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Summary of the impact:

The production and use of monoclonal antibody, ALK1, by researchers in Oxford has been pivotal
in enabling the accurate diagnosis and treatment of Anaplastic Large Cell Lymphoma (ALCL). This
research also led to the formal classification of ALK-positive ALCL tumours by the World Health
Organization in 2008. While ALCL accounts for 10-20% of paediatric/adolescent non-Hodgkin’s
lymphoma worldwide, its diagnosis had been problematical due to the absence of suitable
reagents. This was remedied in 1997 when Oxford researchers created the first monoclonal
antibody, ALK1, recognising anaplastic lymphoma kinase (ALK), a molecule that is associated with
up to 90% of ALCL.

Underpinning research:

Before 1997 Anaplastic large cell lymphoma (ALCL) posed a major diagnostic problem to clinicians
because of the lack of reagents able to distinguish ALCL from other tumours. Patients were
frequently misdiagnosed with carcinoma, histiocytosis X or Hodgkin’s disease, leading to
unnecessary and often invasive therapy, including surgery. In 1997 the late Professor David Y.
Mason (deceased Feb 2008), Dr Karen Pulford, and the Leukaemia Research Fund
Immunodiagnostics Unit (now Leukaemia and Lymphoma Research Fund) produced the first
monoclonal antibody, ALK1, against the anaplastic lymphoma kinase (ALK) protein, which is the
principal cause of oncogenesis in ALCL". Oncogenic translocations create fusion proteins of ALK
and partners capable of high expression and dimerization, after which dimerisation leads to ALK
autophosphorylation and constitutive activation.

The ALK1 antibody made a precise diagnosis of ALK-positive ALCL possible for the first time. The
ALK1 antibody identified ALK-positive ALCL as a molecular pathological entity (distinct from ALK-
negative ALCL), showing that this cancer accounts for 10-20% of childhood lymphomas and 3% of
adult non-Hodgkins Iymphomasz. Due to improved survival rates associated with ALK-positive
ALCL, the ability to distinguish between ALK-positive and negative forms of the disease
represented a vitally important step in achieving accurate diagnosis and appropriate treatment for
patients.

Researchers at the University of Oxford have gone on to use the antibody ALK1 to identify
additional ALK fusion proteins in ALCL and confirm the role of the ALK proteins play a primary role
in tumour development®. They have shown that ALK fusion proteins may be immunogenic and
candidates for immunotherapy®.

The antibody ALK1 has been used to show ALK protein expression in neuroblastoma®, and ALK
has also been identified in a number of other solid tumours, such as lung cancer. Studies on the
immune response to ALK, using ALK1 antibody as an essential reagent (initiated by Oxford and
later performed as collaborative studies within international phase Il clinical trials®), are included in
the clinical trial ‘ALCL 2012’. This phase Il clinical study organised by the European Inter-group for
Childhood non-Hodgkin’s Lymphoma (EICNHL) will identify high-risk patients so that they can be
directed to more effective therapies as soon as possible.
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Details of the impact:

The production and use of the antibody ALK1 by the University of Oxford has had a major impact
on lymphoma diagnosis and provided invaluable information on tumour development. ALK-positive
ALCL is now also included in the World Health Organization’s (WHO) current classification of
haematological malignancies.

Accurate Diagnosis

The production and use of the antibody ALK1 by the University of Oxford has had a major impact
on lymphoma diagnosis, enabling the definitive diagnosis of the tumour entity ALK-positive ALCL.
ALCL was previously regarded as an aggressive incurable disease and frequently misdiagnosed
as a carcinoma or other haematological malignancy, resulting in inappropriate treatment. Not only
has the antibody ALK1 revolutionised the accurate diagnosis and understanding of ALK-positive
ALCL, this tumour now represents the best characterised T-cell ymphoma, with the exception of
cutaneous T-cell lymphoma, which has a far worse prognosis’®°. Importantly, the sensitivity of the
antibody has permitted the detection of minimal residual disease. The latter is an important factor
in cancers since it can lead to a failure to detect disease and result in the patient relapsing. A vital
element of the value of an antibody for diagnostic use is its inclusion in the NEQAS scheme. The
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United Kingdom National External Quality Assessment Service (UK NEQAS) ensures the accuracy
and reliability of laboratory tests and is used by all diagnostic labs. ALK1 fulfills this category. The
following statement was received via email on the 19" of September 2012, from Doctor Merdol
Ibrahim, Manager of UK NEQAS-ICC. This email, and the antibody usage table, has been kept on
file: “NEQAS requested ALK for its lymphoma module about 1.5 years ago for the first time. We
distributed a composite control of a tonsil and anaplastic large cell lymphoma for participants to
stain. Participants also submitted their methodologies and | have atftached the antibody usage
table (second table on the right), which shows that 104/179 (58%) participants used the Dako
CD246 clone. It is one of the most popular antibodies and had a very good pass rate with respect
to the expected staining levels.”

Policy and Guidelines

The identification of ALK-positive ALCL (as opposed to ALK-negative ALCL) has gained worldwide
acceptance and is now included in the current classification of haematological malignancies, first
published by the World Health Organization in 2008. ALK1 is considered to be the gold standard
antibody for the diagnosis of ALK-positive ALCL®.

Clinical outcomes

Approximately 870 children are diagnosed with non-Hodgkin’s lymphoma every year in the USA ™",
equating to about 175 new cases of ALK+ALCL annually. For adults, this figure rises to
approximately 1,500". Before 1997 it was difficult to compare the survival rates of patients with
ALCL due to problems with the actual diagnosis of the disease. This was compounded by a lack of
common staging systems, relatively small numbers of patients, and a variety of different treatment
regimens being used in the clinics. This meant that patients may have undergone unnecessary
surgery or invasive therapies as a result of misdiagnosis. The availability of the ALK1 antibody in
1997 enabled the correct diagnosis of ALK-positive ALCL, resulting in improvements in targeted
therapy and greater survival rates for patients with this lymphoma. For example, the five year
overall survival rates increased from 71% in 1999 to 89% in 2008™. It is expected that additional
improvements in patient survival will continue from future clinical trials. The widespread
introduction of ALK-specific kinase inhibitors is a distinct possibility.

Commercialisation

The ALK1 antibody is licensed commercially throughout the world by DakoCytomation' and is
considered to be the international gold standard for identifying this ALK-positive ALCL. The below
graph shows the upward trend in total units of ALK1 sold by Dako from 2010 to 2012". When
patent restrictions are removed in 2014 this upward trend is predicted to continue.

Total units ALK1

Total royalties received for ALK reached approximately £50,000 for the period 1998-2005. Sales of
the antibody have since increased due to worldwide interest in ALK. The total amount of royalties
received by the University of Oxford for ALK from 2008 to 2009 reached £22,875, with royalties
now consistently exceeding £10,000 per annum™®.
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8. Delsol, G. et al. Anaplastic large cell ymphoma (ALCL), ALK-positive. In: Swerdlow, S.H. et
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