Liver Transplantation
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Background. Hemochromatosis (HC) is an autosomal recessive disease characterized by impaired iron metabolism
and a rare indication for orthotopic liver transplantation (LT). Data about iron reaccumulation and remodeling of the liver graft
after LT are limited. Therefore, we performed an evaluation of the histopathologic changes during long-term follow-up in
patients with HC. Methods. A retrospective analysis of patients undergoing LT at our center between 1990 and 2016
identified 29 patients with HC. End points were the evaluation of post-LT iron reaccumulation and the stage of fibrosis as well
as the degree of inflammation of the liver graft. Secondary end points were patient survival and postoperative complications.
Results. The median age was 52.7 y, and there were more male (82.8%) than female patients (17.2%). Post-LT serum
ferritin values (>1000 pg/L) were only temporarily elevated in 2 patients. The median estimated survival after LT was 45.5 mo
(0.1-285.9 mo). Twenty patients (69%) died during follow-up of 10 y. The survival of patients with HC was significantly worse
(P =0.001) when compared with the overall cohort of patients undergoing LT because of to other causes. Conclusions.
There was no significant iron overload detected in patients with HC after LT, and only minimal iron deposits were described in
liver biopsies. Nevertheless, patients suffering from HC show a lower post-LT survival when compared with patients without

iron storage disease but mostly because of extrahepatic causes.

(Transplantation Direct 2020;6: €560; doi: 10.1097/TXD.0000000000001007. Published online 28 May, 2020.)

ereditary hemochromatosis (HC) is a rare autosomal
recessive disease characterized by impaired iron metab-
olism. It is the most frequent genetic defect in Caucasians,
with an incidence of about 1 in 1000 people. Men have a
24-fold increased risk compared with women.!'? A mutation
of the HFE gene can be identified in >80%, and it is expressed
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through the replacement of cysteine by tyrosine (C282Y).?
Increased iron uptake, impaired hepcidin-ferroportin interac-
tion, and increased iron deposition in several organs such as
liver, pancreas, skin, joints, pituitary, and heart are the main
features of the disease.*’ The typical clinical triad consists of
liver cirrhosis, diabetes mellitus, and hyperpigmentation.®

Indeed, patients with HC approximately accumulate 80
mg iron in the hepatocytes, which are the main iron depos-
its in the human body. The increased iron content affects the
liver parenchyma by damaging the DNA and promoting the
formation of radicals and collagen fibers in the extracellu-
lar space.” The most effective treatment is the elimination of
excessive iron through phlebotomy or iron chelators avoid-
ing iron deposition and subsequent organ damage.® If admin-
istered before the development of liver cirrhosis or diabetes
mellitus, this therapy is associated with good prognosis and
normal life expectancy.’

However, severe clinical courses may lead to end-stage
liver disease requiring further treatment. HC remains a rare
indication for orthotopic liver transplantation (LT). Because
of poor outcome and the unclear influence of preoperative
iron overload, surgery had been discussed controversially.
There are little data about development of the graft, post-LT
complications, and iron reaccumulation to strengthen current
knowledge on that topic.'

Our study aims to extend the currently existing data. We
performed a retrospective evaluation of the histopathologic
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changes in patients after LT due to HC during long-term
follow-up to define iron reaccumulation as well as inflamma-
tory or fibrotic remodeling of the liver graft based on protocol
biopsies.

MATERIALS AND METHODS

We performed a retrospective analysis of patients undergo-
ing LT at our center between 1990 and 2016. In total, 2590
patients received LT during this period and 29 patients
could be identified undergoing LT due to HC. Data were
extracted from our digital patient documentation system
and collected from routine examinations of patients dur-
ing long-term follow-up. Examinations were scheduled at
3,5,7,10,13,15,17, 20, and 23 y after the LT. Data on
gender, time since LT, age at LT, time of death, cause and
diagnosis of death, serum iron (pmol/L), serum transferrin
(g/L), serum ferritin (pg/L), hemoglobin (g/dL), and MCV
values (fl).

To classify the degrees of inflammation of the biopsies,
grading according to Desmet et al (0 = no signs of inflam-
mation, 1 = minimal, 2 = low grade, 3 = moderate, 4 = high
grade) and staging and scoring according to Desmet et al were
performed (0 = no fibrosis, 1 = low-grade fibrosis, 2 = moder-
ate fibrosis, 3 = high-grade fibrosis, 4 = cirrhosis).!! In order to
assess siderosis of the liver, grading according to Schirmacher
et al'' was used (0 = no iron loading, 1 = low iron loading,
2 = moderate iron loading, 3 = heavy iron loading, 4 = exces-
sive iron loading).!?

Primary end points were iron reaccumulation as well as the
determination of stage of fibrosis and the degree of inflamma-
tion of the liver graft. Secondary end points were the evalua-
tion of patient survival and postoperative complications.

Statistical analysis was performed by using IBM SPSS
Statistics Version 25 for MAC (IBM, Armonk, NY). P values
<0.05 were considered statistically significant. Only biopsies
and laboratory values of the first 10 y after LT were taken into
account, as the number of cases for the follow-up examina-
tions 13 to 23 y after LT dropped below 5. To compare the
liver pathologies and laboratory values at the different time
points of the follow-up examinations, a 2-factor ANOVA was
performed (log rank). Survival was estimated by a Kaplan-
Meier calculation.

All procedures were based on the principles of the Charter
of Charité-Universititsmedizin Berlin to ensure good scientific
practice. The study was performed according to the principles
of good scientific practice and the Declaration of Helsinki.

RESULTS

Twenty-nine patients could be included for analysis with
a prevalence of 1.1% of HC in our total transplant cohort.
Demographic data are given in Table 1. The median age of the
patients was 52.7 y, with the youngest patient being 3 mo and
the oldest 68.7 y old. Five (17.2%) of 29 patients were female
and 24 (82.8%) male. The median follow-up was 3.8 y (0-24
years). Twenty-seven (93.1%) were diagnosed with hereditary
HC and 2 (6.9%) with neonatal HC. Eight patients (27.5%)
were already suffering from hepatocellular carcinoma (HCC)
due to liver cirrhosis at the time of LT. Among patients with-
out HCC, we found 1 (3.5%) patient with a coexisting viral
hepatitis C and 6 (20.7%) patients with a history of severe
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Demographic characteristics of patient cohort (n = 29) on
age, sex, diseases at LT, immunosuppression protocol,
episodes of rejection, and overall mortality and causes

Number of patients, n (%) 29 (100)
Median age at LT; (minimum-maximum), y 52.7 (0-69)
Gender, male/female, n (%) 24 (82.8)/5(17.2)
Median follow-up, y 3.8 (0-24)
Indication for LT, n (%)
Hereditary HC 27 (93.1)
Neonatal HC 26.9
Hepatocellular carcinoma, n (%) 8 (27.6)
Comorbidities before LT, n (%) 8 (27.6)
Viral hepatitis C 1(3.5)
Alcohol abuse 6(20.7)
Nonalcoholic steatohepatitis 1(3.5)
Immunosuppression protocol, n (%)
CNI 22 (75.9)
CNI'+ MMF/mTOR 4(13.8)
MMF 3(10.3)
Rejection, n (%) 4(13.8)
Mortality, n (%) 20 (69.0)
Transplant failure 2(6.9)
Thrombosis of hepatic artery 1(3.5)
Infection 7(24.1)
Cardiovascular 4(13.8)
HCC recurrence 3(10.4)
Other malignancy 3(10.4)

CNI, calcineurin inhibitor; HC, hemochromatosis; HCC, hepatocellular carcinoma; LT, liver trans-
plantation; MMF, mycophenolate mofetil.

alcohol abuse before LT and histopathologically confirmed
components of alcohol-induced steatohepatitis. One (3.5%)
patient additionally suffered from nonalcoholic steatohepa-
titis. After LT, none of those patients suffered from other
comorbidities such as alcohol-induced or nonalcoholic stea-
tohepatitis as well as viral hepatitis except for 1 patient who
experienced recurrent HCV infection that was successfully
treated with pegylated interferon-a2a and ribavirin in 2010
rather soon after LT without relevant fibrosis progression.

During the whole follow-up, 20 patients (69%) died. The
majority of patients were on calcineurin inhibitor-based mon-
otherapy (cyclosporine or tacrolimus; n = 22 [75.9%]). Four
patients (13.8%) received a combination therapy with cal-
cineurin inhibitor and either mycophenolate mofetil or in case
of a former HCC an mTOR inhibitor (everolimus, sirolimus).
Mycophenolate mofetil monotherapy at the end of the obser-
vation was applied in 3 patients (10.8%). Graft rejection was
described in 4 patients (13.8%), 1 (n = 2), 3, and 5 y post-LT.
Late acute cellular rejections were not observed.

As shown in Figure 1, the median hemoglobin values
were inside the reference range at all times (m: 13-17g/dL,
w: 12-16g/dL). For 10 vy, a statistically insignificant ten-
dency toward a slight increase of the values was evident
(P = 0.416). The median serum iron values decreased after
LT and remained within the respective reference range (9-29
pmol/L) and constant over the period of 10 y (Figure 1). The
values for serum ferritin also decreased from a higher level
before LT and were relatively constant afterward (Figure 1).
Strongly elevated serum ferritin values (>1000 pg/L) were only
measured in 2 patients. One patient showed temporary ele-
vated values at 1-, 3-, and 5-y follow-up examinations, which
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FIGURE 1. Box plots show the laboratory results of hemoglobin (g/dL), serum iron (ug/L), ferritin (ug/L), and serum transferrin (g/L)
pretransplantation and at the check examination after 1, 3, 5, 7, and 10 y after liver transplantation (LT). There were no significant differences

over they (N = 29).

subsequently normalized. One patient showed a strongly
increased ferritin and iron value only at 3 y after LT (Figure 1).
At the same time point, iron deposits in the liver biopsy were
noticeable. However, 5 y after LT, the patient showed normal-
ized iron and ferritin values and no iron deposits could be
detected in the biopsy. The median serum transferrin values
were below the reference range (2.0-3.6g/L) at all times with
a slight but not significantly relevant increase after LT and
remained constant over 10 y (Figure 1).

The proportion of patients showing inflammation of the
liver graft in the biopsy declined over the years (P = 0.323,
Figure 2). Indeed, although 1 y after LT 73% of the patients
showed inflammation (grade 1 or higher), only 40% of them
did after 10 y. Seven years post-LT, only 20% of the patients
were diagnosed with inflammation of the liver in the biopsy
at all.

Fibrosis stage 2 was detected at 1, 3, 5, and 10 y after LT
(P = 0.816, Figure 2). After 3y, 1 patient was diagnosed with
severe fibrosis (stage 3) and another with liver cirrhosis (stage
4, Figure 2). The last one had to undergo retransplantation
due to graft failure and died 3 mo later of postoperative
complications.

The percentage of patients with iron overload in the liver
biopsy was the highest after 3 y (42%) and declined afterward
but without significance (P = 0.287, Figure 2). After 1y, only

9% of the patients showed iron deposits in the graft. Severe
or excessive iron deposition in the liver parenchyma was not
seen in any of the patients at any of the follow-up time points.

The median survival after LT was 45.5 mo (0.1-285.9
mo). The 1-y survival rate in liver transplant patients with
HC was 69%. After 3y, 59% of the patients were still alive,
after 5y 51%, and after 10 y 39% (Figure 3). The estimated
survival in patients with HC was significantly worse (P =
0.001) when compared with the overall cohort of patients
undergoing LT at our center between 1990 and 2016.

Twenty of the 29 patients died. Seven patients (24.2%) died
of infection and subsequent septic multiorgan failure. Three
of these patients (10.4%) suffered from Aspergillus fumigatus
infection. Four patients died (13.8%) because of cardiovas-
cular reasons, 3 because of cardiovascular failure, and 1 of
pulmonary embolism during an orthopedic operation. Three
patients (10.4%) succumbed to HCC recurrence and another
6 (20.7%) other malignancies. Two patients died because of
transplant failure (6.8%), one 3.4 y and the other 19.4 y after
LT. One of the neonatal HC patients died of hepatic artery
thrombosis that was developed in a left lateral postmortal
split 3 mo after LT.
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FIGURE 2. Bar graphs show laboratory results of inflammation, fibrosis, and hemosiderosis of the graft according to the routine biopsies at the
check examination after 1, 3, 5, 7, and 10y after liver transplantation. There were no significant difference over the y (N = 29).
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FIGURE 3. Kaplan-Mayer analysis shows the estimated overall survival of patients with hemochromatosis after liver transplantation (LT)
compared with the total cohort of our center. Patients with hemochromatosis showed a significant worse survival compared with the control

(N = 29).

DISCUSSION

HC has an incidence of 0.1% and is a rare indication for
LT."? Deficient diagnosis and reduced patient survival post-
LT are important reasons for restrictive LT in those patients.
However, LT remains the only therapeutic option to end-stage
liver failure. Therefore, long-term studies of HC patients are
crucial to further our knowledge on prognosis, survival, and
postoperative complications after LT. We performed a retro-
spective analysis of patients with HC undergoing LT to add
our 30-y experience at a high-volume center to previous con-
sisting data.

Significantly reduced postoperative survival is a major con-
cern in this specific patient group. In our study, the 1-, 3-,

5-, and 10-y survival rates of patients undergoing LT due to
HC were significantly worse when compared with the average
survival expectations of the overall cohort of all LT patients
at our center. Indeed, 20 of the 29 patients included in the
study died within the 10-y follow-up period. These results are
confirmatory to those of similar other studies.!*!* Moreover,
a review article by Brandhagen' cited data gathered from
United Network for Organ Sharing, including only 1%
HC patients (n = 30000). Patient survival was significantly
decreased in this patient group, with 1- and 5-y survival rates
declining from 83% and 70% to 75% and 64%."°

Main causes of patient mortality are fatal infections or
cardiovascular complications. Patients suffering from an iron
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overload have an increased susceptibility to infections. Iron
alters the functionality of the immune system and serves as an
essential nutrient to a lot of organisms. Thus, the assumption
remains that the patients continue to be at an increased risk of
infections or that this risk may be further increased by neces-
sary immunosuppression after LT. Especially fungal infections
more frequently occur in patients with iron excess (24%)
compared with patients with a physiological iron balance
(7%) and are the most frequent cause of death in patients with
HC after LT." Brandhagen'® and Brandhagen et al'’ reported
about 29% death due to infectious diseases, 23% due to cir-
culatory complications, and 10% due to malignant disease. In
our study, 24.2% died because of infections and 10.4% par-
ticularly because of aspergillus fumigatus. Preoperative iron
depletion through phlebotomy might reduce the risk of infec-
tious complications. Furthermore, the second frequent cause
of death was malignancy (31.0%) and third cardiovascular
events (13.8%). Three patients died because of circulatory fail-
ure and 1 due to pulmonary embolism; both of these pathol-
ogies were also seen in other studies as common causes of
mortality in LT patients with HC.'¢ It is important to correlate
these findings with the preoperative circulatory evaluation of
patients, to distinguish preexisting conditions from conditions
related to the surgery. However, we lost only 2 patients (6.8 %)
because of transplant failure during long-term follow-up and
1 newborn because of a thrombosis of the hepatic artery
(n=1;3.5%), being in the range of previously reported preva-
lence of hepatic artery thrombosis in children (up to 8.3%).Y

Therefore, transplant-related death remains rare even in a
group of HC patients, but they tend to pretend their higher
risk for severe infectious and cardiovascular complications
even after successful LT.

A reason might be a further disturbed iron metabolism,
which should be evaluated and addressed by this analysis.
However, the laboratory results were generally inconspicu-
ous over the course of 10 y. Only the median serum transfer-
rin values were below the reference range at all times, which
might be a sign of possible iron overload. As serum ferritin is
an acute-phase protein, its value cannot accurately estimate
the iron content of the organism and may be falsified by pos-
sible hidden infections. Nevertheless, most of the patients
did not show clinical signs of infections for the main period
of follow-up. On the other hand, median serum iron levels
within the reference range speak against significant iron over-
load after LT. The evaluation of liver biopsies showed that
pathological abnormalities such as high-degree inflammation,
fibrosis, and hemosiderosis tend to occur more frequently and
most severely 3 y post-LT. These pathological abnormalities
no longer appear in subsequent follow-up examinations. In
total, we had 8 patients presenting coexisting hepatic patholo-
gies such as viral hepatitis, alcohol-induced, and nonalcoholic
steatohepatitis before LT. Recurrence of the underlying disease
was not documented during monitoring except for 1 case with
successfully treated HCV recurrence without further compli-
cations on or histopathologic changes of the graft. Without a
proven relapse of alcohol abuse, weight gain, or uncontrolled
recurrent viral hepatitis, the influence of those comorbidities
on the histopathologic change of the graft may be low dur-
ing the long-term follow-up. Former studies performed in the
1990s with few numbers of patients could not prove positive
or negative hepatic iron accumulation or ferritin elevation
after LT as there were contrary results and very heterogenous
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patients’ groups.'®!%15-24 However, the fact that only 2 of the
20 deceased patients succumbed to transplant failure speaks
against a causal relationship.

It is still unknown whether the main source of pathology
for HC is in the liver or in the small intestine. Considering
that if the latter were the case an LT would be the ultimate
cure to the disease, knowledge on iron reaccumulation in the
liver and the organism post-LT is crucial. Data on this topic
resulting from different studies with varying follow-up periods
are controversial and strayed by different confounding factors
such as the administration of perioperative blood transfu-
sions.?** We performed a long-term follow-up of 10 y and
detected no significant iron overload in the laboratory analysis
and biopsies. Only in 2 patients, strongly elevated serum fer-
ritin values >1000 pg/L could temporarily be measured but
normalized again. Only at 3 y post-LT, moderate iron deposits
were described in the biopsies of 2 patients. It should be postu-
lated that multicenter long-term studies are necessary to evalu-
ate this aspect more clearly, because the possibility that the
follow-up was not long enough for iron to accumulate exists.

The possible limitation of the present study mainly results
from the small patient cohort. However, we could show a
prevalence of our transplant cohort of 1.1% after 30 y of
experience, and due to the rare incidence for HC in general,
higher patient numbers could only be achieved in large mul-
ticenter studies. Thus, this analysis should serve as a con-
tribution from a high-volume center to the already existing
literature, with the special feature that routine biopsies in our
long-term follow-up allow an initial assessment of the histo-
pathologic changes.

No further significant iron overload could be detected after
LT in patients with HC, and even in the liver biopsies, mini-
mal iron deposits were described in only a portion of them.
Nevertheless, patients suffering from HC have a lower esti-
mated survival than patients without iron storage disease after
LT. However, the main cause of death was due to infectious
diseases, followed by malignancies and cardiovascular rea-
sons but not due to severe transplant dysfunction or failure.
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