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Abstract. The factors affecting graft survival in trans-
plant recipients receiving cyclosporin (CsA) are still
being debated. Our report is based on an analysis of
202 successive transplantations performed in our in-
stitution from May 1984 to December 1986, using
low-dose CsA as the basic means of immunosup-
pression. A total of 142 patients received the triple
combination CsA, azathioprine (AZA), and cortico-
steroids. Sixty patients received a prophylactic com-
bination of CsA, corticosteroids, and antilympho-
cyte globulins (ALG). From January to December
1986, both regimens were compared in a prospective
randomized trial. The factors that affect graft survi-
val were analyzed using the Cox multivariate hazard
analysis. The relative risks were calculated for pre-
transplant baseline risk factors and for outcome-de-
pendent post-transplant risk factors for surviving
grafts at 1 month. Transplants performed with a pro-
longed ischemia time and patients whose graft did
not function immediately were statistically at higher
risk of graft loss. Adding prophylactic ALG to CsA
was associated with better graft survival. Patients
who experienced more than 1 rejection crisis and pa-
tients whose 1-month CsA dose was lower than or
equal to 5 mg/kg per day were also at significantly
higher risk of further graft loss. Neither HLA match-
ing, peak panel reactivity, age of the recipient, occur-
rence of post-transplant renal dysfunction nor 1-
month renal function affected the short-term graft
outcome.
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Since cyclosporin (CsA) has become the major im-
munosuppressant for patients receiving renal allo-
grafts from cadaveric donors [4], various immuno-
suppressive protocols have been designed, using
this drug alone [5] or in combination with conven-
tional immunosuppressants: steroids, azathioprine
(AZA), and/or antilymphocyte globulins (ALG)
[8-12, 24]. Although most studies have reported bet-
ter graft and patient survival rates than were obtain-
able with conventional immunosuppression, many
questions have been raised concerning the nephro-
toxic effect of CsA [12, 18], its immunosuppressive
properties {23, 25], and the appropriate dosage and
time schedule to hold the effectiveness of the drug
constant while still minimizing its side effects. In-
itial low doses of oral CsA, i.e.,, 8 mg/kg per day
have been suggested to avoid the nephrotoxic effect
of the higher doses given earlier in combination
with either AZA and steroids [9, 10] or with ALG
and steroids [11, 12].

To determine whether the classic factors in-
fluencing graft outcome such as HLA matching,
panel reactivity, or age were still valuable in the CsA
era, as well as whether new prognosis factors could
be determined, we have retrospectively analyzed
202 cadaveric transplants performed in our unit
from 1984 to 1986; all patients received multiple
drugs regimens, using initial moderate doses of CsA,
and were followed up for at least 1 year.

Patients and methods

The following data deal with 202 consecutive patients who had
cadaveric transplants between May 1984 and December 1986 at
our institution. During the pretransplant period, all patients auto-
matically received transfusions consisting of six free-pack red cell
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Table 1. Characteristics of the transplant recipients according to
the immunosuppressive regimen. Age, panel reactivity, preim-
munization, HLA-A, -B and -DR mismatch (MM), time in dia-
lysis, and cold ischemia time are expressed as means £ SD. Num-
ber of patients, diabetics, and retransplants are expressed in
numerals. CsA, Cyclosporin; S, steroids; ALG, antilymphocyte
globulins. * P<0.02

Whole group CsA+ CsA +
AZA+S ALG+S
Patients (n) 202 142 60
Age (years) 384 £105 39.5 +£10.8 359+ 9.6*
Sex (M/F) 129/73 89/53 40/20
Diabetics 3 1 2
Retransplants 9 6 3
Time in dialysis
(months) 41.6 £36.9 426 +£37.3 39.1+36
Panel reactivity
(%) 134 +2438 1.7 +£22.6 17.3£29.2
Preimmunized 67 (33.2%) 44 (31.9%) 23 (38.3%)
MM-A+B 198+ 097 206+ 0.99 1.8+ 09
MM-DR
(179 patients) 0.85+ 0.75 0.83% 0.73 09+ 0.79
Cold ischemia
time (hours) 392 + 89 393 + 88 389+ 9.1

units. All transplantations were performed with strict ABO

. matching and after a negative T and B cross-match, using posi-
tive and negative sera taken earlier from the recipients. The re-
quirements for HLA matching in the France Transplant Associ-
ation give priority to the best-matched recipients, especially for
retransplantations where three B-DR identities between donor
and recipient are required.

Immunosuppressive regimens

Since the introduction of CsA in our transplant unit, two kinds of
immunosuppressive combinations have been studied consecu-
tively:

1. The triple drug regimen, combining low doses of CsA, AZA,
and steroids (142 patients). CsA (4 mg/kg) was administered in-
travenously before the operation and then orally (8 mg/kg per
day) day 1 after transplantation. Intravenous methylprednisolone
(120 mg) was given intraoperatively and then oral prednisolone
was begun on day 1 (2 mg/kg per day), with the dose tapered off
by 10 mg every 2days until there was a baseline of 10 mg per
day. AZA was given each day after transplantation at a dose of
1.5-2 mg/kg per day, but not exceeding 125 mg/day. Rejections
were treated by methylprednisolone given at a dose of 10 mg/kg,
promptly tapered off to 1 mg/kg per day, and then progressively
reduced.

A total of 142 patients received this Jow-dose combination,
including one of the first groups of patients (n=79) from May
1984 to December 1985, with a control group of 80 patients who
received conventional drugs, and a second group of 63 patients
transplanted between January and December 1986, and com-
pa.x:d to a group of 60 patients who received ALG, CsA, and ste-
roids.

2. The prophylactic combination ALG, CsA, and steroids. Sixty
patients received this combination from January to December
1986. This group was compared to the second group of 60 ran-
domly selected transplant recipients who received the tripie drug
regimen. This regimen consisted of methylprednisolone, adminis-

tered intraoperatively (120 mg), and prednisolone, beginning the
day following transplantation (2 mg/kg) and tapered off to
0.3 mg/kg per day by day 30, as well as CsA 4 mg/kg adminis-
tered intravenously preoperatively, and then 8 mg/kg per day
orally, beginning on day 1. Horse ALG (Lymphoglobulins, Me-
rieux, France), 15 mi/day, was administered for 14 days post-
transplantation.

AZA (1.5 mg/kg per day) was introduced later in the follow-
up when (1) the CsA dose was reduced to below 4 mg/kg per day
or (2) serious side effects such as - diabetes or bone osteonecrosis
occurred from the corticosteroids. Rejections were treated by a 7-
day course of ALG and boluses of methylprednisolone.

Whatever the regimen used, the CsA doses were adjusted by
twice-weekly doses in order to maintain trough levels between 50
and 250 ng/ml. When a renal dysfunction episode occurred, the
diagnosis of CsA nephrotoxicity was considered when serum cre-
atinine was stable or progressively rose to less than 20%, and the
daily dose was reduced by 1-2 mg/kg. A renal biopsy was per-
formed in order to distinguish between nephrotoxicity and
potential rejection if renal function did not improve rapidly fol-
lowing dose reduction. )

Additional treatments in both groups included intravenous
perioperative antimicrobial prophylaxis with ampicillin, oxacillin
and gentamicin, starting oral cimetidine (200 mg per day) on
day 3 and cotrimoxazole (80/400 mg per day) within 6 weeks
post-transplantation.

Patient population

The mean age, sex, transplantation history, mean anti-HLA anti-
bodies, number of diabetics, retransplantations, HLA-AB
and -DR matching data, and the duration of hemodialysis are
shown in Table 1.

All patients with a functioning graft were followed up from
12 to 44 months after transplantation, The rejection frequency
was defined as the number of rejection episodes registered dur-
ing the first 3 months, divided by the number of transplantations
done in the group. Grafts were recorded as lost when the patient
died with a functioning graft. No patient was lost to follow-up.

Statistical methods

Statistical tests were carried out with the computer programs
BMDP 1L and 2L. Graft survivals were studied with Cox’s
model of proportional hazards, which allows the influence of
each of many variables to be assessed on patient survival 2]
Each variable can be tested while holding constant the influence
of other variables. Cox’s model specifies the hazard function as a
function of covariates. Many different combinations of baseline
and time-dependent covariates were considered. The baseline co-
variates included pretransplant and peritransplant risk factors:
presensitization, HLA-AB and -DR matching, age of the reci-
pient, cold ischemia time, early graft function, and the immuno-
suppressive regimen. We also studied the post-transplant-de-
pendent outcome variables: the serum creatinine level at 1 month
post-transplantation, the number of rejections during the initial .
postoperative period, the occurrence of renal dysfunction epi-
sodes, and the dose of CsA administered at 1 month, reflecting
the total amount of CsA given in the early course of transplanta-
tion. Withdrawn from the latter analysis were transplants with
early graft failure, namely, patients who did not leave the hospi-
tal with a functioning graft. Among the early failures were
24 grafts lost to permanent nonfunction, thrombosis, irreversible
rejection, or abandoned due to infection. Variables found to be



significant in the multivariate analysis were analyzed using the
actuarial life-table method, considering only one variable at a
time, and survival curves were compared using the Mantel-Cox
test and the Breslow test.

Results
Graft and patient survivals

The actuarial graft and patient survival rates in the
total population of transplant patients are shown in
Fig.1. At 1 year, the graft and patient survival rates
were 84% and 96%, respectively. After 1 year, the
graft loss rate began to decrease, and the survival
curve was even less steep after 24 or 30 months.
Among the 39 failures, 23 (59%) were due to rejec-
tion, 1 to a non-functioning kidney, and 4 to surgi-
cal complications, including 4 renal artery throm-
boses. Ten patients died with normal renal function,
including 5 with sepsis. Five deaths of infectious
origin were observed in the group of 142 patients
treated with the triple drug regimen (3.5%), but no
patient died in the group of 60 patients submitted to
the prophylactic combination of ALG, CsA, and
steroids (1.7%). Indeed, severe bacterial infections
were more frequently observed in the group treated
with the triple drug regimen (5 cases of septicemia
and 5 of pneumonia) than in patients treated with
the prophylactic combination (3 septicemias) in
whom cytomegalovirus infections were more com-
mon: 11 patients (18.3%), versus 6 (4.2%) in the
triple drug group.

Cox regression with baseline covariates

Table 2 gives the risk factors for graft loss as identi-
fied in Cox’s proportional hazard model. This first-
step analysis included only pretransplant and peri-
transplant risk factors as covariates. Of the seven
variables studied, the effect of the immunosup-
pressive regimen, namely, the adjunction of ALG to
the combination CsA-steroids, appeared first to
have a significant impact on graft survival. Patients
treated with the prophylactic immunosuppressive
combination showed a significant improvement in
graft survival. Also, patients who did not have im-
mediate graft function and grafts with a cold ische-
mia time greater than 40h were statistically at
higher risk of graft loss. Neither HLA-AB mis-
matching, DR mismatching, nor positive peak panel
reactive activity was significant. Finally, the age of
the recipient had no significant influence on the risk
of graft loss.
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Fig.1. Actuarial graft (O) and patient (@) survival curves of

202 cadaveric transplants given initial low-doses of cyclosporin

Table 2. Cox regression model. Analysis of baseline risk factors
in the whole group of 202 patients. ALG, Anti-lymphocyte glo-
bulins; PRA, panel reactive activity; MM AB, class I mismatch-
ing; MM DR, class II mismatching

Covariates R Risk? Pvalue
Regimen with ALG 0.32 <001
Age> 45 years 1.15 NS
Peak PRA 1.22 NS
Number of MM AB>2 1.28 NS
Number of MM DR >0 1.24 NS
Cold ischemia time>40 h 24 <0.008
No immediate renal function 25 <0.002

2 Values above 1.00 denote increased graft loss; those below
denote better survival

Cox regression with post-transplant
outcome-dependent variables

This analysis is shown in Table 3; 24 patients were
excluded from this analysis, as their graft loss oc-
curred within 1 month following transplantation.
Among the four covariates entered in the model, the
incidence of rejections had the greatest influence on
further graft loss. Neither the incidence of nephro-
toxicity nor the level of serum creatinine at 1 month
post-transplantation had a significant influence on
graft outcome. Finally, we found a significant corre-
lation between risk of graft loss and the dose of
CsA administered at 1 month post-transplantation:
patients whose dose was lower than or equal to
5 mg/kg per day had a poorer outcome.

Univariate analysis

In order better to display the influence of risk fac-
tors that were found to be significant in the Cox’s
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Table3. Cox regression model. Analysis of post-transplant out-
come-dependent risk factors in the group of 178 patients with
functioning kidney at 1 month post-transplantation. CsA, Cy-
closporin

Covariates R Risk? Pvalue
One-month serum creatinine

above 150 umol per liter 117 NS
One month CsA daily dose

>5mg per kg 0.29 <0.008
Number of rejections

within 3 months >or=2 1.96 <0.004

Occurrence of renal dysfunction
episodes 1.22 NS

2 Values above 1.00 denote increased graft loss; those below
denote better survival

Table4. One-year graft survival according to risk factors found
to be significant in the Cox analysis. CsA, cyclosporin; AZA,
azathioprine; ALG, anti-lymphocyte globulins; S, steroids

Risk factors n Survival P
Regimen
CsA+AZA+S 142 80.3%
CsA+ALG+P 60 93.1% <0.05
Cold ischemia time
40h 101 T9%
< =40 101 89% <0.01
Immediate function
Yes 135 88%
No 67 76% <0.01
Number of rejections
0-1 17 93%
>1 61 78% <0.01
One-month CsA dose
< =5mg/kg/day 99 85%
> 5mg/kg/day 79 95% <0.05

regression analysis, 1-year graft survival rates and
graft survival curves were compared between
groups of patients for each baseline mentioned
above and for the outcome-dependent variables
(Table 4). Overall, there was a 13% improvement in
1-year survival due to the use of the regimen com-
bining CsA and prophylactic ALG (60 patients), as
compared with the group of 142 patients treated
with the triple combination CsA-ALG steroids. In-
itial kidney nonfunction (67 patients) is associated
with a poor 1-year graft survival rate: 76% as com-
pared with 88% when the kidney functioned im-
mediately (n=135; P<0.01). Transplants wherein
the cold ischemia time was shorter or equal to 40 h
(1-year graft survival rate: 89%) did significantly
better (P <0.01) than did grafts transplanted after a

greater cold ischemia time (79%). Patients with 0 or
1 rejection episode had a better (P<0.01) 1-year
graft survival rate (93%) than patients who experi-
enced 2 or more rejections (78%). Patients whose
1-month CsA dose was lower than or equal to
5 mg/kg per day had a poorer 1-year graft survival
(75%) than patients whose dose was 5-8 mg/kg per
day (93%; P<0.05).

The results of univariate and multivariate ana-
lyses were generally in agreement. Other variables,
such as the age of the recipient, panel reactivity,
HLA-AB and DR mismatching, the level of serum
creatinine at 1 month, and the occurrence of ne-
phrotoxic episodes, did not significantly influence
graft survival and were not found to represent signi-
ficant risk factors in the multivariate analysis.

Discussion

This study analyzes the influence of various risk
factors on short-term kidney graft survival in a
defined group of 202 patients, who were consecu-
tively transplanted in a single institution using low
initial CsA doses as the basic method of immuno-
suppression. There is considerable literature on this
topic, but there are also conflicting results in the
data, which are usually accumulated from collabor-
ative registries [7] or collaborative studies [20, 21},
including homogeneous data from numerous trans-
plant centers. Indeed, the center effect has been spe-
cified as a risk factor by itself by some authors [26]
and may alter the concentrated data since the policy
concerning HLA matching, transfusions, cold ische-
mia, and management of immunosuppression may
vary considerably between centers. For instance, in
one of the first studies [6] the impact of initial graft
function was demonstrated to be an important fac-
tor in transplants performed with CsA. However, in
a second paper containing data from 303 trans-
plants performed in a single center [13], there was
no evidence of an adverse impact on graft survival.
Also, the respective influence of pretransplantation
transfusions and HLA matching has long been dis-
puted [7, 14, 17, 19]. Our data are from a large, ho-
mogeneous cohort of transplantations performed
in a single unit. All recipients had transfusions, and
the policy regarding HLA matching did not vary.
The immunosuppressive regimen was identical for
the whole group with regard to the doses and man-
agement of CsA, but a group of 60 patients received
a prophylactic course of 14 days ALG instead of
oral AZA.

It is obvious that the addition of ALG to the im-
munosuppressive regimens with low-dose CsA pro-



duced a striking effect on graft outcome: both uni-
variate and multivariate analysis showed a signifi-
cant disadvantage for the group of 142 patients to
whom ALG was not given. Our data confirm the ex-
cellent results published elsewhere [12). There is a
1-year graft survival time in 90%, and only four pa-
tients (6.7%) have lost their kidney because of graft
rejection. These results support other reports on the
powerful combination of CsA and ALG [11], as this
combination provides optimal efficiency in the
prevention of kidney rejection, while minimizing
the incidence of serious bacterial infections.

The negative effect of nonimmediate kidney
function on short-term graft survival has been
underlined by several authors in groups of patients
- whether initially treated by CsA or not [3, 6). This
effect on graft survival showed a 14% difference in
the 3-month graft survival rate, but remained stable
or even declined at 1year (10%). In other words,
this factor seems to be linked to early graft failures
such as renal thrombosis or nonfunctional kidneys
but does not represent a criterion for the longer
prognosis per se. Qur data, like those reported in
other studies [22)], confirm the negative influence of
a long period of cold ischemia (> 40 h), even when
CsA was prescribed at the relatively low dose of
8 mg/kg per day after the day of transplantation.
Both prolonged ischemia and physical damage to
the kidney may enhance the nephrotoxicity of CsA.
Therefore, avoiding very long periods of ischemia
may significantly improve graft survival.

The HLA-AB and DR mismatching detected in
our data showed no significant effect. The match-
ing effect, still obvious in some studies [7, 21], was
denied by several groups [14, 17]. Considering that
in our study high-risk transplants such as strongly
immunized recipients or retransplants were the
“best” matched, no definitive conclusions can be
made. On the other hand, a longer period of fol-
low-up and a larger number of patients may be
necessary to evaluate the influence of HLA match-
ing on selected events such as the occurrence of
chronic rejection.

Among the post-transplantation variables stu-
died, the number of rejections during the first
3 months had the most significant impact on graft
survival. Patients who experienced more than one
rejection episode had a 15% lower graft survival
rate than did patients in whom rejection was not de-
tected. Despite the short follow-up time, it is clear
that the occurrence of rejection in CsA-treated kid-
ney graft recipients has a negative effect on the ulti-
mate graft outcome. This emphasizes the crucial im-
portance of multiple drug combinations with con-
ventional immunosuppressants such as AZA, ALG,

153

and steroids when low-dose CsA is employed in
order to minimize the clinically obvious and also
nonclinically demonstrated rejections. The negative
effect of the low 1-month CsA dose is more difficult
to explain [15). In effect, patients whose CsA dose
was reduced below 5 mg/kg per day experienced
renal dysfunction that may have been induced by
nephrotoxicity or by subclinical rejection as well.
This effect, also reported by others [1], on renal
function may be explained by the selection of a
group of patients who “tolerated CsA well.”

Since transplant biopsies are not routinely per-
formed when a mild rise in serum creatinine occurs,
this question remains unanswered. Finally, our data
indicated that neither short-term renal function nor
the occurrence of renal dysfunction episodes,
mainly acute nephrotoxic episodes, were prognostic
factors for short-term graft survival in CsA-treated
patients. Long-term follow-up studies are necessary
to determine whether CsA-induced renal dysfunc-
tion would impair long-term graft survival. Data
from heart transplant recipients given CsA [18], but
in higher initial dosages, suggest that both the
evaluation of the glomerular filtration rate and
transplant biopsies are poor indicators of long-term,
progressive CsA injury. Serum CsA trough levels
were not considered a risk factor for short-term
graft survival in our study. Our policy in multiple
drug regimens was to maintain CsA levels precisely
between 50 and 250 ng/ml during the 1st month
after transplantation, the daily dose being systemati-
cally reduced when the level exceeded this range.
Experiments in rats receiving CsA have shown that
there is a definite correlation between the severity of
histological features and the CsA levels in respec-
tive tissues rather than with the blood levels [16].
Long-term functional and morphological studies
performed in such patients given multiple drug regi-
mens will determine whether blood levels, CsA dos-
ages, or nephrotoxic episodes correlate with func-
tional disorders and the magnitude of histological
changes such as interstitial fibrosis.

In conclusion, this study shows that the prog-
nostic factors for early success in renal transplanta-
tion, using low-dose CsA as the basic immunosup-
pressive drug, are approximately identical to the
classic prognostic factors with conventional immu-
nosuppression, including the effect of prophylactic
ALG. Nevertheless, there is a marked difference in
factors which may have an additive CsA effect on
graft function and thus greater impact, namely, the
cold ischemia time and the occurrence of initial
tubulonephritis. The effect of other factors such as
HLA matching must still be determined with long-
term data in large homogeneous studies. .
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