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Abstract

Cancer is an important cause of morbidity and mortality among the recipients of solid organ
transplantation. Cancer transmitted from the donors often has a poor outcome and the fear
of such transmission results in organs from certain donors not being accepted. A study of
the transplant recipients in the UK over a period of 10 years identified 15 cases of
transmitted cancers. The rate of cancer transmission was 0.05%. The risk of cancer
transmission was 9 times higher from donors older than 45 years. Cancer transmission
occurred from donors without a history of cancer. A comparison of the organ donor data
with the guidelines classifying the donor’s risk of cancer transmission showed that a
carefully selected cohort of donors, who are classed as a high risk of cancer transmission by
the guidelines, could safely donate their organs resulting in valuable additional survival for
the recipients, with low risk of cancer transmission. These results provide evidence, based
on which the donor classification guidelines can be modified resulting in increased
availability of safe organs for transplantation. The risk of recurrence after transplantation of
cancers treated before transplantation was low in carefully selected recipients undergoing
transplantation after a waiting period of 2 years following the diagnosis of cancer. No
association was found between the donor-recipient CMV status and the risk of post
transplant cancer. No chronological changes were noted in the incidence of PTLD or in the
survival rates after the diagnosis of PTLD. This research estimated the risk of cancer
transmission to the organ transplant recipients enabling improved risk assessment in
transplantation. This research also explored the ways of increasing the number of safe

organs for transplantation whilst reducing inappropriate wastage of donor organs.
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INTRODUCTION
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1.1 Background to this research

One of the major medical advances of the twentieth century is the successful
transplantation of solid organs. Within decades, organ transplantation progressed from
animal experiments and early human experiments to an established front-line treatment.
Developments took place in all aspects of donation and transplantation including
assessment and selection of the donors and the recipients, surgical techniques, anaesthetic
techniques, intensive care and long-term post-transplant care. At present, transplantation is
the most effective treatment for selected patients with end-stage organ failure. Successful
transplantation has been shown to improve the length and the quality of life (NHSBT,
2014b). It can be an effective life saving intervention in some cases with acute organ failure

and also has a positive impact on the health care economy (NHSBT, 2009).

Cancer, along with infection and cardiovascular disease, is one of the three most common
causes of long-term mortality among the recipients of organ transplantation (USRDS, 2012,
Pruthi et al., 2001, Rabkin et al., 2001, Jung et al., 2011). The incidence of cancer is higher
among the recipients of organ transplantation compared to matched non-transplant
population (Collett et al., 2010, Villeneuve et al., 2007, Adami et al., 2003, Hoshida et al.,
1997, Kyllonen et al., 1994, Kasiske et al., 2004) and the outcomes of post-transplant cancer
are poorer as the disease tends to be more aggressive than in an immunocompetent
patient, often resulting in graft loss and death (Barrett et al., 1993, Veness et al., 1999,

Martinez et al., 2003).
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In this chapter, an overview of organ transplantation is presented, including early and
recent history of human organ transplantation, immunological and clinical aspects of graft
rejection, immunosuppressive agents and the outcomes after transplantation with emphasis

on post-transplant cancer.

1.2 History of organ transplantation

1.2.1 Early history

Successful organ transplantation has only been achieved in recent history but the idea of
replacing a human body part in order to improve the function or the appearance has
fascinated several ancient human societies in different parts of the world. The oldest
references to transplantation are in the ancient Greek, Roman, Indian and Chinese
mythology. There are several examples of transfer of a part of the body, often from an
animal to a God or a human such as Ganesh, the God with the head of an elephant,
Narasimha, the God with the face and claws of a lion, Ox-Head and Minotaur, both
examples of men with the head of a bull, Horse-Face and Chiron both of whom were half-
horse and half-human. The New Testament describes several accounts of re-implantation of

amputated body parts including ears, limbs and breasts.

Archaeological evidence shows that the practice of bone grafting existed in the Bronze Age.
The skulls of people treated with trephination to relieve the intracranial pressure were
reconstructed using bone autografts (SabistonDClr, 1981). The -earliest scientific

documentation of transplantation is in the Sushruta Sambhita, a surgical text written by the
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Indian surgeon Sushruta who lived in the 6™ century before Christ (BC) in the city of
Varanasi, in northern India. Sushruta is regarded as the father of modern surgery and
several surgical sub-specialties including ophthalmology and neurosurgery. The Sushruta
Samhita was written in Sanskrit language, translated to English in 1918 (Bhishagratna,
1963). Sushruta transplanted skin, technically the largest organ in the body. Cutting off the
nose or ear lobes was a common social or religious punishment of the time and Sushruta
performed skin grafts from the buttocks or forehead (on a vascular pedicle) to the nose or

the ears of victims of such punishment.

In the 16%" century, Gasparo Tagliocozzi, a professor of anatomy and surgery in Bologna
described a procedure to reconstruct the nose using a skin autograft raised from the
forearm. Tagliocozzi recognised that allografts suffered with more problems than
autografts. He referred to the uniqueness of each individual as ‘the force and power of
individuality’ and warned that anyone who would consider breaching this force would be
‘plainly superstitious and badly grounded in physical science’ (DuquesnoyRJ, 2005). It was
not for another two centuries that the experiments of Gregory Mendel, which planted the

seeds leading to the development of Genetics as a specialty.

1.2.2 Xenotransplantation

Transplantation of internal organs from animals to humans was first attempted in the early
20™ century. Princeteau inserted slices of rabbit kidney into the failed kidney of a child in

1902 (Reemtsma et al., 1964). The recipient initially experienced improvement in symptoms
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and urine production but died on the 16™ day after transplantation from pulmonary
congestion. Between 1906 and 1966, many surgeons performed transplantation of kidneys
from pigs, goats, monkeys, sheep, chimpanzees and baboons. All the recipients died within
days or weeks of transplantation (Taniguchi and Cooper, 1997). Starzl noted that his
patients who were transplanted with baboon kidneys had developed much more aggressive
immunological rejection as compared to the recipients of kidneys from chimpanzees (Starzl
et al., 1964a). This experience, although unsuccessful, resulted in recognition of genetic
diversity between the species and its correlation to the degree of rejection of the allograft.
Xenotransplantation of liver was first performed in 1966 and until 1993, livers from
chimpanzees, baboons and pigs and continued to be transplanted into humans. The longest
survival of a liver xenotransplantation recipient was 70 days (Taniguchi and Cooper, 1997).
Heart transplantation from chimpanzees, sheep, pigs and baboons were performed with
recipient survival ranging between 0 and 20 days (Taniguchi and Cooper, 1997). In 1902,
Emerich Ullman, an Austrian surgeon, performed the first kidney homotransplantation
between two animals (Druml, 2002). He transplanted a kidney from one dog into another,
using the neck vessels for anastomosis. Ullman demonstrated the production of urine from
the ureter stitched to the skin, to the audience at the meeting of the Society of Physicians in

Vienna. This transplant lasted for 4 days.

1.2.3 Early human kidney allotransplantation

In 1902, French surgeon Alexis Carrell described the technique of vascular anastomosis and
followed this with pioneering work in attaching severed limbs and transplanting kidneys and

hearts in dogs and cats. For this work, Carrell was awarded Nobel Prize in 1912 (Cooper,
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2012). Between 1933 and 1936, Russian surgeon Yurii Voronoy performed the first case-
series of human kidney allotransplantation in 6 patients with acute renal failure using
deceased donors (Matevossian et al., 2009). The first of these recipients was a 26-year-old
lady with renal failure secondary to mercury chloride poisoning who was transplanted with
a kidney from a 60-year-old donor who died following a skull-base fracture. This recipient
died within 48 hours of transplantation. All the grafts in Voronoy’s case series failed because
of blood group incompatibility and the lack of recognition of the effect of prolonged warm
ischemia. Voronoy used anastomosis between donor renal vessels and recipient brachial or
femoral vessels and an uretero-cutaneous fistula. Although this method was technically easy
and allowed relatively easy access to the graft for biopsy or excision, this was only suitable
for patients with acute renal failure who needed the graft for relatively short periods. The
technique of placing the kidney graft in the retroperitoneal area with vascular anastomosis
using external iliac vessels and ureteric anastomosis to bladder was developed in 1951 in
France. This remains the method used today. Between 1936 and 1945, there were isolated

attempts at kidney transplantation, all of which were unsuccessful.

1.2.4 First successful kidney transplantation

The kidney transplantation performed in 1945 at Peter Bent Brigham Hospital, Boston by
Charles Hufnagel, Ernest Landsteiner and David Hume was the first successful life-saving
kidney transplantation. A lady with acute renal failure was transplanted with a deceased
donor kidney, which was placed on her forearm, covered with a plastic bag and
anastomosed to the ante-cubital vessels. This graft functioned for 4 days by which time the

recipient’s own kidneys had recovered and she was discharged from the hospital. In 1950 in
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Chicago, Richard Lawler performed the first successful intra-abdominal kidney
transplantation on a recipient with renal failure due to polycystic kidney disease. This kidney
functioned for 54 days and was removed at 10 months. This was followed in 1951 by a
series of nine kidney transplantations from deceased donors, performed by a French team
of surgeons led by Rene Kuss. The extra-peritoneal approach known as the ‘Kuss procedure’

was used for the first time in these patients and continues to be used today.

By this time, kidney transplantation from living donors had started. The donor kidneys were
usually obtained from healthy relatives of the recipient. Survival beyond the immediate
post-transplant period was not achieved until 1954 when David Hume (Hume, 1979)
reported a series of nine patients with kidney transplantation. Five of these did not show
measurable creatinine clearance. Of the remaining four, three functioned to a degree
sufficient to keep the recipients alive for 37, 110 days and 6 months and the survival
duration was not specified for one recipient. Two donors in this series were living donors.
The failed grafts were examined and the immunological processes involved in rejection of
the graft were recognised. However, the only available drug to counter the rejection at this
stage was adrenocorticotropic hormone. Some recipients in Hume’s series received
adrenocorticotropical hormone with or without cortisone, although the longest surviving
recipient did not receive these agents. In the longest surviving recipient, the graft was
placed in a plastic bag with an intention to avoid contact between the donor and recipient

tissues which may initiate graft rejection.
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1.2.5 Early human liver allotransplantation

Initial attempts at human liver transplantation were made between 1963 and 1967 in
Denver (Starzl et al.,, 1963, Starzl et al.,, 1964b), Boston (Moore et al., 1964) and Paris
(Demirleau et al., 1964). Some lessons learnt by transplanting kidney were useful but there
were unique challenges related to transplanting the liver. The venous return to the heart
needed to be maintained during the operation and Starzl achieved this by a veno-venous
bypass from inferior vena cava and portal vein into the superior vena cava. Other challenges
of liver transplantation included an operative site much closer to vital cardiothoracic organs,
a recipient who was generally much sicker with profound coagulopathy than a kidney
recipient. All the recipients died following the initial attempts at liver transplantation with
longest recorded recipient survival of 23 days. In 1967-68, Thomas Starzl performed first
series of 7 successful liver transplantations, of whom, one recipient survived for more than
11 months (Starzl et al., 1968). All the 7 recipients of liver transplantation were matched
with their donors for ABO blood groups; human leukocyte antigen (HLA) mismatch was
limited to no mismatch in one recipient and 1 or 2 mismatches of the major HLA groups in
the remaining recipients. The immunosuppression regimen included anti-lymphocyte
globulin, azathioprine and prednisolone. In 1968 in Cambridge, Roy Calne performed the
first liver transplantation in the United Kingdom (UK) (Calne et al., 1968). Calne continued to
work in the field of transplantation improving the surgical techniques and developing more

effective and safer immunosuppression.

1.2.6 Early human allotransplantation of heart and lungs
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Alexis Carrel and Charles Guthrie developed surgical technique of heart transplantation in
1905. They performed the first heterotopic canine heart transplantation (Cusimano et al.,
1984). Between 1960 and 1965, Norman Shumway in California (Lower and Shumway, 1960,
Hurley et al., 1962, Dong et al., 1965) showed the benefits of the cardiopulmonary bypass
and cooling of the graft prior to implantation in dogs. In 1967, Christiaan Barnard performed
the first human heart transplantation in Cape Town (Barnard, 1968) from a donor with brain
injury. This recipient survived the operation but developed a post-operative pneumonia and
died after 18 days. In 1968, Donald Ross in London performed the first heart transplantation
in the UK, with the recipient survival of 9 weeks. Following this, heart transplantations were
performed in several centres worldwide but the initial enthusiasm diminished as a result of
poor recipient outcome, resulting in fewer heart transplantations in fewer centres. The
advent of ciclosporin in the decade beginning 1980 resulted in resurgence of interest in
heart transplantation with more procedure being performed in more centres across the

world.

In 1963, James Hardy performed the first human lung transplantation at the University of
Mississippi (Hardy et al., 1963). In the following two decades, the results remained poor for
lung recipients due to airway complications, infection and other side effects of
immunosuppression. In 1981, the cardiovascular team at the Stanford University School of
Medicine performed the first successful heart-lung transplantation (Reitz et al., 1982). In
1986, long-term survival following single lung transplantation was reported by the Toronto
Lung Transplant Group (Toronto, 1986). Further technical modifications included en-bloc

double lung transplantation in 1988 (Patterson et al., 1988) and sequential bilateral double
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lung transplantation in 1990 (Pasque et al., 1990) and more recently, lobar transplantation

from living donors.

1.3 National transplant programme in the UK

Soon after the first successful kidney transplantation in the UK in 1968, the National Tissue
Typing and Reference Laboratory (NTTRL) was started in Bristol. In 1971, the kidney donor
card was introduced, which in 1981, was modified to organ donor card to enable donation
of multiple organs. In 1972, the National Organ Matching and Distribution Service (NOMDS)
was started with a role of maintaining national waiting lists for patients in need of organ
transplantation and the first computers were used in the transplant programme for this
purpose. The NTTRL and NOMDS were merged in 1979 to form the UK Transplant Support
Service. The UK Transplant was created in 2000 and merged with the National Blood Service
in 2005 to form the National Health Service Blood and Transplant (NHSBT). The position of
Transplant Co-ordinators was created in 1980 to oversee the process of transplantation
from the time the donor and the recipient are identified to transplantation operation and
continuing through to the long-term post-transplant follow-up. In 1994, the national organ
donor register was started as a database of all the individuals in the UK who have signed up

to be organ donors.

1.4 Immunology of transplant rejection

1.4.1 Historical background
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In the 19%" century, the experience of blood transfusion from animals and transplantation of
skin from animals and humans resulted in the development of early insight into the immune
mechanisms involved in graft rejection. The understanding of humoral immunity developed
in the late 19 and early 20t century based on the work of scientists including Louis Pasteur
(germ theory of disease, vaccines against anthrax and rabies), Edward Jenner (small pox
vaccine), Paul Ehrlich (antibody and auto-immunity), Jules Bordet and Octave Gengou
(complement activation), Karl Landsteiner (ABO blood groups), Charles Richet and Paul
Portier (anaphylaxis) and Nicolas Arthus (Arthus reaction). The understanding of cell
mediated immunity was limited in the early 20t century and the components of humoral
immunity including blood group antigens and anaphylaxis were thought to be the cause of
the rejection of skin allografts (DuquesnoyRJ, 2005). By the time Yuri Voronoy performed
the first human kidney transplantation (donor blood group B, recipient blood group O), he
was aware of the problems of ABO mismatch but he believed his recipient (being the
universal blood donor) would transfuse the transplanted organ with the universal donor
blood and so would not cause agglutination by blood group incompatibility. Medawar and
Gibson first described the histological details of the cell mediated graft rejection after
studying the victims of firebomb attacks in the Second World War who underwent skin
grafting. They described the graft rejection process in human skin graft recipient (Gibson
and Medawar, 1943) and subsequently confirmed these findings in animal studies

(Medawar, 1944).

1.4.2 Immunological basis of allograft rejection

The most important proteins responsible for the identification of genetic diversity between

individuals are histocompatibility antigens. These are coded by the genes located in more
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than 40 loci, the most important of which is the Major Histocompatibility Complex (MHC),
located on the short arm of chromosome 6. Humans inherit the MHC genes from their
parents in two half-sets (haplotypes) and express them co-dominantly, expressing both the
alleles. So each individual’s MHC is 50% identical to their parent and there is a 25% chance
that it will be fully identical to the MHC of one of their siblings. In physiological conditions,
the major role of MHC molecules is to present the antigens to T cells, as the T cells only

recognise antigens which are presented as a complex with a MHC molecule.

The MHC molecules are divided into two classes (Beck et al., 1999):

Class I: This includes 3 major (A, B and C) and 3 minor (D, E and F) molecules (Marsh et al.,
2005). These are expressed on the cell surfa