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Metabolic Control Improves Long-Term Renal Allograft
and Patient Survival in Type 1 Diabetes
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ABSTRACT

It is a matter of debate whether pancreas allografts independently contribute to renal allograft and
patient survival in individuals who have type 1 diabetes and receive a simultaneous pancreas and kidney
transplant (SPK). Using data from the Collaborative Transplant Study, we studied patients who had type
1 diabetes and were recipients of deceased-donor kidneys (DDK), living-donor kidneys (LDK), or SPK. We
analyzed graft and patient survival rates with a maximum of 18 yr of follow-up. DDK recipients had
inferior graft and patient survival compared with LDK and SPK recipients. LDK recipients had superior
graft and patient survival rates initially, but SPK recipients demonstrated equal survival rates toward the
end of follow-up. Multivariate analysis, adjusting for pretransplantation cardiovascular risk, showed that
patient survival of SPK recipients was superior to that of LDK recipients beyond the 10th year after
transplantation (hazard ratio 0.55; P = 0.005). In summary, the early survival advantage of LDK over SPK
is lost during long-term follow-up, probably as a result of improved glycemic control in SPK recipients.
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Simultaneous pancreas kidney transplantation
(SPK) is believed to be the optimal treatment for
patients who have type 1 diabetes and ESRD. After
successful SPK, the majority of patients exhibit nor-
moglycemia and normal or nearly normal levels of
glycosylated hemoglobin, associated with an im-
proved quality of life.'-> The relative contribution
of the pancreas allograft to the survival benefit after
SPK, as compared with the benefit achieved by kid-
ney transplantation alone, is unclear.*-# In a recent
analysis of SPK and kidney transplantation alone,
comparing transplants in which one patient with
diabetes received an SPK and a second patient with
diabetes received the contralateral kidney from the
same deceased donor but without a concurrent
pancreas, there was no difference between the two
groups of recipients in terms of kidney graft and
patient survival up to 9 yr of follow-up.® Whether
microvascular lesions improve in patients who have
type 1 diabetes and receive an SPK transplant is dis-
cussed controversially. In recipients of single pan-
creas transplants, regression of diabetic kidney le-
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sions in the native kidneys has been documented
after the fifth year of posttransplantation follow-up
in a biopsy-controlled study.'®!! One would expect
that with both an improvement of renal function
and normalization of glucose metabolism in SPK
recipients, morbidity and mortality should be re-
duced. It was suggested recently that, although pa-
tient mortality is increased in the early period after
SPK transplantation, long-term patient survival
might be improved and perhaps even superior to
that in patients who have type 1 diabetes and receive
a kidney transplant from a living donor (LDK)'%
however, solid evidence in support of this hypoth-
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esis is lacking, and, to date, it is not clear whether long-term
kidney allograft and patient survival in SPK recipients is supe-
rior to that of recipients of a kidney transplant alone.

Using the data of the Collaborative Transplant Study
(CTS), we analyzed graft and patient survival in recipients who
were treated with SPK or kidney transplantation alone, the
latter separated according to whether the donor kidney origi-
nated from a deceased (DDK) or a living donor (LDK). We
wished to address the question of whether glycemic control
with a functioning pancreas allograft significantly contributes
to prolonged kidney allograft and patient survival.

RESULTS

Transplants reported to the CTS from 1984 to 2000 were ana-
lyzed. All patients who were reported to the study center with
type 1 diabetes and ESRD and received either a first SPK trans-
plant from a deceased donor or a kidney transplant alone, from
either a deceased donor (DDK) or a living donor (LDK), were
included. Patients with pancreas after kidney transplantation
were not considered in the study. Because SPK recipients are
on average younger and the survival advantage associated with
younger age would unduly influence the results of this com-

Table 1. Characteristics of study population®

parative analysis, recipients who were older than 45 yr were
excluded. Demographics of the patient population studied are
shown in Table 1. Pretransplantation categorization of recipi-
ents by the transplant centers with respect to “overall risk as
candidate for transplantation” and specifically with respect to
“cardiovascular risk” showed advantages for SPK recipients.
SPK recipients were more often categorized as “good risk re-
cipients” (59.6%) as compared with LDK recipients (55.5%;
P =0.009) and DDK recipients (45.5%j; P < 0.001). A total of
7.3% of SPK recipients were categorized before transplanta-
tion as being at high cardiovascular risk, as compared with
8.5% of LDK recipients (P = 0.17; NS) and 12.1% of DDK
recipients (P < 0.001).

Kidney Graft Survival

We analyzed two different time intervals because of improve-
ments over time in pre- and postoperative management. Patients
were separated into those who received a transplant between 1984
and 1990 and those who received a transplant between 1991 to
2000. Whereas during the period from 1984 to 1990 the vast ma-
jority of transplants in patients with type 1 diabetes were kidney
transplants alone (either DDK or LDK), SPK transplants almost
equaled the number of kidney transplants during the period from
1996 to 2000 (Table 1). After 10 yr of posttransplantation

Characteristic DDK LDK SPK
(n = 5705) (n = 2190) (n = 3525)

Transplant year (n [%])

1984 to 1990 2944 (52) 992 (45) 850 (24)

1991 to 1995 1727 (30) 675 (31) 1254 (36)

1996 to 2000 1034 (18) 523 (24) 1421 (40)
Recipient gender (n [%])

female 2404 (42) 1013 (46) 1458 (41)

male 3298 (58) 1177 (54) 2067 (59)
Recipient race (n [%])

white 4830 (90) 1926 (90) 3108 (97)

other 544 (10) 205 (10) 92 (3)
Antibodies (% PRA; n [%])

<10 4524 (90) 1530 (93) 2975 (94)

=10 529 (10) 121 (7) 205 (6)
HLA mismatches (n [%])

Oto1 833 (15) 646 (33) 86 (3)

2to 4 3707 (69) 1178 (60) 1865 (56)

5to0 6 858 (16) 124 (6) 1372 (41)
Recipient age (yr; mean * SD) 35.7 £5.9 340+ 6.0 354 +57
Donor age (yr; mean = SD) 33.0 £ 15.8 41.6 = 12.9 280+ 11.2
Cold ischemia time (h; mean = SD) 220+ 9.6 3.5+8.4 11.8 £5.9
General evaluation (n [%])

good 2071 (45) 951 (56) 1487 (60)

moderate 1976 (43) 632 (37) 798 (32)

poor 508 (11) 129 (8) 209 (8)
Cardiovascular risk (n [%])

yes 540 (12) 143 (8) 178 (7)

no 3932 (88) 1542 (92) 2251 (93)

2Some values are missing as a result of incomplete reporting. For all characteristics, global P < 0.001. PRA, panel reactive antibodies.
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Figure 1. (A through C) Graft survival (A), death-censored graft
survival (B), and patient survival (C) in patients with type 1 diabe-
tes after DDK transplantation (n = 2944), LDK transplantation (n =
992), or SPK transplantation (n = 850) performed during the
period from 1984 to 1990.
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Figure 2. (A through C) Graft survival (A), death-censored graft
survival (B), and patient survival (C) in patients with type 1 diabe-
tes after DDK transplantation (n = 2761), LDK transplantation (n =
1198), or SPK transplantation (n = 2675) performed during the
period from 1991 to 2000.
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Table 2. Results of multivariate Cox regression analysis®

Follow-up SPK versus DDK SPK versus LDK
Year of Transplantation n HR 95% Cl P n HR 95% Cl P
Death-censored graft survival
years 2to 5
1984 to 1990 2783 1.09 0.87 to 1.37 0.450 1435 2.36 1.70 to 3.27 <0.001
1991 to 2000 4245 0.96 0.79 to 1.17 0.711 3038 1.32 1.00 to 1.74 0.052
years 6 to 10
1984 to 1990 1671 1.13 0.86 to 1.48 0.391 930 1.41 0.99 to 2.00 0.059
1991 to 2000 2395 1.00 0.79 to 1.26 0.991 1662 1.31 0.94 to 1.83 0.111
years 11 to 18
1984 to 1990 741 0.64 0.44 to0 0.93 0.020 449 0.73 0.46 to 1.16 0.188
Patient survival
years 2to 5
1984 to 1990 2783 0.70 0.54 to 0.91 0.008 1435 1.34 0.93 to 1.94 0.120
1991 to 2000 4245 0.82 0.66 to 1.01 0.064 3038 1.31 0.96 to 1.79 0.085
years 6 to 10
1984 to 1990 1671 0.56 0.42 to0 0.75 <0.001 930 0.91 0.63 to 1.32 0.620
1991 to 2000 2395 0.64 0.51 to 0.82 <0.001 1662 0.89 0.63 to 1.27 0.533
years 11 to 18
1984 to 1990 741 0.52 0.37 t0 0.73 <0.001 449 0.55 0.36 to 0.83 0.005

?n = number of patients at beginning of follow up period.

follow-up, 70 and 74% of SPK patients with a functioning kid-
ney also had a functioning pancreas allograft during the first
(1984 to 1990) and second (1991 to 2000) periods, respectively.
A functioning pancreas allograft was defined as insulin-free
normoglycemia (>95% of patients with a functioning pan-
creas transplant were reported in this category) or a clinically
relevant reduction in insulin requirement (<5% of patients
with a functioning graft were reported in this category).

Kidney graft survival rates after DDK, LDK, and SPK are de-
picted in Figure 1A for the period from 1984 to 1990 and in Figure
2A for the period from 1991 to 2000. An inferior graft survival of
DDK transplants as compared with LDK and SPK transplants is
evident in both periods. LDK transplant shows superior early graft
survival rate during the 1984 to 1990 as well as the 1991 to 2000
period. During the first period, SPK reached the level of graft sur-
vival of LDK toward the end of the 18-yr posttransplantation fol-
low-up period. During the second period, from 1991 to 2000, the
graft survival rates of SPK and LDK recipients merged after ap-
proximately 10 yr. The higher number of SPK graft losses within
the first posttransplantation year in the period from 1984 to 1990
can be ascribed to a higher rate of technical problems related to
inexperience and less efficient immunosuppression. In the second
period, the SPK graft loss rate within the first posttransplantation
year was much lower (1-yr SPK kidney graft survival 1984 to 1990
75.6%; 1991 to 2001 87.3%; P < 0.001).

The results of death-censored kidney graft survival are illus-
trated in Figures 1B and 2B. Multivariate analysis showed a
superior survival rate for SPK compared with DDK only be-
yond 10 yr of posttransplantation follow-up during the trans-
plant period from 1984 to 1990 (hazard ratio [HR] 0.64; P =
0.020; Table 2). When comparing LDK and SPK, there were no
significant differences except that LDK grafts did better during
the first years of follow-up in the period from 1984 to 1990.
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Patient Survival

When long-term patient survival rather than kidney graft survival
was analyzed, DDK recipients did strikingly worse than LDK or
SPK recipients during both periods (Figures 1C and 2C). Asin the
analysis of kidney graft survival, in the period from 1984 to 1990,
an early advantage of LDK compared with SPK faded away with
prolonged follow-up. The results in the second period are even
more striking. Patient survival in the two groups already merged
after approximately 10 yr. By multivariate analysis, an increasing
survival benefit over length of follow-up is seen in patients with
SPK compared with DDK. For the transplant years 1991 to 2000,
the HR decreased from 0.82 in the follow-up years 2 to 5 (P =
0.067) to 0.65 in the years 6 to 10 (P < 0.001; Table 2). When
comparing LDK and SPK, multivariate analysis showed a trend
toward an early survival disadvantage of SPK, which was no
longer evident beyond the fifth year (Table 2). When patient sur-
vival beyond the 10th year was analyzed for recipients who had a
functioning kidney graft 10 yr after transplantation, SPK recipi-
ents did significantly better than DDK or LDK recipients (Figure
3A). Furthermore, SPK patients who still had a functioning pan-
creas allograft beyond the 10th year had a markedly better survival
compared with SPK patients who had lost their pancreas (P =
0.001; Figure 3B).

Cox regression analysis, in which the pretransplantation as-
sessment of cardiovascular risk was appropriately considered,
confirmed the superior survival rate of SPK compared with
LDK recipients from years 10 to 18 (HR 0.55; P = 0.005; Table
2). Itis widely known that patient survival is primarily a reflec-
tion of the cumulative rate of patient death from cardiovascu-
lar events. Cause of death information was collected prospec-
tively in the CTS since 1990. Analysis of the recent era from
1991 to 2000 showed a lower percentage of cardiovascular
death in recipients of SPK (37.0%) compared with DDK

J Am Soc Nephrol ee : —, 2008
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Figure 3. (A) Patient survival after the 10th posttransplantation
year for recipients with a functioning kidney allograft at year 10
after transplantation. (B) Patient survival after the 10th posttrans-
plantation year for SPK recipients with a functioning kidney allo-
graft, either with or without a functioning pancreas transplant. +
Funct PCR, functioning pancreas allograft at year 10 after trans-
plantation; — Funct PCR, no function of the pancreas allograft at
year 10 after transplantation.

(45.8%) or LDK (49.3%; Figure 4). Multivariate logistic regres-
sion analysis including the same variables as those used in the
Cox analysis confirmed that the rate of cardiovascular death
was lower in recipients of SPK than DDK (relative risk 0.77;
P = 0.049) or LDK (relative risk 0.56; P = 0.007).

DISCUSSION

Itis debated to what extent pancreas allografts independently con-
tribute to renal transplant and patient survival in patients with
type 1 diabetes after SPK. Numerous studies have compared graft
and patient survival in DDK and SPK recipients and found con-
flicting results.?--1213 The differing outcomes can be attributed to
different transplantation characteristics: In general, SPK trans-
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Figure 4. Cumulative cardiovascular death rate in patients with
type 1 diabetes after DDK, LDK, or SPK transplantation per-
formed during the period from 1991 to 2000.

plantation is associated with more favorable donor characteris-
tics, because most transplant centers accept only pancreas allo-
grafts obtained from young (i.e., younger than 40 yr), healthy
donors. Furthermore, SPK recipients are on average younger and
are in generally better physical condition. An approach to account
for these confounders was recently published: Waki et al.” com-
pared the results of DDK and SPK from the same deceased donor.
When the donor-specific variables were stratified in this manner,
graft and patient survival did not differ between DDK and SPK;
however, this approach did not stratify for the influence of recip-
ient factors, and follow-up was short. We took a different ap-
proach. We analyzed outcomes separately in recipients of DDK,
LDK, and SPK transplants performed during the periods 1984 to
1990 and 1991 to 2000. These two different periods were chosen
because peri- and postoperative management improved in the
past two decades, new immunosuppressive drugs were intro-
duced, and surgical techniques were refined.'* As expected, pa-
tient and graft survival differed significantly between the two pe-
riods; however, during follow-up periods of 18 and 10 yr,
respectively, graft and patient survival rates as well as the cumula-
tive rates of cardiovascular death were significantly worse after
DDK compared with LDK and SPK. During both periods, LDK
was associated with the best initial graft and patient survival rates,
but these merged with those of SPK. Most important, long-term
follow-up beyond the 10th year after transplantation showed that
patient survival was highest for SPK recipients. This was reflected
by the lower cumulative cardiovascular death rate in recipients of
SPK compared with recipients of DDK or LDK.

Several comments need to be made. Because we stratified
recipient age by analyzing patients who were younger than 45
yr at the time of transplantation, recipient age in this analysis
did not differ significantly among DDK, LDK, and SPK pa-
tients. Nevertheless, SPK recipients were more often catego-
rized by the transplant centers as “good risk candidates for
transplantation” and less often as recipients at “high cardiovas-
cular risk,” factors that were appropriately considered in the
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Cox analysis. It is a limitation of this retrospective registry
analysis that it is not possible to adjust for individual cardio-
vascular risk factors (e.g., hypertension, hyperlipidemia, and
statin use; tobacco use; use of inhibitors of the renin angioten-
sin system). Most living donors were parents of LDK recipi-
ents; consequently, living donors were on average older com-
pared with donors of DDK and SPK. Conversely, because of
their genetic relationship, LDK transplants had a lower num-
ber of HLA mismatches, and because the donors were living
donors, these transplants were associated with a shorter cold
ischemia time. Thus, the variables donor age, HLA mis-
matches, and cold ischemia time were a priori unequally dis-
tributed among the study groups by definition; they were
therefore unsuitable for inclusion in the Cox model because
their inclusion would have produced erroneous results. In this
context, it is important to consider that donor age has an im-
portant role in kidney transplantation when allografts from
deceased donors are considered. In contrast, donor age has
been shown to have a very small effect on the outcome of LDK
transplants.'> Thus, older donor age does not explain the lower
survival rate in LDK compared with SPK. LDK patients do
even better than DDK patients despite a donor age advantage
for DDK (Table 1), which also argues against a determining
influence of donor age on the results of this analysis. Further
support for the validity of this observation is shown in Figure
3B, in which survival rates of SPK patients are compared for
two groups, depending on whether the pancreas transplant was
still functioning after 10 yr and for whom the donor age criteria
were equivalent. There was no evidence for a significant center
effect when centers that performed all three types of trans-
plants (DDK, LDK, and SPK) were considered. As mentioned
before, the period of transplantation plays an important role
with respect to the analysis of graft and patient survival. Allo-
graft loss in the first year was more common between 1984 and
1990, especially in recipients of SPK, presumably related to less
experience and inferior immunosuppression.'* The superior
outcome of SPK patients was not associated with the type of
immunosuppressive regimen (e.g., T cell-depleting induction
therapy, use of tacrolimus versus cyclosporine, or use of myco-
phenolate mofetil versus azathioprine). It should be pointed
out that, in the analysis of long-term survival (>10 yr; trans-
plant years 1984 to 1990), most patients were on cyclosporine
and azathioprine. Only 2 and 4% of these patients, respectively,
were on maintenance immunosuppression at 10 yr with ta-
crolimus or mycophenolic acid. Type of immunosuppression
was included as a covariate in the Cox regression model and
not found to be a significant confounder. The frequency of
administration of antirejection therapy during the first post-
transplantation year was highest in the SPK group (40%) com-
pared with DDK (31%) and LDK (25%). We cannot definitely
exclude that more potent immunosuppression in SPK patients
may have contributed to the better outcome.

Our results might be interpreted as documenting a benefi-
cial effect of glycemic control on renal allograft and patient
survival, supported by the finding of a reduced cardiovascular

6 Journal of the American Society of Nephrology

death rate in SPK recipients.'®!” In a biopsy-controlled study
by Fioretto et al.,'! pancreas transplantation reversed diabetic
glomerular lesions beyond the fifth year after transplantation.
These results are in line with our data. The initially better graft
survival in LDK compared with DDK and SPK can be attrib-
uted to a lower rate of ischemia reperfusion injury with LDK, a
lower rate of delayed graft function, better HLA matching, a
shorter time on pretransplantation dialysis, and a lower rate of
technical problems. Our results suggest that the beneficial ef-
fect of normoglycemia influences renal function and has long-
term effects that extend beyond the kidney. Previous studies
documented that diabetic micro- and macrovascular lesions as
well as visceral and peripheral neuropathy improved after suc-
cessful pancreas transplantation.'s-2* Although we cannot
provide data on microvascular pathology because information
on this factor was not collected by our registry, our results
provide indirect support for an improved vascular state in SPK
patients because the outcome measure “cardiovascular death
rate,” which reflects systemic effects of normoglycemia, was
substantially improved in recipients of SPK.

The results of this analysis are different from recent studies,
in which no difference in outcome was found in comparisons
of patients treated with SPK or kidney transplantation alone
(mostly DDK).®12 The main difference between those studies
and ours is the length of the observation period; previous stud-
ies analyzed from 2 to a maximum of 9 yr of posttransplanta-
tion follow-up.”!2 Taking into account that it takes >5 yr (and
probably up to 10 yr) to halt and reverse diabetic lesions,!%-24 it
is evident that differences in outcome between SPK and kidney
transplantation alone can be evaluated in a valid manner only
with >5yr of posttransplantation follow-up. For the first time,
we provide data on graft and patient survival for follow-up
beyond the 10th posttransplantation year (for patients who
received a transplant during the period from 1984 to 1990). A
substantial benefit, in terms of both graft and patient survival,
was found for SPK compared with DDK, and this benefit in-
creased with the duration of posttransplantation follow-up.
When comparing SPK with LDK, we found that an early graft
and patient survival benefit of LDK was lost over time. With
prolonged follow-up beyond 10 yr, SPK was found to be asso-
ciated with significantly better patient survival compared with
LDK. Our current data suggest that this survival benefit likely
will apply also to patients who received a transplant from 1991
t0 2000. The evolution of the survival curves indicates a similar
trend as in the earlier observational period and suggests that
the benefit of glycemic control conferred by a functioning pan-
creas will become apparent even earlier because of the better
initial results of SPK in this second period.

CONCISE METHODS

Graft, death-censored graft, and patient survival rates were cal-
culated according to the Kaplan-Meier method. To account for
the potential influence of confounders, we conducted multi-
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variate Cox regression analysis including the following covari-
ates: Transplantation year; geographic region; recipient age,
race, and gender; donor race and gender; type of immunosup-
pression; pretransplantation categorization of recipients by the
transplant centers as “good risk for transplantation”; and pre-
transplantation categorization of recipients by the transplant
centers as “high cardiovascular risk.” The covariates donor age,
HLA mismatches, and cold ischemia time were consciously
omitted because it would violate the principle of multivariate
analysis to adjust for differences that are inherent a priori in
these study populations. The follow-up period had to be par-
titioned into the intervals 2 to 5, 6 to 10, and 11 to 18 yr to meet
the proportional hazards assumption of the Cox regression
model. Differences among the patient groups with respect to
the fraction of patients dying from cardiovascular death were
analyzed by logistic regression including the same covariates as
those used in the Cox regression model. The backstep elimina-
tion algorithm was used to exclude NS confounders. The soft-
ware packages R (version 2.5; The R Foundation for Statistical
Computing, Vienna, Austria; www.r-project.org) and SPSS
(version 15.0; SPSS, Chicago, IL) were used. P < 0.05 was
considered significant.
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