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ORIGINAL ARTICLE

Incidence, risk factors, and outcome
of antithymocyte globulin treatment
of steroid-resistant rejection after liver

transplantation

Abstract We retrospectively ana-
lyzed the incidence and outcome of
steroid-resistant rejection (SRR)
during the first 6 months after OLT
in 126 patients receiving triple im-
munosuppression. A total of 95 pa-
tients either did not experience
acute rejection at all or had acute
rejection that subsided without ad-
ditional treatment. A total of 31 pa-
tients had biopsy-proven acute re-
jection that required therapy: 18 pa-
tients had acute rejection that re-
sponded to steroid therapy (steroid-
sensitive rejection, SSR); the re-
maining 13 patients had SRR and
received ATG. At the onset of acute
rejection, no differences in clinical,
biochemical, or immunological pa-
rameters were present between pa-
tients with SSR and SRR. However,
the histological grade of acute rejec-
tion in the initial biopsy was higher
in patients with SRR (P = 0.05).
ATG treatment was effective in 10
of the 13 patients and was not asso-
ciated with an increased incidence
of opportunistic infections. Patient
and graft survival rates at 2 years
were comparable in the three
groups. These data show that the in-
cidence of SRR during the first

6 months after OLT is low, and that
its treatment with ATG is both ef-
fective and well tolerated.
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Introduction

Acute rejection occurs in 40 %70 % of all liver trans-
plant patients on cyclosporin A (CyA)-based immuno-
suppressive regimens during the first 6 months after
transplantation [3, 18]. In most centers, these rejection
episodes are treated with methylprednisolone pulses or
corticosteroid recycling [18]. Steroids fail to reverse
acute rejection in 12 %-32 % of these cases, however,
and treatment with an anti-T-cell agent [either antithy-
mocyte globulin (ATG) or OKT3] is necessary to pre-
vent imminent graft loss [3, 7]. Recently, some studies
have suggested that conversion from CyA to tacrolimus
(FK 506) may also reverse rejection [4, 14]. In order to
evaluate the need for new immunosuppressive regimens
for steroid-resistant rejection {SRR), we have reviewed
the incidence and risk factors for SRR, the long-term
outcome, and side effects of treatment with ATG for
SRR in 126 consecutive primary adult liver transplanta-
tions.

Materials and methods

Patients

For this retrospective study, we reviewed the records of 134 adult
patients receiving a first liver transplant between 30 November
1986 and 23 November 1993. Eight patients were excluded, six be-
cause high-dose steroids were given without histological proof of
rejection, one because of peroperative death, and one because of
graft failure during first-line rejection treatment that necessitated

immediate retransplantation. This analysis includes the remaining
126 patients. All patients had a protocoled 1-week liver biopsy.
They were divided into three groups. Group 1 (n = 95) consisted
of patients who had either no episode of acute rejection during
the first 6 months after orthotopic liver transplantation (OLT) or
mild (grade 0 or 1) acute rejection that resolved without antirejec-
tion treatment. The decision to treat was based on the following
criteria: rapid elevation of liver tests, eosinophilia, body tempera-
ture, decreasing bile production, and the general clinical condition
of the patient [5, 6]. Group 2 (n = 18) consisted of patients with bi-
opsy-proven acute rejection {grade 1, 2, or 3) that responded com-
pletely to first-line rejection therapy with corticosteroids. Group 3
(n=13) consisted of patients with biopsy-proven acute rejection
that was steroid-resistant. They were subsequently treated with a
course of ATG. All patients had a follow-up period of at least
6 months after OLT. Demographic and clinical characteristics of
the three groups are given in Table 1.

Organ procurement and transplant procedure

Donor hepatectomy and transplantation were performed follow-
ing standard techniques, as described by Starzl et al., using veno-
venous bypass [12, 13]. Euro-Collins solution was used for preser-
vation of the first 15 grafts and University of Wisconsin solution
for the remaining 111 grafts. All patients received either an ABO-
identical or an ABO-compatible graft. Three of the 126 patients
received a split liver graft.

Immunosuppressive protocol

Cyclophosphamide was given preoperatively in a dose of 100 mg,
followed by 100 mg daily after transplantation until day 7. Dexam-
ethasone, 1 mg/kg, was given peroperatively. Prednisolone was
started in a daily dose of 200 mg for 3 days, followed by 100 mg

Table 1 Patient characteristics

Group 1 Group 2 Group 3
No rejection Steroid-sensitive Steroid-resistant
(n=95) rejection (n = 18) rejection (n = 13)
Demographics 43 (18-62) 42.5 (21-60) 38 (23-58)
Age (years): median (range)
Sex (F/IM): % 59/41 67/33 7723
Diagnosis 1 (%)
Primary biliary cirrhosis 18 (19 %) 7 (39 %) 2(15%)
Primary sclerosing cirrhosis 18 (19%) 0 4 (31%)
Cryptogenic cirrhosis 17 (18 %) 3(17 %) 3(23%)
Autoimmune hepatitis 6(6%) 1(5%) 1(8%)
Alcoholic cirrhosis 6(6%) 0 0
Posthepatitis B/C cirrhosis 11 (12%) 2 (11%) 0
Fulminant liver failure 7(7%) 0 1(8%)
Miscellaneous 12 (13 %) 5(28%) 2 (15%)
Immunological characteristics
Average no. of HLA mismatches
A+B 2.8 32 29
DR 1.4 1.5 1.6
Positive crossmatches (%) 8(8) 3(17) 3(15)
Intraoperative data
Blood loss (1): median (range) 9 (2-90) 8 (3-45) 7 (2-19)
Cold ischemia (h): median (range) 12 (2.5-22) 11.5 (6-23) 11 (5-20)
Preservation fluid: EC/UW 8/87 5113 2/Mm
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for 5 days; further reduction was guided by clinical condition and
liver enzymes. Azathioprine, 125 mg, was started at day 1. CyA
was started at day 2 or later if the creatinine clearance was below
50 ml/min. Whole blood CyA levels, as measured by HPLC, were
maintained between 200 and 250 ng/ml during the first 3 weeks
and between 100 and 150 ng/ml thereafter [5].

Diagnosis and treatment of acute rejection

A clinical diagnosis of rejection was made when rises in serum bi-
lirubin and liver enzymes (ALAT and APh) occurred in the ab-
sence of vascular or biliary complications or infections [3]. The
clinical suspicion was verified by a core liver biopsy. In addition,
protocol biopsies were performed at 1 week and 1 year post-OLT.
All biopsies were examined by an experienced pathologist and gra-
ded according to criteria proposed by Snover [10]. Rejection was
steroid-sensitive (SSR) when first-line rejection treatment resulted
in a normalization or return to pretreatment levels of serum biliru-
bin and liver enzymes. When no such response occurred, SRR was
suspected and a repeat biopsy was taken unless this was contraindi-
cated by severe clotting abnormalities or severe thrombocytope-
nia.

First-line rejection therapy occurring within 2 weeks after
transplantation consisted of methylprednisolone, 1000 mg daily,
for 3 consecutive days. If acute rejection occurred more than
2 weeks after transplantation, a corticosteroid recycle was given.
The prednisolone dose was increased to 200 mg daily for 3 days,
followed by 100 mg for the next 3 days. Subsequently, the steroids
were slowly reduced to 50 mg daily. In the case of a partial re-
sponse, one of these two steroid regimens could be used as alterna-
tive treatment. For example, prednisolone pulses could be given af-
ter steroid recycle rejection therapy. SRR was treated with rabbit
ATG (RIVM, Bilthoven, The Netherlands), 4 mg/kg every other
day, for a total of five doses. During that period, prednisolone was
lowered to 25 mg daily and the azathioprine dose to 50 mg,
whereas the CyA dose was not reduced. A complete response to
ATG treatment was defined as improvement in transaminase and
bilirubin levels during treatment with normalization at 1 month af-
ter diagnosis of SRR, whereas a partial response was diagnosed
when liver tests had decreased by more than 50 % at 1 month.

HLA typing and crossmatch

Typing for HLA class I was performed using the standard NIH mi-
crolymphocytotoxicity technique, and typing for HLA class II with
the two-color fluorescence method [8], using sets of locally ob-
tained well-characterized allo-antisera. Crossmatches between
pretransplant recipient sera and donor spleen lymphocytes were
done following the NIH technique and a more sensitive assay, us-
ing longer incubation times [15].

Prevention, diagnosis, and management of infections

Systemic antibiotic prophylaxis consisting of cefotaxime and tobra-
mycin was given for the first 48 h after OLT. Selective bowel de-
contamination with tobramycin, colistin, and amphothericin B
was carried out to prevent bacterial and fungal infections, as previ-
ously described [16]. Acyclovir, 200 mg orally four times daily, was
given during the 1st month after OLT as a prophylactic measure
against herpes simplex virus infection.

When infection was suspected, blood samples were taken for
culture, in addition to sputum, bile, urine, and ascites, as indicated.

Localized fluid collections were drained percutaneously, or via a
surgical procedure, and cultured. Pulmonary infiltrates were ana-
lyzed by bronchoalveolar lavage with routine cultures and cytolog-
ical examination for protozoa, fungi, and viruses. Infections were
diagnosed on the basis of clinical symptoms in combination with
detection of the pathogens involved [11]. In addition, patients
were monitored for cytomegalovirus (CMV) infection using the
CMYV antigenemia assay, as reported by van der Bij et al. [2]. Im-
munosuppression was temporarily tapered in patients with serious
opportunistic infections. In most cases prednisolone was reduced
10 mg/day and azathioprine to 50 mg/day, whereas CyA levels
were kept unchanged.

Statistical methods

The unpaired Wilcoxon test and the 2 test were used to analyze
differences in patient characteristics, biochemical and histological
features before initiation of rejection treatment, and outcome vari-
ables. Graft and patient survival rates were calculated using the
Kaplan-Meier method, and the log-rank test was used to evaluate
statistical significance. All tests were performed two-sided; a P va-
lue of 0.05 or less was considered to be statistically significant.

Results

Incidence of acute rejection and effect of treatment

Within the first 6 months after OLT, 45 biopsy-proven
acute rejection episodes occurred in the 126 patients
(36 %), 31 of whom (25 %) required treatment. No pa-
tient experienced more than one rejection episode. Cor-
ticosteroids reversed rejection in 18 of the 31 (58 %) pa-
tients. The remaining 13 patients (42 %) either did not
respond to the steroid therapy or had a partial response,
and received ATG.

Factors associated with SRR

We analyzed whether clinical, biochemical, histological,
or immunological characteristics at the time of onset of
acute rejection were helpful in predicting the outcome
of steroid therapy (Table 2). SSR tended to occur earlier
than SRR, but considerable overlap existed, and the dif-
ference did not reach statistical significance. Bilirubin
and ALAT levels at the start of rejection treatment did
not differ significantly in the SSR and the SRR groups,
but APh levels tended to be higher in patients with
SRR. Again, this difference did not reach statistical sig-
nificance [1]. The histological grade of rejection in the
biopsy taken at the onset of rejection was higher in
SRR, but there was also a considerable overlap. The
numbers of HLA class I and II mismatches and of posi-
tive crossmatches did not differ in the two groups.
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Table 2 Biochemical and histological features of acute rejection (AR) and its treatment in patients with steroid-sensitive (SSR) and ste-

roid-resistant rejection (SRR)

Group 2 Group 3
Steroid-sensitive Steroid-resistant rejection
rejection (n = 18) (n=13)
Day that AR was Day that SRR was
diagnosed diagnosed
Diagnosis of acute rejection (days after OLT) 9.5 (6-103) 39 (5-120) 48 (11-142)°
Liver tests
Bilirubin (umol/l): median (range) 195 (28-443) 189 (9-370) 228 (70-520)

ALAT (U/1): median (range)
APh (U/1): median (range)

Initial histological grade of rejection®
Consistent with rejection 2
Grade 1 8
Grade 1-2 8
Grade 2
Grade 2-3

First-line antirejection therapy
Methylprednisolone 11
Methylprednisolone and corticosteroid recycle 3
Corticosteroid recycle 7

340 (68-1190)
199 (97-1500)

399 (248-1300)
325 (144-1120)

625 (256-1260)
444 (186-1695)

7C
6 1
2 1
3 1
2 1
6
6
7

2 Higher in SRR than in SSR (P = 0.05, x>-test, two-sided)
> Day SRR was diagnosed
¢ Two patients with SRR had no biopsy

Efficacy and side effects of ATG treatment

ATG treatment led to normalized of bilirubin levels and
liver enzymes in 9 of the 13 patients. Generally, this re-
sponse became evident during treatment. One of these
nine patients had a renewed rise in liver enzymes and bi-
lirubin levels more than 1 month after ATG therapy and
subsequently developed chronic rejection. Four patients
showed a partial response to ATG therapy. Two patients
had no evidence of rejection in follow-up biopsies: one
of them developed ischemic-type biliary lesions and re-
mained mildly icteric, whereas a gradual normalization
occurred over the next few months in the second pa-
tient. A third patient showed renewed rises in liver en-
zymes when azathioprine had to be discontinued be-
cause of leukocytopenia and subsequently developed
chronic rejection. The fourth patient had ongoing rejec-
tion in follow-up biopsies that slowly resolved over the
next year without further rejection therapy. Thus, ATG
treatment was successful in 10 of the 13 patients (77 %)
and failed in 3 patients (two who developed chronic re-
jection and one with ongoing rejection that slowly re-
solved).

The acute stde effects of ATG administration were
generally mild, consisting of fever and malaise, and
these could be managed with paracetamol. Leukocy-
topenia occurred in three patients but did not necessi-
tate interruption of therapy.

Infections after treatment of SRR

Four of 13 patients treated with ATG experienced a ma-
jor opportunistic infection within 3 months after diagno-
sis of acute rejection. Three of them had systemic CMV
disease without evidence of organ involvement, and
one patient had a sepsis syndrome due to Flavobacte-
rium. All recovered from these infections. For a compar-
ison, severe opportunistic infections occurred in 11 of
the 18 patients with SSR during the 3 months after re-
jection treatment namely, CMV disease (n = 6), bacte-
rial septicaemia (n = 3), and pneumonia (n = 2). Three
of these patients died due to infection.

Patient and graft survival (Figs. 1, 2)

The 2-year patient and graft survival rates were 76 %
and 72 % for group 1, 67 % and 67 % for group 2, and
83 % and 75 % for group 3, respectively. There were no
significant differences between these groups. Causes of
graft loss and mortality in the three groups are given in
Table 3. Although the overall incidence of chronic rejec-
tion was low (3 %), this occurred predominantly in
group 3 (relative risk 21.9 compared with group 1,
P <0.025).
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Fig.1 Kaplan-Meier plot of the actual graft survival 2 years after
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OLT. — No rejection (n=95); - — —steroid-sensitive rejection
(n=18);..--. steroid-resistant rejection (n = 13)
Discussion

Compared with other studies, the incidence of acute re-
jection in this series was low. The overall incidence of
acute rejection during the first 6 months was 36 %, and
only 25 % of our patients received additional rejection
therapy. Even if the seven patients receiving rejection
therapy without prior biopsy would not have been ex-
cluded, this figure would still be only 29 %. Most centers
not using anti-T-cell antibody induction have reported
rates of acute rejection of 50 %-100% [4, 14, 17, 18].
The incidences of SRR (10 %) and chronic rejection
(3 %) were also low compared with other series. Several
factors may explain these low incidences of SRR and
chronic rejection, among them induction therapy with
cyclophosphamide, a potent immunosuppressive agent
with powerful anti-B-cell activity [9], and the use of rel-
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Fig.2 Kaplan-Meier plot of the actual patient survival 2 years af-
ter OLT. — No rejection (n = 95); — — - steroid-sensitive rejection
(n=18);..... steroid-resistant rejection (n = 13)
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atively high dosages of steroids during the 1st months af-
ter OLT. Our policy of being somewhat restrictive in
treating acute rejection the 1st-week biopsy, i.e., only if
accompanied by clinical and biochemical evidence of
progression, is important in this regard [6]. On the other
hand, our target levels of CyA may have been lower
than in other centers.

The only factor associated with SRR was a higher
histological degree of acute rejection in the initial bi-
opsy. Although there was substantial overlap between
the two groups, the presence of grade 2 or higher acute
rejection at the onset of rejection was associated with
an insufficient response to steroids. Our data suggest
that immediate treatment with ATG might be war-
ranted for these patients.

ATG rescue therapy was effective in reversing SRR
in 77% of our patients, which is comparable to the

Table 3 Qutcome after OLT in

. . L . Group 1 Group 2 Group 3
patients without rejection, with No rejection Steroid-sensitive Steroid-resistant
steroid-sensitive rejection, or (n=95) rejection (n = 18) rejection (n = 13)
with steroid-resistant rejection

Liver tests at 1 year?®
Bilirubin: median (range) 16 (2-536) 21 (4-51) 18 (8-575)
ALAT: median (range) 31 (4-250) 32 (11-292) 39 (12-915)
APh: median (range) 90.5 (35-2216) 66 (34-440) 157 (44-632)
Retransplantation within 2 years 8 1 4
Primary nonfunction 3
Infection 1
Chronic rejection 1 3
Hepatic artery thrombosis 3 1
Portal vein thrombosis 1
Death within 2 years 22 6 2
. . Bacterial infection 10 3 2
grlz) l<lp0.1025 compared with Mycqtic infectior 5
4 Liver test results did not differ Eardlovascular . 4 2
e ecurrent hepatitis B 2
significantly between the three T
umor recurrence 1 1

groups
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77 %-79 % efficacy of OKT3 that has been reported by
other groups [7, 11]. It should be noted that two of the
three nonresponding patients with SRR developed
chronic rejection and had to be retransplanted. Alterna-
tive treatment modalities are necessary for this sub-
group. FK 506 rescue therapy appears particularly
promising in this respect, especially when bilirubin lev-
els remain below 6 mg/dl [18].

The side effects of ATG were manageable, and the
incidence of infections was no higher than in the SSR
group. Importantly, no fatal infections occurred during
the months after ATG therapy. Whether alternative
therapies, e. g., FK 506, are comparably safe remains to
be established.

Since 2-year patient and graft survival rates of all
groups were comparable, it might be concluded that
acute, steroid-resistant rejection in itself does not have
a negative influence on the ultimate outcome of trans-
plantation. However, we feel that such a conclusion is
not warranted because patients with SRR probably
form a highly selected group, characterized by a rela-
tively low incidence of major complications in the early
post-transplant period (primary nonfunction, vascular
problems, etc.).

In conclusion, SRR is a relatively infrequent event
after OLT and one that can be effectively treated with
ATG.
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