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Abstract. Recent studies comparing the effects of induction therapy with polyclonal antilymphocyte globulins
(ALG) or with monoclonal T-cell-specific antibodies are
not unanimous. Therefore, 55 heart recipients were allocated to either 7-day courses of polyclonal ALG (n = 28)
or of monoclonal OKT3 (n = 27). Additionally, azathioprine and low dose steroids were given. There were no
severe side effects after OKT3; the course of ALG, however, had to be discontinued in 20 patients because of
extensive flares. No differences between the two groups
were found in freedom from rejection or in the incidence
of infection. The 1- and 2-year survival was 96% in both
groups. Although monoclonal and polyclonal induction
therapies are equally effective for rejection prophylaxis,
OKT3 may be preferred because of a lack of important
side effects. However, the fact that a shorter course of
ALG is equally effective may be in favour of ALG.
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Polyclonal antilymphocyte or antithymocyte globulins
(ALG, ATG) as well as monoclonal antibodies against
T cells have proved to be effective for reversing acute cardiac allograft rejection [5, 7, 10]. Subsequently, various
protocols using these antibodies have been developed for
rejection prophylaxis in heart transplant recipients [2, 11,
12, 19]. More recently, studies comparing the effects of
polyclonal and monoclonal T-cell-specific antibodies have
been reported [9, 13, 14, 17]. Their results, however, are
not unanimous about the superiority of one antibody
preparation with respect to another in terms of rejection
prophylaxis, safety and infectious complications.
In an earlier, randomized, controlled study in heart
transplant recipients, we demonstrated that OKT3 facili-
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tates patient care by preventing renal failure in the immediate postoperative period but does not reduce the incidence of rejection when compared to cyclosporine given
i. v. [2]. Polyclonal anti-T-cell prophylaxis may induce
broader immunosuppression resulting in fewer rejection
episodes but might also give rise to more infectious complications. The present study was undertaken to compare
a polyclonal horse lymphocyte-specific immunoglobulin
with monoclonal OKT3 with regard to rejection prophylaxis, safety and infectious complications.

Materials and methods
All consecutive heart transplant recipients between 1 August 1989
and I August 1991 were enrolled into the trial and were subsequently allocated to receive either OKT3 (Ortho Pharmaceutical,
Raritan, N.J.) or ALO (horse lymphocyte-specific lg02, Lymphoglobulin, Institut Merieux). OKT3 was started postoperatively in a
dose of 5 mg/day, 1-2 h after arrival at the Intensive Care Unit while
still on the ventilator, and continued for 7 days. Similarly, ALG was
started 1-2 h after arrival at the Intensive Care Unit, in a dose of 425
lymphocytotoxic units (0.5 ml) per kilogram ofbodyweight daily and
continued for 7 days. In addition, azathioprine was administered
postoperatively, 50 mg/day intravenously for 6 days, and prednisolone was given prior to the operation (20 mg) and 60 mg/day thereafter, in two divided doses, tapering down by 10 mg every 3 days to
20 mglday and subsequently by 2.5 mglweek until the maintenance
dose of 10 mglday was reached at approximately 8 weeks postoperatively. Half of the daily corticosteroid dose was given shortly before
the administration of OKT3 or ALG, in combination with 4 mg clemastine i. v., to alleviate side effects. Oral cyclosporine was initiated
on postoperative day 5 in a dose of 8 mg/kg daily in two divided
doses and adjusted to the plasma levels.
Cyclosporine levels were measured by specific 125 1-CSA radioimmunmoassay (Cyclotrac, Incstar, Stillwater, Minn.) to keep plasma
12 h trough levels between 80 and 120 ng/ml in the early postoperative period and between 50 and 100 ng/nl after 9-12 months.
The diagnosis of acute rejection was made by histological examination of endomyocardial biopsies and graded according to Billingham's criteria of none, mild, moderate and severe rejection [3]. For
the diagnosis of moderate rejection, the coexistence of mononuclear
infiltrates and myocyte necrosis was required.
Treatment of acute rejection was instituted in the case of moderate rejection and consisted of R( abbit )-ATG to keep T cells between
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Table 1. Characteristics of the patients who received either monoclonal or polyclonal antibodies for rejection prophylaxis
Induction therapy

ALG

OKT3

Number of patients

28

27

GendcrM/F

23/5

22/5

45 (18---61)

48 ( 15---62)

16
12

14
10
3

Donor age (years, range)

26(1~3)

24 (12-38)

CMV serostatus negative (n)

13

Recipient age (years, range)
Primary heart disease
IHD
VHD

CMP

9

PRA (%, median, range)

0 (0-20)

0 (0-54)

Donor/recipient gender mismatch (n)
Mismatch HLA-A
HLA-B
HLA-A+B
HLA-DR

9
1.3 ±0.5
1.6±0.6
2.9±0.9
1.2 ±0.5

10
1.4±0.7
1.4±0.6
2.9± I
1.3 ±0.7

Mismatch HLA-A + B 0 (n)
1 or2
>2

1
8
19

0
11
16

Mismatch HLA-DR O(n)
1
2

1
20*
7

4
10*
13

ALG, horse anti-lymphocyte lgG2; CMP, cardiomyopathy; IHD,
ischemic heart disease; VHD, valvular heart disease; CMV, cytomegalovirus; PRA, panel reactive activity
* P<0.025

0 and 150/mm 3 for 14 days for the first episode of rejection, 1 g
methylprednisolone i. v. on 3 consecutive days for the second episode
and OKT3 5 mg/day for 10 days in case of ongoing rejection or an
early third episode of rejection.
All cytomegalovirus (CMV) seronegative recipients received
(CMV seronegative blood products and passive immunization with
CMV-specific immunoglobulin (Cytotect, Biotest Pharma, Frankfurt, FRG) for 10 weeks, as reported before [ 15].
Infections were defined as symptomatic episodes with concurrent demonstration of the causative agent by culture or changes in
serological status. CMV infection was defined by a rise of lgM antibodies, demonstration of immediate early antigen (lEA), or isolation of the virus from throat swabs or urine. CMV disease was
defined as fever or signs of organ involvement in the presence of
CMV infection.

Statistical analysis. Data arc expressed as mean values± 1 SD or medians as appropriate. The significance of differences between means
was assessed by the 95% confidence interval. Comparisons of proportions are based on the X2 test. Log rank test was used to assess the
differences in freedom from rejection. For survival analysis, the Kaplan Meier method was used.

of donor lymphocytes with recipient sera, performed in
case of more than 5% PRA, were negative.
The scheduled 7-day course of ALG was discontinued
in 20 out of 28 patients after 5 days (range 3-6) because of
extensive flares. The development of pyrexia (mean highest temperature 39.1 ·c) was not different from the fever
in the patients from the other treatment group.
The full 7-day course of OKT3 could be completed in
all 27 patients. Fever (mean maximal temperature
39.4 ·q occurred in all but 3 patients, a mild rash was
noted in 4 patients and diarrhoea in 1 patient.
Median follow-up was 15 months (range 3-25). The
1- and 2-year graft and patient survival was 96% in the
OKT3 as well as in the ALG group.
No difference was found in the mean number of acute
rejection episodes per patient during follow-up. Actuarial
freedom from rejection at 1, 3 and 12 months was 68%,
18% and 13% intheALGgroupand74%,33% and20%
in the OKT3 group. These differences were not significant
(Fig.1). The numbers of acute rejection episodes per patient were also equally distributed among the two treatment groups: 5, 14, 5 and 3 (ALG) versus 4, 11, 6 and 7
(OKT3) patients with respectively 0, 1, 2 or more than 2
rejection episodes.
A total of 42 patients received 1 (29 patients), 2 ( 12 patients) or 3 (1 patient) additional courses of polyclonal or
monoclonal antibodies after the inductional therapy for
the treatment of rejection.
The mean numbers of infections per patient was 0.9
and 0.8 in the ALG and OKT3 groups, respectively. Bacterial infections occurred more frequently than viral infections. There was no difference in the occurrence of bacterial, parasitic and fungus infections between the two
treatment groups. CMV disease and herpes zoster were
the main virus-induced problems. Again, no difference in
the occurrence of viral infections or disease between the
ALG and OKT3 groups could be demonstrated (Table 2).
In both treatment groups more, but not significantly different, bacterial infections and CMV disease or herpes
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Fig. I. Comparison of freedom from acute allograft rejection after
induction therapy with ALG or OKT3 in 55 heart transplant recipients
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Table 2. Infections after polyclonal or monoclonal T-cell-specific
antibodies
Induction therapy

ALG

OKT3

All infections

26

23

9
4
3

6
2
I

15

14

Viral infections
CMV disease
Herpes zoster
Bacterial infections
Fungus infections (superficial Candida)
Parasitic infections
Pneumocystis carinii
Intestinal ascaris

2
2

zoster occurred in patients who received additional antiT-cell therapy for rejection treatment compared with
those without it. Bacterial infections occurred in 21 out of
41 patients with additional therapy versus 8 out of 14 patients without it and CMV disease or herpes zoster in 7 out
of 41 patients with versus 3 out of 14 patients without additional anti-T-cell therapy.
Malignancies occurred in 1 patient from the ALG
group and in 3 patients in the OKT3 group. The first patient, who received ALG for induction therapy, developed a squamous cell carcinoma of the external acoustic
meatus 9 months after transplantation. The second patient died 18 weeks after transplantation from malignant
lymphoma. After OKT3 induction therapy he had been
treated with R(abbit)-ATG and a second course ofOKT3
for intractable rejection. The third patient who received
OKT3 initially was operated upon because of adenocarcinoma of the antrum, 7 months after transplantation. In
the fourth patient a mucodermoid carcinoma of the palatum was noted, 12 days after transplantation.
Discussion

Although excellent short- and medium-term survival after
heart transplantation can be achieved without the use of
polyclonal or monoclonal anti-T-cell induction therapy
[1]. no efforts have been spared to develop an immunosuppressive regimen that would reduce the incidence of
rejection as well as the complications of immunosuppression. In our centre the 2-year actuarial survival rates of
91% and 94% were achieved in heart transplant recipients, prior to this study, with and without OKT3 induction therapy, respectively [2]. The fact that OKT3
facilitated the immediate postoperative care, as the administration of cyclosporine could be avoided in the immediate postoperative period, but could not reduce the incidence of rejection made us embark on the present study,
comparing the effects of polyclonal and monoclonal antibodies on cardiac allograft rejection. The graft and patient
survival in both treatment groups was excellent. No superiority of one regimen over the other could be demonstrated with respect to freedom from rejection or time to
detection of the first rejection.
The administration of ALG was hampered by fever
and rapidly evolving, giant flares in 20 patients, necessitat-

ing premature discontinuation of the medication. No
other complications were noted.
As in a previous study, almost all patients developed
fever, but none experienced severe side-effects during or
after the initial doses of OKT3 [2]. In contrast with theresults of others, no haemodynamic deterioration or pulmonary oedema occurred. This may be explained by the
fact that the first dose of OKT3 was given immediately
postoperatively at the time the patients were still on the
ventilator, while isoprenaline and dopamine were administered continuously [4, 8, 16, 18, 20]. Moreover, special
care was taken to administer fluids in order to correct the
drop of arterial blood pressure and right-sided fillingpressures resulting from the decrease in systemic arterial
and venous vascular resistance.
Bacterial and viral infections occurred frequently and
were associated with significant morbidity. No difference
in the incidence of bacterial and viral infections was observed between the ALG and OKT3 groups despite the
more selective action of OKT3. In earlier reports, there is
no agreement about a difference in the incidence and nature of infections after monoconal and polyclonal antibodies [9, 13, 17]. However, comparison of the numbers of
infections in patients who received additional anti-T-cell
therapy with those in patients in whom the induction
course was the only antibody therapy revealed that more
bacterial as well as viral infections occurred in the patients
who received additional antibodies. The difference was
not significant.
Malignancy was the cause of death in one patient and
appeared to have been treated effectively in two patients.
The duration of follow-up is too short to appreciate the
final effect of therapy. Although more malignancies occurred in the prophylactic OKT3 group, this difference
was not significant. A longer follow-up will be necessary
to confirm our earlier findings, in a larger group of patients, that malignancy is not associated with one specific
antibody but with the total immunosuppressive load [6].
The data from this randomised trial indicate that polyclonal and monoclonal antibodies are equally effective
for rejection prophylaxis after cardiac transplantation.
OKT3 induction therapy may be preferred because of a
lack of important side-effects. However, the fact that a
shorter course of ALG (the scheduled course was discontinued early because of side-effects in the majority of patients). induces a similar freedom from rejection with
subsequently similar incidences of the major complications of immunosuppressive therapy may be in favour of
ALG.

References
1. Andreone PA, Olviari MT, Elick B, Arentzen CE. Sibley RK,
Bolman RM, Simmons RL, Ring WS (1986) Reduction of infectious complications following heart transplantation with tripledrug immunotherapy. J Heart Transplant 5: 13-19
2. Balk AH, Simoons ML, Jutte NH, Brouer ML, Meeter K, Mochtar B, Weimar W ( 1990) Sequential 0 KT3 and cyclosporin after
heart transplantation: a randomized study with single and cyclic
OKT3. Clin Transplant 5:301-305

S479
3. Billingham ME (1981) Diagnosis of cardiac rejection by endomyocardial biopsy. Heart Transplant I: 25
4. Breisblatt WM, Schulman DS, Stein K, Wolfe CJ, Whiteside T,
Kormos R, Hardesty RL (1991) Hemodynamic response to
OKTI in orthotopic heart transplant recipients: evidence for
reversible myocardial dysfunction. J Heart Lung Transplant 10:
359-365
5. Bristow MR, Renlund DG, GilbertE, Lee HR, Gay WA, O'Connell JB (1988) Murine monoclonal CD-3 antibody in cardiac
transplantation: anti-rejection treatment and preliminary results
in a prospectively randomized trial for prophylaxis. Clin Transplant 2: 163-168
6. Brouwer RML, Balk AHMM, Weimar W (1991) OKT3 and the
incidence of Jymphoproliferative disorders after cardiac transplantation. N EngiJ Med324: 1437
7. Constanzo-Nordin MR, Silver MA, O'Connell JB, Pifarrc R,
Grady KL, Winter GI, Murdock DK, Sullivan HJ, Grieco JG,
Scanlon PJ, Robinson JA (1987) Successful reversal of acute cardiac allograft rejection with OKTI monoclonal antibody. Circulation 76 (Suppl V]: V 71-V 80
8. Cosimi AB (1987) OKT3: first dose safety and success. Nephron
46 (Suppl I]: 12-18
9. Frist WH, Merril WH, Eastburn TE, Atkinson JB, Stewart JR,
Hammon JW, Bender HW (1990) Unique anti thymocyte serum
versus OKT3 for induction immunotherapy after heart transplantation. J Heart Transplant 9: 489-494
10. Gilbert EM, Dewitt ChM, Eiswirth CC, Renlund DG, Menlove
RL, Freedman LA, Herrick CM, Gay WA, Bristow MR (1987)
Treatment of refractory cardiac allograft rejection with OKT3
monoclonal antibody. Am J Med 82: 202
11. GilbertE, Eiswirth CC, Renlund DG, Menlove RL, Dewitt CM,
Freedman LA (1987) Use of orthoclone OKT3 monoclonal antibody in cardiac transplantation: early experience with rejection
prophylaxis and treatment of refractory rejection. Transplant
Proc 19: 45-53

12. Hegewald MG, O'Connell JB, Renlund DG, Lee HR, Burton
NA, Karwande SV, Jones KW, Lassetter JE, Bristow MR (1989)
0 KT3 monoclonal antibody given for ten versus fourteen days as
immunosuppressive prophylaxis in heart transplantation. J
Heart Transplant 8:303-310
13. Kirklin JK, Bourge RC, White-Williams C, Naftel DC, Thomas
FT, Thomas JM, Phillips MG (1990) Prophylactic therapy for rejection after cardiac transplantation. A comparison of rabbit
antithymocyte globulin and OKT3. J Thorac Cardiovasc Surg 99:
716-724
14. Mcnkis AH, Powell AM, Novick RJ, McKenzie FN, Kostuk WJ,
Pflugfelder PW, Brown J, Rochon J, Chan I, Stiller C (1991) Prospective randomized trial of short term immunosuppressive prophylaxis using OKT3 or Minnesota equine ALG (abstr). J Heart
Lung Transplant 10: 163
15. Metselaar HJ, Balk AHMM, Mochtar B, Rothbarth PH, Weimar W (1990) Prophylactic use of anti-CMV immunoglobuline
in CMV seronegative heart transplant recipients. Chest 97: 396-

399
16. Miller RA, Maloney DG, McKillop J, Levey R (1981) In-vivo effects of murine hybridoma monoclonal antibody in a patient with
T cell leukemia. Blood 58: 78-86
17. Mundy J, Chang V, Keogh A, MacDonald P,Spratt P (1991) Prophylactic OKT3 versus equine antithymocyte globulin after
heart transplantation: increased morbidity with OKT3 (abstr). J
Heart Lung Transplant 10: 163
18. Orthomulticenter Transplant Study Group (1985) A randomized
clinical trial of OKT3 monoclonal antibody for acute rejection of
cadaveric renal transplants. N Eng! J Med 313: 337-342
19. Starnes V, Oyer P, Stinson E, Dein J, Shumway N (1989) Prophylactic OKT3 used as induction therapy for heart transplantation.
Circulation 80 [Suppl III]: 79-83
20. Stein KI, Landowski J, Kormos R, Armitage J ( 1989) The cardiopulmonary response to OKTI in orthotopic cardiac transplant
recipients. Chest 95: 817-821

