
C

I

T
2
h
t
o
i
i
s
u
m
t
c
r

P
P

B
w
t
f
1
n
t
1
c
t
l
a
r

©
3

T

hanges in Liver Graft Rejections Over Time
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ABSTRACT

Incidence and possible risk factors of acute rejection, time to acute rejection, graft
rejection within 3 months, multiple rejections within 1 year, steroid-resistant rejection, and
graft lost to chronic rejection or to chronic dysfunction were evaluated in 388 liver
transplantations. HLA matches, anti-HLA class I antibodies, positive crossmatch test, or
positive cytomegalovirus serology did not have an effect on the occurrence of acute or
chronic rejection. Increased total bleeding diminished occurrence of acute rejection,
lengthened the time to acute rejection, and reduced the risk of steroid-resistant rejection.
Immunological pretransplant factors did not have a major effect on the occurrence of
rejection after liver transplantation. Different types of rejections diminished over time and
the time period to the first acute rejection increased, although the basic immunosuppres-

sion stayed mainly the same over 20 years in our center.
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HE INCIDENCE OF ACUTE rejection in liver trans-
plantation (OLT) has been reported to vary between

0% and 70%, whereas the occurrence of chronic rejection
as been less than 10%.1 There are conflicting reports of
he effect of histocompatibility matching and other factors
n the occurrence of rejection in OLT.2–5 The impact of

mmunological factors are generally believed to be less
mportant than in kidney transplantation. Conflicting re-
ults of possible risk factors have been shown especially in
nivariate analyses. There is a need for a multivariate
odel to adjust the confounding effect of the covariates. In

his report prognostic models were used to test the signifi-
ance of immunological and other risk factors to liver graft
ejection over 20 years.

ATIENTS AND METHODS
atient Population

etween 1982 and 2002, all 388 adult OLT recipients in Helsinki
ere included and followed until 2004. Of the 388 transplanta-

ions, 352 received a first transplant, 31 a second transplant, and
urther five, a third transplant. In the successive time periods
982 to 1986, 1987 to 1991, 1992 to 1996, and 1997 to 2002, the
umber of OLTs performed was 17, 79, 125, and 167, respec-
ively. Mean (SD) follow-up time was 4.5 (4.2) years (range 1 to
8 years). The most common indication was primary biliary
irrhosis. Primary biliary cirrhosis, primary sclerosing cholangi-
is, and autoimmune hepatitis were grouped as immunological
iver disease (Table 1). The group named as cirrhosis included
lcoholic, cryptogenic, and posthepatitis cirrhosis. Viral hepatitis is

are in our country (6 OLT patients). k
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ransplantation Proceedings, 38, 2663–2666 (2006)
otential Risk Factors Analyzed

ssociation of rejection with various pretransplantation recipi-
nt factors, such as recipient gender, age, indication for trans-
lantation, panel-reactive antibodies against HLA class I anti-
odies, cytomegalovirus (CMV) serology, cold ischemic time,
nhepatic time, and intraoperative blood transfusion, was stud-
ed. The donor factors studied included donor gender, age,
onor/recipient ABO blood group compatibility, gender,
LA-A, -B, and -DR match with the recipient, crossmatch test,
MV serology, and graft size. Descriptive statistics of the main

ovariates with the first and second OLTs are reported in Table
. Time to acute rejection, graft rejection within 3 months,
ultiple rejections within 1 year, steroid-resistant rejection,

raft lost to chronic rejection, or chronic dysfunction were
etermined. Cell saver has been used during the operation for
he last 12 years.

mmunosuppression, Rejection, and Graft Dysfunction

nitial immunosuppression was based on cyclosporine, methyl-
rednisolone, and azathioprine. Some patients were converted
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2664 MATINLAURI, NURMINEN, HÖCKERSTEDT ET AL
o mycophelonate mofetil if immunologically unstable or if
alcineurin inhibitor– based renal insufficiency was suspected.
orty patients received tacrolimus-based treatment in different

mmunosuppressive studies. Acute rejection was confirmed with
core needle biopsy, and Banff criteria were used for diagnosis

f acute and chronic rejection. Steroid-resistant rejections were
reated with OKT3 monoclonal antibody. Chronic graft dysfunc-
ion was defined as a deterioration of graft function without
igns of rejection in biopsy. So graft dysfunction group included,
or example, recurrence of original disease and vascular and

Table 1. Main Covariates Analyzed and Descriptive Statistics
of Donor and Recipient Characteristics

Covariate 1st Tx (n � 352) 2nd Tx (n � 31)

ecipient gender (M/F) 145/207 10/21
onor gender (M/F) 200/152 13/18
ecipient age (y), mean (range) 47.6 (16.8–70.5) 40.5 (16.0–63.0)

ndication for transplantation
Immunologic illness* 146
Acute liver failure 74
Cirrhosis** 74
Liver tumor 26
Budd-Chiari syndrome 16
Other 16
Retransplantation 31

lood group compatibility
Compatible 82 5
Identical 269 25
Incompatible 1 1
LA A matches
0 171 15
1 168 13
2 13 3
LA B matches
0 238 23
1 109 23
2 5 —

R matches
0 205 21
1 128 8
2 13 2

anel-reactive antibodies (%) 24 13
ross-test positive (%) 18 16
MV serology positive

recipient (%)
85 94

MV serology positive
donor (%)

72 0

old ischemia time (h), mean
(range)

6.3 (1.2–22) 5.8 (2.3–11.5)

nhepatic time (min), mean
(range)

59 (21–188) 56 (33–85)

otal bleeding (L), mean
(range)

10.5 (0–82) 7.5 (2–27)

lood transfusion (U), mean
(range)

12.2 (0–129) 11.6 (0–30)

Tx, transplant.
*Includes primary biliary cirrhosis, primary sclerosing cholangitis, autoim-
une hepatitis.
**Includes posthepatitis, alcoholic, and cryptogenic cirrhosis.
iliary complications. a
tatistical Methods

efore embarking on multiple regression modeling, we first per-
ormed preliminary testing of the examined risk factors of time to
cute graft rejection by entering each risk factor as a univariate
erm in the model. In such testing, however, for many reasons the
ignificance probability should be interpreted cautiously as a mea-
ure of data’s consistency with the null hypothesis.6 When the
utcome was the occurrence of graft rejection, we applied a
eneralized linear model7 to these data. For dichotomous factors
ith a binary coding (“treatment contrasts”),8 the multiple expo-
ential regression has the interpretation that its beta (�) coeffi-
ients express risk ratio (RR) parameters. Here risk refers to the
robability of graft rejection. RRs were estimated using quasi-

ikelihood estimation with a log link function and an estimated
caling factor of the variance. We also modeled the average time to
ccurrence of graft rejection. In the survival analysis a proportional
azards (Cox) model was used. For two subpopulations with
continuous) covariate values x2 and x1, hazard ratio (HR) � exp
� (x2 � x1)]. The 95% lower and upper limits of a confidence
nterval (CI) for the risk/HR parameter were computed. A lower/
pper limit that exceed/falls below unity implies a raised/reduced
urvival probability. All computations were carried out using the
-Plus system.9

ESULTS

verall frequency of acute rejection was 46% in the first
rafts and 32% in second transplants. Within first 3 months
cute rejection occurred in 40% and 25% of grafts, respec-
ively. Median time to first acute rejection was 16 days.

ithin 1 year multiple rejections were observed in 11% of
he grafts. Steroid-resistant rejections were diagnosed in
% of the rejections; 3% of grafts were lost due to chronic
ejection and 9% to other chronic dysfunction.

nivariate Analysis of Time and Occurrence of Acute
ejection, Significant Findings

onor age category 60 to 69 years significantly shortened
he mean time to acute rejection (P � .0016). In contrast,
he following factors lengthened the time to acute rejection:
otal bleeding volume 7 to 12 L and over 12 L compared to
aximum 4 L (P � .005 and .012, respectively). Factors

iminishing both the occurrence of acute rejection and
cute rejection within 3 months from transplantation were:
onor age (�40 years compared to 20 to 29 years, P � .02),
lood transfusion (�20 U compared to 10 to 19 U, P � .01),
nd total bleeding over 12 L (compared to maximum 4 L,
� .01). Total bleeding 7 to 12 L compared to maximum
L also significantly diminished risk of rejection within
months (P � .04). Immunological illness as indication for
LT or liver tumor compared to cirrhosis was also found to

e significant risk factor for the occurrence of rejection and
ejection in 3 months (P � .05). Blood group O recipients
ad fewer multiple rejections within 1 year compared to
lood group A recipients (P � .01). Total bleeding over
2 L (compared to a maximum of 4 L) was a risk factor for
teroid-resistant rejection (P � .05). The number of grafts
ost to chronic rejection were too few (only 12 cases) to

llow a trustworthy analysis. Risk factors for chronic dys-
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unction were recipient blood group AB compared to blood
roup A (P � .02), total bleeding over 12 L (P � .03), and
etransplantation (P � .01).

ultiple Regression Analysis of Time to Occurrence of
cute Rejection

n the multiple regression analysis, time to the occurrence
f acute rejection grew longer over the study period 1982 to
002 (Table 2). Acute rejections were found significantly
arlier in older donors and in recipients with one or two
LA-A matches compared to zero HLA matches. Larger

olumes of bleeding were related to later occurrence time
o acute rejection. When the total bleeding was less than 4 L
he probability of no acute rejection before the median
uration of 16 days was 31% (CI 21 to 48), whereas in the
ase of 6.8 to 12.1 L and over 12.2 L it was approximately
5% (CI 63 to 90) and 50% (CI 35 to 73), respectively. All
ther tested potential risk factors were not significant to the
ime of rejection occurrence.

ultiple Regression Analysis of the Occurrence of
isk of Rejection

able 2 gives the numerical RR estimates that were statis-
ically significant. The overall occurrence of acute rejection
ignificantly diminished over the successive time periods.

Table 2. Significant Hazard Ratio Estimates of the Time to Occ
the Occurrence of Acute Reject

Covariate

Time to Occurrence of Acute
Rejection

HR Two-Sided P Value

ear of transplantation
1982–1986 1.00 Referent
1987–1991 0.25 .0089
1992–1996 0.15 �.001
1997–2002 0.17 �.001

onor age (y)
16–19 1.54 .13
20–29 1.00 Referent
30–39 1.92 .013
40–49 1.67 .058
50–59 1.96 .022
60–64 2.75 .0016
istocompatibility
Tissue type HLA-A
0 match 1.00 Referent
1 or 2 matches 1.39 .048

otal bleeding (L)
1.2–4.0 1.00 Referent
4.1–6.7 0.87 .51
6.8–12.1 0.40 �.001
12.2–82 0.53 .017

lood transfusions (U)
�10
10–19
�20
herefore the year of transplantation was included in the p
odels to adjust for the different follow-up times. Signifi-
antly fewer acute rejections in the first 3 months were
ound if recipient was younger than 20 years (P � .03),
onor was older than 40 years (P � .02 to .04), and blood
roducts were transfused over 20 U (P � .001). The only
ignificant factor that associated negatively with multiple
ejections in the first posttransplant year was recipient
lood group O (P � .01; data not shown). Chronic rejection
ecreased by time for the successive time periods 1987 to
991, 1992 to 1996, and 1997 to 2002 in comparison to the
eferent time period 1982 to 1986 (HR � 1); HRs were
.91, 0.91, and 0.98 (P � .08, .05, and .004, respectively).
or chronic rejection the numbers were too few to permit
eliable inferences regarding factors other than time period.
or chronic graft dysfunction the occurrence of adverse
utcomes also declined consistently over the study period.
he only significant factor was donor age 60 years and over

P � .04) for the occurrence of chronic graft dysfunction.

ISCUSSION

e studied which factors, immunological or other, were
ssociated with acute rejection and graft loss due to chronic
ejection or chronic dysfunction in our center. Overall
ccurrence of acute rejection in this study is in accordance
f previous data.3 The rate of chronic rejection in liver
ransplantation is suggested to be decreasing1 and in the

ce of Acute Rejection and Significant Risk Ratio Estimates of
nd Steroid-Resistant Rejection

ccurrence of Acute Rejection
Occurrence of Steroid-Resistant

Rejection

Two-Sided P Value RR Two-Sided P Value

Referent 1 Referent
7 .0057 0.910 .08
1 �.001 0.905 .05
2 �.001 0.982 .004

3 .26
Referent

8 .75
5 .0036
9 .042
6 .0055

1.00 Referent
1.07 .08
0.93 .05
0.86 .02

8 .62
0 Referent
4 �.001
urren
ion a

O

RR

1
0.7
0.7
0.7

0.9
1
0.9
0.8
0.8
0.7

0.9
1.0
resent study was 3%.
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Incidence of acute rejection decreased by time, and time
eriod to first acute rejection increased. In addition, graft

oss due to chronic rejection and chronic dysfunction dimin-
shed during the study period. Overall graft survival of our
atients also improved over time.10 There may be several
nderlying causes for improvement. However, initial immu-
osuppression has remained mainly the same, cyclosporine
ased with steroids and azathioprine except a few patients
ho took part in tacrolimus-based immunosuppression

tudies. Later some patients were converted to mycophe-
onate. In addition to univariate analyses, modern statistical
nalyses of multiple risk factors were also applied. In case
f time to rejection, proportional hazards modeling was
ppropriate, while risk ratio modeling was fitted to describe
he frequency of occurrence of rejection. These analytic
pproaches provided the corresponding estimates of the
mportant predictive factors of liver transplant rejection. In
ur study, patients with larger bleeding volumes experi-
nced rejections later and had significantly fewer steroid-
esistant rejections than patients with smaller bleeding
olumes, which is consistent with the suggested temporary
mmunosuppressive effect of bleeding per se.11

Greater amount of blood transfusions were associated
ith decreased occurrence of acute rejections and early
cute rejections in our patients. Blood transfusions have
een suggested to have immunomodulatory effects and to

nduce tolerance in kidney12 and liver transplantation pa-
ients.13 Development of microchimerism and anti-idiotypic
ntibodies were suggested to explain these immunomodu-
atory effects of blood transfusions.

According to our findings HLA matching had no major
ffect on the occurrence of acute rejection in OLT. We did
ot find any association between pretransplant panel-reactive
ntibodies or lymphocytotoxicity crossmatch test positivity
nd incidence of rejection episodes. Recently, we did not
nd any effect of positive pretransplant flowcytometric
rossmatches on overall rejection rate or graft survival in a
maller group of our patients.14 Conversely, others have
eported that positive pretransplant complement depen-
ent cytotoxicity crossmatch is associated with rejection
pisodes.13 A reduced probability of chronic rejection has
een demonstrated when both donor and recipient were

MV-positive.15 In the present study, neither recipient nor 3
onor CMV positivity was associated with rejections in
ultiple regression analysis. Indication of transplantation
as associated with acute rejection in a univariate analysis
ut not in a multivariate analysis.
Different types of rejections diminished over time al-

hough basic immunosuppression stayed mainly the same
ver 20 years. Immunological pretransplant factors did not
ave a major effect on the occurrence of liver rejection.
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