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Renal transplantation in amyloidosis:
effects of HLA matching and donor type
on recurrence of primary disease

Abstract The aim of this study is to
evaluate the effect of HLA-matching
and donor type on recurrence of
amyloidosis after renal transplanta-
tion. The study includes 30 patients
with systemic amyloidosis who re-
ceived kidney transplants between
1985 and 2001. Donor source and
HLA tissue typing of the donor and
recipient were evaluated in each
case. Of the 30 patients, 20 devel-
oped a recurrence of amyloidosis in
their allografts, as confirmed by
biopsy. The time from transplanta-
tion to diagnosis of amyloidosis in
the graft ranged from 18 months to
10 years. Of the 20 patients with
recurrence, 18 had received their
grafts from living related donors
(LRDs), and 2 had received their
grafts from cadaveric donors

(P <0.01). There was a strong
correlation between amyloidosis

recurrence and degree of HLA-DR
matching (P <0.05). Furthermore,
in the recipients of LRD grafts, the
risk of amyloidosis recurrence was
much higher if the donor-recipient
pair were HLA-identical than if they
were not perfectly matched

(P <0.01). The incidence of amyloi-
dosis recurrence in our patients was
significantly higher than the rates
reported for other series. Most of the
cases in previous reports involved
cadaveric grafts. The higher rate of
amyloidosis recurrence in our pa-
tients may be explained by the high
proportion of LRD grafts and by
genetic susceptibility.
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Introduction

Amyloidosis is a disease characterised by the deposition
of amorphous eosinophilic, predominantly extracellular
material in various organs and tissues of the body.
Amyloidosis comprises a large group of various diseases
[1, 2, 3, 4]. The various acquired and hereditary syn-
dromes are classified according to the identity of the
respective amyloid fibril sub-unit protein.

Primary amyloidosis (AL amyloid) occurs spontane-
ously in the absence of apparent predisposing illness and
secondary or reactive (AA) amyloidosis occurs in asso-

ciation with a wide range of predisposing pathologies
such as rheumatic diseases, inherited diseases, infectious
diseases, idiopathic diseases and malignant tumours.
Amyloid A protein deposits are derived from serum
amyloid A protein (SAA), an acute phase reactant,
which is produced by the liver during inflammation [1, 2,
3, 4].

Approximately 40 to 50% of all systemic amyloidosis
are secondary amyloidosis. Tuberculosis [2] has been a
major cause of AA amyloidosis in the past but is now
uncommon in Western countries. In Third World
countries, however, tuberculosis remains the major
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cause. Rheumatic and idiopathic inflammatory diseases
{Crohn’s disease, ulcerative colitis, Rosai-Dorfman dis-
ease, sarcoidosis) became the leading causes of AA
amyloidosis in Western countries [5].

In Turkey, AA amyloidosis is one of the most com-
mon causes of uraemia, and the frequency of amyloi-
dosis is linked to the high incidence of familial
Mediterranean fever (FMF) in this country [1, 2]. FMF
is an autosomal recessive disorder characterised by at-
tacks of fever and serositis, and accompanied by pain in
the abdomen and chest or joints [1, 4]. The disease is
caused by mutations in the MEFV gene located on
chromosome 16. There are 26 genetic mutations
responsible for its clinical progress. The M694 V muta-
tion is associated with a severe phenotype of the disease
and is the most common among Turkish FMF patients
[6, 7.

Although amyloid deposition can be found in many
organs, renal involvement dominates the clinical pic-
ture. As renal amyloidosis progresses to end-stage renal
failure, most patients are severely affected by systemic
amyloidosis and nephropathy. An alternative to
chronic dialysis, renal transplantation, is the renal
therapy of choice for patients. The first successful renal
transplantations in patients with renal amyloidosis was
reported in 1968 [8] and in 1971 [9]. The prognostic
outcome of renal transplantation in patients with
amyloidosis is controversial. Pasternack et al. report
that the 3-year survival rate of patients with amyloi-
dosis is lower (51%) than that of patients who receive
transplants for glomerulonephritis (79%) [10]. How-
ever, Pras et al. note that graft and patient survival
rates after transplantation in patients with end-stage
renal disease (ESRD) caused by amyloidosis are similar
to those of patients with ESRD due to glomerulone-
phritis [11].

Very few data have been published on the recurrence
of amyloidosis and on the outcome of renal allograft in
these patients [12, 13, 14, 15, 16]. The reported rates of
recurrent amyloidosis in kidney grafts vary from centre
to centre, which may be related to genetic differences
between populations. The risk of amyloidosis recurrence
for recipients of cadaver kidneys has been determined,
but the outcome for living related donor (LRD) kidney
transplantation is not clear. This article focuses on a
series of patients who underwent renal transplantation
for amyloidosis at a single centre. In addition to being
one of the largest such series published to date, this
report is significant because of the long-term follow up
on which it is based.

In cases of ESRD with amyloidosis, it is important
to know whether an LRD kidney puts a patient at
higher risk of recurrence and resultant graft loss, than
a cadaveric kidney would. This study addresses these
issues with 10 years of graft survival data and 10 years
of data on the recurrence of amyloidosis in patients

who received LRD kidneys at our transplantation
centre.

Materials and methods

From 1985 to 2001, 46 amyloidosis patients underwent
renal transplantation at Baskent University Transplan-
tation Unit. The medical records of all patients were
analysed. Of these patients, 16 showed no clinical find-
ings specifically related to amyloidosis, such as protein-
uria, and no systematic search for recurrence was
undertaken. However, the other 30 recipients underwent
allograft biopsy at some time during follow up.

All patients received a low dose triple drug regimen
comprising corticosteroids, cyclosporine, and azathio-
prine. Methylprednisolone (1 mg/kg/day) was initiated
3 days before the operation and tapered by 10 mg/day
until a dose of 20 mg/day was reached. This dosage was
continued until the end of third month after transplan-
tation, when it was reduced to 15 mg/day and then to
10 mg/day, the usual maintenance dose, at 6 months.
Azathioprine (2-2.5 mg/kg per day) was also started
3 days before transplantation and was continued at the
same dose thereafter. Cyclosporine (CsA) (5 mg/kg per
day) was administered on the first postoperative day and
adjusted according to blood CsA levels that targeted 150
to 250 ng/ml. According to our protocol, the recipient
was administered two sessions of plasmapheresis
(Gambro 2000) in the final 2 days before transplantation
[17] if the donor was a spouse, second-degree relative or
unrelated, or ABO-incompatible. Episodes of acute
rejection were treated with pulse steroids. All the pa-
tients with amyloidosis secondary to FMF were given
2 mg/day of oral colchicine in the post-transplantation
period.

For each individual, we determined graft and patient
survival rates and evaluated graft function. Graft loss
was considered to have occurred when the glomerular
filtration rate was lower than 25 ml/min.

Patients with and without recurrence were compared
according to clinical parameters, donor source and HLA
tissue typing of donor and recipient. During follow up,
the criteria for performing renal allograft biopsies were
proteinuria, elevated serum creatinine level, suspected
rejection, suspected infection, delayed graft function,
and inadequate response to anti-rejection therapy. The
renal tissues were processed routinely and stained with
haematoxylin and eosin, periodic acid-Schiff (PAS),
Masson’s trichrome, Jones’ periodic acid methenamine
silver, and Congo red. Recurrent amyloid deposition in
renal allograft tissue sections was diagnosed if Congo
red staining produced apple-green birefringence under
polarised microscopy. The date on which amyloidosis in
the graft was confirmed by biopsy was chosen as the date
of onset of recurrence of the disease.
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Statistical analysis

The values for quantitative variables were expressed as
means = SE. The comparisons of qualitative variables
were analysed using the chi-square test. A non-para-
metric test (the Mann-Whitney U test) was used to
compare variables with non-normal distribution. Mean
values were compared using the Student’s ¢ test, and
Kaplan-Meier estimates were used for actuarial survival
analysis.

Results

We analysed 30 patients, 22 men and 8 women, their
age ranging from 19 to 52 years (mean, 31.6 £ 1.7 years).
Amyloidosis was secondary to FMF in 21 patients
(70%); it was the primary disease in 3 patients (10%),
secondary to tuberculosis in a further 3 patients (10%),
and secondary to rheumatoid arthritis also in 3 patients
(10%). Of the transplants, 27 (90%) were from LRDs,
and 3 (10%) from cadavers. Five of the patients received
grafts from HLA-identical LRDs. The mean follow up
time for the 30 cases was 68.8 £ 8.1 months.

During follow up, recurrent amyloidosis was diag-
nosed by renal allograft biopsy in 20 cases. Of these
20 grafts, 18 were from live donors and 2 were from
cadaveric donors (P<0.01). Four of the five patients
(80%) with HLA-identical LRDs showed recurrence.
There was a strong negative correlation between the
recurrence of amyloidosis and the numbers of HLA-DR
mismatches (P <0.05). However the numbers of HLA-A
and HLA-B mismatches were similar in the groups with
and without recurrence. The time from transplantation
to diagnosis of amyloidosis in the allograft ranged from
18 months to 10 years (mean, 43.5+ 6.5 months).

Categorising the cases of recurrence according to
donor source showed shorter times to recurrence for
recipients with LRD grafts (mean, 33.6+ 5.2 months)
than for those with cadaveric grafts (mean,
78 =24 months; P<0.01).

Of the 20 grafts with amyloid recurrence, 9 were lost
at a mean of 46.2+11.6 months after transplantation.
Eight of these nine grafts were from LRDs (88.9%), one
(11.1%) was from a cadaveric donor. Four of the lost
grafts were from HLA-identical LRDs. A loss of only
four grafts occurred in cases without recurrence. There
was no statistical difference between the numbers of
grafts lost in the groups with recurrences and in those
without (P>0.05). The remaining 11 of the 20 grafts
with amyloid recurrence were still functioning at a mean
of 68.2+9.2 months after transplantation.

During post transplantation, follow up patients
developed amyloid goitre (n=7), sensoriomotor neu-
ropathy (n=35), cardiac amyloid involvement (n=2),
organic brain syndrome (#=4), malignant neoplasm

(n=3), gastrointestinal bleeding (»=3), intestinal
obstruction (n=1), and ischaemic heart disease (n=2).

Evidence of sensoriomotor peripheral neuropathy
was confirmed with EMG. Axonal degeneration was
detected in all cases, and one patient had a predominant
demyelinating neuropathy. The onset of neuropathy was
started at a mean of 59+ 31 months (28-90 months) in
the lower extremities of all five patients after trans-
plantation. Four of five patients with neuropathy
showed amyloid recurrence in the graft at a mean of
46.9 + 1.7 months (42-50 months). Of 25 patients with-
out neuropathy, 16 showed amyloid recurrence in the
graft at a mean of 36.3+8.5 months (18-120 months).
No statistically significant differences were found be-
tween the two groups (P>0.05). The patient survival
rate was 46.9 £ 8.8 months in cases with neuropathy and
64.4+13.2 months in cases without (P> 0.05).

Six of seven patients with amyloid goitre, two of three
patients with GIS bleeding, all patients with cardiac
amyloid, organic brain syndrome, and with ischaemic
heart disease also developed recurrent amyloid deposi-
tion in the graft. All patients with amyloid goitre were
euthyroid. Ultrasound examination of the affected thy-
roid glands showed hypoechoic nodules in two patients
and diffuse multinodular gland enlargement in the other
five patients. The patient survival rate was
50.2+ 13 months in cases with amyloid goitre and
49.7+£9.5 months in cases without amyloid goitre
(P>0.05).

The onset of cardiac involvement and organic brain
syndrome after transplantation were 58.2+ 1.7 months
and 64.8+2.1 months, respectively. Two patients with
cardiac involvement died within the first 6 months after
diagnosis. Three of four patients with organic brain
syndrome had developed pneumonia and bacterial sepsis
a month after diagnosis and died. The remaining patient
had developed subarachnoid bleeding due to amyloid
angiopathy and died.

Of three patients with malignant neoplasm, one had
squamous cell carcinoma on the face and basal cell
carcinoma on the lip 82 months and 58 months after
undergoing transplantation, respectively. Another pa-
tient showed squamous cell carcinoma on the forearm
36 months after undergoing transplantation, and one
patient showed large B cell lymphoma on the jejunum
86 months after undergoing transplantation.

Infections of varying severity were common, affecting
14 (46.6%) of the patients 25.9+9.1 months (2-
72 months) after undergoing transplantation. Of the
14 patients, 6 showed CMYV infection at a mean of
8.2+4.9 months (2-26 months) after undergoing trans-
plantation, and of 6 patients with CMV infection, 2 also
developed bacterial pneumonia in the following years.
Four patients had a wurinary tract infection
34+20.1 months (2-72 months) after undergoing
transplantation, and four patients showed pneumonia
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56.2+13.5 months (43-70 months) after undergoing
transplantation. Of the 14 patients with infection, 9 had
systemic amyloidosis involvement with particularly sig-
nificant deposition in the gastrointestinal system, thy-
roid, liver and lung.

Of the 30 patients, 13 died between 2 and 86 months
after undergoing transplantation (tx). The main causes
of death in these patients were sepsis (n=7, 53.8%;
2-78 months after tx), generalised amyloidosis (n=3,
23.1%; 4684 months after tx) cardiovascular (n=2,
15.4%; 71-83 months after tx), and malignant lym-
phoma (n=1, 7.7%; 86 months after tx). Two patients
died from staphylococcus aureus and CMV-induced
sepsis within the first 3 months. Both patients died with
functional grafts. In addition to these cases, only 2 of the
remaining 11 patients had functional grafts at the time
of death.

Ten of the patients who died were recipients with
amyloidosis recurrence. The death rate was higher in the
cases with recurrence (P<0.001), but the interval be-
tween transplantation and death was significantly longer
in this group (61.4+16 months) than in the group
without recurrence (2.5+0.5 months, P<0.001).

The overall 3-, 5- and 10-year graft survival rates for
the recipients with amyloidosis recurrence were 77%,
70%, and 36%, respectively. The corresponding patient
survival rates were 93%, 78%, and 35%. Categorising
the cases of LRD grafts according to HLA matching
showed that graft and patient survival times were both
significantly longer in the recipients with HLA-identical
grafts (76+14.2 and 88.4+18.5 months, respectively)
than in recipients without HLA-identical grafts
(38.8 7.8 and 42.1 + 7.9 months, respectively; P <0.01).

Discussion

Amyloidosis, oxalosis, and diabetes recur in 13 to 50%,
90%, and 90 to 100% of renal grafts, respectively
[12, 13, 14, 15, 16, 18, 19]. The true rates of recurrent
diseases are not known, and the incidence rates for
amyloidosis recurrence vary widely from centre to
centre. This is mainly because only a small number of
patients have been studied in single-centre series, and in
many centres biopsies are done only when proteinuria
enters the nephrotic range [12]. The frequency of
recurrence is largely dependent on the indication of
graft biopsy. Since recurrence of early amyloidosis
could exist without urinary abnormalities or impair-
ment of renal function, such cases have been identified
as allografts without amyloidosis recurrence. The fre-
quency of the amyloid recurrence is definitely under-
estimated. In this study, all patients with amyloidosis
recurrence were diagnosed by renal biopsy exclusively,
and we observed higher rates than have been reported
previously.

Living donors constitute an important source of
kidneys for transplantation. Several studies have stres-
sed caution in using these donors when the potential
recipient has IgA nephropathy, haemolytic uraemic
syndrome, membranous glomerulonephritis, focal and
segmental glomerular sclerosis [20, 21, 22]. However,
Frohnert et al. reported that renal disease recurrence in
the allograft is not related to the type of graft or the
degree of HLA matching in LRD transplantation [23].

In our study, we noted a much higher incidence of
amyloidosis recurrence in LRD transplants than in
cadaveric ones. For recipients of LRD grafts, the risk of
amyloidosis recurrence was much higher for HLA-
identical donor-recipient pairs than for less perfectly
matched pairs. We also found that the degree of HLA-
DR matching was an important risk factor for recur-
rence of amyloidosis. Concerning graft failure, our data
showed that recurrent amyloidosis leading to graft loss
was much more common in LRD grafts than in cadav-
eric grafts. With respect to graft and patient survival,
although the risk of amyloidosis recurrence was higher
in the allografts from HLA-identical LRDs, the mean
graft and patient survival times in this recipient group
were significantly longer.

Previous studies have not investigated how donor
source relates to recurrent amyloidosis. In contrast to
our study, almost all reports focus on cadaver-kidney
transplantation [13]. Little is known about the outcome
of LRD kidney transplantation with respect to recurrent
amyloidosis. Sobh et al. studied 16 amyloidosis patients
who underwent live-donor kidney transplantation. Only
five recipients required allograft biopsy during foliow
up, and none of them showed recurrence at 1, 2, 3, 18, or
72 months after undergoing transplantation [24].

Other reports document amyloid recurrence in
transplanted kidneys from a cadaveric donor at
6 months to 4 years after transplantation [12, 13, 25].
In our patients, amyloidosis developed in the grafts
18 months to 10 years after surgery. This is a very wide
range, emphasising that amyloid recurrence can develop
at any time after transplantation.

A major question that arose from our study is why so
many patients showed such a high incidence of amyloi-
dosis recurrence, even though they were taking colchi-
cine. Part of the reason for this may be poor drug
compliance.

Previous reports indicate that many renal allografts
exhibiting amyloidosis recurrence continue to function
very well [12, 15, 25]. Similarly, a large number of our
cases of recurrence showed good long-term graft func-
tion. Furthermore, we found that the time from trans-
plantation to death was even longer in these patients
than in the group without recurrence. Pras et al. note
that graft and patient survival rates after transplantation
in patients with ESRD caused by amyloidosis are similar
to those of patients with ESRD due to glomerulone-
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phritis [11]. The same authors report 5-year graft sur-
vival rates of 60% for amyloidotics and 47% for non-
amyloidotics [11]. The graft and patient survival rates
that we calculated for our patients were better than the
data from studies on transplant recipients with amyloi-
dosis [10]. The reason for our comparatively high rates
may be connected to the cause of amyloid deposition.
Almost all of our cases were secondary to FMF. In
contrast, in another study, most cases of amyloidosis
were secondary to rheumatoid arthritis, ankylosing
spondylitis, or chronic inflammatory diseases with a
range of systemic manifestations [10]. Tt has been re-
ported that renal amyloidosis secondary to FMF takes a
more benign course and has fewer systemic effects [26].
The majority of our patients had systemic amyloidosis
secondary to FMF and showed no evidence of systemic
manifestations, From this perspective, the more
favourable patients and graft outcome rates in our study
could reflect the variation between countries with respect
to causes of amyloidosis. Similar results have been
reported previously [24].

An alternative to renal transplantation is chronic
dialysis. The survival of patients beginning dialysis is
poor, with a mean survival of only 33 months [27, 28,
29]. This is much worse than patients with other renal
diagnoses. The European survival rates are 76% for
2-year survival for all patients, compared with 53% for
amyloidosis patients. It has been reported that 21 of the
31 deaths in the group that underwent dialysis were due
to extra-renal progression of amyloidosis, namely to
cardiac amyloidosis [29]. Similarly, we have found 1-,
2- and 5-year survival rates 60.7%, 50%, and 46.4% for
patients on haemodialysis treatment (unpublished
results). Survival was significantly shorter for patients
with amyloidosis who were treated with haemodialysis
(33.3+4.9 months), and 15 of our 30 patients died
9.4+7.5 months after starting haemodialysis. Of these
15 cases, 7 patients died due to extra-renal progressive
amyloid deposition. Infection was a common cause of
death (6/15), and deaths due to cardiac infiltration of
amyloid were less common (2/15). Patients with renal
allografts also developed extra-renal progressive amy-
loid deposition, but the mean time of the development of
progressive amyloid deposition in various organs was
longer than that of the patient group undergoing dial-
ysis. Patient survival, therefore, was longer for trans-
plant patients than for patients on dialysis. This is
possibly because most dialysis patients already had
progressive extra renal amyloid deposition before dial-
ysis.

Patients who died while on dialysis in our study had
not been considered for transplantation. Patients who
had undergone transplantation were a selected group
without progressive extra renal amyloid deposition at
the time of transplantation. This could explain why
patients who are maintained on chronic dialysis have

high mortality rates. Therefore, the comparison between
survival while on dialysis and survival after undergoing
transplantation will not be accurate in patients with
systemic amyloidosis. Infection is a common complica-
tion and is the major cause of death in transplant
recipients with amyloidosis. Hartmann et al. [30] reports
that in their series, infections led to 11 of the 18 deaths
(61%), more than half of these within 3 months of
transplantation. Kilicturgay et al. reports deaths in two
of three amyloidosis patients who had functioning grafts
but had developed sepsis within 2 months of trans-
plantation. They report that three other patients devel-
oped CMYV infection [31]. Infection was also a very
important etiological factor in our patients’ mortality.
Of the patients in our study, two died with functioning
graft within 3 months of transplantation due to bacterial
and CMV-induced sepsis. In the following months, five
patients died within 12 to 78 months after undergoing
transplantation due to bacterial (n=4) and candida
(n=1) induced sepsis. Although the progression of extra
renal amyloid deposition in recipients did not have an
influence on the development of recurrence in renal
allografts, we observed that systemic infection was
found more often in patients with extra renal amyloid
involvement. We found no relation of recurrence to
clinical features such as disease activity or to treatment.

No benefit has been reported for CsA either in the
development or on the progression of recurrent and de
novo diseases after transplantation [32]. Siegal et al.
report that, the side effects of CsA in amyloidotic pa-
tients were dramatic and occurred in all patients in the
third week after undergoing transplantation [33]. Their
patients developed severe depression, muscle weakness,
sudden sharp leg pains, hallucinations, convulsions,
tremor, paralysis of girdle muscles, severe abdominal
pains, anorexia, weight loss, ascites and jaundice, peri-
cardial effusion, vasculitis and disseminated intravascu-
lar coagulation. These side effects abated and completely
disappeared when CsA treatment was reduced or swit-
ched to azathioprine. They conclude that prudent use of
CsA should be encouraged in these patients. They
treated all their patients with low-dose steroids and 10 to
12 mg/kg CsA. Contrary to their treatment, we used a
low-dose triple drug regimen. The dose of CsA in our
patients was lower than in theirs. This could explain the
lower incidence of side effects of CsA in our patients.
Only few of our patients developed gastrointestinal and
neuromuscular side effects of CsA.

In conclusion, the most important finding of our
study is that amyloidosis patients who received LRD
grafts had a higher rate of recurrence in their allografts
than recipients of cadaveric kidneys. The use of grafts
from LRDs should be carefully considered in these
cases. Furthermore, a high degree of live donor-recipient
HLA matching, such as in HLA-identical siblings, seems
to carry significant risk of amyloidosis recurrence,
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especially in patients with FMF. This increased risk with
grafts from living donors may be partially due to genetic
susceptibility. Although the patients who underwent
LRD transplantation had high risk of amyloidosis
recurrence, the patients with recurrent amyloidosis had

showed very good patient and graft survival. We also
noted long intervals from transplantation to loss of renal
function or graft loss in cases of amyloidosis recurrence.
On this basis, it is valid to offer renal transplantation to
patients with ESRD due to amyloidosis.
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