexer effect [11], which states essentially that indexers are

fallible, and they make errors and omissions. Not all MeSH terms that should be as-

signed to an article are in fact assigned by the indexers. For many uses of retrievals

from MEDLINE, especially where a statistical representation or a few examples are

desired, the indexer effect is not overly important. However, for LBD, where any

prior art/science can negate potential discovery, even one omission can prove lethal!

Thus, an algorithm that operates in MeSH space could predict discovery (where

the potential discovery concept from the bc literature could not be found in the

MeSH-based core ab literature), whereas the concept could be found in a text-based

core ab literature. For this reason, any potential discovery made using a MeSH-based

process must be vetted not only in MeSH space but in text space as well.
This requirement has enormous consequences! Since each MeSH term effec-

tively represents many text terms, all these text terms have to be considered when

vetting a discovery in MeSH space. Thus, the substantive dimensional advantages
that were gained in transforming from text space to MeSH space in the front end
are reversed for the vetting process in the back end. More serious is that these

non-indexed or non-properly indexed records are not available for discovery using

MeSH alone. To overcome this limitation, some type of text access query would be

necessary.

Some examples of reported potential discoveries that were generated in MeSH

space but were shown to have prior art in text space are presented in [19, 20]. To

illustrate the operational mechanics of our vetting process, I will first describe in

some detail one example (of many) reported in [20]. I will then summarize the

single example reported in [19].

In [30], the authors generate a potential discovery-identifying algorithm that op-

erates by building MeSH-based profiles from MEDLINE for topics. In [31, 32], the

authors start with curcumin (an ingredient of the spice turmeric) and, using their al-

gorithm, look for potential ailments this substance could benefit. Three areas iden-

tified are retinal pathologies including diabetic retinopathies, ocular inflammation

and glaucoma, Crohn’s Disease/Ulcerative Colitis (both members of Irritable Bowel

Syndrome), and EAE/Multiple Sclerosis (MS).

I will examine the three specific claimed potential discoveries listed above using

vetting steps 1 and 3, and show that the claimed discoveries are neither discovery

nor innovation. Since the papers were published in 2004, and the data were taken in

mid-November 2003, then potential discovery would require that no papers/patents

linking curcumin and these three ailments be published prior to November 2003.

My approach is to examine the core literature (papers/patents) for these three ail-

ments published before November 2003, and ascertain whether they include cur-

cumin as a potential treatment. If they do, then potential discovery by the authors

cannot be validated.
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To examine the core literature, I use text terms based on the main MeSH terms

used by the author, and initially enter them (initiating topic C literature AND

target A literature terms) into the PubMed search engine. This allows me to re-

trieve MEDLINE articles that contain the initiating topic and target literature MeSH

terms and/or text terms. Then, to obtain citing or reference article data, I enter the

same terms into the Science Citation Index. Finally, to obtain patent data, I enter

the same terms into the Derwent Innovations Index, an aggregated global patent

database on the Web of Knowledge.

Using mainly MeSH terms as text terms is a very conservative approach. If I was

searching for prior art to support a legal case, I would use many other proxy terms

for the initiating topic and target literatures as part of our search query. Given the

breadth of coverage of the average MeSH term relative to that of the average text

term, many more proxy terms could be subsumed under the average MeSH term than

under the average text term. In some sense, the generality of MeSH terms relative

to text terms opens the door wide for refutation of potential discovery by allowing

for the implementation of large numbers of proxy terms in the vetting process.

Only a few of these examples will be shown, due to space considerations.

For the MS example, Natarajan and Bright [23] published a paper in June 2002

linking curcumin to the treatment of MS. That paper had numerous citations, five of

which were published in the first half of 2003.

For the Crohn’s Disease example, Sugimoto et al. [34] published a meeting Ab-

stract in Gastroentorology in April 2002 and a research article in Gastroentorology

in December 2002 [35] concluding “This finding suggests that curcumin could be

a potential therapeutic agent for the treatment of patients with inflammatory bowel

disease.” The keywords in the research article record include Crohn’s Disease and

Ulcerative Colitis, and Colitis is in the title as well. See also Salh et al. [27] and Ukil

et al. [41].

For the retinal pathologies example (where glaucoma focuses mainly on intraoc-

ular pressure and optic nerve damage), three examples are required due to topical

diversity. For the diabetic retinopathy example, a 2002 paper [24] suggests cervis-

tatin, pyrrolidinedithiocarbamate, or curcumin could equally serve as a treatment

for proliferative diabetic retinopathy. Additionally, one of its citing papers [3] fo-

cused on the proposed curcumin treatment for diabetic retinopathy. Further, a patent

whose application was published in October 2002 and which was granted in May

2003 suggested a link between curcumin and both retinopathy and Crohn’s Dis-

ease/Ulcerative Colitis [2].

For the ocular inflammation example, a 2001 paper describes the use of com-

mercially available herbal eye drops (Ophthacare) containing curcumin for a variety

of infective, inflammatory and degenerative ophthalmic disorders [4]. This formu-

lation has existed since at least the 1990s, and almost ten clinical/laboratory papers

of which I am aware have been published on its evaluation between 1998 and 2002.

Finally, the patent by Babish above [2] links curcumin to conjunctivitis and uveitis

(an inflammation of part or all of the uvea, the middle (vascular) tunic of the eye

and commonly involving the other tunics (the sclera and cornea and the retina)).
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For the glaucoma example, a patent with 2001 application date and 2003 granting

date links curcumin directly with glaucoma [15].

These results should not be surprising. There are over 2,300 papers in Medline

related to curcumin (or curcuma or curcuminoid), of which over 20% directly ad-

dress its role as an anti-inflammatory agent. Any disease in which inflammation

plays a role and which is presently not co-mentioned with curcumin would be a

candidate for potential discovery. Many of Srinivasan’s proposed discoveries relate

to inflammation-based diseases. Unfortunately, as stated previously, with many re-

searchers working on the relation of curcumin to inflammation, the chances that the

link between curcumin and a major inflammation-based disease would go unnoticed

are probably small, as our vetting results seem to be showing.

What we have presented above is probably the tip of the iceberg. There are obvi-

ously other ways to refer to curcumin or Crohn’s, and a search using these additional

proxy terms would enhance the prior discovery. In sum, we would not call these cur-

cumin links a discovery, or even an innovation, because the links between curcumin

and retinal, intestinal, or Multiple Sclerosis problems were established well before

November 2003. The algorithm under discussion, with perhaps some modifications,

might be a solution for some types of semi-automating literature-based discovery,

but it was not demonstrated by the three examples shown.

In [49], the authors used MeSH terms to represent document contents. They di-

vided MEDLINE into two parts: a baseline literature including only publications

before 1 January 2004, and a test literature including only publications between

1 January 2004 and 30 September 2005. They ran their algorithm LitLinker on the

baseline literature and checked the generated connections in the test literature.

They reported potential discovery for three cases: Alzheimers Disease, Migraine,

and Schizophrenia. They provided statistical results for all three cases, and provided

one specific example of potential discovery for each of the three cases examined.

Again, I used vetting steps one and three to search the literature for references

prior to 1 January 2004. For Alzheimers Disease and Migraine, I found multiple

prior references, and for Schizophrenia I found a prior patent. The details are pre-

sented in [19]. In neither of the above two cases [30, 49] did I use proxy terms

for either the potential discoveries or the diseases; I used only the author’s own

words/phrases.

Another example is the following [43]. This approach is based on mapping from

a co-occurrence graph to an Associative Concept Space (ACS), where concepts are

assigned a position in space such that the stronger the relationship between concepts,

the closer they lie in the ACS. Potential discovery can then be obtained from strong

implicit relationships, where concepts are close to each other in ACS but have no

direct connections.

The authors provide two examples in [43] of ACS for small sub-sets of the total

Medline database (�1%), whereby concepts that were close together in ACS but

not connected were predicted to have a strong implicit relationship. Searching for

co-occurrence of these concepts in total Medline showed a significant number of

co-occurrences.
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Only one of the two examples will be addressed. The authors retrieved a subset

of MEDLINE records (13,423 records, February 9, 2003) from PubMed with the

MeSH-based query (duchenne OR DMD OR dystrophy OR limb-girdle OR LGMD

OR BMD). According to the ACS diagram, and the author’s analysis, Deafness

and Hearing Loss are both in close proximity to Macular Degeneration, but have

no direct connections in this small sub-set of the total Medline database. Then, the

authors state that a query of the whole of MEDLINE for articles containing both

Deafness and Macular Degeneration yielded 28 results (June 13, 2003), some of

which clearly link deafness and macular dystrophy, a condition that leads to degen-

eration of the macula. Thus, based on the sample results, the authors are able to

predict potential discovery in the remainder of the MEDLINE database.

However, as a check, I ran the query (duchenne OR DMD OR dystrophy OR

limb-girdle OR LGMD OR BMD) AND (“macular degeneration” and (deafness or

hearing)) in PubMed covering text and MeSH fields, which would yield articles

relating macular degeneration to hearing loss in the same subset the authors down-

loaded. In the sample, I found 13 pre-2003 articles that contained (macular degener-

ation and deafness or hearing) in the text fields and/or the MeSH fields, as opposed

to the zero articles the authors claimed. All the articles linked macular degenera-

tion/macular dystrophy to some form of hearing loss. When I re-ran the query as

above minus the term ‘hearing’, I found 11 articles. I see no evidence of discovery,

or even innovation. The known associations date back to the mid-1970s.

In all three cases [30, 43, 49], the authors would have presented much stronger

arguments for their LBD approaches had they vetted in text as well as MeSH space,

and presented potential discoveries that did not appear previously in the mainline

literature. Or, even if prior art/science did appear as shown, they might have reported

it as innovation (if it met the criteria for innovation).

5.2 Disjointness as Sufficient Condition

In the definition of discovery, the issue of disjointness of diverse literatures was

addressed as follows: In the LBD context, discovery is linking two or more literature

concepts that have heretofore not been linked (i.e., disjoint), in order to produce

novel, interesting, plausible, and intelligible knowledge. Thus, simply linking two

or more disparate concepts is a necessary, but not sufficient, condition for LBD. In

particular, concepts may be disjoint because the value of their integration has not

been recognized previously, or they may be disjoint because there appears to be

little value in linking them formally.

Most of the LBD techniques link disparate literatures through quantity-based

approaches. However, the quality of the linkages for discovery purposes requires

expert judgment. The LBD community needs to be very cautious when linking a

potential discovery concept from the ab concept source literature to the bc problem

literature, especially in the case where there are many researchers reporting on the

concept in the ab literature. What are the chances that the bc application was not
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perceived by at least one or two of these researchers? If the linkage were promising,

why was it not reported?

I will present two examples to illustrate the problem, but they represent the tip

of the iceberg for what has been reported as LBD-based discovery. In the first ex-

ample, where treatments for Huntington Disease were researched, an association

rules method was used to show similarities between Huntington Disease and di-

abetes mellitus, especially in reduced levels of insulin [12, 13]. The authors sug-

gested (as the potential discovery) that insulin treatment might be an interesting

drug for Huntington Disease. To understand the reasons for this recommendation

better, I examined literatures related to Huntington Disease, diabetes, and insulin. In

the Huntington Disease (HD) case, the relationship between insulin and HD should

have been obvious to the HD researchers. There were some papers where HD was

induced in mice, they developed diabetes, and then insulin was used to treat the

diabetes. If insulin had any impact on the HD, surely the researchers would have

noticed.

To validate my perceptions, I contacted an expert in Huntington Disease research,

and was told that the HD problem is not an insulin deficiency problem as in type

1 diabetes, but rather an insulin release problem as in another form of diabetes.

Therefore, there is no reason to expect that administering insulin would treat the

HD. The key point here is that if two literatures are disjoint, there may be multiple

reasons for their disjointness. It could mean that their union would produce real

discovery, and no one had thought of linking them previously. Or, it could mean that

their union had been considered previously, and researchers concluded that there

was nothing to be gained by the linkage.

In the second example [48], the researchers searched for discovery in treating

cardiac hypertrophy (defined as an increase in the size of myocites that is associated

with detrimental effects on aspects of contractile and electrical function in the heart

basically heart enlargement due to added physical stress on the heart muscle). Their

ranking technique showed the drug chlorpromazine (CPZ) shared many implicit

relations with cardiac hypertrophy, and they then inferred that it might be useful for

reducing the progression of cardiac hypertrophy. There does not seem to be prior art

in the journal literature, but there may be a patent that addresses the link, although

it covers a wide swath.

To understand the relationship better, I examined the medical literatures on both

CPZ and cardiac hypertrophy, and found the following. CPZ is a phenothiazine com-

pound used primarily as an anti-psychotic for humans. While other phenothiazine

compounds such as thioridazine have well-documented histories of strong associa-

tion with cardiac arrythmias, CPZ also has a history of cardiac adverse effects on

humans. Additionally, there are a large number of potential adverse side effects from

the use of CPZ, including, but not limited to:

EKG changes (Particularly nonspecific Q and T wave distortions [induction

of QT prolongation and torsades de pointes] – Sudden death, apparently due to

cardiac arrest, has been reported); arrhythmogenic side effects caused by blockade

of human ether-a-go-go-related gene (HERG) potassium channels; Neuroleptic Ma-

lignant Syndrome; neuromuscular reactions (tardive dyskinesia; dystonias, motor
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restlessness, pseudo-parkinsonism); convulsive seizures (petit mal and grand mal);

lowered seizure thresholds; bone marrow depression; prolonged jaundice; hyper-

reflexia or hyporeflexia in newborn infants whose mothers received phenothiazines;

drowsiness; hematological disorders, including agranulocytosis, eosinophilia,

leukopenia, hemolytic anemia, aplastic anemia, thrombocytopenic purpura and

pancytopenia; postural hypotension, simple tachycardia, momentary fainting and

dizziness; cerebral edema; abnormality of the cerebrospinal fluid proteins; allergic

reactions of a mild urticarial type or photosensitivity; exfoliative dermatitis; asthma,

laryngeal edema, angioneurotic edema and anaphylactoid reactions; amenorrhea,

gynecomastia, hyperglycemia, hypoglycemia and glycosuria; corneal and lenticu-

lar changes, epithelial keratopathy and pigmentary retinopathy; some respiratory

failure following CNS depression; paralytic ileus; thermoregulation difficulties.

Why, then, given this history of adverse side effects, which includes some ad-

verse cardiac side-effects, would one highlight CPZ for cardiac hypertrophy (or any

cardiac problem) as a discovery to be pursued for humans? For control of psychotic

problems, CPZ may be the lesser of two evils, but does that hold true for control of

cardiac problems?

To validate my perceptions, I contacted two experts in cardiac hypertrophy, and

was told there is no sufficient evidence that would support pursuing CPZ for treat-

ing cardiac hypertrophy in humans and link to hypertrophic cardiomyopathy was

not clear.

This example illustrates the problem with using quantity-based measures to

associate with quality predictions. The authors ranking method emphasizes co-

occurrences and persistence of relationships. If CPZ has a persistent and frequent

history of being associated with adverse cardiac effects, both directly and as a mem-

ber of a class (phenothiazines) even more strongly associated with adverse cardiac

effects, then it would have a strong implicit relationship with cardiac hypertrophy.

The quality of the total somatic relationship is not necessarily positive, as this exam-

ple shows. While the authors ran some lab experiments showing that CPZ reduced

cardiac hypertrophy in mice [48], the relation may reflect a local optimization on

cardiac hypertrophy, and a global sub-optimization on overall somatic well-being.

I ran a shortcut LBD analysis combining some of our methods with Arrow-

smith, and found a potential discovery applicable to cardiac hypertrophy. Cereal

fiber has been shown to increase circulating adiponectin concentrations in diabetic

men and women [25, 26]. In turn, adiponectin, an adipocyte-derived protein, has

cardioprotective actions (e.g., [Adiponectin receptors] AdipoR1 and AdipoR2 medi-

ate the suppressive effects of full-length and globular adiponectin on ET-1-induced

hypertrophy in cultured cardiomyocytes, and AMPK is involved in signal trans-

duction through these receptors). AdipoR1 and AdipoR2 might play a role in the

pathogenesis of ET-1-related cardiomyocyte hypertrophy after myocardial infarc-

tion, or adiponectin deficiency leads to progressive cardiac remodeling in pressure

overloaded condition mediated via lowing AMPK signaling and impaired glucose

metabolism [22]. Therefore, use of cereal fiber in the diet could potentially con-

tribute to ameliorating cardiac hypertrophy, with probably very few or no adverse

side effects, and perhaps some positive side effects.
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Since our previous LBD studies have generated voluminous amounts (hundreds)

of potential discovery on each disease studied, I see no reason this would be different

for cardiac hypertrophy, and the single potential discovery presented here would be

one of very many resulting from a full study.

5.3 Definition of Prior Art

This third validation category brings us back full circle to the definition of discov-

ery and what is prior art. As an example, many LBD studies refer to the potential

discovery of Fish Oil for Raynaud’s Disease [9, 10, 12, 36, 45]. Use of Fish Oil for

circulatory problems was reported in the literature at least as far back as the 1970s,

and possibly even earlier. Papers in the late 1970s discussed the impact of Fish Oil

on atherosclerosis [1], thrombosis [8], vascular disease [14], and papers in the early

1980s also focused on vascular disease [7] and peripheral vascular disease [47].

While none of these papers mentioned Raynaud’s Disease specifically, how much of

a leap is it from peripheral vascular disease to Raynaud’s Disease? For example, [28]

lists drug therapies for peripheral vascular disease, and presents this information in

two categories: intermittent claudication and Raynaud’s Disease. Additionally, most

of the hospital Web sites I examined list Raynaud’s Disease under peripheral vascu-

lar diseases. Thus, depending on how broadly the core Raynaud’s Disease literature

is defined, Fish Oil may or may not have been a potential discovery.

6 Summary and Conclusions

In summary, this chapter has shown the importance of having rigorous definitions

of discovery and innovation, and using a rigorous vetting process to insure that no

prior art exists. While one can always identify further sources that could be checked

for prior art, nevertheless, the sources suggested in this chapter should be viewed

as a threshold before reporting potential discovery in the literature, I firmly believe

that one of the major roadblocks to wide-scale acceptance of LBD by the potential

user community has been the lack of real discovery reported in the literature. Until

more rigorous standards for defining discovery have been implemented, and more

rigorous vetting techniques used, LBD will have problems in taking its rightful place

in the arsenal of discovery weapons.
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