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Abstract The use of OKTS3 as pro-
phylaxis in renal transplantation re-
sults in a reduced incidence of graft
rejection and appears to have bene-
ficial effects on long-term kidney
graft survival. However, we and oth-
ers have observed that patients still
experience rejection during the peri-
od of OKT3 prophylaxis given at the
regular 5 mg/day dose. Many of

OKT3 serum levels as a guide for
prophylactic therapy: a pilot study in kidney

transplant recipients

these patients had no circulating
CD3" cells at the time of rejection,
but their OKT3 serum levels were
distinctly low (< 500 ng/ml). This led
us to adjust OKT3 doses (5 or 10 mg)
daily, according to the patients’
OKT3 levels, in order to maintain an
OKT?3 concentration of around

1000 ng/ml. In addition, patients
were randomized to receive either
Smg (group 1,n=15)or 10 mg
(group 2,n = 14) OKT3 as the initial
three doses. Concomitant im-
munosuppression consisted of aza-
thioprine and steroids, with the in-
troduction of cyclosporin A on

day 11. Patient survival was 100 %
after 3 months of follow-up. The in-
tensity of OKTS3 first-dose reactions
was similar in both groups. Intragraft
thrombosis, initially observed in a
previous group of patients who re-
ceived a fixed 10 mg/day OK'T3 pro-
phylaxis, occurred in three patients
in group 1 and resulted in two graft
losses. The cumulative OKT3 dose
was similar in both groups

(mean = SEM 98 + 2 mg in group 1

vs 102 £3 mg in group 2) and higher
than the 70 mg usually administered.
Group 2 patients had higher OKT3
serum levels during the first 4 days of
therapy. No correlation could be
found between patient weight and
cumulative OKT3 dose (r = 0.29).
No patient in either group 1 or 2 ex-
perienced rejection during OKT3
therapy. This compared favorably
with an historical group of kidney
recipients treated with a fixed 5 mg/
day OKT3 dose, as 6 out of 32 pa-
tients in this group developed rejec-
tion (P = 0.045). The rejection rate
up to 3 months post-transplantation
in pooled group 1 and 2 patients was
low (six episodes per 81 patient-
months of risk exposure). We con-
clude that adaptation of the OKT3
dose according to daily OKT3 levels
is safe and allows for excellent pre-
vention of early graft rejgction.
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Introduction

The use of OKT3 as prophylaxis in renal transplantation
results in a lower incidence of early graft rejection than
occurs with cyclosporin A (CyA) regimens [2, 6, 17, 20,
21, 23, 29, 30]. In addition, two recent randomized stu-
dies, as well as data from the UNOS scientific registry,
indicate that OKT3 prophylaxis has beneficial effects on
kidney graft survival, especially in high-risk patients [2, 7,

23]. Nevertheless, rejections still occur during the period
of prophylactic OKT3 administration (5 mg/day) in an
estimated 10 %-20 % of patients [2, 19, 23]. This is of
concern since, in a previous series of 66 patients treated
with the fixed 5 mg/day protocol, 12 patients developed
early graft rejection, 5 of whom lost their renal transplant
in the ensuing months. Early rejections have initially
been observed when CD3* cells reappeared in blood as a
consequence of anti-OKT3 immunization [10, 31]. More
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Taple 1 Characteristics of the OKT3 Induction dose

patients (P = NS for all para-

meters) Group 1 Group 2

(3x5) (3x10)

No. of patients 15 14
Age (years) of recipients (mean £ SEM) 406+1.9 40.6 £ 3.5
Age (years) of donors (mean + SEM) 36.0x3.0 304x40
No. of recipients of first graft 14 12
No. of recipients with anti-HLA immunization 2 3
No. of blood transfusions per recipient (mean + SEM) 44+12 34111
Cold ischemia time (h; mean + SEM) 25320 243+ 1.8
Warm ischemia time (min; mean = SEM) 304+23 313+138
HLA antigen incompatibilities (mean + SEM)
A 0.80 £ 0.20 093 £0.25
B 0.53+0.17 0.86 £0.14
DR 0.07 £0.07 0.07 £0.07

recently, it appeared that rejection episodes could also
occur in the absence of either circulating CD3* cells or
anti-OKT3 antibodies [14, 18]. OKT3 serum levels were
distinctly low at the time of rejection in these patients, so
this parameter appears to be a critical risk factor for early
rejection [14, 18]. These observations led us to adapt
OKT3 doses on a daily basis in order to maintain OKT3
serum levels at around 1000 ng/ml. In addition, patients
were randomized to receive either 5 or 10 mg OKT3 for
the initial three doses. The present report describes the
main biological and clinical parameters of the patients
treated with these regimens.

Materials and methods

Patients and immunosuppressive regimens

Twenty-nine kidney transplant recipients were randomly allocated
to receive either 5 mg (group 1, n = 15) or 10 mg (group 2, n = 14)
OKTS3 as their first three daily doses, from the day of surgery to
postoperative day (POD) 2. The characteristics of the patients were
similar in both groups (Table 1). The first OKT3 dose was injected
intraoperatively, and OKT3 therapy was given for 14 days. The
fourth OKT3 dose was 5 mgin all patients, and the next OKT3 doses
were adapted in the following way from POD 3 onwards:
1. If serum OKT3 was above 1000 ng/ml, the next morning dose was
5 mg.
2. If serum OKT3 was between 800 and 1000 ng/ml, the next morn-
ing dose was 10 mg.
3. If serum OKT?3 was below 800 ng/ml, the patient received a sec-
ond 5-mg OKT3 injection on the evening of that day, and the next
morning dose was 10 mg.

Additional immunosuppression consisted of azathioprine
(2 mg/kg per day, tapered to 1 mg/kg per day on POD 14) and ster-
oids. The first and second OKT3 injections were preceded by a me-
thylprednisolone bolus (8 and 4 mg/kg, respectively), prednisone
being given starting on POD 2 (0.3 mg/kg per day, tapered to a
maintenance dose of 0.17 mg/kg per day after 3 months). Cyclo-
sporin A was introduced on POD 11 and was adjusted to maintain
whole blood trough levels (as measured by the specific Sandoz
radioimmunoassay) between 150 and 250 ng/ml.

Acute rejection

Acute rejection was diagnosed when serum creatinine rose or failed
to decrease as expected in a recently transplanted patient without
evidence of other causes of allograft dysfunction. Graft biopsies
were performed to confirm the clinical diagnosis in more than 80 %
of cases. All rejection episodes were treated with methylpredniso-
lone boluses.

OKT3 monitoring

Trough OKT3 serum levels were measured daily by ELISA, as de-
scribed by Goldstein et al. [13]. Anti-OKT3 antibodies were also
measured by ELISA [13], daily during OKT3 therapy and at weekly
intervals for 3 months thereafter.

Quantification of circulating CD3* cells was done by indirect
immunofluorescence using OKT3 mAb and fluoresceinated goat
anti-mouse IgG antiserum (Tago, Burlingame, Calif., USA). Brief-
ly, peripheral blood mononuclear cells were isolated from hepar-
inized venous blood by centrifugation through ficoll-hypaque.
After reaction with OKT3 followed by the fluoresceinated anti-
serum, the percentage of CD3" cells was determined by flow cyto-
metry with a Becton-Dickinson FACS IV analyzer.

Statistical analysis
Statistical differences between groups were estimated using two-

tailed unpaired ¢-tests for numerical varfables and using Fischer’s
exact test for categorical variables.

Results
OKT3 monitoring

Increasing the first three doses of OKT3 to 10mg
(group 2) resulted in higher OKT3 serum levels during
the first 4 days of therapy (Fig.1). Thereafter, the two
groups had similar OKT3 serum levels, an expected con-
sequence of the adaptation of OKT3 doses to serum le-
vels. Both groups showed a profound reduction in the the
percentage of circulating CD3" cells, which fell from
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Fig.1 OKT3 serum levels (mean + SEM) in group 1 (O; 3 X 5 mg)
and group 2 (@; 3 x 10 mg). The three patients from group 1 who
did not complete OKT3 therapy are not included. * P < 0.05, ** P
< 0.01:; *** P <0.001
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Fig.2 Percentages (mean + SEM) of circulating CD3" cells during
OKTS3 therapy in pooled group 1 and 2 patients

72.6 % £ 2.3 % (mean + SEM for combined group 1 and
2 patients; n=11) before therapy to 1.1% +02%
(mean + SEM of 23 samples in 16 patients) during the 1st
week andto 1.2 % = 0.2 % (mean + SEM of 17 samplesin
13 patients) during the 2nd week of OKT3 administration
(Fig.2). The cumulative OKT3 dose in the patients who
completed the OKT3 course (1 = 26) was similar in both
groups (mean £ SEM 98 + 2 mg in group 1 vs 102 + 3 mg
in group 2). All of these patients required increased
OKT3dosestosustain the 1000 ng/ml target OKT3 serum
levels. The number of days that supplemental 5-mg OKT3
doses had to be administered was 5.5 + 0.4 (mean + SEM;
range4-9)in group 1 patients versus 3.4 + 0.7 (range 1-9)
days in group 2 patients (P = 0.014). Eight of the 26 pa-
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Fig.3 Cumulative OKT3 dose (mg) according to patient weight.

r=029

tientsrequired postoperative dialysis, but thisdid notalter
cumulative OKT3 needs (mean + SEM 98 * 3in dialyzed
vs 101 +3 in nondialyzed patients). No correlation could
be found between patient’s weight and the cumulative
OKT3 dose (Fig. 3).

Eight out of the 12 patients from group 1 who com-
pleted the OK'T3 course and 6 out of the 14 patients from
group 2 (14/26 in pooled groups 1 and 2) developed sig-
nificant anti-OKT3 immunization (IgG titers > 1/1000;
P = NS). The 1st day that such high-titered, anti-OKT3
[gG antibodies were detected was similar in both groups
(POD, mean £ SEM 16.2 £2.2, range 11-30 in group 1
versus mean = SEM 14.8 £ 1.9, range 11-23 in group 2;
P= 0.65). In 7 of these 14 immunized patients (3
in group 1 and 4 in group 2) this resulted in a sharp drop
in OKT3 serum levels during therapy over a 1 to 2-day
period. The earliest occurrence of such OKT3 neutral-
ization was on POD 11.

Adverse experiences

OKT3 first-dose reactions (fever, chills, headaches,
myalgias, pulmonary and digestive symptoms) were sim-
ilar in both groups and were of mild intensity. About one-
third of group 1 and 2 patients required postoperative
dialysis (Table 2). Patient survival was 100 % at 3 months
of follow-up. Three patients who received OKT3 at the
conventional 5-mg dose (group 1) developed intragraft
thrombosis between PODs 1 and 7 (Table 2). No throm-
boses- were observed in group 2. Thrombosis involved
either graft artery (patient 1), graft vein (patient 2), or
glomerular capillaries (patient 3), presenting in this last
case as hemolytic-uremic syndrome. Possible risk factors
for thrombosis were found in two cases. Patient 1 had a
lupus anticoagulant, and patient 2 had a sequella of a
deep venous thrombosis on the iliac vessels used for graft
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Table 2 Clinical events during the first 3 postoperative months
(P = NS for all parameters)

Group 1 Group 2

(3x5) (3> 10)
Patient survival 15/15 14/14
Graft survival 13/15% 14/14
Intragraft thromboses 3/15 0/14
Postoperative dialysis 5/15° 5/14
Rejection®: during OKT3 therapy 0/6.5 0/7
during the first 3 months 2/39 4/42

? Two grafts were lost in the 1st postoperative week from main graft
vessel thrombosis

® Including the two patients with graft failure from thrombosis

¢ Number per patient-month of risk exposure

anastomosis. OKT3 therapy was discontinued after di-
agnosis of thrombosis in these three patients. The first
two grafts had to be removed, while the third was effec-
tively treated by plasmapheresis and high-dose steroids.

Rejections

The incidence of rejection until the end of the 3rd post-
transplant month was low and similar in both groups
(Table 2). In addition, no patient in either group 1 or 2
experienced rejection during the 14 days of OKTS3 ther-
apy. Data from group 1 and 2 were pooled and the in-
cidence of early rejection was compared to that observed
in a previous group of patients (n = 66) who received the
same immunosuppressive therapy, except that OKT3 was
given at a fixed 5-mg dose during the 14 days of therapy.
The present protocol allowed for a reduced incidence of
early rejections (0/26 in pooled group 1 and 2 patients as
compared to 12/66 in historical controls; P =0.017).
However, the number of HLA-DR mismatches in pooled
group 1 and 2 patients was lower than that in the 66 con-
trols (mean £ SEM 0.07 +0.05 vs 0.78 + 0.10; P <0.01),
and this might have favored low incidence of rejection in
pooled group 1and2patients. Thus, werandomlyselected

from among the 66 historical controls a group matched for
the number of HLA-DR incompatibilities with pooled
group 1 and 2 patients. The clinical characteristics of this
control group (n = 32) and of pooled group 1 and 2 pa-
tients were similar, except for older recipient age and
shorter cold ischemia time in pooled group 1 and 2 pa-
tients (Table 3). Again, the number of control patients
who experienced rejection during the 14 days of OKT3
therapy was significantly higher than that observed in
pooled group 1 and 2 patients (6/32 vs 0/26; P = 0.045).
Dataon OKT3 monitoring at rejection in these six control
patients (Table 4) showed low OKT3 serum levels in five
of them, with four having levels below 500 ng/ml. Rejec-
tion occurred early and in the absence of anti-OK'T3 anti-
bodies in three cases (patients 1-3). In contrast, rejection
occurring during the 2nd postoperative week appeared to
be related to the development of anti-OKT3 antibodies
(patients 4-6). Five patients had 5 % or fewer circulating
CD3* cells at the time of rejection (Table 4).

Discussion

The first finding from this study was that increasing the
dose of a singie OKT3 course did not resuit in additional
toxicity. Patient survival was 100 % and no case of lym-
phoma was observed, confirming previous observations
[1]. The intensity of OKT3 first-dose reactions appeared
similar with either 5 mg or 10 mg of OKT3 as the initial
dose. Thus, the common clinical manifestations [10] were
mild in both groups, as has been observed when the first
OKTS3 injection is given intraoperatively [11]. Post-
operative dialysis requirements, indicative of OK'T3 ne-
phrotoxicity [30], were similar in both groups. Three pa-
tients who received the conventional 5-mg OKT3 induc-
tion dose developed intragraft thromboses. This compli-
cation is triggered by the procoagulant effects of OKT3
and was first observed after high-dose OKT3 prophylaxis
[3]- However, the present study, as well as a review of the
thrombotic events that occurred in our institution [4],

Table 3 Characteristics and re-

jection incidence in patients re- Historical Pooled P

celving conventional (5 mg/ controls groups 1 and 2

day) or adapted prophylactic No. of patients 32 29 -

OKT3 Age (years) of recipients (mean + SEM) 347+£18 40.6£2.0 0.03
Age (years) of donors (mean + SEM) 37.7+£26 337+24 NS
No. of recipients of first graft 25 26 NS
No. of recipients with anti-HLLA immunization 9 5 NS
No. of blood transfusions per recipient (mean £ SEM) 8.06 +2.83 4.03+£0.79 NS
Cold ischemia time (h; mean + SEM) 289+1.0 249+13 0.03
‘Warm ischemia time (min; mean £ SEM) 319+1.1 309+13 NS
HLA antigen incompatibilities (mean = SEM)
A 0.75+012 0.86x0.16 NS
B 097+£0.12  0.66+0.11 NS
DR 0.07+0.06  0.07+0.05 NS
No. of rejections during OKT3 administration 6/32 0/26 0.045




Table 4 OKT3 monitoring in patients with rejection during con-
ventional (5 mg/day) OKT3 prophylaxis

Patient Dayof OKT3 monitoring at rejection
rejection Serum levels CD3*c¢ells Anti-OKT3
(ng/ml) (%) IgG
1 4 620 2 -
2 5 220 5 -
3 5 420 1 -
4 11 200 1 1/100
5 13 410 3 1/10000
6 14 Not available 28 1/1000

indicates that the regular 5-mg dose can also precipitate
this complication. This is consistent with the biological
observations that the first injection of 5 mg OKT3 also
induces activation of the coagulation cascade [26, 27].
Our current policy to protect patients from the procoa-
gulant effects of OKT3 is to avoid it in recipients with risk
factors for thrombosis, to optimize perioperative vole-
mia, and to administer calcium channel blockers [4].
Preliminary evidence indicates that these measures are
sufficient to prevent OK'T3-induced thrombosis.

The cumulative OKT3 doses required to maintain
serum OKT3 at 1000 ng/m! were about 50 % higher than
the 70 mg administered during a 5 mg/day 2-week
course. Whether the dose of the initial OKT3 injections is
of importance could not be determined in the present
study, as results were similar in groups receiving either 5
or 10 mg OKT3 for the first three doses. As the cumula-
tive OKT3 dose and, hence, the cost of therapy were
equivalent in both groups, we now routinely give 10 mg
OKTS3 for the first three injections, based on the as-
sumption that early achievement of elevated OKT3 se-
rum levels might be of additional benefit.

No correlation could be found between patient weight
and cumulative OKT3 dose. It could be that the weight
dispersion of this series was too small for such a correla-
tion to emerge. On the other hand, the mechanisms of
OKT3 clearance are probably complex, involving bind-
ing to CD3 receptors as well as to anti-OKT3 antibodies.
Whatever the reason, our results do not support the pre-
scription of OKT3 doses based on body weight.

The main conclusion from this study is that close adap-
tation of OKT3 dosestosustaina 1000 ng/ml OKT3 serum
level throughout therapy effectively prevented early graft
rejection, which otherwise reportedly occurs in 10 %—

20 % of patients [2, 19, 23]. This is probably related to the
high amounts of OK'T3 necessary to block the function of
residual CD3* cells. While OKT3, even in low doses, in-
duces depletion of CD3* cells from the circulation and
modulation of CD3 T-cell receptors [12], true lymphocyte
depletion is short-lived, as T cells with modulated CD3
receptors reappear in the blood after a few days of OK'T3
therapy [9, 10]. These T cells display greatly reduced, but
still significant, numbers of CD3 T-cell receptors [16, 32].
As only a few T-cell receptors are sufficient to induce T-
cell activation [28], optimal immunosuppression during
OKT3 therapy probably requires a blockade of these re-
sidual receptors. This processiscritically dose-dependent,
and a 1000 ng/mi OKT3 concentration is required to
achieve near-maximal inhibition of T-cell function [8, 25].
Therecent description of early rejections in the face of low
OKT3 serum levels supports the importance of monitor-
ing OKT3 levels during therapy [14, 18)]. Daily determi-
nations of the numbers of circulating CD3* cells appeared
lesssensitive inthissetting. Indeed, significant numbers of
CD3* cells reappeared in the blood only one to several
days after the drop in OKT3 serum levels concomitant to
the rejection episode [14,15,18].

Recently, several groups have investigated prophy-
laxis with low-dose OKT3 in kidney transplantation.
While these regimens appeared to be effective in de-
creasing the number of circulating CD3" cells, OKT3 se-
rum levels were distinctly low in these patients [24].
Nevertheless, kidney transplant recipients treated with
low-dose OKT3 had fewerrejections than those receiving
CyA-based immunosuppression [24]. Preliminary evi-
dence suggests that the low-dose regiments might prevent
early rejection as effectively as the 5 mg/day OKT3 ther-
apy, at least in recipients of a first renal transplant [5, 22].
The main issue is whether the full immunosuppressive ef-
fect of OKT3 is already achieved with depletion and
modulation of CD3* cells, allowing for the regular 5 mg/
day or even lower doses, or whether it necessitates an ad-
ditional blockade of residual CD3 molecules, thereby re-
quiring higher OKT3 doses to achieve sufficient serum
levels. Our present results suggest that the latter approach
is superior in preventing early kidney graft rejection.
Whether this will be associated with improved long-term
graft survival awaits elucidation.
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