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Chapter 1

Introduction



Introduction

Adequate renal function is essential to sustain life. Patients with end-stage renal
disease (ESRD) therefore need renal replacement therapy. Essentially, there are
two alternatives: dialysis or renal transplantation. As short-term treatment, to
survive a period of acute renal failure, hemodialysis has been successful since
1945' and peritoneal dialysis since 1946". A major problem with dialysis is the
need for a permanent access. Therefore, chronic replacement therapy by
hemodialysis has only been possible since 1960\ because at this timepoint the
Scribner shunt became available as permanent access''. Patients who receive a
kidney transplant have a higher quality of life', a lower risk of death*, and a less
costly form of therapy' than those who are treated with dialysis. Therefore, renal
transplantation is the preferred treatment for patients with end-stage renal failure.

The first successful human renal allograft was transplanted in 1954*.
Transplantation of a kidney from a living donor is possible due to the fact that the
kidney is a paired organ and that one kidney is sufficient to provide adequate
function for both donor and recipient. Moreover, because of the availability of
dialysis, a patient with end-stage renal failure can be kept alive until the time of
transplantation as well as during the period after transplantation until the renal graft
has regained function. These facts are what account for the rapid development of
renal transplantation compared to other organ transplantations.
The surgical procedure became standardized quite early and no major changes have
been made since. While transplantation was initially performed with kidneys from
living donors, kidneys from post-mortem (cadaveric) donors are currently also
grafted.

It soon became apparent that, except in the case of identical twins, allografts are
generally rejected. This stimulated the study of the immune sytem, and drugs were
tested for the prevention of rejection. The first drugs used clinically were
6-mercaptopurine/azathioprine in combination with high dosages of corticosteroids.
Later on, antilymphocyte globulin (ALG) was used for the first days after
transplantation. With this immunosuppressive therapy the rejection process could be
suppressed, but the result was a high morbidity rate, due to opportunistic
infections. A major improvement was the introduction of cyclosporine A (CyA) in
the late 1970s. In particular, the cumulative dose of steroids needed in conjunction
with the use of CyA was markedly reduced, leading to a decrease in morbidity.
Recently, newer drugs have been introduced, and others are at the clinical trial
stage.

Study of the immune system had some early success as well. Incompatibility for
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the ABO blood group was shown to result in a high rate of acute rejections in renal
transplantation'. In the late 1950s and 1960s, another important antigen system, the
major histocompatibility complex (MHC), was discovered'" '* and shown to be
important in transplantation.

By providing compatibility for the human histocompatibility antigens between
donor and recipient, one expected the results of renal transplantation to improve.
Due to the extreme polymorphism of the HLA system, this was not possible within
one center. Therefore, van Rood made a proposal for international collaboration
via an organ exchange organization". Eurotransplant was the lirst organ exchange
organization in the world. It assists in the allocation of organs for Austria,
Germany, Belgium, Luxemburg, and the Netherlands. Since then, in other parts of
Europe and in the rest of the world, many such organ exchange organisations have
been established (UK transplant, France transplant, UNUS, etc.).

Nowadays, renal transplantation is the first choice of therapy for every suitable
patient with end-stage renal failure.
Worldwide, more than 400,000 renal transplantations have been reported"', most of
them with cadaveric donor grafts. In the Netherlands, more patients are maintained
by a successful transplant than by any other form of treatment (hemodialysis or
peritoneal dialysis); over 4000 patients are alive today with a functioning graft".
The success of renal transplantation and a simultaneous lack of success in
increasing the number of cadaveric donors has created a supply-demand crisis.

A clinical renal transplantation program involves teamwork in which transplant
immunologist, surgeon, and nephrologist participate. Generally, the surgeon is
responsible for the donor program and the surgical procedure. The nephrologist is
more involved in patient selection, pre- and postoperative care, and the handling of
immunosuppression. The transplant immunologist is in charge of the transfusion
protocol, antibody screening, HLA matching, and crossmatching. Various relevant
aspects of these disciplines will be discussed in the following sections.

Surgical technique, preservation, and donor and recipient
selection

The surgical procedure of kidney transplantation is standardized. The graft is
placed retroperitoneally in the iliac fossa. The renal artery is anastomosed end-to-
side to the external iliac artery or end-to-end to the hypogastric artery. The renal
vein is anastomosed to the iliac vein. The ureter of the kidney is anastomosed to
the urine bladder. The whole procedure takes about 2-3 hours, of which 25-40
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minutes are needed to make the anastomosis of the Meed vessels, •/;

Istfacniia tunes

When a donor kidney is procured, the Wood vessels have to fee damped and the
kidney becomes 'isctoiik*. The *fir$i »aon ischemia time* (WITI) is the time
from the end öf Mood ptrfusksri of the fcidsey ystil the start of the flush with cold
preservation fluid. When WIT! ends, *c©id ischemia time' (CIT) starts. This is
defined äs the period during which the graft is kept on ice. In fhe operating room
Ihe graft is fatal out of Ifw preservation solution and the 'second warm ischemia
time* (WIT2) §tsm, WIT2 ends when the graft is reperfysed by recipient blood.
During each rf these periods, the graft is exposed to ischerrtic damage, which is
Worsened t^ the production rf free oxyfea radicals during reperftision'*. This may
result in a to»iporary dyifusettoi of the graft after transplantation, or delayed graft
ftincttori iDOFi, also wrongly caHsd acyte iuteiar necrosis (ATN). There are other
factors, in addrti«i to length rf ischemia and reperfusion'" ^, that contribute to
ifldyeikifj rf I)CF/ATN, e,g., type of preservation solution'', sutoptimai hydration
of Ö» ffcipo«^, preformed aiui-HLA antibodies", and quality of the donor
graft**.

Preservation

When a kidney is removed from the donor, it is perfused with a preservation
solution to flush out donor blood and to keep it viable. After the flush with
preservation fluid, essentially two methods of preservation are used: cold storage
and machine perfusion. In cold storage, the flushed graft is kept on ice until
transplantation. In machine perfusion, the graft is continuously perfused with fluid.
With the improvement in preservation fluids, the results of cold storage have
improved to such a point that they are now comparible with those of machine
perfusion. Cold storage is preferred because of its ease of use and lower costs.
It is important to consider the following aspects in the composition of preservation
fluids: (1) osmolarity, (2) oxygen radical scavengers, (3) viscosity, (4) preservation
of physiological pH, (5) delivery of nucleotide precursor for improvement of rapid
restoration of ATP resynthesis after reperfusion (e.g., adenosine), and (6)
prevention of blood cell trapping in the graft. The first preservation solution that
was used on a large scale was Collins'. Currently, three solutions are commonly
used for cold storage: Euro-Collins (EC, a modification of Collins)", University of
Wisconsin (UW) solution-", and histidine-tryptophan-ketoglutarate (HTK)". In
controlled trials, UW has been proven to be superior to EC in lowering DGF and
in improving graft survival^'; however, it is much more expensive. HTK was
originally used as a cardioplegic solution, but it was later shown to be an effective
preservation fluid for short-term (<24 hour) preservation-*. Because of its strong
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buffer capacity, low viscosity, and relatively low costs, it has been the preferred
preservation solution in our center for non-heart-beating donor grafts. Recent
experimental studies have suggested that for kidneys with prolonged ischemia,
machine perfusion is preferable because it counteracts intrarenal vascular
resistance, delivers oxygen and nutrients, and removes metabolites from the graft"'.
This should result in better microcirculatory integrity and a lower PG1- rate.
Moreover, machine perfusion makes these kidneys accessible for viability testing.
In the early years of transplantation, the maximum period of cold storage was
about 8 hours. By improving preservation solutions, the preservation period has
been extended to over 50 hours.

Donors

The first renal allografts were from living related donors. Later on, cadaveric
(post-mortem) and living unrelated donors were also used. In the USA, many
transplantations were initially performed with grafts from living donors, while in
the Eurotransplant region the majority were performed with cadaveric donor
kidneys. Financial and geographical factors may explain the difference. I or a long
time in the USA, the costs of dialysis were not refunded by insurance companies,
and in many areas there was no local dialysis centre due to the low population
concentration. Both factors gave rise to a strong pressure on transplantation with a
kidney from a related donor.

Because of the shortage of cadaveric organs in the Eurotransplant region, living
donation is now actively promoted. The use of renal xenografts as a donor source
has not yet reached clinical practice.
Due to the discrepancy between donor supply and demand, which has resulted in
growing waiting lists, donor criteria have become less strict. Nowadays, even
elderly donors with comorbidity are accepted, resulting in more so-called
'marginal' or 'sub-optimal' donors. There are reports suggesting that the use of
non-optimal grafts results in a higher DGF rate* and worse kidney function early
after transplantation, especially when cyclosporine is added to the immuno-
suppressive regimen*'.

Transplantation with cadaveric donors is usually performed with brain-dead donors.
These donors have irreversible brain damage and have intact circulation. Causes of
brain death include trauma, intracerebral bleeding, cerebrovascular accident,
poisoning, and cerebral tumors. Another category of cadaveric donors includes
those who have died due to cardiac arrest, the non-heart-beating (NHB) donors. In
contrast to brain-dead donors, perfusion in NHB donors is not intact, which leads
to more ischemic damage. Post-transplantation, these grafts have a high DGF rate
and a high rate of never-functioning grafts". However, the intermediate-term graft
survival and renal function have been shown to be comparable to those with heart-
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beating post-mortem grafts" " .
Another solution to the donor shortage is the use of living unrelated donors. The
early immunological complications may be better managed with newer
immunosuppressives. The fact that there is less injury to these grafts implies better
long-term results. Terasaki et al. have reported that using living unrelated donors
as a source of renal grafts results in a better 3-year graft survival than using grafts
from cadaveric donors (>80% vs. 70%)**.

Recipients

Potential recipients of a renal graft are thoroughly screened for contraindications.
In the first decades of transplantation strict criteria were set. The first recipients
were highly selected, generally young recipients with little comorbidity. However,
the morbidity rate in these so-called healthy recipients was still high, due to the
high steroid dose. Since the introduction of immunosuppressive schemes with low
dosages of steroids, morbidity has decreased". Moreover, there is more experience
with, and possibilities for, supportive care. Both factors have lead to less strict
criteria. Nowadays, many contraindications have become 'relative'. Up until the
beginning of the 1980s, the maximum age for placement on the waiting list was 55
years. In contrast, now it is the biological age that counts instead of the calender
age, and patients older than 70 years have successfully received kidney grafts.
Nearly 40% of the recipients undergoing transplantation between 1992 and 1995 at
the University Hospital Maastricht were over 55 years of age. Cardiovascular
morbidity and diabetes mellitus are also no longer absolute contraindications. Other
criteria are still valid, e.g., freedom of infection, absence of (active) malignancy,
and negative T cell crossmatch at the time of transplantation. This 'weakening' of
the selection criteria for potential recipients has increased the number of patients on
the waiting list considerably.

Antigenic stimulation leading to rejection

Once perfusion is restored, the recipient's immune system comes into contact with
antigens of the donor. To recognize these foreign antigens, they have to be
presented to immune cells of the recipient in the context of MCH molecules. The
antigen-presenting cells (APC) may be 'professionals' (e.g., dendritic cells,
Langerhans cells, and macrophages) or 'non-professionals' (e.g., B lymphocytes,
and endothelial cells). Professionals are good presenters of processed proteins but
weak presenters of intact proteins; the opposite is true for 'non-professionals'.

Presentation of the antigen can take place in two ways: by 'indirect' or 'direct'
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recognition. In the indirect pathway, donor antigens are presented to the recipient's
T-cell receptor by APCs of the recipient. In the direct pathway, the donor peptide
is presented by a donor cell to the recipient's T-cell receptor (TCR). This is
schematically depicted in Figure 1.1. Antigens are presented as peptidcs while
placed in the groove of the MCH-molecule. In the indirect pathway, the foreign
antigens are generally processed by the APC before they are presented as peptides.
Direct recognition bypasses the requirement of processing the antigens by the
recipient's APC. The T-cell receptor of the recipient responds directly to the
peptide-MHC complex on donor cells. The direct pathway appears to be the
predominant form of transplant antigen presentation.

Allogcneic inligcn
prcsenting/urtel cell

Peptide derived
from processed
•lUuniifen

CD4

CD3
complex

CD8 eel! CD4cell CD4cell

Figure 1.1 Model of allorecognition via the 'direct' (A + B) and 'indirect' (C) pathway.

Presentation of only the antigen in the direct or indirect way is not sufficient for
full activation of the immune system. In fact, if a second signal is not provided,
anergy or tolerance may be the result. This second signal is needed for stabilization
of the cell-cell contact and to provide a co-stimulatory signal.
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One kind of second signal is the binding of the recipient's CD4 or CD8 protein to
the presenting cell's MHC molecule in order to stabilize the T-cell-APC
interaction. The CD4 protein is present on helper T cells and binds to the
monomorphic component of MHC class II molecules. CD8 protein is present on
cytotoxic T cells and binds to the monomorphic component of the MHC class I
molecule. Antigenic recognition stimulates redistribution of the TCR with CD3
molecule, together with CD4 or CD8. This multimeric complex activates
intracellular protein tyrosine kinases, eventually leading to activation of the T cell
via calcincurin. Calcineurin is a target molecule for immunosuppressives like
cyclosporine and tacrolimus'\

Other groups of molecules also play a role as adhesion molecules. They enable
recipient lymphocytes to infiltrate the transplant and to bind to APCs. Examples of
these molecules are the selectins, the integrins, and the molecules of the
immunoglobulin superfamily (e.g., L-selectine and MadCam-1, ICAM-1 and
LFA-1, B7, and CD28). Cytokines also play an important role as soluble mediators
for communication between cells and for regulation of the immune response. They
arc produced by lymphocytes, among other cell types. Cytokines may act
syncrgistically, antagonistically, or competitively, depending on the site, timing,
and intensity of the stimulus that triggers their release. Cytokines increase the level
of costimulatory ligands and are released when there is injury, trauma, or infection.
This may explain the increased rate of rejection in these circumstances.

T-helper (CD4-positive) cells consist of at least two subsets: Thl and Th2 cells.
They differ in function and interact with each other via cytokines. Thl cells
produce interleukin-2 (IL-2), interferon-gamma, and tumor necrosis factor-beta.
Th2 cells primarily produce IL-4, IL-5, IL-6, IL-10, and IL13. Thl cells favor
cellular immunity, while Th2 cells favor humoral immune mechanism. Based on
the murine infection model, it was suggested that Thl response is involved in
transplant rejection, while Th2 response is involved in transplantation tolerance.

Types of rejection and their clinical presentation

Different types of rejection can be discriminated, including hyperacute rejection,
acute rejection, and chronic rejection (or chronic allograft dysfunction).

Rejection is suspected when there is a decrease in renal function. Diagnostics like
ultrasound, renal perfusion scans, and urine analysis have a low sensitivity and
specificity. In the case of clinical suspicion of rejection, a needle core biopsy of the
kidney has to be performed. In recent years, there have been consensus meetings
on the histological definitions of the different kinds of rejections. This has resulted
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in the Banff classification, the latest revision of which was in 1997". Clinical
studies have shown good correlations between clinical outcome and lite Banff
classification. ^

Hyperacute rejection occurs within minutes after reperfusion of the graft. Within
minutes, pink color becomes purple, and later black/hemorrhagic. At that stage, the
kidney has to be removed. If this rejection is clinically milder, it presents after
transplantation with a decrease in urine output and decreased perfusion on a nuclear
scan. Historically, a biopsy is taken 1 hour after reperfusion to diagnose hyperacute
rejection. Preformed antibodies directed against donor alloantigens are thought to
be responsible for this kind of rejection. These antibodies bind to cndolhelial
antigens and activate complement. Antigen-dependent cellular cytotoxicity may also
be involved. Polymorphonuclear leukocytes and platelets are attracted, resulting in
thrombi and infiltration. By performing a crossmatch before transplantation, the
presence of anti-HLA antibodies can be detected and transplantation cancelled.
However, hyperacute rejection is still present in 0.1 %-l % of the transplants'*.

Acute rejection usually occurs within the first months after transplantation,
although it can also occur later on. The early type starts within days after
transplantation and is called "acute accelerated rejection", an antibody-mediated
form of acute rejection. In the classical full-blown case, renal clearance decreases
rapidly with sodium retention, causing edema and hypertension, while the
inflammation causes enlargement of the graft with pain and fever. Usually the
clinical picture is milder, or even subclinical, e.g., in the case of DGF.
Histologically, the kidney is infiltrated with mononuclear cells, mainly consisting of
T cells, B cells, macrophages, and large granular lymphocytes. Antibodies play a
role in acute rejection episodes, and the presence of anti-class I antibodies are
associated with a worse prognosis"*. The graft endothelium is probably the first
target of these antibodies. The effector mechanism triggered includes recruiunent of
polymorphonuclear monocytes and mononuclear cells. Then, cells infiltrate the
interstitium. Generally, this infiltration is responsive to anti-rejection treatment,
while the vascular damage is more resistant. Repair mechanisms may result in
scarring. This scarring, especially in the case of recurrent attacks, may culminate
in 'chronic changes' seen in grafts with late failure. Vascular acute rejections often
do not respond to increased dose of steroids and have an unfavorable prognosis
compared to interstitial acute rejections.

Chronic rejection, or chronic transplant nephropathy, is a process that usually
becomes clinically apparent 6 months post-transplantation. It is one of the most
important causes of graft loss"'. Its cause is multifactorial, including immunological
and non-immunological factors**. The clinical picture is a slow decrease in renal
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function over months to years with the occurrence of proteinuria. The patient
usually does not have complaints, unless due to renal failure. Histologically, a
biopsy will show a picture of arteriosclerosis, smooth muscle proliferation, and
nephrosclerosis. The glomeruli and small vessels will appear to be the prime site of
immunological attack, with secondary tubular atrophy and interstitial fibrosis.
Again, the initial damage seems to involve the vascular endothelium. Both humoral
and cellular immunity play a role. Chronic rejection is unresponsive to the current
immunosuppressives, and no effective treatment yet exists.

Immunosuppression

Because in the first successful renal allograft procedure the kidney donor and
recipient were identical twins, no immunological reaction of recipient against donor
kidney occurred. In other combinations, the donor graft is recognized as 'foreign'
and will be rejected, unless this is prevented. Therefore, recipients need
immunosuppressive drugs to prevent rejection.

In clinical practice, one can divide immunosuppressives into so-called basic
immunosuppressives and immunosuppressives for the treatment of rejection.
Generally, basic immunosuppression consists of a combination of various drugs. In
the early phase after transplantation, dosages are kept at a higher level than they
are later. Sometimes, a course of poly- or monoclonal cytotoxic antibodies is
added. This is called induction therapy. The application of induction therapy is
more popular in the USA than in Europe.
When, regardless of this basic immunosuppression, rejection occurs, antirejection
therapy consisting of boluses of high-dose steroids is given. When the rejection is
reversed, it is called steroid-sensitive. If the rejection process continues, it is called
steroid-resistant. In this case, polyclonal (rATG, ALG) or monoclonal antibodies
are prescribed.

Administering steroid boluses carries the risk of complications. Steroid-resistant
rejections lead to short-term and long-term graft loss. Therefore, both types of
rejection are major endpoints for clinical trials in which the efficacy of various
combinations of immunosuppressives is tested.
In the azathioprine era, the rejection rate was much higher, and graft loss due to
steroid-resistant rejection was able to be prevented by primary treatment of acute
rejection by ATG instead of high dosages of steroids". Although this has not yet
been proven in the cyclosporine era, some centres, including ours, treat acute
rejections in recipients on a cyclosporine-based immunosuppressive regimen
primarily with ATG.
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The first drug clinically used was 6-mercaptopurine. an antiproliterative drug
introduced in 1959**. This was later replaced by a derivative, azathioprine (Imuran.
Wellcome. England) because of the latter's better bioavailability and lower
myelotoxicity. Azathioprine was used in combination with steroids. The 1-year
graft survival with this combination was ±60%-70%"". while ±70% of the patients
needed more than one treatment for acute rejection**. An induction course with
anti-lymphocyte globulin (ATG) for the first weeks, in addition to azathioprine and
steroids, reduced the number of acute rejections'". In the 1970s, cyclosporine A
(Sandimmune. Sandoz/Novartis, Switzerland) was introduced**. Its mechanism of
action is prevention of activation of T lymphocytes at the level of cytokine gene
transcription (as reviewed by Schreiber et al.**). Cyclosporine reduced the number
of acute rejections, and the amount of corticosteroids could be decreased
considerably. While cyclosporine-based immunosuppressive regimens have
improved the 1-year graft survival*"*, its superiority in terms of graft survival
after the first year post-transplant over azathioprine/stcroid-based immuno-
suppressive regimens has not been firmly established. Cyclosporine-based immuno-
suppression was the standard immunosuppression in most centers up until (IK* mid-
1990s. Cyclosporine is generally used in combination with steroids (double
therapy) or with both steroids and azathioprine (triple therapy). In the Netherlands.
cyclosporine/Sandimmune was replaced in 1995 by cyclosporine/Neoral, a new
microemulsion formulation. Neoral has a more rapid and consistent absorption as it
is virtually bile-independent and this better absorption leads to lower intrapaiient
variability than Sandimmune".

Recently, two new drugs have been introduced: tacrolimus (Prograft, Fujisawa,
Japan) and mycophenolate mofetil (Cellcept, Roche, Switzerland). Tacrolimus is
used instead of cyclosporine, while mycophenolate mofetil is generally used
together with cyclosporine or tacrolimus instead of azathioprine. In randomized
multicenter studies comparing tacrolimus with cyclosporine/Sandimmune (both in
combination with steroids and azathioprine), tacrolimus reduced the incidence of
acute rejection from 45% to 3 0 % " " . In fact, the number of steroid-resistant
rejections was halved. Also, in comparison with cyclosporine/Neoral, tacrolimus
reduces the number of acute rejections"'. Replacing azathioprine with
mycophenolate mofetil reduces the incidence of acute rejection by ±50% compared
to the combination of azathioprine with cyclosporine and steroids"'" and to the
combination of azathioprine with tacrolimus and steroids'''. Because of the
reduction in steroid-resistant rejection, tacrolimus and mycophenolate mofetil are
expected to result in improved long-term graft survival. Even newer drugs, recently
introduced or under investigation, are monoclonal antibodies against the II-2
receptor (daclizumab, Roche, Switzerland; basiliximab, Novartis, Switzerland), and
sirolimus (Novartis, Switzerland; Wyeth, USA). In Table 1.1, the most common
immunosuppressives are mentioned, together with their mechanism of action. In
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Figure 1.2, the site of action of these immunosuppressives in the rejection cascade
is depicted. Because various drugs are active on different sites, it is logical to
combine various agents.

Table 1.1 Immunosuppressives used in renal transplantation and their mechanisms of action.

6-Mercaptopurine purine synthesis inhibition
Azathioprine purine synthesis inhibition
Mycophenolate motetil purine synthesis inhibition (selective for lymphocytes)

Corticosteroids blocking expression of IL-1 and IL-6 gen expression

Cyclosporine inhibition of IL-2 synthesis

Tacmlimus inhibition of IL-2 synthesis

Sirolimus inhibition of cytokine signal transduction

Daclizumab blockade of IL-2 receptor
Basiliximab blockade of IL-2 receptor

ATG / ALG / 0KT3 destruction of (T-)lymphocytes

Short- and long-term results

Complications occurring in the first days post-transplantation are mainly surgical:
urine leakage, thrombosis of the graft, and delayed graft function. The latter two
complications can be caused by injury to the graft and immunological factors.
Thrombosis may be the result of hyperacute rejection, and DGF rate is higher in
allosensitized recipients". At a later stage, such surgical complications as wound
infections and lymphocele may occur.
Non-surgical complications include rejections, infections, and malignancies. The
different types of rejections are discussed before. Because of the
immunosuppression, patients have a higher risk of infection and malignancies. Not
only bacterial infections, but also viral infections can occur. Infections with
cytomegalovirus in particular may be life-threatening. A malignancy that is related
to infection with Epstein-Barr virus (EBV) is non-Hodgkin's lymphoma, especially
in EBV-negative recipients of EBV-positive grafts. This situation is common in
young recipients. This lymphoma has the highest incidence in the first year after
transplantation, while other malignancies, e.g., skin cancer, have a higher
incidence much later. The 1-year patient and graft survival is ±95% and ±85%,
respectively. These percentages fluctuate according to selection criteria for donor
(cadaveric, NHB, living-related, age limit), recipient (age limit, comorbidity,
transplant history), and histocompatibility matching.
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Figure 1.2 Actions of immunosuppressives in the rejection cascade.

Long-term results of renal transplantation are influenced by the selection of
recipient and donor, matching for immunological and non-immunological factors,
and post-operative management of the recipient and the graft. This is depicted
schematically in Figure 1.3.
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Figure 1.3 Interaction of input, immunity, and load factors in renal transplantation (adapted
from Halloran PF").

Many grafts are lost due to death of the recipient with a functioning graft. Also,
the original disease leading to renal failure may recur leading to graft loss. Other
grafts are lost due to chronic allograft nephropathy. Many non-immunological as
well as immunological factors may play a role. Among the former are: aspecific
injury (pre-existing and due to preservation) in the donor kidney, size mismatch of
donor and recipient"', post-transplant hypertension", non-compliance", and
possibly hyperlipidemia". Among the immunological factors are mismatch for
HLA antigens*'•"' and the presence of anti-HLA antibodies""\

The interaction between aspecific injury and immunology on graft outcome has
recently been thoroughly investigated. It has been reported that the combined
presence is related to an increase in the frequency of acute rejections^" and worse
graft survival"". This is supported by the facts that matching becomes more
important as the ischemia time increases*', that rejection is more frequent in
patients with DGF*', and that the combination of acute rejection and DGF results in
worse graft survival™.
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Better results of living donor transplantation" may. in part, be due to less
(ischemic) injury of the graft as a result of better quality of the donor kidney and
less preservation damage due to short periods of preservation. In addition, it has
been reported that in hypotensive brain-dead rats, a non-immune response occurs"
that may aggravate the injury to the graft. Besides the influence of kidney injury on
DGF and long-term graft survival, injury-induced inflammation lias been linked to
the occurrence of acute rejection^.

Major histocompatibility complex.

That major histocompatibility complex (MHC; in humans "human leukocyte
antigen complex") exists, has been known since the 1960s. The system consists of
a number of closely linked, highly polymorphic loci. The genes of these loci code
for transplantation antigens that are expressed on the cell surface. It has been
shown that, in men, the MHC system is located on the short ami of chromosome
6"™. There are two classes of MHC antigens. Class I antigens (A, B, and C) arc
present on nearly all nucleated cells and on platelets. MHC class II antigens (DP,
DQ, and DR) were discovered in the 1970s and are present on B lymphocytes,
macrophages, Langerhans and dendritic cells, activated T lymphocytes, endothelial
cells, and renal tubular cells. For each of the HLA loci, many alleles have been
described. Human cells are diploid and contain two homologous sets of
chromosomes. Therefore, two alleles are present for each locus. The location of
the HLA-A, -B, -C, and -DR on chromosome 6 in men is depicted in Figure 1.4.
Table 1.2 shows the list of the serologically detected HLA antigens (A, B, and DR)
that are recognized at present.

Both class I and II MHC antigens are cell surface glycoproteins. Class I antigens
have a two-chain structure: a heavy glycoprotein chain with a molecular weight of
about 44000 that is non-covalently linked to /^-microglobulin (molecular weight
about 12000). The variability accounting for different specificities resides in the
heavy chain, which shows a structural homology with immunoglobulins. The heavy
chain is anchored in the cell membrane by the COOH-terminal. The remainder of
the molecule is organized in three domains (a,, o^, and a,), while the 02"
microglobulin forms the fourth domain. The three-dimensional structure of the
class I antigen has a large groove between the a-helices of the a, and o^ domains.
This groove provides the binding place for processed foreign antigens™.
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Figure 1.4 Schematic location of expressed major HLA class I and II genes on the short arm of
chromosome 6.

Tible 1.2 Listing of serologically recognized HLA-A, -B, and -PR specificities'".

HLA-A HLA-B HLA-DR

AI
A2
A203
A2I0
A3
A9
AIO
A l l
AI9
A23(9)
A24(9)
A2403
A25(10)
A26(10)
A28
A29(I9)
A3O(I9)
A3I(19)
A32(19)
A33(19)
A34(10)
A36
A43
A66(IO)
A68(28)
A69(28)
A74(19)
A80

B5
B7
B703
B8
B12
B13
B14
BIS
B16
B17
B18
B21
B22
B27
B2708
B35
B37
B38(I6)
B39(I6)
B3901
B39O2
B40
B4005
B41
B42
B44(12)
B45(12)
B46
B47
B48
B49(2I)

B5O(21)
B51(5)
B5102
B5I03
B52(5)
B53
B54(22)
B55(22)
B56(22)
B57(17)
B58(17)
B59
B60(40)
B61(40)
B62(15)
B63(15)
B64(14)
B65(14)
B67
B70
B7l(70)
B72(70)
B73
B75(15)
B76<15)
B77(15)
B78
B81
Bw4
Bw6

DRI
DRI03
DR2
DR3
DR4
DR5
DR6
DR7
DR8
DR9
DR10
DRI 1(5)
DRI 2(5)
DRI 3(6)
DRI 4(6)
DRI 403
DR1404
DR15(2)
DR16(2)
DR17(3)
DRI 8(3)
DR51
DR52
DR53

Antigens in parathesis () denote "broad" antigens from which the new specificities have "split".
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Class II antigens comprise transmembrane heterodimers. composed of two heavy
chains of slightly unequal molecular weight (a and 0). non-covalenily associated to
each other. Both chains are anchored in the cell membrane. As with the class 1
antigen, the three-dimensional structure of the class II antigen has an antigen-
binding groove.

MHC antigens are fundamental to the function of the immune response. They
present self and foreign peptides. and they provide a basis for the distinction
between self and non-self. Many immune responses can only occur in the context
of the appropriate MHC alleles (MHC restriction). The MHC polymorphism may
influence the effectiveness of the binding of peptides and thereby influence the
immune response. A population with many different MHC antigens may therefore,
be better equipped to survive changes in the environment. Hiis is reflected in
associations of several MHC antigens and diseases, as reviewed by Thorsby'*.

HLA-typing

Typing of HLA class I antigens started in the beginning of the 1960s with an in
vivo test: intradermal transfer of test lymphocytes to evoke a local graft-versus-host
reaction". With improvements in (in vitro) serological testing, this method was
soon abandoned for clinical use. The first serological test was based on
agglutination. It had the disadvantage of low reproducibility, and so many different
approaches were used". Later, these tests were replaced by the complement-
dependent cytotoxicity (CDC) test'*. Terasaki introduced a variant of this tests,
now known as the standard NIH microlymphocytotoxicity test™.

In the 1970s, HLA class II antigens were discovered"'. They could be detected by
an in vitro culture of lymphocytes, the mixed lymphocyte reaction (MLR), and
were named MLR-locus D. In 1975, some class II antigens could also be detected
by serology and these antigens were named DR (D related)"'. Because class II
antigens were not present on T cells, the small B-cell population had to be enriched
by T-cell depletion (e.g., by nylon wool column separation or SRBC rosetting) or
by selective positive identification of B cells (two-color-fluorescence by labelling B
cells with fluorescent anti-Ig antibody and lysing cells stained by ethidium
bromide)**. Serological HLA-DR typing was, and still is, more difficult than
HLA-A, -B, and -C typing. This is reflected in the great percentage of discordant
results for HLA-DR typing in proficiency testing.

Several HLA antigens defined in histocompatibility workshops were later
recognized as representing not one antigen, but rather as consisting of different
alleles. The 'group' antigen was named 'broad' antigen, while the new alleles were
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named 'splits'. Matching for 'splits' resulted, in a better outcome than matching for
'broads'".

In the 1990s, DNA typing was introduced, showing a greater polymorphism for
both HLA class I and II antigens than was revealed by serological methods. In the
beginning, the restriced fragment length polymorphism (RFLP) technique was
used. Due to the limitations of this method, it was soon replaced by PCR-SSOP
and SSP. The SSOP method is defined as detection of HLA alleles of an individual
by hybridization with Sequence Specific Oligonucleotide Probes. The method is
based on fixing PCR amplified DNA to a nylon membrane and subsequent
hybridization of labelled specific oligonucleotide probes with the DNA on the
membrane. From the resulting hybridization pattern the HLA typing can be
deduced.

With the SSP method, the HLA alleles of an individual are detected by
amplification with Sequence Specific Primers (SSP). In this method, highly specific
PCR reactions are used to discriminate between different HLA types. Two specific
primers are allowed to amplify part of the HLA gene, and a PCR product is only
formed when both primers match perfectly. Using a number of primer
combinations enables the identification of the HLA alleles present.
For both PCR-SSOP and SSP, the polymorphism detected is limited to the areas
where the primers and probes are located. To keep up with the increasing number
of alleles discovered in recent years, the number of primers and probes have to
increase equally. Therefore, Sequence-Based Typing (SBT) was introduced as high
resolution typing technique in 1993. This typing strategy is based on direct DNA
sequencing determining the nucleotide order of the HLA alleles present. SBT
detects all polymorphisms located within the sequenced part of the gene and,
therefore, enables identification of the subtypes and detection of new alleles.
That ML-A differences at the nucleotide level show clinically relevance was
described by Opelz et al. In recipients of a renal allograft without a serological
HLA-ABDR mismatch, graft survival was lower in the group with the HLA-DR
mismatch at the DNA level (69%) than in patients without such a mismatch
(87%)*\

Techniques for HLA typing, crossmatching, and screening for
anti-HLA antibodies

Currently, various techniques are used in the tissue typing laboratory for HLA
typing, crossmatching, and to screen sera for anti-HLA antibodies.
As mentioned earlier, the complement-dependent cytotoxicity (CDC) assay is the
most frequently used technique. It is based on the binding of preformed antibodies
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directed against cell surface antigens after incubation of serum and lymphocytes. In
a second step, (rabbit) complement is added and activated in the presence of bound
complement-fixing antibodies. As a result, the cell is lysed and the cell membrane
becomes permeable to vital dye. In this way, dead cells (= cells with bound
complement-fixing antibodies) can be discriminated from living cells. This is
schematically depicted in Figure 1.5. The CDC technique detects coinplemciu-
fixing antibodies (IgM and IgG isotypes gamma I. 2. and 3) that react with cell
surface antigens.
The CDC technique has many variants, the most important of which arc Nlll
(T cells, class I) and two-color fluorescence (B cells, class 1 + 11). By combining
both techniques, class I and class II reactions can be discriminated.

The ELISA technique uses selected soluble HLA antigens (sHI.A) bound to a
microtiter plate. Incubation with serum results in binding of antibodies directed
against the HLA antigens on the plate. In a second step using anti-human IgG. IgG
antibodies bound to the sHLA can be detected by an enzymatic coloring technique.
This is schematically depicted in Figure 1.5.
The ELISA technique detects specific anti-HLA IgG (both complement-fixing and
non-complement-fixing). Currently, this technique is commercially available for
screening sera and is under investigation for crossmatching.

CDC: ~ , . . "™ r O/«
+ . • - * • A Wfa/
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Figure 1.5 Principles of techniques for detection of anti-HLA antibodies by CDC, ELISA, and
flow cytometry.
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The principle of the flow cytometry technique is described in more detail in chapter
4. Cells and serum are incubated. Cell membrane-bound antibodies are made
visible by an anti-IgG antibody with a fluorescent label. This is schematically
depicted in Figure 1.5. Flow cytometry detects IgG antibodies (complement-fixing
and non-fixing) directed against cell surface antigens. Flow cytometry is used as a
crossmatch technique, but can also be used as a first step screening test for
antibody screening.

Several DNA techniques are used for HLA typing on the genomic level. Most of
them are polymerase chain reaction (PCR)-based. The sequence-based typing
technique is the most sophisticated and types on the level of individual nucleotides.

Prevention of rejection

Different immunological strategies for preventing rejection exist, such as HLA
matching, crossmatching, screening for anti-HLA antibodies, and pretransplant
transfusion.

HLA matching

The formal proof that antigens of the MHC system are important in transplantation
came in the form of the excellent results of HLA-identical transplants compared to
haplo-identical transplants'". Therefore, by matching donor and recipient for HLA
antigens, theoretically the immune response should be less intense. While the
recipient may carry antigens not present in the donor, donor antigens not present in
the recipient are avoided. This matching can be performed on different levels of
increasing similarity: broad, split, or DNA. The greater the similarity, the less
likely an antigen will be recognized as foreign and the better the match will be.
However, it is also true that the greater the level of similarity, the more difficult it
will be for a recipient to receive an HLA-matched graft.

There is consensus on the beneficial effect of preventing any mismatch for HLA-A,
-B, and -DR (zero mismatch) on graft survival**-'". Numerous reports have shown a
beneficial effect of matching for less well-matched kidneys***'. Yet, recently, the
question was raised as to whether the benefit of this kind of match outweighs the
detrimental effect of extended preservation time, especially when marginal donors
are used*.

Crossmatching

The presence of donor-directed anti-HLA class I antibodies at the time of
transplantation may induce hyperacute rejection. By performing a crossmatch, these
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antibodies can be detected pretransplantation and the transplantation can be
cancelled". As discussed previously, the most commonly used technique is the
complement-dependent cytotoxicity assay. This technique detects class I
complement-fixing antibodies. In order to increase its sensitivity, several
modifications have been proposed, among them modifying the incubation time or
temperature'", the number of wash steps'", and adding anti-human immunoglobulin
reagent**. There is no consensus as to whether these modifications result in an
improved correlation with clinical outcome.

Detection of donor-directed anti-HLA antibodies after transplantation has been
reported to be associated with the occurrence of acute rejection and worse graft
survival".

Other crossmatch techniques have been introduced. In many centers, the flow
cytometry (FC) crossmatch has replaced the CDC crossmatch as the technique for
pretransplant crossmatching because of its improved sensitivity and relationship (o
clinical outcome**"". The principles of FC and FC crossmatch are reviewed in
chapter 4. Under investigation is Crosstat, a crossmatch technique that uses soluble
HLA antigens of the donor coated on ELISA plates'°\

Screening for anti-HLA antibodies: pre- and post-transplantation

Anti-HLA antibodies can be formed after contact with foreign HLA antigens, such
as by blood transfusion, pregnancy, and transplantation. The titer might change
over time, and after each contact with HLA antigens, new specificities may be
formed. Therefore, regular screening for anti-HLA antibodies of serum of patients
on the renal transplant waiting list is necessary. Usually, the serum with the highest
percentage of panel reactivity (peak) and the latest serum pretransplant (current) arc
used in the crossmatch procedure at the time of transplantation.

Preformed anti-HLA antibodies directed against mismatched donor antigens may be
detrimental for graft outcome. An increase in rate of DGF"", an increase in
rejection rate, and poor graft survival have been reported in the presence of anti-
HLA I g G " ' \ Therefore, it is essential to know if a patient is sensitized because
this information can be used to select the optimal donor-recipient combination or
the type of immunosuppressive therapy after transplantation. Screening serum after
transplantation has also been reported to be important because detection of these
antibodies is reported to be related to complications and worse graft survival'''*'.
Studies need to be designed to answer the question of whether clinical outcome
may be improved by a change in patient management after detection of these
antibodies.

The presence of antibodies can be detected in screening assays. Most centers use (a
variant of) the complement-dependent cytotoxicity assay. Screening results can be
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expressed as the percentage of the panel that reacts (percentage panel reactive
antibodies, PRA), or as the HLA specificity detected. PRA can vary according to
the composition of the panel, e.g., selected panel or random panel, and panel size.
HLA specificity can be ascertained by comparing the HLA antigens of reactive
lymphocytes with those of non-reactive lymphocytes. If PRA is very high (>85%),
detection of HLA specificity may not be possible because of the low number of
non-reactive lymphocytes. Positive reactions may also be caused by the presence of
autoantibodies (usually of the IgM type) or non-HLA antibodies. Non-complement-
fixing antibodies (e.g., IgG4) are not detected even when they are anti-HLA
directed. By CDC-NIH screening class I antibodies can be detected, while by
CDC-TCF class I + II antibodies are detected. In CDC-TCF screening, reactivity
to B lymphocytes is scored. Because the density of HLA class I antigens is higher
on the cell membrane of B lymphocytes than that of T lymphocytes low avidity or
low-titre HLA class I antibodies may react in the CDC-TCF and not in the
CDC-NIH. To discriminate class I and class II reactions in these cases, HLA
class I antibody absorption can be performed by pretreatment of serum with a pool
of platelets, or cells can be treated with blocking antibodies.

Recently, other screening techniques have been introduced. Flow cytometry
screening uses a small panel of cells and can be used as a quick first-line screening
method to select antibody-positive sera"". Because of the large number of cells
needed, it is not an ideal technique for the detection of specificity, and these sera
have to be tested further by a second technique. Another technique uses soluble
HLA molecules coated to an ELISA plate by anti-HLA antibodies. This technique
is commercially available as Prastat (Sangstat Medical Corporation, Menlo Park,
CA, USA). Its advantage is that it can detect HLA-specific IgG, both complement-
fixing and non-complement-fixing. Neither IgM nor autoantibodies are detected.

Transfusions

Patients with end-stage renal failure have anemia due to a lack of erythropoietin.
Before the introduction of recombinant erythropoietin in the mid-1980s, patients on
dialysis frequently needed blood transfusions, resulting in the production of anti-
HLA antibodies in ±40% of all blood recipients"*. This sensitization was
disadvantageous, both because of the difficulty in finding a crossmatch-negative
graft, and because of the negative impact of preformed antibodies on graft
survival"".

In contrast, as early as 1946. Medawar showed that donor-specific blood
transfusion delayed the rejection of skin homografts in rabbits"". The beneficial
effect of blood transfusions in humans was shown in the mid-1960s""•'"*. In a
multicenter study Opelz et al. showed that patients without a transfusion had worse
graft survival and more rejections than transfused patients. This was called 'the
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transfusion effect""°. These findings have been confirmed in a single center
study'". It was shown that a single transfusion was sufficient to result in a benefit
from 'the transfusion effect'"' " \ Blood depleted of leukocytes was shown not to
induce this effect"'. In the early 1980s, the transfusion benefit was reported to
have nearly vanished, probably due to improved results in non-transfused patients
resulting from improved patient care, better matching, and the introduction of
cyclosporine'". However, as recently shown by a prospective multicenter study by
Opelz, also in the cyclosporine era pretransplant blood transfusion has a beneficial
effect on rejection rate and graft survival in kidney allograft recipients"^. The
mechanisms involved in this beneficial effect are still largely unknown. Proposed
hypotheses include both non-specific mechanisms, e.g., clonal deletion'",
macrophage blockade by iron overload"*, patient selection by production of anti-
HLA antibodies after transfusion, and immunological mechanisms, e.g., induction
of anti-idiotypic antibodies'", and activation of suppressor cells"*.
The optimal protocol to obtain the beneficial 'transfusion effect' is not known.
Many factors may be of importance, e.g., the number of leukocytes"*, blood
storage time"*"'* and method'*", time interval between transfusion and
transplantation'*', patient characteristics'*', and HLA compatibility between blood
donor and recipient'** '*\

The sharing of at least one HLA-DR antigen between blood donor and recipient has
been reported to result in less alloimmunization, a lower rejection rate, and better
graft survival'"'*''. However, control patients in these studies generally were
patients who had received transplants previously and received random, non-typed
transfusions instead of typed, non-sharing transfusions. Furthermore, the number of
transfusions differed between patients and controls in some studies. Also,
sensitization was tested against a panel of third-party lymphocytes and was not
donor-directed.

HLA-B + DR matching between blood donor and recipient resulted in a decreased
frequency of cytotoxic T lymphocytes against mismatched class I antigens'".
However, this study has been challenged by others'**'".
Therefore, the benefit of HLA compatibility between blood donor and recipient is
still unclear.

Aim of the thesis

Screening for HLA antibodies and matching for HLA antigens have played a
central role in renal allografting since the 1960s. However, the management of
recipients, including immunosuppressives, have changed considerably and new
histocompatibility techniques have been introduced. Therefore, both standard and
new techniques have to be compared with each other and with clinical outcome

31



parameters to evaluate their value. -•;
The purpose of this thesis is to answer the following questions.

1. What is the incidence of donor-directed HLA antibodies after transfusion of a
single unit of leukocyte-poor erythrocyte concentrate to immunologically naive
patients on the renal transplant waiting list?

Is there a difference in the occurrence of these antibodies between patients
receiving DR-matched blood transfusion and patients receiving nonmatched
blood transfusion?

Is there a difference in acute rejection rate or graft survival after
transplantation between patients receiving DR-matched blood transfusion and
patients receiving non-matched blood transfusion? (Chapter 2)

2. What is the method agreement between Prastat, an ELISA-based screening
technique, and NIH/TCF complement-dependent-cytotoxicity (CDC) screening?
Do the two screening techniques differ regarding result of the screening and
acute rejection rate or graft survival? (Chapter 3)

3. What is the relationship between pretransplant FC crossmatch and acute
rejection and 1-year renal graft survival in patients transplanted with a negative
HLA class I CDC crossmatch (NIH)? (Chapter 5)

4. Do the result of FC and CDC crossmatch with post-transplant serum differ
with respect to acute rejection rate or renal graft survival? (Chapter 6)

5. What is the efficacy and tolerability of tacrolimus compared to cyclosporine,
what are the pharmacokinetics of tacrolimus and mycophenolic acid when used
in combination, and how is tacrolimus to be used together with new drugs?
(Chapter 7)

6. Which immunological and non-immunological factors influence outcome
parameters in renal graft recipients on a cyclosporine-based immunosuppressive
regimen transplanted at the University Hospital Maastricht? (Chapter 8)
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Abstract

Background

Pretransplant blood transfusions are reported to decrease acute rejection rate and
increase graft survival after renal transplantation. This has been attributed to
matching for HLA-DR with the transfusion donor, which also results in a lower
rate of sensitization.

Methods

The development of donor-specific T- and B-cell antibodies was measured by
National Institutes of Health and two-color fluorescence assays after one transfusion
in 247 naive patients. Auto-crossmatches were performed to exclude
autoantibodies. Patients were grouped according to DR matching (n=107) or
nonmatching (n=140) with the transfusion donor. In 103 renal allograft recipients,
acute rejection rate and graft survival were analyzed by Cox regression.

Results

T-cell antibodies developed in 6.5% of the patients. There was no difference
between the DR-matched and nonmatched group. No auto-antibodies against T-cells
developed, whereas one quarter of the sera had a positive B-cell auto-crossmatch.
There was no difference with regard to B-cell antibodies (auto-antibody-positive
sera excluded) between the DR-matched (15.8%) and non-matched (18.6%) group.
Sharing of HLA A and/or B antigens did not result in a lower frequency of donor-
directed T- or B-cell antibodies. None of the risk factors, including DR sharing
with transfusion donor, contributed significantly towards graft survival (odds ratio
for DR sharing: 1.02; 95% CI: 0.45-2.32; P=0.97). DR sharing was no risk
factor towards acute rejection either, in contrast to DR mismatch with kidney donor
(odds ratio: 2.9), and use of cyclosporine versus tacrolimus (odds ratio: 4.4).

Conclusions

Development of donor-directed T-cell antibodies after one transfusion of leukocyte-
poor blood is low and irrespective of HLA-DR match with transfusion donor.
B-cell antibodies develop more frequently and independent of HLA-DR match. In
26% of the sera, B-cell auto-antibodies are detected. Rejection rate and graft
survival are not significantly different between HLA-DR-matched and nonmatched
transfusions.
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Introduction

In both the azathioprine and the cyclosporine (CsA) era, the beneficial effect of
preiransplant blood transfusion has been proven on rejection rate and graft survival
in kidney allograft recipients'•*. To obtain the beneficial effect different transfusion
protocols are used. The minimal quantity and type of transfusion are still under
debate. The transfusion effect was already demonstrable after a single transfusion
of packed erythrocytes^, whereas neither filtrated leukocyte-poor erylhrocytcs^ nor
frozen blood'" seemed to induce the desired effect.

A drawback of transfusion is the possible induction of anti-HLA antibodies.
Development of HLA antibodies makes it more difficult to find a suitable donor
organ and counterbalances the beneficial effect of transfusion on rejection rate and
graft survival. Sensitization has been reported to be less frequent if transfusion
donor and recipient share certain HLA-antigens; this has been reported for sharing
of one HLA-DR allele'* or a complete haplotype". In these studies, sensiti/alion
was determined by screening the recipient sera for cytotoxic antibodies against a
panel of third-party lymphocytes. Sera were not tested against transfusion donor
lymphocytes, nor were the antibodies differentiated in B-cell and T-ccll directed
antibodies. Only in the prospective study of Lagaaij was the presence of auto-
antibodies taken into account.

Sharing of an HLA-DR antigen or a complete haplotype between transfusion donor
and recipient has been reported to result in fewer rejection episodes after renal
transplantation*'' and a better renal graft survival'. The majority of control patients
used in these studies were patients who had received transplants previously and
received random nontyped blood transfusions instead of typed nonsharing
transfusions*'. Changes in patient management over the years may well influence
outcome parameters; therefore, the real effect of sharing or nonsharing for
HLA-DR is not clear. The studies were usually small in size'*, and one of them
was a multicenter study'.

The frequency of occurrence of anti-HLA antibodies after a single random
transfusion in recipients previously not challenged with non-self-HLA antigens is
not well known. In particular, data about the specificity of these antibodies are
lacking as well as data on their being donor-directed.

In this study, we investigated the influence of transfusing a single unit of either
DR-matched or nonmatched blood on the development of donor-directed anti-HLA
antibodies in a large cohort of immunologically naive patients before renal
transplantation. Rejection rate and graft survival were compared between patients
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receiving only 1 unit of either HLA-DR-matched or nonmatched blood before
transplantation.

Patients and Methods

Transfusion protocol

Leukocyte-poor blood was contracted from the local blood banks. Until 1988, the
center transfusion policy consisted of administration of three blood transfusions
with an interval of 1 month between transfusions to all patients on the waiting list
for transplantation. Patients entering the protocol had never been transfused before
or, for female patients, were not immunized by pregnancy. If a patient became
immunized after one of these transfusions, no further blood was given. After June
1988, the number of transfusions was reduced to one unit of blood. The leukocyte-
poor blood was prepared by removal of plasma and buffy coat by the local blood
bank. Buffy coat was sent to the tissue typing laboratory; lymphocytes were
isolated by Ficoll-Isopaque gradient centrifugation and stored in liquid nitrogen.
A blood unit was transfused within 72 hr of donation. Serum from the recipient
was collected at weeks 0, 2, 3, and 4. Frozen cells from the transfusion donor
were serotyped for HLA class I and II antigens and crossmatched with these sera.
Positivity was defined as more than 20% cell death with the patient serum
compared to the positive and negative control sera.

Patients

Nontransfused patients awaiting a first renal allograft (n=247; 225 men and 22
women) have been transfused with at least one unit of leukocyte-poor erythrocytes.
Blood donors were chosen randomly. To 93 patients, up to three blood transfusions
were given with an interval of 1 month, as this was the center transfusion policy
until 1988. After that date, the number of transfusions was reduced to one;
therefore, 154 patients received one blood transfusion. None of the patients had
preexistent HI.A antibodies, and none of the female patients had been pregnant.
Their mean age at time of transfusion was 46 years (SD: 14.1; median: 47; range:
15-72). Development of anti-donor antibodies was analyzed after the first
transfusion.
Fifteen of the 154 patients received additional leukocyte-containing transfusions for
clinical reasons during their time on the renal transplant waiting list. They were
therefore excluded from further analysis concerning the influence of DR-matched
transfusion on graft outcome. From 139 patients who each received one blood
transfusion after June 1988, 103 patients (95 men and 8 women) subsequently
received an unrelated transplant in the period from March 1989 through April
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1997. The mean age was 49.4 years (SD: 14.5; median: 49.3; range: 15-73).
Additional blood transfusions were required in 49 patients. Only filtrated,
leukocyte-depleted blood was used in those cases.

Immunosuppression

Patients were treated with either CsA (n = 84) or tacrolimus (FK, n=19) together
with low-dose prednisolone. Twenty-eight patients additionally received
azathioprine (n = 22) or mycophenolate mofetil (MMF)(n=6). Trough levels were
determined in whole blood by high-performance liquid chromatography or mono-
clonal radioimmunoassay for CsA and by enzyme-linked immunosorbcnt assay
(Imx, Abbott) for FK. The target level for CsA was 0.15-0.20 mg/1. in the first 3
months after transplantation and 0.05-0.15 after 3 months. The target level for FK
was 15 ng/mL in the first months after transplantation, decreasing to 5-7 ng/mL
after 1 year.

Clinical outcome parameters

Rejection is defined as any rejection treatment in the first 6 months after grafting.
In general, rejections were proven by needle core biopsy. Rejection treatment
consisted either of a 10-day course of rabbit anti-lymphocyte globulin (RIVM,
Bilthoven, the Netherlands) or three doses of methylprednisolone (0.5-1.0 g/dose).
Graft failure was defined as loss of kidney function but also included death of
recipient with functioning graft. No exclusions were made. All patients were
followed until July 1, 1997 or their date of death.

Tissue typing and crossmatching

Patients and blood donors were serologically typed for HLA antigens A, B, and
DR by standard complement-dependent cytotoxicity assays (National Institutes of
Health (NIH) for class I and two-color fluorescence (TCF) for class II). Screening
was performed by the same techniques against a panel of 56 donor lymphocytes.
A reaction with donor cells was considered positive if more than 20% of the
lymphocytes were killed. Reactions were scored by automatic reading. The
presence of autoantibodies was determined by crossmatching with autologous cells.
Transfusion donor-specific crossmatches were performed in the standard NIH assay
and the TCF technique for sera drawn at weeks 0, 2, 3, and 4. In some instances,
the viability of the liquid-nitrogen-stored donor lymphocytes was insufficient to
give reliable results; therefore, the number of crossmatches performed varied in the
different groups. For crossmatches with the kidney donor, the dithiothreitol (DTT)
crossmatch was also used, in which DTT was added to the serum to reduce IgM
antibodies. A negative class I crossmatch (NIH) with current as well as all relevant
positive historical samples was mandatory for transplantation. All crossmatches as
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well as screening results were used in the interpretation of the crossmatch results,
i.e., if a class I crossmatch turned negative after DTT treatment, the crossmatch
was interpreted negative, provided no HLA-specific antibodies had been
demonstrated by screening.
An antigen was considered matched if this antigen was present in donor as well as
recipient. HLA antigens were considered unacceptable for a patient if antibodies
against the specificity had been demonstrated either at the time of transplant or in
the past. Transplants were performed under the auspices of Eurotransplant.
Matching priority was HLA-DR, HLA-B, and HLA-A, respectively.

Statistics

Statistical analysis was performed using SPSS for Windows version 7.5. The
proportional hazards regression analysis (Cox regression) was performed by both
stepwise forward and backward selection techniques for all suspected risk factors
except the HLA-DR match of transfusion donor, which was always included in
each model. In case rejection was the outcome parameter, the suspected risk factors
tested for included (besides HLA-DR match of transfusion donor) age of recipient,
number of mismatches with the kidney donor for HLA-A, -B, and -DR (0 and
S i ) , source of kidney (spousal vs. cadaveric and heart-beating vs. non-heart-
beating), type of primary immunosuppression (CsA vs. FK), institution of
additional immunosuppressives (MMF vs. azathioprine vs. none), age of kidney
donor, and the need for additional transfusion of filtrated blood after the
protocollary transfusion (yes vs. no). Subsequently, a basic model was searched
for, which included only direct risk odds ratio effects that were statistically
significant. Thereafter, all interactions between pairs of basic model risk factors
were introduced separately (and collectively) into the basic model and tested for
statistical significance. Eventually, a final model is presented that only includes
statistically significant risk factor effects and interactive effects. With graft survival
as outcome parameter, rejection was also included as risk factor in the model. The
same policy in model selection was followed for this outcome variable. Parametric
(independent groups. Student's f-test) and nonparametric tests (Pearson chi-square
test. Fisher's exact test) were performed when indicated. A P-value <0.05 was
considered to be statistically significant.

Results

Donor-specific antibody formation

The development of donor-specific HLA class I antibodies after transfusion was
shown in 16 patients (6.5%) by a negative NIH crossmatch with the serum from
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week 0 and a positive crossmatch with the sera from weeks 2, 3 and 4. In the
remaining 231 patients, the NIH crossmatches remained negative. The TCF cross-
match turned positive in 65 out of 242 patients (26.9%) and remained negative in
177 patients (73.1%).

Of 247 transfused patients. 140 (56.7%) shared no DR antigen. 99 shared one OR
antigen, and 8 shared two DR antigens. The one-DR- and two-DR-matched groups
were combined to create the DR-matched group (n=107) versus the nonmatched
group (n=140). There was no difference between matched and nonmatched group
regarding the development of positive NIH crossmatches (6.5% vs. 6.4%, Table
2.1). TCF crossmatches turned positive in 41 patients in the nonmatched group
(30.1 %) versus 24 patients in the DR-matched group (22.6%) (P=0.24).

Table 2.1 Donor-directed

DR sharing 0
DR sharing 1/2

Total

NIH
(n)

140
107

247

antibody formation after

TCF
(n)

136
106

242

NIH
negative

93.6%
935%

93.5%

transfusion*

TCF
negative

699%
77.4%

73.1%

NIH
positive

6.4%
6.5%

6.5%

TCF
positive

30.1 %
22.6%

29.6%

' NIH: /»«I 00 (Fisher's Exact); TCF: /»-0.24 (Fisher's Exact); positive- more than 20% kill
in the donor-specific crossmatch

Autoantibodies

Auto-crossmatches were performed for all sera used in the donor-specific cross-
matches. None of the auto-crossmatches was found to be positive in the NIH
technique. In 9 out of 242 patients, the auto-crossmatch by TCF could not be
analyzed for technical reasons. Sixty out of 233 patients were demonstrated to have
a positive auto-crossmatch. When the patients with a positive auto-crossmatch were
excluded from the analysis, allo-antibodies were demonstrated in 18 out of 97
patients of the nonmatched group (18.6%) and in 12 out of 76 patients in the
matched group (15.8%) (/>=0.69, Table 2.2).

Table 2.2 Formation of donor-directed antibodies after one transfusion corrected for the
presence of auto-antibodies'

DR sharing 0
DR sharing 1/2

Total

n

97
76

173

' /"=0.69 (Fishers Exact)

Total
%

56.1
43.9

100

TCF
n

79
64

143

negative
%

81.4
84.2

82.7

TCF
n

18
12

30

positive
%

18.6
15.8

17.3
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Antibody formation according to sharing for class I and class II antigens

In 244 patients, the correlation between sharing for HLA class I and II antigens
with the transfusion donor was analyzed. Sharing for HLA-A was not correlated
with sharing for either B or DR (P=0.50 and P=0.77, respectively). Sharing for
HLA-B was shown to be correlated with sharing for HLA-DR, as might be
expected. Seven patients shared two B antigens (2.9%), 73 shared one B antigen
(29.9%), and 164 shared none (67.2%). The percentage of nonmatched HLA-DR
patients was 43.4% in the B-matched group vs. 62.8% in the B-nonmatched group
(P=0.006 by Fisher's exact test). Sharing for A plus B antigens was also
significantly correlated with match for DR (P=0.04 by Spearman correlation).
The correlation between sharing for A, B. A + B, and B + DR and the formation of
class I antibodies (NIH) are given in Table 2.3, part A. The results for class II
antibodies (TCF) are given in Table 2.3, part B. Formation of antibodies was in no
combination significantly related to sharing of HLA antigens.

Table 2.3 Donor-directed antibody formation by NIH (part A) or by TCF (part B) after one
transfusion according to HLA sharing

A'
NIH negative
NIH positive

Tbtal

B'
TCF negative
TCP positive

Toul

HI
0

9 4 *
7 *

123

7 4 *
2 6 *

122

.A-A
1/2

9 3 *
7 «

121

72«
28«

117

HI
0

9 3 «
7 *

164

74«
26«

160

A-B
1/2

95«
5 *

80

70«
30«

79

01

9 2 *
8%

86

7 4 «
2 6 «

85

HLA-AB
IA

9 5 *
5«

115

7 4 *
26«

112

IB

93«
7 *

43

6 7 *
33«

42

01

9 2 «
8 «

103

6 9 *

3 1 *

100

HLA-BDK
IB

9 5 *
5 *

96

7 9 «

2 1 »

94

1DR

9 3 «
7«

45

6 9 «

31«

45

• HLA A P-1.00 (Fishers Exact); HLAB P-0 59 (Fishers Exact); HLA-AB: P-0.70 (Pearson chi-squaie);
HLA BDR: P-0.77 (Pearson chi-siniarc)

* HLA-A. /»-O.77 (Fishers Exact); HLAB /»-0.44 (Fishers Exact); HLA-AB: J>-0.62 (Pearson chi-squaie);
HLA BDR P-0.25 (Pearson chi-sqiurc)

Relationship between DR sharing of transfusion donor/recipient and clinical
outcome after transplantation

Out of 139 patients who received one leukocyte-poor blood transfusion, 103
patients have received transplants. Fifty-nine patients have received a nonmatched
DR transfusion (57.3%) and 44 patients (42.7%) a matched one. There was no
significant difference between these groups for any parameter shown in Table 2.4.
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Table 2.4 Basic characteristics of 103
HLA-DR matches

Age recipient
Age donor

err
CsA/FK
Male
NHB donor/spousar
Azathit>prine/MMF
No. of mismatch (kidney)

HLA-A 0-1-2
HLA-B 0-1-2
HLA-DR 0-1-2

Additional nitrated eryconc''

renal al log raft
with transfusion donor.

0(n =
Mean*

47.0
39.2
26.4
4 7 / 12
56
11 /2
16/4

16-32-11
21-36-2
29-26-4
28

recipients according to number of

Number of HLA-DR matches

59)
SD

(145)
(18.7)
(8.8)
(79.7 / 20.3%)
(94.9%)
(18.6/3.4%)
(27.1 /6.8%)

(27-54-19%)
(36-61-3%)
(49-44-7%)
(47.5%)

2 1 (n=44)
Mean'

48.5
42 1
26.7
3 7 / 7
39
8/ 1
6 / 2

17-22-5
17-25-2
20-24-0
21

SI)

(14.6)
(17.4)
(6.3)
(84.1 / 15.9%)
(88.6%)
(18.2/2.3%)
(13.6/4.5%)

(39-50-11%)
(39-57-5%)
(46-55-0%)
(47.7%)

* Data are given as numbers or mean ±SD
' CIT, cold ischemia time
' NHB. non-heartbeating
* Er>conc. erythrocytes concentration.

Graft survival

Figure 2.1 depicts the graft survival rate (Cox regression model plot) for the 103
patients who received transplants according to DR match with the transfusion
donor. In the Cox regression analysis, DR matching did not contribute significantly
towards graft survival (P=0.97; odds ratio: 1.02; 95% confidence interval (CI):
0.45-2.32). There also was no significant contribution towards graft survival for
any of the other riskfactors (age of recipient, number of mismatches with the
kidney donor for HLA-A, -B, and -DR, source of kidney, type of primary
immunosuppression, institution of additional immunosuppressives, age of kidney
donor, the need for transfusion of filtrated blood, and the occurrence of rejection).

Rejection-free survival

In the Cox regression analysis, DR match with the transfusion donor did not
contribute significantly towards rejection (P=0.99; partial odds ratio: 1.0; 95% CI:
0.5-2.0). Risk factors that did contribute significantly towards rejection were type
of primary immunosuppression and mismatch for HLA-DR with kidney donor. The
partial Odds-ratio for rejection was 4.4 (95% CI: 1.1-18.6) in patients using CsA
versus FK, and 2.9 (95% CI: 1.3-6.3) in patients transplanted with a kidney with a
DR mismatch versus no DR mismatch. The contribution measured as a change in
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-2LL of type of primary immunosuppression, given a model including only DR
match with the transfusion donor and mismatch for HLA-DR with kidney donor is
6.35 (with 1 df, />=0.012), and the contribution of mismatch for HLA-DR with
kidney donor given a model including only DR match with the transfusion donor
and type of primary immunosuppression is 7.87 (with 1 df, P=0.0005). So, next
to DR match with the transfusion donor, both risk factors are necessary to the basic
model. Basic model -2LL change amounts to 11.7 (3 df, P=0.008), and this model
is at the same time the final model because interactions between the three risk
factors turned out to be nonsignificant. Figure 2.2 depicts the rejection-free
survival (Cox regression model plot) for the 103 transplanted patients according to
DR match with the transfusion donor.

Figure 2.1

years after transplantation

Predicted graft survival based on HLA-DR match with tran.stu.sion donor. Cox regression
model plot by risk factor HLA-DR match of transfusion donor.

JO » 40 SO

<J»y« (ftar traniplanution

Figure 2.2 Predicted rejection-tree survival based on HLA-DR match with transfusion donor. Cox
regression model plot by HLA-DR match of transfusion donor with risk actors HLA-DR
mismatch between kidney donor and recipient (0 vs. 21) and type of primary immuno-
suppression (CsA vs. FK).
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Discussion

Decreased formation of antibodies and improved renal graft survival as a result of
matching for HLA-DR between transfusion donor and recipient have been
reported''". In these studies, the presence of cytotoxic antibodies was defined by
screening of the recipient sera with a panel of lymphocytes. In the present study, a
different approach was used and development of antibodies was measured by
performing donor-specific crossmatches. The antibodies were studied by
performing both the NIH (T cell) and TCP (B and T cells) crossmatches with trans-
fusion donor lymphocytes. All sera were also investigated with autologous
lymphocytes to determine the presence of autoantibodies. All 247 patients included
in this study were so-called "naive patients", i.e., had not been in contact with non-
self-HLA antigens.

This study shows no difference in occurrence of cytotoxic antibodies between
patients transfused with a HLA-DR-matched or nonmatched transfusion. These
results are in accordance with several studies that showed an increase in the
frequency of cytotoxic T cell precursors several weeks alter transfusion,
irrespective of the HLA-DR match of the transfusion'*'*.

For all studies on the transfusion of HLA-DR-matched blood, it should be kept in
mind that the composition of a unit of blood is not standardized, i.e., there are no
firm data about the necessary number of leukocytes in a unit, nor is the optimal
time period between donation and transfusion known to accomplish the beneficial
effect.

The transfusion studies described so far differ in a number of respects. The type
and the amount of blood given are different. Leukocyte-depleted blood was most
often used'*; occasionally, whole blood was transfused'*. There were differences
in the number of transfusions administered. Lagaaij transfused the heart and kidney
patients in the retrospective part of her study with 1 unit of blood but used 3 units
in the prospective kidney study'. Middleton used 2 units of blood", while Bayle
gave 1 transfusion to his matched group of patients and 3 to the random group''. It
is obvious that transfusion of 2 or 3 bloodunits will influence the prevalence of
HLA antibodies'"". In the present study, leukocyte-depleted blood was
administered within 72 hours after donation, to secure donation of viable
lymphocytes'•'. We analyzed patients after transfusion of 1 unit of blood.

It is not known whether the difference between DR-matched and DR-nonmatched
blood is a result of the fact that patients received a matched transfusion
(irrespective of the number of mismatched transfusions) or to the fact that patients
received a nonmatched transfusion (irrespective of the number of matched
transfusions). This might be important because both Bayle and Middleton
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transfused random units of blood to patients in the control group. In that way,
theoretically, as stated by Middleton, over 60% of the patients received a
transfusion with DR-matched blood", while nearly all control patients received a
DR-nonmatched transfusion. These differences make the results difficult to
compare.

Middleton demonstrated antibodies in 15-21 % of the patients by the NIH technique
after two transfusions. The difference between patients receiving matched and
nonmatched blood was not statistically significant. Bayle reported antibodies by
NIH in 17% of the 48 naive patients that received three random transfusions.
Lagaaij detected NIH antibodies in 12.5% of the 16 patients who received three
DR-shared transfusions in her study on kidney transplant recipients, but reported a
percentage as high as 75% in 16 patients receiving three nonmatched transfusions.
Bayle found no antibodies in 36 naive patients who recieved one unit of haplo- or
semi-identical blood. The higher frequency of antibodies in his control group could
be the effect of the number of transfusions rather than the matching. The additional
effect of the haplo-(or semi-)identical transfusion is unclear. The number of naive
patients in the studies mentioned are small (32-84 patients). In the present study,
comprising 247 patients, the percentage of antibodies detected by NIH donor cross-
matches was 6.5%, which is lower than in the above mentioned studies. The
difference might be explained by differences in detection (donor-specific vs. PRA),
definition of positivity, or type, quantity, and quality of the transfused blood.

Besides the NIH technique, Middleton also used CLL cells for screening the
recipient sera and thus detected HLA class II antibodies. Antibodies reactive with
CLL cells were detected in 16-21% of the patients. CLL cells are reported to be
insensitive to auto-antibodies. In our study, the occurrence of antibodies detected
by the TCI' technique was 26.9%. After excluding the patients with auto-
antibodies, we obtained a comparable percentage of 17.3% B-cell-positive patients.
In both studies, the percentage of patients who developed antibodies against B cells
was not significantly different between the DR-matched and the DR-nonmatched
transfusion group. This is in contrast to our earlier findings in a smaller patient
series, where patients receiving DR-nonmatched transfusions demonstrated a higher
percentage of B-cell antibodies'*. In the current extended study, we could not
confirm the earlier findings.
Finding a lower frequency of antibodies might be the result of missing transient
antibodies. Dependent on the date the sera were drawn and the number of sera
tested, antibodies can be missed. Middleton and Lagaaij tested one serum drawn 2
weeks after transfusion and Bayle tested four sera drawn in the first month after the
transfusion. We used three sera drawn on week 2. 3, and 4 after transfusion and
tested them directly against the immunizing donor. We therefore think that it is
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unlikely that transient antibodies have been overlooked. The higher percentages in
other studies might be a result of aspecitic panel reactivity or the presence of auto-
antibodies.

A positive influence of DR matching on graft survival was only reported by
Lagaaij'. She mentioned a better graft survival in 32 patients who had received a
DR-matched transfusion compared to 30 patients who received a DR nonmaichcd
transfusion. Remarkably, the frequency of antibodies after transfusion was not
mentioned by Lagaaij. nor was the rate of rejection and the cause of failure
(immunological/non-immunological). Immunosuppression consisted of azathioprinc
and prednisolone for both patient groups. None of the other studies, including (his
one. was able to show a difference in graft survival in patients immunosuppresscd
with CsA or FK. In the 1970s and 1980s, kidneys were matched primarily on the B
locus and not DR; therefore, patients receiving a matched transfusion were
probably patients with a frequent HLA-DR antigen. It is also probable thai they
more often received a DR-matched kidney. This could explain the better results of
the DR-matched group on graft outcome. The fact that liiere was no significant
difference in mean number of mismatches for HLA-DR does not mean that the
distribution of DR mismatches was equal. The beneficial influence of HLA DR
matched kidneys on graft survival has been proven, especially for the zero DR
mismatch group. The analysis was not multivariate, so it is unknown whether other
factors may explain the worse outcome in the non-matched group.

An effect of DR sharing on rejection was noticed by both Middleton and Bayle*''.
In their respective studies, they noticed a decrease in the frequency of rejection by
DR matching. However, Middleton as well as Bayle used a historical control group
for which the match grade of the transfusion donors was unknown. Over 60% of
the control patients in both studies are expected to have received at least one DR-
matched transfusion; therefore, the comparison is not really DR-matched versus
DR-nonmatched transfusions. Furthermore, actuarial survival (Kaplan-Meier)
analysis was used, ignoring important co-variates for rejection such as, for
example, matching with the kidney donor. As stated above for graft survival, the
fact that the mean number of mismatches with the kidney donor was not
significantly different between both groups does not necessarily mean that the
distribution of the number of mismatches is equal. In the present study, the data
were analyzed by Cox regression, which implicates correction for confounding
factors. As matching priority was given to the HLA-DR locus, patients received
DR well-matched kidneys irrespective of the DR match of the transfused blood.

In conclusion, in this study for the first time prospective donor-specific cross-
matches were used for the detection of the HLA antibody frequency after one
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transfusion in naive patients awaiting renal transplantation. Retrospectively the
influence of DR matching on the formation of HLA antibodies was analyzed. The
influence of DR-matched transfusions on antibody formation and graft outcome in
renal transplant candidates was analyzed on the largest number of patients reported
so far. We did not find a significant difference in the occurrence of HLA
antibodies between patients receiving DR-matched and DR-nonmatched blood,
which is in accordance with Middleton's results. This held for antibodies against
T cells (detected by NIH) and for antibodies reactive with B cells (detected by
TCF). The ami T-cell antibodies detected were all allo-antibodies. About 25% of
the sera showed autoreactivity with B-cells. These figures were the same in both
matching groups. Also, in graft outcome, no difference was shown in rejection rate
or graft survival up to 5 years after transplantation between both matching groups.
Factors influencing rejection were well known factors as type of
immunosuppression and HLA-DR matching with kidney donor. Therefore, we
were not able to confirm the data reported by Lagaaij, Bayle, and Middleton.

At this moment, we cannot recommend transfusion of DR-matched blood for
pretransplant transfusion in view of the additional costs and efforts it requires.
However, a prospective randomized study, comparing DR-matched and DR-non-
matched blood transfusions, will be the only way to obtain a clear-cut answer on
the question whether DR-matched transfusions have a beneficial effect on
transplantation. According to our data, such a study should include several hundred
patients, to obtain statistically significant differences in occurrence of antibodies,
rejection rate, and/or graft survival.
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Chapter 3

HLA class I and II antibodies
by ELISA and CDC before and
after transplantation

MHL Christiaans, F Nieman, JP van Hooff,
EM van den Berg-Loonen

7ra/i.s/?/a/i/a//0rt (in



// a/u/W/e; £y £L/X4 a/zrf CDC

A b s t r a c t ; **¥ , , ^ - • . , . - . ••.,: 4>^.

Background
Anti-class I IgG can be detected by CDC and ELISA. We compared ELISA and for CDC
both class I and II antibodies on method agreement and relation to rejection-free and graft
surv iva l . •••&. * .

f-.
Methods
Peak, current, and post-transplant sera (n=429) of 143 renal allograft patients were tested
by NIH, TCF, and ELISA. Method agreement was assessed by intraclass correlation
coefficient (ICC), and rejection and graft survival were analyzed by uni- and multivariate
techniques. The screening results for each serum were compared, as was change in result
of current to post-transplant serum.

Results
ICC of ELISA and NIH was insufficient, it was lower for TCF than for NIH. Graft
survival was not related to any assay.
Reject ion-free survival was related to ELISA and NIH in current and post-transplant
serum. For NIH, the change in %PRA correlated better with rejection than for ELISA.
The combined antibody status of current and post-transplant serum was a risk factor for
rejection for all assays, and for TCF also in multivariate analysis. The rejection rate was
higher when the post-transplant serum was ELISA-negative/CDC-positive than ELISA-
positive/CDC-negative. For ELISA, class I specificities and not %PRA in peak and
current serum were related to rejection, even when the antibodies were not donor-
directed. For NIH, %PRA and not specificity was related to rejection. Class II antibodies
were never related to rejection.

Conclusions
ELISA and NIH are complementary screening techniques in this patient population. They
are of equal predictive value for rejection. The optimal strategy in combining these
techniques has yet to be determined.
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Introduction

Preformed anti-HLA class I antibodies directed against mismatched donor-antigens
are detrimental to the function of the renal graft when they belong to the IgG
immunoglobulin class. The presence of these antibodies is correlated with rejection
and graft failure' -. Although there is no consensus on the influence of HLA-class
II antibodies, association with graft failure has been reported'''. The influence of
HLA-specific antibodies of the IgM class is still not clear, but reports associated
with graft failure have been published' \ Autoantibodies, which arc usually of the
IgM class, do not affect transplant outcome* *.

A proper definition of antibody specificity is essential for the interpretation of a
positive crossmatch. Therefore, the sera of patients on the waiting list for renal
transplantation are routinely screened for the presence and specificity of HLA-
directed antibodies before transplantation. After transplantation, patient sera are
investigated to monitor the graft immunologically. Traditionally, the screening
technique has been the complement-dependent cytotoxicity (CDC) assay. With Ulis
technique, complement-fixing T-cell-reactive antibodies of the IgGl, lgG2, and
IgM classes are detected including non-HLA and autoantibodies. The assay requires
the availability of a large panel of viable phenotyped cells. To increase (lie
sensitivity of the technique, several modifications have been made, such as
extension of the number of wash steps, an increase in the incubation times and the
addition of DTT (dithiotreitol). Positive reactions due to IgM antibodies and
autoantibodies are avoided in the presence of DTT. The addition of anti-human
globulin (AHG) increases the sensitivity of the test. By using B lymphocytes
instead of T lymphocytes as target cells, HLA class II antibodies can also be
detected, in addition to IgM and complement-fixing non-HLA antibodies. The
results of the different assays are usually expressed as the percentage of cells
reactive with the tested serum, the %PRA (panel reactive antibodies), and as HLA-
specificity. The %PRA depends on the composition and the size of the cell panel
used.

An alternative assay based on the ELISA technique Prastat, has been introduced.
Soluble HLA antigens are coated onto ELISA plates and incubated with serum.
HLA-specific immunoglobulin in the test serum binds to the HLA antigens and
bound IgG is made visible by an enzymatic coloring technique. Prastat detects
HLA-specific antibodies of the IgG class including non-complement-fixing
antibodies, but not IgM. Originally, the assay was designed for HLA class
I-specific antibodies; however, it was recently observed that HLA class II
antibodies are also detected.
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mandatory for the transplantation to be performed; this held for current as well as
for historical sera. In the NIH crossmatch, the presence of donor-directed
antibodies in the recipient serum was defined as cell death >20% above
background. Screening results were used in the interpretation of the crossmatch.

Antibody screening

In this study, the following sera were used in CDC and ELISA for each patient: (1)
current serum, (2) peak (historical) serum, and (3) post-transplant scrum. The
current serum was drawn at the time of transplantation. The peak scrum was
selected as the historical serum with the highest panel reactivity by NIH; for
antibody-negative patients, the serum drawn 4 weeks after the prctransplant blood
transfusion was considered the peak serum. For retransplant patients without
HLA antibodies, the peak serum used had a bleeding date after failure of the
previous graft, preferably after transplantectomy. Post-transplant sera were
obtained within 6 months after transplantation, in the case of rejection after
rejection, and in the case of transplantectomy between 2-4 weeks later. Sera drawn
within 10 days after the last administration of OKT3 were excluded to avoid false-
positive results". All sera were also investigated for the presence of autoaiuibodics
by performing crossmatches with liquid-nitrogen-stored peripheral blood
lymphocytes of the recipient.

Screening for the presence of anti-HLA class I antibodies was performed with and
without the addition of EXIT using a selected panel of 64 lymphocytes. Most HLA
antigens were represented three times. The presence of class II antibodies was
established at the same time and from the same wells, but with a different positive
control for the calculations. Briefly, 1 j*L of test serum was added to the cell
suspension in Terasaki plates. Control sera on each plate were 3 HLA-ABC and 3
HLA-DR-multispecific antisera, 3 negative sera, and 1 specific positive HLA class
I or II antiserum. Cells and serum were incubated for 45 minutes at 20°C in the
dark. Rabbit complement (2.5 /*L, Bioscope, Wageningen) was added and
incubated for 105 minutes at 20°C in the dark. After the addition of
propidiumiodide ink (2.5 /xL), the plates were read. Reading was performed via a
Leitz Patimed automated microfluorometer microscope, and positivity of a well was
defined as >40% cell death of the patient serum compared to three positive control
sera (100%). The 40% value was established by extended comparison of the
microfluorometer microscope results with the previously used classical NIH
technique in which the results were obtained by eye reading (positivity S l 0 % ) .
The percentage of cells positive with the test serum (PRA) was reported separately
for T cells and B cells. The specificity of the antibodies was analyzed by

63



das* / OAK/ / / a/tf/fcorf/es fcy £L/S/i a/w/ CDC

comparing the positive reaction pattern with the HLA profile of the cells in the cell
panel. The results of the assays were expressed as %PRA and as positive or
negative. In NIH, a result was interpreted as negative if < 10% of the panel cells
had a positive reaction; for TCF, a result < 25 % was considered negative.

The ELISA technique used was the commercially available Prastat (Sangstat
Medical Corporation, Menlo Park, CA, USA). Soluble HLA (sHLA) molecules are
recovered from the supernatant of 44 Epstein-Barr virus-transformed, HLA-
phenotyped cells. A 96-well microtiter plate is precoated with a pan-HLA
monoclonal antibody (TP25) directed towards the alpha-3 domain of the HLA class
1 molecule. Originally, Prastat was claimed to contain only HLA class I molecules;
however, it was shown to also contain HLA class II molecules. It is not clear in
which way these HLA class II molecules are captured on the ELISA plate.
Presented on the plates are 44 specimens of sHLA molecules, together with two
positive controls, one negative control and one no-antigen control.
The test was performed according to the manufacturer's instructions. In short, 100
/xL of the serum sample (dilution 1:101) was dispersed into each well and incubated
for 2 hours at 21 °C. Positive and negative controls were used in each run. After
three washes with an automatic plate-washer, 100 /*L of diluted peroxidase-
conjugated goat-antihuman-IgG was added and the plates were again incubated for
1 hour. The unbound conjugate was removed by three wash steps, and 100 jiL
O-phenylenediamine dihydrochloride was added as chromogenic substrate and then
incubated lor 15 minutes at 21 °C in the dark. The reaction was stopped by adding
100 jtL 1 N HC1 and the plates were read on a Dynatech MR 5000-plate reader
(Chantilly, VA). The run was considered valid if the results of the negative and
positive controls fell within the limits specified by the manufacturer. A delta value
was calculated for each well as the optical density (OD) of the test well minus the
OD of the no-antigen well. A well was considered positive if the delta value of the
well was ^0 .35 times the mean delta value of the positive control wells.
Data were analyzed with SOFTSTAT II software (Sangstat, Medical Corporation,
Menlo Park, CA, USA). The percentage of wells with a delta value in the positive
range was calculated, as were the HLA class I and II antibody specificities. The
result was considered negative for ELISA-PRA when < 10% of the wells showed a
positive reaction.

Clinical outcome parameters

Rejection was defined as any rejection treatment in the first 6 months after
grafting. There was clinical suspicion of rejection in the case of an unexplained rise
or insufficient decrease in serum creatinine. with or without other signs such as
fever, tenderness of the graft, decreased renal perfusion on nuclear scan, or
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hypertension. Unless there was a contraindication for biopsy (e.g.. bleeding
disorder, uncontrolled severe hypertension, neonatal kidney), a needle core biopsy
was performed for confirmation. In the case of delayed graft function (need for
dialysis in the first week after transplantation), a protocol biopsy was performed at
week 1 to rule out rejection as the cause of non-function of the graft. Rejection
treatment consisted of a 10-day course of rabbit anti-lymphocyte globulin (RIVM,
Bilthoven, the Netherlands) or OKT3-Orthoclone (Jansen Cilag, Tilburg. the
Netherlands). For patients who had received rabbit antilymphocyte globulin in the
past or who had a seriously compromised cardiovascular system, rejection was
treated with three doses of methylprednisolone (0.5-1.0 g/dose). Graft failure was
defined as loss of kidney function, but also included death of the recipient with a
functioning graft. No exclusions were made. All patients were followed up until
January 1, 1996 or their date of death.

Statistics

Statistical analysis was performed using SPSS for Windows, version 7.5.
Associations between antibody positivity or percentage of PRA measured by
ELISA, NIH. and TCF were estimated using Spearman's rho. The intraclass
correlation coefficient (ICC) was established with the results expressed as
percentage PR A, using variance components generated from repeated
measurements ANOVA. ICC is interpreted as a measure of agreement between
methods and varies from 0 (no agreement at all) to 1 (perfect agreement)'". The
lowest acceptable method agreement was defined at 0.85.

For analysis of rejection-free and graft survival, the proportional hazards regression
analysis (Cox regression) was performed, both by stepwise forward selection and
by backward elimination techniques for all suspected risk factors except the result
of the assay. In case rejection was the outcome parameter, the suspected risk
factors tested for included: age and gender of recipient, age and gender of donor,
transplant number, cause of death of donor (trauma vs. CVA vs. intracranial
bleeding vs. other), non-heart-beating donor (yes vs. no), first and second warm
ischemia time, cold ischemia time, number of HLA-A, -B, and -DR mismatches,
cause of renal failure recipient, additional use of azathioprine (yes vs. no), type of
dialysis pretransplant (hemodialysis vs. peritoneal dialysis vs. none), occurrence of
delayed graft function.

A basic model was tested for that included only direct odds ratio effects that were
statistically significant. Subsequently, all possible interaction terms representing
combinations of basic effects were introduced separately and hierarchically into this
model. If interactions were statistically significant, they were included in the
definitive model. The result of the assay was defined as a single risk factor and
subsequently introduced as a risk factor in addition to the basic model. In this way,
the additional predictive value of the assay could be tested for under conditions of
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relevant risk factors.
With graft survival as outcome parameter, 'rejection' was included as a potential
risk factor in the model. For this outcome variable, the same policy for model
selection was followed as for rejection-free survival. Non-parametric tests (Pearson
chi-square test. Fisher's exact test, Kruskal-Wallis test) were performed when
indicated. A P-value <0.05 was considered to be statistically significant.

Results

Method agreement between ELISA and CDC

The results of 429 sera from 143 renal transplant patients screened with ELISA and
CDC techniques are shown in Table 3.1. Sera were drawn before and after
transplantation and represented the peak, current, and post-transplant serum of each
patient. The results of the assays were expressed as the number of antibody-
positive patients and as percentage of cells reactive with the serum (PRA). Both
%PRA and number of antibody-positive patients were similar for ELISA and NIH
in current sera, for TCF they were higher. In Table 3.2, rank correlations and
method agreement between ELISA and NIH/TCF are shown. The results showed
that all correlations between ELISA and CDC were statistically significant
(/><0.001). ELISA had a higher rank correlation with NIH than with TCF as
shown by the rho values. Method agreement, expressed as intraclass correlation
coefficient (ICC), indicated insufficient agreement for one assay to be replaced by
the other. This is illustrated in Figure 3.1, which shows the PRA dotplot for NIH
versus ELISA of current sera. Since lack of agreement could be due to the
presence of autoantibodies not detected in the ELISA assay, auto-crossmatches
were performed with recipient lymphocytes in both NIH and TCF. Results were
reanalyzed excluding autoantibody-positive sera; consequently, the total number of
patients varied depending on the number of sera excluded (Table 3.2). The analysis
showed that exclusion of autoantibody-positive sera did not improve either the
correlation or the method agreement between ELISA and NIH or TCF.

Table 3.1 Antibody screening by ELISA. NIH. and TCF of peak, current, and posttransplant sera of
143 renal iransplam ptienti.

Peak serum Current serum Post-transplant serum
Pos pat %PRA (SD) Pos pat frPRA (SD) Pos pat %PRA (SD)

ELISA 56(39.2%) 2 1 * (30.4) 46(32.2%) 17% (27.3) 52(36.4%) 19% (29.6)
NIH 60(42.9%) 24% (34.7) 44(30.8%) 17% (28.9) 60(42.0%) 25% (35.3)
TO- 80(55.9%) 44% (41.8) 61(42.7%) 31% (36.0) 84(58.7%) 49% (41.5)

Results tor each assay are expressed as number of positive patients and mean % PRA with standard deviation
per serum. Antibody positivity is defined as > 10% PRA in ELISA and NIH. and >25% in TCF.
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Table 3-2 Correlation between ELISA and N1H/TCF with peak, current, and past-transplant
sera in 143 renal transplant recipients before (2a) and after (2b) exclusion of
autoantibodies.

2a

Peak
Current
Post

2b

Peak

Current

Post

n

137
139
133

rho

0.720
0.712
0609

rho

0.741
0.706
0.661

NIH (%PRA)

ICC

0.685
0718
0.634

NIH (%PRA)

ICC

0.728
0 750
0.734

P

<0.001
<0.001
<0O0l

/»

<0.001
<0001
<0001

n

114
116
102

rho

0.619
0600
0 551

rho

0.663
0 566
0584

TCF (%PRA)

ICC

0.558
0 631
0 525

TCF (%PRA)

ICC

0653
0618
0635

/»

<0.00l
<0001
< 0.001

/•

<0.00l
<000l
•cOOOl

rho= Spearman's rho correlation coefficient.
ICC= Imraclass ci>rrelation coefficient, measure of method agreement.
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Figure 3.1 Dotplot of %PRA by ELISA and by NIH for current serum samples from 143 renal

transplant patients.

Concordance between ELISA and NIH, and between ELISA and TCF is shown in

Table 3.3. The percentages of ELISApos/NIHneg (Epos/Nneg) sera were 8%, 9%,

and 8% for peak, current, and post-transplant serum, respectively, while for
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Eneg/Npos 11%, 8%, and 14% were found. In the comparison ELISA/TCF more
sera were found in the ELISAneg/TCFpos (Eneg/Tpos) group (22%, 17%, 27%)
than in the Epos/Tneg group (5%, 6%, 4%). Discordance between ELISA and
NIH was detected in 20% of all sera, for ELISA and TCF in 27%.

Table 3.3 Concordance for antibody detection between ELISA and NIH/TCF in peak, current,
and post-transplant sera of 143 renal patients.

ELISA/NIH
Peak
Current
Post-transplant
ELISA/TCF
Peak
Current
Post-transplant

n

44(31%)
33 (23%)
40(28%)

49 (34%)
37 (26%)
47 (33%)

n

12(8%)
13(9%)
12(8%)

7 (5%)
9(6%)
5(4%)

n

16(11%)
11 (8%)
20(14%)

31 (22%)
24(17%)
38 (27%)

n

71 (50%)
86 (60%)
71 (50%)

56 (39%)
73(51%)
53 (37%)

HLA specificities

Broad HLA specificities for class I and II were determined by ELISA and CDC
(NIH/TCF). According to the local transplant protocol, no kidneys were
transplanted against which HLA antibodies had been demonstrated by CDC in any
prctransplant recipient serum. However, when an HLA antibody specificity had
been demonstrated directed against a 'split' antigen, donor kidneys sharing 'broad"
HLA antigens but representing the alternative 'split' antigen were accepted. That
explains why, in one patient, antibodies with anti-donor specificity were
demonstrated by CDC in peak and current serum. The number of patients with
HLA specificities was recorded, as was the number of sera with donor-directed
specificities. The results of the analysis are shown in Table 3.4. The number of
patients with HLA-class I specificities detected by CDC and ELISA were
comparable. For donor-directed specificities, the number of patients was too small.
The number of patients with HLA class II specificities was higher by ELISA than
by TCF (/><0.0l). As for donor-directed antibodies. ELISA detected more HLA
class I and II specificities than CDC. Since patients were selected for
transplantation based on the CDC results for peak and current sera, the comparison
between CDC and ELISA for these sera is not valid. For post-transplant sera, the
percentage of donor-directed and non-donor-directed specificities detected in ELISA
and CDC did not differ.
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labte 3.4 HLA-class 1 and
ELISA

Pfcak
ELISA
CDC
Current
ELISA
CDC
Post-transplant
ELISA
CDC

and CDC

Total

31
36

26
35

29
27

11 specificities in peak, current.

Class 1

Donor-directed

4
1*

5
1*

1
1

and post-transplant

Class

sera detected by

II

Tbtal Donor-dirrctrd

21
5

25
2

19
4

6
0

7
0

8
2

" One patient shewed anti-A29(l9) antibodies in peak and current sera while the donor carried the
A3CHI9) antigen (thus donor-directed on broad, not on split level), the post-transplant serum of
this patient was 100% positive and no specificities could be assigned

The presence or absence of HLA specificities in concordant and discordant sera
was studied. No significant differences between ELISA, NIH, and TCF were
noticed in peak and current sera. In post-transplant sera, HLA specificities were
detected in 10/12 (83%) of Epos/Nneg sera versus 7/20 (35%) of Eneg/Npos sera
(P=0.02). For Epos/Tneg, 5/5 (100%) sera showed HLA specificity versus 6/38
(16%) Eneg/Tpos (P=0.0004). In patients with concordant results in both assays,
no difference in the number of sera with HLA specificities was shown; only post-
transplant ELISA determined more sera with specificities.

Relationship between screening assays and clinical outcome

Patients were analyzed grouped according to antibody positivity with peak, current,
and post-transplant serum, combined antibody status of current and post-transplant
serum, and as concordant/discordant for ELISA/NIH and ELISA/TCF.

Grq/r
To analyze the additional value of an assay it is necessary to take into account all
significant risk factors. Significant risk factors in the basic model of graft survival
were gender and donor age (-2LL chi-square=9.05, 2 df, P=0.011). There was no
interaction between the two factors. None of the assays alone contributed
significantly to graft survival (median follow-up 5.29 years), not even when
introduced into this model. Reanalysis of the data after exclusion of aulo-
crossmatch-positive sera did not alter the results (results not shown).

Fifty-seven patients were treated for rejection. A renal core biopsy was performed
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in 40 of these patients. In 36 cases, the diagnosis of rejection was confirmed
histologically, while 3 biopsies showed no signs of rejection and 1 biopsy was
inadequate for examination. In the analyses presented, all 57 patients treated for
rejection were included as rejectors. The results of the analyses with rejection
defined as biopsy-proven rejection (n = 36) showed very similar results.
Details of the analysis of rejection-free survival for peak, current, and post-
transplant sera of 143 patients are shown in Table 3.5. For peak sera, antibody
positivity did not contribute significantly to rejection in any assay. In current sera,
the results of ELISA as well as of NIH were significant risk factors for rejection,
while TCF was not. For post-transplant sera, all assays were significantly
correlated with rejection. The odds ratio for antibody positivity varied between
2.12 (ELISA) and 2.75 (NIH) (P<0.001 and />=0.004).

Table 3.5 Cox regression analysis of rejection-free survival of 143 renal transplant recipients.
Antibody positivity in peak, current, and post-transplant serum is introduced as a
single risk factor and in addition to the basic model'.

Peak

Current

Post

Assay

ELISA
NIH
TCP
ELISA
NIH
TCF
ELISA
NIH
TCF

Assay

/>

0.059
0.068
0.310
0.002
0.013
0.098
0004
0.000
0.002

as single

OR

1.64
1.61
1.31
2.21
1.93
1.55
2.12
2.75
2.49

risk factor

95%-CI

(0.98-2.77)
(0.96-2.71)
(0.77-2.22)
(1.31-3.73)
(1.14-3.28)
(0.92-2.60)
(1.26-3.57)
(1.62-4.68)
(1.38-4.49)

Assay in

/»

0.308
0.398
0.696
0.042
0.106
0.365
0.006
0.011
0.005

addition

OR

1.37
1.30
0.89
1.87
1.63
1.30
2.27
2.06
2.26

to basic model'

95%-CI

(0.75-2.50)
(0.71-2.35)
(0.49-1.61)
(1.03-3.40)
(0.91-2.92)
(0.74-2.31)
(1.27-4.02)
(1.18-3.61)
(1.24-4.11)

The basic model contains the well-known significant risk factors: number of mismatches for
HLA-DR. gender, and transplant number (2LL chi-square: 24.356. df: 6. P=0.0004).

Significant risk factors in the basic model of rejection were gender, transplant
number, and number of HLA-DR mismatches (-2LL chi-square=24.356, 6 df.
/>=().0004). The analysis showed that, for peak sera, none of the assays tested
contributed significantly to rejection if introduced in the basic model. For current
sera, only F.LISA showed a significant contribution (partial odds ratio 1.87,
P=0.04). For post-transplant sera, all assays contributed significantly. Reanalysis
of the data after exclusion of autocrossmatch-positive sera did not alter the results
very much (results not shown).

Analysis of the difference in %PRA in post-transplant and current serum (APRA)
showed that APRA was a risk factor for rejection by NIH (F=0.006) but not by

70



ELISA (/>=0.96) and TCF (P=0.08). Patients were grouped by APRA from
current to posttransplant serum into three groups according to Monteiro'-: (1)
decrease >10%, (2) indeterminate: between 10% decrease and 10% increase, and
(3) increase >10%. Compared with group 2. both group 1 and group 3 had an
increased risk of rejection by ELISA (OR 2.47 and 2.06), while by N1H group 1
had a decreased risk (OR 0.84) and group 3 had an increased risk (OR 2.61).
When the % current PRA was already in the model, only the difference in PR A by
NIH was a significant risk factor (P=0.002).

Comparison of negative/positive antibody status of current and post-transplant
serum was analyzed. Patients were classified into four groups, combining the
results of current and post-transplant serum: neg/neg, neg/pos. pos/neg, and
pos/pos. Results are shown in Figure 3.2. Cox regression analysis revealed that
combined antibody status is a significant risk factor for rejection in ELISA
(P=0.008), NIH (/>=0.001), and TCF (P=0.018). The odds ratio for the pos/pos
group compared to the neg/neg group was 2.6 (95% CI: 1.4-4.7) for II.ISA, 2.8
(95% CI: 1.6-5.1) for NIH and 2.6 (95% CI: 1.3-5.0) for TCF. The odds ratio for
the neg/pos group compared to the neg/neg group was 2.4 (95% CI: 1.2-4.9) for
NIH and 2.3 (95% CI: 1.1-4.7) for TCF. ELISA neg/pos patients did not have a
higher risk for rejection than neg/neg patients. The differences between the other
groups were not statistically significant. When combined antibody status of current
and post-transplant serum was introduced into a model already containing the well-
known risk factors for rejection (number of DR mismatches, gender, and transplant
number), only TCF contributed to rejection (P=0.025). Lack of significance for
the other assays might, however, have been due to low patient numbers in the
different groups.

Rejection-free survival was also analyzed while patients were classified according
to concordant or discordant results in ELISA and NIH/TCF. The graphs of these
analyses are shown in Figure 3.3. Patients grouped according to results of peak
serum did not differ significantly with regard to rejection, whereas patients grouped
according to results of current serum did for both ELISA/NIH (/>=().002) and
ELISA/TCF (P=0.004). The odds ratio for concordant positive patients compared
to concordant negative patients was 2.8 for ELISA/NIH (/>=0.0005) and 2.4 for
ELISA/TCF (P=0.002). Both for ELISA/NIH and for ELISA/TCF, patients with
neg/pos current sera had a lower rejection risk than patients positive for both
assays, while pos/neg patients had a rejection rate that did not differ significantly
from patients with concordant results.

For ELISA/NIH in post-transplant sera, neg/pos patients had a rejection rate
comparable to that of pos/pos patients (OR: 2.8 and 3.2), while pos/neg patients
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had an intermediate rejection rate between neg/neg and pos/pos patients.
Comparable results were found for ELISA and TCF.

ELISA

- / • 21
39

P» 0 0013

TCF

• / -

- / •

• / •

8
50

32

53

P= 0 0182

•0 K HO IM

Days after transplantation

Figure J.2 Rejection-free survival in I43 renal transplant recipients, grouped according to
combined antibody status of current and post-transplant serum. Cox regression
model plots by combined antibixly status tor ELISA, NIH. and TCF. The number of
patients in each group is indicated, as is the overall f-value of the risk factor.
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Figure 3.3 Rejection-free survival based on ELISA, N!H, and TCF results with peak, current,
and post-transplant serum in 143 renal transplant recipients. Cox regression model
plots by concordance/discordance groups tor ELISA/NIH (left) and ELISA/TCF
(right) with peak (top), current (middle), and post-transplant serum (bottom) The
number of patients in each concordance/discordance group is indicated, as is the
overall P-value of the risk factor.

HLA specificities and clinical outcome

There was no significant difference in graft survival between patients with and
without HLA specificities in peak, current, or post-transplant serum. This held for
class I and class II specificities.

To analyze rejection, patients were classified into three groups according to the
results of the screening assay. The groups consisted of (1) antibody-negative
patients, (2) antibody-positive patients without clearcut HLA specificities in the
serum, and (3) antibody-positive patients with assigned HLA specificity in the
serum. The incidence of rejection and median PRA for these groups are shown in
Table 3.6 for HLA class I and class II specificities. Classified according to class I
specificity, patients in group 3 had a lower median PRA than patients in group 2.
This difference was statistically significant for peak, current, and post-transplant
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serum by ELISA (P=0.008, />=0.001, and P=0.009, respectively), and by peak
and post-transplant serum by NIH (P=0.004 and P=0.001), while the current
serum showed a tendency towards significance (P=0.066). When patients were
classified according to class II specificity, the median PRA between groups 2 and 3
was not significantly different for either ELISA (P=0.356-0.869) or TCF
(/>=0.199-0.911).

Table 3.6 Incidence of rejection in patients classified according to antibody-positivity and
HLA-class I (6a) or II (6b) specificity in peak, current, and post-transplant serum by
CDC and ELISA.

6a
ELISA
Peak

Current

Post

NIH
Peak

Current
Post

6b
ELISA
Peak
Current

Post

TCF
Peak

Current

Post

Ab

n

87
97
91

83
99
83

87
97
91

63
82
58

neg

rej%

35
32
33

35
34
28

35
32
33

37
35
26

Ab

n

28
22
26

27
18
34

35
23
33

75
59
80

pos / Spec neg

rej%

32
41
50

41
61
59

40
52
46

43
46
49

%PRA

69
68
68

85
68
83

61
50
50

85
70
90

Ab

n

28
24
26

33
26
26

21
23
19

5
2
4

pos /

rej%

64
71
54

52
46
54

62
61
63

40
50
50

Spec pos

%PRA

43
39
42

40
46
43

45
50
56

90
92
84

Detection of antibodies with HLA class I specificity by ELISA resulted in an
increase in rejection rate compared to antibody-positive patients without specificity,
regardless of the lower PRA. The rejection rate was significantly different between
the groups for peak and current sera (P=0.013 and P=0.0002) in contrast to the
post-transplant serum (/>=0.08). Detection of antibodies with HLA-class I
specificity by NIH did not result in such an increase in rejection. Differences in
rejection rate were not statistically significant in peak or current sera (P=0.27 and
P=0.08). In post-transplant sera, the highest rejection incidence was found in the
antibody-positive group with no assigned HLA specificities and the highest %PRA.

Classifying patients according to detection of class II antibodies by ELISA showed
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that patients with HLA specificities had a higher incidence of rejection than patients
without specificities. Differences in rejection rate were statistically significant
between patients grouped according to the result of current (P<0.02) and post-
transplant serum (P<0.04). The numbers of patients with specificity by TCI" were
too small to analyze properly. Antibody positivity by TCF did not have an effect
on rejection in pretransplant sera, whereas it did with post-transplant serum

Discussion

Originally, the commercial ELISA assay, Prastat, was launched as a screening
technique for the detection of anti-HLA class 1 antibodies of the IgG type.
Therefore, the first reports compared Prastat to such class I screening techniques as
NIH and AHG. Recently, it was shown that the soluble HLA antigens trapped on
the trays were class I as well as class II. Thus, both anti-HLA class 1 and II IgG
antibodies are detected. In the present study, we compared the results obtained with
the ELISA technique with those of both NIH and TCF, and we also studied the
relationship between the screening assay results and clinical outcome.

Method agreement

The numbers of antibody-positive patients as well as the mean PRA were similar
with ELISA and NIH. However, the method agreement and rank correlations were
shown to be insufficient. The correlations between ELISA and NIH (rho =
0.609-0.720) were slightly better than those reported previously, the latter ranging
from 0.4 to 0.6™"'^. When the influence of autoantibodies was eliminated, no
improvement in the correlations could be shown (rho=0.661-0.741). This contrasts
with the findings of Monteiro, who showed an increase from 0.4 to 0.6, and of
Zachary, who observed an increase from 0.56 to 0.78, after exclusion of
autoantibodies" •".

Because ELISA and TCF both detect HLA class I and II antibodies, method
agreement was expected to be better when ELISA was compared with TCF.
Method agreement for %PRA between ELISA and TCF (ICC: 0.525-0.631) was,
however, lower than between ELISA and NIH (ICC: 0.634-0.718). Exclusion of
sera with autoantibodies did not improve the ICC. A higher %PRA was obtained in
the TCF assay. The TCF technique is very sensitive and detects quite some
"background noise". These usually weak reactions are considered false-positive
and, for that reason, the cut-off point of the test is set at 25% compared to 10%
with the other techniques. Nevertheless, more patients remained antibody-positive
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in TCF compared to ELISA. In that respect, it should be noted that the ELISA kit
was intended to detect only class I antibodies, and the panel, therefore, was not
selected or standardized for class II antigens'.

Discordance between ELISA and NIH/TCF was 20% and 27%. For NIH, this
percentage is comparable to those reported previously, while for TCF the
percentage is higher than reported'"*'. Class II screening results were reported by
Worthington using CLL-lines as target cells, whereas in this study unseparated
peripheral blood lymphocytes were used'. More sera were NIH- or TCF-positive
and ELISA-negative than vice versa. Patients who were antibody-positive by one
assay and antibody-negative by the other assay usually had a lower %PRA than
patients who were antibody-positive by both assays. This discordance might at least
partially be explained by false-positive reactions or low titers of antibodies. HLA
class I specificities were detected in comparable numbers with ELISA and CDC,
while HLA class II specificities were more frequently detected by ELISA, which
might be due to false-positive reactions of TCF.

We conclude that, in this patient population, the method agreement between ELISA
and NIH or TCF is too low to allow one to replace one test by the other, and that
this cannot be attributed to the presence of autoantibodies or HLA class II
antibodies, as has been suggested by Schönemann-".

E U SA and clinical outcome

To ascertain the clinical value of the various assays, we have to investigate the
relationship of results with rejection and graft survival. Especially, when the
method agreement is insufficient, differences in correlation with clinical outcome
may indicate a preference of one assay over the other.

Rejection and graft survival are determined by many risk factors, and these may be
related to PR A. Therefore, a multivariate analysis is mandatory. None of the
assays contributed significantly to graft survival up to 5 years, either directly (as a
single risk factor in the model) or in a multifactorial analysis. Excluding positive
sera containing autoantibodies from the analysis did not change the results. These
findings confirm the conclusions of Dalla Vecchia and Neylan"'. They are at
variance with the results of Kerman et al."\ who found Il%-14% lower graft
survival in a large patient population with a pretransplant ELISA-positive serum.
A difference in graft survival of 11%-14% cannot be detected with the number of
patients in our study.

Although there was no influence on graft survival, screening results did contribute
significantly to the occurrence of acute rejection. Results were analyzed when
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grouped in three ways: (1) according to antibody positivity with peak, current, and
posttransplant serum, (2) for combined antibody status of current and post-
transplant serum, and (3) as concordant/discordant for ELISA/NIH and
ELISA/TCF. Previous studies on the relationship between HI.ISA and rejection
used univariate analyses'""'-•'*•'*•*', while in this study both uni- and multivariatc
analyses were performed.

Positivity of current serum by ELISA and NIH was a risk factor for rejection. As
might be expected, the odds ratios were lower when antibody positivity was
introduced into the basic model already containing the other signiticant risk factors.
Antibody positivity by ELISA remained significant, while antibody positivity by
NIH did not. Because the difference between ELISA and NIH was not statistically
significant, both assays probably have an equal predictive value for rejection.
These findings are a confirmation and extension of the findings by Dalla Vecchia
and Kerman' '"". Yet, in contrast to our findings, these authors found no similar
result with the CDC assay in univariate analysis.

It has been reported that the presence of HLA antibodies is correlated with the
occurrence of vascular rejection. Usually this type of rejection presents as steroid-
resistant rejection^". Because rejection treatment consisted of rATG, we were
unable to analyze our data to ascertain whether antibody-positive patients had a
higher incidence of steroid-resistant rejection.

The difference in %PRA between current and post-transplant serum (APRA) was
analyzed in a univariate way. APRA was a risk factor for rejection only with NIH.
A rise in PRA> 10% post-transplant by both ELISA and NIH was a risk factor for
rejection. This is in contrast to the findings of Monteiro'', who did not find an
association between rise in PRA> 10% by NIH and rejection.
Combined antibody status of current and post-transplant serum was a significant
risk factor for all assays (odds ratio 2.6-2.8) in univariate analysis, but only for
TCF in multivariate analysis. In the other assays, the lack of statistical significance
might have been caused by the relatively small sample size. The combined antibody
status defined by NIH and TCF were risk factors of the same magnitude as by
ELISA in the univariate analysis.

To investigate whether the combination of results of ELISA and NIH or TCF per
serum could discriminate the group of patients at an increased risk for rejection,
patients were classified according to concordance of sera for ELISA and NIH, or
for ELISA and TCF. Patients reacting pos/pos in current serum had an increased
risk for rejection compared to neg/neg patients (rejection-free survival 30% versus
70%). This held for both ELISA/NIH and ELISAATCF. Thus, concordant results
in current serum have a strong clinical impact on subsequent transplantation, while
discordant reactions in current serum do not influence rejection-free survival. This
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may imply that discordant reactions are due to false-positive reactions or clinically
less relevant antibodies.
In contrast to the results of current serum, analysis of post-transplant serum showed
that patients with discordant ELISAneg/NIHpos or ELISAneg/TCFpos sera were at
an increased risk for rejection. They had a rejection-free survival of 40%,
comparable to that of pos/pos patients. The positive NIH reactions could not be
explained by the presence of rATG in the serum of rejectors because the presence
of rATG in serum, in contrast to OKT3, does not result in a positive NIH-assay".

The most important aspect of HLA screening of patient sera is the determination of
the HLA specificity of the antibodies. In our center, HLA antigens were not
considered acceptable for a patient if antibodies against the given specificity had
been demonstrated either at the time of transplantation or in the past. Thus,
antibody positivity by TCF and/or NIH in peak and current serum do not indicate
donor-directed activity. Detection by ELISA of HLA class I antibodies in peak and
current serum was correlated with a high incidence of rejection (67%), even when
the antibodies were not donor-directed (63%), but not with graft loss. This suggests
that it reflects a general state of sensitization. However, when no HLA-specific
antibodies could be defined in ELISA-positive sera, there was no increase in acute
rejections.

Detection of HLA class II antibodies by ELISA and TCF often coincided with
detection of HLA class I specificity. The number of patients with only HLA class
II antibodies was too small to be analyzed as a subgroup. By ELISA many more
patients were considered to have anti-HLA class II antibodies than by TCF.
Because the rejection rate of these patients hardly differed from that of antibody-
positive patients without HLA class II specificity, their clinical significance seems
to be minor.

In conclusion, ELISA and CDC present themselves as complementary screening
techniques in this study. An optimal strategy for combining these techniques needs
to be determined, also taking into account cost-effectiveness. The ELISA kit is
rather expensive; on the other hand, the CDC assay is more time-consuming. An
important issue to be addressed is the combination of screening and final
crossmatch technique. Antibodies detected in screening by one assay may not be
detected in the crossmatch performed in another technique. In present practice, this
will often be the case, since most centers use CDC as the final crossmatch
technique. Yet, an ELISA-based HLA class I crossmatch kit has been introduced,
making it possible to compare results obtained in one technique with clinical
outcome. More information on this issue could be provided by a prospective,
randomized trial comparing patients screened and crossmatched by ELISA or CDC.
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Introduction

Flow cytometry (FC) crossmatching is reported to be a powerful tool in the area of
histocompatibility due to its high sensitivity and specificity in the detection of
cellular antigens and preformed antibodies' \ It is an extension of the traditional
indirect immunofiuorescence technique. Serum of the patient is incubated with cells
of the potential donor to allow antibody to bind to the cells. Thereafter, a
fluorescein isothiocyanate (FITC)-conjugated anti-human IgG antibody is added that
binds to the already attached antibodies on the donor cells. Cell fluorescence is
measured in a flow cytometer. FC crossmatches differ from the classical
complement-dependent cytotoxicity crossmatches in that they have more objective
parameters and a higher sensitivity; however, they also require a larger number of
cells for testing. In the next sections, the principles of flow cytometry are
described. Flow cytometry is then applied for donor-recipient crossmatching.
Finally, the crossmatch protocols used for this thesis are presented.

Principles of flow cytometry

Principle

Flow cytometry is a process, whereby multiple characteristics of individual cells or
particles are simultaneously analyzed'". Cells are individually sent through a
cytometer. Each cell passes the light source and the interactions of the cell or
particles with the light beam are recorded by sensors. The refined light source is
most commonly a laser. With the use of sophisticated computer analysis systems,
detailed information on structural and functional properties of cells and cell
subpopulations, such as size, shape, membrane permeability, and surface receptors,
can be obtained. In histocompatibility laboratories, flow cytometers are primarily
used for the identification of cell surface markers and for the detection of
antibodies reactive with HLA molecules on the cell surface.

Flow cytometer

The major components of a flow cytometer are shown in Figure 4 .1 . Under
pressure, a cell suspension stained with fluorochrome-labelled antibodies is injected
into a sheath stream of buffer. The cells are focused in the center of the sample
stream. They become aligned in a single file and pass through the flow cell and
into the focused beam of light. The interaction of every cell with the beam of light
results in scattering of the light and the emittance of fluorescence. The kind of
fluorescence emitted is dependent on the light source available and the
fluorochrome used. The scattered light and fluorescence signals of each cell are

82



recorded by different photomultiplier tubes (PMTs). After conversion into an
electronic signal, they are transferred to the computer for data analysis. For most
instruments, either selected events ('gated' data) or all events (list mode) may be
stored for subsequent analysis.

FMT-

Green (FITC)
Fluorescence

Orange (PE)
Fluorescence

Positively
charged
cells

Negatively
charged
cells

Figure 4.1 Main components of a flow cytometer

Laser

The light source is a critical component of the cytometer. The common light source
used to be an argon laser that produced a blue-green 488-nm beam suitable for
exciting fluorochromes such as phycoerythrin and fluorescein isothiocyanate.
Currently, lasers are used that emit 15-25 milliwatts of energy (compared to 5 watt
in the past) and that allow air cooling. The present machines are more compact and
less expensive in both initial and maintenance costs. Other lasers, such as helium-
neon (633-nm excitation) or helium-cadmium (325-nm excitation), may be
employed in addition to the argon laser, allowing multi-beam measurements.

Scatter parameters

The most appealing feature of flow cytometry is its ability to simultaneously
measure multiple parameters of individual cells at high speed. As can be seen in
Figure 4 .1 , the parameters most commonly used are: (1) forward scatter angle
(FSC), (2) side scatter angle (SSC; 90° light scatter), (3) orange fluorescence and
(4) green fluorescence. For flow cytometry crossmatching, these parameters are
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used to analyze cell populations, i.e., lymphocytes with specific characteristics. As
the cell is hit by the focused beam of light, some light photons may be absorbed
while others are refracted or scattered. The amount of laser light that is scattered in
the forward direction is proportional to the cell size, while the amount of laser light
that is side-scattered correlates with cell complexity. The photons that are absorbed
by the cell-bound fluorochrome are emitted as light of a longer wavelength and
detected by the fluorescence detectors that are at an angle of 90° to the focused
beam. Not only these parameters, but also changes in electrical resistance can be
measured and correlated with cell volume.

By means of certain characteristics (i.e., FSC, SSC) leukocytes can be
differentiated into subpopulations of monocytes, granulocytes, and lymphocytes.
Boundaries or 'gates' are set electronically to define a window around these
subpopulations (Figure 4.2). This allows analysis of a single cell type out of a
mixed cell population. By using appropriate fluorochrome labels, even subsets of
cells within a 'gate' can be measured. Mature T lymphocytes, for example, can be
stained with a PE-conjugated monoclonal antibody directed against the CD3
complex. After 'gating' the lymphocytes by FSS and SSC, this subset can be
detected by their orange fluorescence.

High

Low

Granulocytes

Lysed RBC's
Monocytes

Lymphocytes

Low
Forward scatter High

Figure 4.2 Schematic example (if identification (if 3 distinct (gated) populations based on light
scatter.

Photomultiplier

The refracted light or fluorescent emission arrives at the PMT and is converted into
electric current with an amplitude correlating with the intensity of the light signal.
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The individual pulses are recorded on an electronic scale that is divided into
voltage increments or channels. In addition to recording the light, the PMT also
amplifies the signal output. The output can either be directly proportional to the
fluorescence emission (linear) or be expressed as a percentual increase in
fluorescence intensity corresponding to a constant increase in channel number
(logarithmic). The latter is generally used to study subsets of cells varying widely
in fluorescence intensity in order to display all populations on the same scale.
Figure 4.3 is an example of a single parameter histogram.

10° io' 10* 10-* 10*
FL1-H

Figure 4.3 Single parameter histogram. The relative fluorescence intensity is displayed on the
X-axis and the frequency of events (the number of cells) on the Y-axis.

Fluorescence intensity

The fluorescence intensity is often designated by a channel number (0 to 256 or 0
to 1023) and most instruments define the mean, median, and peak channel of
fluorescence intensity for a given cell population. The mean and median channel of
fluorescence are used as qualitative measures of antigen density. Increased antigen
density results in increased fluorescence intensity that is indicated by a shift to
higher channel values. Mean or median channel of fluorescence is also used in
some FC crossmatch techniques as the criterion for determining a positive reaction.

Two-color fluorescence

To differentiate subpopulations of cells, two- or three-color fluorescence analysis is
needed. The optimal fluorochromes have approximately the same maximum
excitation wavelength, while their emission spectra are sufficiently different to
allow for their signals to be easily detected separately.
For two-color analysis, the combination of FITC and PE is widely used. Although
excited by a single light source of 488 nm (argon laser), they emit their radiation at
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different wavelengths (517 nm green and 578 nm orange, respectively). For three-
color analysis, a second laser is needed with a different wavelength to excite the
third fluorochrome (e.g., rhodamine). Essential for both types of analysis are the
precise alignment and calibration of lasers and optics, particularly when two lasers
are used.

With two-color analysis, it is possible to analyze the B- or T-lymphocyte subsets in
a sample of leukocytes. With a PE-conjugated anti-CD3 monoclonal antibody, the
subset of T lymphocytes can be analyzed for their binding of alloantibodies. By
using an anti-CD 19 instead of an anti-CD3 PE-conjugated monoclonal, the subset
of B lymphocytes can be analysed. By three colour analysis T and B lymphocytes
can be analyzed simultaneously in the same sample.

Quality assurance

Correct interpretation of results is possible only with proper controls. Alignment of
the light source and optical system must be verified routinely. A slight deviation
adversely affects the collection of the FSC and SSC as well as the fluorescent
excitations. This alignment control is usually performed by analyzing a standard
cell or particle suspension, such as fluorescent latex beads or fixed stained cells.
Appropriate positive and negative controls have to be used for fluorescent antibody
staining. Indirect staining often results in a high level of nonspecific background
fluorescence due to Fc-receptor binding. However, dead or dying cells will also
nonspecifically absorb fluorescence-conjugated antiglobulins. Control for back-
ground staining is essential for interpretation of flow cytometry crossmatches. For
two-color analysis positive and negative controls are necessary to establish the
correct definition of single and double-stained cell populations.

Some fluorochromes emit light over a range of wavelengths. When staining
samples with two or more fluorochromes, one fluorochrome often emits some light
at the same wavelength as the other fluorochrome. This phenomenon is called
spectral overlap. Thus part of the FITC (FL1) signal falls into the PE (FL2)
detector. Filtering with optical filters and electronic fluorescence compensation
eliminates most of the overlapping signal. A percentage of the contaminating signal
is subtracted from the signal that is measured.

For the FC crossmatches described in this thesis, the quality assurance of the
routine instrument function included calibration by test beads (Calibrite Beads,
Becton & Dickinson, California, USA) and fluorescence compensation.
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Flow cytometry crossmatches

History

The FC crossmatch was introduced in 1983 by Garovoy et al. as a more sensitive
method than the CDC crossmatch for the detection of preformed anti-HI.A
antibodies in renal transplant recipients. The main advantages reported are
increased sensitivity", detection of non-complement fixing antibodies*", and
correlation with transplant outcome""*. Disadvantages are the large number of cells
needed to perform a test, the amount of serum required, and the initial cost of the
apparatus.

There are different protocols in use for performing FC crossmatches. They differ
in the type of antibody used for measuring cell-bound antibody*"", the expression
of channel fluorescence*"", and the definition of posit ivity*""". The label used
for cell-bound antibody is specific anti-immunoglobulin G " " or total anti-
immunoglobulin*. Fluorescence is expressed as mean*" or median channel".
Positivity is expressed as the number of channel shifts'•"•"•'* or as the fluorescence
ratio of test and control serum". The FC crossmatch is performed for T cells'* or
for T and B c e l l s " " " . The serum used for the FC crossmatch is current
serum"", although peak serum may also be included"". Because of all the
different protocols, one must be cautious when comparing these studies. Most of
the studies were performed in recipients transplanted with a negative NIH
crossmatch irrespective of the FC crossmatch result. In some studies the result of
the FC crossmatch influenced the decision to perform the transplantation or the
type of immunosuppression used"" .

Cook et al. studied a group of NIH crossmatch-negative recipients of a cadaveric
kidney graft'". Depending on the FC crossmatch result, recipients were added to
the FC-positive or FC-negative group. At 1 month, graft survival was worse for
recipients with a positive FC crossmatch than it was for those with a negative FC
crossmatch. This held for first transplants (78% versus 93%) as well as for
retransplants (44% versus 79%). For first transplants, only sensitized recipients
(PRA>10%) were shown to have an increased risk. At 3 months after
transplantation, better graft survival was reported for FC crossmatch-negative
recipients of first transplants (77.8% versus 95.8%) and retransplants (33.3%
versus 88.2%) by the same authors". However, graft survival at 1 year showed no
significant difference in first transplants (70% versus 75%); in retransplants, the
significant difference remained (45% versus 65%, />=0.05)". A large study of 841
first transplants by Ogura and coworkers showed improved 1-year graft survival for
693 FC crossmatch-negative recipients (82%) compared to 148 FC crossmatch
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positive patients (75%; P=0.01)'*. Talbot et al. found no significant difference in
graft survival at 3 months between FC crossmatch-positive and FC crossmatch-
negative transplants if the original NIH crossmatch at the time of transplantation
was negative". Kerman et al. showed a significant difference in 1-year graft
survival for retransplant patients (50% versus 89%). He described the anti-human
globulin (AHG) crossmatch as being as sensitive as the FC crossmatch (46% versus
77%)'*. A drawback in comparing these studies is that major inclusion and
exclusion criteria differed, e.g., the type of donor (living related or cadaveric),
exclusion of technical and/or nonimmunological failures, and differences between
the FC crossmatch-positive and -negative group in PRA grade or HLA match. All
these factors are known to influence graft survival.

Most studies reported fewer acute rejections in FC crossmatch-negative than in FC
crossmatch-positive recipients'*". Thistlethwaite et al. found more irreversible
rejections in FC crossmatch-positive recipients at 3 months postgrafting. This was
true for recipients treated with cyclosporin A and prednisolone, as well as for
recipients treated with azathioprine in addition (triple therapy)'*. Lazda et al. could
not confirm these findings*".

Other clinical parameters were investigated by Talbot et al. in a retrospective
study. FC crossinatcti-negative and -positive patients were studied at 3 months after
transplantation excluding nonimmunological failures. The FC crossmatch-negative
patients had a significantly lower serum creatinine (152.3 versus 181.6 /xmol/L), a
shorter duration of primary nonfunction (6.0 versus 16.3 days), and fewer days of
hospitalization (28.9 versus 45.4 days)". They were not able to confirm these
results in a prospective study, although there was a tendency towards a better
clinical course for FC crossmatch-negative recipients. The latter showed less graft
failure and less need for rejection treatment with antithymocyte globulin*'.

Assuming the FC crossmatch detects clinically relevant antibodies, the question
remains whether these are the same antibodies detected by the NIH crossmatch
(complement binding) or additional non-complement-binding antibodies. Talbot et
al. studied the isotype of the IgG antibody in the FC crossmatch' and showed the
presence of gamma 1, 2, 3, as well as 4. IgG4 is a non-complement-binding
isotype. Karuppan showed postoperative complications to be correlated with a
positive FC crossmatch due to non-complement-fixing antibodies" and harmful
antibodies to have HLA specificity, particularly class P"*.

Although FC crossmatching has been performed for more than 10 years now,
quality control programms have only recently been started by exchanging sera and
cells between different centers.
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The method most often used for FC crossmatch is the two-color fluorescence
procedure, which combines the direct and the indirect fluorescence techniques.
Cells are incubated with patient serum and antigen-antibody binding is made visible
by a FITC-conjugated anti-human IgG antibody (indirect technique), while the
T cells are designated by a PE-conjugated mouse anti-CD3 monoclonal (direct
technique). In the following sections, the protocol used at the Tissue Typing
Laboratory of the University Hospital Maastricht (azM) for FC crossmatches is
described. The protocol was based on the FC crossmatch described by Scomik et

Protocol

Cells were liquid-nitrogen-stored spleen lymphocytes of the kidney donor and
peripheral blood lymphocytes of the recipient. The lymphocytes were purified by
Ficoll gradient centrifugation and stored with DMSO as the freeze protecting agent.
For patients on the Eurotransplant waiting list, sera were collected every 3 months
and stored at -30°C. Three sera per patient were tested for FC crossmatch: (1) the
peak serum, i.e., the serum with the highest percentage of panel reactivity (for
retransplant patients, this was drawn after failure of the previous graft), (2) the
current serum, i.e., the serum drawn at the time of transplantation, and (3) the
post-transplant serum, i.e., the serum drawn after rejection or, if no rejection
episode occurred, within 6 months after transplantation. Serum was drawn 2-4
weeks after removal of a kidney graft. To avoid false-positive results, sera drawn
within 10 days after the last administration of OKT3 were excluded".

The same lot of FITC-labelled F(ab')2 anti-human IgG was used (TAGO,
Burlingame, California, USA) for all FC crossmatches performed. Every testing
day, fresh stock solution was thawed and microaggregates of immunoglobulins and
immune complexes of goat F(ab')2 anti-human IgG FITC were removed by
centrifugation at 3000 rpm for 5 minutes. The anti-IgG was diluted 1:32 and stored
in the dark at 4°C until use. Mouse monoclonal PE-conjugated anti-human CD3
was used undiluted (Dakopatts a/s, Glostrup, Denmark).

Thawed cells were added to 8 mL of RPMI-20% FCS at 4°C. After centrifugation
(700x g for 5 minutes at 4°C), the supernatant was removed. Eight milliliters of
PBS-1% BSA was added to the pellet and after centrifugation at 18°C the volume
was adjusted to 8 mL with PBS-1 % BSA. The procedure was repeated and finally
the cells were resuspended in 2 mL PBS-1% BSA. Viability was tested by staining
the cells with trypan blue. The cell suspension was brought to a concentration of
2*10* cells/mL and 50 /xL of the suspension (10* cells) was centrifuged to a pellet.
Fifty microliters of serum was added to the pellet and incubated for 30 minutes at
21 °C. After two washes with 1 mL PBS-1% BSA, 20 /xL of goat F(ab')2 anti-
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human IgG FITC and 5 piL PE-aCD3 mouse monoclonal were added and incubated
for 30 minutes at 4°C in the dark. The mixture was washed twice with cold
PBS-1% BSA, «suspended in 250 /xL PBS, and stored at 4°C in the dark until
measurements were taken.

Flow cytometry

Cell samples were measured immediately after preparation in a FACScan flow
cytometer (Becton Dickinson) using an argon laser (15 milliwatts) and the software
program Lysis II (Becton Dickinson). Routine instrument function quality control
included calibration and fluorescence compensation by test beads (Calibrite Beads,
Becton & Dickinson). Instrument settings were amplifier gain mode on a linear
scale (256 channels) for FSC and SSC and on a logarithmic 4-log scale for FL1
(FITC) and FL2 (PE). The FSC threshold was set at 52 to eliminate acquisition of
unwanted small particles. The fluorescence compensation FL1-FL2 by the test
beads was usually 0.7%.

In the FSC-SSC dotplot events with FSC 52-180 and SSC 0-200 were gated and
this subset of lymphocytes was named Rl . For each sample 10,000 events in gate
Rl were acquired. The parameters FSC, SSC, FL1, and FL2 of each of these
events were analyzed. Analysis was performed with the sofware programm Lysis II
(Becton Dickinson). A dotplot was made of FSC versus FL2 of all events in gate
Rl (Figure 4.4). The events were clustered into four groups and distinguished by
FL2 ( > 100 or < 100) and FSC ( < 9 0 or >90). Events with FL2<100 were
considered to be CD3-negative lymphocythes, while events with FL2>100 were
considered to be CD3-positive lymphocytes. The CD3-positive cluster with lower
FSC (52-90) was gated R2. The CD3-positive cluster with higher FSC (90-180)
was gated R3. Cells in both CD3-negative clusters had high background staining of
Fl.l and were considered to be non-T lymphocytes, most probably B lymphocytes.
A histogram (FI.l logarithmic versus number of events) was made from the events
in gates R2 and R3 in the FSC-FL2 dotplot. The clearest discrimination between
negative and positive control sera was seen in gate R3. Cells in gate R2 showed
higher FL1 fluorescence channels with the negative control sera, indicating more
aspecitic FITC staining compared to cells in gate R3. This might be caused by cells
in gate R2 being less vital than cells in gate R3. Dead cells will nonspecifically
absorb fluorescence-conjugated antiglobulins. resulting in higher background
staining. R2 and R3 differ in the height of the FSC. The decrease in FSC when
cells become less vital has previously been described. Chrest and coworkers studied
the relationship between the FSC-SSC characteristics of murine T cells and their
viability. Analysis of cells with low forward and high side scatter characteristics
showed that this group contained (non)viable cells with apoptotic nuclei and
necrotic cells*". To avoid aspecitic staining of these cells, we only analyzed the
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cells in gate R3 (FL2> 100 and FSO90) as being viable T lymphocytes for this
thesis.
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Figure 4.4

FSC-H

Dotplot ot forward scatter vs. FL2 of lymphueytes gated on FSC 52-180, and
SSC 0-200.

From the CD3 positive cells in gate R3 (events with FSC 90-180 and SSC 0-200) a
histogram of FL1 (FITC; logarithmic scale) was made. The median and mean
channel were calculated using Lysis II software (Becton Dickinson). Comparison of
positive and negative control sera, both neat and diluted, showed the median
channel to discriminate best between positive and negative results. All FC
crossmatch results in this thesis were calculated using the median channel.

To determine the optimal FITC concentration to be used, FITC-labelled antibody
was tested at different dilutions against a positive control serum, CL8010
(Cedarlane, Ontario, Candada). CL8010 is a rabbit anti-human lymphocyte serum
that is routinely used as positive control serum for HLA-ABC typing in standard
microlymphocytotoxicity assays in our laboratory. Lymphocytes were incubated
with CL8010 at dilutions of 1:16, 1:128, 1:256, 1:512, and 1:1024. A pool of
negative human sera that had been extensively tested by both FC and CDC, was
used as negative control. Goat F(ab')2 anti-human IgG FITC (Dakopatts, Glostrup,
Denmark) was tested at dilutions of 1:8, 1:16, and 1:32. Further dilution of the
goat F(ab')2 anti-human IgG FITC resulted in lower FC results, as shown by
previous studies. Results are presented in Figure 4.5 and Table 4.1. The FC result
(median channel) was exponentially plotted on the Y-axis as the ratio between test
result and negative control serum, while the dilution of the serum is given on the
X-axis. For all FC crossmatches performed, goat F(ab')2 anti-human IgG FITC
was used in a dilution of 1:32 (Dakopatts, Glostrup Denmark). The positive control
serum was MS 106, which is an alloantiserum with 100% panel reactive antibodies
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that is routinely used for all our CDC tests. The negative control was pooled serum
from 20 healthy, male blood bank donors.

Figure 4.5 Titration curve FITC-IgG (batch 3202) for positiw control serum (HLA-class I
monoclonal antibody CL80I0)

Table 4.1 Data of titration curve of CL8010 at different titers of FITC-IgG.

Serum Dilution
1 :8 1 : 16 1 :32

CL8010
CL8010
CL8010
CL8010
CL8010
Pool 21

1:16
1:128
1:256
1:512
1:1024
neat

98.96
14.70
8.27
3.75
2.66
1.00

286.77
49.19
34.33
13.00
9.40
1.00

464.46
69 00
49.91
18.89
14.43

1.00

Definition of positive and negative FC crossmatches

Positive and negative FC crossmatches were determined as described by Scornik et
al.". A panel of ten cells was tested against nine negative control sera. Crossmatch
results were expressed as the fluorescence ratio between recipient serum and
negative control (mean 1.185. SD 0.487; Table 4.2.). The cut-off point for positive
and negative crossmatches was set at 2.65 (mean + 3 SD). A crossmatch was
regarded positive if the ratio of the median channel of the patient serum/negative
control was ^2.65, provided the ratio positive control serum/negative control
scrum was ^2.65. The cut-off point for a negative crossmatch was set at 2.65
provided the ratio of the median channel of the positive control/negative control
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was 22.65.

Table 4.2 Ratio of median channel of fluorescence of sera and pool 22.

Negative wni

AB IQ AB pool

PosWrr wr»

MS106 MSI06 poottt poo!22 me. 92104 V2OVI 91092 9204J

111013
122513
122733
123673
124283
110773
111653
111763
111953
112193

37 831
8 356

96 630
103 859
74.987
184.435
179 346
293.961
183.785
197 904

74 <M4
8 356

nd
148495
50 481
96513
25463
236 886
468 342
92 966

1 23S»
1 000
1 000
1 288
1 487
1 382
0.748
1 074
1.430
0837

000
000
000
000
000
.000
000
.000
000
.000

0 808
0838
1 000
0935
1 000
1 157
0866
1 153
1 483
1 000

0 ROH
0.864
1 000
1.076
1.117
0901
0833
1 332
1 772
0 803

0 KOK
0838
1 036
1.076
1 240
1 157
0.776
1 908
4.054
1 242

0 897
0838
1 196
0967
1.117
0.963
0776
1 114
1 430
0966

0.V30 0 864
0901
I 783
1 158
1 071
0 83« :
0724
1 332
1 591
1 000

000
080
245
331

1.277
114
432
.235
152

1 197
0932
1 333
1 337
1 597
1 115
0898
1432
1.906
1.382

Mean ratio of negative sera
a d - noc done

•1.185, SD of ratio of negative »era -0 .487

Comparison of sensitivity of the FC crossmatch with sensitivity of the CDC
crossmatch provides the relative sensitivity of the two techniques. Positivity in FC
crossmatch was defined as a fluorescence ratio ^2 .65 . In Figure 4.5 the titration
curve for positive control serum CL8010 with FITC-labclled ami IgG 1:32 is
shown. The mathematical formula of the trend lines for this FITC dilution is
y = 816.18 e°-"***. According to this comparison, the ratio of 2.65 is reached at a
dilution of CL8010 of 1:13,000. In the CDC crossmatch, the cut-off point for
positivity (20% kill above background) is reached with the same serum at a dilution
of 1:16. A similar increase in sensitivity was shown by Talbot and coworkers\

Specificity of the FC crossmatch was studied by testing antisera with HLA class I
specificity with positive and negative cells. Four polyclonal monospecific human
allosera (anti-A2, -Al, -B57, and -B8, respectively) were studied with two different
cells (HLA-types A2,A31;B7,B57 and A1,A3;B7,B8). Results are shown in Table
4.3. When the relevant HLA antigen was not present on the cells, the median
channel of the FC crossmatch was the same as the median channel of the negative
control serum. There were no false-positive results. When the relevant HLA
antigen was present on the cells, the median channel of the FC crossmatch was
positive. Correct dilutions had to be determined for every FITC batch. In this
study, 1:16 was used. The FC crossmatch was also tested for sera containing anti-
class II HLA alloantibodies (DR15 and DQ1). FC crossmatches with HLA class II
positive sera did not differ from negative control sera; therefore, the FC
crossmatch used was not influenced by the presence of class II antibodies.
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Table 4.3 Ratio of median channel of fluorescence of two different cells with antisera with
class I specificity.

Serum spec.

cellno
HLA A and B
FITC

11101
A2A31;B7B57

1 : 16

11195
A1A3;B7B8

1 : 16

11101
A2A31;B7B57

1 :32

11195
A1A3;B7B8

1 : 3 2

CL8010
CL80I0
MS106
MS106
A2
Al + A2
B57
B8
pool 21
pool 22
MC

16
64
2
16
1
I
I
1

neat
neat
neat

7/5.5/7
37.(534
5 O / 4
5.23(5
7.77(5
(5.497

70.002
1.037
1.114
1.000

nd

727.«/7
42.9/7
J2./S0
/0.54«
0.981
4.Ä/0
0.981

70.935
1.175
1.000
0.882

77.«/9
J0.53«

2.742
3.7(5(5
9.(55«
3.929
7.787
1.000
1.038
1.000
1.056

99.942
32.7«

S.<555
3.7«4
0.963
7.979
1.073
4. «(5(5
1.037
1.000
0.930

Positive result =
done

ratio ^2 .65 . 7ra/ic= expecr«/ paririve, bold= positive result, nd= not

Positiv« control sera:
Negative control sera:

Antisera with specificity:

CL8010 (monoclonal) and MS 106 (polyclonal).
pool 21 and 22 (pooled sera from healthy male blood blank donors)
and MC (serum from a healthy nontransfiised male).
human allosera.
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Abstract

The effect of flow cytometry crossmatches on clinical outcome was studied retrospectively
in two groups of immunologically well-documented patients who had received transplants
with a negative complement-dependent cytotoxicity crossmatch. The first group consisted
of 114 consecutive renal allograft recipients, and the second group consisted of 76
immunologically at-risk recipients. Flow cytometry crossmatches were performed with
current and historic sera.

In group 1, positive flow cytometry (FC) crossmatches were shown in 15/114 (13%)
recipients. Rejection occurred in 8/15 (53%) FC-positive versus 41/99 (41%) FC-negative
recipients. The 1-year graft survival rate was 80% for FC-positive patients and 87% for
FC-negative patients. Sixty-seven patients were nonsensitized patients; 4 of them had a
positive FC crossmatch but no rejection episodes, graft loss, or patient loss. Of 47
retransplantcd and/or sensitized recipients 11 had a positive FC crossmatch. Rejection
treatment was needed in 8/11 (73%) FC-positive patients compared with 19/36 (53%) FC-
negative patients. Their 1-year graft survival rates were 73% and 81%. None of these
differences reached statistical significance.

Group 2 consisted of 76 at-risk recipients; 37 were retransplant patients and 39 were
sensitized first transplant patients. Twenty-one (28%) patients showed a positive FC
crossmatch. Rejection episodes did not differ between the FC-positive (48%) and FC-
negative patients (46%). There was no difference in 1-year graft survival rate (76% vs.
80%) or in 1-year patient survival rate (100% vs. 95%).

We conclude that FC crossmatches in our patient group are not superior to the classical
complement-dependent cytotoxicity crossmatches with regard to clinical outcome. On the
contrary, transplantation with a mandatory negative FC crossmatch would have excluded
28% of the recipients from transplantation, who in fact are doing well.
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Introduction

Pretransplant crossmatching for renal transplantation has been routinely performed
since the late 1960s. The complement-dependent cytotoxicity (CDC) crossmatch is
die most commonly used histocompatibility technique, historically referred to as the
National Institutes of Health (NIH) crossmatch. To accomplish an increase in
sensitivity, other crossmatch techniques have been introduced. Variants of the NIH
technique have been added by modifying the incubation time or temperature, the
number of wash steps, and the addition of antiglobulin reagent. New crossmatch
techniques have also been used, one of these being the flow cytometry (FC)
crossmatch. The FC crossmatch technique is used predominantly in the United
States, but an increasing number of European laboratories are in favor of this
technique. The main advantages mentioned are increased sensitivity' \ detection of
non-complement-fixing antibodies", and correlation with transplant outcome**.
The main disadvantages are the large number of cells needed to perform a test, the
amount of serum required, and the initial cost of the apparatus.
Patients who had received transplants with a positive FC crossmatch and a negative
NIH crossmatch were shown to have decreased graft survival. This was
demonstrated for first transplants"" as well as retransplants*'. Also, the number of
rejection eposodes were correlated with positive FC crossmatch". There was not
much difference in clinical outcome when the FC crossmatch results were
compared with the anti-human immunoglobulin test'. In studies comparing the
effect of FC crossmatching with that of CDC crossmatching, different CDC
crossmatches were used '" ". Current sera were used* as well as historical sera" ".
In some studies, autoantibodies'*•" or class II antibodies" were tested for.
There are different protocols for performing FC crossmalches. They differ in the
type of antibody used for measuring cell-bound antibody* * \ the expression of the
channel fluorescence***, and their definition of positivity**"". The label used for
cell-bound antibody was specific anti-immunoglobulin G*" or total anli-
immunoglobulin*. Fluorescence was expressed as mean** or median peak channel*.
Positivity was expressed as the number of channel shifts**" '* or as the
fluorescence ratio of test and control sera". The FC crossmatch was performed for
T cells'" or for T and B cells**". The serum used for the FC crossmatch was
current serum** or included peak serum as well'*".

In comparing FC and CDC crossmatches, the role of other factors that influence
transplant outcome should be taken into account. Besides screening and crossmatch
techniques, the local policy of selecting donor-recipient-combinations and the
posttransplant immunosuppressive regimen' '*" greatly influence transplant
outcome. It is possible, therefore, that the claimed advantages of FC crossmatch
over CDC crossmatch also depend on the local regimen concerning tissue typing.
Transplantation in our center is performed under the auspices of Eurotransplant.
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Matching priority is HLA-DR, HLA-B, and HLA-A, respectively. Selection
criteria used for transplantation include a mandatory negative class I CDC
crossmatch at the time of transplantation with current as well as historic sera. HLA
antigens are considered not acceptable for a given patient if the particular
specificity was demonstrable in any previous screening test. In female patients, the
paternally inherited HLA antigens of the children were excluded from the
transplants.

The outcome of patients with a positive FC crossmatch and a negative CDC
crossmatch identifies the clinical value of FC crossmatching. Therefore, we
decided to determine the result of FC crossmatching in a consecutive group of
patients (group 1) who had received transplants in our center over a 4-year period.
All patienLs received transplants according to the above-mentioned criteria and were
treated with cyclosporine (CsA) as a basic immunosuppressive drug. Subsequently,
a second patient group (group 2) was studied to investigate the effect of FC
crossmatch in patients who were considered to be immunologically at risk. All
patienLs in this group were either sensitized or retransplanted due to immunological
failure of a previous graft within 1 year after transplantation.

Materials and Methods

Patients

Two different patient groups were studied. All were treated with CsA. Group 1
consisted of 140 consecutive cadaveric kidney graft recipients who had received
transplants from January 1986 up to and including December 1989 in our center.
All recipients had negative NIH crossmatches at the time of transplantation. They
were tested retrospectively by FC crossmatch against donor T cells and autologous
T cells. In 114 combinations, donor and recipient lymphocytes were available.
Their characteristics are presented in Table 5.1. Group 2 consisted of patients who
were sensitized (panel reactive antibody (PRA)>5, i.e., immunized or highly
immunized according to Eurotransplant criteria) or who were retransplanted due to
immunological failure of a previous graft within 1 year after transplantation. From
January 1983 up to and including December 1992, 100 patients, who fulfilled these
criteria, were transplated in our center. Lymphocytes were available from 76
donor-recipient combinations. The characteristics of group 2 are presented in Table
5.1. Of 76 patients, 47 were also included in the first group.
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TabkS.I Pretnuisplani recipient

Recipient age (yr)
Donor age (yr)
Sex (m/f)

WIT (min)
CIT (hour)

PRA (%) Peak serum
Current serum

Peak PRA 0 - 5%
6 - 20%

21 - 50%
51 - 84%
85 - 100%

No. of transfusions

Transplant no. 1
2
3
4

No. of mismatches
HLA-A 0

1
2

HLA-B 0
1
2

HLA-DR 0
1
2

and donor characteristics*

Group 1*
Total ( n = H 4 )

47.1 ± 13.03
37.3 ± 18.02

71 /43

35.4 ± 10.07
29.5 ± 7.36

21.4 ± 33.92
13.5 ± 27.86

70
9

15
5

15

4.2 ± 6.99

89
18
S
2

40
57
17
33
71
10
63
49
2

Group 2*
(n = 7«

45.6 ± 12.13
37.14 ± 15.34

37/39

33.4 ± 8.47
30 4 ± 7.48

51.9 ± 35.40
31.3 ± 33.63

6
16
21
9

24

6.5 ± 14.19

39
27
8
2

29
34
13
21
49
6

47
25
4

' Data are given as numbers or mean ± S D
' Consecutive transplants from 1986 through 1989

All patients at risk (1983-1992): sensitized
previous graft within I year after transplant.

or regrafted due to immunological failure of a

Immunosuppression

The immunosuppresive regimen consisted of CsA and low-dose prednisolonc
(PRED; 10 mg/day) for recipients of first grafts. The CsA was started
intravenously before surgery (continuous infusion: 4 mg/kg every 24 hr), and
switched orally (4 mg/kg b.i.d.) at day 2. The PRED dose was diminished to
7.5 mg/day at month 1 and to 5 mg/day at month 3. For recipients without
rejection, the PRED dose was further tapered to 0 mg in the next months. For
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highly immunized recipients (PRA>85%) and retransplant recipients, azathioprine
(AZA, ± 1 mg/kg body weight) was added to the above-described regimen and the
dose of PRED was tapered to 5 mg. The CsA level was determined in whole blood
by high-performance liquid chromatography or by monoclonal radioimmunoassay.
The trough CsA level for CsA + PRED recipients was 0.15-0.20 mg/L in the first 3
months after transplantation and 0.10-0.15 mg/L after 3 months. For
CsA + PRED + AZA recipients, the trough CsA level was 0.10-0.15 mg/L in the
first 3 months after transplantation and 0.05-0.10 mg/L after 3 months.

Clinical outcome parameters

Rejection is defined as any rejection treatment in the first 6 months after grafting.
In general, rejection episodes were proven by needle core biopsy. Rejection
treatment consisted of a 10-day course of rabbit antilymphocyte globulin (RIVM,
Bilthoven, the Netherlands). For patients who had received rabbit antilymphocyte
globulin in the past or who had a seriously compromised cardiovascular system, the
rejection was treated with three doses of methylprednisolone (0.5-1.0 g/dose).
Graft failure was defined as loss of kidney function but also included death of
recipient with functioning graft. No exclusions were made.

Center policy of tissue typing

Nontnmsfused patients received at least one leukocyte-poor blood transfusion
before transplantation. Serum was collected at weekly intervals, i.e., weeks 0, 2,
3, and 4. Hach sample was investigated for the development of HLA antibodies
using mismatches with blood donor lymphocytes.
Serum samples were collected every 3 months during the time patients were on the
waiting list. If after the initial transfusion additional blood transfusions were
required, only filtrated, leukocyte-depleted blood was used. Serum was also
collected after these transfusions. Screening for the presence of anti-HLA class I
and II antibodies was performed with and without dithiothreitol (DTT) by using a
select panel of 64 lymphocytes. Only DTT-resistant T-cell reactive antibodies were
included in the PR A. Reading was performed using a Leitz Patimed automated
microfluorometer microscope and positivity was defined as at least 40% cell death
by the patient serum compared with three positive control sera (100%). Routinely,
all serum samples obtained from each patient were investigated every 3 months.
All samples were investigated for the presence of autoantibodies by crossmatching
with autologous patient lymphocytes.
HLA antigens were considered not acceptable for a patient if antibodies against the
specificity had been demonstrated either at the time of transplantation or in the
past. Also, mismatches from previous transplants were excluded, as were the
paternally inherited antigens of the children in female patients. Transplants were
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performed under the auspices of Eurotransplant. Matching priority was HLA-DR,
HLA-B. and HLA-A.

Crossmatches

Conventional crossmatches in our center included three complement-dependent
crossmatches: the standard NIH crossmatch, the two-color fluorescence
crossmatch, and a DTT crossmatch in which the serum was treated with DTT to
reduce IgM antibodies. Sera used for crossmatches at the time of transplant were
the current serum drawn at the time of transplantation, the last screened scrum
sample, and all necessary positive historical samples (peak sera). A negative class 1
crossmatch (NIH) was mandatory for transplantation. This holds for current as well
as for historical sera. Routinely, class 1 (NIH), class II (two-color fluorescence),
and DTT crossmatches were performed for current and historically positive sera.
All crossmatches as well as screening results were used in the interpretation of the
crossmatch results. That is, if a class I crossmatch turned negative after DTT
treatment, the crossmatch was interpreted as negative, provided no HI.A specific
antibodies had been demonstrated by screening. For the present study, all scrum
samples tested at the time of transplantaton were retested by CDC and FC
crossmatching using liquid-nitrogen-stored spleen lymphocytes of the donor. For
antibody-negative patients with no historically positive serum, the serum drawn 4
weeks after the leukocyte-poor blood transfusion was used as the "peak" serum.
For antibody-negative re transplant patients, a serum sample taken after failure of
the graft, preferably after transplantectomy, was used as peak serum. All sera were
also investigated for the presence of autoantibodies using crossmatches with
recipient peripheral blood lymphocytes stored in liquid nitrogen.

Flow Cytometry

The FC crossmatch technique was performed as described by Scornik et a l ."
Frozen lymphocytes were thawed in 8 mL of RPMI containing 20% fetal calf
serum and washed twice in 8 mL of phosphate-buffered saline (PBS) with 1 %
bovine serum albumin (BSA). Cells were centrifuged for 5 min at 700xg.
Lymphocytes (10') were centrifuged to a pellet, the supernatant was removed, and
cells were tested for viability. The cells were incubated with 50 /*L of serum for 30
min at 21 °C. After washing twice with 8 mL of PBS-BSA 1%, 20 /xL of a
fluorescein-conjugated F(ab)'2 goat-anti-human IgG (Tago, Burlingame, CA)
diluted 1:16 were added, as well as 5 /xL of phycoerythrin-conjugated anti-CD3
mouse monoclonal antibody (Dakopatts, Glostrup, Denmark), and incubated for 30
minutes at 4°C. Finally, cells were washed twice with 8 mL of PBS-BSA 1 % and
resuspended in 250 /xL of PBS. For all donor crossmatches, spleen lymphocytes
were incubated with (1) the recipient's current serum, (2) the recipient's peak PRA
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serum, (3) a positive control serum, and (4) a negative control serum. The positive
control was an alloantiserum routinely used in our laboratory with 100% PRA. The
negative control was pooled serum from 20 healthy male blood bank donors. Auto-
crossmatches were performed using recipient peripheral blood lymphocytes and
were tested against the same sera used in the donor crossmatches.
FC crossmatching was performed with a FACScan flow cytometer (Becton
Dickinson, 256 channels, logarithmic scale). Routine instrument function quality
control included calibration by test beads and fluorescence compensation (Calibrite,
Becton Dickinson). From each sample 10,000 cells were analysed in the
lymphocyte gate. From the CD3* cells, a histogram of fluorescein isothiocyanate
(logarithmic scale) was made. The median and mean channel were calculated.
Comparison of positive (neat + diluted) and negative control sera showed the
median channel to give the best discrimination between positive and negative
results. All FC crossmatch results in this analysis were calculated from the median
channel.

Positive and negative FC crossmatch was determined as described by Scornik et
al .": a panel of 10 cells was tested against 9 negative control sera. Crossmatch
results were expressed as the fluorescent ratio between recipient serum and
negative control (mean 1.185, SD 0.487). The cutoff point for positive and
negative crossmatches was set at 2.65 (mean + 3SD). A crossmatch was regarded
as positive if the ratio of the median channel of the patient serum to the negative
control was ^ 2 . 6 5 , provided that the ratio of positive control serum to negative
control was ^2 .65 .

The cutoff point for a negative crossmatch was set at 2.65 provided the ratio of the
median channel of the positive control to the negative control was ^ 2 . 6 5 .
Statistical analysis was performed using SPSS/PC + version 4.0. Pearson chi-
square test, odds ratio analysis, Mann-Whitney (7 test and independent groups
Student's f test were performed when indicated. A P-value <0.05 was considered
to be statistically significant.

Results

Group 1: Consecutive Patients

Of 114 recipients, 15 had a positive FC crossmatch (13%). Eleven showed a
current positive FC crossmatch (9.6%), while 10 had a peak positive FC
crossmatch (8.8%). Six recipients were found te be FC crossmatch positive with
peak as well as current serum. Forty-seven patients were sensitized or received
regrafts (at risk), whereas 67 patients were nonsensitized. From the nonsensitized
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group, four first-graft recipients were positive, two with current scrum and two
with peak serum (Table 5.2). ,
FC crossmatch-positive recipients had statistically significant higher peak and
current PRA compared with FC crossmatch-negative recipients (Mann-Whitney (/
test P<0.01) . No significant differences were shown for the other prcinuispant
characteristics (Table 5.3).

•fable 5.2 PC crossmatchcs and clinical outcome in 114 consecutive cadaveric m u l allogratts (group II '

FC crossmatch Rejection I-year graft I-year pal lent
survival survival

n (%) n (%) n (%)

Current serum
Non-sensitisd graft

FC positive (n = 2)
FC negative (n = 65)

Seasiiiztd rcgrafts
FC positive (n = 9)
FC negative (n = 38)

All recipients
FC positive ( n = l l )
FC negative (n = 103)

Peak serum
Non-sensitisd graft

PC positive (n = 2)
PC negative (n=65)

Sensitized/regrafts
PC positive (n = 8)
PC negative (n = 39)

All recipients
PC positive (n=IO)
PC negative (n=104)

Peak or current serum
Non-serLsitizcd graft

PC positive (n=4)
PC negative (n = 63)

Sensitized/regrafts
PC positive (n= l l )
PC negative (n = 36)

All recipients
PC positive (n=15)
PC negative (n = 99)

' None of the comparisons between PC crossmatch result and clinical outcome reached statistical
significance by chi-square test nor by odds ratio analysis.

0
22

6
21

6
43

0
22

5
22

5
44

0
22

8
19

8
41

(0)
(34)

(67)
(55)

(55)
(42)

(0)
(34)

(63)
(56)

(50)
(42)

(0)
(35)

(73)
(53)

(53)
(41)

2
59

7
30

9
89

2
59

5
32

7
91

4
57

8
29

12
86

(100)
(91)

(78)
(79)

(82)
(86)

(100)
(91)

(63)
(82)

(70)
(88)

(100)
(91)

(73)
(81)

(80)
(87)

2
62

9
36

II
98

2
62

8
37

10
99

4
60

II
34

15
94

(100)
(95)

(100)
(95)

(100)
(95)

(100)
(95)

(100)
(95)

(100)
(95)

(100)
(95)

(100)
(94)

(100)
(95)

The 1-year patient survival rate was 100% for recipients of positive FC crossmatch
grafts (15/15) compared with 95% for recipients of negative FC crossmatch grafts
(94/99) (Table 5.2). This was true for peak as well as current sera.
The 1-year graft survival rate was 82% for current positive FC crossmatch
recipients (9/11) and 86% for current negative FC crossmatch recipients (89/103).
For peak positive and negative FC crossmatch recipients, this was 70% (7/10) and
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88% (91/104). When either peak or current FC crossmatch was positive, the 1-year

graft survival rate was 80% (12/15); when negative, the rate was 87% (86/99)

(Table 5.2). ; v

Table 5.3 Pretransplant recipient and donor characteristics in 114 consecutive cadaveric renal
allografts (group 1) based on FC crossmatch resulf.

FCXM positive FCXM negative
(n = 15) (n = 99)

Recipient age (yr) 48.3 ± 13.93 46.9 ± 12.96
Donor age (yr) 34.2 ± 15.45 37.8 ± 18.41
Sex (m/f) 9 / 6 6 2 / 3 7

WIT (min) 35.3 ± 10.49 35.5 ± 10.06
CIT(hour) 29.1 ± 7.14 29.6 ± 7.43

PRA (%) Peak serum 45.7 ± 42.00 17.7 ± 31.15"
Current serum 35.3 ± 37.34 10.2 ± 24.73"

Peak PRA 0 - 5 % 5 65
6 - 2 0 % 2 7

21 - 50% I 14
51 - 84% 2 3
85 - 100% 5 10

Number of transfusions 7.5 ± 9.21 3.7 ± 6.56

Transplant no. 1 9 80
2 5 13
3 1 4
4 0 2

Number of mismatches
HLA-A 0 4 36

1 8 49
2 3 14

HLA-B 0 7 26
1 7 64
2 1 9

HLA-DR 0 12 SI
I 3 46
2 0 2

* Data are given as numbers or mean ±SD. Group I comprised consecutive transplant patients
from 1986 through 1989. No statistical significance was shown by Mann-Whitney (7 test,
unpaired Student's r test, or chi-square test between FC crossmatch results and the other
characteristics of donor or recipient

' /><0 01 by Mann-Whitney (/-test
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Rejection treatment was needed for 6 of 11 (55%) recipients with a current positive
FC crossmatch in the first 6 months after transplantation, compared with 43 of 103
(42%) of those with a current negative FC crossmatch (Table 5.2). For peak
positive and negative FC crossmatch recipients, the results were 50% and 42%.
respectively. Of 15 peak and/or current FC crossmatch-posilive recipients, 8
needed rejection treatment (53%) compared with 41 of 99 FC crossmatch-negative
recipients. None of the above-mentioned differences reached statistical significance
(Table 5.2).

In sensitized or retransplanted recipients, more rejection treatments were needed in
patients with positive and negative FC crossmatches. The number of rejections was
slightly higher in the positive FC crossmatch patients (73%), and the 1-year graft
survival rate was slightly lower (73%). None of these differences was statistically
significant. This lack of significance might be the result of the relatively small
number of patients in this group (47). Therefore, an additional 29 recipients at risk,
i.e., sensitized and/or retransplanted, were selected and added to the initial group,
thus constituting group 2.

Group 2: patients at risk

fC crossma/c/i r««/K
Twenty-one of 76 recipients at risk (28%) had a positive FC crossmatch with either
current or peak serum. Fourteen (18%) showed a current positive FC crossmatch,
while 17 (22%) had a peak positive FC crossmatch (Table 5.4). Ten recipients
were positive with both current and peak serum. There were no significant
differences in pretransplant characteristics between FC crossmatch-positive and FC
crossmatch-negative recipients (Table 5.5).

C7ifli'ca/

The 1-year patient survival rate was 100% for current positive FC crossmatch
patients (14/14) and 95% for current negative FC crossmatch patients (59/62)
(Table 5.4). For peak positive FC crossmatch, the same survival rate was found.
The 1-year graft survival rate was 86% for current positive FC crossmatch (12/14)
and 77% (48/62) for current negative FC crossmatch. When patients with peak
positive FC crossmatches were taken into account, the 1-year graft survival rate
was 76% (16/21).

Rejection treatment was needed in 7 of 14 recipients with a current positive FC
crossmatch (50 %) compared with 28 of 62 with a current negative FC crossmatch
(45%) (Table 5.4). These data did not alter significantly when peak positive
crossmatches were taken into account (48% vs. 46%). No significant difference in
clinical parameters could be demonstrated between positive and negative FC
crossmatch patients. FC crossmatch positive and negative recipients had the same
clinical course in the first year after transplantation.
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Table 5.4 Flow cytometry crossmatches and clinical outcome in 76 cadaveric renal allografts
immunologically at risk (group 2)'

KC crossmatch

Current serum
FCpo.s(n=14)
FC neg (n=62)
Peak serum
FC pos (n=17)
FC neg(n = 59)
Peak or current serum
FC pos (n = 21)
FC neg (n=55)

Rejection
n (%)

7 (50)
28 (45)

6 (35)
29 (49)

10 (48)
25 (46)

I-year graft survival
n (%)

12 (86)
48 (77)

12 (71)
48 (81)

16 (76)
44 (80)

1-vear patient survival
n (%)

14 (100)
59 (95)

17 (100)
56 (95)

21 (100)
52 (95)

Group 2 comprised all patients at risk (1983-1992), sensitized or regrafted due to immunological
failure of a previous graft within I year after transplant. None of the comparisons between FC
crossmatch result and clinical outcome reached statistical significance by chi-square test nor by
odds ratio analysis.

Discussion

Irreversible rejection and subsequent graft loss due to antibody-mediated reactivity
is one of the important problems in renal transplantation. The incidence of primary
nonfunctioning grafts is higher in sensitized and regrafted recipients'". Regrafts
have a lower graft survival rate if patients have rejected their first graft between 1
month and I year after transplantation'''. Presensitization of recipients may not
always be detected by conventional crossmatch tests based on CDC. FC
crossmatches are supposed to be an additional and highly reliable tool in the
detection of antidonor antibodies in pretransplant recipient sera.

The outcome of transplantation is determined by many factors besides the
crossmatch with donor lymphocytes perfonned at the time of transplantation. The
clinical outcome of a transplant is greatly influenced by the characteristics of the
donor organ transplanted*', the immunological history of the recipient'*, and the
iinmunosuppressive regimen used. In our center, all potential recipients are
investigated every 3 months for the presence of HLA antibodies by means of
extensive screening protocols. All patients are transfused, and posttransfusion
serum samples are investigated for the development of HLA antibodies by
crossmatches with the specific blood donor. After every additional blood
transfusion, the development of anti-HLA class I and II antibodies is studied.
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Table 5.5 Pretransplant recipient and donor characteristics in
based on FC crossmatch result group'

Recipient age (yr)
Donor age (yr)
Sex(m/f)

WIT (min)
CIT (hour)

PRA (%) Peak serum
Current serum

Peak PRA 0 - 5%
6 - 20%

21 - 50%
51 - 84%
85 - 100%

Number of transfusions

Transplant no. 1

3
4

Number of mismatches
HLA-A 0

1
2

HLA-B 0
1
2

HLA-DR 0
1
2

FCXM positieve (n = 2l)

45.5 ± 12.34
33.9 ± 14.32

10/11

33.3 ± 9.71
29.4 ± 6.90

53.9 ± 37.72
34.8 ± 34.15

2
6
2
3
8

4.7 ± 7.02

10
9
2
0

6
10
5

7
12
2

16
5
0

76 renal allograft at risk (group 2)

FCXM negative (n = 55)

45.7 ± 12.17
38.4 ± 15.66

27/28

33.5 ± 8.05
30.7 ± 7.72

51.1 ± 34.81
29.9 ± 33.66

4
10
19
6

16

7.1 ± 16.16

29
18
6
2

23
24
8

14
37
4

31
20
4

" Group 2 comprised all patients at risk (1983-1992), sensitized or regrafted due to immunological
failure of a previous graft within 1 year after transplant. Data are given as number or mean
±SD. None of the comparisons between FC crossmatch result and characteristics of donor or
recipient reached statistical significance by Mann-Whitney (7 test, unpaired Student's f test, or
chi-square test.

The presence of autoantibodies is investigated using crossmatches with autologous
patient lymphocytes for all serum samples obtained. HLA antigens are considered
not acceptable for a patient if specific antibodies have been demonstrated either at
the time of transplant or in the past. Mismatches from previous transplants are
excluded, as are the paternally inherited antigens of the children in female patients.
Matching priority for transplantation is HLA-DR, HLA-B, and HLA-A. All
patients reveived transplants with a negative CDC crossmatch for current and
historical sera. Using this policy, a 1-year graft survival rate of approximately 85%
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is accomplished.

We wanted to investigate whether performing FC crossmatches, which also detect
non-complement binding and low-titer anti-HLA antibodies, would influence the
clinical outcome of the transplants. Is the additional sensitivity of the FC
crossmatch required in a patient population in which acceptable and unacceptable
matches are well defined? Does performance of a more sensitive test not lead to a
higher false-positive rate?

The results of our study showed that 13% of the CDC crossmatch-negative
recipients have a positive FC crossmatch in the consecutive patient group (group
1). None of the clinical outcome parameters was significantly correlated with the
FC crossmatch result. The effect of the FC crossmatch might be more clearly
demonstrable in a patient population at risk, i.e., sensitized or retransplant
recipients. We looked at the subgroup of patients in group 1 who fulfilled these
criteria, but no effect could be demonstrated. However, the number of recipients at
risk in group I was rather small; therefore, this number was extended by 29
sensitized and/or retransplant patients (group 2). The results from group 2 showed
a higher percentage of positive FC crossmatches (28%), but again no statistically
significant correlation could be obtained for any of the clinical parameters tested.

Different protocols for performing FC crossmatches have been descr ibed"*""* '
" . In Ulis study, FC crossmatches were performed as described by Scornik et a l . ' \
Positivity was defined as fluorescence ratio between test and control serum. Anti-
human IgG was tested at different concentrations and finally used at the
concentration that gave optimal discrimination (diluted 1:16). Sensitivity was tested
by diluting different positive sera, and an increased sensitivity was shown
compared with CDC, as measured by the number of dilution steps (three to six
times). A similar increase was shown by Talbot et al.'. The nature of the antibody
responsible for the positive FC crossmatch is not exactly known. Specific anti-class
II antibodies were shown not to react in the FC protocol used. Therefore, class II
antibodies were considered unlikely. Class I antibodies are the most likely
candidates; however, to establish the involvement of specific anti-class I antibodies,
blocking studies, as done by Karuppan et al.*'-*\ have to be performed. Since we
did not carry out such experiments, we cannot exclude that some positive FC
crossmatches are the result of non-HLA-directed activity.

The main reason for the lack of correlation between the result of FC crossmatches
and graft outcome is probably the pretransplant protocol used in our center for
recipients. Patient-donor combinations with incompatible HLA antigens are
excluded from transplantation. In this study, we showed a 1-year graft survival rate
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of 91% in first transplant unsensitized recipients. For retransplants and sensitized
recipients, this figure dropped to 80%. This figure equals the 1-year graft survival
rate reported for sensitized recipients transplanted with a negative FC
crossmatch'*^.

Since this is a retrospective study on immunologically well-documented patients,
we cannot rule out that, prospectively, the FC crossmatch could have a beneficial
effect on less well longitudinally studied recipients. Since FC is clearly a more
sensitive technique'-, it is possible that the effect of the FC crossmateh is
considerable in patients in whom the HLA antibody history is unknown or less well
known. It is possible that the real value of the FC crossmatch is confined to cross-
matches for this patient group.

In conclusion, our data show that FC crossmatches in the consecutive group of
recipients (group 1) are not superior to the classical negative CDC crossmatches
with regard to clinical outcome, even though an additional 13% of the patients are
found to be crossmatch positive with the FC technique. On the contrary, one could
argue that transplantation with a mandatory negative FC crossmatch might have
excluded a number of recipients from transplantation who in fact are doing very
well. This holds for 18% of the group at risk when tested with current serum, and
28% if either current or peak sera are taken into account.
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Abstract

Background

There is no consensus on the role of donor-directed antibodies after renal transplantation
detected by complement-dependent-cytotoxicity (CDC) or by flow cytometry (FC). . ^

ft

Methods ' 1

Therefore, antibody formation was studied by FC and correlated with clinical course in a
group of patients who received transplants between 1983 and 1993. All had a negative
current CDC crossmatch and were treated with cyclosporine. Current and posttransplant
sera from 143 donor-recipient combinations were studied retrospectively. Antibodies were
considered present in FC if the fluorescence ratio between serum and negative control
was >2.65.

Results

Of 143 patients, 17 (11.9%) were found to be positive in the posttransplant FC
crossmatch and 126 (88.1%) were negative. Of the positive patients, 3 were already
positive in the current FC crossmatch, whereas 14 demonstrated a positive posttransplant
FC crossmatch after a negative current FC crossmatch. It was noteworthy that, from 16
patients with a positive current FC crossmatch, 13 turned negative in the posttransplant
crossmatch. In 113 recipients (79%), both pre- and posttransplant FC crossmatches were
negative. The development of a positive FC crossmatch after transplantation was a
significant risk factor for graft survival in Cox-regress ion analysis (P=0.01).
The results were also studied as relative change in fluorescence ratio (RCFR). RCFR was
determined by classifying the recipients in quartiles according to their change in flow
cytometric value from current to posttransplant serum. Quartiles were defined as follows:
quartile 1, decrease > 10%; quartile 2, decrease 0-10%; quartile 3, increase >0-30%:
and quartile 4. increase >30%. RCFR proved to be the only significant risk factor for
graft survival (odds ratio for quartile 4 vs. quartile 1, 3.27; P<0.02). More rejections
were shown for increasing quartile numbers (P< 0.001).

Conclusions

Classification of patients by RCFR detected more patients with unfavorable clinical
outcome (25% vs. 11%) than by FC crossmatch.
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Introduction

Development of antibodies directed against the kidney donor after transplantation is
related with a higher incidence of rejection and lower graft survival. Martin et al.'
showed that cytotoxic antibodies developed after transplantation were usually
donor-directed HLA class I antibodies. Antibody positive patients had a lower graft
survival compared with patients without so-called panel reactive antibodies (PRA).
Lobo et al.* demonstrated that the occurrence of donor-directed cytotoxic antibodies
at the time of rejection was a bad prognostic sign for 1-year graft survival. At the
time of rejection, antibodies were detected in 23% of the patients and their 1-year
graft survival was 26%. Patients with rejection but without detectable antibodies
had a 1-year graft survival of 72%. Rejection-free patients had no antibodies and
had a functioning graft at 1 year.

Flow cytometry (FC) is a more sensitive method, which detects complement-fixing
antibodies as well as non-complement-fixing antibodies'*. Data are available
showing that FC more often detects patients that have developed antibodies alter
transplantation. Scomik et al.' showed donor-directed antibodies to be present after
transplantation in 27% of the patients with rejection versus 0% in the nonrejectors.
In approximately half of the patients, these antibodies were detectable before
rejection was clinically diagnosed. Recently, Utzig et al." demonstrated that hall of
the patients who developed antibodies after transplantation experienced rejection,
whereas, in Ab-negative (Abneg) patients, this was only 15%.

One of the major drawbacks of the FC technique is the lack of standardization. The
definition of positive and negative test results varies considerably between different
investigations. Usually, discrimination between positive and negative results is
based on reaction of a 'third-party' negative control serum with donor lymphocytes
from different individuals'. When monitoring patients after transplantation, a
different approach can be used. Development of donor-directed antibodies might be
assessed by direct comparison of differences in reactivity of various sera of the
same recipient against donor cells. In that way, smaller differences in reactivity
against donor cells might be detected. The purpose of the present study was to
investigate the effect of the posttransplant FC crossmatch on clinical outcome in
renal transplant recipients.

Materials and Methods

Patients

All patients included received a cadaveric kidney graft in our center between
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January 1983 and December 1992 and have been described previously'".
Lymphocytes were available from 143 donor-recipient combinations. The patients
were treated with cyclosporine (CsA), and their characteristics are presented in
Table 6.1.
Transplants were performed under the auspices of Eurotransplant. Matching
priority was HLA-DR, HLA-B, and HLA-A. All patients had negative class I
crossmatches (NIH) at the time of transplantation with current as well as
Ab-positive (Abpos) historical samples (peak sera). Current sera were drawn at the
time of transplantation. Posttransplant sera were obtained after rejection or within 6
months after transplantation if no rejection-episode occurred. In case the kidney
graft had to be removed, blood samples were drawn 2-4 weeks later. Sera drawn
within 10 days after the last gift of OKT3 were excluded to avoid false positive
results". Crossmatches were performed using liquid-nitrogen-stored spleen
lymphocytes of the kidney donors.

Table 6.1 Pretransplant recipient and donor characteristics'.

Recipient age (yr)
Donor age (yr)
Gender (m/t)

WIT (min)
("IT (hour)

PR A (%) Peak serum
Current serum

Current/peak PR A 0 - 5%
6 - 84%

85 - 100%

Number of transfusions

Transplant no. 1
2
3
4

Number of mismatches
HLA-A 0 / 1 / 2
HLA-B 0 / 1 / 2
HLA-DR 0 / 1 / 2

* Data are given as numbers or mean ±SD.

46.6
37.4

86

35
29.6

28
17

%
38
9

5

± 12.94
± 17.40
/57

± 9.9
±7.33

± 36.6
± 29.0

/73
/46
/24

± 10.5

102
30
9
2

52/
41 /
84/

69/22
88/ 14
55/ 4
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Immunosuppression

The immunosuppressive regimen consisted of CsA and low-dose prednisolone
(PRED; 10 mg/day) for recipients of first grafts. The CsA was started
intravenously before surgery (continuous infusion; 4 mg/kg/24hr) and switched
orally (4 mg/kg b.i.d.) at day 2. The PRED dose was diminished to 7.5 mg/day at
month 1 and to 5 mg/day at month 3. For recipients without rejection, the PRED
dose was further tapered to 0 mg in the next months. For highly immunized
recipients (PRA>85%) and retransplant recipients, azathioprine (AZA, ±1 mg/kg
body weight) was added to the above-described regimen, and the dose of PRED
was tapered to 5 mg. The CsA level was determined in whole blood by high-
performance liquid chromatography or by monoclonal radioimmunoassay. The
trough CsA level for CsA + PRED recipients was 0.15-0.20 mg/L in the first 3
months after transplantation and 0.10-0.15 mg/L after 3 months. For
CsA + PRED+Aza recipients, the trough CsA level was 0.10-0.15 mg/L in the first
3 months after transplantation and 0.05-0.10 mg/L after 3 months.

Clinical outcome parameters

Rejection was defined as any rejection treatment in the first 6 months after
grafting. In general, rejections were proven by needle core biopsy. Rejection
treatment consisted of a 10-day course of rabbit anti-lymphocyte globulin (RIVM,
Bilthoven, the Netherlands) or OKT3-Orthoclone (Jansen Cilag, Tilburg, the
Netherlands). For patients who had received rabbit anti-lymphocyte globulin in the
past or who had a seriously compromised cardiovascular system, the rejection was
treated with three doses of methylprednisolone (0.5-1.0 g/dose).

Graft failure was defined as loss of kidney function but also included death of
recipient with functioning graft. No exclusions were made. Graft failure was also
analysed with censoring death with functioning graft in the Cox-regression analysis
as stated in the text.
All patients were followed up until January 1, 1996, or until their date of death.

Crossmatcb.es

Crossmatches performed included two complement-dependent crossmatches: the
standard NIH crossmatch and the dithiothreitol (DTT) crossmatch in which the
serum is treated with dithiotreitol to reduce IgM antibodies. Pre- and posttransplant
sera were tested by both complement-dependent techniques as well as by FC using
liquid-nitrogen-stored spleen lymphocytes of the kidney donor. In NIH, presence of
donor-directed antibodies in the recipient serum was defined as cell death >20%
above background. If DTT treatment decreased cell death to less than 20% above
background, donor-specific antibodies of the IgG type were considered absent.
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The FC crossmatch technique was performed as described previously'". In short,
10* lymphocytes were incubated with 50 /*L of serum for 30 min at 21 °C. After
washing, 20 /xL of a fluorescein-conjugated F(ab)'2 goat anti-human IgG (Tago,
Burlingame, CA) diluted 1:16 were added, as well as 5 /*L of phycoerythrin-
conjugated anti-CD3 mouse monoclonal Ab (Dakopatts, Glostrup, Denmark) and
incubated for 30 min at 4°C. Finally, cells were washed twice and resuspended in
250 jtL of phosphate-buffered saline. For all donor crossmatches, spleen
lymphocytes were incubated with (1) the recipient's current serum, (2) the
recipient's posttransplant serum, (3) a positive control serum, and (4) a negative
control serum. The positive control was an allo-antiserum routinely used in our
laboratory with 100% PR A. The negative control was pooled serum from 20
healthy male blood bank donors. Flow cytometric analysis was performed with a
FACScan flow cytometer (Becton Dickinson, 256 channels, logarithmic scale).
Routine instrument function quality control included calibration by test beads and
fluorescence compensation (Calibrite; Becton Dickinson). From each sample,
10,000 cells were analyzed in the lymphocyte gate. From the CD3* cells, a
histogram of fluorescein isothiocyanate (logarithmic scale) was made. The median
channel of fluorescence was calculated.

Crossmatch results were expressed as the fluorescence ratio between median
channel of recipient serum and negative control. The presence of donor-directed
antibodies by FC was defined by comparing the fluorescence ratio of patient serum
to the fluorescence ratio of negative control sera (mean= 1.185, SD=0.487) as
described by Scornik et al.'. The cutoff point for presence or absence of antibodies
was set at 2.65 (mean + 3SD). Antibodies were regarded as present if the ratio of
the median channel of the patient serum to the negative control serum was ^2 .65 ,
provided the ratio of positive control to negative control was >2.65. Antibodies
were regarded as absent if the ratio of the median channel of the patient serum to
the negative control was <2.65, provided the ratio of positive control to negative
control was S2.65.

Presence of donor-specific antibodies was also defined by the relative change in
fluorescence ratio (RCFR) of the posttransplant serum compared with the
fluorescence ratio of the pretransplant serum. RCFR was defined as the median
channel of fluorescence of postserum minus preserum divided by preserum times
100%. An increase in fluorescence ratio is considered an indication for the
presence of donor-specific antibodies.
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Statistics

Statistical analysis was performed using SPSS for Windows version 6.1. The
proportional hazards regression analysis (Cox regression) was performed by both
stepwise forward and backward selection techniques for all suspected risk factors
except the result of the FC technique, which was always included in each model. In
case rejection was the outcome parameter, the suspected risk factors tested for
included age of recipient, gender, current PRA, transplant number, number of
HLA ABDR mismatches, and age of donor. Current PRA was classified according
to Eurotransplant criteria, i.e., nonimmunized (Nl). immunized (I), and highly
immunized (HI). Subsequently, a basic model was tested for. which included only
direct risk odds ratio effects that were statistically significant. Thereafter, all
interaction terms were introduced separately into the basic model. With graft
survival as outcome parameter, rejection was included as a risk factor in the
model. The same policy in model selection was followed for the outcome variable.
Parametric (independent groups Student's Mest) and nonparametric tests (Pearson
chi-square test. Fisher's exact test, Kruskal-Wallis test) were performed when
indicated. A P-value<0.05 was considered to be statistically significant.

Results

Antibodies (CDC) posttransplant and clinical outcome

Posttransplant sera of 143 patients were tested for the presence of class I antibodies
directed against the donor by performing CDC crossmatches (NIH, IXIT) with
spleen lymphocytes of their kidney donors. For 12 of the donors, the viability of
the lymphocytes was insufficient to perform a reliable CDC crossmatch. Of the
remaining 131 patients, 8 (6.1%) were shown to be Abpos, whereas, in 123
(93.9%) patients, no antibodies could be detected (Abneg). Abpos recipients had a
significantly lower 1-year graft survival rate compared with Abneg recipients:
37.5% versus 86.2% (Fisher's exact test; />=O.OO35). All 8 Abpos patients were
treated for rejection (100%) versus 46 of the 123 Abneg patients (37.4%) (Fisher's
exact test; P=0.0006). Rejection was diagnosed at a median of 7 days after
transplantation for Abpos patients (range, 0-100) and 9 days after transplantation
for Abneg patients (range, 1-136) (Kruskal-Wallis test, x*=0.238, 1 df; P=0.63).

Both groups did not differ significantly for pretransplant characteristics (age of
donor, age and gender of recipient, peak and current PRA grade, warm ischemia
time, cold ischemia time, number of transfusions, transplant number, number of
HLA-ABDR mismatches). The posttransplant serum was drawn 100.5 days after
transplantation (median; range, 10-166) for Abpos patients and 40 days (median;
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range, 2-164) for Abneg patients (Kruskal-Wallis test x* = 115, 1 df; />=0.28).

Antibodies (FC) posttransplant and clinical outcome

Posttransplant sera of all patients were tested for the presence of antibodies directed
against the donor by FC crossmatches. Of 143 patients, 17 (11.9%) were found to
be positive and 126 (88.1 %) were negative.
In 16 recipients (11.2%), a pretransplant positive FC crossmatch had been
demonstrated (Abprepos group). Of these patients, 3 remained positive in the
posttransplant FC crossmatch, whereas 13 turned negative. Fourteen recipients
(9.8%) demonstrated a positive posttransplant FC crossmatch after a negative
current FC crossmatch (Abpostpos group), whereas in 113 recipients (79%) both
pre- and posttransplant FC crossmatches were negative (Abneg group).

G'ra/c
Cox-regression analysis of risk factors (Ab group, age of recipient, gender, current
PR A, the occurrence of rejection, transplant number, number of HLA-ABDR mis-
matches, and age of donor) revealed the Ab group to be the only risk factor
contributing to graft survival (P=0.051, 2 df)- The Abpostpos group had an odds
ratio of 2.25 (95% CI: 1.17-4.32) compared with the Abneg group (Table 6.2).
The 5-year graft survival rates for Abpostpos recipients and Abneg recipients were
35% and 60%, respectively (Figure 6.1). When patients who died with functioning
graft were censored, graft survival rates were significantly lower in Abpostpos
recipients compared with the other groups (P<0 .01 , 2 df) (Table 6.2).

Cox regression analysis of risk factors (Ab group, age of recipient, gender, current
PR A, transplant number, number of HLA-ABDR mismatches, and age of donor)
revealed current PRA (/>=0.005, 2 df), number of HLA-DR mismatches (O vs.
S i , P < 0 . 0 l ) , gender (P=0.02). and Ab group (P<0.001, 2 df) to contribute
significantly to incidence of rejection. Patients with antibodies after transplant had a
significant higher rejection rate compared with the other groups (P=0.0001).
Rejection rates were 80%, 25%, and 35% for Abpostpos, Abprepos, and Abneg
patients, respectively (Table 6.3 and Figure 6.2). The number of days between date
of rejection and date of serum sample was not significantly different between the
three groups (median number of days (range): 16 (7-105), 59 (-62 to 159), and 24
(-81 to 139), respectively) (Kruskal-Wallis test: x^=4.24, 2 df; P=0.12).
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Table 6.2 Graft survival based on FC crossmatch result*.

Risk factor Odds ratio (95** Cl range) df

Death with functioning graft included in graft loss

FCXM(all) '
FCXM (2 vs. 1)
FCXM (3 vs. 1)
FCXM (3 vs. 2)

Death with functioning graft censored

FCXM (all)
FCXM (2 vs. I)
FCXM (3 vs. 1)
FCXM (3 vs. 2)

2.25
I 19
0.53

3.11
1.14
0.37

(1.17-4.32)
(0.56-2.50)
(0.21-1.31)

(1.53-6.32)
(0.45-2.94)
(0.13-1.08)

0.051
0015
0.653
0 169

0007
0.002
0 779
0.068

Cox regression analysis in 143 recipients: suspected risk factors are recipient age. donor age,
current PRA, transplant number, number of HLA-ABDR mismatches, occurrence of
rejection, and gender. The final model results are shewn including FC crossmatch result as
the only statistically significant risk factor. Risk factors with more than two categories are
broken down to indicator contrasts. FCXM I = negative pretransplant. negative
posttransplant: FCXM 2= negative pretransplant. positive posttransplant. FCXM 3 -
positive pretransplant, negative or positive posttransplant.

ro

FCXM 1

0.0
3 4 5

years ^ter transptartabon

Figure 6.1 Predicted graft survival based on FC crossmatch result with risk factor FC
crossmatch result. Cox regression model plot by risk factor FC crossmatch result.
FCXM 1. patients with a negative pretransplant. negative posttransplant crossmatch
(n= 113); FCXM 2 patients with a negative pretransplant, positive posttransplant
crossmatch (n=14); FCXM 3. patients with a positive pretransplant, negative or
positive posttransplant crossmatch (n= 16).
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Figure 6.2 Predicted rejection-free survival based on FC crossmatch result. Cox regression
model plot by FC crossmatch result with risk factors gender, current PRA. and
number of DR mismatches. FCXM I, patients with a negative pretransplant,
negative posttransplant crossmatch (n = 113); FCXM 2, patients with a negative
pretransplant. positive posttransplant crossmatch (n=14); FCXM 3, patients with a
positive pretransplant, negative or positive posttransplant crossmatch (n = 16).
Category survival curves are corrected for gender, number of DR mismatches and
current PRA (classified according to Eurotransplant definition).

Tkble 6.3 Rejection based on FC crossmatch result'.

Risk factor

FCXM (all)
FCXM (2 vs. 1)
FCXM (3 vs. 1)
FCXM (3 vs. 2)
Mismatch
HLA-DR(U1 vs. 0)
Gender (female)
Current PRA" (all)
Current PRA (1 vs. Nl)
Current PRA (HI vs Nl)
Current PRA (HI vs. 1)

Odds-ratio

_
4.18
0.64
0.15
2.04
1.88

.
1.57
6.75
4.32

(95% CI range)

(2.06-8.49)
(0.25-1.62)
(0.05-0.48)
(1.20-3.48)
(1.10-3.22)

.
(0.85-2.88)
(2.57-17.76)
(1.65-11.31)

df

2

2
1
1
1

/•-value

0.001
0.001
0.348
0.001
0.009
0.022

0.001
0.151
0.001
0.003

* Cox regression analysis in 143 recipients: suspected risk factor are recipient age, donor age.
current PRA. transplant number, number of HLA-ABDR mismatches, and gender. The final
model results are shi*vn including FC crossmatch result, number of DR mismatches, and
current PRA as statistically significant risk factors. Risk factors with more than two categories
are broken down to indicator contrasts. FCXM 1 = negative pretransplant. negative
posttransplant; FCXM 2= negative pretransplant, positive posttransplant: FCXM 3= positive
pretransplant. negative or positive posttransplant.

* PRA classification according to Furotransplant: Nl= nonimmunized (0-5%); 1= immunized
(6-84%); HI» highly immunized (>85%).
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Antibodies posttransplant defined as RCFR and clinical outcome

The difference between current and posttransplant FC crossmatch value was
expressed as the RCFR. An increase in the RCFR was shown in 74 patients; for
the remaining patients the ratio was unchanged or decreased. The RCFR ranged
from -85 to 1000 with a median of 3. Because of the skewed distribution, log
transformation of the data was performed. In the Cox regression analysis, these
log-transformed RCFR proved to contribute significantly to graft survival
(/>=0.0043) and rejection (/>=0.0026). To locate the caesura for increased risk,
patients were classified into 4 groups (quartiles) according to their change in
fluorescence ratio after grafting compared with pregrafting. The groups were
approximately equal in size. Patients in quartilc 1 (n = 35) had a decrease of > 10%
in fluorescence ratio between pre- and posttransplant crossmatch result. Patients in
quartile 2 (n = 34) had a decrease from < 10% to 0%, and patients in quartile 3
(n=38) showed an increase from 0-30%, whereas patients in quartile 4 (n = 36) had
an increase >30%. The size of the groups was sufficiently large for application of
Cox regression analysis.

Gra/r
Cox regression analysis of risk factors (quartile, age of recipient, gender, current
PRA, occurrence of rejection, transplant number, number of HLA-ABDR
mismatches, and age of donor) revealed that the quartile was the only significant
risk factor contributing to graft survival (P=0.014). Patients in quartile 4 had a
significant lower graft survival rate compared with patients in quartile 1 (odds ratio
for graft loss quartile 4 vs. quartile 1: 3.27 (95% CI: 1.56-6.85). Differences
between the other quartiles were not statistically significant (Table 6.4). Patients in
quartile 1 had a 5-year graft survival rate of 76%, whereas in quartile 2 and 3 this
was 59% and in quartile 4 34% (Figure 6.3). When patients who died with
functioning graft were censored, the patients in quartile 4 had a statistically
significant lower graft survival rate compared with patients in quartile 1 + 2
(/>=0.04) (Table 6.4).
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Figure 6.3 Predicted graft survival based on relative change in fluorescence ratio (RCFR). Cox
regression model plot by risk factor RCFR. Quartiles are defined as follows: Ql,
decrease > 10% (n = 35); Q2, decrease 0-10% (n = 34); Q3, increase <30% (n = 38);
Q4, increase >30% (n-36).

Table 6.4 Graft survival based on relative change in fluorescence ration (RCFR).

Risk factor Odds ratio (95% Cl range) df

Death with functioning graft included in graft loss

Quart iles (all)
Quartiles (2 vs. I)
Quartiles (3 vs. I)
Quartiles (4 vs. I)
Quartiles (3 vs. 2)
Quartiles (4 vs. 2)
Quartiles (4 vs. 3)

Death with functioning graft censored

Quartiles (all)
Quartiles (2 vs. 1)
Quartiles (3 vs. I)
Quartiles (4 vs. I)
Quartiles (3 vs. 2)
Quartiles (4 vs. 2)
Quartiles (4 vs. 3)

-
1.87
1.93
3.27
1.03
1.75
1 69

1.09
1.92
2.66
1.75
2.43
1.39

-
(0 86-4
(0 90-4
(1.56-6
(0.54-1
(0.94-3
(0.93-3

(0.41-2
(0.82-4
(1.14-6
(0.75-4
(1.04-5
(0.69-2

10)
.13)
.85)
.97)
.26)
•07)

.92)
48)
.23)
10)
70)
.78)

» 0.014
0 116
0089
0.002
0926
0.079
0.082

5 0.066
0.857
0.133
0.024
0 196
0.041
0.355

Cox regression analysis in 143 recipients: suspected risk factors recipient age, donor age.
current PR A. transplant number, number of HLA-ABDR mismatches, occurrence of rejection.
and gender The final model results are shown including FC crossmatch result as the only
statistically significant risk factor. Risk factors with more than two categories are broken down
to indicator contrasts.
RCI'R classified as quartiles 1 through 4: Ql . decrease > 10%; Q2. decrease 0-10%; Q3.
increase <30%; Q4. increase >30%.
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Current PRA (/><0.0001, 2 dO, the number of mismatches for HLA-DR (O vs.
S i ; />=0.02), gender (P<0.01) . and quartile (P<0.0001, 3 df) contributed
significantly to rejection as shown by Cox-regression analysis of risk factors
(quartile. age of recipient, gender, current PRA, transplant number, number of
HLA-ABDR mismatches, and age of donor). Patients in quartile 4 had a
significantly higher rejection rate (75%) compared with all other quartiles.
Quartiles 2 and 3 had an almost equal rate of 30%, whereas quartile 1 showed
15% rejection. A trend toward more rejections was noticed for increasing quartile
numbers; however, the differences between quartiles 1, 2, and 3 were not
statistically significant (Table 6.5 and Figure 6.4).

Ifcble 6.5 Rejection based on relative change in fluorescence ratio (RCFR)'

Risk factor''

Quart lies (all)
Quartiles (2 vs. 1)
Quartiles (3 vs. 1)
Quartiles (4 vs. 1)
Quartiles (3 vs. 2)
Quartiles (4 vs. 2)
Quartiles (4 vs. 3)
Mismatch HLA-DR ( £ 1 vs. 0)
Gender (female)
Current PRA' (all)
Current PRA (1 vs. Nl)
Current PRA (HI vs. Nl)
Current PRA (HI vs. 1)

Odds ratio

2.16
2.07
7.00
0.96
3.24
3.39
1.87
2.16

.
2.32
9.10
392

(95% Cl range)

(0.88-5.30)
(0.80-5.32)

(2.86-17 16)
(0.42-2.18)
(1.56-6.73)
(1.61-7.13)
(1.10-3.19)
(1.23-3.78)

(I .2M.44)
(3.59-23.09)
(1.57-9.78)

df

3

:

#•

0.001
0.092
0.132
0001
0 915
0.002
0O0I
0 021
0.007
0.001
0 011
0001
0003

* Cox regression analysis in 143 recipients: suspected risk factors recipient age. donor age.
current PRA, transplant number, number of' HLA-ABDR mismatches, and gender. The final
model results are shown including FC crossmatch result, number of DR mismatches, gender,
and current PRA as statistically significant risk factors. Risk factors with more than two
categories are broken down to indicator contrasts.

' RCFR classified as quartiles I through 4: Ql, decrease > 10%; Q2, decrease 0-10%, Q3,
increase <30%; Q4. increase >30%.

' PRA classification according to Eurotransplant: Nl= non immunized (0-5%); 1= immunized (6-
84%); Hl= highly immunized (>85%).
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Figure 6.4 Predicted rejection-free survival based on relative change in fluorescence ratio
(RCFR). Cox regression model plot by RCFR with risk factors gender, current
PRA, and number of DR mismatches. Quartiles are defined as follows: Ql, decrease
>IO% (n-35); Q2, decrease 0-10% (n = 34); Q3, increase <30% (n = 38); Q4,
increase >30% (n = 36). Category survival curves are corrected for gender, number
of DR mismatches, and current PRA (classified according to Eurotransplant
definition).

The interaction term between gender and quartile turned out to be statistically
significant (/'=().0014, 3 df). Separate analysis for male patients could not be
performed due to size of patient population. In female patients, it enhances the
discriminating effect by showing an additional statistical difference between quartile
1 and higher quartiles (quartile 1-2: P=0.02, quartile 1-3: P=0.0001, quartile 1-4:
/>=().0089). The differences between quartile 4 and lower quartiles were
maintained.
The number of days between date of rejection and date of serum sample did not
differ significantly among the four groups (median number of days (range) for
quartile I: 49 (-62 to 139), for quartile 2: 18.5 (-81 to 126), for quartile 3: 20
(10-83), and for quartile 4: 20 (7-159) (Kruskal-Wallis test: x'=4.17, 3 df;

Discussion

Our data continued that detection of Ab development after transplantation by FC is
more frequent than by CDC. The percentage of Abpos patients in 143 recipients
who received transplants between 1983 and 1993 increased from 6.1% by CDC to
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9.8% by FC. Flow cytometric results were also studied as RCFR. RCFR was
determined by classifying the recipients in quartiles according to their pcrccntual
change in flow cytometric value from current to posttransplant serum. Thus, 25%
of the patients (quartile 4) showed an increase >30% of FC crossmatch positivity.
Many of these patients were considered Abneg by classical FC mismatches.
However, their 5 year graft survival is decreased by 40% and rejection-free
survival by 60% compared with the patients in quartile 1. RCFR therefore is
considered a powerful tool in the determination of rejection.

In a number of studies, higher percentages of FC positive patients were found™'*.
The difference with the present results may be partly explained by a different
definition of positivity leading to underestimation of the number of positive results.
Discrimination between negative and positive results is usually based on the mean
of a number of 'negative' human control sera. These negative sera show variability
in their reactivity against lymphocytes from different individuals. The cutoff point
defined by the mean channel shift plus standard deviations could result in lack of
detection of low but significant Ab concentrations''. It is obvious that the sensitivity
of the technique increases by choosing the negative control value as low as
possible. In the study of Utzig et a l . \ for example, as many as 78% of the patients
with rejections were Abpos with a specificity of 52%. In their study, no human
serum was added to the negative control reaction.

To avoid the use of a negative control serum in the definition of the cutoff point,
the FC activity of sera before and after transplantation was compared directly.
Because both sera were tested with the same target cells, this comparison was
considered justified. The FC crossmatch result was expressed as RCFR.
A significant effect on graft survival was shown by the log-transformed data
(P=0.0043). The height of RCFR was related to both rejection rate and graft
survival. About one half of the patients showed an increase in RCFR, whereas the
others remained unchanged or showed a decrease. In the RCFR-increased group, a
significantly higher rate of rejection and graft failure was noticed compared with
the group with no change or decrease.

Each group was divided again, resulting in 4 quartiles, each consisting of about 35
patients. Quartiles with a small increase (quartile 3, <30%) or decrease (quartile
2, <10%) in RCFR differed neither for the incidence of rejection nor graft
survival. However, an increase of more than 30% (quartile 4) detected patients
with a high incidence of rejection and lower graft survival, whereas a decrease of
more than 10% (quartile 1) determined a patient group with a low incidence of
rejection and high graft survival. The cut-off points in this study are chosen
arbitrarily and are merely indicative. For a more precise estimation of the
percentages a larger patient population must be studied.
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It is noteworthy that many patients with an increase of >30% in fluorescence ratio
did not develop antibodies according to the definition given by Scornik'. However
their rate of rejection and graft loss was comparable with FC crossmatch positive
patients.

As shown previously, 16 patients had a positive current FC crossmatch with a
median fluorescence ratio of 4.94'°. Ten of them also had a positive crossmatch
with the historical peak serum drawn up to 2 years before transplantation. In this
study, 13 out of the 16 current FC-positive patients were demonstrated to become
negative after transplantation. They showed good 1-year graft survival (93%) and
intermediate rejection rate (46%). As has been reported by different authors'""'*,
a positive FC crossmatch does not necessarily influence the clinical outcome of
transplantation. Only three patients remained positive after transplantation. Two
were treated for rejection, and one lost his graft within 1 year after transplantation.
The number of patients in both groups are small, which makes it difficult to draw
definite conclusions. The mechanism by which certain patients turned negative after
transplantation is unknown. The occurrence of anti-idiotypic antibodies as described
by Suciu-Foca" is a possible although unproven explanation.

Many risk factors are known to influence graft failure or rejection. In this study,
both rejection and graft survival were analyzed by Cox regression. Besides well-
known risk factors, such as PRA-grade, HLA-DR match, and gender of recipient,
the RCFR contributed significantly to rejection. It has been shown that occurrence
of rejection is one of the most important prognostic factors for long term graft
survival'"".
As measured by the Cox regression model for selecting risk factors contributing to
graft survival (censoring death with function), rejection tended to contribute
(P=0.09) if introduced as a single risk factor. When both RCFR and rejection
were given as risk factors, RCFR tended to contribute toward graft survival
(P=0.12) whereas rejection did not (P=0.91). When RCFR was introduced as the
only suspected risk factor, it was shown to be a significant risk factor (overall
P=0.055; quartile 4 vs. 1 P=0.02). The fact that rejection did not prove to be a
significant risk factor cannot be explained by the correlation between rejection and
change in fluorescence. Only 40% of the rejectors belonged to the group with a
major increase in fluorescence.

Acute vascular rejection has been shown to influence graft survival in contrast to
acute interstitial rejection". Vascular rejection is an Ab-mediated reaction, whereas
interstitial rejection is cell-mediated.
A major increase in fluorescence (>30%) was noticed in this study in patients
without any clinical sign of rejection. These patients also had worse graft survival,
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suggesting subclinical vascular rejection leading to long-term graft loss.

RCFR was the only statistically significant predictor of graft failure in the present
investigation. Because this was a retrospective study, it would be interesting to
investigate this approach in a prospective study. An increase in median channel
>30% discriminates at least twice as many patients with high rejection rates and
low graft survival than Ab determination by "standard" FC techniques. Of the
patients with functioning graft at 1 year (n=125), those with >30% increase had a
half life of 4.6 years, in contrast to patients with > 10% decrease, who had a half
life of 15.1 years. The RCFR might not only be indicative of short-term graft loss
but also of a higher chance of long-term graft loss. Further prospective studies are
necessary to establish the value of this approach in clinical transplantation.
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Introduction and pharmacokinetics

Tacrolimus is a very potent immunosuppressive agent. It is 10 to 100 times more
effective than cyclosporine when tested in vitro. Dosages on a mg/kg basis are
correspondingly lower than those of cyclosporine. The solid disperse formulation of
tacrolimus ensures a rapid oral absorption. This absorption is independent of bile
and occurs throughout the gastrointestinal tract, with the duodenum and jejunum
being the main sites of absorption.The large degree of interpatient variability of
oral bioavailability (range 6%-43%) means that monitoring of blood levels is
necessary to guide dosing. Whole blood trough level of tacrolimus is a reliable
indicator of systemic exposure.

Tracolimus is metabolized by the cytochrome P450 3A4 isoenzyme. Important
clinical important interactions exist with drugs that inhibit (e.g., cimetidine,
erythromycin) or induce (phenytoin, barbiturates) this cytochrome, resulting in
respectively higher and lower systemic exposure of tacrolimus when used
concomitanlly.

Efficacy

The efficacy of the drug has been demonstrated in various trials both in Europe and
in the USA. One example is the European renal multicenter trial, in which the
efficacy of tacrolimus was compared with that of cyclosporine'. Patients (n=448)
were randomized to receive triple drug therapy consisting of tacrolimus or
cyclosporine in combination with low-dose corticosteroids and azathioprine. At 12
months after transplantation, tacrolimus-based immunosuppression was associated
with a significant reduction in the frequency of both acute (25.9% vs. 45.7%) and
corticosteroid-resistant (11.3% vs. 21.6%) rejection. Analysis of biopsies showed
that also the percentage of vascular rejection was nearly halved. One-year graft
survival rates did not differ significantly between the two treatment groups. The
1-year results of the USA trial with a total of 412 patients were, to a large extent,
comparable with those of the European trial". However, in the 3-year analysis the
number of graft failures (graft loss excluding death) was significantly lower in the
tacrolimus group'. These data suggest that the reduced rate and histologic severity
of acute rejection in the first year is beginning to yield a difference in graft
survival.
Tacrolimus has also been successfully used as a rescue agent for salvage of
allogratts with refractory rejection under cyclosporine-based immunosuppression.
By their very nature, these trials have been non-randomized*. The success rates
range from 50% to 100%.
In the USA trial, 34 cyclosporine patients with a proven refractory rejection were
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converted to tacrolimus\ The rejection resolved in 26 patients (76.5%). while one
of the two tacrolimus patients was rescued with cyclosporine-based therapy tor
refractory rejection. This superior efficacy of tacrolimus has also been
demonstrated in retransplants. The incidence of rejection in retransplants on a
tacrolimus-based therapy was significantly less than in both primary and
«transplant recipients receiving cyclosporine'. A summary of the relative efficacy
of both compounds is given in Table 7a. 1.

Table 7a. 1 Efficacy of tacrolimus versus cydosporine (+aza +prcd).

Tacrolimus Cyclosporine

Acute rejection I
Steroid-resistant rejection 4
Recurrent rejection 4
Vascular rejection 4
Treatment failure 4
1-year graft survival •
3-year graft survival (USA) 4

Safety and side effects

The safety profiles of tacrolimus- and cyclosporine-based regimens are quite
comparable' "\ There is no difference with regard to patient survival on to incidence
of infections, lymphoma, or cancer (Table 7a.2). Serum creatinine and creatinine
clearance do not differ, indicating that the nephrotoxic properties of both drugs are
the same. Tremor and diarrhea are observed more often with tacrolimus, while
hirsutism and gingival hyperplasia are almost exclusively observed during
cyclosporine use. A significantly higher incidence of hyperglycemia has been
demonstrated in tacrolimus patients than in cyclosporine patients. Risk factors for
developing diabetes mellitus are: high levels of tacrolimus, concomitant use of
steroids, race, and high body mass index'*. We have found that tacrolimus
inhibitisz C-peptide secretion. This secretion improves considerably when levels are
decreased. This is consistent with the clinical experience that if diabetes mellitus
occurs, dose reduction usually leads to reversal of the diabetes mellitus. We have
furthermore observed that a high proportion of renal transplant recipients have a
low c-peptide secretion even prior to transplantation. These patients, in particular,
are at risk for developing hyperglycemia during the use of tacrolimus''.
The cardiovascular risk profile is much more favorable during the use of
tacrolimus than of cyclosporine'. There is significantly better control of
hypertension, and a higher proportion of patients are off antihypertensive drugs.
Moreover, lipids (total cholesterol, LDL cholesterol, and triglycerides) are lower in
patients on tacrolimus, even though there is significantly less use of statins after 3
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years (14.4% and 38.7% respectively)'.
The better control of hypertension and more favorable lipid profile may have
potentially beneficial effects in the long term because both have been linked to
cardiovascular disease and chronic transplant nephropathy. The latter two are the
most important complications after successful renal transplantation. A summary of
the relative safety and the side effects of tacrolimus and cyclosporine is given in
Table 7a.2.

Table 7a.2 Safety and side effects of tacrolimus vs. cyclosporine (+aza +pred).

Tacrolimus Cyclosporine

Patient survival =
Cancer •
PTLD -
Infection —
Nephrotoxicity •
Tremor t
Diarrhoea t
Diabetes Mcllitus t
Hirsulism t
(ium hyperplasia t
Cardiovascular risk factors t

Optimal combination

It has been shown that the addition of azathioprine to the combination of tacrolimus
and steroids is not uniformly advantageous, although there is a slight reduction in
the incidence of rejection. The incidence of steroid-resistant rejection is not
influenced by adding azathioprine'.
However, the addition of MMF to tacrolimus-based immunosuppression leads to a
very low incidence of both acute and steroid-resistant rejection (9.8%-22.9% and
1.7%-4.3% respectively)*". A daily dosage of 2 grams of MMF gives a high
incidence of gastrointestinal problems. This may be explained by the observation
that when MMF and tacrolimus are combined, MPA levels slowly increase over
time'". Therefore, it seems advisable to use 2 grams of MMF for the initial 2-3
weeks. Thereafter, dosages can be tapered to 1 gram daily'".

Summary

Tacrolimus is a very potent drug for preventing all types of acute rejection after
renal transplantation. In particular the decrease in vascular rejection may have
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important long-term implications. This is demonstrated in the 3-year data of the US
multicentre trial, where a significant decrease in graft loss was observed in the
tacrolimus patients compared to the cyclosporine patients. The safety profiles of
both drugs are the same, but there are some major differences in side effects.
Hyperglycemia is observed more during tacrolimus administration, but generally
the induction of hyperglycemia is a dose-dependent reversible process, that leads
generally to diabetes mellitus during high systemic exposure. Moreover, the
frequency of hyperglycemia is higher in certain races and in pre-diabetics. Gum
hyperplasia and hirsutism arc not seen with tacrolimus. and there is a more
favorable cardiovascular risk profile during tacrolimus than during use of
cyclosporine.
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Introduction

In clinical trials, mycophenolate mofetil (MMF) in combination with cyclosporin
and corticosteroids has been shown to be a potent immunosuppressive agent in
cadaveric renal transplantation' ' \

After absorption, MMF is hydrolysed to its pharmacologically active form
mycophenolic acid (MPAy*. A large portion of MPA is further metabolised to its
glucuronide (MPAG), which is inactive, prior to its elimination'.

Very little is known about the pharmacokinetics of MMF in organ transplant
recipients receiving tacrolimus based immunosuppressive regimen. The present
report describes the pharmacokinetics of tacrolimus and MMF in renal allograft
recipients receiving both agents.

The objectives of this study were to obtain information on the effect of concomitant
administration of MMF- on the pharmacokinetics of tacrolimus and to characterise
the pharmacokinetics of MPA after the first dose and at steady state when
administered in combination with tacrolimus.

Methods

Subjects

The pharmacokinetics were evaluated in a subset of adult patients who were
recruited into a multi-centre, randomised, parallel-group, dose-finding study and
received a single-organ cadaveric renal transplant.

A total 63 patients (42 males, 21 females), with a mean age of 48.3 years (range
22-75 years) and a mean weight of 69.2 kg (range 37-108 kg), were randomised to
one of the following three treatment groups:

1. Tacrolimus and corticosteroids - without MMF (n=23),
2. Thcrolimus. corticosteroids, and 1 g/day MMF (n=19),
3. Tacrolimus, corticosteroids, and 2 g/day MMF (n=19),

Two patients did not provide adequate pharmacokinetic profiles.

Oral tacrolimus (initial daily dose of 0.2 mg/kg adjusted for target blood levels
below 15 ng/mL) and MMF were administered in 2 divided doses per day.
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Pharmacokinetic profiles

Whole blood samples were collected on day 3 (first dose of MMF). and on two
occasions at steady state, approximately 2 weeks and 3 months post-transplantation.
Samples were collected just before administration (0 hour) and at 0.5, 1, 2, 3, 4,
6, 8, 9, 10, 11, and 12 hours after administration.

Assay methods

Concentrations of tacrolimus in blood were determined by an HPLC-MS/MS
assay*. MPA and MPAG levels were determined by the HPLC method of Tsina el
al\ Reference standards for the MPA and MPAG assays were a gift from Roche
Bioscience, Palo Alto, USA.

Pharmacokinetic analysis

Model-independent methods were used to estimate the pharmacokinetic parameters
with the computer program TOPFIT version 2.0.

As tacrolimus therapy is based on adjusting the dose for the blood concentrations
within target range, any effect of MMF on the pharmacokinetics of tacrolimus was
evaluated by comparing the dose normalised (dose-normalised to 0.1 ing/kg) area
under the concentration-time profile (AUC) between treatment groups.

Results

Tacrolimus pharmacokinetics

The oral absorption profiles of tacrolimus collected on three occasions from each of
the three treatment groups are illustrated in Figure 7b. 1. The median times to peak
concentration which ranged from 1.1 to 2.3 hours indicated that tacrolimus was
rapidly absorbed. The effect of concomitant administration of MMF on the
pharmacokinetics of tacrolimus was evaluated by comparing the dose-normalised
AUC of the three treatment groups. A difference in this parameter among the three
treatment groups was not discernible (see Figure 7b. 2).
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Figure 7b.I Mean ±SEM oral absorption profiles of tacrolimus on day 3 ( • ) . week 3(B).
and month 3 ( A ) posttransplant.
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Figur* 7b.2 Comparison ot' mean ±SEM dose-normalised AUC of tacrolimus following the
oral administration ot tacrolimus
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MPA phannacokinetics

The blood concentration-time profiles of MPA following the 1-g and the 2-g doses
of MMF on three occasions are illustrated in Figure 7b.3. There was a
considerable overlap in the individual AUC values in the two dosing groups (see
Figure 7b.4). The mean AUC values for MPA in the 1-g and 2-g groups at week 2
were approximately 25 /xg.h/mL and 40 jtg.h/mL, respectively. Corresponding
AUC values at month 3 were approximately 20-30% higher (see Figure 7b.5).

10 12

Figure 7b.3 Mean ±SEM concentration-time profile of MPA following oral administration of
1-g or 2-g MMF in combination with tacrolimus.

Figure 7b.4 Individual MPA AUC values following oral administration of 1-g or 2-g MMF in
combination with tacrolimus.
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Figure 7b.5 Mean ±SD MPA AUC values following oral administration of 1-g or 2-g MMF
in combination with tacrolimus.

Conclusions

An effect on the absorption kinetics of tacrolimus, in terms of the rate of
absorption or extent of systemic availability, was not discernible with concomitant
administration of MMF. This suggests that, in order to achieve tacrolimus blood
levels within the recommended target range, no adjustment in tacrolimus dosing is
necessary when MMF is administered concomitantly.

There was a considerable overlap in the individual AUC values of MPA at all time
points between the 1-g and the 2-g MMF groups, suggesting that the 1-g MMF
dosage may provide adequate systemic exposure when given in combination with
tacrolimus. The increase in AUC at month 3 suggests that the dose of MMF may
need to be decreased with time post-transplant in order to maintain stable systemic
exposure to MPA.
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Introduction

When tested in in vitro models of immunosuppression, tacrolimus is 10 to 100
times more potent than cyclosporine. Thus, corresponding doses on a mg/kg basis
are much lower than those of cyclosporine. Tacrolimus is metabolized by the
cytochrome P450 3A4 isoenzyme, which is present in the upper gastrointestinal
tract and the liver'. Substances known to inhibit this isoenzyme (e.g., cimetidine.
erythromycin) may therefore decrease the metabolism of tacrolimus (increase blood
levels) and, conversely, drugs known to induce this isoenzyme (e.g., phenytoin,
barbiturates) may increase the metabolism of tacrolimus (decrease blood levels).
Hepatic impairment decreases the clearance of tacrolimus and thus lower doses
may be required in these patients. However, renal function does not influence drug
clearance. After transplantation clearance decreases with time, leading to a
reduction in the dose required'.

Relationship between whole blood levels, efficacy and toxicity

In an attempt to define an optimal dosing regimen, a prospective dose-finding study
was conducted in renal transplant patients in the USA. A significant linear trend
towards increasing rates of toxicity with increasing trough concentrations of
tacrolimus was observed. Conversely, episodes of acute rejection were associated
with lower trough concentrations. Results from this study indicated that trough
levels between 5 ng/niL and 25 ng/mL should be targeted in an attempt to optimize
the risk/benefit ratio*.
These findings were confirmed and extended by an analysis of a European
multiccnter trial. In this study, the risk of acute rejection was higher in patients
with low systemic exposure during the early posttransplant period. It was
concluded that to reduce the risk of rejection, a minimum trough concentration of
10 ng/mL should be achieved by day 2 to 3 posttransplant. Conversely, the risk of
toxicity (tremor, diabetes, nephrotoxicity) was significantly higher with prolonged
exposure to blood levels >20 ng/mL'.

Dosing and monitoring

The solid dispersion formulation of tacrolimus is rapidly absorbed after oral
administration and the mean bioavailability is approximately 20% (range 6% to
43%) in renal transplant patients'. This degree of variability means that the dosage
needs to be individualized using tacrolimus whole blood trough concentration

1S2



7c

monitoring as a guide. There is a highly significant correlation between area under
the concentration-time curve and trough levels of tacrolimus, indicating that trough
levels are reliable indicators of systemic exposure'.
Generally, in renal transplant patients, tacrolimus is initiated orally at 0.2 to 0.3
mg/kg body weight in two divided doses. It has been recommended that the first
oral dose of tacrolimus is given within 24 hours of surgery. If one follows this
advice, almost 30% of patients have a trough level below 10 ng/mL on day 7 and
are therefore at risk of rejection*. If the first dose is administered before surgery,
less than 5% of patients have levels below 10 ng/mL on day 7*.
During the early posttransplant period, regular monitoring of trough levels is
recommended. Due to the long half-life of tacrolimus (range 12 to 16 hours), it is
not necessary to measure blood levels on a daily basis. In general, tacrolimus doses
should be changed in 20% to 40% steps with no more than two dose changes per
week. Therefore, blood level monitoring should be undertaken 2 to 3 times per
week. Additional monitoring might be necessary based on clinical indications.
During maintenance therapy, less frequent blood level monitoring is required.
Trough levels should be monitored during regular check-up visits. Additional
monitoring should be undertaken after dose adjustment, after switching from
another immunosuppressive regimen, or following administration of drugs that
could potentially lead to interactions.

Therapeutic conduct at the Maastricht Transplantation Centre

The policy at the Maastricht Transplantation Centre is to avoid underdosing in the
early postoperative period. Underdosing leads to an increased risk of rejection,
while toxic effects of overdosing are reversible when doses are tapered. Generally,
one or two doses of tacrolimus (0.1 mg/kg) are administered orally before
transplantation. Patients are started on 0.3 mg/kg/day within 24 hours of surgery.
The trough level of tacrolimus is measured 2 days after surgery and is generally
between 15ng/mL to 20 ng/mL. In exceptional cases where the level is below
5 ng/mL the dose is doubled. In these circumstances, a pharmacokinetic profile is
performed to investigate whether the low level is due to poor absorption or rapid
metabolism of the drug. If the level is between 5ng/mL and 10 ng/mL the dose is
increased by 20% to 40% and if it is between 10 ng/mL and 15 ng/mL the dose is
increased by 10% to 20%. When the level is between 20 ng/mL and 30 ng/mL the
dose is decreased by 20% to 40%. If the level is between 30 ng/mL and 40 ng/mL
the dose is decreased by 50%. In rare cases when levels are above 40 ng/mL with
concomitant toxicity, the evening dose is omitted and the dose on the following day
is reduced by 50% or more (Table 7c. 1). The trough levels of tacrolimus are
between 15 ng/mL and 20 ng/mL during the first 2 weeks after transplantation,

153



10 ng/mL to 15 ng/mL in weeks 3 and 4, and between 5 ng/mL and 10 ng/mL
thereafter during the first year. After the first year, the target trough levels are
between 5 ng/mL and 7 ng/mL.
Corticosteroid pulse therapy is used if an acute rejection episode occurs. In these
cases, the dose of tacrolimus is increased if trough levels are below 15 ng/mL.

Table 7c.I Therapeutic conduct at the Maastricht Transplantation Centre.

Preopcrative Tacrolimus 0.1 mg/kg once or twice daily
Postoperative (start <24 hours after surgery) 0.3 mg/kg/day orally
Tacrolimus trough level at day 2-3 15-20 ng/mL (target)

Adjustment of dose according to tacrolimus trough level

< 5 ng/mL Increase dose by 100% after pharmacokinetic profile
5-10 ng/mL Increase dose by 20%-40%
10-15 ng/mL Increase dose by 10%-20%
15-20 ng/mL Dose unchanged
20-30 ng/niL Decrease dose by 20%-40%
30-40 ng/mL Decrease dose by 50%
>40 ng/mL Omit one dose and decrease next dose by 50% or more

Influence of food and diabetic state

There is a large interindividual variability in oral bioavailability of tacrolimus in
diabetic patients'. Therefore, it is logical to perform routine pretransplant
pharmacokinetic profiles to detect patients with low systemic exposure, as has been
suggested for cyclosporine\
After renal transplantation in nondiabetic patients, the mean difference in systemic
exposure to tacrolimus in the fasted and nonfasted state is only 2% at 3 weeks'.
This may be the best time to start taking tacrolimus with food. Stringent
monitoring of trough levels is necessary because there is a higher interpatient
variability in bioavailability in the nonfasting state. In diabetic patients, careful
dose adjustment may be required because in some individuals a clinically important
decrease in absorption of tacrolimus occurs when it is taken with food'.
Stable nondiabetic renal transplant patients who have been taking tacrolimus on an
empty stomach for 1 year after transplantation and would like to switch to taking
the medication with food, should be on a stable dose with trough levels between 8
and 10 ng/mL. When starting to take tacrolimus with food, the dose should initially
be increased by 25% to avoid low levels. Generally, thereafter, doses are tapered
on an individual basis to achieve preconversion trough levels^
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Combination with other inimunosuppressants

In clinical practice tacrolimus is combined with other agents such as corticosteroids
and azathioprine or mycophenolate mofetil (MMF). If trough levels of tacrolimus
directly after surgery are between 15 ng/mL and 20 ng/mL, the chance of acute
rejection is low and concomitant induction therapy with poly- or monoclonal
antibodies is not necessary.

The efficacy of the different combinations varies considerably (Table 7c.2). When
tacrolimus is combined with corticosteroids, the acute rejection rate is
approximately 27% and corticosteroid-resistant rejection ranges from 6% to
11 %*•'". In two large multicenter studies, it was found that the addition of
azathioprine to tacrolimus/corticosteroid-based immunosuppressive therapy did not
convey increased efficacy"'". The combination of lacrolimus, corticosteroids and
M M F " " leads to a further reduction in the rejection rate to approximately 16%
and 3% for corticosteroid-sensitive and corticosteroid-resistant rejection,
respectively. With the latter combination there is only a minor increase in
morbidity compared with the other combinations.

There are clinically important pharmacologic interactions between tacrolimus and
corticosteroids and between tacrolimus and MMF. Corticosteroids increase the
metabolism of tacrolimus by induction of the cytochrome P450 3A4 isoenzyme
leading to decreased blood levels of tacrolimus". Concomitant administration of
tacrolimus and MMF leads to a steadily increasing level of the pharmacologically
active form of MMF, mycophenolic acid. After 2 weeks of concomitant
administration of MMF 1 g twice daily and tacrolimus, the dose of MMF needs to
be reduced to avoid side effects; thereafter, MMF 1 g/day may provide adequate
systemic exposure'*.

Table 7c.2 Efficacy of tacrolimus combined with other immunosuppressants.

Tacrolimus + prednisone
Segoloni et al.*
Chang et al.'"

Tacrolimus + prednisone + azathioprine
Segoloni et al.'
Chang et a!.'"

Tacrolimus + prednisone + MMF 2 g/day
Vanrenterghem et al."
Mendez et al.'-

Acute
rejection (%)

28
28

29
26

23
10

Corticosteroid-resistant
acute rejection (%)

6
11

5
12

10
2
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Withdrawal of concomitant therapy

Corticosteroids

The Pittsburgh group was the first to show that a large proportion of patients can
be weaned off corticosteroids at 1 or 2 years after transplantation". Recently, it
was demonstrated that early weaning is also possible'*. In Maastricht,
corticosteroids were stopped at a median of 449 days posttransplant in 57 patients.
No acute rejection episodes occurred during the median follow-up of 331 days. Of
these patients, 44 (77%) are now on tacrolimus monotherapy. Excluded from the
late weaning protocol were three patients with new-onset proteinuria and five high-
risk patients.

Azathioprine

There are no data available from randomized trials regarding withdrawal of
a/alhioprinc, although some anecdotal data are available. In a European multicenter
study, where patients received tacrolimus, azathioprine and 5 mg prednisone, 77%
of patients were successfully withdrawn from azathioprine after 3 months'^.

MMF

Although controlled data are lacking, there is circumstantial evidence that MMF
can be withdrawn. In a European trial comparing three doses of MMF in
combination with corticosleroids and tacrolimus, only one episode of rejection
(which was reversible) occurred in 30 patients in whom MMF had been withdrawn
because of adverse events. In this trial, patients were followed-up for only 6
months". Therefore, an analysis of the long-term effect was conducted in a subset
of patients who underwent transplantation at 3 closely co-operating centres
(Brussels, Leuven and Maastricht). After 2 years, only 12.5% of patients were still
using MMF and it was successfully withdrawn in the remainder'*.
More data will soon become available because the effect of withdrawing MMF and
corticosteroids is the subject of an ongoing prospective, randomized, mullicenter,
European trial.

Optimal combinations

Cadaveric renal allografts are transplanted under the auspices of organ exchange
organizations to improve HLA matching. In particular, DR identity between donor
and recipient is feasible for a high proportion of patients because of the restricted
polymorphism of the DR system. There is a strong influence of HLA-DR matching
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on the incidence of acute rejection episodes in patients using tacrolimus.
prednisolone and azathioprine. In DR-identical recipients receiving this combination
the rejection-free rate was more than 80% ".
On the basis of the aforementioned findings, a tentative scheme of tailor-made
immunosuppression for Caucasian renal transplant recipients has been proposed
(Table 7c.3).
Low-risk recipients (first graft, panel reactive antibody <20%, DR-identical) can
be initially treated with tacrolimus and low-dose corticosteroids. In cases of
corticosteroid-resistant rejection, MMF is added and patients are maintained on a
triple-drug regimen. In the remaining patients, corticosteroids can be weaned,
especially in those patients who have not been treated for rejection.
All other recipients are initially treated with tacrolimus. low-dose corticosteroids
and MMF, administered at a dose of 1 g twice daily in the first 2 weeks and 0.S g
twice daily thereafter. Hyperimmunized patients and patients with corticosteroid-
resistant rejection are maintained on a triple-drug regimen. Recipients not requiring
rejection therapy can be weaned off corticosteroids after 3 months and MMF can
be withdrawn after 6-12 months.

Table 7c.J

Low risk
All other

Proposal
patients.

patients
patients

tor tailor-made

Tacrolimus

+
+

immunosuppression for Caucasian

Corticosteroid*

+
+

renal transplant

MMF'

+

* Corticosteroids: if rejection occurs, maintain on 5 mg, otherwise aim to withdraw by 2-3
months.

' MMF: I g twice daily week 0-2; 0.5 g twice daily week 3 onwards. Maintain treatment in
hyperimmunized patients and patients with corticosteroid-resistant rejection and/or vascular
rejection; withdraw in all other patients after month 6.
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Multivariate analysis of factors
related to immediate and long-
term clinical outcome in
cadaveric renal transplantation:
a single-center study
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Introduction

Renal transplantation is a first choice therapy for most patients who need renal
replacement therapy'. Currently, more patients are alive with a functioning graft
than are on hemodialysis (HD) or peritoneal dialysis (CAPD)-. Most of the
transplants have been performed with cadaveric grafts. The results of cadaveric
renal transplantation have improved in recent decades. This has been attributed to
the introduction of cyclosporin, to better screening for HLA antibodies, to HLA
matching and crossmalching, and to an improvement in patient management after
transplantation, especially by prevention and treatment of infections and
cardiovascular diseases.

I lowcver. because of the increase in the number of patients on the waiting list for
kidney transplantation, the donor criteria have been changed to also include non-
optimal donors such as non-heart-beating donors (NHB) and older donors. This
may influence immediate post-transplant clinical outcome parameters such as
delayed graft function (DGF), acute rejection, and duration of hospitalizsation, as
well as long-term parameters such as patient (PS) and graft survival (GS) and
quality of function of the graft.

Registry studies have been performed; however, these have involved heterogeneous
populations will) different pretransplant selections, transplant procedures, and
postlransplant management. Furthermore, the quality of the data in these registries
is insufficient to analyze such outcome parameters as duration of hospitalization.
quality of renal function, and duration of DGF in detail.

This study was designed to investigate the influence of histocompatibility and of
donor and patient parameters on these outcome measures in a cohort of
consecutive, cadaveric renal transplants in the University Hospital Maastricht.
During the period of study, the immunosuppressive regimen as well as the tissue
typing procedure were uniform, thereby making it possible to analyze the impact of
the abovementioned parameters on clinical outcome parameters in a homogeneous
group of patients.

Materials and methods

Patients

A total of 299 patients received 346 consecutive cadaveric renal transplants in our
center from September 1983 to September 1995. Thirty-nine recipients received
two grafts and four patients three grafts. AH recipients were treated with a
cyclosporine (CsA)-based immunosuppressive regimen after transplantation. Of the

162



recipients, 224 were male (64.7%) and 122 were female (35.3%). The mean age of
the recipients was 47.0 years (SD 12.79 years). Of the recipients, 265 had received
a first transplant (76.6%), 64 a second (18.5%), 13 a third (3.8%), and 4 a fourth
(1.2%). At the time of transplantation, one investigator assigned a ranking score to
each patient indicating his or her suitability as a candidate for kidney
transplantation (general evaluation) based on medical status (e.g.. diabetes mellitus,
cardiovascular diseases) and previous transplant history (immunization grade,
transplant number, reason for failure of previous graft). A total of 174 patients
(50.3%) scored 'good', 129 (37.6%) 'moderate', and 24 (6.9%) 'poor'; for 18
patients (5.2%) the score was missing and they were omitted from analyzes in
which the item was included as a significant parameter. Characteristics of our study
population are shown in Table 8.1.

Immunosuppression

The immunosuppressive regimen consisted of CsA and low-dose prednisolonc
(PRED; 10 mg/day) for recipients of first grafts. The CsA was started
intravenously before surgery (continuous infusion; 4 mg/kg every 24 h) and then
switched to oral administration (4 mg/kg b.i.d.) at day 2. The PRHD dose was
diminished to 7.5 mg/day at month 1 and to 5 mg/day at month 3. For recipients
without rejection, the PRED dose was further tapered to 0 mg in the months that
followed. For highly immunized recipients (panel reactive antibodies (PRA)
current-serum >85%) and retransplant recipients due to immunological failure of a
previous graft, azathioprine (AZA, ±1 mg/kg body weight) was added to the
above-described regimen and the dose of PRED was tapered to 5 mg. The CsA
level was determined in whole blood by high-performance liquid chromatography
(HPLC) or by monoclonal radioimmunoassay. The trough CsA level for
CsA + PRED recipients was 0.15-0.20 mg/L in the first 3 months after
transplantation and 0.10-0.15 mg/L after 3 months. For CsA + PRED + AZA
recipients, the trough CsA level was 0.10-0.15 mg/L in the first 3 months after
transplantation and 0.05-0.10 mg/L after 3 months.

Center policy of tissue typing

Nontransfused patients received at least one leukocyte-poor blood transfusion
before transplantation according to the local transfusion protocol, as recently
published^. Transplants were performed under the auspices of Eurotransplant.
Matching priority was HLA-DR, HLA-B, and HLA-A. HLA antigens were
considered unacceptable for a patient if antibodies against the specificity had been
demonstrated either at the time of transplantation or in the past. Also, mismatches
from previous transplants were excluded, as were the paternally inherited antigens
of the children of female patients.
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Table 8.1 Characteristics of recipients, donors, and transplantation procedure*.

Mean' Kanne'

Age recipient '

Gender rccipicm (m/f)

Cause of renal failure
chnmit glomemlnnephrilis
pyelonephritis
nephmoclermii»
polycyilic kidney diseue
DM1
DM2
iHher

Type of rcnal replacement therapy prelranspUinl
hcmodiulysi*
peritoneal dulyn»
none

ThtiupUni no
1
2
3
4

PRA (%)
peak icrum
current scnim

("uricm/pcak PRA
0 • 5%
6 - 84%

85 - 100%

AuKhioprtnc (Y/N)

TrmspUnt period
1983 - 1987
1988 - 1991
1992 • 1995

Ajtc of donor

Qcmlcr nl donor (tn/f)

Local donor (Y/N)

Type of preservation solution

,Ä '! ': .

11W
HTK
Other (Machine/Bclflcr)

NHB donor (Y/N)

Cause ol death donor
iraunu
CVA
SAB/1CB
Cerebral tumor
Other

WlT(mtn)
CIT(houn)
WrT2(min)

47.0 ± 12.79

224/122

9t
2t
10
46
19
9

12t

233
IM
S

265
64
13
4

21.4 ± 1.84
14.0 ± 1.52

256/221
65/77
25/48

71/275

125
12t
93

37 5 ± 16 30

213/133

117/229

191
102
42
11

22/324

168
71
70
4
33

4.6 ± 13.94
29.5 ± 8.03
35.1 ± 10.09

15.6-72.3

(64.7% / 35.3%)

(27.7%)
(8.1%)
(5.8%)
(13.3%)
(5.5%)
(2.6%)
(37.0%)

(67.3%)
(31.2%)
(1.4*)

(76.6%)
(18.5%)
(3.8%)
(12%)

0-100
0-100

(74.0% / 63.9%)
(18.8% / 22.3%)
(7.2% / 13.9%)

(20.5% / 79.5%)

(36.1%)
(37.0%)
(26.9%)

0.0-70.3

(61.6% / 38.4%)

(33.8% / 66.2%)

(55.2%)
(29.5%)
(12.1%)
(32%)

(6.4% / 93.6%)

(48.6%)
(20.5%)
(20.2%)
(12%)
(9.6%)

0-118
2-66
12-90
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HLA-A Oil
HLA-B Oil
HLA-DR 0 - 2 1

Combined mismatch for HLA-B and -DR
B DR
0 0
0 21
21 0
21 21

Combined mismatch for HLA-A, HLA-B and -DR
A B DR
0 0 0
21 0 0
0 21 0
21 21 0
0 0 21
0 21 21
21 0 21
21 21 21

115-231
111-235
202-144

«3
28
11"»
116

40
43
43
7«
11
21
17
95

(33 2/66.8)
(32 1/67.9)
(58.4/41.6)

(24 0)
(R 1)
(34.4)
(33.5)

(11.6)
(12.4)
(12.4)
(220)
(32)
(61)
(49)
(27,5)

' Data are given as number or mean ±SD
' Data are given as range or percentage 0
' CVA- cerebrovasculair accident; SAD- subatachnoida! bleeding. ICB- imracnnial bleeding.

HLA typing

All kidney donors and recipients were serologically typed for HLA-A, -B, and -DR
antigens (broad 1-10). Typing of recipients was performed twice on peripheral
blood lymphocytes. Typing of donors was performed on spleen lymphocytes and
retyping was done at the Eurotransplant reference laboratory. Antigen splits and
crossreactive groups (CREGs) were not considered in evaluating the degree of
mismatching for the HLA-A, -B, and -DR antigens between donor and recipient.
Recorded were the number of mismatches for each locus, i.e., if the donor was
homozygous on the HLA-DR locus for DR1 and the recipient was typed as DR1
DR2, the number of mismatches for HLA-DR was recorded as 0 (zero). The
presence of blank alleles in the donor was not excluded. The number of
mismatches for HLA-A,- B, and -DR were recoded into 0 and 2:1.

Crossmatch

Crossmatches in our center included three complement-dependent cytotoxicity
(CDC) crossmatches: the standard NIH crossmatch, the two-color fluorescence
(TCF) crossmatch, and a dithiotreitol (DTT) crossmatch in which the serum was
treated with DTT to reduce IgM antibodies. Sera used for crossmatches at the time
of transplant were (1) the current serum drawn at the time of transplantation, (2)
the last screened serum sample, and (3) all necessary positive historical samples
(peak sera). A negative class I crossmatch (NIH) was mandatory for
transplantation. This was true for current as well as for historical sera. In the NIH
crossmatch, the presence of donor-directed antibodies in the recipient serum was
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defined as cell death >20% above background. Screening results were used in the
interpretation of the crossmatch.

Antibody screening

Screening for the presence of anti HLA class I antibodies was performed using the
CDC technique with and without the addition of DTT, using a selected panel of 64
lymphocytes. Most HLA antigens were represented three times. The presence of
class II antibodies was established at the same time and from the same wells, but
with a different positive control for the calculations. Our screening protocol is
described in Chapter 3 of this thesis. Class I screening results were expressed as
%PRA for highest historical serum (peak PRA) and serum drawn at the time of
transplantation (current PRA). Clinical outcome parameters

Rejection was defined as any rejection treatment in the first 6 months after
grafting. In general, rejection episodes were proven by needle core biopsy.
Rejection treatment consisted of a 10-day course of rabbit antilymphocyte globulin
(RIVM, Bilthoven, the Netherlands) or OKT3-Orthoclone (n = 3; Jansen Cilag,
Tilburg, the Netherlands). For patients who had received rabbit antilymphocyte
globulin in the past or who had a seriously compromised cardiovascular system, the
rejection was treated with three doses of methylprednisolon (0.5-1.0 g/dose).

Patient failure was defined as death with a functioning graft. If a patient restarted
dialysis or was retransplanted due to graft failure, the follow-up ended at the time
of graft failure. No exclusions were made.
Graft failure was defined as the loss of kidney function (resumption of dialysis or
retransplantation). Death of recipient with a functioning graft was censored. No
exclusions were made.
Delayed graft function was defined as the need for dialysis in the first week after
transplantation. The first and last dates of dialysis after transplantation were
recorded for these patients.
The number of days of hospital ization was defined as from the day of admittance
for transplantation until the day of discharge.
Creatinine clearance at year 1 was calculated using the Cockcroft Gault formula*:
creatinine clearance= gender recipient * (140-age) * body weight/(0.81 * serum
creatinine); for males the correction factor 'gender recipient' had the value 1, for
females 0.85; age was reported in years, body weight in kg, and serum creatinine
in /iinol/L.
All patients were followed up until the date of graft failure, the date of death, or
January I.

166



Statistics

Statistical analysis was performed using SPSS for Windows, version 7.5.
As a first step, patient, graft, and rejection-free survival were analyzed with the
proportional hazards regression analysis (Cox regression), using both stepwise
forward selection and backward elimination techniques for all suspected risk factors
except number of mismatches for the HLA loci. In case rejection was the outcome,
the suspected risk factors tested for included the recipient characteristics: 'age of
recipient (years)', 'gender recipient (male vs. female)', 'transplant number (1+2
vs. 3+4) ' , 'use of azathioprine (yes vs. no)', '%PRA (peak and current separately;
0%-100%)\ 'original disease (chronic GN-itis vs. pyelonephritis vs.
nephrosclerosis vs. PCKD vs. DM1 vs. DM2 vs. other)', 'dialysis modality before
transplantation (hemodialysis vs. peritoneal dialysis vs. none)', and 'general
evaluation (good vs. moderate vs. poor)'. Included donor characteristics were: 'age
of donor (years)', 'gender of donor (male vs. female)', 'cause of death of donor
(trauma vs. intracranial bleeding vs. CVA vs. other)', and 'non-heart-beating donor
(yes vs. no)'. Included preservation and perioperative characteristics were:
'transplant period (patients divided into tertiles: period 1983-1987. 1988-1991, and
1992-1995)', 'first warm ischemia time (WIT1; min; defined as the period from
circulatory standstill until start of organ cooling in the donor)', 'second warm
ischemia time (WIT2; min; defined as the period at the operation theatre that the
graft is taken out of the preservation solution/machine and time of anastomosis)',
'cold ischemia time (CIT; hours; the period between end of WIT1 and start of
WIT2)', 'type of preservation solution (Eurocollins (EC) vs. University of
Wisconsin (UW) vs. histidine-tryptophan-ketoglutarate (HTK) vs. other (machine
perfusion/Belzer solution))'. A basic model was tested for, which had to include
only direct odds ratio effects that were statistically significant. If two factors were
highly associated, the one that was more strongly related to the dependent variable
would be chosen. The possibility of interactions between factors in the basic model
(different relative effects within different subgroups) was not taken into account
since too many additional terms would have to have been included to test for such
effects.

With patient and graft survival as outcome variables, suspected risk factors in the
basic models were different for the first year(s) and later years. Therefore, patient
and graft survival were analyzed separately for these periods. For patient and graft
survival, both for the first period and later after transplantation, 'occurrence of
acute rejection' and 'DGF' were included as potential risk factors in the model next
to the list of risk factors. For patient survival after 4 years and graft survival after
1 year, 'creatinine clearance at year 1 (cockcroft; mL/min)', and 'proteinuria at
year 1 (g/24 h)' were also included as potential risk factors.
For patient and graft survival, the same policy in model selection was followed as
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for rejection-free survival.

As a second step, for all outcome variables, the mismatch for the HLA loci being
studied was used as a single block of risk factors including potential interaction
terms between HLA-A, -B, and -DR. A strictly hierarchical model-fitting
procedure was followed'. If the higher (second grade) interaction term was found
to be statistical significant, the data had to be split into subgroups because the
effect of mismatch on the outcome parameter was different for the different
combinations of HLA loci and one was not allowed to analyze the overall effect of
one HLA locus. Only when the higher interaction term was not statistically
significant could the lower (first grade) interaction terms be studied and interpreted
in the same way. Only when the lower interaction terms turned out not to be
statistically significant could the different HLA loci be analyzed as separate risk
factors without an additional (synergistic) effect of combinations of mismatches for
HI-A loci on the outcome parameter.

As a third step, for each outcome variable, risk factors that were included in the
basic model were supplemented with the significant HLA locus risk factors to
investigate whether mismatch risk factor effects proved to be stable and statistically
significant under the potential confounding effects of the risk factors and variables
from the basic model in the first step.

Risk factors for DGF, duration of dialysis dependency, duration of hospitalization
after transplantation, and creatinine clearance at year 1 were analyzed as dependent
variables in logistic and linear regression. For 'DGF' and 'duration of dialysis
dependency' as outcome parameters, potential risk factors tested for were the same
as those used in the analysis of rejection-free survival in the Cox regression. For
'duration of hospitalization' and 'creatinine clearance at year I' as outcome
parameters, 'occurrence of acute rejection' and 'DGF' were also included as
potential risk factors.

Nonparametric tests (Pearson chi-square test, Fisher's exact test, Kruskal-Wallis
test) were performed when indicated. A P-value <0.05 was considered to be
statistically significant.
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Results

Patient surviml

Fifty-one (14.7%) of the grafts were lost due to death with a functioning graft
during their follow-up. Patient survival is shown in Figure 8.1. In Cox regression
analysis, the period of transplantation turned out to be a significant risk factor.
Therefore, factors influencing patient survival were analyzed for two separate
periods: up to 4 years, and after 4 years post-transplantation.

year» after transplantation

Figure 8.1 Patient survival. Kaplan Meier curve of patient survival of' 346 patients transplanted
with a cadaveric renal graft af the University Hospital Maastricht. In case of graft
failure patients are censored at date of resumption of dialysis or retransplantation

Patient survival up to 4 years
Significant risk factors in the basic model for patient survival were: age of recipient
(seniors at higher risk), recipient of a third or fourth graft, and period of
transplantation (decreasing risk with later period of transplantation). The odds ratio
to the significant risk factors in the basic model are shown in Table 8.2.

In the analysis of the influence of HLA mismatch (step 2) on patient survival, the
second-grade interaction term (HLA-A*HLA-B*HLA-DR) could not be calculated
in the maximum likelihood estimation procedure because the information matrix
became singular (due to empty cells). In the single risk factor model, the first-
grade interaction term between HLA-B and HLA-DR reached statistical
significance. Therefore, data were analyzed separately for 0 and ^ 1 mismatch for
HLA-B and subsequently in each subgroup for -DR. Only in 0 HLA-B mismatch
patients did mismatch for HLA-DR turn out to be a significant risk factor;
moreover, only in 0 HLA-DR mismatch patients did mismatch for HLA-B turn out
to be a significant risk factor (Table 8.2).
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Table 8.2 Cox regression analysis of patient survival (death with functioning graft) up to 4 year after
traasplantalion. Mismatch for HLA-A, -B. and -DR (including interaction terms) is introduced
as single risk factor, and in addition to significant risk actors (basic model).

Basic model* df OR 95% Cl

Age recipient
Traasplant number 3 + 4 vs.
Traasplant period

1988-1991
1992-1995

1+2

vs. 1983-1987
vs. 1983-1987

<0.000l
0.002
0.01
0.29
0.003

1
1
2
1
1

1.12
14.21

0.67
0.10

(1.07-1.16)
(2.61-77.41)

(0.32-1.42)
(0.02-0.45)

The basic model lor patient death with functioning graft contains the significant risk factors: age of
recipient, graft from NHB-donor. and transplant period (chi-squarc LO 331.96; -2LL chi-square = 41.78; 3
df. /»<0.0001).

Mismatch on

HLA-A*HLA-B»HLA-DR
HLA-A *HLA-B
HLA-A*HLA-DR
HLA-B*HLA-DR
HLA-A
HLA-B ifnmiDR=0

il mm DR2I
HLA-DR i fmmB-0

if nun B 2 1

HLA as single risk factor

/> df OR

h

0.31
0.54
0.05
0.87
0.02
0.65
0.02
0.76

2.70
1.75
0.17
0.93
4.52
0.77
6.75
1.13

95% Cl

(0.38-18.99)
(0.28-10.74)
(0.03-1.09)
(0.36-2.36)
(1.01-20.22)
(0.25-2.38)
(1.23-36.94)
(0.51-2.52)

HLA

/»

_b

0.12
0.61
0.03
0.51
0.05
0.43
0.02'
0.42

in addition to

df OR

4.62
1.60
0.13
1.38
4.05
0.61
8.43
1.45

the basic model

95% Cl

(0.63-33.74)
(0.25-10.04)
(0.02-0.85)
(0.52-3.64)
(0.86-19.12)
(0.19-1.97)
(1.46-48.52)
(0.59-3.56)

In (he maximum likelihood estimation procedure of the higher interaction term betvwxn HLA-A. -B. and -
DR the mlormalion matrix became singular due to empty cells; therefore this item could not be analysed.
In the maximum likelihood estimation pnxkdure of the basic model the information matrix became
singular due lo empty cells: therefore for this item only age recipient was included in basic model

When HI.A mismatch was introduced into a model containing the basic model, the
results were similar to those in step 2 (Table 8.2).

Putient survival after 4 years
Significant risk factors for patient survival were general evaluation (both higher
risk for moderate and poor recipients, OR 4.58 and 4.12) and receiving a NHB
kidney (OR 15.82; Table 8.3). In the estimation procedure, the information matrix
became singular after introduction of the second grade interaction term for HLA
mismatch (HLA-A*HLA-B*HLA-DR) as single risk factor and in addition to the
basic model (due to empty cells) and. therefore, could not be calculated. First-
grade interaction terms and mismatch for the individual HLA loci did not
contribute significantly to patient survival (Table 8.3).
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table 8.3 Cox regression analysis of paciem survival (death with functioning graft) after 4 years post-
transplantation. Mismatch for HLA-A. -B. and -DR (includmj; interaction terms) is introduced
as single risk actor, and in addition to significant risk tat.tors (basic model)

Basic model* OR 95» Cl

NHB donor
General evaluation

good- > moderate
gtxxl- > poor

0.0008
0.029
0 008
0.21

1
2
1
1

15.8

4.58
4 12

(3.17-78.94)

(1.49-14.09)
(0.45-37.72)

The basic model tor patient death with functioning graft contains the significant risk factors: age of
recipient, graft from NHB-donor. and transplant period (chi-square LO 167.85; -2LL chi-squarc 16.13; 3
df. /»< 0.0001).

Mismatch on

HLA-A'HLA-B'HLA-DR
HLA-A'HLA-B
HLA-A*HLA-DR
HLA-B»HLA-DR
HLA-A
HLA-B
HLA-DR

1

1» (

0.59
0.36
0.66
0.16
0.91
0 19

ILA as single risk factor

if OR

0.58
0.45
0.65
0.52
0.94
1.79

95% Cl

(0.08-4.11)
(0.08-2.57)
(0.10-3.53)
(0.21-1.26)
(0.34-2.61)
(0.75-4.27)

HLA

0.72
0.96
0.41
0.09
0.91
0.07

in addition to

df

1
1
1
1
1
1

OR

0.66
0.95
0.39
0.42
1.07
2.53

the basic model

95% Cl

(0.08-5.86)
(0.13-7.10)
(0.04-3.67)
(0.15-1.14)
(0.35-3.23)
(0.89-7.24)

In the maximum likelihood estimation procedure of the higher interaction term between HLA-A. -B, and
-DR the information matrix became singular due to empty cells; therefore Ulis item could not he analysed

Graft survival

A total of 149 of the patients (43.1%) lost their graft and were retransplanted or
returned to renal replacement therapy during their follow-up. The graft survival is
shown in Figure 8.2.

In the Cox regression analysis, significant risk factors in the basic model differed,
depending on the time after transplantation. Therefore, graft survival was analyzed
separately for the first year after transplantation and from 1 year onwards.

Graft survival up to 1 year
Cox regression analysis showed that significant risk factors in the first step basic
model contributing to graft survival were: DGF (no vs. temporary vs. continuous),
%PRA in peak serum, and duration of WIT2 (Table 8.4). DGF, in particular, was
an important risk factor for graft failure within the first year, even when dialysis
after transplantation was temporary and graft function was regained (odds
ratio =1.99).
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yean after transplantation

Figure 8.2 Graft survival. Kaplan Meier curve of graft survival of 346 patients transplanted
with a cadaveric renal graft at the University Hospital Maastricht. In case of death
with function graft patients are censored.

Mismatches for HLA-A, HLA-B, and HLA-DR did not contribute in a statistically
significant way to graft survival, either when regarded as a single risk factor or
when the basic model was included (Table 8.4). Because the first grade interaction
term between HLA-A and HLA-DR reached statistical significance in the model
already containing the basic model (step 3), data were also analyzed while they
were split according to both factors in the interaction term being studied. The
results of this analysis showed that neither mismatch for HLA-DR nor mismatch
for HLA-A contributed significantly to graft failure under control of the other locus
(P-0.06).

draft survival after 1 year
Cox regression analysis showed that the significant risk factors in the basic model
contributing to graft survival were: creatinine clearance at 1 year, the level of
proteinuria at 1 year, and the age of recipient (Table 8.5). Each decrease in
creatinine clearance by 1 mL/min increased the risk of failure by 6%. while each
gram of protein in the 24 h urine collection increased the risk of failure by 31%.
Lach year increase in the age of the recipient decreased the risk of graft failure by
3%.

Neither the second-grade nor the first-grade interaction term was statistically
significant, cither when introduced as a single risk factor or when added to the
basic model (Table 8.5). Mismatch for HLA-B contributed to graft failure when
introduced as a single risk factor (OR 1.81. P=0.02) but did not reach statistical
significance when introduced into the basic model (OR 1.15. P=0.62).
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labte 8.4 Cox regression analysis of 1-year graft survival*. Mismatch tor HLA-A. -B. and -DR (including
interaction terms) is introduced as single risk factor, and in addition to significant risk tactors
(basic model).

Basic model' df OR 95% Cl

DGF
Yes temporary vs. no
Continuous vs. no

PRA peak-serum
WIT2

<0.0001
0.016

<0.0001

2
1 1.99
1 18.12

(1.14-3.47)
(8.32-38.44)

0.028
<0.0001 1

1.007
1.005

(1.001-1.013)
(1.003-1.008)

* The basic model for I-year graft survival contains the significant risk tactors: the occurrence of DGF,
PRA peak-serum, and WIT2 (chi square LO 758.316; -2LL chi-square = 51 952; 4 df. /•<0.0001).

Mismatch on

HLA-A*HLA-B*HLA-DR
HLA-A*HLA-B
HLA-A*HLA-DR
HLA-B'HLA-DR
HLA-A
HLA-B
HLA-DR
HLA-A i fmmDR=0

it mm DRa l
HLA-DR if mm A = 0

if mm A 2 1

f

0.13
0.08
0.17
0.34
0.25
0.63
0.18
0.12
0.91
0.97
0.06

HLA as single risk factor

df

1
1
1
1
1
1
1
1
1
1
1

OR

7.07
0.38
2.13
1.81
0.74
1.14
1.39
0.58
1.05
1.02
1.79

95% Cl

(0.59-85.06)
(0.13-1.15)
(0.71-6.33)
(0.53-6.26)
(0.45-1.23)
(0.66-1.66)
(0.86-2.25)
(0.30-1.14)
(0.45-2.43)
(0.43-2.44)
(0.96-3.36)

HLA

/»

0.10
0.12
0.05
0.42
0.45
0.85
0.38
0.06
0.30
0.55
0.06

in addition to

df OR

9.06
0.41
2.%
1.68
0.82
0.95
0.38
0.51
1.59
0.76
1.84

the basic model

95% Cl

(0.72-113.62)
(0.13-1.27)
(0.98-8.94)
(0.47-6.05)
(0.49-1.36)
(0.54-1.65)
(0.76-2.04)
(0.26-1.02)
(0.65-3,91)
(0.31-1.89)
(0.97-3.49)

' Cox regression analysis in 346 recipients: suspected risk factors recipient age. gender recipient, peak PRA
or current PRA. transplant number, original disease, type of renal replacement therapy before
transplantation, use of azathioprine, general evaluation recipient, gender donor, donor age, NHB donor,
local donor, type of preservation solution, WIT I, CIT, WIT2, mismatch tor HLA-A, -B, -DR (including
interaction terms), occurrence of rejection, DGF, transplant period.
The final model results are shown including only statistically significant risk factor. Risk factors with
more than two categories are broken down to indicator contrasts.
Graft failure = restart dialysis or retransplant; death with functioning graft was censored.

Rejection

A total of 131 of the patients (37.9%) were treated for acute rejection. The
rejection-free survival is shown in Figure 8.3.
Cox regression analysis showed that significant risk factors in the basic model
contributing to rejection were %PRA in peak serum, CIT, and transplant number
(3+4 vs. 1+2; Table 8.6). An increase in PRA or transplant number resulted in a
higher risk for rejection, while an increase in CIT resulted in a lower risk for
rejection. Compared to local kidneys, exchanged (non-local) kidneys have a longer
CIT but a better HLA match. To investigate whether the correlation of longer CIT
with lower rejection rate was an artificial effect, only recipients of non-local
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kidneys were studied. Within this restricted analysis, CIT was still a significant risk
factor, thereby excluding the abovementioned potential artefact.

Table 8.5 Cera regression analysis of graft survival' after year 1 of 273 renal transplant recipients.
Mismatch for HLA-A. -B, and -DR (including interaction terms) is inmxluced as single risk
factor, and in addition to significant risk (actors (basic model)

Basic model' df OR 95% Cl

Crealinine clearance year I
Prolcinuria year I
Age of recipient

•cO.OOOl
0.0001
0.0005 1

0.94
1.31
0.97

(0.924-0.957)
(1.140-1.495)
(0.955-0.987)

* The basic model of graft survival after I year contaias the significant risk (actors: crealinine clearance at
year I, proleinuria al year 1, and age of recipient (chi-square LO 848.429; -2LL chi-square = 81.068;
3 df, f<0.0001).

HLA as single risk factor HLA in addition to the basic model

Mismatch on /» df OR 95% Cl /" df OR 95% Cl

HI.A-A'HLA-B'HLA-DR
HLA-A «HLA-B
HLA-A'HLA-DR
HI.A-B'HI.ADR
Hi.A A
III.A H
III.A DR

0.66
0.90
0.94
0.93
0.39
0.02
0.95

1.75
0.93
1.04
0.94
0.81
1.81
1.02

(0.14-21.43)
(0.31-2.75)
(0.38-2.86)
(0.28-3.21)
(0.50-1.31)
(1.08-3.06)
(0 69-1.59)

0.67
0.43
0.57
0.62
0.38
0.62
0.99

0.58
1.56
1.35
0.73
0.81
1.15
1.00

(0.04-7.42)
(0.5M.74)
(0.47-3.82)
(0.21-2.49)
(0.51-1.29)
(0.66-1.98)
(0.64-1.59)

Con regression analysis in 273 recipients: suspected risk (actors recipient age. gender recipient, peak PRA
or current PRA, transplant number, original disease, type of renal replacement therapy before
transplantation, use of iuathioprine. general evaluation recipient, gender donor, donor age. NHB donor,
local donor, type of preservation solution. WITI, CIT. WIT2. mismatch for HLA-A. -B. -DR (including
interaction terms), occurrence of rejection. DGF. creatinine clearance al year I. prntcinuria at year 1.
The final model results are shown including only statistically significant risk factor. Risk factors with
more than two categories are broken down to indicator contrasts.
Graft failure restart dialysis or rclransplanl: death with functioning graft was censored.

Because the second-grade interaction term between HLA-A, -B. and -DR was
statistically significant, both when introduced as a single factor and when added to
the basic model, the data were analyzed while they were split according to the
mismatch combinations for HLA-A, -B, and -DR. These results are shown in Table
8.6. HLA-DR mismatch turned out to be a significant risk factor for rejection only
in the 0 HLA-A and -B mismatch group and in the ^ 1 HLA-A and S 1 HLA-B
mismatch group. HLA-B mismatch turned out to be a significant risk factor for
rejection only in the 0 HLA-A and -DR mismatch group. In contrast, HLA-A
mismatch was a significant protective factor for rejection in the > 1 HLA-B and 0
HLA-DR mismatch group. In the other groups, mismatch for none of the HLA loci
was a significant risk factor contributing to rejection. These results were very
similar when the basic model risk factors were included.
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Figure 8 J Rejection-free survival. Kaplan Meier curve (if rejection-free survival of 346
patients transplanted with a cadaveric renal graft at the University Hospital
Maastricht. In case of death or graft loss patients are censored.

Delayed graft function (DGF) and duration of DGF

Delayed graft function was defined as the need for dialysis in the first week after
transplantation. A total of 164 of the patients (47.4%) had DGF. Twelve of them
had a never-functioning graft, while 152 patients eventually regained graft function
and dialysis could be stopped at a median of 12 days after transplantation (range 1-
116 days).

By logistic regression analysis, potential donor, recipient, and transplant variables
predicting DGF were analyzed. Risk factors that turned out to be statistically
significant were: type of pretransplant dialysis treatment (HD more at risk than
CAPD), general evaluation score ('poor' more at risk), gender of recipient (male),
longer period of preservation (for both CIT and WITI) and high %PRA in peak
serum (Table 8.7). With these factors the model's explained variance was 11.7%
with 64.8% of the DGF correctly predicted (-2LL X*0=399.12, improvement of
the model (-2LL X^-change)=52.85; 8 df, /><0.0001). Other potential risk factors,
including mismatch for any HLA locus or occurrence of acute rejection, had no
significant relation to the (non)occurrence of DGF.
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ikMc 8.6 Cox regression analysis of rejection-free survival*. Mismatch for HLA-A. -B. and -DR
(including interaction terms) is introduced as single risk fetor, and in addition to significant
nsK actors inasic me KICK

Basic model'

PRA peak-scrum
CIT
Traasplant no 3/4 vs. 1/2

/»

<0.000l
0.029
0.022

df

1
1
1

OR

1.01
0.97
2.12

95% Cl

(1.006-1.015)
(0.951-0.997)
(1.113-4.027)

' The basic model for rejection-free survival contains the significant risk actors: PRA peak-serum, CIT,
age of donor, and transplant number (1+2 vs. 3 + 4), (chi-square LO 1446.30; -2LL chi-square-
change-27 42; 3 df. /»<0.000l).

Mismatch on

HLA-A*HLA-B»HLA-DR

Mismatch for HLA-DR
under control of HLA-A and

mmA-0 mmB-0
mniA-0 mmB2l
mm A 2 1 mmB-0
mmA 2 1 mmB 2 1

Mismatch for HLA-B
under control of HLA-A and

mmA-0mmDR-0
mniA-0 mmDR2l
mm A 2 1 inmDR^O
mmA 2 1 mniDR 2 1

0.03

-B

0.02
0.77
0.73
0.02

-DR

0.002
0.67
0.41
0.71

HLA as single risk factor

df

1

1
1
1
1

1
1
1
1

OR

6.19

3.40
0.90
1.17
1.82

3.26
0 81
0.75
1.16

95% Cl

(1.22-31.50)

(1.23-9.45)
(0.44-1.84)
(0.47-2.91)
(1.08-3.07)

(1.45-7.31)
(0.31-2.10)
(0.38-1.47)
(0.52-2.60)

HLA

/>

0.02

0.05
0.67
0.89
0.03

0.01
0.43
0.39
0.54

in addition to the

df

1

1
1
1
1

1
1
1
1

OR

7.27

2.83
0.85
1.08
1.77

12.90
0.67
0.72
1.29

basic model

95% Cl

(1.39-37.93)

(1.01-7.95)
(0.41-1.77)
(0.35-3.31)
(1.05-3.01)

(1.22-6.90)
(0.26-1.78)
(0.34-1.52)
(0.56-2.94)

Mismatch tor HLA-A
under control of HLA-B and -DR

mmB»0mmDR = 0 0.19 I 1.76 (0.74-4.21) 0.26 1 1.67 (0.68-4.13)
mmß-0mniDR2l 0.39 1 0.63 (0.22-1.80) 0.43 1 0.63 (0.20-1.98)
mmB2 mmDR-0 0 003 I 0.41 (0.23-0.73) 0.01 1 10.45 (0.25-0.83)
mniB2 mniDR2 0.55 1 0.81 (0.42-1.59) 0.68 I 0.86 (0.43-1.71)

" Cox regression analysis in 346 recipients: suspected risk factors recipient age. gender recipient, peak PRA
or current PRA. transplant number (recoded: 1 +2 vs. 3 + 4). original disease, type of renal replacement
therapy before transplantation, use of azathioprinc. general evaluation recipient, gender donor, donor age.
NHB donor, type of preservation solution, WITI, CIT, WIT2, mismatch for HLA-A. -B. -DR (including
interaction terms).
The hiul model results are shown including only statistically significant risk factors. Risk factors with
more than I\HI categories are broken down In indicator contrasts.
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Table

Risk

8.7

factor

Results
(n = 346)

lit logistic regression

b seb

analysis

df

with as

1»

outcome

exp(b)

"occurrence of DGF

95% Cl of b

General evaluation
good - > moderate
good -> poor

err
wm

Type of dialysis pretransplant
CAPD-> HD
CAPD - > none
HD -> none*

Male recipient
PRA peak(%)

Constant
Constant

0.28
1 46

004
0.05

0.45
-5.87
-6.33

0.59
0.01

-2.45
-1.89

0.26
052

002
0.02

0.26
9.64
968

0.27
0.004

0.57
0.53

! 0016
0.272
0005

0.020
0.003

! 0 188
0.087
0.543
0.51

0027
0010

<0.000l
0.00

1.32
4.29

1.04
1.05

1 56
0.003
0002

1 81
1 01

0.80<->2.18
1.56<-> 11.78

l . 0 K - > l 07
1.02 < - > 1.09

0 9 4 < - > 2 . 6 l
0O00<->454388
0.00 < - > 312992

1.07<->3 06
1.002 < - > 1.089

Model improvement: 52.85 by 8 df. P<0.0001. Explained variance: 11.7%; 64 8% correctly
predicted.
' constant tor HD -> none (constant for HD -> CAPD- negative value of CAPD -> HD).

Factors correlated with 'duration of dialysis dependency' were analyzed for the 152
patients with temporary DGF by linear regression analysis. Because of a skewed
frequency distribution, the data were log-transformed. The significant risk factors
contributing to the duration of dialysis dependency were gender of donor (female)
and age of donor (Table 8.8). Mismatch for none of the HLA loci was a significant
predictive factor for the duration of dialysis dependency.

Table 8.8 Results of linear regression analysis with as outcome 'duration of dialysis
dependency'' (n=152).

Risk factor seb beta sign, of t

Female donor
Age donor
Coastant

0.234
0 005
0.550

0.074
0.002
0.125

0
0

.247

.193
3.15
246
4.40

0.002
0.015

<0.000l

R'=0.115, Model F-ratio=9.65 at 2 and 149 df; />=0.0001
' Duration of dialysis dependency (days) is logtransformed because of non-normal distribution.

Duration of hospitalization

After transplantation 51 patients (14.7%) lost their graft function (n=50) or died
with a functioning graft ( n= l ) before discharge; these patients were excluded from
this analysis. One patient had a missing date of discharge and was excluded from
analysis. The median duration of hospitalization was 26 days (range 13-132 days;
n=294). Risk factors that influenced duration of hospitalization were analyzed by
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linear regression analysis. Because of a positive skewed frequency distribution in
the duration, the data were log-transformed. The results of this regression analysis
are shown in Table 8.9. Significant risk factors related to an increased duration of
hospitalization were (in decreasing importance): DGF, occurrence of acute rejecti-
on, transplant in the second or third period (1987-1991 and 1992-1995), age of
donor (senior ones at risk), %PRA in peak serum (higher more at risk), and age of
recipient (seniors more at risk).

Table 8.9 Results of linear regression analysis with as outcome 'duration of hospitalization
after transplantation' (n = 294)*.

Rlskfactor

DGF
Acute rejection
Age donor
Age recipient

Transplant period

PRA peak(%)

("onsianl
Constant"

2 vs.
3 vs.
3 v«.

1
1
2"

b

0.172
0.132
0.002
0.002

0.067
0.043
-0.024

0.00074

1 119
1.186

seb

0.018
0.019
0.001
0.001

0.021
0.023
0.023

0.0003

0.042
0.042

beta

0.435
0.327
0.154
0.121

0.165
0.096
-0.053

0.125

-

t

9.50
6.96
3.36
2.62

3.22
1.86

-1.04

2.67

26.62
28.39

sign of I

<0.0001
<0.001
0.001
0.009

0.001
0.064
0.301

0.008

<0.00l
<0.001

95% Cl of b

0.135<->0.2O8
0.095 <->0.170
0.00l<->0.003

< 0.001<-> 0.003

0.026 < -> 0.108
-0.002 < -> 0.089
-0.069 <->O.O22

<0.001<->0.00l

1 036<-> 1.202
1 104<->l 269

' Duration ol dialysis dependency (days) is logtraastonncd because of non-normal distribution.
n-294 (52 patients (.Tall failure or dying during hospitalizalion).
Ri-0.412. Model 1--Rjt(io = 28.67 at 7 and 286 df; /»<0.000l.

* constant for transplant period 3 vs. 2 (constant tor transplant period 2 vs. I = negative value of I vs. 2)

Crcutininc clearance at 1 year after transplantation

Out of 346 transplant patients, 73 had graft failure during, the first year after
transplantation. The mean creatinine clearance for the 273 patients with a
functioning graft was 49 mL/min (SD: 18.8, range: 9-105). For these patients, a
linear regression analysis was performed to determine statistically significant risk
factors related to creatinine clearance. Three patients had to be excluded because
data on risk factors shown to be significant were missing. The results of this
analysis on the 270 remaining patients are shown in Table 8.10.
Risk factors resulting in significantly lower creatinine clearance were: age of
recipients (seniors more at risk), pretransplant treatment by peritoneal dialysis, age
of donors (seniors more at risk), preservation of the graft with Eurocollins instead
of UW or HTK, longer CIT, mismatch for Hl.A-B, and longer duration of
hospitalization. One factor related to a higher creatinine clearance was DM2 as
'cause of renal failure". Neither DGF nor rejection was related to creatinine
clearance at I year after transplantation.
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Table 8.10 Results (if linear regression analysis with as outcome 'creatinine clearance at I year
after transplantation''.

Risk factor

Age recipient

HD-> CAPD
HD -> none

Olher-Chron GN-itis
Other-pyelonephritis
Other-nefrosclerosis
Other-PCKD
Other-DMl
Other-DM2

CIT

EC-> UW
EC -> HTK
EC - > Machine

Age donor
HLA-B mismatch
Hospital stay

Constant

b

-0.24

5.73
3.90

4.47
3.91
4.75
4.63
7.68
18.53

-0.31

12.64
13.05
15.22

-0.42
-4.28
-0.16

81.49

seb

008

2.14
7.29

2.48
4.09
4.73
3.15
4.20
6.33

0.12

2.22
3.12
8 10

006
2.13
0.06

5.93

beta

-0.16

0 14
0.03

0 11
005
005
0.09
0.10
0.16

-0 14

0.31
0.23
0.10

-0.36
-0.11
-0.14

t

-3.02

2.67
0.54

1 80
0.96
1.00
1.47
1.83
2 93

-2.52

5.70
4.19
1.88

•6.54
-2.01
-2.61

13.75

sign, of 1

0003

0.008
0593

0073
0.339
0.317
0.143
0.069
0004

0.012

<0001
<0.001
0.061

<0.00l
0.046
0.009

<000l

95% Ci of b

-0 40<->-0.08

1.5l<->9.95
-10.45<-> 18.26

-O.42< >9 36
-4 I3<->11 96
-4.58<->14 07
-I 58<-> 10.83
-0.60 <-> 15.95
6.07<-> 30.99

-0.55 <->-0.07

8.27-17.01
6.91 < - > 19.19
-0.73<->3l 17

-0 54<->-0 29
-8.48<->-O08
-0.27<->-0.04

69 82<->93 16

' n=27O (3 missing; 73 system missing (no 1 year graft function).
R'=0.344. Model F-Ratio=8.29 at 16 and 253 df; P<0.000l

Discussion

Factors related to renal graft outcome have been reported in single center studies''"
and in studies performed by transplant registries such as Eurotransplant, UCLA,
and CTS"*. Registry studies have the advantage of being able to include large
numbers of patients. However, the disadvantage of analysing a heterogenous patient
group from different centers is the 'noise' of center effects. Center effect is a
major factor in renal transplant outcome". Therefore, single-center studies, using a
more uniform patient group and management, may be valuable in the analysis of
transplant outcome, especially of outcome parameters other than patient and graft
survival.

We analyzed ail cadaveric renal transplantations performed in the University
Hospital Maastricht using cyclosporine A as basic immunosuppression in the period
1983 through 1995. AH patients were treated according to the same
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immunosuppressive protocol, and both patient management and senior staff
remained essentially unchanged during this period. From this perspective, this
constitutes a homogeneous study population. Parameters potentially related to renal
graft outcome were analyzed using multivariate techniques.

Patient survival

Overall patient survival (censored for graft failure) in the first year after
transplantation was ±95%, decreasing to ±85% at year 5 and ±75% at year 10.
Factors of statistical significance in patient survival were different for the period up
to and beyond 4 years post-transplantation. Significant risk factors related to patient
survival within 4 years were: transplant period, age of recipient, and
transplantation of a third or fourth graft. Patients who underwent transplantation
during the years 1991-1995 (the latest period) had a protective odds ratio of 0.10
compared to patients who did so during the years 1983-1987 (the first period). This
might have been due to improvement in patient selection, perioperative care, and
management of comorbidity, such as cardiovascular diseases and risk factors.
Cardiovascular diseases have a high prevalence in the transplant population"" and
they form the main cause of death in this population"'•". In the present study,
where 45% of the recipients were over 50 years of age and 18% were over 60
years of age, the death score increased by 12% for every year of increase in the
age of the recipient. With an increase in the age of the recipient at the time of
transplantation, death with a functioning graft will become more and more
important. Although only 5% of our patients received more than two transplants,
they are at a very high risk of death within 4 years (odds ratio 14). This increased
risk of dying with a functioning graft might be related to adverse effects of
previous exposure to immunosuppressive medication (e.g., hypertension,
hyperlipctnia and carcinogenicity) and more comorbidity than first or second
transplants. Compared to patients receiving their first or second graft, third and
fourth graft recipients significantly more often used azathioprine (18.2% vs. 64.7%
P=0.001) and needed treatment for acute rejection (36.2% vs. 70.6%, P=0.01).
They also had a trend towards more frequent DGF (65% vs. 47%) and chronic
glomerulonephritis as their original disease (47% vs. 27%), and they less often had
a good general evaluation (40% vs. 54%). Thus, a set of incidental factors, each
with a potentially negative relation to patient survival, existed simultaneously in
these patients.

Patients with a mismatch tor either HLA-B or -DR were at a significantly higher
risk of dying up to 4 years after transplantation than patients without any mismatch
for HLA-B and -DR in bivariate as well as multivariate analysts (/>=0.02-0.05;
odds ratio 4-8). This cannot be explained by differences in donor and patient
characteristics or by differences in rejection rate between the different mismatch
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groups (data not shown).

Factors related to death with a functioning graft in the period after 4 years post-
transplantation differed from those within 4 years: general evaluation (including
comorbidily, age, and transplant history) and receiving a graft from a NHB donor.
Because general evaluation is based on comorbidity, age. and transplant history,
two of the three factors shown to be risk factors for patient survival early ( < 4
years) after transplantation are indirectly also risk factors for patient survival after
4 years. The relationship between receiving a graft from a NHB donor and
increased risk of dying more than 4 years after transplantation has not been
reported before. In bivariate analysis, transplants with a NHB donor graft differed
significantly only for the following parameters of Table 1 from transplants with a
HB donor graft: more often from a local donor (P=0.001), longer W i l l
(/>=0.007), fewer 0 mismatches for HLA-A and -DR (/>=0.02 and /»=().()!.
respectively), and higher donor age (P=0.007). Differences in recipient
characteristics were small and not statistically significant at all. The clinical
outcome differed significantly by a higher frequency of DGF (P=0.(H)4), but not
by the occurrence of acute rejection or creatinine clearance at year 1. We have to
bear in mind that the number of grafts from NHB donors was relatively small
(n=22). Studies including more non-heart-beating donors than this study have
shown that graft and patient survival are comparable in patient receiving grafts
from NHB and heartbeating cadaveric donors'*''*. Therefore, the correlation of
receiving a graft from a NHB donor with patient death might have been due to the
small sample size.

Mismatching for HLA loci did not contribute significantly to the above-mentioned
risk factors for late patient survival.

Graft survival

Overall graft survival (censored for death with functioning graft) in the first year
after transplantation was ±80%, decreasing to ±65% at year 5 and ±50% at year
10. Because Cox regression analysis showed that significant risk factors differed
for the 1-year graft survival and graft survival after 1 year, graft survival was
analyzed separately for these periods.

Risk factors for graft failure within 1 year included the immunological factor peak
PRA. For graft survival, %PRA of both peak and current serum were equally
strong risk factors and had a high positive correlation with each other. Introducing
both factors into the model did not improve the model. As reported before, DGF
increased the risk of graft failure. This was found not only for those patients who
had to continue dialysis (never-functioning grafts; odds ratio 18.12); also patients
who regained graft function and became dialysis-independent were at a doubled risk
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of graft failure within the first year compared to patients with an immediately
functioning graft. The cause of DGF is multifactorial and related to immunologic
as well as recipient and donor factors. Increased anastomosis time (WIT2) was the
third risk factor for graft loss. This might have been due to technical problems
during the operation that increased the risk of thrombosis or due to increased
ischemia/reperfusion damage due to the longer WIT2. Neither mismatch for any
HLA locus nor occurrence of acute rejection was a risk factor for graft loss within
the first year after transplantation. Recurrent acute rejections''-" and the vascular
type of acute rejection*' have, in particular, been shown to be risk factors for graft
loss. We used polyclonal antilymphocyte antibodies as first line treatment for acute
rejection. It has been shown by Theodorakis et al. that treatment for a first acute
rejection episode with ATG reduces the number of recurrent rejections compared to
treatment with methylprednisolone (16% vs. 72%)". In our study, the proportion
of recurrent rejections was comparable (16 out of 131, 12.2%). Thus we probably
reversed acute vascular rejection and prevented the occurrence of recurrent acute
rejections.

After censoring for death with a functioning graft, graft half-life after year 1 turned
out to be ±1214 years. The extrapolated graft half-life was different between
patients who underwent transplantation in the years 1983-1987, 1988-1991, and
1992-1995 ( ± 1 1 , ±13.5, and ±19 years, respectively).
Graft loss after the first year was mainly related to the quality of function of the
graft (crealinine clearance and proteinuria at year 1) and, to a lesser extent, to the
age of the recipient. Renal function at year 1 has been reported to be one of the
main prognostic parameters for graft survival""; proteinuria has also been
reported to be a risk factor''-''.
Creatinine clearance is a reflection of the quantity of functioning nephrons and,
thereby, of the quality of donor parameters (including age of donor) and insults
placed upon the graft during procurement, preservation, and the first year after
transplantation (DGF, cyclosporine nephrotoxicity, rejection). In this study, 25.4%
of the donors were over 50 years of age, while 7.8% were over 60 years. Also, in
nearly half of them, cardiovascular diseases were the cause of death. Both high
donor age and cardiovascular cause of death of the donor are related to a poorer
kidney function"'"'.
Proteinuria is a sign of structural damage of the nephron. mainly of the
glomerulus. This damage can be pre-existent in the donor kidney, can be a result
of the preservation and transplantation procedure, or can be due to factors
occurring after transplantation, such as hypertension and chronic rejection. Some
patients had residual function of their native kidneys or previous transplants.
Altliough this residual urine production usually drops after the start of cyclosporine
administration, it may be that native kidneys or a previous graft contribute to the
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proteinuria. Therefore, in our analysis, the influence of proteinuria on graft
survival might have been underestimated.
Older recipients have a lower risk of graft failure. This is a confirmation of other
reports" " and is considered to be caused by a diminished immunological reaction
with an increase in age and. thereby, a lower risk of chronic ^immunological)
rejection.
Mismatch for HLA-B was a risk factor for late graft failure when introduced as a
single risk factor. This has been reported before" " . Mismatch for HLA-B is also
generally considered to be a risk factor for chronic rejection. However, in
multivariate analysis, mismatch for HLA-B was no longer a risk factor for graft
survival. This might have been due to the fact that mismatch for HLA-B is
significantly correlated with creatinine clearance and does not contribute to graft
survival when creatinine clearance is included in the model.
In our data, 0 HLA-A, -B, and -DR mismatched patients did not have a
significantly better graft survival. This may have been due to the small number of
patients in this data set and to the confounding 'noise' of other factors influencing
graft function.

Acute rejection

Prevention of acute rejection is important. The vascular type of acute rejection, in
particular, has been shown to be related to inferior graft survival^'. Moreover, the
need to increase the immunosuppressive load places the patient at an increased risk
of infections and malignancies. The occurrence of acute rejection increases the
duration of hospitalization. Patients at a higher immunological risk (high PRA in
peak serum and/or third or fourth graft) were at a higher risk of rejection. These
findings are a confirmation of previous findings"" ".
An increase in CIT was related to a decreased risk of rejection. This was not due
to the association between CIT and exchanged kidneys, resulting in a better HLA
match. Our findings are at variance with reports that have shown that an increase
in ischemia time induces inflammation and upregulation of HLA-molecules, thereby
increasing the risk of rejection'*. However, it has also been reported in rats that a
temporary uremic state will decrease alloreactivity, resulting in less rejection of
renal grafts". Because CIT is related to DGF, our results may be the human
counterpart of this 'uremic escape'.

HLA -B, or -DR mismatches result in a higher risk of rejection, but only in certain
combinations. Compared to patients with 0 mismatches for HLA-A, -B, and -DR,
patients with > 1 mismatch for either HLA-B or HLA-DR had an increased risk of
acute rejection; however, patients with 2: 1 mismatch for HLA-A did not have an
increased risk of rejection. In patients with > 1 mismatch for both HLA-A and -B,
patients with mismatches for HLA-DR had a higher rejection rate than patients
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without mismatches for HLA-DR. Mismatches for HLA-B or -DR do not result in
an increased risk of rejection in the other combinations, while HLA-A mismatches
are related to a lower rejection rate in the > 1 B and 0 DR mismatch group. There
is no evidence to support this last result in the literature, nor is there a biological
explanation for it. Therefore, it may just be an artefact in our data set. Before
conclusions can be drawn from this result, it must be confirmed in an independent
data set. The influence of HLA mismatching is generally analyzed by adding up all
mismatches for HLA-A, -B, and -DR. Transplants with 0 mismatches had a lower
rejection rate than transplants with at least 1 mismatch for these loci*'. Previous
reports from our center, grouping mismatches in this way, confirmed these
findings*'-'". Moreover, if the current data are analyzed in the way we did in our
previous reports, the 0 HLA-A, -B, -DR mismatch group still had a significantly
lower rejection rate (20%) than patients with 1 mismatch for either HLA-A, -B, or
-DR (47%) and patients with S i mismatch for HLA-A, -B, and -DR (37%;
P=0 .0 l ) . Using the technique of a hierarchical model-fitting, we were able to
make some nuances to this general view. Specific groups at risk for (or protected
from) rejection were discriminated by analyzing the interaction between mismatches
for different HLA loci. Our study stressed the influence of the way in which data
arc grouped. The HLA system is very complicated, and not every mismatch seems
to be as important as shown by the concept of 'taboo mismatches'*', 'acceptable
mismatch program""*', and 'non-inherited maternal antigens'****. Thus, by
'intelligent mismatching', it may be difficult to ascertain the beneficial effect of
HLA matching on rejection rate in a single-center study. Moreover, the size of our
study population may be too small to analyze all details of the influence of the
complex HLA system on rejection.

Need for dialysis after transplantation (DGF)

DGF is an important complication after renal transplantation, contributing to lower
graft survival and increased complexity of post-transplant care. We have found that
parameters shown to be related to DGF are multifactorial. including
immunological, preservation, and recipient parameters. Sensitization (%PRA) has
been reported to be related to DGF, possibly by inducing subclinical rejection*'.
Cold lymphocytotoxins, in particular, are reported to be detrimental to immediate
graft function**. Ischemic/reperfusion damage (WIT1 and CIT) is well known to
increase the DGF rate*''. This is supported by the fact that grafts from living donors
have a lower frequency of DGF than grafts from cadaveric donors'". Recipient
parameters are also related to DGF. Type of pretransplant dialysis influenced the
DGF' rate. The DGF rate was higher in hemodialysis patients than in peritoneal
dialyzed patients. This is in accordance with the results of van Loo et al.", who
showed that henuxlialysis within 24 hours pretransplantation with bio-incompatible
membrane and/or ullrahltration increased the rate of early graft dysfunction.
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Generally, most of our hemodialysis patients were dialyzed with a bio-incompatible
membrane (and ultrafiltrated) before transplantation. Complement and cylokines are
activated by this and. thus, induce inflammation. It is difficult to estimate dry
weight by clinical parameters'-, and hemodialysis patients can be relatively
dehydrated compared to CAPD patients. Dehydration after transplantation may
increase vasoconstriction, resulting in DGF.
Size mismatch between graft and recipient has been reported to be related to an
increased DGF rate". Our finding that male recipients had a higher DGF rate
supports this observation, because males generally have a higher body muscle mass
and. thus, a need for more nephron mass. However, in our population, the
combination of male recipient with female donor did not result in a higher risk of
DGF (data not shown).

A poor score on the parameter "general evaluation of the recipient' turned out to be
a significant risk factor for DGF. Besides immunological selection (high PRA), this
may also be related to a high prevalence of cardiovascular diseases in these
patients. These patients did not tolerate aggressive hydration as well in the
perioperative period, resulting in a decreased per (us ion of the graft immediately
after reperfusion. It has been shown that optimal intravascular filling with colloidal
fluids, crystalloids, and mannitol will reduce the frequency of DGI"". In this study,
neither mismatch for HLA nor type of preservation solution was significantly
related to DGF.

Duration of DGF

The duration of DGF was mainly determined by the donor parameters 'gender' and
age'. Both females and older persons" are known to have a lower number of

nephrons; therefore graft function has to recover to a higher extent before the
recipient is dialysis-independent. We cannot rule out the possibility that other
factors related to these parameters play a role (e.g., cause of death of donor)
although these factors, when included into the tested parameters, did not turn out to
be significantly related to duration of DGF by itself. Of interest is the finding that
neither occurrence of rejection nor parameters related to the frequency of DGF
were correlated to the duration of DGF.

Duration of hospitalization

In our study, duration of hospitalization was a result of both pretransplant
conditions and post-transplant complications. The most important ones were the
post-transplant complications 'DGF' and 'occurrence of acute rejection'. Of the
pretransplant conditions, both 'age of donor' and 'age of recipient' were related to
duration of hospitalization. The hospital stay increased with an increase in age.
Older recipients had more morbidity. Age of donor was an independent risk factor.
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Immunized patients had a longer hospitalization, possibly due to postoperative
complications, such as rejection and infections. Transplant period was related to
duration of hospital ization. Patients who underwent transplantation in the first
period (1983-1987) had a significantly shorter duration of hospital ization than
patients in later periods. In recent years, more high-risk patients have been
accepted for transplantation and the type of kidney donor has changed. The
increase in high-risk patients is reflected in an increase in the percentage of patients
with a score of 'poor' on the general evaluation, from 2.6% in the period 1983-
1987 to 13.6% in the period 1992-1995 (P=0.02). This unfavorable change in type
of kidney donor is reflected in the increase in mean donor age between these
periods from 34.7 years to 40.9 years (P=0.02) and the decrease in the number of
trauma donors from 56.8% to 36.6%, while the number of donors dying due to
subarachnoidal or intracranial bleeding increased from 12.8% to 29.0% (P=0.03).
These changes will result in a longer duration of hospital ization.

Creatlnine clearance at 1 year after transplantation

We confirm and extend the findings that renal function after transplantation has a
strong impact on long-term graft survival*'"•**. As function declines over the years,
lower I-year function will result in reaching the point of end-stage renal failure
earlier. A decrease in renal function also increases the frequency and severity of
hypertension and hyperlipidemia'*. Both factors may have an impact on patient and
graft survival"'". Factors related to creatinine clearance at year 1 can be grouped
as donor/preservation-related (donor age, CIT, type of preservation),
immunological (HLA-B mismatch), and recipient-related (recipient age, type of
dialysis pretransplant, cause of renal failure). With an increase in age comes a
decrease in the number of nephrons and renal function'"'*. Older donors also have
a higher incidence of chronic ischemic lesions. It has been shown by our group that
a combination of these lesions with the use of cyclosporine results in worsened
renal function*". The type of preservation solution used has an impact on renal graft
function*'. However, it also reflects the period of transplantation (in the first
period, only L-urocollins solution was used and in the latest period, UW and HTK
are used in addition to Eurocollins) and the type of donor (currently, grafts from
multiorgan donors (MOD) are preferentially preserved by UW, while HTK is used
for NHB donors). Grafts from MODs are reported to function belter than grafts
from kidney-only donors*^. As has been shown in animal studies, longer CIT may
cause more ischemic/repertusion damage"", resulting into fewer functional
nephrons and a lower creatinine clearance. Longer duration of hospital ization is a
parameter that may reflect a possible complicated postoperative course (especially
DGF and acute rejection). This may explain the association of duration of
hospitali7ation with a poorer renal function at I year. Mismatch for HLA-B is
related to a lower creatinine clearance. This is most likely an early sign of chronic
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rejection, because mismatch for HLA-B has been reported to be associated with
lower graft survival"". In this study, creatinine clearance was one of the major
factors influencing long-term graft survival. In the analysis of graft survival,
mismatch for HLA-B was a risk factor for graft failure when introduced as a single
factor; however, when creatinine clearance was introduced into the model, it was
no longer a significant risk factor. Recipient factors are also related to renal
function. Increasing recipient age results in a poorer renal function. This is not due
to selection of older or non-trauma donors for older recipients. An unprovcn
explanation may be a decreased perfusion of the graft by lower cardiac output or
more frequent use of ACE inhibitors for the treatment of hypertension. The
significantly better renal function for patients with type 2 diabetes mellitus may
reflect hyperfiltration or a systemic error in the calculation of the creatinine
clearance by the Cockcroft-Gault formula because of an altered relationship
between weight and muscle mass in these patients. Also, transplantation of these
patients while they still have a residual renal function of their native kidneys (e.g.,
because of shorter duration of dialysis p re transplant) may contribute to a higher
creatinine clearance. CAPD pretransplantation is related to a higher renal function
at year I. Residual function of CAPD patients, which is known to be preserved
longer than in HD patients"', may add to graft function resulting in a higher
creatinine clearance. However, it is known that residual function decreases when
patients use cyclosporine, thereby making this possibility unlikely. Also, the higher
weight (+2.4 kg) and younger age of CAPD patients (-2.4 yr) compared to HD
patients does not explain the difference in creatinine clearance. It is unlikely that
the type of pretransplant dialysis structurally influences the graft after
transplantation. Thus, differences in graft function must be functional. Possible
scenarios for functional changes in graft function are: 'steal effect' of the persistent
dialysis shunt in HD patients, resulting in lower perfusion of the graft, and the
recruitment of renal functional reserve by high-protein intake in former CAPD
patients. A high-protein intake results in a higher glomerular filtration rate, also in
renal allografts**". At the time of transplantation, our HD patients had a protein-
restricted diet, in contrast to CAPD patients. It is plausible that after transplantation
these differences in diet are still present.

In this single center study, we analyzed the impact of perioperative parameters on
the clinical outcome of renal cadaveric transplantation using multivariate
techniques. The results show that several donor, preservation, and recipient
parameters influence short- and long-term outcome of the renal allograft.
The influence of histocompatibility parameters was modest. Only in rejection rate
and creatinine clearance at year 1 did matching for some HLA loci result in a
better outcome. However, the analysis of the influence of HLA mismatching on
clinical outcome in this study may have been hampered by its complexity,
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'intelligent mismatching', and the relatively small sample size. Not only HLA
matching, but also the presence of cytotoxic HLA antibodies and previous
transplants influenced DGF and short-term patient and graft survival. Parameters
other than histocompatibility are related to short- and long-term outcome
parameters. These parameters are donor, preservation, and recipient-related. Some
of these factors may be influenced by other donor and recipient management and
may therefore be potential targets for improvement of the renal transplant outcome.
This is especially true for the prevention of DGF by reducing CIT (e.g., improve
in-hospital logistics by reducing waiting time for operation theatre) and modifying
pretransplant hcmodialysis (use of biocompatible membranes and prevention of
ultrafiltrating large volumes). Other factors are less easily influenced (e.g., donor
age, recipient age, NHB donor, general evaluation of recipient). Yet, it is
important to know the relevant factors because donor and patient characteristics are
changing to unfavorable types. By selecting an optimal donor-recipient
combination, the accumulation of unfavorable parameters may be prevented, thus
improving the clinical outcome of renal cadaveric transplantation.
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General discussion



General discussion

Renal transplantation evolved from an experimental treatment with a high morbidity
for a limited number of highly selected patients in the 1960s to a preferred
treatment for most patients with end-stage renal failure by the end of the 1980s.
From 1980 to the mid-1990s, the pretransplant work-up, surgical procedure, and
follow-up were quite uniform in Western Europe. Many centers were transfusing
patients before placing them on the renal transplant waiting list. Screening for anti-
M,A antibodies and the pretransplant crossmatch were done with complement-
dependent cytotoxicity assays. Kidneys were allocated by organ exchange
organizations such as Eurotransplant. HLA matching between donor and recipient
was the most important parameter for allocation. Most transplant recipients were
given a cyclosporinc-based immunosuppressive regimen. Patient and graft survival
were satisfactory and the morbidity of the procedure was considerably lower than it
had been in the early 1970s.

In the 1990s, some changes occurred. Other screening and crossmatch techniques
were introduced. The beneficial effect of blood transfusions was called into
question, and it was hypothesized that the beneficial effect was dependent on the
HLA-DR match between blood transfusion donor and recipient. Tacrolimus and
mycophenolate mofetil were registered as new immunosuppressive agents.
Because of the good patient and graft survival, the criteria for placing patients on
the waiting list have now become less strict leading to an increase in potential
recipients. These are generally older recipients and recipients with more
comorbidity. The increase in the number of potential recipients has not been
accompanied by a parallel increase in the number of donors, and so the donor
shortage has increased considerably. As a result, kidneys are currently being
accepted for transplantation that would have been refused in the 1970s. Cadaveric
donors have become older and the cause of death has changed from trauma to
cerebrovascular diseases. Moreover, the use of living (unrelated) donors is being
encouraged.

After a successful transplantation, there is an increase in the quality of life' and in
life expectancy*. Thus, some of the goals of renal transplantation have been
reached. However, by 10 years post-transplantation, only about half of all
recipients are still alive with a functioning graft. Many grafts are lost due to
chronic transplant dysfunction. Both immunological and non-immunological factors
may play a major role in this. In the next sections, the consequences of the recent
changes in the transplant protocol on acute rejection incidence and graft survival
will be discussed.

1%



Blood transfusion

In the azathioprine era. it was proven that patients who received a blood
transfusion had about a 20% better graft survival than those who did no t ' \ This
effect occurs as early as after one transfusion*'. Many questions about this effect
have not been answered, such as the quality of transfused blood, the mechanism
behind the transfusion effect, etc.. In the cyclosporine era, the question was raised
as to whether this beneficial effect still existed.

Many centers have abandoned the policy of deliberately transfusing patients on the
renal transplant waiting list. However, Opelz et al., in a randomized prospective
trial, have reconfirmed a beneficial effect of transfusion on graft survival in
patients treated with cyclosporine. Patients who received three transfusions have a
9% better 5-year graft survival rate than patients who received no transfusion (79%
vs. 70%, respectively)*. Although the beneficial effect of transfusions has become
smaller, this effect is still of clinical importance.

It has been reported that matching for HLA-DR between transfusion donor and
recipient results in a lower grade of panel reactive antibodies'", a lower rejection
rate*'', and better graft survival in recipients of a renal' or heart transplant'". These
results have been supported by in vitro data. In one study, HLA-DR-shared
transfusions resulted in a decreased frequency of cytotoxic T-cell precursors";
however questions have since been raised about this study"'".
Studies on the beneficial effect of DR matching for transfusion donor and recipient
have some shortcomings. The occurrence of anti-HLA antibodies was detected by
testing sera against a panel of third-party lymphocytes and not against the
transfusion donor itself. Also, reactivity of these antibodies was usually tested only
against T cells and not against B cells. The sensitization grade in the study by
Lagaaij et al. was rather high in the nonmatched group'. These authors, the only
ones who reported a significant difference in renal graft survival, studied only
patients treated with azathioprine and not with cyclosporine. In most studies,
patients and controls were transfused with different numbers of units of blood and
controls were transfused with random blood instead of nonmatched blood. Also, the
number of patients in many studies was rather small.

For these reasons, we analyzed a large group of patients (n = 247) on the renal
transplant waiting list for the presence of rfortor-d/>«7«/ antibodies (for both class I
and II) after transfusion of one unit of DR-matched or -nonmatched leukocyte-poor
erythrocyte concentrate (Chapter 2). In contrast to Lagaaij et al., we found that
the frequency of «fortor-rf/rm«/ antibodies (for both class I and II) after transfusion
was low and did not differ between recipients of DR-matched and -nonmatched
transfusion. Furthermore, rejection rate and graft survival after transplantation did
not differ between the two groups in multivariate analysis. We postulated that the
effect of DR matching in previous studies was due to methodological shortcomings
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(different number of transfusions between controls and patients) and a better
HLA-DR match between recipient and kidney donor in the Lagaaij et al. study. At
the time of their study, allocation of kidneys was based on HLA-B match. Patients
with an HLA-DR-matched transfusion most commonly had a frequent DR antigen
and, thus, a high chance of receiving a HLA-DR matched kidney due to linkage
disequilibrium between HLA-B and HLA-DR antigens. Their results may,
therefore, be positively influenced by the indirect beneficial effect of HLA-DR
matching between kidney donor and recipient. We have performed a multivariate
analysis to control for such confounders.

The results of this study do not support the recommendation to match blood donor
and recipient for HLA-DR. Transfusion according to our protocol results in a low
percentage of patients with donor-directed antibodies. Because the beneficial effect
of transfusion still exists in the cyclosporine era, we have no reason to change our
protocol of transfusing one random unit of blood to patients before they are placed
on the waiting list.

Screening

Screening for anti-HLA antibodies is part of the pretransplant work-up. In this way
and 111. A antibodies are detected.
Antibody titcr may vary over time and screening has to be performed regularly. At
our center, every 3 months serum of patients on the renal transplant waiting list is
screened; when necessary, screening is performed more frequently (e.g., after
transfusion). Both the percentage of panel reactive antibodies (%PRA) and the
HLA specificity of the antibodies arc recorded. Pretransplant detection of these
antibodies is important because the presence of donor-directed HLA class I
antibodies in current serum is an absolute contraindication for transplantation. The
importance of the presence of class II antibodies in current serum and/or the
presence of antibodies (class I and II) in peak serum has still not been established,
although an increased incidence of rejection and graft loss have been reported.
In our center, the presence of antibodies with specificity against donor antigens,
cither class I or II. in any pretransplant serum is a contraindication for trans-
plantation. Patients with a high %PRA have a high risk of rejection and will
generally receive additional immunosuppression.
The standard screening technique used is a complement-dependent lympho-
cylotoxicily (CDC) assay. It can be performed for HLA class I antibodies (NIH)
and for HLA class II antibodies (TCF). CDC has a number of disadvantages,
namely, the need for a panel of viable lymphocytes, the fact that it is time-
consuming, and the large intercenter variability.
The number of patients on the waiting list is increasing because of the organ
shortage. The screening of many sera with the standard CDC assays is a great deal
of work for the tissue-typing laboratory. To reduce the workload, newer screening
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procedures are being sought and newer screening techniques introduced. Such
techniques are flow cytometry and enzyme-linked immunosorbant assay (ELISA).
Row cytometry (FC) screening uses a pool of different lymphocytes. Sera without
PRA that need no further investigation can be quickly discriminated fmm sera that
must be investigated further to determine %PRA and HI.A specificity. Flow
cytometry is dependent on the availability of large numbers of viable cells and,
therefore, is not suitable for routinely screening sera for HLA specificity and
%PRA. Further investigation of FC-positive sera has (o be performed using other
techniques.

Another method that can be used for selecting antibody-positive sera for further
screening is Quikscreen, an ELISA assay using beads covered with soluble HLA
(sHLA) antigens to detect anti-HLA antibodies. sHLA antigens play a role in
screening sera to determine %PRA and HLA specificity in the commercial ELISA
kit Prastat. Compared to CDC screening. Prastat has the advantages of
standardization, low intercenter variation, and HLA-IgG specificity. However, the
number of antigens presented is relatively low, and many antigens are represented
only once or twice in the panel. The kit is expensive and the clinical significance of
different results between ELISA and CDC is still not yet clear. The manufacturer
explicitly states in the instruction manual that the clinical significance of %PRA or
HLA specificity based on Prastat has not yet been demonstrated. Although
originally presented as HLA class I-specific, it has become clear that both class I
and II antibodies are detected.

ELISA has been compared extensively for screening HLA class I antibodies with
CDC, most frequently the NIH technique. However, because ELISA detects both
class I and II antibodies, it needs to be compared with CDC screening techniques
that also detect HLA class I and II antibodies. In Chapter 3, we compared ELISA
(Prastat) and CDC (class I and II) for the detection of anti-HLA antibodies in sera
of renal transplant recipients. We found that the method agreement between ELISA
and NIH was insufficient to replace one method by the other. The method
agreement between ELISA and TCF was even worse.

Furthermore, the relationship between screening result and graft survival and
rejection was assessed. None of the assays was related to graft survival. The
comparison of ELISA and NIH using pretransplant sera showed that the results of
both assays equally discriminated patients at risk for rejection, both in univariate
analysis and in multivariate analysis, while the result of TCF was not related to
rejection. With regard to post-transplant sera and change in antibody status from
pretransplant to post-transplant, CDC correlated better wilh rejection than ELISA.
This held true for both NIH and TCF.

The patients in the study underwent transplantation after the presence of donor-
directed HLA antibodies in any pretransplant serum was excluded by CDC. The
question of whether detection of donor-directed HLA specificity pretransplantation
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contributes to the risk of rejection can only be answered for ELISA.
Compared to ELISA-negative sera, only sera with antibody specificity, donor-
directed or non-donor-directed, were a risk factor for rejection. ELISA-positive
sera without attributed HLA specificity were not a risk factor for rejection.
For NIH, %PRA, and not antibody specificity, was a risk factor for rejection. It
can be concluded from this study that ELISA and NIH provide additional
information on sensitization. The real place of ELISA compared to CDC has yet to
be determined. Currently, it seems that the costs of the ELISA kit are a drawback.
ELISA cannot replace the CDC technique in screening for less frequent antibodies
and crossmatching. The latter may be resolved if the ELISA-based crossmatch
assay is introduced. Such an assay, Crossstat, is currently under investigation.
In comparing ELISA and CDC, one has to consider the fact that the patients have
been selected by CDC assays. The best way to prove the clinical value of ELISA
compared to CDC would be in a trial in which patients are randomized to either
ELISA or CDC for screening and crossmatching and in which both groups are
compared for occurrence of post-transplant outcome. Until results of such trial are
known, factors other than efficacy, such as costs, will determine which tests are
used.

Crossmatch

When selecting a recipient for a cadaveric donor, the patient's immunological
profile is taken into account. If a donor-recipient combination is selected, the final
test to be performed is the crossmatch between donor cells and recipient serum.
The standard crossmatch is based on the CDC technique. A positive T-cell CDC
crossmatch is an absolute contraindication for proceeding with transplantation,
while a positive B-cell CDC crossmatch without donor-directed class II antibodies
in the screening is not.
Highly immunized patients often react with a positive crossmatch and,
consequently, arc seldom given a transplant. For this reason, a special program has
been developed, the Highly Immunized Trial (HIT) by Opelz'*. In the HIT
program, a tray with sera of highly immunized patients is sent to all participating
centers and is crossmatched with every donor. In the case of a negative crossmatch
with serum of a patient on the tray, the kidney is transplanted into this patient.

A new crossmatch technique based on the technique of flow cytometry (FC) has
been reported. The FC crossmatch is more sensitive and T-cell IgG-specific. In
Chapter 4, a review of the literature on FC crossmatching is given, and the
validation of the FC crossmatch, as performed in our center, is described.

Several centers have reported FC crossmatch to be superior to NIH crossmatch'*"",
although others did not find such a difference when anti-human globulin CDC was
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used as the crossmatch technique' . We analyzed the additive value of preiransplant
FC crossmatching in CDC-negative patients (Chapter 5). No difference was found
in the 1-year graft survival or in the acute rejection rate between patients positive
or negative by FC. In contrast, when FC crossmatch had been the crossmatch
technique, 28% of our recipients would have been denied transplantation with their
donor kidney, while in fact they were doing well. This suggests that the FC
crossmatch may be too sensitive. This conclusion is supported by the fact that no
report has been published of a hyperacute rejection in a renal allograft recipient
transplanted with a CDC-negative/FC-positive pretransplant crossmatch. From a
clinical point of view, these positive FC results should be considered as false-
positive results. We have hypothesized that our approach to pretransplant screening
prevents transplantation of patients with clinically significant antibodies. Donors are
excluded for a patient if any serum of this patient has or had in the past shown
anti-HLA antibodies with specificities directed against this donor. We conclude that
the FC crossmalch has no additional effect in immunologically well-documented
patients transplanted with a negative pretransplanl CDC crossmatch.

Post-transplant inununological monitoring

It is no routine procedure to test sera post-transplantation for the presence of
antibodies. However, such immunological monitoring is important. It has been
shown that detection of anti-HLA cytotoxic antibodies after transplantation is
related to rejection, both when found in a screening assay*''" or by donor-specific
crossmatch"". In Chapter 6, we compared post-transplant crossmatches by CDC
and FC in our population. Patients who became positive by either CDC or I'C
were at an increased risk of rejection and graft loss. However, the increased in
vitro sensitivity of the FC crossmatch was not reflected in a comparable increase in
the number of patients at risk. This might be due to the definition of FC positivity.
Discrimination between negative and positive results was based on the mean
reactions of a number of 'negative' human control sera. These negative sera show
variability in their reactivity against lymphocytes from different individuals. The
cutoff point, defined by the mean channel plus three standard deviations of negative
control sera, might result in a lack of detection of low but significant antibody con-
centrations. To avoid the use of a negative control serum in the definition of the
cutoff point, the FC activity of sera before and after transplantation was compared
directly. Since both sera were tested with the same target cells, this comparison
was considered justified. When the patients were grouped into quartiles according
to their relative change in fluorescence ratio, patients in the quartilc with the
greatest relative increase in fluorescence ratio were shown to be at risk for
rejection and graft loss. Interestingly, patients in the quartile with the greatest
decrease in fluorescence ratio did best. Whether this might be due to IgA
antibodies is currently under investigation. Our results may be used to discern in an
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early stage after transplantation a large group of patients at risk for graft loss. This
group might potentially benefit from an adjustment in their immunosuppressive
regimen.

Matching for HLA antigens

Registry studies consistently show the importance of HLA matching in both
rejection rate and graft survival. Minimizing HLA mismatches is an important
criterion for allocation. Traditionally, the number of mismatches for the HLA-loci
A, B, and DR are counted from 0 to 6. With an increase in the number of
mismatches, rejection rate increases and graft survival decreases. There is
discussion about the level of HLA typing needed for HLA matching. Increasing the
typing level to a more detailed level, as well as decreasing the typing level to a
more general level have been advocated.
Will) improved methods of detection, some HLA antigens, supposed to represent
only one antigen, could in fact be split into several different antigens by serology
or by DNA typing. The original antigen is called the broad antigen. Improvement
in graft survival has been shown both for matching HLA-A and -B antigens at the
serologically split level-' and for matching for HLA-DR at the DNA level"
compared to matching for broad antigens. However, by introducing matching on
the split or DNA level, the number of HLA antigens increases, resulting in a lower
percentage of well matched donor-recipient combinations.
On the other hand, different broad HLA-A and -B antigens have been shown to
share amino acid residues with minimal or no sequence variability. Because these
different residues share antigenic determinants, they constitute a basis for common
groups, also called crossreactive groups (CREGs)*\ Many of the antibodies formed
are directed against these CRHGs and some consider it to be sufficient to match
only for CRHGs. The concept of CREGs was studied especially in the USA,
although in the Hurotransplant region a low chronic rejection rate due to matching
for broadly reacting antigens has also been reported'*. The advantage of matching
for CRHGs is the possibility of providing more patients with a well-matched
kidney. It has been reported, also by our group, that matching for HLA-DQ results
in a low rejection rate comparable to that when matching for HLA-DR-"•*'. Because
the HLA-DQ locus is less polymorphic than the HLA-DR locus, matching for
HLA-DQ instead of for HLA-DR will result in transplantation of more matched
grafts. However, the HLA-DR and HLA-DQ loci have a strong linkage
disequilibrium and the patients were prospectively matched for HLA-DR antigens.
Moreover, the number of patients in the studies was relatively small. Therefore,
the question of whether matching for HLA-DQ is preferable to matching for
HLA-DR cannot be answered yet. This question can only be answered in a
randomi/ed study in which patients are prospectively matched for either HLA-DR
or HLA-DQ.
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To decide as to at which level of HLA typing matching has to be performed is,
among other factors, dependent on the size of the recipient pool. It is preferable to
provide the best match (= matched on split or DNA level); however, if no well-
matched donor-recipient combination is available, e.g., in the case of a small
recipient pool, matching for CREGs is probably better than random allocation.

The concept of counting the number of mismatches has disadvantages. Implicitly,
every mismatch is considered of equal importance. Yet. it has been shown that this
is not the case. The immunogenicity of different HLA antigens may vary and the
time period that a mismatch has influence on clinical outcome varies tor UK-
different HLA loci.
Recently, the concept of 'taboo' mismatches has been introduced". Analysis of
Eurotransplant data showed that not every mismatch results in early graft loss.
Mismatches that do result into poorer graft survival are called 'taboo' and those
that do not are named 'indifferent'. These taboo mismatches arc not recipient-
specific, but are intrinsic to the immunogenicity of specific combinations of
antigens.

Also, in the concept of Acceptable Mismatch"", HLA matching for donor-
recipient combinations does not give the same value to every mismatch. For
patients with a high %PRA, it is very difficult to provide a good match with a
negative crossmatch. They rarely undergo transplantation and their waiting time is
very long. In the Acceptable Mismatch program, HLA class I antigens are selected
against which the patient has not formed antibodies. Therefore, a number of
mismatches are now acceptable and matching has become feasible. In the
Eurotransplant allocation scheme, patients on the Acceptable Mismatch program,
have preference over other patients if a donor with a suitable HLA typing is
available.

It has been reported that HLA-DR mismatch is important in the early phase after
transplantation (up to 6 months), while for a graft that has survived this period the
number of HLA-DR mismatches does not matter anymore* " . From 6 months up
to 3-5 years the number of HLA-B mismatches is of importance, while the number
of HLA-A mismatches probably matters for grafts surviving for a longer period of
time. Therefore, simply adding the number of mismatches does not seem to be the
best way to allocate kidneys.

The allocation of grafts by Eurotransplant has recently been changed, replaced by
an algorithm originally designed by Wujciak and Opelz**. The preference for
transplanting kidneys with zero mismatches for HLA-A, -B, and -DR has been
retained, while the importance of other numbers of mismatches has gotten less
attention. New items in the algorithm are: waiting time on the transplantation list,
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matchability, distance between donor and recipient, and national import/export
balance. Within one year after its introduction, its primary goals (increasing the
number of transplantations for patients with long waiting times or poorly matchable
HI-A phenotype) were met".
In Chapter 8, we analyzed the influence of HLA mismatch on renal graft outcome
in our patient population using a strictly hierarchical model-fitting procedure for
HLA-A, -B, and -DR mismatches. This procedure allows us to discriminate
specific mismatch groups at risk for (or protected from) rejection or graft failure
by analyzing the interaction between mismatches for different HLA loci. Patient
survival and graft survival were analyzed for different time periods after
transplantation. The conclusions that can be drawn from this study are that some
specific HLA mismatches are related to rejection, whereas mismatch for HLA-B is
related to long-term graft loss. Thus, HLA matching results in an important
improvement in clinical outcome parameters after renal transplantation in patients
using cyclosporine.

Immunosupprcssion

In (he 1980s, cyclosporine-based immunosuppression became the standard
immunosuppressive therapy for renal transplantation.
Usually cyclosporine was combined with steroids and azathioprine. With the
exception of high risk patients (retransplants, high %PRA). patients were generally
treated with the same immunosuppression during the cyclosporine era. Ideally, a
more tailor-made immunosuppressive regimen should be applied.
Important side effects of cyclosporine are nephrotoxicity, hypertension, hyper-
cholesterolemia, hirsutism. and gingival hyperplasia. For nearly 15 years,
cyclosporine had no competitors. Because of the side effects and a 40%-60% acute
rejection rate, newer immunosuppressives were sought. In recent years, tacrolimus
and mycophenolate mofetil (MMF) have been introduced.

After the introduction of tacrolimus in Furope, our center joined a group of investi-
gators who were designing and participating in multicenter trials with this drug.
Tacrolimus-based immunosuppression was shown to be associated with a reduction
in both acute and steroid-resistant rejection of ± 5 0 % " " compared to cyclosporine
(Sandimmunc)-hascd immunosuppression. However, the bioavailability and phar-
macokinctics of Sandimmunc are highly variable after oral administration. A new
formulation of cyclosporine. Neoral. has since been introduced. This has been
found to have significantly less phannacokinetic variability. Data seem to indicate
that cyclosporine/Neoral-based immunosuppression has a lower incidence of
rejection than cyclosporine/Sandimmune-based immunosuppression*. We were able
to show that tacrolimus is also superior to cyclosporine/Neoral in preventing acute
rejection and steroid-resistant rejection*'.
Tacrolimus has also been successfully used as a rescue agent in salvaging allografts
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with refractory rejection under cyclosporine-based immunosuppression. Generally,
±70%-80% of all grafts can be saved by conversion from cyclosporine to
tacrolimus*-. This is a unique property of tacrolimus because there is hardly any
counterpart in the opposite direction.

The safety profiles of tacrolimus and cyclosporine-based regimens arc quite
comparable (Chapter 7a). There is no difference in patient survival or in the
incidence of infections or malignancies.
As for the side effects of the drugs, the nephrotoxic properties of both drugs arc
similar. Tremor and diarrhea are more frequently observed with tacrolimus, while
hirsutism and gingival hyperplasia are almost exclusively observed during
cyclosporine use. The incidence of hyperglycemia is significantly higher in
tacrolimus-treated patients and is due to a dose-dependent and reversible decrease
in C-peptide secretion'". Risk factors for developing diabetes mellitus are: high
levels of tacrolimus, concomitant use of steroids, prediabetic state, race, and high
body mass index. Dose reduction of tacrolimus usually leads to reversal of diabetes
mellitus. The cardiovascular profile is much more favorable during the use of
tacrolimus. There is better control of hypertension and lower levels of
hypercholerolemia, even though there is significantly less use of statins after 3
years. The better cardiovascular profile may have beneficial long-term effects
because both have been linked to cardiovascular disease and chronic transplant
nephropathy.

Tacrolimus has steroid-sparing properties. A large proportion of patients can be
weaned off corticosteroids. We have confirmed and extended these findings
(Chapter 7c). Almost 90% of our patients could be weaned off steroids and more
than 75% of these patients were on tacrolimus monotherapy.

Recently, mycophenolate mofetil (MMF) has been introduced. In combination with
cyclosporine, it has been shown to be a potent immunosuppressive agent. Very
little was known about the pharmacokinetics in recipients receiving tacrolimus. We
have shown that MMF does not influence the absorption kinetics of tacrolimus
(Chapter 7b). This suggests that no adjustment in tacrolimus dosing is necessary
when MMF is administered concomitantly. Moreover, we were able to demonstrate
that after 14 days, 1 gram of MMF may provide adequate systemic exposure when
given in combination with tacrolimus.

The combination of tacrolimus and MMF was shown to be associated with a very
low incidence of acute and steroid-resistant rejection (Chapter 7c).

Based on our experience, we have formulated dosing**^ and management
guidelines (Chapter 7c) for the use of tacrolimus in renal transplant recipients.
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The introduction of these newer drugs has resulted in a decrease in the number of
rejections. Steroid-resistant rejection and vascular rejection are specially important
risk factors for graft loss. Therefore, one can expect these newer drugs to improve
long-term graft survival. Up until now, a significantly improved graft survival rate
for patients treated with tacrolimus instead of cyclosporine has not been showrt",
although a clear trend towards improvement has been reported**-'".

Prevention of acute rejection and improvement in graft survival

Rejections that result in structural damage to the graft, i.e., no return to baseline
creatininc level or a high creatinine area under the curve (AUC) during the
rejection period, are reported to have a particularly bad prognosis. These rejections
usually present themselves as steroid-resistant or vascular rejections. Therefore,
prevention of rejection is important in order to improve graft survival. This can be
accomplished by pretransplant transfusion, prevention of sensitization (Chapter 3),
and transplantation of well-matched kidneys (Chapter 8). Also, the use of newer
immunosuppressives, such as the combination of tacrolimus with MMF (Chapter
7c), has been shown to contribute to a low rejection rate. One could argue that,
with these powerful drugs, %PRA and HLA matching not longer influence graft
outcome. However, in a clinical trial with tacrolimus both factors were still found
to have a significant influence on rejection rate"'. Therefore, HLA matching is still
important in the tacrolimus era. The incidence of rejection with an HLA-DR-
matched kidney under tacrolimus-based immunosuppression is less than 20%.
In Chapter 7c, we proposed a scheme for tailor-made immunosuppression in
which low-risk recipients (first graft, HLA-DR-identical, and PRA <20%) can be
treated with tacrolimus and low-dose corticosteroids. In the case of corticosteroid-
resistant rejection, MMF- is added and patients are maintained on a triple-drug
regimen. For the remaining patients, corticosteroids can be weaned in those who
have not been treated for rejection. All other patients are initially treated with
tacrolimus, low-dose corticosteroids and MMF. Hyperimmunized patients
(PRA >84%) and patients with corticosteroid-resistant rejection are maintained on
a triple-drug regimen. Recipients not requiring rejection therapy can be weaned off
steroids after 3 months and MMF can be withdrawn after 6- 12 months.

Ixing-terni graft survival

The parameter most predictive of long-term graft survival is the function of the
graft at 1 year post-transplantation"". Well-functioning grafts have a lower rate of
graft loss than less well-functioning grafts. In our multivariate analysis of factors
influencing clinical outcome (Chapter 8). we confirmed and extended this finding.
By linear regression analysis, we were able to discern factors related to the 1-year
creatininc clearance. The most important factors negatively related to the prediction
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of 1-year graft function were: cold ischemia time, preservation with Hurocollins
solution, donor age, and mismatch for HLA-B.
Mismatch for HLA-B is a risk factor for long-term graft survival in univariate. but
not in multivariate, analysis when 1-year creatinine clearance is introduced into the
model. Mismatch for HLA-B has been related to chronic rejection. Thus, it may be
that this effect is already reflected in graft function at I -year.
In contrast to general opinion, occurrence of acute rejection was not related to a
decreased I-year graft survival or to 1-year graft function in our study. This was
probably due to our use of polyclonal antilymphocyte antibodies as first line
treatment for acute rejection. The proportion of recurrent rejections was low
(12.2%), suggesting that we probably reversed acute vascular rejection and
prevented the recurrence of acute rejections. Our explanation is supported by a
recent report by Pelletier et al.*\

Not only 1-year creatinine clearance, but also the degree of proleinuria was
associated with graft survival. Proteinuria is a consequence of graft damage, either
pre-existent or occurring during the donation/transplantation procedure.
Furthermore, it is related to steroid-resistant rejection and hypertension. Therefore,
during the first year after transplantation the interaction between immunological
and non-immunological factors determines long-term graft survival by balancing the
result of input (quality of the graft) and early damaging events (preservation,
steroid-resistant rejection, delayed graft function, hypertension). Consequently, it is
essential to seek ways of improving the quality of the cadaveric graft. The
prevention of damaging events is important. Optimal donor management and
procurement procedure, improved preservation, matching for at least HLA-B and
HLA-DR, and shortening of the cold ischemia time are the areas to be targeted.
Cold ischemia time is the one that can easily be shortened. The influence of cold
ischemia time has been underestimated. It was thought to be related to an increase
in delayed graft function only and not to long-term sequelae. Moreover, there are
indications that the beneficial effect of matching is completely offset by the
negative influence of a long cold ischemia time".

The duration of cold ischemia depends on allocation (including typing and
crossmatching), transport, and in-hospital procedures. In the early days of
matching, HLA-typing was performed on peripheral blood. Results were often
available before the kidneys were removed. Later, spleen lymphocytes were used.
They provide a better quality of HLA class II typing. Therefore, typing results are
available at the earliest 8 hours after the kidney has been removed. The
introduction of DNA techniques has made it possible to perform reliable HLA class
1 and II typing on peripheral blood and can be performed before removal of the
donor kidney. Thus, a widespread application of this approach may shorten cold
ischemia time considerably. Recently, the need for crossmatching in patients who
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have always been negative in the screening procedures has been questioned**''. In
these cases, if no crossmatch is performed, cold ischemia time may also be
shortened. Transportation time can be shortened when more kidneys arc
transplanted locally. With the exception of mandatory exchange for zero HLA-A, -
B, and -DR mismatch kidneys and highly immunized patients in special programs
like Acceptable Mismatch and HIT, it is possible to transplant a reasonable
proportion of the kidneys locally with at least one HLA-B and one HLA-DR
match. If the minimal match cannot be provided, kidneys should be offered for
exchange.

An example of how altered allocation can reduce cold ischemia time is the
Eurotransplant Senior Program. The purpose of this program is to shorten the cold
ischemia time for kidneys that are vulnerable to ischemia due to the advanced age
of the donor. Cold ischemia time is shortened by local use of kidneys of older
donors ( > 65 years) for older recipients. Since its introduction, the mean cold
ischemia time of these grafts has been reduced from ± 19 hours to ± 12 hours
(personal communication G. Persijn, Eurotransplant). Thus, the goal of limiting
cold ischemia time for these vulnerable grafts has been met. In fact, it seems that
shortening the time between donation and grafting is important for both immediate
and long-term function for all kinds of kidneys. It would, therefore, be advisable to
give this more attention during the allocation process.

Last, but not least, is improvement of in-hospital procedures. Renal transplantation
should be regarded as an urgent operation rather a semi-urgent one that can be
delayed for half a day or longer. Taken together, these measures may improve
graft survival.
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Summary and concluding remarks

Renal transplantation has evolved in the last decades from an experimental
treatment of end-stage renal disease for few selected patients to the preferred
treatment for the majority of patients with end-stage renal disease.

A clinical renal transplantation program involves teamwork in which transplant
immunologist. surgeon, and nephrologist participate. Generally, the surgeon is
responsible for the donor program and the surgical procedure. The nephrologist is
more involved in patient selection, pre- and postoperative care, and the handling of
immunosuppression. The transplant immunologist is in charge of the transfusion
protocol, antibody screening, HLA matching, and crossmaiching. Various relevant
aspects of these disciplines are discussed in chapter 1. Important end-points for
most strategies are acute rejection rate and graft survival. Immunological
procedures to decrease the rate of rejection and increase graft survival arc
pretransplant transfusion, screening for anti-HLA antibodies in serum, matching for
HLA-A, -B, and -DR, and crossmatching. Clinical procedures to reduce the rate of
rejection and to increase graft survival include optimal preservation of the graft,
administration of immunosuppressive drugs, and preventing (a)specific injury to the
graft.

Screening for HLA antibodies and matching for HLA antigens have played a
central role in renal allografting since the 1960s. However, management of
recipients, including immunosuppressives, have changed considerably and new
histocompatibility techniques are introduced. Therefore, both standard and new
techniques have to be compared with each other and with clinical outcome
parameters to evaluate their value. We have studied several of these aspects of
which the results are described in the different chapters.

It has been shown that patients who received blood transfusion before
transplantation have a decreased acute rejection rate and improved renal graft
survival compared to patients who never received a blood transfusion. It was
hypothesized that this beneficial effect is due to matching between transfusion
donor and recipient for HLA-DR. Moreover, by DR-matching anti-HLA antibodies
were less frequently detected after transfusion. These studies had methodological
shortcomings (small sample size; use of different number of transfusions in DR-
matched and nonmatched patients; control group consisting of patients receiving
random transfusion(s) instead of nonmatched transfusion; detection of panel-
reactive, instead of donor-directed antibodies). Therefore, we studied in chapter 2
the incidence of donor-directed anti-HLA antibodies after transfusion of a single
unit of leukocyte-poor erythrocyte-concentrate in immunologically naive patients.
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We have tried to answer the following questions: What is the incidence of donor-
directed HLA antibodies after such a transfusion? Is there a difference in
occurrence of these antibodies between patients receiving DR-matched blood
transfusions and patients receiving nonmatched blood transfusion? Is there a
difference in acute rejection rate or graft survival after transplantation between
patients receiving DR-matched and nonmatched blood transfusion? Out of the 247
patients, 107 received a DR-matched transfusion, while 140 received a nonmatched
transfusion. Alloreactive T-cell antibodies were detected in 6.5% of the patients,
while alloreactive B-cell antibodies were detected in 17.3% of the patients. There
was no significant difference in the incidence of these antibodies between DR-
matched and DR-nonmatched patients. In multivariate analysis, DR-matching
between transfusion donor and recipient was no risk factor for either rejection or
graft survival. From this study, we conclude that transfusion of a single unit of
leukocyte-poor erythrocytes results in a low incidence of T-cell antibodies, while
the incidence of B-cell antibodies is higher. The development of both types of
antibodies is irrespective of DR-match. Rejection rate and graft survival is
independent of DR-match between transfusion donor and recipient.

Screening sera for presence of anti-HLA antibodies is usually performed by the
complement-dependent-cytotoxicity assay; for T-cell antibodies the NIH assay, for
B-ccll antibodies the TCF assay. A new assay detecting specific anti-HLA IgG is
Prastat, an enzyme-linked immunosorbant assay (ELISA). Both assays record as
well the percentage panel reactive antibodies (PRA) as HLA specificity. We tried
to answer die following questions: What is die mediod agreement between ELISA
and N1H/TCF CDC screening? Do bodi screening techniques differ regarding
result of die screening and acute rejection rate or graft survival? In chapter 3, we
have compared die results of ELISA and CDC (class I and II) in 429 sera drawn
pre- and post-transplantation in 143 recipients of a renal allograft and
iminunosuppressed by cyclosporine. The mediod agreement between ELISA and
NIH, and between ELISA and TCF, was too low to replace one assay by die odier.
Furthermore, we have correlated die results of the assays widi graft survival and
rejection-free survival. None of die assays was related to graft survival. Rejection-
free survival was related to die results of NIH and ELISA in bodi pre- and post-
transplant sera. Change in PRA from pretransplant to posttransplant serum
determined by NIH correlated better with rejection-free survival dian by ELISA.
Compared to El.ISA-ncgative sera, sera widi class I specificity were related to
rejection, even when diese antibodies were not donor-directed. ELISA-positive sera
widiout attributed specificity were not at risk for rejection. For NIH, %PRA and
not specificity, was a risk factor for rejection. Class II antibodies were not related
to rejection in any assay. From this study, we conclude that ELISA and NIH are
complementary screening techniques. They are of equal predictive value for
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rejection. The optimal strategy on combining these techniques has to be
determined.

Before transplantation, a crossmatch is performed between lymphocytes of the
donor and serum of the donor. A negative T-cell complcment-dcpcndent-
cytotoxicity crossmatch (NIH crossmatch) is mandatory. The flow cytometry (FC)
crossmatch is a technique that is more sensitive and IgG specific. In chapter 4, the
principles of FC and the validation of the FC crossmatch as used in the University
Hospital Maastricht is presented, together with an overview of the literature on the
comparison between CDC crossmatch and FC crossmatch. Positivity for FC
crossmatch was defined as test result (ratio of test serum and negative control
serum) higher than the mean + 3 SD of the result of negative control sera. The FC
crossmatch was shown to be T-cell specific and at least 9 dilution steps more
sensitive than the NIH crossmatch.

In chapter 5, we tried to find the answer to the question: What is the relationship
between pretransplant FC crossmatch and acute rejection and 1-year renal graft
survival in patients transplanted with a negative HLA class I CDC crossmatch
(NIH)? The study population consisted of patienLs thoroughly screened by CDC and
transplanted with a negative NIH crossmatch with peak and current scrum. In 67
non-sensitized patients, 4 had a positive FC crossmatch without acute rejection or
1-year graft loss. In 76 patients at risk (retransplants and/or sensitized) 21 showed
a positive FC crossmatch. However, the 1-year graft survival and acute rejection
rate were comparable between the FC-positive and FC-negative patients (76% vs.
80%, and 48% vs. 46%, respectively). The conclusion of this study was that in
immunologically well-documented patients FC crossmatch was not advantageous.
In 28% of our patients at risk, the FC crossmatch result was positive with current
and/or peak serum. These patients would have been denied to be transplanted with
their graft, while they are in fact doing very well.

Donor-specific antibodies can develop after transplantation. Their role in renal
transplant outcome has been questioned. In chapter 6, we tried to answer the
question: Do FC and CDC crossmatch with post-transplant serum differ with
respect to acute rejection rate or renal graft survival? Current and post-transplant
sera were tested from 143 renal allograft recipients transplanted with a negative
current NIH crossmatch. By NIH, 6.1% of the patienLs were antibody-positive.
They had a significantly lower 1-year graft survival compared to antibody-negative
patients (37.5% vs. 86.2%) and were treated more frequently for rejection (100%
vs. 37.4%).

In contrast, by FC 9.8% of the patients were antibody-negative before and
antibody-positive after transplantation, 79% were antibody-negative both pre- and
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post-transplantation, and 11.2% were antibody-positive already before
transplantation. Patients who were antibody-negative before and antibody-positive
after transplantation, had a lower graft survival and rejection-free survival than
both other groups in Cox regression analysis. By relating the FC result of
posttransplant serum with that of pretransplant serum, the relative change in
fluorescence ratio (RCFR) was determined. It was shown that the 25% of patients
with the highest increase in RCFR were at a comparable increased risk for both
graft failure and acute rejection as the 9.8% of patients that were antibody-positive
according to the standard definition. Thus, by defining antibody-positivity by
RCFR, a large group of patients can be discerned that is at increased risk for
unfavourable graft outcome. The conclusion of this study was that, despite its
increased sensitivity, the standard definition of antibody-positivity by FC does not
result in discerning a much larger group of patients at risk for rejection and/or
graft failure than antibody-positivity by CDC. However, by our new definition of
positivity, based on relative change in fluorescence ratio, a much larger group of
patients is shown to be at risk. When this result is confirmed in a prospective
study, patients at risk for graft failure may be recognized early after transplantation
and specific therapy may be targeted.

In recent years, newer immunosuppressives have been introduced. In chapter 7a,
an overview of literature is given on the use of tacrolimus in renal transplantation.
Treatment with tacrolimus, compared to cyclosporine, results in a decrease in both
acute and corticosteroid-resistant rejection rate of ± 50% with the possibility of
better graft survival. Although the safety profiles are comparable, there are
differences in side effects that are important. Patients on cyclosporine are reported
to have a higher incidence of gum hyperplasia and hirsutism. Patients on tacrolimus
are reported to have a better cardiovascular risk profile (less hypertension and less
hypercholesterolemia). However, hyperglycemia is more frequently reported in
patients on tacrolimus.

Tacrolimus is generally combined with steroids. Especially this combination with
mycophenolate mofetil (MMF) is very potent. Very little is known about the
phannacokinctics of MMF in organ transplant recipients receiving tacrolimus-based
immunosuppressive regimen. In chapter 7b. we have studied in a multicenter trial
the phannacokinetics of mycophenolate mofetil (MMF) in combination with
tacrolimus. It was shown that the phannacokinetics of tacrolimus was unchanged in
presence of MMF. Moreover, the dose of MMF may be decreased with time post-
transplant to maintain stable systemic exposure to its pharmacologically active form
mycophenolic acid.

In chapter 7c. dosing and management guidelines for tacrolimus in renal transplant
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patients are given. Generally, with the exception of hyperimmunized patients,
patients are receiving the same basic immunosuppression. Based on our experience,
immuno-suppression can be adjusted to specific clinical situation for every patient.
Therefore, a proposal for tailor-made immunosuppression is presented.

The outcome of renal allografting is determined by many factors. Therefore, we
have investigated in chapter 8 which immunologic and non-Immunologie factors
influence outcome parameters in the cohort of 346 cadaveric renal transplantations
on a cyclosporine-based immunosuppressive regimen transplanted at the University
Hospital Maastricht. By multivariate analysis, immunological and non-
immunological factors were analyzed for their relation to clinical outcome. Besides
acute rejection rate and graft survival, also patient survival, the occurrence and
duration of delayed graft function (DGF), duration of hospitalization in the first
year after transplantation, and creatinine clearance at year 1 were outcome
parameters. The influence of histocompatibility was modest. Matching for some
HLA loci resulted in better outcome only for the parameters rejection and
creatinine clearance at year 1. Panel reactive antibodies and previous transplants
were other immunological factors that influenced DGF and short-term patient and
graft surival. Other factors than histocompatibility (donor, preservation, and
recipient related) were related to short- and long-term outcome parameters. Some
of these may be influenced by a change in donor and recipient management.
Especially, prevention of DGF by reducing CIT and modifying pretransplant
dialysis may improve renal transplant outcome.

In chapter 9, the results of this study are discussed in relation to existing
immunological and clinical strategies in renal transplantation. Several proposals for
adjustments of these strategies are made.
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Samenvatting

Niertransplantatie heeft zieh de laatste decennia ontwikkeld van een experiinenteic
therapie voor een beperkt aantal geselecteerde patie'nten tot de
voorkeursbehandeling voor de overgrote meerderheid van patienten met
eindstadium nierfalen.

Een klinisch niertransplantatie programma is het resultaat van samenwerking van
transplantatie immunoloog, chirurg en nefroloog. Over het algemcen is de chirurg
de eindverantwoordelijke voor het donatie prograinma en de operatic. De nelroloog
is degene die zorgdraagt voor de patientenselectie, de zorg voor de patie'nten voor
en na de operatic en de medicatie, inclusief immuunsuppressiva (medicijnen ter
voorkoming van afstoting van de nier). In hoofdstuk 1 worden verscheidene
relevante aspecten van deze disciplines besproken. De belangrijkste cindpunlcn
voor de meeste strategieen zijn de frequentie van acute afstoting (rejectie) en
transplantaat overleving. Immunologische maatregelen om rejecties te voorkomen
en transplantaat overleving te verhogen zijn bloedtransfusie v66r de transplantatie,
screenen op de aanwezigheid van HLA antistoffen in het serum van de ontvanger,
matchen voor de weefseleigenschappen HLA-A, -B en -DR, en het verrichten van
kruisproeven. Klinische maatregelen om dit te bereiken bevatten o.a. optimale
preservatie van het transplantaat, toediening van immuunsuppressieve
geneesmiddelen, en het voorkomen van (a)specifieke schade aan het transplantaat.

Screenen op HLA antistoffen en matchen voor HLA antigenen speien sinds de
zestiger jaren een centrale rol in niertransplantatie. Echter, de behandcling van
ontvangers, inclusief de toegediende immuunsuppressiva, is sterk veranderd en
nieuwe technieken om overeenkomsten in weefseleigenschappen
(histocompatibiliteit) te bepalen zijn geintroduceerd. Nieuwe technieken dienen met
standaard technieken vergeleken te worden en met klinische uitkomst parameters
om hun nut te bepalen. Wij hebben verscheidene van deze aspecten bestudeerd,
waarvan de resultaten in de diverse hoofdstukken zijn beschreven.

Het is aangetoond, dat patienten die vöör transplantatie getransfundeerd zijn een
verminderde rejectie frequentie en verbeterde transplantaat overleving hebben t.o.v.
patienten die nooit getransfundeerd zijn. Er bestaat een hypothese dat dit günstige
effect een gevolg is van het matchen tussen transfusiedonor en -ontvanger voor
HLA-DR. Bovendien zijn er minder frequent HLA antistoffen gevonden na
transfusie door te matchen voor DR. Deze studies hadden methodologische
tekortkomingen (klein aantal patienten; verschillend aantal transfusies in ontvangers
van DR-gematcht en niet-gematcht bloed; detectie van antistoffen in een panel van
cellen i.p.v. tegen donorcellen). Daarom hebben wij in hoofdstuk 2 de ineidentie
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bestudeerd van donor-gerichte HLA antistoffen na transfusie van 1 eenheid
leucocyten-arm erythrocyten-concentraat in immunologisch 'bianco' patienten. We
hebben geprobeerd de volgende vragen te beantwoorden: Wat is de incidentie van
donor-gerichte HLA antistoffen na zo'n transfusie? Is er een verschil in het
ontslaan van deze antistoffen tussen patienten die een DR-gematchte en niet-
gematchte transfusie ontvingen? Is er een verschil in het optreden van acute rejectie
of transplantaat overleving tussen patienten die een DR-gematchte en niet-gematchte
transfusie ontvingen? Van de 247 patienten ontvingen er 107 een DR-gematchte
transfusie en 140 een niet-gematchte transfusie. Alloreactieve T-cel antistoffen
onLstonden in 6.5% van de patienten, tenvijl alloreactieve B-cel antistoffen in
17.3% van de patienten aangctoond konden worden. Er was geen significant
verschil in incidentie van deze antistoffen tussen patienten met een DR-gematchte
en niet-gematchte transfusie. In een multivariaat analyse bleek het matchen voor
DR tussen transfusiedonor en -ontvanger geen risicofactor te zijn voor het optreden
van rejectie dan wel transplantaat verlies. Wij concluderen uit deze Studie, dat
transfusie van 1 eenheid leucocyten-arm erythrocyten-concentraat resulteert in een
lagc incidentie van I'ccl antistoffen, terwijl de incidentie van B-cel antistoffen
hogcr is. Met onlstaan van beide types aniistoffen is onafhankelijk van het matchen
voor DR. Ook het optreden van rejectie en de transplantaat overleving is
onafhankelijk van matchen voor DR tussen transfusiedonor en -ontvanger.

Het screenen van sera op de aanwezigheid van HLA antistoffen gebeurt gewoonlijk
m.b.v. de complement-afhankelijke cytotoxiciteits (CDC) test; voor T-cel
antistoffen is dil de NIH test, voor B-cel antistoffen de TCF test. Een nieuwe test
wclkc speciliek anti-HLA IgG aantoont, is Prastat, een 'enzyme-1 inked
immunosorbant assay' (ELISA). Beide technieken tonen zowel het percentage
antistoffen dat met een panel reageert (PRA) als de HLA speeificiteit. We
probeerden de volgende vragen te beantwoorden: Wat is de mate van overeenkomst
in de test uitslag (method agreement) tussen ELISA en NIH/TCF? Verschillen
beide technieken in de rclatic tussen test-uitslag en acute rejectie frequence of
transplantaat overleving? In hoofdstuk 3 hebben wij de resultaten van ELISA en
CDC (klasse I en II) vergeleken in 429 sera, afgenomen voor en na
niertransplantic. Alle 143 patienten kregen cyclosporine als immunosuppressie. De
method agreement tussen ELISA en NIH, en tussen ELISA en TCF, was te gering
om elkaar te vervangen. Daarnaast zijn de resultaten van de testen gecorreleerd met
transplantaat en rejectie-vrije overleving. Geen enkele test gaf een relatie tussen
uitslag en transplantaat overleving. Rejectie-vrije overleving was gerelateerd met
het tcstresultaat van NIH en ELISA met sera afgenomen vöör en na transplantatie.
Voor wat betreft de rejectie-vrije overleving correleerde verandering in PRA tussen
sera afgenomen voor en na transplantatie beter indien deze bepaald was m.b.v.
NIH dan met ELISA. Vergeleken met ELlSA-negatieve sera, waren ELISA-
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positieve sera met klasse I specificiteit gerelateerd met rejectie, zelfs indien de
antistoffen niet gericht waren tegen donorantigenen. Een positieve ELISA-uitslag
zonder dat specificiteit toegewezen kon worden, was geen risico factor voor
rejectie. Voor NIH geldt dat PRA een risico factor was voor rejectie en niet de
specificiteit. In geen enkele test waren klasse II antistoffen gerelateerd aan rejectie.
De conclusie van deze Studie was, dat ELISA en NIH complementaire screening
technieken zijn. Zij voorspellen in gelijke mate rejectie. De optimale Strategie om
ze te combineren dient echter nog onderzocht te worden.

Vöör transplantatie wordt een kruisproef verricht tussen lymfocyten van de donor
en serum van de ontvanger om de aanwezigheid van donor-gerichte antistoffen uit
te sluiten. Een negatieve T-cel CDC kruisproef (NIH kruisproef) is verplicht. l)e
'flow cytometry' (FC) kruisproef is een gevoeliger techniek en IgG specitiek. In
hoofdstuk 4 zijn de principes van de FC en de validatie van de FC kruisproef,
zoals gebruikt in het academisch ziekenhuis Maastricht, gepresenteerd tezamen met
een overzicht van de literatuur betreffende de vergelijking van CDC en I'C
kruisproeven. Een positieve FC kruisproef is gedefiniecrd als cen uitslag (ratio van
test serum en negatieve controle serum) groter dan het gemiddelde +3 SD van de
uitslag van negatieve controle sera. Aangetoond werd, dat de IC kruisproef T-ccl
specifiek is en minstens 9 dilutie-stappen gevoeliger dan de NIH kruisproef.

In hoofdstuk 5 probeerden wij een antwoord te vinden op de vraag: Wat is de
relatie tussen de uitslag van de FC kruisproef vöör transplantatie en het opt reden
van acute rejectie en 1-jaars transplantaat overleving in patientcn die
getransplanteerd zijn met een negatieve HLA klasse I CDC kruisproef (NIH)? De
studie-populatie bestond uit patienten die grondig gescreend waren m.b.v. CDC en
getransplanteerd met een negatieve NIH kruisproef met serum met de hoogste PRA
(peak) en serum t.t.v. transplantatie afgenomen (current). Vier van de 67 niet-
geimmuniseerde patienten had een positieve FC kruisproef zonder acute rejectie of
1-jaars transplantaat verlies. Van de 76 patienten met een verhoogd risico
(meerdere transplantaten en/of gei'mmuniseerd) hadden 21 een positieve FC
kruisproef. De 1-jaars transplantaat overleving en het optreden van acute rejectie
was echter vergelijkbaar tussen FC-positieve en FC-negatieve patienten (76% vs.
80%, respectievelijk 48% vs. 46%). De conclusie van deze Studie was dat in
immunologisch goed-gedocumenteerde patienten de FC kruisproef geen
toegevoegde waarde had. In 28% van onze patienten met een verhoogd risico was
de FC kruisproef positief met current en/of peak serum. Deze patiönten zouden hun
huidige transplantatie ten onrechte onthouden zijn, indien de FC kruisproef
bepalend was.

Donorspecifieke antistoffen kunnen ontstaan na transplantatie. Er bestaat discussie
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over hun rol in de transplantaat uilkomst. In hoofdstuk 6 probeerden we om de
volgende vraag te beantwoorden: Verschillen de uitslagen van de FC en CDC
kruisproef met serum afgenomen na transplantatie in hun relatie met het optreden
van acute rejectie en transplantaat overleving? Getest zijn de sera afgenomen t.t.v.
de transplantatie (current) en na transplantatie (post) van 143 niertransplantaat
ontvangers gelransplanteerd met een negatieve NIH kruisproef met current serum.
Van de patienten was 6.1% antistof-positief m.b.v. de NIH. Zij hadden een
significant lagere 1 jaars transplantaat overleving t.o.v. antistof-negatieve patienten
(37.5% vs. 86.2%) en werden vaker behandeld voor een acute rejectie (100% vs.
37.3%). Daarentegen waren m.b.v. FC 9.8% van de patienten antistof-negatief
voor en antistof-positief na transplantatie, 79% bleef antistof-negatief en 11.2% van
de palienten was al antistof-positief vöör transplantatie. Patienten die antistof-
positief werden na transplantatie, hadden een lagere transplantaat overleving en
vaker rcjecties dan beide andere groepen. Door de FC uitslag met post serum te
relaleren aan dat met current serum, werd de relatieve verandering in fluorescentie
ratio (RCIR) bepaald. De 25% patienten met de grootste toename in RCFR hadden
een vergclijkbaar risico op zowel transplantaat falen als het optreden van acute
rejectie als de 9.8% van de patienten die antistof-positief waren volgens de
standaard definitic. Door antistof-positiviteit te definieren d.m.v. RCFR kan een
grotc groep patienten onderscheiden worden die een verhoogd risico heeft op een
ungünstig transplantaat uitkomst. De conclusie van deze Studie was dat, ondanks de
toegenomen sensitiviteit, de standaard definitie van antistof-positiviteit d.m.v. FC
niel resulteert in het onderscheiden van een veel grotere groep patienten met een
verhoogd risico voor rejectie en/of transplantaat verlies dan antistof-positiviteit
d.m.v. CDC. Echter d.m.v. onze nieuwe definitie van antistof-positiviteit wordt
een veel grotere groep patienten met verhoogd risico ontdekt. Indien onze
bevindingen in een prospectief onderzoek bevestigd worden, kunnen patienten met
een vcrhoogd risico op transplantaat falen in een vroeg stadium ontdekt en mogelijk
behandeld worden door aanpassing van hun therapie.

Sinds de tachtiger jaren is cyclosporine het meest gebruikte immunosuppressivum
bijniertransplantatics. De afgelopen jaren zijn nieuwe immunosuppressiva
geintroduceerd. waaronder lacrolimus en mycophenolaat mofetil (MMF). In
hoofdstuk 7a wordt een overzicht gegeven van het gebruik van tacrolimus bij
niertransplantatie. Bchandeling met tacrolimus resulteert. in vergelijking met
cyclosporine. in een a I name van zowel acute als corticosteroid-resistente rejecties
met 50%. Mogelijk is ook de transplantaat overleving verbeterd. Hoewel beide
middclen een vergelijkbaar veiligheidsprofiel hebben. zijn er belangrijke verschillen
in bijwerkingen. Overmatige tandvleesgroei en overmatige haargroei worden m.n.
gerapportcerd by cyclosporine. Patienten met tacrolimus hebben een beter
cardiovasculair risico profiel (minder vaak een hoge bloeddruk en minder vaak een
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hoog cholesteroigehalte). Een verhoogd bloedsuikergehalte komt echter vaker voor
bij patienten die tacrolimus gebruiken.

Tacrolimus wordt meestal gebruikt in combinatie met steroTden. Met name deze
combinatie met MMF is sterk werkzaam. Er bestaan weinig data over de
farmacokinetiek van MMF in ontvangers van een getransplanteerd orgaan die
tacrolimus gebruiken. In hoofdstuk 7b hebben wij in een multicenter trial de
farmacokinetiek van MMF in combinatie met tacrolimus bestudeerd. Aangetoond
werd dat de farmacokinetiek van tacrolimus onveranderd was in aanwezighcid van
MMF. De dosering MMF kan echter in loop van de tijd na transplantatie
verminderd worden om de blootstelling aan zijn farmacologisch actieve vorm,
mycophenolzuur, stabiel te houden.

In hoofdstuk 7c worden richtlijnen voor het doseren en hanteren van tacrolimus in
patienten met een niertransplantatie gegeven. Over het algemeen onlvangen
patienten, met uitzondering van sterk geimmuniseerden, dezelfde basale
immunosuppressie. Gebaseerd op onze ervaringen, kan de immunosuppressic voor
iedere patient aan zijn/haar specifieke klinische situatie aangepast worden, lien
voorstel voor 'maatwerk' immunosuppressie wordt gegeven.

De uitkomst van niertransplantatie wordt bepaald door vele factoren. In hoofdstuk
8 hebben wij onderzocht welke immunologische en niet-immunologische factoren
de uitkomst parameters beinvloeden in een cohort van 346 post-mortale
niertransplantaties welke zijn verricht in het academisch ziekenhuis te Maastricht.
Alle patienten gebruikten cyclosporine. D.m.v. multivariaat analyse werden
immunologische en niet-immunologische factoren geanalyseerd op hun relalie inet
klinische uitkomst parameters. Behalve acute rejectie en tranplantaat overleving,
zijn de onderzochte parameters: patient overleving, de incidentie en duur van het
vertraagd opgang komen van de nierfunctie na transplantatie (DGF), opnameduur
gedurende het le jaar na transplantatie, en de 1-jaars nierfunctie (kreatinine
klaring). De invloed van histocompatibiliteits factoren was mat ig. Matchen voor
sommige HLA loci resulteerde in een betere uitkomst voor de parameters rejectie
en 1-jaars kreatinine klaring. Het percentage panel-reactieve antistoffen en het
eerder getransplanteerd zijn waren andere immunologische factoren welke DGF en
körte termijn patient- en transplantaat overleving beinvloeden. Bui ten de
histocompatibiliteit waren andere factoren (zowel donor, preservatie, als ontvanger
gerelateerd) betrokken bij de körte- en lange termijn uitkomst parameters.
Sommigen zouden beinvloed kunnen worden door een verandering in management
van donor en ontvanger. Met name preventie van DGF door de koude ischemie tijd
te reduceren en het veranderen van de manier van dialyseren direct voör
transplantatie zou de uitkomst van niertransplantatie kunnen verbeteren.
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In hoofdstuk 9 worden de resultaten van de Studie bediscussieerd in relatie tot
bcstaande immunologische en klinische strategieen in nienransplantatie. Enkele
voorstellen voor aanpassingen van deze strategieen worden gemaakt.

226



Dankwoord
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Ella van den Berg-Loonen. Beste Ella, naast Hans ben jij de constante factor gewcest.
Vele onderzoekingen zijn bij jou op het laboratorium opgezet en uitgevoerd. Je wilde er
een 'echt' proefschrift van maken. Dit heeft mij de nodige zweetdruppels en (dreigende)
wanhoop gekost, en jou vele flessen wijn aan de tafel in je 'oude' keuken, wanneer je
weer een onleesbare versie van een artikel probeerde te verhelderen en redigeren.
Hartelijk dank voor je steun en toewijding en voor de mogelijkheid als clinicus een kijkje
te mögen nemen in het heilige der heiligen, jouw laboratorium. Je hebt gelijk geh ad met
je opmerking, dat een promovendus alle bepalingen zelf moet (kunnen) uitvoeren en niet
alleen een 'opschrijver' is van werk dat door anderen is verricht. Ik hoop nog vaak van je
kritische blik en correctievermogen gebruik te mögen maken bij gezamenlijke nieuwe
projeeten.

Fred Nieman wil ik bedanken voor zijn pogingen om wederom een arts de hogere doelen
van de statistiek te laten doorgronden. Fred, de basis lijk ik langzaamaan onder de knie tc
krijgen, maar voor MANOVA's en dat soort analyses, die in iedere nieuwe software-
versie weer anders heten, blijf ik bij je Iangskomen. Een mens is en blijft stommer dan
die "stomme computer' die weer eens niet doet wat je wilt, ondanks de steeds
'intelligentere' chips.
De dames en enkele heer op het laboratorium voor Weefseltypering bedank ik voor hun
hulp bij het aanleren van pipetteren, afdraaien, en opwerken van cellen en sera, en voor
het screening en kruizen. Hoe jullie telkens uit hetzelfde cupje ingevroren cellen een
groter aantal levende lymfocyten konden overhouden dan ik, zal voor mij altijd wel een
raadsel blijven. Zonder de anderen tekort te willen doen, noem ik met name Miriam,
Rianne, Marian en Judith. Diana, als secretaresse van Ella ben je altijd een 'buffer'
geweest in de goede betekenis van het woord: de stoten heb je opgevangen en verzacht
doorgegeven in beide richtingen. Daarnaast ben jij degene geweest die bij de ingezonden
manuscripten de 'finishing touch' gaf aan de lay-out. Dit heeft zeker bijgedragen aan de
aeeeptatie van deze manuscripten door de Umschriften.
De mensen op het laboratorium voor speciele hematologie bedank ik voor hun introduetie
in de flow cytometry en voor hun hulp bij het valideren van de FC kruisproeven.
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De vroegere en huidige leden van de werkgroep Nefrologie, Karel, Frank, Jeroen, Jos,
Elly, Stijn en Eugenie, bedank ik voor hun piezierige samenwerking, zowel op klinisch
gebied als voor hun steun bij mijn onderzoek. Ik hoop dat transplantatie Immunologie iets
minder onbegrijpelijk is geworden dan dat het was.
Desire«, Lucienne, Anke en Etienne, als vroegere en huidige secretaresses van de
werkgroep Nefrologie bedank ik jullie voor je inzet, maar vooral voor het
praatje/luisterend oor. Zonder een goede basis lukt niets.
Ditzelfde geldt voor de verpleging van afdeling D5, zonder twijfel de beste afdeling van
het ziekenhuis om (als het loch moet) als patient te liggen. Jullie hebben ai die jaren een
constante hoge kwaliteit gewaarborgd en een piezierige sfeer gecreeerd voor patienten en
arisen. Uit hecft zeker bijgedragen aan de goede resultaten van de niertransplantatie te
Maastricht.

In de eindfase heb ik, zoals zo velen bij de Interne Geneeskunde, mögen meemaken welk
een künde en inzet Tiny Wouters heeft bij de 'afwerking' van het proefschrift. Het
uiterlijk is het halve werk en dit is grotendeels te danken aan Tiny. Ik hoop Tiny, dat jij
ook volgend millennium je o zo vertrouwde WP5.1 format voor 'Interne proefschriften'
kunt blijven gebruiken. Beiden weten wij, dat niets lekkerder typt, dan witte letters op
een blauwe achtergrond met sncltoelsen i.p.v. de muis, zeker met drop, koekjes (en voor
summ igen cen peukj onder handbereik.

De leden van de beoordelingscommissie, Prof. dr. Kootstra (voorzitter), Prof. dr.
Bruggeman, Prof. dr. Claas, Prof. dr. Donckerwolcke en Prof. dr. Opelz, bedank ik voor
huu bercidwillighcid om het manuscript te beoordelen en de piezierige samenwerking in
de afgclopen jaren, welke ik hoop voort te zetten in de toekomst. Een speciaal woord wil
ik richten tot Prof. Kootstra. Gauke. zoals het al snel werd. wat me het meest aan je
opviel. is je grenzeloze optimisme. Indien wij in de le week van een nieuw jaar 2
transplantaties hadden verricht, gaf jouw hierogliefencomputer volgens mij al aan dat wij
dal jaar UM (52 x 2) transplantaties zouden halen. Hoewel het aantal niertransplantaties in
Maastricht is opgelopen tot ±60 per jaar, is er nog veel optimisme en inzet nodig om
jouw aantal te halen. Bedankt voor je samenwerking en inzet voor nierpatienten.
Prof. dr. G Opelz. You are one of the important people of transplantation immunology.
Part of the work in this thesis was based on your contributions on the role of transfusion
and HI.A matching. I'm very honored that you were willing to be one of the reviewers
of my thesis. Thank you.

Mijn ouders bedank ik voor hun wärmte en de mogelijkheid en steun om Geneeskunde te
studeren. Jullie hebben mij destijds de mogelijkheid gegeven; ik hoop dat dit jullie
inspanningen een beetje goedmaakt.
Alle famihelcdcn en vnenden die een niet-aflatende belangstelling hebben getoond: Het
boekje is klaar. nu en niet volgend jaar.

Lest best, Marian en Coen. Marian, zonder een thuis kan je niet leven. Toen wij in 1990
voor een tweetal jaren naar Maastricht vertrokken vonden wij een LAT-relatie met de
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oplossing. Ruim 9 jaren later denk ik nog steeds dat wij de goede keuze hebben gemaakt.
Samen hebben wij in Maastricht een thuis gecreeerd, waarin een warme plaats is voor
onze Coen. Bedankt voor je onvoorwaardelijke steun en geloof dat het boekje eens at' zou
komen. Het naar de studeerkamer sturen om te analyseren/schrijven heeft resultaat gehad.
Zonder anderen tekort te doen kan ik dan ook zeggen: Zonder jou was het niet gelukt.
Coen, promotie-onderzoek doen is asociaal. Gelukkig was ik een eind op weg toen je
kwam. Nu is het tijd voor de schommel in de tuin en andere activiteiten.

Ook deze steen is verlegd in de rivier op aarde, het water zal anders gaan dan
voorheen
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