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Improving results in solitary pancreas 
transplantation with portal-enteric drainage, 
thymoglobin induction, and tacrolimud 
mycophenolate mofetil-based 
immunosu ppression 

Abstract Advances in surgical 
techniques and clinical immunosup- 
pression have led to steadily 
improving results in pancreas 
transplantation (PTX). The purpose 
of this study was to analyze retro- 
spectively the outcomes in patients 
undergoing solitary PTX with 
portal-enteric (P-E) drainage and 
contemporary immunosuppression. 
From June 1998 through December 
2000, we performed 28 solitary 
PTXs with antibody induction and 
tacrolimus/mycophenolate mofetil 
maintenance therapy. The first 13 
patients received daclizumab (DAC) 
induction, while the next 15 received 
thymoglobulin (rabbit anti-human 
thymocyte gamma globulin; Thymo) 
induction. The study group included 
13 pancreas alone (PA) and 15 
sequential pancreas-after-kidney- 
transplantations (PAKT). Solitary 
PTX was performed with P-E 
drainage in 18 patients and systemic- 
enteric (S-E) drainage in ten. Patient 
and pancreas graft survival rates 
were 96% and 79%, respectively, 
with a mean follow-up of 22 (range 
1-39) months. The 1-year actual 
death-censored pancreas graft sur- 
vival rate was 89%. One PAKT 
patient died with a functioning graft 
at 1 month; three patients (1 1 YO) 
experienced early graft loss due to 
thrombosis and were excluded from 

the immunological analysis, leaving 
24 evaluable patients. The incidence 
of acute rejection was 54%, includ- 
ing 50% in PA and 58% in PAKT 
recipients (P= NS). In patients re- 
ceiving Thymo induction, the rate of 
acute rejection was slightly lower 
(43% Thymo vs 70% DAC). More- 
over, P-E drainage was associated 
with a slightly lower rate of acute 
rejection (44% P-E vs 75% S-E; 
P=NS) .  In patients with both 
Thymo induction and P-E drainage 
(n  = 1 1), there was a tendency 
toward less rejection (the incidence 
of acute rejection was 36%). Two 
immunological graft losses occurred 
(one due to non-compliance), both 
in patients with P-E drainage. Only 
one patient had a cytomegalovirus 
(CMV) infection. Event-free survival 
(no rejection, graft loss, or death) 
was slightly higher in patients 
receiving Thymo (47%) than in 
those on DAC (23%) induction 
( P  = NS) .  We can conclude that 
solitary PTX with P-E drainage and 
Thymo induction may be associated 
with improved intermediate-term 
outcomes and a possible immuno- 
logical advantage. 
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Introduction 

After decades of controversy surrounding the thera- 
peutic validity of pancreas transplantation (PTX), the 
procedure has become accepted as the preferred treat- 
ment for patients with insulin-dependent diabetes mell- 
itus and advanced diabetic nephropathy. Moreover, 
advances in surgical techniques and immunosuppression 
have enabled solitary PTX to become a viable option for 
the treatment of patients suffering from complication- 
prone or hyperlabile diabetes [31, 321. Through October 
2000, more than 15,000 PTXs were performed world- 
wide and reported to the International Pancreas Trans- 
plant Registry (IPTR) [9]. In the past decade, the 
majority (83%) of PTXs were performed in combination 
with a kidney transplantation (simultaneous kidney- 
PTX; SKPT) in patients with end-stage diabetic 
nephropathy. Solitary PTXs comprised the remaining 
activity, including either sequential pancreas-after- 
kidney transplantations (PAKT) (12%) or PTX alone 
(PA) (5%) [9]. The current 1-year patient survival rate 
after solitary PTX is 95%, and the 1-year actuarial 
pancreas graft survival rates (with complete insulin 
independence) are 72% for PAKT and 71% for PA [9]. 

Although the annual number of PTXs has steadily 
risen, the proportion of solitary PTXs (PAKT and PA) 
has increased significantly in recent years [9]. Despite 
increasing activity and improving results, rejection re- 
mains a major cause of morbidity and graft loss after 
solitary PTX [9, 27, 31, 321. In contrast to the low 1-year 
rate of immunological pancreas graft loss (2%) after 
SKPT, the 1-year rates of pancreas graft loss due to 
rejection in sequential PAKT and PA transplantation 
are 7 %  and lo%, respectively [9]. Further improvements 
in immunosuppressive regimens after solitary PTX are 
needed in order for reproducible results to be attained 
that are comparable to SKPT. 

According to IPTR data, most solitary PTXs are 
performed with systemic venous delivery of insulin and 
either bladder (systemic-bladder) or enteric (systemic- 
enteric; S-E) drainage of the exocrine secretions [9]. The 
majority of PTXs with enteric drainage are performed 
with systemic venous drainage, resulting in peripheral 
hyperinsulinemia and antigen delivery. To improve the 
physiology of PTX, a new surgical technique was de- 
veloped at our center, combining portal venous delivery 
of insulin with enteric drainage of the exocrine secretions 
(portal-enteric; P-E) [7, 25, 301. The method of 
splanchnic venous drainage in this technique differed 
from an alternative technique of whole-organ pancre- 
aticoduodenal transplantation with enteric exocrine 
drainage that was also first described in 1992 [23]. 
According to IPTR data, the proportion of enteric- 
drained PTXs with portal venous delivery of insulin 
currently accounts for 21% of cases [9]. 

The introduction of tacrolimus (TAC) (Prograf) and 
mycophenolate mofetil (MMF) into clinical transplan- 
tation raised the benchmark of maintenance immuno- 
suppression by lowering rates of rejection. Initial 
experience with TAC and MMF after PTX has been 
favorable [2, 3 ,  10, 13, 26, 281, and this particular drug 
combination has become the mainstay of contemporary 
immunosuppression after solitary PTX [9]. Newer anti- 
body therapies, such as the polyclonal agent thymo- 
globulin (rabbit anti-human thymocyte gamma globulin; 
(Thymo) [12, 241 and the monoclonal antibody dac- 
lizumab (DAC) [12, 291 directed against the interleukin- 
2 receptor (IL-2R), have been added to the immuno- 
suppressive armamentarium. At the present time, how- 
ever, there is no consensus as to the optimal 
immunosuppressive regimen for preventing rejection 
and improving graft survival after solitary PTX. The 
purpose of this study was to evaluate intermediate-term 
outcomes in solitary PTX recipients with P-E drainage 
receiving antibody induction with either Thymo or DAC 
and standardized maintenance immunosuppression with 
TAC, MMF, and steroids. 

Methods 

Study design and population 

Beginning in 1995, our group began preferentially performing the 
technique of P-E drainage after solitary PTX [5, 301. Since 1996, our 
standard immunosuppressive regimen for PTX has been TAC, 
MMF, and steroids, either with or without antibody induction I22, 
301. When DAC and Thymo became available, we selectively added 
these agents to our standard protocol in a chronological fashion. 
From June 1998 through December 2000 we performed 28 solitary 
PTXs with antibody induction and TAC/MMF maintenance ther- 
apy. For purposes of this study, a retrospective analysis was per- 
formed of a prospective entry PTX database. The first 13 patients 
received DAC induction, while the next 15received Thymo induc- 
tion. The study group included 15 sequential PAKT and 13 PA 
recipients. Solitary PTX was performed with P-E drainage in 18 
patients and S-E drainage in ten. Minimum follow-up was 9 months. 

Recipient selection and operating procedure 

Patients were selected for solitary PTX based on ABO blood type 
compatibility, waiting time, human leukocyte antigen (HLA) 
matching, and a negative T-lymphocytotoxic crossmatch, in ac- 
cordance with United Network for Organ Sharing (UNOS) 
guidelines. After preparation of the organ, the recipient operation 
was performed through a midline intraperitoneal approach. The 
surgical techniques for S-E and P-E drainage have previously been 
reported by our group [7, 301. 

Peri-operative management and immunosuppression 

Peri-operative antibiotic prophylaxis was attained with a single pre- 
operative dose, an intra-operative dose, and three postoperative 
doses of cefazolin (log intravenously). All patients received single- 
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strength sulfamethoxazole/trimethoprim (1 tablet/day) for 6 1 2  
months as prophylaxis against Pneumocystis pneumonia. Anti- 
fungal prophylaxis consisted of oral fluconazole (200"mg/day) for 
2-3 months. Anti-viral prophylaxis included intravenous ganci- 
clovir (2.5-5"mg/kg twice daily) during the initial hospital stay, 
followed by oral ganciclovir (log three times daily) for 3 months 
(for 6 months if the donor was seropositive for cytomegalovirus 
(CMV) and the recipient was seronegative) [16, 301. 

All patients received antibody induction with either DAC or 
Thymo. DAC l"mg/kg was administered intravenously over 15- 
30"min within 24"h of transplantation and then every 14 days 
(post-operative days 14, 28, 42, and 56) for a total of five doses. 
Thymo was administered at lSOmg/kg per day based on actual 
body weight. The recommended duration of therapy was 5-7 days. 
Administration was through a central line over 6"h for the first 
dose, which was started intra-operatively. Subsequent doses were 
administered over 4"h as tolerated. Premedication for both DAC 
and Thymo included the administration of up to 500"mg of in- 
travenous methylprednisolone, 650"mg of acetaminophen, and 25- 
50"mg of diphenhydramine. 

The Thymo dose was adjusted to maintain the total white blood 
cell count at above 3,000/nim3 and the total platelet count at above 
80,000/mm3. 

A11 patients received TAC, MMF, and steroids for maintenance 
immunosuppression [28]. TAC was started at O.lS"mg/kg orally in 
two divided doses on post-operative day 1, and the 12-h trough 
levels were maintained at 15-25"ng/ml for the first 3 months after 
transplantation. After 3 months, TAC trough levels were main- 
tained at 1@15"ng/ml in the absence of rejection or toxicity. Oral 
MMF was begun immediately post-operatively at 2"g/day in 2-4 
divided doses. The MMF dose was reduced in patients with gas- 
trointestinal intolerance (nausea, vomiting, or diarrhea) or when 
the total white blood cell count was less than 3,000/mm3. MMF 
was discontinued temporarily in patients with active infection or 
septicemia, or when the total white blood cell count was less than 
2,000/ mm3; it was restarted later at a reduced dosage. After the 
first 3 months, the usual MMF dose was l"g/day in the absence of 
rejection. Corticosteroids were administered as intravenous 
methylprednisolone 500-1,000"mg during surgery, followed by 
250"mg on post-operative day'l, and then tapered to 30"mg/day 
oral prednisone by day 7. Gradual steroid taper was then used, 
aimed at an oral prednisone dose of 20"mg/day at 1 month, 15"mg/ 
day at 2 months, lO"mg/day at 4 months, and 5"mg/day at 6 
months, in the absence of rejection. 

Anti-platelet therapy, consisting of oral aspirin (81°mg/day), 
was administered to all patients. In addition, 2,000-3,OOO"U of 
intravenous heparin were administered as a single dose during 
surgery before implantation of the pancreas. Heparin prophylaxis 
was continued after transplantation (continuous infusion of 300°U/ 
h for 24"h, then 400"U/h for 24"h, and then 500"Ujh until post- 
operative day"5). Oral warfarin in a single dose of l"mg/day was 
administered to patients requiring prolonged vascular access or 
those with subsequent placement of a permanent central venous 
catheter. Patients with a history of deep venous thrombosis or 
hypercoagulable syndrome were maintained on therapeutic levels 
of warfarin. 

Post-operative monitoring 

Patients were monitored in the intensive care unit for 24-48"h 
before being transferred to the transplant unit. After transplanta- 
tion, duplex ultrasonography of the pancreas was performed on the 
first post-operative day and whenever clinically indicated. Initially, 
recipients' serum glucose, amylase, lipase, and TAC levels were 
monitored frequently. Elevation of serum amylase or lipase con- 
centrations or unexplained fluctuations in serum glucose levels were 
further evaluated by imaging studies such as ultrasonography and 

computerized tomography. If no clinical explanation could be 
identified, a diagnostic biopsy was obtained to determine the eti- 
ology of allograft dysfunction [6, 301. Moreover, patients under- 
went surveillance monitoring with percutaneous, ultrasound- 
guided pancreas allograft biopsies performed at 2-3 weeks, 6 8  
weeks, and I S 1 2  weeks after transplantation. We have previously 
described our technique of percutaneous allograft biopsy in detail 
[6]. The severity of rejection was graded according to the University 
of Maryland classification system [ 141. The presence of subclinical 
rejection by surveillance biopsy was an indication for therapy, as 
was clinical rejection confirmed by biopsy. Borderline or minor 
pancreas allograft rejection was treated with intravenous methyl- 
prednisolone at 500-1 ,OOOOmg/day for three doses. Mild, moderate, 
or severe pancreas allograft rejection was treated with Thymo, 
ATGAM, or OKT3 for 5-10 days. Steroid-resistant rejection was 
also treated with anti-lymphocyte therapy. The presence of mild or 
persistent rejection on follow-up biopsy was treated with pulsed 
steroids. 

Statistical analysis 

Data are reported as mean and range. Pancreas graft loss was 
defined as death with function, pancreatectomy, or the need for 
daily scheduled insulin therapy. Outcomes and adverse events were 
recorded prospectively into a database. For study purposes, the 
database was examined retrospectively, with confirmation by 
medical record review. Univariate analysis of categorical variables 
was performed either by the chi-square test or Fisher's exact test, 
when data were sparse. 

Results 

Over a 30-month period, we performed 28 solitary PTXs 
with antibody induction and TAC/MMF maintenance 
therapy. Demographic, immunological, and transplant 
characteristics of the study group are listed in Table 1. 
The first 13 patients received DAC induction, while the 
next 15 received Thymo induction. The study group 
consisted of 15 sequential PAKT and 13 PA recipients, 
including eight cases of pancreas retransplantation (six 
second, two third). Solitary PTX was performed with 
P-E drainage in 18 patients, and S-E drainage in ten. 

Results are depicted in Table 2. Actual patient and 
pancreas graft survival rates were 96% and 79%, 
respectively, with a mean follow-up of 22 months. The 
1-year actual death-censored pancreas graft survival rate 
was 89%. One PAKT patient died with a functioning 
graft at 1 month due to bacterial sepsis and peritonitis; 
three patients (1 1 %) experienced early graft loss due to 
thrombosis and were excluded from the immunological 
analysis, leaving 24 evaluable patients. None of the 
explant specimens showed evidence of rejection. The 
incidence of acute rejection was 54%, including 50% in 
PA and 58% in PAKT recipients (P=NS). In patients 
receiving Thymo induction, the rate of acute rejection 
was slightly lower (43% Thymo vs 70% DAC, P=NS). 
Moreover, P-E drainage was associated with a slightly 
lower rate of acute rejection (44% P-E vs 75% S-E, 
P = NS). In patients with both Thymo induction and P-E 
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Table 1 Group characteristics. Data are reported as mean(range). 
P =  NS for all variables. PRA panel reactive antibody 

Characteristic DAC Thymo Total 
(n = 13) (n = 15) (n = 28) 

Age (years) 41.6 (3454) 37.5 (24-53) 39.3 (2454) 
Gender 

Male 8 (62%) 8 (53%) 16 (57%) 

Ethnicity: Caucasian 13 (100%) 14 (93%) 27 (96%) 
Years of diabetes 27.2 (1544) 25.7 (840) 26.3 (844)  

Daily insulin dose (U) 46 (31-75) 37 (20-70) 41 (20-75) 
Waiting Time (months) 1.8 (0.5-5) 2.0 (0.1-5) 1.9 (0.1-5) 

HLA-match 

Female 5 (38%) 7 (47%) 12 (43%) 

Weight (kg) 75.8 (60-105) 65.9 (50-81) 70.3 (50-105) 

PRA > l o %  1 (8%) 2 (13%) 3 (11%) 

AB 1.54 (0-3) 1.53 (0-3) 1.54 (0-3) 
DR 0.92 (0-2) 0.73 (0-2) 0.82 (0-2) 
Total 2.5 (1-5) 2.3 ( 1 4 )  2.4 (1-5) 

Cold ischemia (h) 15.0 (7-21) 15.5 (11-22) 15.3 (7-22) 
CMV D + /R- 3 (23%) 3 (20%) 6 (21%) 
Retransplants 5 (38%) 3 (20%) 8 (29%) 
Surgical technique 

P-E 6 (46%) 12 (80%) 18 (64%) 

PA 4 (31%) 9 (60%) 13 (46%) 

S-E 7 (54%) 3 (20%) 10 (36%) 
Type of transplant 

PAK 9 (69%) 6 (40%) 15 (54%) 

Table 2 Results. Data reported as mean (range). P = N S  for all 
variables 

Parameter DAC Thymo Total 
(n=13) (n=15) (n=28) 

Patient survival 12 (92%) 15 (100%) 27 (96%) 

Actual 10 (77%) 12 (80%) 22 (79%) 
1 Year 10 (77%) 14 (93%) 24 (86%) 

Pancreas graft survival 

Death-censored 1 year 10/12 (83%) 14 (93%) 24/27 (89%) 
Follow-up (months) 27 (1-39) 18 (10-27) 22 (1-39) 
Pancreas thrombosis 2 (15%) 1 (7%) 3 (11%) 
Acute rejection: total 7/10 (70%) 6/14 (43%) 13/24 (54%) 

P-E 3/5 (60%) 4/11 (36%) 7/16 (44%) 
S-E 4/5 (80%) 2/3 (67%) 6/8 (75%) 
PA 3/4 (75%) 3/8 (38%) 6/12 (50%) 
PAKT 4/6 (67%) 3/6 (50%) 7/12 (58%) 

Initial hospitalization 
Length of stay (days) 11 (7-29) 11 (625)  11 (6-29) 
Charges ($) 84,458 86,279 85,434 

Number of re-admissions 2.3 (0-9) 1.7 (0-5) 2.0 (G9) 
CMV infection 1 (8%) 0 1 (4%) 
Major infection 3 (23%) 4 (27%) 7 (25%) 
Re-laparo tomy 9 (69%) 7 (47%) 16 (57%) 
Event-free survival 3 (23%) 7 (47%) 10 (36%) 
(no rejection, graft 
loss, or death) 

drainage ( n  = 1 l), there was a tendency toward less re- 
jection (the incidence of acute rejection was 36%). 
Conversely, in patients without Thymo induction and P- 
E drainage, the incidence of acute rejection was 69% 
( P  = 0.22). Two immunological graft losses occurred: 

one due to non-compliance, 12 months after PA trans- 
plantation with P-E drainage, and one due to chronic 
rejection, 13 months after PA transplantation with P-E 
drainage. Only one patient (3.6%) had a documented 
CMV infection. Other morbidity, such as length of stay, 
hospital charges, re-admission, major infection, and 
re-laparotomy, was comparable among the DAC and 
Thymo groups (Table 2). The composite endpoint of no 
rejection, graft loss, or death (event-free survival rate) 
was highest in patients receiving Thymo (47%) vs DAC 
(23%) induction ( P  = NS). 

Discussion 

According to IPTR data, there are an increasing number 
(greater than 1,500 to date, greater than 250 per year) 
and proportion (25% of activity) of solitary PTXs being 
performed in the US [9]. Historically, the results of 
solitary PTX have been inferior to the excellent results 
achieved after SKPT, due to an increased rate of early 
graft loss due to rejection and thrombosis after solitary 
PTX [9]. Although enteric drainage has emerged as the 
preferred method of managing the pancreatic exocrine 
secretions in SKPT, the majority of solitary PTXs con- 
tinue to be performed with bladder drainage. In the 
absence of a simultaneous kidney transplantation in 
which serum creatinine may be used as a surrogate 
marker for the diagnosis of rejection, it has been spec- 
ulated that bladder drainage may provide the advantage 
of urine amylase monitoring after solitary PTX [9, 31, 
321. Consequently, there are few data available on the 
results of solitary PTX with enteric drainage, particu- 
larly in the setting of contemporary immunosuppres- 
sion. 

Independent of registry data, previous experience 
with solitary PTX is limited and almost exclusive to the 
transplant centers at the University of Minnesota and 
the University of Maryland. In 1997, Gruessner et al. 
reported outcomes in 225 solitary PTXs during three 
immunosuppressive eras: the pre-cyclosporine era 
(n  = 83), the cyclosporine era (n = 118), and the TAC era 
(n=24) [ll]. The l-year pancreas graft survival rate 
improved in each successive era, from 34% to 52% to 
80% with TAC (P=0.002). The l-year rate of pancreas 
graft loss due to rejection decreased from 50% to 34% 
to 9% with TAC (P=O.O08). In addition, the technical 
failure rate decreased from 30% to 14% to 0% in the 
TAC era (P = 0.001). The 1 -year patient survival rates in 
all three eras ranged from 88%-95%. However, the 
rates of rejection were over 67% in all three eras. The 
authors concluded that outcomes after solitary PTX 
have improved markedly with the use of bladder 
drainage, HLA-matching, TAC-based therapy, and bi- 
opsy-directed immunosuppression. In a follow-up study, 
the Minnesota group reported on 464 solitary PTXs 
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including 88 performed from 1994 to 1997 [32]. In this 
latter group, the l-year graft survival rate was 72%, with 
a technical failure rate of 7%. The rate of acute rejection 
ranged from 10% in PAKT to 30% in PA transplant 
recipients. 

In their most recent analysis [31], the University of 
Minnesota analyzed 404 PAKT and 291 PA recipients 
divided into four eras. Era 3 ranged from 1994-1998 and 
included 103 PAKT and 36 PA recipients. Era 4 ranged 
from 1998-2000 and included 123 PAKT and 46 PA 
recipients. Era 4 was characterized by TAC and MMF- 
based therapy, the use of DAC induction, and the ad- 
ministration of pre-transplant immunosuppression in 
candidates awaiting PA. In era 4, the PAKT patient and 
graft survival rates at both 1 and 2 years were 98% and 
8 l%,  respectively. Similarly, in era 4, the l-year patient 
and graft survival rates after PA were 100% and 88%, 
respectively; at 2 years, they were 100% and 83%, re- 
spectively. The l-year rates of immunological graft loss 
were 10% in PAKT and 9% in PA recipients. In these 
combined analyses, virtually all PA and the majority of 
PAKT recipients underwent PTX with systemic-bladder 
drainage. 

In 1997, Kuo et al. [14] reported on 35 solitary PTXs 
(30 PAKT and five PA) performed at the University of 
Maryland with biopsy-directed immunosuppression. 
All patients received ATGAM induction and either 
cyclosporine or TAC-based therapy. The 1- and 2-year 
actuarial pancreas graft survival rates were 70% and 
66%, respectively. The incidence of biopsy-proven acute 
rejection was 74%. In another study by the Maryland 
group [l], Bartlett et al. compared 15 consecutive PA 
transplantations performed between 1992 and 1994 with 
cyclosporine-based therapy with the next 27 consecutive 
PA transplantations performed from 1994 to 1996 with 
TAC-based therapy and biopsy-directed immunosup- 
pression. In patients with technically successful grafts, 
the l-year pancreas graft survival rate was 90% with 
TAC vs 53 YO with cyclosporine-based therapy 
(P = 0.002). Actual l-year graft survival rates were 77% 
with TAC vs 53% with cyclosporine (P= 0.06). The in- 
cidence of biopsy-proven or clinically presumed rejec- 
tion was in excess of 80% in both groups. The authors 
concluded that the results of solitary PTX were now 
equivalent to SKPT with the advent of modern immu- 
nosuppression and biopsy techniques. Again, however, 
the majority of these solitary PTXs were performed with 
systemic-bladder drainage. 

In the past few years, experience has begun to accu- 
mulate in solitary PTX with enteric drainage, including 
portal venous delivery of insulin. In 1998, Eubanks et al. 
from our group compared 12 solitary PTXs with sys- 
temic-bladder drainage performed from 199 1-1 995 with 
16 solitary PTXs with P-E drainage performed between 
July 1995 and March 1997 [5]. The former group 
was managed with cyclosporine, and the latter with 

TAC-based immunosuppression. One patient in each 
group experience graft loss as a result of thrombosis. In 
the remaining patients, the incidence and density of re- 
jection were lower in the more recent era, leading to an 
improvement in the l-year pancreas graft survival rate 
to 80% [5 ] .  

In 1999, Philosophe et al. [19] from the University of 
Maryland reported their initial experience with 66 
PTXs with P-E drainage compared with 183 PTXs with 
S-E drainage. Graft survival rates for SKPT, PAKT, 
and PA recipients were similar according to technique. 
However, when stratified for HLA-matching, the inci- 
dence of rejection was lower in patients with P-E 
drainage. In a follow-up report in 2000 [20], Philosophe 
et al. compared 117 solitary PTXs with P-E drainage vs 
70 with S-E drainage. The authors noted not only an 
improvement in the pancreas graft survival rate, but 
also a decrease in the incidence and severity of rejection 
in patients with P-E drainage. The authors concluded 
that P-E drainage may be associated with an immu- 
nological advantage. 

In 2000, Gruber et al. [8] reported a pancreas graft 
survival rate of 79% and a 50% incidence of acute re- 
jection in 14 solitary PTX (seven PAKT, seven PA) re- 
cipients managed with OKT3 induction, TAC and 
MMF-based therapy, and without regard to donorire- 
cipient HLA-matching. The majority of these trans- 
plantations were performed with bladder drainage. In 
2001, Odorico et al. [17] reported on 37 solitary PTXs 
(28 PAKT, nine PA) with S-E drainage, antibody in- 
duction, and TACiMMF-based immunosuppression. 
Although the accumulated incidence of biopsy-proven 
acute rejection was 42%, the 2-year pancreas graft sur- 
vival rate was 92%. In 2001, Larson et al. [15] from the 
Mayo Clinic performed surveillance biopsies in 29 soli- 
tary PTX recipients, including 17 PA and 12 PAKT. All 
patients received antibody induction (DAC [n = 61, 
OKT3 [n = lo], or Thymo [n = 131) in combination with 
TAC, MMF, and steroids. The overall l-year pancreas 
graft survival rate was 89%. The incidence of acute re- 
jection was 50% with either DAC or OKT3 induction, 
but only one of 13 patients (8%) receiving Thymo in- 
duction experienced a rejection episode. 

Similarly to the previous literature, our study reports 
improving outcomes after solitary PTX associated 
with antibody induction, TAC/MMF-based therapy, 
and biopsy-directed immunosuppression. Moreover, a 
tendency toward a lower rate of rejection was seen with 
Thymo induction and P-E drainage. In spite of heavy, 
front-loaded immunosuppression, the incidences of 
infectious complications and other morbidity were not 
excessive. Although our numbers are small and the study 
groups are not randomized, the data certainly suggest 
that excellent outcomes and rejection rates below 50% 
may be achieved after solitary PTX with advances in 
immunosuppression and refinements in surgical tech- 
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niques. The use of surveillance biopsy monitoring facil- 
itates the safe application of enteric drainage after soli- 
tary PTX. In our experience, the rates of either 
undetected rejection or immunological graft loss are low 
after solitary PTX with P-E drainage, although two 
immunological graft losses did occur. The addition of 
Thymo induction may further lower immunological 
morbidity in this otherwise high-risk population. A 
number of previous studies have suggested that portal 
venous delivery of antigen may have a possible immu- 
nological advantage [4, 5,7,  18, 19,20, 21, 301. However, 

this question can be answered only by a well-designed, 
prospective, randomized study comparing systemic vs 
portal venous drainage in the setting of standardized 
immunosuppression. In the absence of such a study 
design, we conclude that solitary PTX with P-E drainage 
and Thymo induction may be associated with excellent 
intermediate-term outcomes and possibly an immuno- 
logical advantage. 
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