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Patent mining and landscaping of emerging
recombinant factor VIl through network analysis

Cristiano Gongalves Pereira!, Virginia Picanco-Castro?, Dimas Tadeu Covas* & Geciane Silveira Porto!-?

A landscape analysis of the recombinant factor VIII patent sector using network analysis to map the cooperation network among
assignees shows emerging technologies that focus on improved methods for rFVIII production and bioactivity performance.

he standard treatment for patients with

hemophilia A is replacement therapy with
intravenous infusion of a plasma-derived con-
centrate or recombinant factor VIII (rEVIII)!.
Although there are several products currently
available and included in the treatment proto-
col, many challenges still remain.

In the past five years some efforts to extend
the half-life of rFVIII have been made, and
these have included the use of PEGylation.
The GlycoPEG-FVIII (Turoctocog alfa) has
a truncated B-domain of 21 amino acids;
it was the first product used in clinical tri-
als®. Two years later a PEGylated full-length
rFVIII, PEG-rFVIII (BAX 855) was designed
to increase half-life and reduce the frequency
of infusions’. Other products were devel-
oped by fusing rFVIII with the Fc region of
human antibodies (rFVIII-FC)* or changing
the FVIII structure to create a stable single-
chain rFVIII (rFVIII-single-chain)® (Fig. 1).
These products demonstrated a slight increase
of FVIII half-life in circulation. More recently,
non-coagulant factors have been devel-
oped to achieve hemostasis in patients with
hemophilia, such as ACE910, a recombinant
humanized bispecific antibody that binds to
activated factor IX and factor X and mimics
the cofactor function of FVIII managed to
show a half-life of four to five weeks®.

Therefore, improvements in the pharmaco-
kinetic profile and efficacy of FVIII products,
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Figure 1 New FVIII molecules targeting increased half-life by the first report year. The molecules
GlycoPEG-FVIIIZ; rEVII-FC4; rFVIII single-chain®; PEG-rFVIII3; ACE910 (ref. 6) aimed to extend the

half-life of rFVIII.

as well as in their safety and convenience of
administration, continue to be the focus of
bioengineering. Technological advances have
led in many instances to new patented mol-
ecules that have presented surprising results
in clinical trials, relieving the heavy burden
for the patient in the treatment of hemophilia’.

The development of better and more inno-
vative technologies, not only in recombinant
proteins, is robustly leveraged by the establish-
ment of cooperation among institutions. An
interesting approach in studying cooperation
is taking advantage of social network analysis
(SNA), whereby the flow of information from
cooperative structures can be interpreted by
SNA metrics and graphs, which have been
extensively applied in innovation studies®-10.
Since key indicators used by researchers to
evaluate research and development and inno-
vation results can be found in patent data!">12,
information from the assignees and citation
links are useful in designing networks that
can bring insights to the efforts promoting
innovation and the knowledge flows of the
technology development process. The bib-
liometric analysis based on patent citation
(co-citation) is an important tool to forecast
emerging technologies'>!4, and the study of
the relevant paths in citation networks can
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depict technological trajectories of great rel-
evance in the network context!>~17.

Here, we mine patents related to rFVIII
used in hemophilia treatment to design a pat-
ent landscape of the sector indicating tech-
nological trends, and use the SNA approach
to map a cooperation network among pat-
ent assignees. The same approach has also
enabled us to forecast and build the trajec-
tories of emerging technologies based on the
main path of patent citations. The informa-
tion resulting from this study may be of value
to both R&D managers and researchers in the
field by identifying the most relevant technol-
ogies and giving an overview of the rFVIII
inventions in the last 20 years.

Results and discussion

The group of rFVIII patents studied was
selected from the Derwent Innovation
platform using a search query specific to
the subject, and comprised 3,424 patent
families dealing exclusively with medici-
nal preparations and peptides of rFVIII
(Supplementary Methods). The technologi-
cal fields represented by IPC (International
Patent Classification), covered by the
rFVIII patents selected in this study, vali-
dated our data set. The most frequent fields
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Figure 2 Publication trend and geographical coverage of rFVIII patents. (a) The number of patents by
publication year showing an increased trend in rFVIII inventions since 1997. (b) Geographic coverage
of patents in each jurisdiction’s patent office according to priority country code of the patent records.
The color intensity denotes the number of patent families. Deposits as PCT are not shown.

concerned factor VIII peptides and its
medicinal preparations, drugs for disorder
of blood, and recombinant DNA technol-
ogy (Supplementary Fig. 1). Only 14% of
rFVIII patents from the data set have been
granted (n = 490), and 85% of them are still
under examination (n = 2,905). A similarly
low percentage of granted patents was also
observed in a recent patent landscape study
of induced pluripotent stem cell inventions!®
and patents dealing with CRISPR-Cas gene
editing technology!'®. Among many fac-
tors that contribute to the lag in granting
approval, a very important one is the num-
ber of claims per patent, as a larger number
of claims is directly linked to a greater delay
in examination, since each claim must be
checked and validated by the examiner?®2!,
In our analysis, we found 18% of patents had
more than 50 independent and dependent
claims, which has likely impaired the speed
of granting patents (Supplementary Fig. 2).

The patent publication trend has a rising
tendency over a period of 20 years, starting
from 31 published patents in 1997 to 241 in
2016 (Fig. 2a). More than half of the patents
were first deposited in the United States
(n = 1,912), the country with the highest
number of patients worldwide (Fig. 2b). The
state members of the European Patent Office
come in second place, with 302 patents rep-
resenting 9% of the total. Japan is the third
priority country, that is, the country where
the patent is first filed before being extended
to other countries, by number of deposits
(n =175). India, the country with the second
highest number of hemophilia patients??,
showed 15 patents as a priority country.
There was a considerable number of PCT
(Patent Cooperation Treaty) deposits with
priority international application (n = 45).

Regarding the top patent inventors,
Peter Turecek holds the leading position with
74 patents followed by Juergen Siekmann

with 43 patents (Fig. 3a). Both are researchers
at Baxalta. Among the main patent assignees,
Baxter appears in first place with 287 patents
(8.4%), which includes 87 patents as a single
assignee and 200 in cooperation with other
assignees (Fig. 3b). Baxter develops products
for the treatment of hemophilia, kidney dis-
eases, immune diseases and other chronic and
acute medical conditions, maintaining inten-
sive joint R&D efforts with Baxalta, which is
responsible for 70% of their patented rFVIII
in cooperation. Baxalta (now part of Shire),
which was spun off from Baxter and inherited
its parent company’s hemophilia treatments,
is the third major assignee with a total of 155
rFVIII patents, together with Baxter. The
second largest assignee is the Danish pharma
Novo Nordisk, with 222 patents (6.5%),
showing a rate of cooperation of 31%; the
company recently launched Novoeight, an
FDA-approved rFVIII with more stability and
less immunogenicity than other products.
The German company Bayer sits in fourth
with 149 inventions (4.35%), 41% of them
being in cooperation. More than 37% of its
patents in cooperation were with Maxygen, a
biopharma focused on developing improved
versions of protein drugs which was acquired
by Bayer in 2008. Biogen comes in at fifth
with 74 patents (2.16%), including 23 patents
in cooperation (31%) (Fig. 3b).

Among the top 15 assignees, only one—
Fresenius Kabi, a German healthcare com-
pany—does not establish cooperation
measured by co-ownership of patents. The
top five assignees showed rates of coopera-
tion above 30%, which means that an inten-
sive collaborative effort to generate new
technologies is important. Five of these com-
panies—Baxalta, Neose Technologies, Aventis
Behring, Centeon Pharma and Novozymes—
develop their patent portfolio mostly by
establishing partnerships. Considering this
point, we sought to analyze the cooperation
networks that resulted in the development of
rEFVIII technologies that led to patent appli-
cations. To this end, we generated the coop-
eration network from a bipartite graph, which
included nodes of both patent and assignee
categories (Supplementary Fig. 3). Baxter,
Novo Nordisk, Bayer and Baxalta stood out in
the network due to the high volume of patents.

The full cooperation network, derived from
the bipartite graph, has 192 nodes (assignees)
and 300 edges (collaboration among assign-
ees), consisting of 163 connected components
(Fig. 4a). From this network, we filtered its
giant component (GC) to select the most inter-
connected group of assignees (Fig. 4b). The
cooperation intensity between two assignees
is represented by the edge thickness. We find
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that Baxter has worked on many joint efforts
with Baxalta, as has Novo Nordisk with Neose
Technologies (they have a thicker edge). The
larger the nodes the greater is the diversity
of technological partners. Baxter, Aventis
Behring, the US Department of Health &
Human Services, INSERM and the American
National Red Cross are those that have estab-
lished more partnerships.

In the cooperation network, we identified
14 communities, which are each shown in a
different color (Fig. 4b). Using the assignee’s
information, it was possible to predict some
interesting features. The dark green com-
munity was formed mostly of European
companies, mainly in France, including
INSERM (Institut National de la Santé et
de la Recherche Médicale) cooperating with
many different institutions. The light green
community has Aventis Behring, which
cooperates with organizations that are cur-
rently its subsidiaries. The pink community is
constituted mainly of US government institu-
tions and universities. The blue community
is characterized by Baxter and its partners,
showing the strong link with Baxalta.

Supplementary Table 1 shows the top
ten assignees in order of number of distinct
partners (degree), and includes information
regarding the intensity of the connections, rep-
resented by the weighted degree. For instance,
Novo Nordisk has fewer connections than
Aventis; however, the intensity of its connec-
tions is stronger than all the assignees below
Baxter. These data demonstrate that, for the
matter of cooperation, not only the number of
connections itself is relevant, but the strength
of the links must also be considered. The mea-
surement of eigenvector centrality (EC), suit-
able for finding prominent or key authors in
relationship networks?3, showed that although
Baxter is a player with the highest degree and
weighted degree score, its EC score is not so
prominent (0.59), and so neither is its influ-
ence in the network. However, Aventis Behring
has the maximum EC score, followed by
INSERM (0.71) and CNRS (Centre National
de la Recherche Scientifique) (0.62), mean-
ing these players have the biggest influence in
the network despite having fewer connections
than Baxter, as they are connected with other
influential actors.

To be able to retrieve valuable informa-
tion about the content of the patents, we
used large-scale text and data processing
analysis based on text clustering and the
ThemeScape thematic text-mining tool,
to discover meaningfully implicit subjects
throughout all the patent documents. The
text clustering list represented by the word
cloud (Fig. 5a), showed the most frequent
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Figure 3 The top 15 inventors and assignees of patents related to rFVIII. (a) Top 15 inventors in terms

of numbers of patent family applications. The first

two main inventors are researchers who work for

Baxter—Baxalta (now Shire). (b) The top 15 assignees in terms of number of patent families split by the
proprietary technology as single assignee and co-assignee patents or in cooperation show that most of
the companies established partnerships that resulted in patent application. Patents from Baxalta are

entirely in cooperation with Baxter.

set of words comprising “vector, gene, pro-
moter” (n = 336), including the terms “cas-
sette, expression cassette, lentiviral” in the
subgroup (Supplementary Table 2), which
means that the majority of inventions deal
with recombinant proteins, which use DNA
vectors containing specific promoters for
stable gene expression. The second set of
words with a high frequency was “polypep-
tide, variant, amino” (n = 280), with subcat-
egories “variant, FIX, FVIIA” and “albumin,
fusion, fusion protein” having a higher
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frequency than others. The complete text
clustering list is shown in Supplementary
Table 2.

The patent landscape shows fields with
high patent (dots) activity labeled by the
peaks “Conjugate Polymer” (Amino Acid
Modification Relative), “Flow Fluid” (Tissue
Culture Fluid), “Gene Expression” (AAV
Vector), “Inflammation Rheumatoid” and
“Cancer Fragment” (Rheumatoid) (Fig. 5b).
An emerging area was identified in the map
formed mostly by recent patents published
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between 2012 and 2016 (n = 110), which Host” mountain within this region represents
are related to “Covalent Complex” peak a new field that arose more recently. Most
(Fig. 5b, yellow inset). The “Polypeptide of the patents in this field are from Biogen
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Figure 4 Cooperation network among assignees of rFVIII patents. (a) A full cooperation network among
assignees, with 163 components. (b) The isolated giant component of the cooperation network showing
different communities identified by the metrics of modularity.

(Supplementary Fig. 4) and deal with chi-
meric, polypeptide and conjugated mol-
ecules of rFVIII intended to improve protein
half-life. In this regard, Biogen has recently
launched a new rFVIII and Fc fusion, com-
mercially named Eloctate, which is a conju-
gated molecule of modified FVIII and the
Fc domain of human IgG, and has a half-life
two times longer than that of rFVIII itself>*,
Moreover, Biogen researchers in coopera-
tion with Amunix developed another conju-
gated molecule of FVIII, which includes the
Fc domain with an addition of a polypeptide
named XTEN, known to prolong the half-life
of fused proteins?®, and a thrombin cleavage
site. The new conjugated molecule achieved
a fourfold extension of half-life compared to
conventional FVIII in hemophilia A mice?®.
Proceeding with the investigation for
emerging technologies, we built the principal
technological route derived from the patent
citation network through the mapping of the
main citation path by the algorithm Search
Path Link Count (SPLC)>17:27:28 to uncover
technological trend clusters in rFVIII pat-
ents. The global network of patent citations
consists of 13,316 nodes and 15,045 edges
(Fig. 6a). The node size was set according
to its in-degree value (cited patent), that is,
the greater the in-degree, the larger the node
size, and the more citations a given patent
received. The largest community, colored
in green, represents 28.8% of the nodes, the
second, in orange, comprises 15.2% of nodes
and the third, in purple, 9%. The green com-
munity includes patents with many bigger
nodes, which highlights its importance to the
network since it gathered the most cited pat-
ents. The main technological route calculated
by SPLC shows a directed, linear and temporal
path (latest technology to oldest) with higher
relevance to the network (Fig. 6b) and encom-
passes 19 nodes and 20 edges, derived from
the largest community. Patents included in the
top of this path can likely be considered in this
study as having a high likelihood of becoming
emerging technologies in the near future.
The analysis of the technological route
reveals some interesting information about
trends in rFVIII inventions (Supplementary
Table 3). The route starts with two recent
PCT applications, one published in 2016 and
the other in 2015, both from Biogen. The
most recent (WO2016070152A1) describes
the use of hypotaurine, gaba, beta-alanine
and choline as supplements for cell culture
medium to support the large-scale expression
of the polypeptide of interest, such as rFVIII.
The other starting node of this trajectory
(WO2015120056A1) is related to improved
methods in the separation of recombinant
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polypeptides with post-translational modi-
fications from complex mixtures. Both pat-
ents cited one from Amunix, published in
2011 (US20110046061A1), related to com-
positions comprising coagulation factor VII
linked to XTEN (which prolongs half-life in
fusion proteins) for treatment of coagulation-
factor-related disorders. Despite the inven-
tion not being related directly to rFVIII, the
claims indicate that an effective amount of
this product is sufficient to bypass the need
for exogenously administered FVIII to yield a
comparable therapeutic effect. Thus, the pat-
ent hereby proposes an improvement in hemo-
static efficacy and stability of rFVII molecules
in order to optimize the dosing to bypass the
need for rFVIII and to treat patients that have
developed antibodies to FVIIT?.

The subsequent patents include inventions
related to improving the in vivo stability of
rFVIII as well as the development of less immu-
nogenic products. Four patents in the main
path are the most cited: (1) US20100189682A1
(three citations), which is related to increas-
ing in vivo and/or in vitro stability of bio-
logically active protein by encoding into it
unstructured recombinant polymers, from
Amunix; (ii) US20050042721A1 (three cita-
tions), which deals with enhanced production
of biologically active polypeptides in vitro and
in vivo by using peptide cleavage site at the
vector constructs, from Biosante and Cell
Genesys; (iii) WO1997003195A1 (six cita-
tions), which describe a FVIIL:C analog with
improved properties from Chiron Pharma;
and (iv) US6093392A (three citations), which
relates to a method of treating hemophilia
comprising a recombinant adeno-associated
viral vector associated with Factor IX and
expression elements, from the Philadelphia
Children’s Hospital. We also identified the
edges with highest edge betweenness (EB) in
the global network, which denotes a crucial
connection that links the largest number of
communities in the network. The first (high-
lighted in the blue box), second and third
edges (highlighted in the red box) with the
highest EB in the global citation network
were also present in the technological route,
supporting the significance of the method to
forecast relevant technologies (Fig. 6b).

The technological trends shown in this
study consisted of strategies and solutions to
improve the production of rFVIII to improve
its short half-life and to avoid the development
of alloantibodies by the patient. Recently, sev-
eral clinical trials have shown the importance
of the extended half-life of clotting factors and
the benefits for adults and children, and many
products have already been tested for their
safety and efficacy in patients®.
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Figure 5 Analysis of patent documents content by text clustering and ThemeScape. (a) A word cloud
from the text clustering list of most frequent terms in title, abstract and claims of patent families
related to rFVIII patents. (b) A landscape by ThemeScape using information included in title abstract
and claims of the rFVIII patents. Recent patents published between 2012 and 2016 are indicated as
red dots, and the yellow rectangle shows an emergent area relating to covalent complex and polypeptide

host, mostly from Biogen.

Conclusions

Our study shows an increase in patent publica-
tion during the last 20 years related to rFVIII,
which means that the treatment for hemophilia
A based on replacement therapy has been con-
tinuously improved. There are some dominant
companies in this market. Baxter is a giant
player in coagulation factor development and
appears as the biggest assignee with intensive
cooperation with Baxalta.

Strategic alliances are one of the key drivers
to success. The sector is marked by frequent
mergers and acquisitions. One of the top 15
assignees of rFVIII patents identified in our
study is Shire, which is is the target of a pend-
ing acquisition by Takeda Pharmaceuticals.
This study highlights the importance of estab-
lishing partnerships in order to develop new
and improved technologies. The cooperation
network of rFVIII patent assignees was dense
and interconnected, with links among many
different players, such as public organizations,
companies and universities. Some regional
clusters evidenced the importance of geo-
graphic proximity in establishing cooperation.
Organizations take advantage of these coop-
erative agreements to contribute mutually to
R&D projects to develop more innovative and
competitive technologies.

NATURE BIOTECHNOLOGY VOLUME 36 NUMBER 7 JULY 2018

The emerging technologies identified in this
study showed patents that were concerned with
the increase in the half-life of rFVIII and the
avoidance of the development of auto-antibod-
ies against rFVIII, as well as some improve-
ments in recombinant protein production,
expression and purification from mammalian
cells. The development of conjugate forms of
rFVIII seems to be very promising for future
therapies as well.

Patent data mining using the SPLC method
resulted in a technological trend path that
includes patents with the greatest future
exploratory potential, but we must not dis-
card the uncertainty of technological change.
Tracking the inventions in the main paths
over the next years remains the best way to
validate them as promising technologies.

Analyses of emerging technologies have
implications that reduce uncertainty and con-
tribute to guiding critical choices when pri-
oritizing R&D projects and making strategic
decisions on technology licensing, while also
encouraging cooperation. This study provides
valuable information for R&D managers who
can better understand how technological devel-
opments are advancing and changing in their
priority fields, and thus prepare themselves
to better face competitions. Additionally, the
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Figure 6 Patent citation network of rFVIII inventions and its main path. (a) Global citation network including all patents and its citation links. Bigger nodes
represent highly cited patents. (b) The technological route derived from the global network based on the main path of patent citation. The edges with the
three highest EB were highlighted in blue (highest as 1EB) and red transparent box (second and third highest 2EB and 3EB).

study contributes to the improvement in the
quality of decision-making in research strate-
gic planning by the government, academia and
industry, providing the technological trends
based on the knowledge flows that attempt
to anticipate future innovation pathways and
understand the potential direction and char-
acteristics of technological change, particularly
in rFVIII inventions.

Note: Any Supplementary Information and Source Data
files are available in the online version of the paper.
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