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Patent mining and landscaping of emerging 
recombinant factor VIII through network analysis
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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.

The standard treatment for patients with 
hemophilia A is replacement therapy with 

intravenous infusion of a plasma-derived con-
centrate or recombinant factor VIII (rFVIII)1. 
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-
als2. Two years later a PEGylated full-length 
rFVIII, PEG-rFVIII (BAX 855) was designed 
to increase half-life and reduce the frequency 
of infusions3. Other products were devel-
oped by fusing rFVIII with the Fc region of 
human antibodies (rFVIII-FC)4 or changing 
the FVIII structure to create a stable single-
chain rFVIII (rFVIII-single-chain)5 (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 weeks6.

Therefore, improvements in the pharmaco-
kinetic profile and efficacy of FVIII products, 

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 hemophilia7.

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 studies8–10. 
Since key indicators used by researchers to 
evaluate research and development and inno-
vation results can be found in patent data11,12, 
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 technologies13,14, and the study of 
the relevant paths in citation networks can 

depict technological trajectories of great rel-
evance in the network context15–17.

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 

Figure 1  New FVIII molecules targeting increased half-life by the first report year. The molecules 
GlycoPEG-FVIII2; rFVIII-FC4; rFVIII single-chain5; PEG-rFVIII3; ACE910 (ref. 6) aimed to extend the 
half-life of rFVIII.
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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 
rFVIII 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 

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 inventions18 
and patents dealing with CRISPR–Cas gene 
editing technology19. 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 examiner20,21. 
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 patients22, 
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 

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.
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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 networks23, 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 

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 

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 

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.
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(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 itself24. 
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 proteins25, and a thrombin cleavage 
site. The new conjugated molecule achieved 
a fourfold extension of half-life compared to 
conventional FVIII in hemophilia A mice26.

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)15,17,27,28 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 

between 2012 and 2016 (n = 110), which 
are related to “Covalent Complex” peak 
(Fig. 5b, yellow inset). The “Polypeptide 

Host” mountain within this region represents 
a new field that arose more recently. Most 
of the patents in this field are from Biogen 

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.
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EMISPHERE TECHNOLOGIES INC

ENSISHEIM PARTNERS LLC

ENTEGRION INC

ENTREMED INC

EPEIUS BIOTECHNOLOGIES

EPIC THERAPEUTICS INC

EPIGENOMICS AG

EPIMMUNE INC

EPIX PHARMACEUTICALS INC.

EQUITECH LAB INC

ERYTECH PHARMA
ESPERION THERAPEUTICS INC

ETAT FR MIN DEFENSE SERVICE SA...ETAT FRANCAIS

ETHICON ENDO-SURGERY INC

ETHRIS GMBH

ETHYPHARM SA

EVONIK RHM GMBH,DE

EXPRESSION THERAPEUTICS LLC

FABRE DERMO-COSMETIQUE PIERRE

FAC8CELL PTY LTD

FACTOR BIOSCIENCE INC

FEINSTEIN INST MEDICAL RES

FENWAL INC

FERRING BV

FERROSAN AS

FERROSAN MEDICAL DEVICES AS

FIBERMARK GESSNER GMBH & CO OHG

FIBREX MEDICAL RES & DEV GMBH

FILMIAGEN CO LTD

FIRMING BV

FISCHER EDUCATION PROJECT LTD

FLAMEL TECH SA

FORMA THERAPEUTICS INC

FRACTIONATION & BIOLOGICAL TEC...

FRESENIUS KABI GMBH

FUJI FILM CORP

FUJIMORI KOGYO CO

FUNDACAO HEMOCENTRO RIBEIRAO P...

FUNDACION HEMATOLOGICA SARMIEN...

FUREN PHARM GROUP CO LTD

GADOR S.A.

GALA DESIGN INC

GAMBRO INC

GAZ-TRANSPORT & TECHNIGAZ SA

GE HEALTHCARE BIO SCIENCES AB

GEMOTSENTR CO LTD

GEN HOSPITAL CORP

GENE PHARMING EURO BV

GENE THERAPY SCI INC

GENENCOR INT

GENENTECH INC

GENEPROT INC

GENERIUM INT BIOTECH CENTR CO ...

GENESEARCH LLC

GENESYS RES INST

GENETHOR GMBH

GENETIC THERAPY INC

GENETICS INST INC

GENETRONICS INC

GENGRINOVITCH S

GENMAB AS

GENODYSSEE

GENOSTIC PHARMA LIMITED
GEN-PROBE INC

GENSTAR THERAPEUTICS CORP

GENTERIC INC

GENTIS INC

GENVEC INC

GENZYME CORP

GEORGETOWN UNIVERSITY,US

GEORGIA TECH RES CORP

GES BIOTECHNOLOGISCHE FORSCHUN...

GH HIGASHI NIHON GAKUEN HOKKAI...

GIOAGRI CORP

GLATT PROCESS TECHNOLOGY GMBH

GLAXOSMITHKLINE LLC

GLIKNIK INC

GLOBAL BIO THERAPEUTICS INC

GLOBAL HEMOSTASIS INST MGR AB

GLYCOBIA INC

GLYCOFI INC

GLYCOTOPE GMBH

GOLDSTEIN S

GORE & ASSOC INC W L

GORE ENTERPRISE HOLDINGS INC

GORE HYBRID TECHNOLOGIES INC

GOVERNMENT SEC DEPT HEALTH&HUM...

GP MEDICAL INC

GRADALIS INC

GRADIPORE LTD

GRANDIS BIOTECH GMBH

GREEN CROSS CORP

GRIFOLS SA

GRUENENTHAL GMBH

GSF FORSCHUNGSZENTRUM UMWELT &...

GTC BIOTHERAPEUTICS INC

GUANGDONG SHUANGLIN BIOLOGICAL...

GUANGDONG WEILUN BIOLOGICAL PH...

H3 PHARMA INC

HADASIT MEDICAL RES SERVICES &...

HAEMACURE CORP

HAEMOSTATIX LTD

HALE BIOPHARMA VENTURES

HALOZYME INC

HANDOK INC

HANGZHOU BRANCH ZHEJIANG GEELY...

HANMI SCI CO LTD

HAPLOMICS INC

HARBIN INST TECHNOLOGY

HARBOR-UCLA RES & EDUCATION INST

HARVARD COLLEGE

HBT HOLLAND BIOTECH

HEALTH CORPORATION - RAMBAM

HEINZ MEISE GMBH

HEMAQUEST PHARM INC

HEMASURE DENMARK AS

HEMEMICS BIOTECHNOLOGIES INC

HEMODYNE INC

HEMOPHILIA BIOLOGICAL GENE IDE...

HERON THERAPEUTICS INC

HIGASHI NIPPON GAKUEN

HILDINGER M

HOECHST JAPAN LTD

HOECHST MARION ROUSSEL DEUT GMBH

HOFFMANN LA ROCHE & CO AG F

HOSPICES CIVILS LYON

HOUSE EAR INST

HS RIGSHOSPITALET

HUALAN BIOLOGICAL ENG CO LTD

HUMAB SOLUTIONS INC

HUMAN GENOME SCI INC

HUMANZYME LTD

HUNAN UNISPLENDOUR GUHAN NAYUE...

HYPHEN BIOMED SAS

IBC PHARM INC

IBM CORP

ICON GENETICS AG

ID PHARMA CO LTD

IKARIA DEV SUBSIDIARY TWO LLC

IMARX PHARM CORP

IMARX THERAPEUTICS INC

IMCLONE SYSTEMS INC

IMI BIOMED INC

IMMUCOR GTI DIAGNOSTICS INC

IMMUNE RESPONSE CORP

IMMUNEX CORP

IMMUNO AG

IMMUNOGEN INC

IMMUNOMEDICS INC

IMNATE SARL

IMPERIAL COLLEGE INNOVATIONS LTD
IMPERIAL INNOVATIONS LTD

IN2GEN CO LTD

INCYTE GENOMICS INC

INFINITE CELLS LLC

INHALE THERAPEUTIC SYSTEMS INC

INNATE PHARMA SA

INNOVA PARK LLC

INSERM

INSIGHT BIOPHARMACEUTICALS LTDINSPIRATION BIOPHARMACEUTICALS

INST BASIC MEDICAL SCI CHINESE...
INST BLOOD TRANSFUSION CHINESE

INST CLAYTON RECH

INST FOR PHARM DISCOVERY INC

INST GENETICS & DEV BIOLOGY CH...

INST HEMATOLOGY AND TRANSFUSIO

INST MEDICINA MOLECULAR

INST NAT ENVIRONNEMENT IND & R...

INST OF BLOOD PATHOLOGY AND TR...

INST PASTEUR LILLE

INST ROUSSY GUSTAVE

INSTITUT NATIONAL DE LA SANTE ...

INSTRUMENTATION LAB INC

INT BUSINESS MACHINES CORP

INTAS BIOPHARMACEUTICALS LTD

INTEGRIDERM INC

INTEGRITY BIO INC

INTERCYTEX LTD

INTERFACE BIOTECH AS

INTREXON ACTOBIOTICS NV

INTROGEN THERAPEUTICS INC

INTRONN INC

IOGENETICS LLC

IPSEN PHARMA

ISI IST SIEROVACCINOGENO ITAL ...

ISOGENIS

IST FISIOTERAPICI OSPEDALIERI

IST RICERCHE BIOL MOLECOLARE A...

I-STAT CORPORATION

JACKSON FOUND ADVANCEMENT MILI...

JAGOTEC AG

JAPAN BLOOD PROD ORG

JAPAN CHEM RES CO LTD

JAPAN NAT CARDIOVASCULAR

JAPAN SCI & TECHNOLOGY AGENCY

JAPAN SCIENCE & TECH AGENCY

JCR PHARM CO LTD

JIANGXI BOYA BIOPHARMACEUTICAL...

JNC CORP

JOHNSON & JOHNSON

KAGAKU GIJUTSU SHINKO JIGYODAN

KAIFENG PHARM GROUP CO LTD

KANEKA CORP
KAPSCH TRAFFICCOM AG

KC CENT TECHNOLOGY COMMERCIALI...

KENNETH S WARREN INST INC

KERCKHOFF-KLINIK GMBH

KHARKIV MED ACAD POSTGRADUATE

KIRIN BREWERY

KIROVSK HAEMATOLOGY BLOOD TRAN...

KOKURITSU JUNKANKI BYO CENT SO...

KOKUSAI SHIYAKU KK

KONINK PHILIPS ELECTRONICS NV

KOREA ADVANCED INSTITUTE OF SC...

KOREA INST RADIOLOGICAL & MEDI...

KOREA INST SCI & TECHNOLOGY

KOREA RES INST BIOSCIENCE & BI...

KUROS BIOSURGERY AG

KYOTO DAIICHI KAGAKU KK

LA JOLLA INST ALLERGY&IMMUNOLOGY

LAB MEDICAL BIOTECHNOLOGY LLC

LAB PROD ETHIQUES ETHYPHARM

LABOKLIN GMBH&CO KG

LABORATORIO RAAM DE SAHUAYO S ...

LARGE SCALE BIOLOGY CORP

LAUB BIOCHEMICALS CORP

LEK PHARMACEUTICALS

LEUVEN RES & DEV VZW

LEVERTON LICENCE HOLDINGS LTD

LFB BIOTECHNOLOGIES

LFB USA INC

LIFE CELL CORP

LIFE SCI RES PARTNERS VZW

LIFE THERAPEUTICS INC

LIFEBOND LTD

LILLY & CO ELI

LIPOXEN TECHNOLOGIES CO LTD

LIQUIDATING TRUST

LIVERPOOL SCHOOL TROPICAL MEDI...

LONDON HEALTH SCIENCES CENTER

LOS ALAMOS NAT SECURITY LLC

LOS ANGELES BIOMEDICAL RES INS...

LOYOLA UNIVERSITY OF CHICAGO

LUDWIG INST CANCER RES

LUNDBECK AS H

MACROGENICS INC

MADJENIKES CORP

MAIBACH TODD

MAINE MEDICAL CENT RES INST

MAINELAB

MAINELAB ETHYPHARM

MANNKIND CORP

MAP DIAGNOSTICS PTY LTD

MARINEPOLYMER TECH INC

MAS MUMESSILLIK ILAC & KIMYA S...

MASSACHUSETTS GEN HOSPITAL

MASSACHUSETTS INST TECHNOLOGY

MAX-PLANCK-INST PHYSIOLOGISCHE...

MAXYGEN

MEDERIO AG

MEDGENICS INCMEDGENICS MEDICAL ISRAEL LTD

MEDGRAFT MICROTECH INC
MEDIAGNOST GES FORSCHUNG & HER...

MEDICAL RES COUNCIL

MEDITECH RES LTD

MEDIZINISCHE HOCHSCHULE HANNOVER

MEDTRADE PROD LTD

MEDTRONIC INC

MEDTRONIC VASCULAR INC

MERCK GMBH

MERRION RES LTD

MERZ PHARMA GMBH & CO KGAA

MICRODRUG AG

MILES INC

MILLENNIUM PHARM INC

MINA THERAPEUTICS LTD

MINER'S HEALTH PROTECTION RES ...

MITSUBISHI GAS CHEMICAL CO

MITSUBISHI PHARMA CORP

MOCHIDA PHARM CO LTD

MODERNA THERAPEUTICS INC

MOGAM BIOTECHNOLOGY RES INST

MOMENTA PHARM INC

MOMENTA PHARMACEUTICALS INC

MONSANTO CO

MOUNT SINAI SCHOOL MEDICINE

MUIR CANCER & RES INST JOHN

MULTICELL TECHNOLOGIES INC

MUREX PHARM

NANJINGJINSIRUI SCI & TECHNOLO...

NANO PRECISION MEDICAL INC

NANOBAC LIFE SCI INC

NANOMATERIALS TECHNOLOGY PTE L...

NANOTECH BIOMACHINES INC

NANYUE BIOLOGICAL PHARM CO LTD

NASA US NAT AERO&SPACE ADMIN

NAT INST ADVANCED IND SCI & TE...

NAT INST BIOLOGICAL STANDARDS ...

NAT INST PHARM EDUCATION & RES

NATIONAL BLOOD AUTHORITY

NAUTILUS TECHNOLOGY LLC

NAVIGANT BIOTECHNOLOGIES LLC

NEKTAR THERAPEUTICS

NEOSE TECHNOLOGIES INC

NEOX INC

NERVE ALIMENTATION CELL PRIVAT...

NESTEC SA

NEUROTECH SA

NEUROTROPHINCELL PTY LTD

NEUTROMIX UKRAINE LTD LIABILIT...

NEVADA CANCER INST

NEW HEALTH SCI INC

NEW INJECTION SYSTEMS LTD

NEW YORK BLOOD CENT INC

NEW YORK MEDICAL COLLEGE

NEXENTECH

NEXGEN THERAPEUTICS LLC

NEXSTAR PHARM INC

NEXT SAFETY INC

NG GORDON YIU KON

NHS BLOOD&TRANSPLANT

NICAST LTD

NIKON CORP

NIPPON SEIYAKU KK

NIPPONEX INC

NO 719 RES INST CHINA SHIPBUIL...

NOBEX CORP

NORDIC SENSOR TECHNOLOGIES AB

NORTH SHORE-LONG ISLAND JEWISH...

NORTH-WEST UNIVERSITY

NOVA BIO-PHARMA TECHNOLOGIES LTD

NOVARTIS

NOVO NORDISK

NOVOCELL INC

NOVOK DOCTORS TRAINING INST

NOVOZYMES

NTARCIA THERAPEUTICS INC

NUON THERAPEUTICS PTY LTD

NUTRINIA LTD

NUVAS LLC

NYMOX CORPORATION,CA

OBAN ENERGY LTD

OBRIEN INST MICROSURGERY BERNARD

OCTAGENE

OCTAPHARMA

OCTOPLUS TECHNOLOGIES BV

OLIGASIS CORP

OMRIX BIOPHARMACEUTICALS LTD

ONDERZOEKS-EN ONTWIKKELINGSFON...

OPKO BIOLOGICS LTD

OPPERBAS HOLDING BV

OREXO AB

ORGANIX INC

ORGANON NV

ORGANOVO INC

ORTHO CLINICAL DIAGNOSTICS INC

ORTHO REGENERATIVE TECHNOLOGIE...

ORTHO-MCNEIL-JANSSEN PHARM INC

OSIRIS THERAPEUTICS INC

OTSUKA PHARM CO LTD

OXFORD BIOMEDICA UK LTD

PACIRA PHARMACEUTICALS INC.

PALO ALTO INVESTORS

PATHOGEN REMOVAL&DIAGNOSTIC TE...

PENTAPHARM AG

PEPTRON INC

PEREGRINE PHARM INC

PFIZER

PHARMACIA & UPJOHN AB

PHARMAIN CORP

PHARMANETICS INC

PHARMASONICS INC

PHARMING INTELLECTUAL PROPERTY...

PHASE BIOSCIENCE INC
PHASEBIO PHARM INC

PHASEBIO PHARMACEUTICALS INC.,US

PHASERX INC

PHENOX GMBH

PHOENICIA BIOSCIENCES INC

PHYTON HOLDINGS LLC

PIONEER HI-BRED INT INC

PLATELET TARGETED THERAPEUTICS...

POLYMER LAB LTD

POLYTHERICS LIMITED,GB

POLYVALOR LP

PORTOLA PHARM

POSTECH ACAD-IND FOUND

PRAECIS PHARM INC

PRECIFLEX SA

PREDICTION SCI LLC

PRINCIPIA BIOPHARMA INC

PRIOR SEPARATION TECHNOLOGY GM

PROBIOGEN AG

PROBITAS PHARMA SA

PROCTER & GAMBLE CO

PROFACTOR PHARMA

PROGENETICS LLC

PROGENITY INC.,US

PROLOR BIOTECH INC

PROMETHERA BIOSCIENCES SA/NV

PROMETIC BIOSCIENCES LTD

PROPHYLAXIS LIMITED,GB

PROTEIN DELIVERY INC

PROVALIS UK LTD

PROVENTIV THERAPEUTICS LLC

PTC THERAPEUTICS INC

PTT HOLDING APS

PUGET SOUND BLOOD CT

PUREPULSE TECHNOLOGIES INC

QLT PHOTOTHERAPEUTICS INC

QUADRANT DRUG DELIVERY LTD

QUADRANT HEALTHCARE UK LTD

QUADRANT HOLDINGS CAMBRIDGE LTD

QUADRANT TECHNOLOGIES LTD

QUEEN ELIZABETH COLLEGE DUBLINQUEST DIAGNOSTICS INVESTMENTS ...

QUIAPEG AB

RADI MEDICAL SYSTEMS AB

RAINBOW THERAPEUTIC CO

RAMBAM MED TECH

RANA THERAPEUTICS INC

RANBAXY LAB LTD

RAPID PHARM INC

RAPPAPORT FAMILY INST RES IN M...

RATIOPHARM GMBH

REGENERX BIOPHARMACEUTICALS INC

REGENETECH INC

REGENPRIME CO LTD

RENAULT SAS

RENSSELAER POLYTECH INST

REPUBLIC KOREA MAN RURAL DEV

RES DEV FOUND

RESET MEDICAL INC

RHEIN BIOTECH GES NEUE BIOTECH...

RHEIN BIOTECH PROZ & PROD GMBH

RHONE-POULENC RORER SA

RIB X PHARMACEUTICAL INC.

RIGSHOSPITALET

RIJKSUNIV LEIDEN

RIKEN KK

RIOLAN TECHNOLOGIES INC

ROBARTS JOHN P RES INST

ROCHE DIAGNOSTICS GMBH

ROCKWELL COLLINS INC

ROHDE C

ROYER BIOMEDICAL INC

RTP PHARMA INC

RUBIUS THERAPEUTICS INC

SALK INST
SALK INST BIOLOGICAL STUDIES

SALK INSTITUTE FOR BIOLOGICAL ...

SAMIL PHARM CO LTD

SAMSUNG FINE CHEM CO LTD

SANDOZ

SANFORD BURNHAM MEDICAL RES INST

SANGAMO BIOSCIENCES INC

SANOFI-AVENTIS DEUT GMBH

SANQUIN BLOEDVOORZIENING

SANYO CHEM IND LTD

SCHOOL JURIDICAL PERSON HIGASH...

SCIMED LIFE SYSTEMS INC

SCINTEC DIAGNOSTICS GMBH

SCOTIA LIPIDTEKNIK AB

SCRAS SOC CONSEILS RECH & APPL...

SCRIPPS RES INST

SEKISUI MEDICAL CO LTD

SELECTA BIOSCIENCES INC

SELECTIVE GENETICS INC

SENORX INC

SEQUENOM INC

SEQUUS PHARM INC

SERTOLI TECHNOLOGIES LLC

SERVICE SANTE ARMEES

SHAANXI LIFEGEN CO LTD

SHAANXI NORTH AMERICA GENE CO ...

SHALEV ALON

SHANBROM TECH LLC

SHANDONG TAIBANG BIOLOGICAL PR...

SHANGHAI BIOLOGICAL PROD INST

SHANGHAI INST BIOCHEMISTRY

SHANGHAI LAISHI BLOOD PROD CO ...

SHANGHAI RAAS BLOOD PROD CO LTD

SHANGHAI SYNDEGEN BIOTECH CO LTD

SHANGHAI TAILONG BIOMEDICAL TE...

SHANGHAI TAIYIN BIOTECHNOLOGY ...

SHANGHAI TAOTAO TRANSGENIC ENG...

SHANGHAI XINXING MEDICAL CO LTD

SHANGHAI YAOMING BIOTECHNOLOGY...

SHANGHAI ZHOUYUE BIOTECHNOLOGY...

SHENZHEN INST ADVANCED TECHNOL...

SHINOTEST KK

SHIRE HUMAN GENETIC THERAPIES ...

SHRINERS HOSPITALS FOR CHILDREN

SIALIX INC

SICPA HOLDINGS SA

SINAI SCHOOL MEDICINE

SINOASIS PHARM (GUANGZHOU) INC

SIWA BIOTECH CORP

SK CHEMICALS CO

SKYEPHARMA CANADA INC

SLOAN KETTERING INST CANCER

SMART DRUG SYSTEMS INC

SMITHKLINE BECKMAN CORP

SOC DIAGNOSTICA-STAGO

SOD CONSEILS RECH APPLIC

SOLAZYME INC

SPHERIUM BIOMED SL

SPINOMIX SA

ST JUDE CHILDREN'S RES HOSPITAL

STAGO DIAGNOSTICA

STARCK GMBH & CO KG H C

STERRENBELD BIOTECHNOLOGIE NOR...

STICHTING SANQUIN BLOEDVOORZIE...

STRATEGIA THERAPEUTICS INC

STRAUMANN HOLDING AG

STROMAGENE CORP

SUZHOU BIOMEDICAL COLLEGE ENG ...

SUZHOU HAISHEN LIANHE MEDICAL ...

SUZHOU JINMENG BIOTECHNOLOGY C...

SUZHOU ZEJING BIO PHARM CO LTD

SYNAGEVA BIOPHARMA CORP

SYNTA PHARMACEUTICALS CORP.

SYNTHON BIOPHARMACEUTICALS BV

SYNTONIX INC

SYSCHEM INC

SYSMEX CORP

SYSTEMIX INC

TAIGEN BIOTECHNOLOGY CO LTD

TAKEDA CHEM IND LTD
TAKEDA YAKUHIN KOGYO KK

TALECRIS BIOTHERAPEUTICS INC

TANOX INC

TARGETED GENETICS CORPORATION,US

TECHNOPHAGE INVESTIGACAO E DES...

TEKHN STANDART CO LTD

TEL HASHOMER MEDICAL RES INFRA...

TERRAMARK MARKENCREATION GMBH

TERUMO CORP

THE UNIVERSITY OF NORTH CAROLI...

THERAPEUTICS INC

THERAPURE BIOPHARMA INC

THOMAS JEFFERSON UNIVERSITY

THROMBOSIS RES INST

THROMBOTARGETS EURO SL

TIARA PHARM INC

TIGENIX SAU

TISSUE REPAIR CO

TOA IYO DENSHI KK

TOKUYAMA CORP

TOKYO INST TECHNOLOGY

TOKYO WOMEN'S MEDICAL COLLEGE

TOLERX INC

TONGLU BIOENGINEERING PHARM CO...

TOOLGEN INK

TOSHIBA KIKAI KK
TOSHIBA MACHINE CO LTD

TRANSFER CHROMOSOME THERAPEUTI...

TRANSGENE SA

TRANSKARYOTIC THERAPIES INC

TRIGEN LTD

TRUBION PHARM INC

TULARIK INC
UAB RES FOUND

UCL BUSINESS PLC

UMC UTRECHT HOLDING BV

UNIQURE IP BV

UNITED STATES OF AMERICA AS RE...

UNIV AJOU IND ACAD COOP FOUND

UNIV ARHUS

UNIV ASTON

UNIV AUTONOMA BARCELONA

UNIV AUTONOMA DE MADRID

UNIV BAYLOR

UNIV BRANDEIS

UNIV BRITISH COLUMBIA

UNIV BROWN
UNIV BROWN RES FOUND

UNIV CALIFORNIA

UNIV CAMBRIDGE TECH SERVICES LTD

UNIV CARNEGIE MELLON

UNIV CENT SOUTH

UNIV CHINA PHARM

UNIV CHINA SCI & TECHNOLOGY

UNIV CINCINNATI

UNIV COLLEGE LONDON

UNIV COLOGNE

UNIV COLORADO

UNIV COLUMBIA NEW YORK

UNIV CONNECTICUT

UNIV CORNELL

UNIV DEAKIN

UNIV DELAWARE

UNIV DI ROMA TOR VERGATA

UNIV DROIT & SANTE LILLE

UNIV DUKE

UNIV EAST CHINA NORMAL

UNIV EDINBURGH

UNIV ELECTRONIC SCI & TECHNOLOGY

UNIV EMORY

UNIV FEDERAL OURO PRETO UFOP

UNIV FLORIDA

UNIV FREIBURG KLINIKUM ALBERT-...

UNIV FUDAN

UNIV FUNDACAO BRASILIA

UNIV GENEVA

UNIV GENTUNIV GEORGETOWN

UNIV GEORGIA RES FOUND INC

UNIV GUELPH

UNIV HAWAII

UNIV HIROSHIMA

UNIV ILLINOIS

UNIV INDIANA RES & TECHNOLOGY ...

UNIV IOWA RES FOUND
UNIV IOWA STATE RES FOUND INC

UNIV JEFFERSON THOMAS

UNIV JOHNS HOPKINS

UNIV KANSAS

UNIV KATHOLIEKE LEUVEN

UNIV KINGSTON

UNIV KOREA IND & ACAD COOP FOUND

UNIV KOREA RES & BUS FOUND

UNIV KYOTO PREFECTURAL PUBLIC ...

UNIV LEIDS MEDISCH CENT

UNIV LELAND STANFORD JUNIOR

UNIV LIBRE BRUXELLES

UNIV LILLE 2 DROIT & SANTE

UNIV LILLE CENT HOSPITALIER

UNIV LISBOA

UNIV LOMA LINDA MED

UNIV LOUISVILLE RES FOUND

UNIV LOYOLA CHICAGO

UNIV MADRID CIUDAD CANTOBLANCO

UNIV MALAGA

UNIV MANITOBA

UNIV MARYLAND BALTIMORE

UNIV MCGILL

UNIV MCMASTER

UNIV MICHIGAN

UNIV MINNESOTA

UNIV MONTPELLIER II

UNIV NAGOYA NAT CORP

UNIV NARA MEDICAL

UNIV NAT TSING-HUA

UNIV NEBRASKA

UNIV NEW JERSEY MEDICINE & DEN...

UNIV NEW YORK

UNIV NEW YORK STATE RES FOUND

UNIV NIHON SCHOOL JURIDICAL PE...

UNIV NIIGATA

UNIV NORTH CAROLINA

UNIV NORTH WEST

UNIV NORTH WESTERN MED

UNIV NORTHWESTERN

UNIV NORTHWESTERN POLYTECHNICAL

UNIV NOTTINGHAM

UNIV OF NORTH CAROLINA AT CHAP...

UNIV OKLAHOMA STATE

UNIV OSLO

UNIV OXFORD

UNIV PARIS CURIE

UNIV PARIS DIDEROT PARIS 8

UNIV PARIS SUD

UNIV PARIS XIII

UNIV PEKING

UNIV PENNSYLVANIA

UNIV PITTSBURGH COMMONWEALTH S...

UNIV PUERTO RICO

UNIV PUSAN NAT IND COOP FOUND

UNIV RAMOT AT TEL AVIV LTD

UNIV ROCHESTER

UNIV ROMA

UNIV SAINT LOUIS

UNIV SAO PAULO

UNIV SHANDONG

UNIV SHANGHAI JIAOTONG

UNIV SOUTH FLORIDA RES FOUNDAT

UNIV SOUTHERN CALIFORNIA

UNIV SYDNEY TECH

UNIV TECH MUENCHEN

UNIV TEXAS SYSTEM

UNIV TOKYO MEDICAL & DENTAL

UNIV UTAH RES FOUND

UNIV VANDERBILT

UNIV VERMONT

UNIV VIRGINIA

UNIV VIRGINIA COMMONWEALTH

UNIV VIRGINIA PATENT FOUND

UNIV VRIJE BRUSSEL

UNIV WASHINGTON

UNIV WAYNE STATE
UNIV WIEN MEDIZINISCHE

UNIV WITWATERSRAND

UNIV YOKOHAMA NAT

UNIV YONSEI IND ACADEMIC COOP ...

UNIV ZUERICH

UNIVERSIT DE ROUEN

UNIVERSITE PARIS-SUD XI,FR

UNIVERSITY OF CONNECTICUT THE

UNIVERSITY OF IOWA RESEARCH FO...

UNIVERSITY OF MIAMI

US CENTERS DISEASE & PREVENTION

US DEPT HEALTH & HUMAN SERVICES

US DEPT OF AGRICULTURE

US DEPT VETERANS AFFAIRS

US GOVERNMENT

US NAT INST OF HEALTH

US SEC DEPT HEALTH

US SEC OF AGRIC
US SEC OF ARMY

USTAV ORGANICKE CHEMIE A BIOCH

VANTIA LTD

VARIAGENICS INC

VASCULAR BIOGENICS LTD

VI TECHNOLOGIES INC

VIA TRANSPORTATION INC

VIAGENE INC

VIB VLAAMS INTERUNIVERSITAIR I

VIB VZW

VICAL INC

VICTORIAN TISSUE ENG CENT PTY ...

VIRBAC CORP

VIREXX MEDICAL CORP

VIREXX RES INC

VIRGINIA TECH INTELLECTUAL PRO...

VIRON THERAPEUTICS INC

VIRXSYS CORP

VISEN MEDICAL INC

VIVORX PHARM INC

VLAAMS INTERUNIVERSITAIR INST ...

WANRUN SCI & TECHNOLOGY CO LTD

WELLS FARGO BANK NA

WELLSTAT DIAGNOSTICS LLC

WEST PHARM SERVICES DRUG DELIV...

WISCONSIN ALUMNI RES FOUND

WISYS TECHNOLOGY FOUND INC

WUHAN BIOLOGICAL PROD RES INST...

WUHAN ZHONGYUAN RUIDE BIOLOGIC...

WUXI YAOMING KANGDE BIOTECHNOL...

WYETH

XENCOR INC

XINJIANG DEYUAN BIOENGINEERING...

XL-PROTEIN GMBH

XOMA CORP

XOMA TECHNOLOGY LTD

XRPRO SCI INC

XUHUA SHANGHAI BIOLOGICAL RES ...

YANENG BIOTECH SHENZHEN CO LTD

YEDA RES & DEV CO LTD

YISSUM RES DEV CO HEBREW UNIV ...

YISSUM RESEARCH DEVELOPMENT CO...

YOSHITOMI PHARM IND KK

ZAFENA AB

ZEN BIO INC
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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 FVIII29.

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: (i) 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 FVIII: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 patients30.

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.

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 

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.
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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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