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An objective method for detecting 
time-dependent effects in graft survival 

Abstract The proportional hazards 
model has become increasingly im- 
portant in the analysis of censored 
survival data after transplantation. 
Neverthless, in clinical transplanta- 
tion it is still undefined how the in- 
fluence of covariates changes over 
time. The additive regression model 
is an alternative (or extension) to 
the Cox model. It results in plots 
(Aalen plots) that may give infor- 
mation on the effect of covariates 
Over time by way of the cumulative 
regression function plots. A total of 
386 primary cadaveric kidney trans- 
plants performed between 1984 and 
1996 were included in our analysis. 
The follow-up period ranged from 
24 to 156 months. According to Aa- 
len, an additive regression model 
was used and plots for the detection 
of time-dependent effects of covari- 
ates were determined. Patients dy- 
ing with functioning grafts were 
classed as graft failures. Factors po- 
tentially affecting graft outcome, 
such as sex, donor and recipient’s 
age, HLA A-B match, cold ischae- 
mia time (CIT), delayed graft func- 
tion (DGF), serum creatinine at 
1 month (Crl), rejection episodes 
within 3 months (R3), and type of 
brain death (BD), were considered. 

The slopes of the plots by donor age, 
DGF, HLA A-B match, R3, Crl and 
BD appear to have a significant in- 
fluence throughout the observation 
period, with different time-depen- 
dent effects on graft survival. Slopes 
for DGF, Crl, and age of donor are 
positive (increased hazard), while 
slopes for HLA match and BD are 
negative (decreased hazard). Esti- 
mated regression functions for DGF, 
donor age and Crl show a prompt 
slope (within 3 months); the covari- 
ate R3 has a clear influence for 
about 5 years, and then seems to 
disappear; and BD appears to have a 
consistent effect over the entire pe- 
riod. The additive regression model 
with Aalen plots represents a useful 
technique in the analysis of survival 
data after kidney transplantation. 
Some covariates, such as R3, may 
often lose their effects on graft sur- 
vival, with a relevant clinical impact. 
Others have a clear and additive in- 
fluence over the entire period (BD), 
while the effects of donor age, DGF 
and CR1 each appear to have a 
prompt effect in the outcome. 
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suspected but difficult to measure, such as the “centre 
effect”, especially for heterogeneous populations. 
Many studies on the effects on transplant survival have 
been published, and the proportional hazard model is 
the most commonly used regression model for survival 
data analysis after transplantation. In this model, the ef- 

Introduction 
Many factors undoubtedly affect the kidney graft sur- 
viva1 rate. Some of them are well documented, such as 
donor age, HLA matching, ischaemiaheperfusion inju- 
q, and acute vascular rejection [3, 9, 13,151; some are 
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Table 1 Demographic characteristics of donors and transplant re- 
cipients (BD brain death, CITcold ischaemia time, CVA cardiovas- 
cular accident, DGF delayed graft function) 

~~ 

Mean SD No. YO 
Donor age 
Recipient age 
Donor sex (Mff) 
Recipient sex (MF) 
BD 

Trauma 
CVA 
Others 

< 50% 
> 50% 

No. with HLA 
A-B match 

Yo PRA 

0 
1 
2 
3 
4 

D G F  
Yes 
No 

CIT (hours) 
s-Creatinine (Crl) 
Acute rejection 

Yes 
No 

35 15 
42 10 

2491137 
2561130 

206 
158 
22 

368 
18 

5 
91 

177 
83 
29 

145 
262 

12 5 
372 310 

169 
217 

65135 
66134 

53.4 
40.9 

5.6 

95 
5 

1.3 
23.7 
45.8 
21.6 
7.6 

32 
68 

44 
56 

Table 2 Causes of graft loss in study population 

No. of patients YO 

Acute rejection 48 43 
Death with functioning graft 36 32 
Chronic rejection 22 20 
Recurrent disease 3 2.3 
Primary nonfunction 2 1.8 
Noncompliance 1 0.9 

fect of covariates on survival time can be assessed using 
Cox analysis with a constant ratio of graft failure risk in 
particular prognostic groups [4]. 

Nevertheless, the way the influence of covariates 
changes over the time in renal transplantation is still un- 
defined. The additive regression model [ l ]  is an alterna- 
tive (or an extension) to the Cox model. The resulting 
plots (Aalen plots) may give information on the effect 
of covariates over time by way of the cumulative regres- 
sion function plots. Plots are obtained by estimating the 
instantaneous contributions of covariates to the hazard 
at each distinct failure time and summing up the result- 
ing estimates. The slope of such plots indicates whether 
a specific covariate has a constant or a time-dependent 

effect. Slopes are positive when covariate increases cor- 
respond to hazard increases, and negative when covari- 
ate increases correspond to hazard decreases, while a 
cumulative-sums slope approaches zero when a covari- 
ate has no effect on the hazard. 

Materials and methods 
A consecutive series of 386 primary cadavenc kidney transplants 
performed at our centre from 1984 to  1996 were included in the 
analysis. Technical failures (7 cases) were excluded. The follow- 
up period was 24-156 months. Patients who died with functioning 
grafts were classed as graft failures. Factors potentially affecting 
graft outcome, such as sex (1 = male, 2 = female), donor and recip- 
ient age, number of HLA A-B matches (HLA-DR matching, not 
available for all patients, was not considered), cold ischaemia 
time (CIT, h), delayed graft function (DGF, need for postoperative 
dialysis), serum creatinine at 1 month (Crl), acute rejection epi- 
sodes within 3 months (R3, 0 =no, 1 =yes,) and type of brain 
death (BD, 1 = head injury, 2 = CVA, 3 = other causes) were con- 
sidered. Current panel-reactive antibody (YO PRA) was not includ- 
ed in the analysis, because only a few patients were hyperimmuniz- 
ed (YO PRA > 50%). The baseline immunosuppressive regimen in- 
cluded double therapy with cyclosporin A microemulsion, (initial 
dose 10-14 mglkg per day, then adjusted to maintain trough levels 
of 300-400 nglml for 2 months, and 2W300 nglml thereafter); 
and methylprednisolone (0.5mg/kg per day for the 1st month, 
then 0.25 and 0.12 mglkg per day after months 2 and 3, respective- 
ly). Azathioprine was added later, and only if clinically indicated. 
Rejections were diagnosed by clinical symptoms, increased blood 
urea and creatinine, echo Doppler evaluation and histological evi- 
dence of rejection on biopsy. All patients with graft dysfunction 
underwent renal graft biopsy where not clinically contraindicated. 
Unresponsive (vascular) rejections were treated with OKT3, acute 
interstitial rejections with pulse corticosteroid therapy (10 mglkg 
for 3 days). All study patients were seen in our transplant centre 
for follow-up evaluations. Only patients with a minimum follow- 
up of 2 years were analysed. Graft failure was defined as irrevers- 
ible acute or chronic rejection, patient death with functioning 
graft, primary nonfunction, and irreversible recurrent disease with 
graft loss. A normalized statistical test (TST test) for the detection 
of the overall effect of a covariate was used to test whether regres- 
sion function slopes were significantly different from zero. Values 
were compared with a standard normal distribution (P-value). An 
additive regression model (Aalen model) was used, and time-de- 
pendent effects of covariates were plotted [2]. 

Results 
Study population characteristics are shown in Table 1. 
Between 1984 and 1996, 112 events (graft failures) in 
386 consecutive transplant recipients (29 YO) were seen. 
Acute and chronic rejections and deaths with function- 
ing graft accounted for 63 Yo and 32 Yo of all grafts lost 
during this study period, respectively (Table 2). 

Estimated cumulative regression functions (CRF) by 
additive regression model are show in Figs. 1 and 2. 

Slopes by donor age, DGF, HLA A-B match, R3, Crl 
and BD showed significant effects throughout the obser- 
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Fig.2 Cumulative regression function for Crl and BD 
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Table 3 Linear model TST test 
TST test P 

BD -2.556 0.01 
R3 2.045 0.04 
DGF 2.744 0.06 
Crl 2.157 0.03 
CIT -1.30 0.19 
Donor age 1 S O  0.13 
Recipient age 0.868 0.38 
Donor sex 0.615 0.53 
Recipient sex -0.213 0.83 
No. of HLA A-B matches -1.340 0.18 

vation period, with different time-dependent effects on 
graft survival. Slopes were positive for DGF, Crl, and 
age of donor (increased hazard), and negative for HLA 
match and BD (decreased hazard). Estimated regres- 
sion functions for DGF, donor age and Crl showed a 
steep slope (within 3 months), while the covariate R3 
showed a clear effect for about 5 years, disappearing af- 
terwards. BD showed a consistent effect throughout the 
entire study period. Table 3 shows the linear model sta- 
tistical test (TST) and corresponding P-values for all co- 
variates. Four covariates only (BD, R3, DGF, and CR1) 
strongly affected graft survival. The cumulative regres- 
sion function for BD covariate showed a steady de- 
crease, indicating a lower risk for graft survival in recip- 
ients of kidney grafts from donors who had died of 
CVA. Acute rejection episodes within 3 months, de- 
layed graft function and elevated creatinine values at 
1 month significantly affected graft outcomes. High 
HLA A-B matches had positive effects on graft survival 
in the observation period, although the difference did 
not reach significance ( P  = 0.180); the effect of more ad- 
vanced donor and recipient age was negative, though 
not significantly so ( P  = 0.132 and 0.385, respectively). 

Discussion 
This study examined the impact of a new method for the 
detection of time-dependent effects of various covari- 
ates in survival data after renal transplantation. The ad- 
ditive regression model revealed a strong impact of four 
covariates on graft outcome: type of brain death, de- 
layed graft function, early acute rejection, and kidney 
graft function at 1 month. 

Clinical evidence shows that ischaemidreperfusion 
injuries affect long-term graft survival [15]. In addition, 
the more satisfactory short- and long-term performance 
of kidney grafts taken from living related and unrelated 
donors than of cadaver kidneys [12] led to the assump- 
tion that cadaveric donor-specific events, particularly 
brain death, may also influence later graft outcome [lo, 
111. Our results suggest that catastrophic central injury 
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affects graft survival with a consistent effect over the 
whole period, and that the risk is lower when donors 
have died of CVA. 

Acute rejection episodes are thought to be particu- 
larly important for the development of chronic rejection 
and graft failure [8]. However, questions such as the im- 
portance of rejection time and whether all acute epi- 
sodes are associated with similar risk are still controver- 
sial [5,  71. In our study, rejection episodes in the first 
3 months affected kidney graft outcome for a prolonged 
period (5 years), after which they seemed to disappear, 
with allogeneic-independent factors becoming increas- 
ingly important [14]. 

The impact of DGF on graft outcome in kidney trans- 
plant recipients is currently under debate [6,16]. At least 
two reasons could explain the shorter graft survival than 
of early functioning grafts: (1) a higher incidence of early 
acute rejection, and (2) a significant loss of functioning 
nephrons caused by hyperfiltration damage after long- 
lasting DGF. These findings suggest that the long-term 
prognosis of these grafts may be poor. Our results show 
that DGF had a prompt and negative effect on graft sur- 
vival, with no further changes after the first 6 months. 

Prompt graft function associated with lower serum 
creatinine levels in the early period is a useful marker 
of good renal function at 3 years [3]. In our analysis, cre- 
atinine levels at 1 month were significantly associated 

with long-term graft survival, with increased risk of graft 
failure for higher early values. 

To define how the influence of covariates changes 
over the time, we used the additive regression model 1 with Aalen plots [l, 21, which represents a useful tech- 
nique for the analysis of censored survival data and a via- 
ble alternative to more established approaches, such as 
the Cox model and others. From a practical standpoint, 
the graphic representation of the cumulative regression 
functions is attractive, because it provides a direct per- 
ception of data and apicture of how effects and the model 
fit in with change over time. Clearly some caution is re- 
quired when estimate plots are interpreted, especially in 
later periods, when few patients remain in the risk set. In 
our analysis, some covariates, such as R3, often lose their 
effects on graft survival, followed by a corresponding 
clinical impact. Others have a clear and additive influ- 
ence throughout the entire period (BD), while the effect 
of donor age, DGF and CR1 on the outcome is prompt. 
In conclusion, graft survival failure is a dynamic process, 
affected by several factors, some of which are known 
and some still unknown. Clinicians may benefit from the 
use of statistical mathematical methods, which help in 
predicting the effect of one or more variables on graft sur- 
vival and in verifying their influence on graft or recipient 
survival. Further and more extensive analyses with this 
statistical method in renal transplants are desirable. 
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