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Kurzfassung

Die Suche nach Molekiilen in chemischen Patenten ist schon seit Jahrzehnten eine Heraus-
forderung. Die Ungenauigkeit von Molekiildarstellungen, die Extraktion von Strukturen
aus Patenten und die grole Anzahl veréffentlichter Patente erschweren dieses Unterfangen.
Dieses Projekt widmet sich einem bis jetzt wenig beachteten Aspekt der Patentsuche,
nédmlich einer automatisierten Suche nach Patenten fiir groflere Molekiilmengen. Dazu
wird ein Framework geschaffen, das von zwei Endnutzerapplikationen implementiert wird.

Als Datenquelle wurde der SureChEMBL Datensatz verwendet. Dieser wurde, zur besse-
ren Handhabung, in eine relationale Datenbank eingespielt, die, auf einer mitgelieferten
Vorlage aufbauend, der Nutzung entsprechend modifiziert wurde. Es wurde auflerdem
ein Interface programmiert, das die Verbindung der Datenbank mit einer Applikati-
on steuert und die Nutzung erleichtert. Auf diesem Interface basierend, wurden zwei
Programme in zwei verschiedenen Nutzeroberflichen implementiert: ein Knoten fiir die
Workflowumgebung KNIME und ein Command Line Tool.

Anschliessend wurde eine Reihe von Experimenten durchgefiihrt, welche die Funktionali-
tét des Systems beschreiben sollen. Die Fahigkeit des Systems Molekiile in patentierte und
nicht patentierte Molekiile zu sortieren, wurde an der KNIME Node gepriift. Das System
trennte den gegebenen Datensatz mit hoher Genauigkeit auf. Einzelne Fehlentscheidungen
des Systems und grundsétzliche Probleme mit dem Versuchsaufbau wurden anschlieffend
diskutiert. Aulerdem beschreiben weitere Experimente mit verschiedener Thread An-
zahl, mit verschieden groflen Datenséitzen und mit unterschiedlich stark patentierten
Verbindungen die Performance des Systems. Das System braucht im Durchschnitt etwa
eine Sekunde, um ein Molekiil hinsichtlich der Patentsituation zu charakterisieren. Zwei
praktische Beispiele illustrieren mogliche Anwendungen des Systems und zuletzt wird
noch auf zwei mogliche zukiinftige Features eingegangen.






Abstract

Searching through molecules in chemical patents has presented a challenge for decades.
The ambiguity of representing molecules, their extraction from patents, and the sheer
number of published patents all contribute to the complexity of the subject. This project
attempts to fill a gap left by other patent searching systems. It creates a framework to
allow automated processing of patent molecule associations. In addition, two user facing
applications using this framework will be implemented.

A data source had to be found to provide the associations, and the data set generated
by the SureChEMBL platform was used. The data then had to be represented in a
format that would allow for easy retrieval. A relational database was designed based
on a provided template and modified to suit the needs of the intended functionality.
Furthermore, an interface was required that would bridge the gap between a user facing
application and the database backend. This interface was then used to create separate
implementations in two different environments. One being a KNIME node extension and
the other being a command line tool.

A series of experiments was performed to determine whether the intended functionality
had been achieved. The KNIME node implementation was used to test whether the node
would correctly classify patented and not patented molecules. It was found that it did
so with high accuracy. The reasons for incorrect molecule classification are discussed as
well as some problems surrounding the test set up. Performance experiments describe
the efficiency of the functionality. This varies depending on thread usage, size of the
query data set, and the number of patents molecules are associated with. In general,
approximately 1 second of average query time per molecule can be expected. Two use
cases are included for illustration purposes and possible future features briefly discussed.
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CHAPTER

Introduction

1.1 Significance

Patents accompany many forms of industry and research. They guarantee an inventors
right to profit from an invention. In a pharmaceutical context the invention is usually a
drug. This drug is protected by several chemical and pharmaceutical patents, giving it
a period of market exclusivity. This guarantee of market exclusivity makes patents so
important.

Chemical patent information has been a challenge for many years. The entities that
chemical patents wish to protect have always had some form of ambiguity associated
with them. Chemical entities are expressed in several different ways, for example via
systematical names. Attempts to establish systematical chemical nomenclature have
regrettably been met with only limited success[10] and with the introduction of Markush
structures, by the eponymous legal case in 1924, even structural representations of
molecules in patents have been very broad in scope.

Patents, however, require innovation. Innovation that can only be proven as such by
showing its distinction from prior art. In other words, prior art has to be searchable to
exclude it. Thus, developing methods to make searching prior art for chemical structures
easier has been around for a while, with some of the first systems having been developed
with punch cards in mind.[11] Yet after half a century of software development, most
systems still suffer from severe limitations.[12]

With the advent of open patent data the field of patent searching has become accessible
to many more researchers who have found applications for patent searching beyond
prior art examination. Bregonje et al. describe patents as a unique source for chemical
information potentially not found in classical scientific literature.[13] Projects such as the
SCRIPDB try to make this information freely and easily usable by researchers.[14] In this
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manner a field traditionally associated with industry and monopolized by commercial
analysis has found innovative use in research.

The commercial importance of patents in chemistry associated industry and specifically
pharmaceutical industry has steadily increased. With the threat of generic entry into the
market looming over every drug, the pharmaceutical industry has devised a number of
strategies to avoid what is known as the "Patent Cliff".[3][15][16][17] Development of new
drugs is heavily influenced by patents and so methods of navigating the patent space
still hold great importance.

A new addition to the field of chemical patent searching are automated extraction
workflows that find molecules in patents and save these associations.[12] Automation is a
very necessary next step to keep up with the increasing amount of published patents.

Access to the extracted information is often still limited to inputting one molecule at a
time. Querying data sets on a larger scale is therefore very time intensive. Considering
that modern drug development workflows operate on large data sets, there is a definite
need to query patent molecule associations in an automated way.

1.2 Goals

This project addresses the topic of bulk processing patent molecule associations in three
different aspects. The first aspect is, of course, a functional classification algorithm that
splits input molecules into groups of patented molecules and not patented molecules.
The data set used to determine this comes from the automated extraction pipeline
implemented by the SureChEMBL platform.[8]

While a deterministic analysis of correct classification into patented molecules and not
patented molecules is difficult, this system will be compared to current systems providing
a similar service.

The second aspect is the automation of patent molecule association. The main goal of
this project is providing a platform where users can input a list of molecules instead of
singular entities. The ability of the system to query molecules in bulk will be evaluated
mainly by its performance and speed.

A third aspect is the accessibility of this functionality to a user. Two implementations,
each directed at a different user base, will be described. Use cases of both implementations
will be presented and differences in functionality highlighted.

1.3 Structure

This thesis contains three different parts, in addition to this introduction. The following
part, the background section, will discuss general information surrounding the project. It
will highlight aspects of patents and their legislation, describe a variety of challenges that
had to be met in the course of this project, will name some of the tools used to overcome
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said challenges, and include an overview of existing solutions, too which this project will
be compared.

The implementation section will describe the process of software development. Special
attention will be paid to the different parts of the overall functionality. This section will
contain the design decisions made to achieve the aforementioned goals. These design
decisions will be explained and some of the implications for the user discussed.

The discussion section will analyze the functionality to determine whether the goals were
met and will give examples as to the usage. It will feature a number of experiments
and some use case demonstrations. It will also include an outlook on features that the
functionality would benefit from.






CHAPTER

Background

2.1 Patents

This section will attempt to briefly define what a patent is and then describe elements of
a patent. It will also highlight the role patents play in the pharmaceutical industry.

2.1.1 Definition of a Patent
The World Intellectual Property Organization (WIPO) defines a patent as follows[18]:

A patent is an exclusive right granted for an invention, which is a product or
a process that provides, in general, a new way of doing something, or offers a
new technical solution to a problem. To get a patent, technical information
about the invention must be disclosed to the public in a patent application.

While patent legislation often varies, this definition does encompass the general intention
and legislative nature of patents. Patents are usually published as patent documents.
These patent documents are heavily standardized and legislated by national and interna-
tional authorities, resulting in some variability.

One organization attempting international standardization of patent documents is the
WIPO[19]. The WIPO is a specialized agency of the United Nations and currently
comprises 186 UN member states, as well as a few non-member states. One of its
most important contributions to patent documentation is the list of standards including;:
recommendations for the minimum data elements needed to identify a patent document
as such[20], a list of two letter codes for different patent issuing entities[21], and the
contents of announcements in patent gazettes[22], among others.

Because of the USA’s special position in the pharmaceutical market[23], several references
will be made to the United States Patent and Trademark Office (USPTO) as a national
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legislative body that issues patents. These are examples meant to represent the national
aspect of patent legislation. Specific laws governing the term of patents or the types of
patents issued will vary nationally.

Patents are granted and recognized on a national level. In some cases, such as the
European Patent Office (EPO), treaties exist to allow centralized examination of patents
for several countries. Nevertheless, most countries will require examination by a national
patent office. Contrarily, while some patent documents are associated to the WIPO these
are not legally binding patents. WIPO patent documents are an administrative tool to
allow easier application for patents in the member states.

Some countries maintain a registration system, in which a patent is registered without
thorough examination and eventually proven valid when challenged in court. The
more common examination system requires a patent be evaluated according to specific
guidelines. One such guideline is the USPTO Manual of Patent Examining Procedure.[24]

2.1.2 Elements of a Patent Document

A few different patent sections or fields have become international standard requirements.
The particularities differ nationally, so legislation laid down by the USPTO will be used
to illustrate them. The full arrangement of a patent application the USPTO requires, is
discussed in [25].

The first few elements of a patent are administrative in nature, for example information
about the stated inventor. This information is taken from the application data sheet the
USPTO requires at application.[26] The USPTO also requires a so-called information
disclosure statement.[27] This contains patents and publications relevant to the invention.

Patents ordinarily provide an abstract[28] that summarizes the contents of the claims
section. Abstracts are not very regulated and some patent examiners only check for
adherence to length limitations. Some countries also require a dedicated summary that
is considerably longer than an abstract.

To be examined, a patent application requires sufficient disclosure of the invention as
well as a list of carefully chosen claims. According to the USPTO, the description of the
invention, also referred to as the specification[29]:

"[...]shall contain a written description of the invention, and of the manner
and process of making and using it, in such full, clear, concise, and exact
terms as to enable any person skilled in the art to which it pertains, or with
which it is most nearly connected, to make and use the same, and shall set
forth the best mode contemplated by the inventor or joint inventor of carrying
out the invention."

The statement "best mode" in the statute set forth by the USPTO requires the inventor to
disclose the most efficient parameters to reproduce his invention. It is included with the
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United States Patent [ (1] Patent Number: 4,681,893
Roth 4s] Date of Patent:  Jul. 21, 1987
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4-CARBOXAMIDO-SUBSTITUTED OTHER PUBLICATIONS
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[22] Filed: May 30, 1986 251, pp. 351-364, 365-374.
[51] Int, CL* oo AGIK 31/40; AGIK 31735;  Primary Examiner—Joseph Paul Brust
COTD 207/327 Attarney, Agent, or Firm—Jerry F. Janssen
OO O e ras6, Sai/375, sa/si, sag/s3r B ABSTRACT
[58] Field of Search . 5487517, 537."5”_,.-422_ Certain trans-6-[2-(3- or 4-carboxamido-substituted pyr-

514,423 rol-1-yljalkyl]-4-hydroxypyran-2-ones and the corre-
sponding ring-opened acids derived therefrom which

[56] References Cited are potent inhibitors of the enzyme 3-hydroxy-3-
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3,983,140 9/1976 Endo etal .rvvirrvcnn 49292 gholesterolemic agents. Pharmaceutical compositions
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- 38/292 X
. 514/460 9 Claims, No Drawings

4,198425 41980 Mitsui et al.
4255444 371981 Okaetal ...
4,262,013 4/1981 Mitsui et al. ... .
4,375475 371983 Willard et al. .oceinnnenne

Figure 2.1: Title page of the primary Lipitor (Atorvastatin) patent[1]

intention to prevent the publication of very general descriptions that hinder reproduction
of the invention. This "best mode" disclosure is an example of patent legislation that
varies from country to country.

It may be an inventor’s intention to disclose as little as possible or to obfuscate the
patented subject matter. This is often done to deter competitors from copying the
invention. However, patents should provide a basis to reproduce the invention after its
term has expired, so sometimes legislation is employed to disallow certain obfuscation.

The claims section of a patent is the legally binding part, defining the scope of the granted
exclusive rights.[29] It is arguably the most important part of every patent document
and the most fought over. On one hand, the claims section attempts to be as broad as
possible and include as many aspects of the invention as possible, on the other, it must
avoid everything considered to be prior art or risk denial of application. Patents require
a provably and completely novel aspect to be granted as such.|[30]

The patent is also required to contain drawings where they are necessary to understand
the invention.[31] In a chemical and pharmaceutical context these drawings often comprise
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Figure 2.2: Example of a Markush structure comprising Atorvastatin, modified from [1]

A 01 B 33/00 Main group — 4"
level
Section — 1 level or
Class — 2™ level 33/08 Subgroup — lower
level
Subclass — 3™
level

Group

Figure 2.3: IPC patent classification divided into its parts, modified from [2]

specific compounds and can be included in the claims section. These compounds are
commonly represented as Markush structures (figure 2.2) that encompass multiple
compounds by different types of variable structures, connected to a central structure.
Not all of these compounds have necessarily been synthesized. Those that have not been
synthesized are referred to as "prophetic compounds". They are included as protection
for the invention, to prevent someone from slightly varying a compound to achieve a very
similar activity or property.[11]

Some patents also have attachments. In 2001 the USPTO started its Complex Working
Unit (CWU) Pilot Program[32] to allow more complex entities, such as chemical structure
drawings, mathematical formulae, or protein crystal structures to be submitted as
attachments in their source format.

2.1.3 Patent Classification

Patent classifications attempt to group patents by their field of application. A number of
classification systems exist, managed by different organizations.

International Patent Classification (IPC)

The TPC is the most widely used patent classification system and is administered by
the WIPO. It consists of a number of symbols describing several sections, groups, and
subgroups. The symbols denote hierarchical relationships of the groups each splitting up
the previous one into smaller, more precise parts. An example is given in figure 2.3.

The section symbol "A" means human necessities. The class symbol "01" narrows the
classification further to several fields associated with agriculture. The subclass and
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Figure 2.4: Revenue of Lipitor (Atorvastatin)[3]

group symbols then specify that this patent classification describes a patent for tilling
implements with rotary driven tools.[33]

The IPC was initially developed as a tool to be used for paper based filing. So with the
advent of computer systems, the IPC underwent a larger reform that is sometimes called
the IPCR. In 2009 the original IPC classification system was discontinued.

Cooperative Patent Classification (CPC)

The CPC is a joint effort of the USPTO and the EPO to combine both of their internal
classification systems into one. It is intended to be an extension of the IPC to allow
for more specific separation. This eliminates the need for both offices to reclassify the
patents of the other into their own system. Seeing as it is an extension of the IPC the

structure of the CPC is very similar. Documentation concerning the additions to the
IPC that the CPC provides can be found on the CPC website[34].

2.1.4 Patents in the Pharmaceutical Industry

Patents are a vital part of the pharmaceutical industry as it is now. The current
"blockbuster business model" absolutely requires flagship drugs to be under patent
protection to be profitable.[3] This is exemplified very clearly in the sharp decline of
profitability when a molecule loses its patent protection.

One example is the drop of revenue Lipitor experienced after its patent protection expired.

Figure 2.4 shows the revenue for Lipitor since 2003 and the steep decline in revenue since
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2011. This is referred to as the "Patent Cliff" In 2011 Lipitor’s extended patent term
ended, making generic entry possible.

The end of patent protection for a molecule usually means an almost immediate appearance
of generics and often a significant loss of market share. Another example of this is Prozac
(Fluoxetine), which lost 70% of its market share after generic market entry.[35]

With R&D costs continually rising throughout the pharmaceutical industry[36], the need
to protect these investments also increases. The period of market exclusivity achieved
by patent protection becomes a vital instrument to ensure a return on those expenses.
Thus many companies employ strategies to prolong that period[3] through strategic use
of secondary patents or, more specifically, using concepts such as chiral switching

Secondary patents are filed late in the life cycle of a patented drug to lengthen its patent
protection. Specific aspects of the drug are separately claimed, avoiding the claims of the
previous patent. The previous patent is considered prior art at this point and reclaiming
parts of it would invalidated the new patent. Claims include different crystal structures,
different formulations, and even different usage.[17] In chiral switching it is a specific
enantiomer that is claimed to replace a previously racemic claim. However, the claimant
must prove that there is a significant difference between the racemic composition and
the single enantiomer composition.|[16]

2.2 Challenges

Associating molecules and patents is not without its challenges. Two of the challenges
will be detailed in this section and some solutions discussed.

2.2.1 Molecule Representation

Molecule representation has always presented a challenge, especially in an informatics
context. For example, a study of several small molecule databases revealed that dramatic
inconsistencies existed between the same molecules in different databases.[37] Therefore
the problem of molecule representation remains a relevant one. There are many ways
of representing molecules in a computer readable format, yet not all provide the same
functionality. Differences exist in the areas of:

e stereochemical information

conformational information

data size

human readability

e uniqueness
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Figure 2.5: Aspirin in an SD file format, generated by the LigandScout SDF writer
KNIME node

This section will discuss several different approaches to molecule representation, in the
light of the aforementioned characteristics.

Structural Representations

A very intuitive approach to represent molecules in a digital way is a list of atom types
with 3D coordinates and a list of bonds with defined bond orders. Such a format is
implemented in a molfile or its extension, the structure data file (SDF). An example is
given in figure 2.5. Information is stored in the form of a connection table. The most
prominent parts of this connection table are the atom block and the bond block. The
atom and bond block also contain the stereochemical information.[38§]
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Structural representations are unique in the fact that they can also convey conformational
data. Through the use of 3D coordinates and point to point bonds, the bond angles and
the torsion angles become variable. While the bond angles themselves will stay fairly
consistent, depending on the chemical environment, the torsion angles can be manipulated
at will. This is absolutely necessary in applications such as virtual screening.[39] This
feature is, however, not necessary when trying to uniquely identify a molecule and may
even confuse such attempts.

The main drawback of structural representations is their data size. Whether on file or in
memory, a structural representation is a significant memory investment. This makes the
use of structural representations as unique identifiers of molecules problematic, especially
in larger data sets.

Human readability is not the intention of a structural representation of a molecule. Every
attempt at visualization is connected to a translation effort onto a 3D or 2D environment.
A structural file is difficult to interpret without visualization software.

While structural formats are very specific in their representation of a molecule, they may
be too specific for use as unique identifiers. For example, conformational differences in
two representations should not lead to mismatches when absolute configuration would
match. This could be avoided if a conformational analysis would be done at every read
in but this would result in massive overhead. Furthermore, minute differences in 3D
coordinates, for example caused by different handling of the float data type, could also
result in false mismatches and would necessitate a certain fuzziness in the comparison.

String Representations

There are several formats that attempt to represent molecules as strings. The most
common and most popular is the Simplified Molecular Input Line Entry Specification
(SMILES) format.[40] SMILES strings are a very simple way of representing molecules in
a human readable and easy to use fashion. Writing molecules as SMILES string does not
require automated processing, but can be done by anyone with a little practice.

A SMILES string, however, contains significantly less information than a structural
representation. A SMILES string will only contain information about atom types,
connectivity, bond orders, as well as some limited stereochemistry. Projection into a
3D space is achieved by using knowledge based interpretations of functional groups and
bonds to specify bond lengths and torsion angles. Thus all conformational data is lost at
read out in exchange for consensus data.

The main advantages of a SMILES string are its minimal data usage and its human
readability. While not perfectly intuitive, SMILES strings are a lot more interpretable to
the human eye than a structural file.

The use of SMILES strings as unique identifiers, while less data intensive, still remains
problematic. There are usually multiple ways to write molecules in SMILES formats and
there are multiple variations on canonicalization algorithms.[41] As such, it is hard to
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Figure 2.6: Generation of a SMILES string for Ciprofloxacin, modified from [4]

tell whether query SMILES strings will be generated the same way as SMILES strings in
a databases. Different generation algorithms result in the same molecules being written
differently. This can result in false mismatches when querying.

JTUPAC International Chemical Identifier

A comparatively recent addition to string representation is the IUPAC International
Chemical Identifier (InChI). It was developed by a group associated with the Interna-
tional Union of Pure and Applied Chemistry (IUPAC) to provide the following relevant
functionality[42]:

hierarchical

structure based

e unique

applicability to the domain of "classic organic chemistry"

a default level of specificity to ensure interoperability between databases
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Figure 2.7: Standard InChlI layers modified from [5]

The InChI uses the structure of the molecule to generate a layered identifier. Each
layer contains a different type of molecule information, for example, a layer describing
tautomers or a layer showing different levels of protonation.

Generating an InChl can lead to different results, depending on the options used. Flexi-
bility in the generation can be seen as positive in terms of customizability, however, it
can lead to known problems in communication of different databases with each other.[37]

The solution is the standard InChl. In its generation the standard InChl always considers
the same three aspects of atom composition, connectivity, stereochemistry, and isotopic
composition. This results in a system that always generates the same string for the same
molecule. As such, the standard InChl is uniquely suited for use in databases.

The main drawback of the InChl is the return to a need for automated processing. An
InChl is very hard to read for a human and even harder to generate. In this sense, it
sacrifices human readability and simplicity for standardization, while retaining molecular
structure.

Its structure based nature can lead to an InChl being a long string, depending on size
and complexity of an encoded molecule. As a response to the need for a more compact
identifier, the InChl key was developed.[42] It is a hash based derivative of the InChlI,
resulting in a 27 character string. The mathematical transformation into a hashed form
does incur a loss of information and so an InChl key is not as easily converted back into
a structure. Moreover, it also leads to the loss of the InChls convenient hierarchical
structure, making it impossible to cleanly separate information layers.
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2.2.2 Patent Molecule Association

With the advent of open patent data, the development of extraction tools and databases
for patent data has accelerated. Patent data is not usually an obvious source for scientific
data, however some studies conclude that a large percentage of compounds published in
patents are never published in scientific journals.[13] This elevates patent data from a
position of patent avoidance, to an interesting target for data mining. A few of these
attempts have already been published.[43]

Several problems arise when initially associating patents with molecules. This section
will briefly discuss chemical extraction and relevance sorting.

Extracting Chemistry from Patents

Usually it is the Markush structures that contain most of the chemistry in a patent. 4
different points of variance in Markush structures are described by Downs et al.[11]:

e substituent variation — a list of alternative substituents
e position variation — a variable point of attachment (for example on a benzene)
e frequency variation — repetition of a substituent or variable group

e homology variation — substituents are only defined by a generic class related to
each other by homology

This level of possible variation can lead to Markush structures so broad that enumeration
becomes very problematic, whether automated or by hand. This has become so time
consuming that the USPTO has attempted to limit the scope of Markush structures.[44]

Chemical entities explicitly disclosed outside of Markush structures may be hard to
interpret as well. Many compounds are described through ambiguous trivial names
that could describe a whole cluster of compounds. It is standard practice to describe
compounds in the form of systematic names, however manually generated systematic
names are often incorrect, so that deriving structures from them becomes impossible.[45]
This leads to even more loss in extraction.

While some of these problems can be overcome in manual curation by the dynamic use
of common sense, automated extraction is often not capable of such flexibility.

Determining Relevance

Having extracted chemistry from a patent, one is left with the question of the patent’s
relevance for the extracted molecules. A common approach to relevance scoring of patents
for automatically extracted molecules is by position and frequency of the molecule in the
patent.[46] Position in this case refers to the section under which it was found.
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Scoring by frequency of occurrence follows the simple rationale that relevant molecules
should be mentioned more often. This, while a starting point, is a bit simplistic. One way
to refine this is by dissecting the patent and sorting by frequency in the different sections.
A molecule that appears often in the claims may be more central than a molecule that
only appears in the description. A molecule in the description may simply be exemplifying
a form of activity displayed by the actual subject of the patent.

Depending on the use case of the patent search, another approach could be a rough
pre-filter, sorting patents into possibly still valid and likely invalid by age of the patent.
Especially in areas of development, the validity of a patent will be of higher importance
than a compound’s occurrence frequency. Even so such a pre-filter can only be considered
rough, as the specific durations of patent validity vary by patent type and national
legislation.

In general, it can be said that determining the relevance of a patent for a compound
is a non-deterministic problem, especially when the possibility of litigation and patent
challenge is considered.[15]

Bulk processing

Early stages of modern drug discovery and development often involve screening methods
such as high throughput screening or, more recently, virtual screening. Screening methods
involve compound libraries, not singular compounds and high levels of automation.[47]
Thus, it stands to reason that tools involved in the drug discovery and development
process should support the processing of compound libraries in an automated way.

2.3 Tools

This section will introduce a few tools that will be mentioned later in the implementation
chapter. Specific details of their usage will be discussed there.

2.3.1 Relational Databases

Relational databases have been a very valuable tool in dealing with large amounts of
data. They allow for fast retrieval and provide specialized functionality depending on
the Relational Database Management System (RDBMS).

Data in a relational database is stored in tables. These tables consist of rows and columns.
Every row consists of a number of fields corresponding to the number of columns. The
rows aggregate the different fields associated with one record, while the columns define
the data types of these fields. Supported data types vary by RDBMS. Columns can also
have a number of constraints on them, requiring them to be unique or to correspond to
another table. While the number of columns usually remains static, the number of rows
is extendable.
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Figure 2.8: Example of a many-to-many relationship of orders and products|6]

To describe more complex data relationships often more than one table is needed. For
example, one row may be connected to many different rows containing other data on
another table. This would be a one-to-many relationship. To describe a relationship
between different tables a relational database uses primary and foreign keys. A primary
key represents a unique identifier for one specific row on one specific table. If this primary
key is referenced on a different table to show a relationship between two rows it is a

foreign key on this table as it originates from a different table and is foreign to this one.

Rows on two different tables can be connected to each other in many-to-many relationships
as well. In that case single rows on one table are connected to many rows on the other,
and vice versa. These kinds of many-to-many relationships are usually described on a
mapping table that contains two foreign keys, one for each entity mapped, and information
about the mapping. This way a many-to-many relationship can be expressed without
duplicating data on one of the tables.

RDBMS

The infrastructure surrounding a relational database is the RDBMS. A variety of RDBMSs
exist with different leanings and priorities in their implementations. From simple ones,
designed for light usage, to heavy duty enterprise facing solutions, they all have different
advantages and disadvantages. A proper comparison of RDBMSs is beyond the scope of
this thesis. A starting point can be found in [48].

Structured Query Language (SQL)

SQL is a querying language used by virtually all relational databases. SQL was designed
for use with relational database and has since become an ISO standard.[49] SQL attempts
to be easy to use while still being capable of very specific querying. SQL is also used for
a number of commands within databases such as table creation or transformation. Large
parts of SQL are standardized, however, many RDBMS implement their own "dialect"
of SQL that provides further functionality. This can lead to compatibility issues when
using more specific SQL queries or scripts.

17
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Figure 2.9: Screenshot of the KNIME example workflow, taken from [7]

2.3.2 KNIME

KNIME is an open source workflow program, implemented in Java, which allows users
without knowledge of programming or scripting to use and combine graphical repre-
sentations of scripts in a user friendly environment. The name derives from Konstanz
Information Miner and refers to its roots as a tool for data mining and statistical
analysis.[7] It is also widely used in cheminformatics and drug discovery in a competitive
role to the commercial solution Pipeline Pilot.[50]

In KNIME functional units, called nodes, are dragged and dropped on a grid and connected
to each other by ports that define input and output. Usually data is transferred between
these ports in the form of tables, however, more specialized nodes do require and transmit
other data types. This leads to graphical representation of a process.

KNIME brings two groups together within a common framework. It is dependent on
developers to expand its array of functionality and tries to make this intuitive to use for
the average user. It achieves this by providing an easily extendable framework and by
defining guidelines to promote consistency across the nodes.[51]
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Figure 2.10: The LigandScout GUI

2.3.3 LigandScout

LigandScout is a commercial pharmacophore modelling and screening suite developed
by Inte:Ligand GmbH.[52] Tt is known for its approachable Graphical User Interface
(GUI) and user friendliness. It provides functionality for small and macromolecule
visualisation, structure and ligand based pharmacophore generation, screening, and other
functionalities.[53] This project will be in part built up from the LigandScout code base.
This will include utilities from the LigandScout KNIME node package as well as the
command line framework.

LigandScout provides an array of high quality KNIME nodes in addition to its standalone
implementation. These offer the core LigandScout functionality in node format, as well
as some utility functionality, such as Input/Output (IO) nodes. An advantage of having
this functionality as KNIME nodes, is the possibility of bulk processing and automation,
as well as a seamless interface between external functionalities.

LigandScout also provides command line tools for some discrete processes, such as,
conformer generation, virtual screening and others. These tools are built from a common
framework that interfaces Java functionality and the shell, making it usable over command
line.
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2.3.4 JNI-InChl

JNI-InChl provides a Java wrapper around the InChlI C library developed by ITUPAC.[54]
JNI stands for Java Native Interface and describes the libraries function of providing
Java function calls to generate InChls and InChl keys. This allows for easy conversion of
various Java molecule objects into an InChl.

2.4 Patent Searching Systems

This section will introduce some of the systems dedicated to chemical patent searching.

2.4.1 History

Searching for chemical structures in patents is not a new development. Since the
early 1960s several systems exist to serve this purpose. The first of these systems
were based on fragment codes, where alphanumeric characters would encode specific
chemical fragments, such as functional groups. One such system is the Derwent Central
Patent Index Chemical Code (CPI).[55] Originally designed for 80-column punch cards
it attempts to encode Markush structures using a set of predefined chemical fragments.
The CPI is still in use in the Derwent World Patents Index, which was up until recently
a branch of Thomson Reuters Intellectual Property & Science and is now independent
under the name Clarivate Analytics. This variant of a fragment code is described as a
closed system, seeing as it only allows the use of predefined fragments. One example
of an open system, assigning codes based on fixed rules instead of fragments, is the
Genealogical Retrieval by Magnetic Tape Storage (GREMAS) system implemented by
the Internationale Dokumentationsgesellschaft fiir Chemie GmbH (IDC).[56]

These fragment based systems were superceded by topological systems that began to
appear in the 1980s. In contrast to a purely fragment based approach, systems like the
MARPAT or Markush DARCI57] use combinations of fingerprint based searches and
abstracted molecular graphs. This allows for speed and the ability to specify connectivity.
It avoids the problem of two substances containing the same fragments, connected
differently, having the same fragment code and being regarded as the same molecule.

Automated Extraction Systems

A fundamental development in patent molecule association, is the possibility of automated
extraction of patent data from publications. A source of data for automated systems are,
for example, CWUs in patent attachments. One system that takes advantage of these
CWUs is SCRIPDBJ[14]. SCRIPDB, however, does not limit itself to patent molecule
association but also describes chemical reactions and synthesis. Its main limitation is
that only patents after 2001 contain CWU. This means only patents published after 2001
can be considered.
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Circumventing the need for CWU requires very sophisticated semantic analysis techniques.
One attempt was made by IBM in connection with several life sciences organizations.
Data was extracted using the IBM Strategic IP Insight Platform|[58] for the period of
1976 to 2010. Starting from 2001 CWUs were included in the extraction process. The
data set was then provided to the US National Institutes of Health.[59]

2.4.2 Patent Searching as a Feature

Current commercial Systems offering patent searching in addition to their main function-
ality are, for example, Reaxys[60] and SciFinder[61]. Reaxys patent data is manually
curated and therefore somewhat limited in scope. The number of patents published is too
large to process by hand, therefore compromises have to be made to still remain up to
date. Reaxys prioritizes patents by perceived importance, ignoring those not immediately
relevant. While manual curation of patents may improve the accuracy of a search it also
severely limits the throughput of data.

SciFinder relies on its PatentPak solution to find full text annotated patents for molecules.
The scope of SciFinder is much broader than that of Reaxys, however, the mechanism of
its patent search is proprietary and is therefore not disclosed.

2.4.3 SureChEMBL

Another new player in patent molecule associations is SureChEMBL.[8] Initially developed
as a commercial entity under the name SureChem by Digital Science Ltd., it was donated
to the European Bioinformatics Institute (EMBL-EBI) in 2013. Most public systems with
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similar functionality are usually limited in their historical data coverage and not updated
weekly with the publications of new patents. The SureChEMBL project attempts to
achieve both of those tasks with a sophisticated data mining platform.

Chemical data is extracted from patents via three pathways shown in figure 2.11:

e name to structure conversion
e image to structure conversion

e attachment CWU parsing

As of 2017, the initial feed of data comes from the four major patent authorities WIPO,
USPTO, EPO, and the Japanese Patent Office (JPO). This data is digitized and converted
into XML by a patent content vendor named IFI Claims.

The entity recognition algorithm developed by SureChem scans the full text of the patent,
extracts the contained chemistry, and also makes note of the section where a chemical
entity was found in. The extracted names are then passed to several name to structure
tools, with iterative contingencies in place to correct spelling or optical recognition
mistakes. In a parallel branch, images are passed to the image to structure converter
Keymodule CLiDE[62]. The chemical files attached as CWUs are parsed as well.

All successfully recovered structures are standardized and input through the ChemAxon
JChem interface into a relational database. Unique identification in this system is achieved
by canonical SMILES, generated using the ChemAxon Marvin toolkit. Molecules are
supplemented with a variety of standard properties and additional representations, for
example a standard InChl.

One of the main advantages SureChEMBL has over its competitors, is its dynamic nature.
The fully automated data pipeline allows weekly updating of patent data at a rate of 80000
compounds or 50000 patents a month. The stated average latency between publication
and searchability of a patent and its associated compounds within SureChEMBL is an
impressive 1-4 days.[8]

The most visually prominent feature SureChEMBL boasts, is its GUI (figure 2.12),
the main entry point for queries. It allows searching by keywords in full text patents
supported by a Lucene index backend, chemical structures and substructures, as well as
any combination of both. While a little daunting at first, it allows the creation of very
efficient and specific queries. The search results are presented in an intuitive way and
have some built in export functionality. However, SureChEMBL lacks one important
feature, which is bulk data querying.

2.5 Summary

Patents in and of themselves are complex entities. While the core principles of patent
legislation are similar internationally, important details can differ. Patent documents
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describing the nature, scope, and subject of the patent have a certain amount of stan-
dardization associated with them. However, particularly the subject of the patent can be
expressed ambiguously. Despite this, patents play an integral role in the chemical and
especially the pharmaceutical industry.

Chemical and pharmaceutical patents compound the complexity further because of their
specialized subject matter. Representing chemical entities is not very straightforward,
specifically in an informatics context. Furthermore, because of the inherent ambiguity of
a patents subject, an automated association of chemical entities with relevant patents
presents a challenge.

There are several frameworks that allow this project to meet these challenges. Starting
with representation of patent molecule association in relational databases that allow
intelligent and fast queries. Frameworks for handling and converting molecules are also a
core part of this project. Furthermore, a way to communicate with the user makes the
functionality available to different groups.

The need for patent searching is not a recently discovered one. Thus, this project is built
on the experience and work of others. Open patent data has enabled much innovation
in the field of patent searching, leading to smarter and more comprehensive systems.
Automated extraction of chemistry from patents allows these systems to be consistently
up-to-date. In the light of automated extraction, automated querying and bulk processing
is the next logical step.
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CHAPTER

Implementation

3.1 Intended Functionality

In the process of the project’s implementation several decisions had to be made about
the functionality to be developed. These will be briefly discussed before going into the
specifics of the implementation. The driving force behind developing these tools was
a need for bulk processing of patent molecule association. The implementation bulk
processing requires overcoming a few challenges detailed below.

Import of Molecule Libraries

The first step to bulk processing is the import of the data sets that will be processed.
In this case this means functional importing of compound libraries. Depending on the
framework, 10 must be handled differently.

Standardization of Molecules

Molecules come in very different formats. Consequently it is absolutely necessary to
convert the input molecules into a format that is both unique and does not severely
impact the performance. The standard InChl was chosen for its open source nature, its
hierarchical structure, and its explicit design for use in database querying and interop-
erability. The InChl key was considered but would have prohibited a stereochemically
unselective search.

Patent Molecule Association

The most integral step, of course, is the actual patent molecule association. A data set
or a data search mechanism had to be found to describe the many-to-many relationships
patents have with molecules. Initial attempts using Representational State Transfer
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(REST) services to achieve this ran into several issues. In the end a relational database
solution was built up using the data provided by SureChEMBL.

Classification

Classification of molecules into those with and those without associated patents is the
most basic function the project aimed to achieve. A user should be able to easily split an
entered data set by this criterion and continue working with each subset.

Relevance Sorting

Sorting patents by relevance is integral in any advanced usage of the patent search.
Excluding all molecules with associated patents may be the simplest course of action.
Nevertheless, a molecule that was patented before may have fallen out of patent protection.
Such molecules could be extremely valuable in repurposing workflows. It would therefore
be very helpful to also have filtering mechanisms that could retain these molecules.

Processable Output

Because of the complexity of patent data, human interpretation is still very important
when processing results. Results must be presented in an interpretable way as well as
a functional one. The interpretable option should allow users to make decisions about
refining their search, while the functional one should integrate well with further processing
of molecules as chemical entities.

User Friendliness

While the implementations described will vary in their interpretation of user friendliness,
special emphasis was placed on making this functionality easily usable by average and
advanced users. Patent searching is a very complex endeavour, so a deeper understanding
of the subject will definitely enhance results, even so, this should not be a prerequisite.

3.2 Database

It quickly became clear that the SureChEMBL data set was the most up-to-date resource,
yet, accessing it became problematic. The biggest problem was that SureChEMBL itself
does not provide a REST Application Programming Interface (API).[8] REST service
are a way to allow communication between a querying computer and a server connected
to the internet for example using Hypertext Transfer Protocol (HTTP). Several REST
services access the SureChEMBL data set, such as UniChem[63] and the Open PHACTS
project[64], however these come with problems of their own.

The access of UniChem to the SureChEMBL data set is limited to its compound library.
Querying whether a compound is in the SureChEMBL database would be a way to
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classify whether a molecule has been in a patent, but would not make any attempt at
qualifying that statement with validity, type, or relevance of that patent.

Even though the Open PHACTS project has access to the patent data contained in
SureChEMBL, this access is initially limited by its static nature, seeing as only data up
until 2012 has been integrated. In addition, several problems occurred in the accession of
this data.

The entry point to the Open PHACTS system is the conversion of structural compound
identifiers into a Unique Resource Identifier (URI).[65] Surprisingly many compounds
queried this way returned puzzling internal server errors. While separate queries to the
Open PHACTS data sources revealed that these compounds were, in fact, included in
these databases, the Open PHACTS API itself was unable to find them. Furthermore,
preliminary analysis of the compounds that were found and queried with patent lookup
calls showed that there was a clear discrepancy between what the Open PHACTS API
delivered and the data included in the SureChEMBL database, beyond the one caused
by the limited integrated data set.

A decision was made to generate a modified version of the SureChEMBL database locally.

The SureChEMBL project conveniently provides a collection of scripts to generate a
mirror of the main database.[66] The main problem encountered in this process was
database size, and so a few decisions were made to reduce it. As such it is about 45
gigabytes in size at time of writing.

3.2.1 Database Management System

PostgreSQL was chosen as the RDBMS for this project for its advanced functionality.
The SureChEMBL data client, in its unmodified form, states that it supports Oracle
and MySQL database systems. There is a clear bias towards Oracle as the support
for MySQL only extends as far as a database agnostic schema. The bundle of scripts
only contains specialized functionality for Oracle. However, Oracle and PostgreSQL are
reasonably congruent in basic functionality and the SureChEMBL data client is written in
a way to be easily extendable. Therefore using PostgreSQL only required some minimal
modification of the scripts.

3.2.2 Database Schema

The SureChEMBL data client comes bundled with a database schema written for an
Oracle or a MySQL database. It was modified in a few places to meet specifications.
In general, the schema had few compatibility issues when it came to converting it for
PostgreSQL. An overview of the modified database is given the appendix.
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The database schema can be divided into three formal units:

1. documents
2. chemistry

3. interface

The document domain contains all information associated with the documents. This
includes the titles, classifications, and a separate table for the issuing offices. The table
of patent offices was created for performance reasons and is updated dynamically with
every update of the database itself.

The chemistry domain contains all information associated with the chemical entities.
This is split into a chemical property table and a chemical structure table. The chemical
structure table contains a SMILES string, a standard InChl and a standard InChl key.

The last domain is found in between the aforementioned ones. This domain only
consists of the "schembl_document_ chemistry" table and acts as the interface between
documents and chemistry. This table describes the many-to-many relationship the
contained molecules have with the contained patents and maps them to each other using
their respective primary keys.

Modifications

The main functional difference between the original schema and this modified one is in
the "schembl document_ chemistry" table. In the original database schema this table
consisted of the two foreign key columns, an integer column denoting the section of the
patent, and an integer column denoting the frequency of occurrence in that section. This
table was reformatted to have a column for the 6 patent sections described containing the
frequency of occurrence. This reduces the number of rows and allows for easier querying.

Another major difference is the omission of the column "life_ sci_ relevant” from the table
"schembl__document" which originally signified the life-science relevance of the patent.
Non-life-science relevant patents where omitted in building this database in the interest
of manageable size.

The "schembl_ class_ system" table was created to improve clarity when referencing the
classification system of a classification under which a patent was filed. The original
schema described the classification as integers and referenced them in the source code of
one of the surechembl-data-client scripts. This is inconvenient and makes it hard to use
the database without the surechembl-data-client.[66] The "schembl class system" table
uses the integers in the "schembl document_ class" table as primary keys, connecting
the integers to the name of the classification system.
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3.2.3 Populating the Database

SureChEMBL provides two ways to download their data: as a map file and over a private
File Transfer Protocol (FTP) server. The map file contains molecules mapped to patents
in a line by line format where each line represents one mapping. This is a very verbose way
to describe the many-to-many relationship otherwise contained in the database. It is also
somewhat problematic for use as a primary data source to populate the database, mainly
because of the redundancy of data necessary to display a many-to-many relationship in
this format.

Fortunately the SureChEMBL provides FTP access to a far less redundant data set. This
is the data set the surechembl-data-client is configured to use in order to replicate the
SureChEMBL database.[66] This FTP data set is split into two parts: the backfiles and
the frontfiles. The backfiles contain historical data extracted once and left static. These
reach back as far as 1954. The frontfiles are updated daily and contain the results of the
automated SureChEMBL data extraction pipeline.

3.3 Application Programming Interface

The main interface between end user applications and the database is the Patent Database
Handler. The Patent Database Handler was implemented in the Java programming
language. The Patent Database Handler provides the functionality to query patents for
a compound.

3.3.1 Connection

The first step to a query is establishing the connection. A connection to a hosted
database requires a few pieces of information. It requires a host name to identify where
the database is hosted, a database name, a user name of an account with sufficient
privileges for querying on the specified database, and a password if the account requires
it. For added security the connection to the database is a Secure Sockets Layer (SSL)
connection by default and supports common certificate authorities.

3.3.2 Multithreading

Both implementations discussed here use multiple threads and multiple connections to
query the database. By default programs are executed along one thread, one step at a
time, the steps being successive lines of code. Multithreading splits the program into
multiple threads that can execute their own functions independently of each other. This
also allows a program to distribute the processing load onto multiple cores.

Many different ways of implementing multithreading exist. The API itself does not
contain code for multithreading to allow the application to decide on the framework it
wishes to use. This way both implementations use a multithreading system native to
their framework.
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In this case multithreading was not implemented to distribute processing load. Using
multiple threads allows the program to query multiple molecules at once. While parallel
querying increases the absolute time one query takes to finish, experience has shown
that the relative time for one molecule can be drastically reduced this way. This will be
discussed further in section 4.2.

3.3.3 Molecule Conversion

Molecule conversion is handled outside the Patent Database Handler and is left to the
application. Molecule conversion, in both implementations that will be discussed, begins
with a LigandScout molecule representation. This, being natively Java, allows us to
interface with the JNI-InChlI library.[54] The JNI-InChI library converts the molecule
into an InChl using the InChl C library distributed by the InChl trust.[67]

3.3.4 Configuration

Before a query call can be made, the Patent Database Handler requires some configuration.
The main requirement is, of course, the identifier as a standard InChl. Two options,
namely the number of patent offices and languages, are database dependent and are
extracted at runtime to allow proper limiting of the results. The offices and languages
contained in the database may increase, therefore, infrastructure has been put in place
to compensate for this.

3.3.5 Filtering

The Patent Database Handler also allows a user to add some filters to the Query. Four
main filters are implemented: a patent classification filter, a date filter, a field occurrence
filter, and a patent office filter.

Classification Filter

The classification filter will remove all patents that are not filed under the specified
classification. The hierarchical nature of patent classifications allows the user to define
how selective the filter is supposed to be as the parts not specified remain open.

Patents are usually classified under a number of different classifications. For example, a
patent for a series of small molecules in the treatment of a specific condition may under
IPC be classified under the section "A" for human necessities as well as section "C" for
chemistry. This should be kept in mind when filtering this way. Supported classifications
are IPC, IPCR, and CPC.

Date Filter

A date filter is provided to filter out clearly outdated patents or to examine a certain
time period. Patent documents more likely to still be valid (in other words, documents



3.3. Application Programming Interface

not older than 25 years) are implicitly sorted to the top and are therefore more likely to
be retrieved. However, in cases where molecules do not have many patents associated
with them, the date filter allows the complete removal of outdated documents. In a more
explorative analysis the date filter allows the user to define a particular time period.

Field Filter

The field filter allows the user to specify the frequency of occurrence for the queried
molecule in a specific section or field a patent document requires to be retrieved. In
other words, a field filter requiring 1 occurrence in the abstract will only retrieve patents
for a molecule if the patent contains a reference for that molecule in the abstract. If a
patent does not contain a reference to the molecule in the abstract it will be ignored.
This allows the elimination of noise caused by patent documents mentioning various
substances as examples or illustration. Known or off-patent drugs are particularly noisy
and, for example, requiring an entry in the claims section will occasionally drastically
reduce the number of patent documents applicable.

Patent Office Filter

The patent office filter excludes patent documents based on the patent office that issued
them. At time of writing patents from five patent offices are included in the database
corresponding to the ones contained in the SureChEMBL database. These will be
dynamically expanded as soon as more are added to the SureChEMBL database. Issuing
patents is still the prerogative of national patent offices, therefore it makes sense to be
able to filter by them. Patent offices are represented by their two letter code laid down
by the WIPO.[21] It is important to keep in mind that although patent documents issued
by the WIPO exist, these are purely bureaucratic and do not represent legally binding
patents.

3.3.6 The Query

The query itself is split into two parts for performance reasons. The first part is directed
at the chemistry domain of the database. A stereounselective search of the given identifier
is performed to find associated compounds in the database.

The decision to search for molecules disregarding stereochemistry is rooted in the fact that
most patents are issued for racemic compounds. A specific stereoisomer may be patented
separately if its properties are different enough from the racemic composition.[16] This is,
however, a specialized strategy. A stereoselective search may mean missing information
that would have been retrieved otherwise. Therefore a decision was made to err on the
side of caution.

The second part of the query retrieves the patents associated with the previously retrieved
compounds. This is done through the mapping table. The first filters are applied in the
document domain of the database, filtering by date and occurrences in fields. The result
is then passed on to post-processing.
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3.3.7 Processing Results

The first step in the post-processing is still done in the SQL body of the query. The
results of the main query are sorted according to several rules. The first rule aims to
approximate patent expiration by checking if it was issued within the last 25 years.

The second rule begins the sorting by fields. Occurrences in the title are not sorted by
their frequency, but by whether they are above 0. Although the data set contains entries
where occurrences in title appear to be higher than one, in reality this is usually a reading
mistake. Sorting by frequency of occurrence in title, tends to sort German language
patents to the top for unknown reasons. In general, it makes little sense to demand an
occurrence above one in the title. The sorting continues in a hierarchy corresponding to
the legal and practical importance of the patent section or field.

The most important section of the patent is the claims section, as it is legally binding. The
reason results are sorted by claims, only after having been sorted by title is that the title
is far shorter and will therefore contain less noise. After that comes the abstract. This is
prioritized assuming that a document’s summary would preferably contain important
elements.

After the abstract come the two fields that actually contain structural representations of
the molecule, in the order: attachments and images.[32] The attachments are prioritized
above the images because of their deterministic nature. Usually an attachment refers
to a CWU. An attached molfile will usually only contain one molecule, while optical
recognition of an image of a Markush structure may lead to very many molecules, only
some of which the inventor has actually synthesized and tested. Furthermore, optical
recognition will tend to have more mistakes than parsing a molecule file.

The end of this sorting cascade is the description, it being the most noisy of the fields.
The description will, of course, include molecules used as examples to illustrate a point.
Therefore it is deemed the most irrelevant.

Before returning results, the database performs one last step: it limits the results to
minimize 10 performance issues. On the client side the results are then subjected to the
patent office filter and a language filter that prioritizes English language patents.

3.4 KNIME Implementation

The first implementation to be discussed is the KNIME node extension. KNIME itself
is built on the Eclipse Integrated Development Environment (IDE), one of the most
important IDEs in Java development.[68] KNIME uses the Eclipse plugin capability to
allow developers to extend KNIME functionality at so called extension points. To this
end they provide the KNIME Software Development Kit (SDK), a developer version of
KNIME. This comes bundled with the extension wizard, which generates the required
files for the developer.
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Figure 3.1: Filtering tab of the Patent KNIME node extension

3.4.1 Configuration

The KNIME Noding Guidelines require a node to configure its input and output even
before the user has applied any settings. This allows a long chain of nodes to be configured
at once and to be executed at once. In practice this means that the moment one node is
connected to another, they begin to interact.

If user input is required, as is the case in this implementation, the user interacts with the
node using a dialog. The KNIME Noding Guidelines lay down a few recommendations
for GUI design within KNIME to allow for consistency. The dialog can be split into
different tabs dealing with different subjects. In this case 2 tabs were implemented.

The first and most important is the filtering GUI (figure 3.1). It contains control options

for all implemented filters the API can handle to allow for full control of the query.

The second is the connectivity GUI (figure 3.2) allowing a user to control the necessary
connection information, such as host name or user name. The node will perform some
minimal input validation, for example to check if publication date ranges are possible.
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Figure 3.2: Connectivity tab of the Patent KNIME node extension

3.4.2 Input/Output

In general, the KNIME node is supposed to take a column of molecules as input and
append patent information. Input molecules can be in any format LigandScout supports,
as the extraction and representation of the molecule is done with LigandScout utilities.

The molecules are then output into two tables dividing molecules with associated patents
and those without. The table with patents is built in such a way that depending on the
number of patents found for the molecule, the row identifying the molecule is duplicated
and information about the retrieved patents appended. This is done to express the
one-to-many relationship the queried molecule will have with the patents. The table
without patents contains a column that explicitly states that no patents were found for
this molecule.

3.5 Command Line Implementation

Command line access to the patent search was added as an alternative way to use the
functionality outside of KNIME. Not all users, especially the advanced ones, will want to
be constrained to using KNIME and so this implementation presents a way to circumvent
that.
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3.5.1 Configuration

The framework used in this implementation is the LigandScout Command Line framework
that provides some utilities for user friendly command line tools. Interaction between the
user and the program on the command line is done in the form of command line options
that are appended after the program execution statement. This is where the filters and
the connectivity data are specified.

3.5.2 Input/Output

10 is also mostly handled within LigandScout functionalities. The user can decide whether
to split the files containing molecules with patents and those without. The user can also
specify the output file format. Supported formats are mostly chemical file formats but
".csv" and ".tsv" formats are also supported to allow an easy export into, for example,
a spreadsheet program. This is done to facilitate an overview, especially of the found
patents. Conventional chemical file formats will not be able to hold all the information
extracted from patents, so the delimited file formats are given as an alternative.

3.6 Summary

Before the process of implementation could begin, the intended functionality was defined.

The most basic function to be implemented was the classification into patented molecules
and not patented molecules. This unitary function would then have to be embedded into
a framework of bulk processing and the necessary infrastructure that handling data in
bulk requires.

The first step in the implementation was finding a data source. After initial difficulty

in finding a data source, one was generated based on the SureChEMBL database.

SureChEMBL provides a way to set up a mirror of their database. This system was
adapted to meet the needs of this implementation.

The intermediate step was the creation of an API to facilitate application development.

This was achieved with the Patent Database Handler that is the connection point to the
patent database backend. It also provides the filtering mechanisms necessary for more
advanced queries.

The last step of the development cascade was the creation of two user facing applications
in different frameworks. One was the KNIME node extension. This implementation allows

the user to interact with the functionality using a GUI in a user friendly environment.

The command line implementation was created to allow advanced users to access the
functionality, in a way that allows convenient integration into scripting workflows.
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CHAPTER

Discussion

The discussion section will present several experiments conducted with both implemen-
tations and analyze whether the aims of the project were achieved. The performed
experiments will focus on the classification functionality, the performance in terms of
speed, and on exemplifying real-world applications of the implemented functionality.

4.1 Classification Experiment

The aim of the classification experiment is to determine if the implementation can
distinguish between molecules with and without associated patents. Seeing that validated
and standardized test sets are not readily available, one had to be created over the course
of the experiment.[12]

4.1.1 Data Set Creation

The data set was created from two sources attempting to represent either patented or
not patented molecules. Patented molecules were chosen at random from the Prestwick
Chemical Library. The Prestwick Chemical Library contains 1280 unique small molecules
of approved drugs with sophisticated annotation. Every molecule has been associated
with their initial patent, derived from a variety of sources such as the USPTO, the EPO,
and Thomson Reuters Integrity.[69]

Proving that a molecule is not patented is significantly more complex and therefore the
following method was used. 100 unique drug like molecules were randomly chosen from
the ZINC database[70]. These were then checked for patents in the standard commercial
solutions Reaxys[60] and SciFinder[61]. Reaxys found no patents for any of the given
compounds. ScifFinder found patents for 36 of the initial molecules. Any mention in a
patent document eliminated a molecule.
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Figure 4.1: The KNIME workflow used to perform the classification experiment

To allow for a balanced data set, 64 random molecules from the Prestwick Chemical
Library were added to the 64 molecules found to have no patents in Reaxys or SciFinder.
All molecules were combined into an SD file.

4.1.2 Classification

The actual classification was done in the KNIME implementation. Figure 4.1 shows
the workflow used to perform the experiment. The top part of the workflow is run for
the Prestwick Chemical Library as well as a drug like ZINC database fragment. Both
samples were exported. The sample from the ZINC database then underwent manual
processing to confirm no patents were found for the chosen molecules. The remaining
molecules were then concatenated and classified by the patent node. The full test set
was exported for further use. The results of the classification can be found in figure 4.2.
Two of the patented molecules could not be classified correctly. All of the not patented
molecules were classified correctly.

4.1.3 Analysis

The two molecules that were not found ran into different issues. The first issue was one of
molecular representation. The implementation as it is now only supports exact matching.
This is usually not a problem due the efficient standardization that the InChl provides.
However, exact matching has its limitations. In this specific case the SureChEMBL data
set had extracted the molecule in question from patent documents only as a salt and



4.1. Classification Experiment

o“b
O
‘E?
&
2
Q
of 2
{\
&
<9
-&?‘0
¢ ‘
® patented not patented

Figure 4.2: Confusion matrix of patent classification

stored it as such. The query molecule was not provided as a salt and thus a different
standard InChl was generated for it. The standard InChl does not separate salts into a
different layer, which makes it hard to account for different salts of the same molecule in
an exact match search.

This highlights the need for a more permissive search functionality discussed in section
4.4.2. It should also show that storing a molecule as a specific salt in a database may be

highly problematic. Integrating a salt stripper into the query workflow is easily done.

Reinterpreting a data set after extraction to permit searching for generic molecules as
well as specific salts may be quite resource intensive.

The other molecule was not found because it was missing from the data set imported
from SureChEMBL. Considering this is an approved drug, oversight of this molecule is a
glaring omission. The SureChEMBL project has released patches for its data before and
hopefully this molecule will be included in one as well.

Another problem shown very early in the experiment is the lack of a validated test set
for patent retrieval mechanisms. In this case the Prestwick Chemical Library, the ZINC
database, Reaxys, and Scifinder had to be used to create a functional test set. The
Prestwick Chemical Library and Reaxys patent information had to be manually curated

beforehand and both Reaxys and SciFinder did not support querying a list of molecules.

The created data set has a shortcoming insofar as both patented and not patented
molecules are very clearly patented or not patented. In other words, the patented
molecules usually have a lot of patents associated with them. Senger et al. were able to
correlate the number of patents a molecule had with the likelihood of its retrieval.[12]
The molecules used for this data set were approved drugs that are usually associated
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with very many patents. This results in a very unambiguous data set. On the other
hand, creating a more ambiguous test set is hardly deterministic and would open up the
results to interpretation. This once again exemplifies the native complexity associated
with patent searching and the need for a properly validated test set for patent molecule
association.

Furthermore the data set is comparatively small. A 128 molecule data set is not a
representative sample of the chemical space. The size of the data set was mainly limited
by the time needed to create it. Querying molecules for patents is very time intensive
because every molecule has to be queried individually. This experiment was mainly set up
to prove that the functionality can perform its basic function and it clearly demonstrated
as much.

4.2 Performance Experiments

When processing large amounts of data, performance becomes a very relevant topic.
Performance testing was done in two parts. Section 4.2.1 describes the query speed in
relation to the number of threads used to query simultaneously. After this, section 4.2.2
describes the speed of queries by number of molecules.

4.2.1 Performance by Threads Used

As explained previously, multithreading the applications is not done to speed up processing,
it is done to perform multiple queries at once. Processing on the client side is almost
negligible. Only IO requires a relevant amount of processing.

Testing for the optimal number of threads was done with the command line implementa-
tion, seeing as this version supports explicitly setting the number of cores used, and by
extension how many threads are run simultaneously. The data set used was the data set
previously created for the classification experiment. This data set provided a balance of
patented and not patented molecules. The program was run 3 times for every configu-
ration to account for possible variance. The default setting of both implementations is
creating a number of threads corresponding to the number of available processor cores.
The computer that was used for this experiment had 8 processors.

Figure 4.3 shows the results of the experiment. As additional threads were used the
query time dropped sharply, reaching its lowest point at 7 active concurrent threads.
Additional threads stay within comparable levels. The minimal linear increase of query
time for number of threads being above 7 may be due to overhead on the client side or
the queries of one user on the database impacting each other.

The more threads are added, the more the absolute query time for each thread increases.
The relative query time for all molecules, however, drops sharply. The variance encoun-
tered in measuring the query time was negligible and is therefore not included in figure
4.3.
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Figure 4.3: Overall query time by number of threads used for the data set created in
section 4.1

Table 4.1: Query time by number of molecules

Number of molecules Total query time Query time per molecule

1 2.977 s 2977 ms
10 9.007 s 900 ms
100 1.171 min 702 ms
1000 11.41 min 684 ms
10,000 1.901 h 684 ms
100,000 19.08 h 686 ms

4.2.2 Query Time by Number of Molecules

The aim of this experiment was mainly to investigate how the functionality performs
when given more and more data to process. To this end a data set of the generated
molecules described in section 4.3.2 was split into incrementing log units and queried
using the command line implementation. The resulting query times are described in
table 4.1 and scaling of query time is visualized in figure 4.4.

The time per molecule queried clearly decreases depending on the size of the data set
queried. This is an expected byproduct of the overhead generated by the command line
tool, which remains the same for any data size. Therefore the impact of the overhead is
reduced relative to the size of the data set.
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Figure 4.4: Scaling of query time per molecule

Another factor influencing the query time per molecule is the number of patents retrieved.
The data set used for this experiment was largely not patented. The most patents were
in fact contained in the fraction of 100,000 compounds, which could be an explanation of
the slightly longer query time per molecule.

An example of the effect heavily patented molecules can have on the query time is shown
in figure 4.5. The data set used was once again the data set from section 4.1. The
patented molecules, as approved drugs, have a lot of patents associated with them, which
results in an effect on the performance.

4.3 Use Case Demonstrations

This section is intended to demonstrate a use case for each implementation.

4.3.1 Integration into a Screening Workflow

This use case will demonstrate how the KNIME implementation can be integrated into
a screening workflow. LigandScout provides KNIME nodes to screen within KNIME
directly and chemical files can be imported through a variety of IO nodes. Thus for many
basic use cases there is no need to leave the KNIME environment.

In this case the molecules were screened externally and exported into an SD file. The data
can be imported into KNIME via, for example, an SDF reader node. The 20 molecules
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Figure 4.5: Query time of the patented and not patented parts of the data set created in
4.1

in this data set were screened using and modelled after a pharmacophore derived from
Itraconazole. Itraconazole was also present in the data set.

After having selected these hits from the screening they were then checked for patents
using the Patent KNIME node. The node is designed in such a way that for most
applications it can be run without configuring. The Patent KNIME node found patents
for Itraconazole and for a compound that was assumed to be novel. These patents were
output in the patented data table shown in figure 4.7. The added bibliographic and
frequency data is intended to give the user an overview of the patents found. The user
may then, for example, choose to search again but only include results that mention the
query molecule in the claims section.

The molecules without associated patents were output in a separate table. Splitting the
table allows the user to continue working with the not patented molecules. A column
that explicitly states that no patents were found for this molecule is appended.

4.3.2 Patent Searching for Generated Molecules

Another use case is demonstrated using a set of generated molecules. To get an overview
of patents surrounding three scaffolds, 5 residues were permutated for each scaffold using
an array of different substituents. The number of molecules came up to a total of 263,568
unique molecules. To avoid having to check these compounds manually, they were queried
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Figure 4.8: Table containing molecules without associated patents

Table 4.2: Results of querying generated molecules

Scaffold total molecules not patented patented

1 13872 13559 313
2 124848 123862 986
3 124848 123950 898
total 263568 261371 2197

using the command line implementation of the patent searching algorithm. Results are
shown in table 4.2

These results are meant to demonstrate 2 things: that even generated molecules may be
patented and that the functionality can comfortably handle large data sets.

The fact that the majority of generated molecules are unpatented notwithstanding, the
molecules that are patented will heavily influence patentability. The Markush structure
and associated residues for a proposed patent of these scaffolds, would have to be revised
to take this new information into account. Any overlap between a Markush structure
contained in an older patent and a new one is considered prior art. If a patent claims
molecules already present in an older patent it may not be granted. The worst case
scenario would be that a patent would be granted if no examining party identifies the
overlap, and then invalidated during litigation by a competitor. In this case less than 1%
of the molecules were patented but this one percent will restrict the residues that may
be claimed.

While the total number of molecules was 263,568, these were separated into 3 files
according to their scaffold. In this case each scaffold query was started manually, however,
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using the command line implementation allows for simple integration into, for example,
a BASH script or any other scripting language a user prefers. This way a quarter of a
million compounds can be queried automatically without user input beyond a simple
for-loop. The query time this takes is discussed in section 4.2.2 using the same data set.

4.4 Further Development

The basic functionality of this implementation already provides unique application
possibilities, nevertheless, it can definitely be expanded upon. Two possible expansions
will be discussed in this section.

4.4.1 Query Customization

The current filtering options provide a simple way to create specific queries. Even so,
advanced users accustomed to querying databases may want to build more complex and
more specific SQL statements. Although in bulk processing the query does have to be
general enough to be applicable to all molecules queried.

An example for a more complex query could be a combination of several patent classifica-
tions using Boolean operators, such as "AND", "NOT", and "OR". This way only patents
corresponding simultaneously to several patent classification; or patents corresponding to
one but not the other, could be retrieved. Another example would be the combination of
field occurrences. That way only patents containing the specified molecule in the abstract
and the claims could be retrieved.

4.4.2 Similarity Searching

A very helpful enhancement to the current exact match searching method would be a sim-
ilarity searching mechanism. Exact match searching often fails to compensate for minute
differences a skilled chemist would quickly recognize as irrelevant. The standardization
of molecules using the InChl does already compensate for non canonicalized molecules,
tautomers, and stereochemistry. Nonetheless, the classification experiment in section 4.1
showed that this does have its limits, for example, when it comes to salts.

Patent searching is rarely a very exact thing and a more permissive search, describing
the patent space around a molecule, would reflect that. A very appropriate method
of achieving this would be a mechanism based on Tanimoto similarity. An extensive
substructure searching mechanism processing molecules in bulk would significantly impact
query time, but a fingerprint comparison would not. Thus a fingerprint comparison is a
high priority feature to implement in the future.

4.5 Summary and Outlook

Evaluation of the functionality created in this project exemplified aspects of its usage.
The classification experiment showed that it performs its most basic task well. The over-
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whelming majority of compounds were classified correctly. Limitations of the classification
mostly derive from the exact match algorithm the functionality uses.

Performance is a vital aspect of an automated system. In general, the user can expect
an average query time of approximately 1 second per compound. Initial overhead is
overcome quickly and becomes negligible in larger data sets.

The use cases demonstrated practical applications of both implementations. Integration
into a screening workflow is as simple as integrating any other filtering mechanism and
a full virtual screening involving a patent search can be performed without leaving the
KNIME environment.

The command line implementation was used to screen three scaffolds, and their proposed
residues, for patents. This influenced the drawing up of Markush structures for these
three scaffolds in pharmaceutical patents. The screening was achieved with minimal user
input beyond the initial set up.

Development does not end when a system becomes functional, but is a continuous process
of tweaking and improvement. The main features that would be an improvement to
this functionality are custom querying and similarity searching. Custom querying would
allow an advanced user to improve results by creating very specific queries. Similarity
searching would also improve the system considerably, as it would compensate for some
of the problematic parts of an exact matching algorithm and help describe the patent
space surrounding molecules, as well as the patents directly associated with them.

The aim of this project was to create a patent searching functionality that can classify
molecules into groups of patented and not patented molecules in an automated way, as
well as make this functionality available to the end user. Both implementations achieved
this and performed their function in real-life use cases, guiding research decisions. The
most noticeable difference between this system and its predecessors is the automation
and speed. Data sets that would be prohibitively large to query manually, can be queried

automatically with minimal user input. This saves a lot of time even for smaller data sets.

This way a basic patent searching element can become a part of a standard development
workflow.
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Acronyms

API Application Programming Interface. 26, 27, 29, 33, 35

CPC Cooperative Patent Classification. 9, 30
CPI Derwent Central Patent Index Chemical Code. 20

CWU Complex Working Unit. 8, 20-22, 32

EMBL-EBI European Bioinformatics Institute. 21

EPO European Patent Office. 6, 9, 22, 37
FTP File Transfer Protocol. 29

GREMAS Genealogical Retrieval by Magnetic Tape Storage. 20

GUI Graphical User Interface. 19, 22, 33, 35
HTTP Hypertext Transfer Protocol. 26

IDC Internationale Dokumentationsgesellschaft fiir Chemie GmbH. 20

IDE Integrated Development Environment. 32

InChl IUPAC International Chemical Identifier. 13, 14, 20, 22, 25, 28, 30, 38, 39, 46
IO Input/Output. 19, 25, 32, 35, 40, 42

IPC International Patent Classification. 8, 9, 30

IUPAC International Union of Pure and Applied Chemistry. 13, 20
JPO Japanese Patent Office. 22

RDBMS Relational Database Management System. 16, 17, 27
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REST Representational State Transfer. 25, 26

SDF structure data file. 11, 42

SDK Software Development Kit. 32

SMILES Simplified Molecular Input Line Entry Specification. 12, 13, 28
SQL Structured Query Language. 17, 32, 46

SSL Secure Sockets Layer. 29

URI Unique Resource Identifier. 27
USPTO United States Patent and Trademark Office. 5, 6, 8, 9, 15, 22, 37

WIPO World Intellectual Property Organization. 5, 6, 8, 22, 31
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