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Kinase inhibitors form the largest class of novel anticancer drugs. To date, more than 20 kinase inhibitors have been approved for
clinical use. Lengthy patent rights keep the cost of these new anticancer drugs high. In order to anticipate the introduction of generics we have reviewed the patent expiry and the indications of kinase inhibitors approved for use in Europe and the US. Most of these
drugs are currently used in the treatment of several types of leukaemia and their patent protection will only expire after more than a
decade.
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Introduction
Protein kinases are enzymes that add a phosphate group to
a protein, and can modulate its function. Protein kinase inhibitors are enzyme inhibitors that block the action of one or
more protein kinases. The phosphate groups are usually added
to serine, threonine, or tyrosine amino acids on the protein.
Most kinases act on both serine and threonine, whereas a
smaller proportion acts on tyrosine.
Today’s detailed understanding of cell biology is revealing the
fundamental changes that result in cancer. Tyrosine kinase
inhibitors (TKIs) are effective in the targeted treatment of
various malignancies. Imatinib was the first of this class and was
approved in 2001.

The price of progress
A major concern in contemporary health care is the soaring
cost of (innovative) medicines. Due to patents and other mechanisms of market protection, innovative medicines benefit from
a market monopoly for up to 20 years. When market exclusivity is over, more affordable generic medicines enter the
market, as was shown in a previous study [1]. For example, in
The Netherlands, temozolomide, an important drug for treating
brain cancer, was used by approximately 1,200−1,300 patients
at a cost of about 10 million Euros per year to the healthcare
system, at the time its patent expired. Before the end of market
exclusivity, the annual cost per Defined Daily Dose (DDD), was
23,000 Euros [1]. The DDD is the assumed average maintenance
dose per day for a drug used for its main indication in adults.
However, when market exclusivity ceased, the cost for almost
the same number of patients decreased by 80% to two million
Euros per year. It is, therefore, important for healthcare planning decisions and drug purchasing contracts, to be aware of
expiring patents. For instance, the UK Medicines Information of
the National Health Service periodically publishes a document
entitled Prescribing Outlook: New Medicines [2].

When we tried to search a list of patent expiry dates for TKIs,
we noticed that such a list was not readily available, in contrast
to expiry dates of a selection of biological medicines [3]. For this
reason we set out to compile an overview of patent expiry dates
of the current clinically approved oral TKIs in the European
Union (EU) and in the US. We chose this group of cancer medicines as it is growing quickly and TKIs are often very expensive
so great savings can be realized by healthcare systems once
their patents have expired.
Protein kinase deregulation is one of the most characteristic traits
of cancer biology. Large genomic sequencing studies show that
mutations in genes encoding protein kinases are often present [4].
Currently, kinase inhibitors form the largest class of new anticancer drugs [5]. A race between pharmaceutical companies to
license new kinase inhibitors has led to a wave of patents contributing to an intricate web of intellectual property rights [6]. The
pharmaceutical industry gains exclusivity rights for marketing a
drug when the first patents are granted by EU or US patent
offices. The protected period is often extended as a reward for
reaching certain licensing milestones (e.g. additional six months
for paediatric indications).
Competition can be held off by either exclusivity rights or
patent rights of the originator drug. Once both have expired,
the introduction of generics or, in the case of biological medicines, biosimilars, is allowed and sales of the originator drug
usually plummet. Therefore, drug companies try to stretch their
exclusivity rights or patent rights in order to keep generics off
the market.
By April 2015, 21 TKIs and three serine/threonine kinase inhibitors have been approved for clinical use. In this paper, we will
provide an overview of current kinase inhibitors approved for
clinical use and their indications. Furthermore, we will address
when their patents are due to expire.
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Material and methods
An overview of all clinically approved kinase inhibitors, including
their indications and date of approval in Europe and the US, was
generated by searching the European Medicines Agency (EMA)
and the US Food and Drug Administration (FDA) databases. The
patent expiry dates were collected from various online databases
and from various sources in the pharmaceutical industry, see
author’s note at the end of this paper.

Mechanism of action and clinical indication of tyrosine
kinase inhibitors
Targeting breakpoint cluster region-Abelson (BCR-ABL)
The treatment of leukaemia has benefited most from the advent
of kinase inhibitors. The first clinically successful TKI was
imatinib, which inhibits the product of the Philadelphia chromosome (Ph+) in chronic myelogenous leukaemia (CML), BCRABL. Currently, several different TKIs have been developed
which target an array of tyrosine kinases of which BCR-ABL is a
common denominator. These drugs are often used interchangeably after drug resistance has occurred in CML or acute lymphoblastic leukaemia (ALL).

in the EU, the US patent is only expected to expire in June 2022.
The US patent grants a record market exclusivity of 21 years.

Nilotinib (Tasigna)
Nilotinib is used in CML after the development of resistance
to imatinib or as a first-line therapy [16]. It was authorized by
EMA in November 2007 and the patent is expected to expire in
December 2028, providing a record 21-year EU market exclusivity. Nilotinib was authorized by FDA around the same time
(October 2007): the US patent is expected to expire five years
earlier than in the EU (July 2023).

Ponatinib (Iclusig)
Ponatinib is used for CML and Ph+ ALL patients who do not
respond to dasatinib, nilotinib or imatinib. This situation could,
for example, occur due to a resistance-inducing BCR-ABL1
(T315I) point mutation [17]. It was authorized by EMA on July
2013 and the EU patent is expected to expire in June 2028.
Ponatinib was authorized by FDA slightly earlier (December
2012) and the US patent is expected to expire in December 2026.

Targeting Bruton’s tyrosine kinase (BTK)
Bosutinib (Bosulif)
Bosutinib is used in the treatment of CML in which the
BCR-ABL fusion gene is present. It is indicated when CML
is resistant to treatment with the TKIs imatinib, nilotinib and
dasatinib [7, 8]. It was authorized by EMA in March 2013 and
the EU patent is expected to expire on September 2024. FDA
approved it on September 2012, and the US patent is expected
to expire in November 2026. Interestingly, market exclusivity
to recoup investment in the US is almost four years longer than
in the EU.

Dasatinib (Sprycel)
Dasatinib is used to treat CML and Ph+ ALL patients who do not
respond to other treatment [9, 10]. It was authorized by EMA
in November 2006 and the EU patent is expected to expire in
November 2019. FDA authorized dasatinib in June 2006, and the
US patent is expected to expire in October 2025, providing more
than 19 years of market exclusivity to recoup the investment.

Imatinib (Gleevec/Glivec)
Imatinib is used in the treatment of multiple diseases, namely
CML, Ph+ ALL, myelodysplastic or myeloproliferative diseases
(MD/MPD), advanced hypereosinophilic syndrome or chronic
eosinophilic leukaemia (HES/CEL), gastrointestinal stromal
tumours (GIST) and dermatofibrosarcoma protuberans (DFSP),
see EMA Summary of Product Characteristics (SmPC).
It is used against Ph+ CML and ALL since these cancers are
mostly dependent on the oncogenic activity of BCR-ABL [11].
In MP/MPD, imatinib is used in patients with platelet-derived
growth factor receptor (PDGFR) gene rearrangements [12]
and in HES/CEL it is used for patients who have a FIP1L1 and
PDGFRα rearrangement [13]. In GIST, imatinib is used in unresectable or metastatic cases and in cases with risk of recurrence
after resection [14]. In DFSP, imatinib is used in unresectable or
metastatic cases [15]. It was authorized by EMA in November
2001 and the EU patent expired in December 2016. Whereas
imatinib was authorized by FDA in May 2001, the same year as

BTK expression is restricted to B cells and has been found to be
responsible for constitutively active B cell–receptor signalling in
some cases of chronic lymphocytic leukaemia (CLL) and mantle
cell lymphoma (MCL).

Ibrutinib (Imbruvica)
Ibrutinib is indicated in relapsed MCL [18] and CLL [19]. In addition, CLL patients who have a 17p deletion or TP53 mutation are
also eligible for treatment with this drug. It was authorized by
EMA in October 2014 and the EU patent is expected to expire
in December 2026. Ibrutinib was authorized by FDA almost a
year earlier (November 2013) and has a similar US patent expiry
(December 2026).

Targeting epidermal growth factor receptor (EGFR/ERBB1)
EGFR is one of the most intensely investigated oncogenes.
Glioblastoma and lung cancer are among the tumours with
the most frequent EGFR alterations, ranging from 60% to 15%
respectively [20, 21]. Multiple kinase inhibitors have been
approved to target EGFR; they are mainly used for the treatment of lung cancer. Despite progress in drug development,
resistance to EGFR inhibition remains a major problem, contributing to relapses.

Afatinib (Giotrif)
Afatinib is used against advanced or metastatic non-small-cell
lung cancer (NSCLC) with an activating EGFR mutation (exon 19
deletion, L858R, G719X or L861Q) [22-24]. It is only indicated in
adult patients who have not been previously treated with TKIs.
It was authorized by EMA in September 2013 and the patent is
expected to expire in December 2026. Although afatinib was
authorized by FDA in the same year, the US patent is expected
to expire much earlier (July 2018), with an eight-year shorter
market exclusivity.

Erlotinib (Tarceva)
Erlotinib is used against EGFR mutant-driven NSCLC [25]. It is
also used against metastatic pancreatic adenocarcinoma [26]. It
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Figure 1: EMA/FDA approved kinase inhibitors (cut-off date for approval before January 2015)
Generic name
(Trade name)
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ROS1

JAK

PI3K-delta

VEGFR
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kinase
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Approval
2015
date (EMA/FDA)

Bosutinib
(Bosulif)

27 Mar 2013
04 Sep 2012

Dasatinib
(Sprycel)

20 Nov 2006
28 Jun 2006

Imatinib
(Gleevec)
Nilotinib
(Tasigna)

07 Nov 2001
10 May 2001
19 Nov 2007
29 Oct 2007

Ponatinib
(Iclusig)

01 Jul 2013
14 Dec 2012

Ibrutinib
(Imbruvica)
Afatinib
(Giotrif)

21 Oct 2014
13 Nov 2013
25 Sep 2013
12 Jul 2013

Erlotinib
(Tarceva)

19 Sep 2005
18 Nov 2004

Gefitinib
(Iressa)

24 Jun 2009
02 May 2003

Lapatinib
(Tyverb)
Crizotinib
(Xalkori)
Ruxolitinib
(Jakavi)
Tofacitinib
(Xeljanz/Jakvinus)

10 Jun 2008
13 Mar 2007
23 Oct 2012
26 Aug 2011
23 Aug 2012
16 Nov 2011
Refused
6 Nov 2012

Idelalisib
(Zydelig)

18 Sep 2014
23 Jul 2014

Axitinib
(Inlyta)
Cabozantinib
(Cometriq)

03 Sep 2012
27 Jan 2012
21 Mar 2014
29 Nov 2012

Nintedanib
(Ofev/Vargatef)
Pazopanib
(Votrient)

20 Nov 2014
15 Oct 2014
14 Jun 2010
19 Oct 2009

Vandetanib
(Caprelsa)

17 Feb 2012
06 Apr 2011

Regorafenib
(Stivarga)
Sorafenib
(Nexavar)

26 Aug 2013
27 Sep 2012
19 Jul 2006
20 Dec 2005

Sunitinib
(Sutent)

19 Jul 2006
26 Jan 2006

Dabrafenib
(Tafinlar)
Trametinib
(Mekinist)

26 Aug 2013
29 May 2013
30 Jun 2014
29 May 2013

Vemurafenib
(Zelboraf)

17 Feb 2012
17 Aug 2011

European Union (EU)

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

21 Sep 2024
23 Nov 2026
19 Nov 2019
13 Oct 2025
20 Dec 2016
19 Jun 2022
17 Dec 2028
4 Jul 2023
30 Jun 2028
22 Dec 2026
28 Dec 2026
28 Dec 2026
11 Dec 2026
29 Jul 2018
20 Mar 2020
9 Nov 2020
1 Sep 2019
5 May 2017
9 Jun 2023
19 Nov 2021
22 Oct 2027
23 Nov 2026
22 Aug 2027
24 Dec 2027
8 Dec 2023
18 Sep 2024
24 Apr 2021
29 Jun 2025
25 Mar 2028
25 Mar 2029
Sep 2024
9 Oct 2025
Unknown

??????
13 Jun 2025
19 Oct 2023
8 Aug 2028
8 Aug 2028
25 Aug 2028
22 Jul 2024
20 Jul 2021
1 Dec 2020
23 Jul 2021
15 Feb 2021
4 May 2029
20 Jan 2030
1 Jul 2029
13 Sept 2025
16 Feb 2027
20 Jun 2029

USA

BCR-ABL: Breakpoint cluster region-Abelson; BTK: Bruton’s tyrosine kinase; EGFR/ERBB1: Epidermal growth factor receptor; EMA: European Medicines Agency; FDA: US Food and Drug
Administration; HGFR/MET: Hepatocyte growth factor receptor; ALK: anaplastic lymphoma kinase and ROS1: C-Ros Oncogene 1; JAK: Janus Kinase; PI3K-delta: Phosphoinositide 3-kinase delta;
VEGFR: Vascular endothelial growth factor receptor; RAF/MEK: Raf-1 Proto-Oncogene, Serine/Threonine Kinase/Mitogen-Activated Protein Kinase Kinase.

was authorized by EMA in September 2005 and the patent is
expected to expire in March 2020. Erlotinib was authorized by
FDA in November 2004 and the US patent is expected to expire
in November 2020.

Gefitinib (Iressa)
Similar to erlotinib, gefitinib is used in the treatment of EGFR
mutant-driven NSCLC [27]. It was authorized by EMA in June
2009 and the EU patent is expected to expire in September
2019. Gefitinib was authorized by FDA six years earlier (May
2003) but the US patent is only expected to expire a little earlier
(May 2017).

GaBI Journal

Lapatinib (Tyverb)
Lapatinib is indicated in progressive HER2-positive breast
cancer [28]. It was authorized by EMA in June 2008 and the
EU patent is expected to expire in June 2023. Although lapatinib was authorized by FDA one year earlier (March 2007),
the US patent is expected to expire one and a half years earlier
(November 2021).

Targeting the hepatocyte growth factor receptor (HGFR/MET),
anaplastic lymphoma kinase (ALK) and c-ros oncogene 1 (ROS1)
NSCLCs contain in approximately 2%, 5% and 20% of the cases
genetic alterations in respectively ROS1, ALK and MET [29, 30].
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Table 1: Indication of clinically approved kinase inhibitors
Common name (brand name)

Target

Indication

Tyrosine kinase inhibitors
Breakpoint cluster region-Abelson (BCR-ABL)
Bosutinib (Bosulif)

BCR-ABL, SRC

CML

Dasatinib (Sprycel)

BCR-ABL, EPHR, PDGFRα, PDGFRß, SRC

CML, Ph+ ALL

Imatinib (Gleevec)

BCR-ABL, PDGFRα, PDGFRß, SCFR

CML, DFSP, GIST, HES/CEL, MP/MPD, Ph+ ALL

Nilotinib (Tasigna)

BCR-ABL, EPHR, PDGFRα, PDGFRß, SCFR

CML

Ponatinib (Iclusig)

BCR-ABL, FGFR, FLT3, RET, SCFR

CML, Ph+ ALL

BTK

CLL, MCL

Bruton’s tyrosine kinase (BTK)
Ibrutinib (Imbruvica)

Epidermal growth factor receptor (EGFR/ERBB1)
Afatinib (Giotrif)

ERbB1, ERbB3, ErbB4

NSCLC

Erlotinib (Tarceva)

ERbB1

NSCLC, pancreatic adenocarcinoma

Gefitinib (Iressa)

ERbB1

NSCLC

Lapatinib (Tyverb)

ERbB1, ERbB2

Breast cancer

Hepatocyte growth factor receptor (HGFR/MET), anaplastic lymphoma kinase (ALK) and C-Ros Oncogene 1 (ROS1)
Crizotinib (Xalkori)

HGFR, ALK, ROS1

NSCLC

JAK1, JAK2

Myelofibrosis

Janus Kinase (JAK)
Ruxolitinib (Jakavi)

Tofacitinib (Xeljanz/Jakvinus) JAK3

Rheumatoid arthritis

Phosphoinositide 3-kinase delta (PI3K-delta)
Idelalisib (Zydelig)

PI3K-delta

CLL, follicular lymphoma

Vascular endothelial growth factor receptor (VEGFR), platelet-derived growth factor receptor (PDGFR) and rearranged during
transfection (RET)
Axitinib (Inlyta)

VEGFR1, VEGFR2, VEGFR3

RCC

Cabozantinib (Cometriq)

HGFR, RET, VEGFR2

Medullary thyroid cancer

Nintedanib (Ofev/Vargatef)

PDGFRα, PDGFRß, FGFR1, FGFR2, FGFR3,
VEGFR1, VEGFR2, VEGFR3

Idiopathic pulmonary fibrosis, NSCLC

Pazopanib (Votrient)

PDGFRα, PDGFRß, VEGFR1, VEGFR2, VEGFR3

RCC, sarcoma

Vandetanib (Caprelsa)

ERbB1, RET, VEGFR1

Medullary thyroid cancer

Regorafenib (Stivarga)

FGFR, PDGFRα, PDGFRß, RET, SCFR,VEGFR1,
VEGFR2, VEGFR3, BRAF, BRAF V600E

Colorectal cancer

Sorafenib (Nexavar)

FLT3, SCFR, VEGFR2, VEGFR3, PDGFRß

HCC, RCC

Sunitinib (Sutent)

PDGFRα, PDGFRß, VEGFR1, VEGFR2, VEGFR3

GIST, pNET, RCC

Serine/threonine kinase inhibitors
Dabrafenib (Tafinlar)

BRAF V600

Melanoma

Trametinib (Mekinist)

MEK1, MEK2

Melanoma

Vemurafenib (Zelboraf)

BRAF V600

Melanoma

Aflibercept (Eylea)

PIGF, VEGFA, VEGFB

Age-related macular degeneration, macular oedema

Aflibercept (Zaltrap)

PIGF, VEGFA, VEGFB

CRC

Growth factor entrapment

ALL: acute lymphoblastic leukaemia; BRAF: proto-oncogene, serine/threonine kinase; CLL: chronic lymphocytic leukaemia; CML: chronic myelogenous leukaemia; CRC: colorectal cancer; DFSP:
dermatofibrosarcoma protuberans; EPHR: Ephrin receptor; ERbB1: Epidermal growth factor receptor; FGFR: fibroblast growth factor receptor; FLT: Fms Related Tyrosine Kinase 3; GIST: gastrointestinal
stromal tumours; HCC: Hepatocellular carcinoma; HES/CEL: hypereosinophilic syndrome or chronic eosinophilic leukaemia; MCL: mantle cell lymphoma; MEK: Mitogen-Activated Protein Kinase Kinase;
MP/MPD: myelodysplastic or myeloproliferative diseases; NSCLC: non-small-cell lung cancer; Ph+: Philadelphia chromosome; Pnet: pancreatic neuroendocrine tumours; RCC: renal cell carcinoma; SCFR:
KIT Proto-Oncogene Receptor Tyrosine Kinase; SRC: SRC Proto-Oncogene, Non-Receptor Tyrosine Kinase; VEGFA: vascular endothelial growth factor A; VEGFB: vascular endothelial growth factor B.
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ROS1 and ALK usually undergo gene rearrangements, whereas
MET is often amplified.

Crizotinib (Xalkori)
Crizotinib is used against previously treated ALK-positive metastatic NSCLC [31]. It was authorized by EMA in October 2012 and
the EU patent is expected to expire in October 2027, whereas
crizotinib was authorized by FDA in August 2011 and the US
patent is expected to expire in November 2026.

Targeting Janus kinase (JAK)
The JAK2 V617F mutation leads to a persistently active JAK2/
STAT3 pathway, which is frequently present in myeloproliferative diseases such as polycythaemia vera (PV).

Ruxolitinib (Jakafi)
Ruxolitinib targets JAK1/2 and is used against the forms of myelofibrosis that cause splenomegaly, namely primary myelofibrosis,
post-polycythaemia vera myelofibrosis and post-essential thrombocythaemia myelofibrosis [32]. It was authorized by EMA in
August 2012 and the EU patent is expected to expire in August
2027. Ruxolitinib was authorized likewise by FDA in November
2011 and the US patent is expected to expire in December 2027.

Tofacitinib
Tofacitinib inhibits JAK3 and is used in the treatment of patients
with moderately to severely active rheumatoid arthritis who have
not responded adequately to methotrexate. It has been refused by
EMA due to concerns about the risk and type of serious infections
seen with its use. However, FDA approved tofacitinib in November
2012 and the US patent is expected to expire in December 2023.

Targeting phosphoinositide 3-kinase delta (PI3K delta)
PI3K delta is one of the four isoforms of this enzyme and is
specifically expressed in leukocytes. It is critical for the proliferation and survival of B lymphocytes. Hyperactivation of PI3K
delta signalling is one of the main drivers for the malignant
transformation of B lymphocytes.

was authorized by EMA in September 2012 and the EU patent is
expected to expire in June 2025. Although axitinib was authorized by FDA six months earlier (January 2012), the US patent is
expected to expire almost three years later (March 2028).

Cabozantinib (Cometriq)
Cabozantinib is used against unresectable or metastatic forms
of medullary thyroid cancer. Patients with a RET mutation seem
to have more benefit from cabozantinib [35]. It was authorized
by EMA in March 2014 and the patent is expected to expire in
March 2029, granting 15 years of market exclusivity. Although
cabozantinib was authorized by FDA just over a year earlier
(November 2012), the US patent is expected to expire almost
five years earlier (September 2024), indicating three years shorter
market exclusivity in the US.

Nintedanib (Vargatef/Ofev)
Recently, nintedanib, marketed as Vargatef by Boehringer-Ingelheim,
was approved for combination therapy with docetaxel for the
treatment of adult patients with recurrent NSCLC of adenocarcinoma tumour histology after first-line chemotherapy. Subsequently, the indication was extended to the treatment of adults
with idiopathic pulmonary fibrosis (IPF) for which it is marketed
as Ofev, see SmPCs, by the same company. It was authorized
by EMA in November 2014 and the EU patent is expected to last
until October 2025; it is unknown whether this date applies to
both brands. Nintedanib was also authorized by FDA in October
2014. Unfortunately, we were not able to retrieve a reliable US
patent expiry date for nintedanib in the US.

Pazopanib (Votrient)
Pazopanib is used in the treatment of metastatic RCC [36] and
some forms of metastatic soft-tissue sarcoma [37]. It was authorized by EMA in June 2010 and the EU patent is expected to
expire in June 2025, allowing 15 years of market exclusivity.
Pazopanib was authorized by FDA in October 2009 and the US
patent is expected to expire in October 2023, leaving three years
less market exclusivity compared with the EU.

Idelalisib (Zydelig)
Idelalisib is used in combination with rituximab for the treatment of adult patients with CLL who are refractory to therapy, or
in patients with a 17p deletion or TP53 mutation. Furthermore,
idelalisib is also indicated for the treatment of adult patients
with follicular lymphoma (FL) that is refractory to two prior therapeutic lines of treatment, see EMA SmPC. It was authorized by
EMA in September 2014 and the EU patent is expected to expire
in September 2024. Whereas idelalisib was authorized by FDA
around the same time (July 2014), the US patent is expected to
expire two years earlier (April 2021).

Vandetanib (Caprelsa)
Similar to cabozantinib, vandetanib is used against unresectable
or metastatic forms of medullary thyroid cancer. Patients with a
RET mutation seem to have more benefit from vandetanib [38].
It was authorized by EMA in February 2012 and the patent is
expected to expire in August 2028. Although vandetanib was
authorized by FDA almost a year earlier (April 2011), the patent
is expected to expire in August 2028, leaving a long market
exclusivity of more than 17 years.

Regorafenib (Stivarga)
Targeting vascular endothelial growth factor receptor (VEGFR),
PDGFR and Ret Proto-Oncogene (RET)
Mutant RET is believed to mediate migration of the tumour
cells whereas VEGFR and PDGFR are thought to mediate angiogenesis. Several multi-targeted tyrosine kinase inhibitors have
been developed to simultaneously inhibit these kinases.

Axitinib (Inlyta)
Axitinib is used in advanced renal cell carcinoma (RCC) after
resistance to sunitinib or cytokine-based therapy [8, 33, 34]. It
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Regorafenib is a tyrosine and serine/threonine kinase inhibitor.
In addition to inhibiting several tyrosine kinases, it also inhibits
the serine/threonine kinase BRAF. It is used against metastatic
colorectal cancer (CRC) which has previously failed treatments,
such as fluoropyrimidine-based chemotherapy, anti-VEGF therapy or anti-EGFR therapy, see SmPC. Furthermore, it is also used
against metastatic GIST. It was authorized by EMA in August
2013 and the patent is expected to expire in August 2028. Regorafenib was authorized by FDA almost a year earlier (September
2012), but the US patent is expected to expire in July 2024.
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Sorafenib (Nexavar)
Sorafenib is used against hepatocellular carcinoma [39], refractory RCC [40] and refractory differentiated thyroid carcinoma.
It received EMA authorization in July 2006 and the patent is
expected to expire in July 2021. In the US sorafenib was authorized by FDA in December 2005 and the patent is expected to
expire in December 2020.

Sunitinib (Sutent)
Sunitinib is used against unresectable or metastatic GIST after
failure with imatinib treatment [41]. Furthermore, it is indicated
in metastatic RCC [42] and unresectable or metastatic pancreatic
neuroendocrine tumours (pNET) [43]. It was authorized by EMA
in July 2006 and the patent is expected to expire in July 2021.
Likewise, sunitinib was authorized by FDA the same year (January
2006) and the US patent is expected to expire in February 2021.

Mechanism of action and clinical indication of serine/threonine kinase inhibitor
Targeting BRAF
Cancer cells contain multiple genetic and epigenetic abnormalities. Despite this complexity, their growth and survival can often be
impaired by the inactivation of a single oncogene. BRAF is a possible
candidate for ‘oncogene addiction’ as it is known and is often mutated
in codon 600 in melanoma, making it an attractive drug target.

Dabrafenib (Tafinlar)
Dabrafenib is used against unresectable or metastatic melanoma
containing the BRAF V600E mutation, see SmPC. It was authorized
by EMA in August 2013 and the EU patent is expected to expire
in May 2029. Similarly, dabrafenib was authorized by FDA in May
2013 and the patent is expected to expire in January 2030, leaving
almost 17 years of market exclusivity in the US as well as in the EU.

Trametinib (Mekinist)
Like dabrafenib, trametinib is used against melanomas containing
the activating BRAF V600E or V600K point mutation [44]. It was
authorized by EMA in June 2014 and the EU patent is expected to
last until July 2029. However, trametinib was authorized by FDA
in May 2013 and the patent is expected to expire in September
2025, resulting in three years less market exclusivity in the US.

Vemurafenib (Zelboraf)
Like the previous two drugs, vemurafenib is used against unresectable or metastatic melanoma containing the BRAF V600E
mutation [45]. It was authorized by EMA in February 2012 and
the patent is expected to expire in February 2027. Vemurafenib
was authorized by FDA in August 2011 and the US patent is
expected to expire in June 2029, resulting in an extended almost
18 years of US market exclusivity.

Discussion
There is no direct link between date of market authorization
and date of patent expiry, beyond deducing how much market
exclusivity is left. If the date of patent registration and date of
submission for market authorization were recorded, one could
have made assumptions on the time of product development
whether relatively short or very long. The fact that a significant period of patent life is still left for most drugs leads us to
conclude that the drug development time was not significantly

long. An analysis of the European public assessment reports
for a sample of the drugs would give one an idea of the size of
the clinical trials for example, and hence, the scope of the drug
discovery and development work. We believe that the patenting
strategy of the originator company is the most important factor
in the market exclusivity periodic sought.
Since market exclusivity for these drugs exceed 10 years, is their
high price justified? It would be very difficult to find objective
data for this. For some drugs market exclusivity exceeds 15 years.
It could be argued that this is more than enough time to recoup
their investment and make substantial profits for their investors.
However, due to the rapid development of new and better TKIs,
it is unlikely that all of these compounds will be in use for the
full time of their market exclusivity.
Over the last two decades pharmaceutical companies have raced
to introduce and patent promising kinase inhibitors. As a result of
market exclusivity, the high price of these branded drugs makes
cancer treatment costly and can hamper accessibility to novel
cancer drugs. Therefore, it is of interest to know when patents
expire and generic versions will allow real market competition.
We have provided a comprehensive overview of the clinically
approved kinase inhibitors in the EU and US as of 2015. Most of
the clinically approved kinase inhibitors are used to treat types
of leukaemia, although indications are being expanded to other
types of cancer. The last three years have seen a great rise in the
clinical approval of kinase inhibitors.
Market exclusivity for almost all drugs is more than 10 years,
averaging around 14−15 years. One drug (vemurafenib) could
create a stunning 18 years of market exclusivity and some
even beyond the 20-year patent protection limit (Nilotinib in
the EU and dasatinib and imatinib in the US). It shows how
important patent strategies and early access to the market are
for the pharmaceutical industry.
A note of caution is warranted. Patent expiry dates are not as
stable as one might expect. A patent only stands as long as
it has not been challenged and overruled. The pharmaceutical
industry is constantly battling over patents in the legal arena.
The data we have presented in this paper is the best we, as
clinical researchers, could find using publicly accessible (and
sometimes confidential) resources. In addition, it is also possible
that later on patents will be extended based on new data. Therefore, our data are presented without any guarantee on accuracy.

Conclusion
There are considerable differences in length of market exclusivity
of this class of medicines after they enter the market. In addition,
interesting differences exist between the EU and the US, although
it is not possible to draw general conclusions about these differences. With the data we have generated, bodies involved in drug
reimbursement may be able to better plan their negotiation and
access strategies in order to optimize patient access to this important class of medicines.
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