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FK506 (Tacrolimus/Prograf ™) is a new immunosup-
pressive agent recently approved by the Food and Drug
Administration. Although it is formally indicated for use
only in patients undergoing orthotopic liver transplanta-
tion (1-4), it has been used clinically after transplantation
of essentially all solid and hollow organs (5-7) and both
bone marrow (8,9) and pancreatic islets (10). FK506 has
been used for over 5 years in renal transplant patients,
both as the primary immunosuppressive agent (11-16)
and in an attempt to rescue failing kidneys (17). This
chapter will summarize our clinical experience with aduit
and pediatric renal transplant patients, both in the pri-
mary and rescue setting and will also touch on our series
of transplants with bone marrow augmentation (18). We
hope to demonstrate that FK506 is an excellent immu-
nosuppressive agent for patients undergoing renal trans-
plantation and that it represents a formidable addition to
our armamentarium.

Early Experience

The first 2 years’ experience with FK506 in renal
transplant patients included a pilot series, a small ran-
domized trial comparing FK506 with CsA, and a larger
group of patients not eligible for the randomized trial who
were given the choice of receiving FK506 or not. The
latter group included a disproportionately high percent-
age of patients undergoing retransplantation who had

failed conventional therapy in the past, often at other cen-
ters. These 240 cases were compared with a roughly
concurrent group of 196 cases managed with conven-
tional CsA-based immunosuppression (19). The patients
in the randomized trial were also analyzed separately,
with outcomes similar to the larger group. Comparable
patient and graft survival rates were seen between FK506
and CsA-treated patients (Table 1). However, it was pos-
sible for over 40% of the patients on FK506 to be taken
off prednisone, and antihypertensive medication require-
ments were lower in the FK506 group. In addition, se-
rum cholesterol levels were significantly lower in the

Table 1. Early experience with FK506 in
renal transplantation.

n=240 n=196
Immunosuppression FK506 CsA
1-yr actuarial patient survival 90% 94%
1-yr actuarial graft survival 4% 77%
Off steroids 44% 0%

Off antihypertensive medications 43% 25%

Cholesterol (mg/dl)
8p<0.0001

187451 2361592

Clinical Transplants 1994, Terasaki and Cecka, Eds. UCLA Tissue Typing Laboratory, Los Angeles, California
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Table 2. Immunosuppressive protocols- FK506/
prednisone versus FK506/azathioprine/prednisone.

FK506-treated patients. The conclusion
of this early work, during a time when the
dosing and toxicities were still being evalu-

ated, was that FK506 was certainly as ef-
fective as conventional therapy and might

Azathioprine | gyen have some advantages with regard

immunosuppression
FK506 Steroids
Preop 0.15 mg/kg po Methylprednisolone IV
1000 mg
Postop 0.1 mgkg IV Methylprednisolone IV
continuous 50 mg IV q 6h x 4 doses
infusion 40 mg IV q 6h x 4 doses

30 mg IV q 6h x 4 doses
0.15mg/kg pobid 20 mg IV 6h x 4 doses
when taking po 20mgIVq12hx2

Prednisone 20 mg po qd

3 mg/kg to secondary issues.

The Second Randomized
amgkgd | Trial - FK506/Prednisone
versus FK506/Azathioprine/
Prednisone

On the basis of these early resuits, a
prospective, randomized open-label trial

was begun in August 1991, comparing 2
FK506-based regimens, with and without azathioprine

| — Patient Survival (n=395)
| —° FK506+Prednisone (n=198)

---- Graft Survival (n=397)
--o-- FK506+Prednisone (n=199)

Table 3. FK506/prednisone versus (Table 2) (12,13,20,21). This trial was limited to adults

FK506/aza thioprine/prednisone - undergoing kidney transplantation alone who consented

actuarial survival. to enter the trial. Children, patients receiving multiple

concomitant organs, and patients who refused were ex-

FKg;;IQ:red FKSO’;;::IPM g","zgl clfjded. The patier)t population was f)therwise tfnselected.

(%) (%) (%) with 25% undergoing retransplantation, 13% with a panel-

reactive antibody of over 40%, and 18% over age 60.

Patient Data on all 397 patients entered into the trial, which ended

1-Yr 97 94 95 December 9, 1993, were recently presented (13). The

2-Yrs 95 90 93 overall 1- and 2-year actuarial patient survival rates were

Graft 95% and 93%, respectively, and the overall 1- and 2-

1-Yr 20 88 89 year actuarial graft survival rates were 89% and 83%,

2-Yrs 86 79 83 respectively (Table 3, Fig. 1). No significant differences

p=NS in patient or graft survival were seen between the double-
and triple-drug regimens.

A multivariate analysis was per-

1_ = O e — o |{ formed to search for any factors predic-

e OB 5 =D _°'° = |{ tive of graft survival. The only signifi-

80 R T — cant factor identified was the presence

' 1 orabsence of early graft function. The

8/191-12/9/83(| . ,nq 2-year actuarial graft survival

rates for patients with immediate graft
function were 94% and 89%, respec-

—o— FK506+Azathioprine+Prednisone (n=187) || tively. However, in patients with initial

nonfunction (defined either as lack of
urine output within the first 48 hours or
the need for dialysis within the first week
after transplantation), the 1- and 2-year

--o-- Azathioprine+Prednisone (n=198)

actuarial graft survival rates were 78%
and 71%, respectively (Fig. 2 -

p<0.0001, relative risk 3.53, range 2.09-
5.91). Other factors, such as the pres-




ence or absence of rejection, recipient age
or race, antibody level, or primary/retrans-
plant status, were not associated with dif-
ferential outcomes (Table 4).

The mean serum creatinine was
2.0+1.1 mg/di, and the calculated creati-
nine clearance was 56+27 mi/min. The
mean BUN was 32+16 mg/dl. There was
no difference between the 2 groups.

Triple therapy was associated with
less rejection than double therapy, both in
patients treated with steroids (44% vs
54%, p<0.05) and in those requiring
antilymphocyte therapy (7% vs 14%,
p<0.04). The incidence of other adverse
events, such as early nonfunction, CMV,
posttransplant lymphoproliferative disorder
(PTLD), and new-onset diabetes, was not

influenced by the immunosuppressive group (Table 5).
Forty-nine percent of the successfully transplanted
patients were weaned off steroids. Thirty-five percent of
the patients were off antihypertensive medications, and
39% were on one medication only. The mean serum
cholesterol was 195+49 mg/dl. There were no differences
between the 2 groups with respect to these parameters

(Table 6).

There was a high incidence of crossover, more from
triple to double therapy (40%) than from double to triple

therapy (17%).
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Figure 2. Graft survival in patients with and without
initial graft function.

Table 4. FK506/prednisone versus
FK506/azathioprine/prednisone

selected subgroup analysis - actuarial Table 5. FK506/prednisone versus
graft survival (overall results). FK506/azathioprine/prednisone adverse
n=397 events.
1 Year 2 Years
(%) (%) n=199 n=198 n=397
FK506/Pred FK506/Aza/Pred Overall
First cadaver 91 82 (%) (%) (%)
Retransplant 83 80 Rejection-steroids 54 44 498
PRA >40% 87 85 Rejection- 14 7 10b
Recipient age >60 yrs 87 75 OKT3/ATG
Black recipient 88 74 ATN 36 33 35
No rejection 91 86 CMv 15 16 16
Rejection 87 79 Z:'—D ot 12 ; 1 (1)
No ATN® 94 89 w-on
ATN 78 7 diabetes
8p<0.05, Pp<0.04
8p<0.0001

This study showed that FK506 was an effective im-
munosuppressive agent in renal transplant patients. The
1- and 2-year patient and graft survival rates were excel-
lent. it was possible to wean steroids in nearly half and
antihypertensive medications in over one-third of the pa-
tients. The benefit of azathioprine was limited to a re-
duced incidence of rejection. No benefit was seen in
terms of patient or graft survival. Given the need to dis-
continue azathioprine in 40% of the patients initially ran-
domized to triple therapy, it was felt that azathioprine as
a third agent was of somewhat limited usefulness, and
that perhaps one of the new azathioprine substitutes, such
as mycophenolate mofetil (22), or brequinar (23), might
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Table 6. FK506/prednisone versus FK506/
azathioprine/prednisone.

Sixty-two percent of the children were weaned
off steroids, and the associated effect on growth is

n=199 n=198 n=397
FK506/Pred FK506/Aza/Pred Overall

Off steroids 50% 49% 49%

Off antihypertensive 37% 34% 35%
medications

Serum cholesterol 192+52 199445 195+49
(mg/dl)

Only for functioning kidneys

shown in Table 8. Preadolescent children taken off
steroids showed the most dramatic changes and
actually went beyond catch-up growth to become
slightly taller than average.

The main adverse events are listed in Table 9.
The most important complications were viral infec-
tions. CMV was seen in 6 (14%) children, 5 of whom
were seronegative recipients of organs from
seropositive donors. Intravenous ganciclovir was
used successfully in all cases. EBV-associated

be worth evaluating. In the interim, a new ongoing ran-
domized trial of FK506-based therapy was started, com-
paring FK506/prednisone with FK506/prednisone and a
one-week course of low-dose cyclophosphamide.

Pediatric Transplantation

Pediatric renal transplantation accounts for about 7%
of the caseload at our institution. Because of the small
number of cases and the nature of the patient popula-

PTLD was also seen in 5 (12%) cases. immuno-
suppression was temporarily withdrawn, and anti-
viral therapy with ganciclovir or acyclovir was initi-
ated. In ali cases, the PTLD resolved with good
preservation of graft function. These complications
probably represent a leaming curve in the use of
FKS506 in children, as no new cases of PTLD have
been seen in patients transplanted during the past
21 months (as of October 1994).

tion, a randomized trial was not possible in our pediatric
patients. In addition, results with CsA-based therapy in
the pediatric patients were quite reasonable, with 100%

Table 7. Pediatric kidney transplanta-
tion under FK506 actuarial survival.

and 97% 1- and 4-year actuarial patient survival rates,
respectively, and 100% and 85% one- and 4-year actu-
arial graft survival rates, respectively (14,24). However,
steroid withdrawal seemed particularly important in chil-

n=43

1 Year 3 Years

Patient
Graft

100%
98%

100%
85%

dren, and, by January 1994, 43

cases had been performed under

FK506 therapy (25). Thirty-five per- ! OG

cent of these cases were
retransplantations, many in children
previously transplanted elsewhere.
Twelve percent were in sensitized
children. About half involved kid-
neys from living donors.

Results demonstrated 100%
patient survival at one and 3 years
(Table 7, Fig. 3). The one- and 3-
year actuarial graft survival rates
were 98% and 85%, respectively.

Qo
i Py

_Percent Survival

Patient Survival (n=43)
Graft Survival (n=43)

The mean serum creatinine was
1.21+0.6 mg/dl, and the calculated
creatinine clearance was 75+23 ml/
min/1.73 m?. The mean BUN was
26+11 mg/dl.

patient and graft survival.
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Table 8. Growth after pediatric kidney transplantation under FK506.
Z-Score (+SD)
On Steroids Off Steroids

<12 Years >12 Years <12 Years >12 Years
Time
At transplant -1.9 (#1.2) -3.0 (¢1.1) 2.7 (#1.3) -2.3 (+2.6)
3 months -1.7 (+0.9) 2.9 (+1.0) -1.5 (+0.7) 2.6 (+2.3)
6 months 1.2 (#1.2) 2.7 (#1.1) 0.8 (+0.8) 2.1 (+2.5)
1 year 04 (+1.1) 2.1 (21.1) -0.02(+1.7) -1.6 (+2.4)
Most recent -0.42 (+1.7) -2.0 (z1.1) +0.92(+1.64) -1.4 (£2.3)

Rejection occurred in 58% of patients; 7% required

antilymphocyte therapy. All rejections were biopsy
proven, and most occurred within the first 2 weeks after
transplantation.

The pediatric data demonstrated that excellent re-
sults can be obtained with FK506. In addition, the ability
to wean the majority of children off of steroids has led to
significant improvements in growth.

Rescue

The first use of FK506 in a renal transplant patient
was in an attempt to rescue a chronically rejecting al-
lograft. This attempt failed (the patient went on to re-
ceive a second kidney under FK506 immunosuppression,
which is still functioning well after 5 years), as did the
next 5 attempts at rescue. Most of these early efforts
were, in retrospect, poorly indicated, since the patients
had a significant degree of scarring and/or chronic rejec-
tion. However, when rescue was attempted in patients
with acute rejection who had failed CsA-based therapy, a
number of allografts were salvaged. In both adults and
children, 70-74% of patients were successfully rescued

Table 9. Pediatric kidney transplanta- -
tion under FK506 adverse events. Table 10. FK506 rescue therapy in
renal transplantation.
n=43 %
Rejection-Steroids 58 gzgessful rescue o
(+]
OKTI/ATG 7 Overall 74
CMV 14 Acute cellular rejection 85
PTLD 12 L
Cellular + vascular rejection 65
ATN 7 Cellular rejection and 1° nonfunction 40
Temporary new-onset diabetes 7 On dialysis 50
(Resolved in all cases) Off steroids 21

(17,25,26). In patients with acute cellular rejection only,
the success rate was 85%; in patients with both cellular
and vascular rejection, the success rate was 65%; and in
patients with acute cellular rejection and primary
nonfunction of the allograft, the success rate was only
40% (Table 10). Seventy-nine percent of the patients
had received one or more courses of antilymphocyte
therapy prior to being referred for rescue. Eighty-three
percent had been transplanted elsewhere. Twenty-three
percent of the patients arrived on dialysis, and half of
them were successfully rescued. Twenty-one percent of
successfully rescued patients were weaned off
prednisone. Thus, FK506 has been useful in salvaging
the majority of the patients with refractory acute rejection
under conventional therapy.

Bone Marrow Augmentation

While this subsection has perhaps less to do spe-
cifically with FK506, it addresses an area of increasing
importance in our clinical program. This project began
with the observation that patients with extremely long graft
survival (27-29 yrs) were found to be micro-chimeric with
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respect to the donor (27-30). Donor cells were found not
only in the allograft but aiso in the peripheral blood, skin,
and lymph nodes. Based on this observation, we postu-
lated that infusion of donor bone marrow at the time of
the transplant would augment chimerism in the recipient
(18). The first combined, simultaneous kidney/bone
marrow transplantation was performed on December 14,
1992. An early report of the first 10 patients was pre-
sented in May 1994, at the American Society of Trans-
plant Surgeons (18). By September 27, 1994, 30 kid-
ney/bone marrow transplantations had been performed.
In 6 cases, pancreatic islets were also infused, and in 4
cases, a pancreas transplant was also performed. Im-
munosuppression was with routine FK506 and steroids.
The pancreas recipients also received azathioprine, 2 mg/
kg/day. All patients, except one, were undergoing their
first transplantation. Radiation therapy, cytoreduction
therapy, and induction antilymphocyte therapy were not
given. Nineteen concurrent control patients, who did not
‘receive bone marrow (usually because of refusal of the
donor’s family to consent to vertebral body recovery), were
also studied. Immunologic testing for chimerism was per-
formed prior to transplantation and at regular intervals
posttransplantation.

With a mean follow-up of 8.0+6.4 months, all study
patients were alive, and 28 (93%) had functioning renal
allografts (Table 11). Two kidney/bone marrow patients
lost their allografts at 16 months after transplantation,
one to noncompliance and one to rejection. The mean
serum creatinine was 1.8+0.6 mg/dl, and the BUN was
3049 mg/dl. In the control patients, 18 (95%) patients
were alive and 17 (89%) had functioning kidneys, with a
mean serum creatinine of 2.3+1.3 mg/dl and a BUN of
35+14 mg/dl. The incidence of early nonfunction, rejec-
tion, and CMV was comparable between study and con-
trol patients as shown in Table 11. Graft-versus-host dis-
ease was not seen in any study or control patient.

The chimerism studies presented in May 1994 sug-
gested routine augmentation in all of the 9 evaluable pa-
tients, as documented either by flow cytometry, PCR, or
fluorescent in-situ hybridization (for Y-chromosome analy-
sis). Chimerism was also noted in the control patients,
but less often (3 or 5 evaluable patients) and to a lesser
degree. Unpublished data on the larger group is similar,
although the analysis is still in progress.

The conclusions drawn thus far from this experience
are that kidney/bone marrow transplantation is straight-
forward and safe to perform, that it is associated with
routine augmentation of chimerism, that it is not accom-
panied by graft-versus-host disease, that it yields excel-
lent patient and graft survival rates, and that it does not
effect the early events after transplantation. More fol-
low-up data will be required to assess the long-term out-
come with bone marrow augmentation.

Toxicity

FK506 has the same toxicities that have been re-
ported with CsA, namely nephrotoxicity, neurotoxicity, and
diabetogenicity (31-37). in general, these side effects
are similar in degree and reversibility. The initial inci-
dence of new-onset diabetes has been as high as 18-
20% (13,37). However, much of this is reversible with
reduction in both the FK506 and steroid dosages. The
final incidence of new-onset insulin dependence, 6-10%,
is about the same as that reported with CsA (38-40).

CONCLUSIONS

Itis fair to say that FK506 has dramatically changed
the outcome of renal transplantation at our institution.
As a program committed to transplanting relatively high-
risk patients, we have previously reported one-year ac-

Table 11. Combined kidney/bone mar-
row transplantation.

Kidney/Bone Marrow Control

n=302 n=19

% %

Patient survival 100 95
Graft survival 93 89
Graft-vs-host disease 0 0
Rejection 73b 58
OKT3 13 11
ATN 17 16
CMV 13 16
Oft steroids 21 22

8includes 6 kidney/islet/bone marrow
4 kidney/pancreas/bone marrow
bp=0.26




tuarial graft survival rates of 74-80% (41,42). Our most
recent data for adults have shown a 15% improvement
in one- and 2-year actuarial graft survival, as well as an
ability to discontinue steroids in half of the patients. In
pediatric patients, the use of FK506 has enabled us to
achieve the same good primary outcomes and for the
first time has allowed dramatic gains in height in the
majority of patients weaned off prednisone. The ability
to salvage over 70% of renal allografts failing conven-
tional immunosuppression has also proved to be an im-
portant advantage. Finally, the development of bone

235

marrow augmentation protocols has allowed the explo-
ration of chimerism in renal transplant patients, which may
have important long-term implications. What FK506 has
not eliminated are the problems of acute rejection and
the persistence of antibody-mediated events. In addi-
tion, the same fundamental toxicities seen with CsA are
present with FK506. Unfortunately, a T-cell-active im-
munosuppressive agent without these side effects does
not yet exist. Notwithstanding the problems noted above,
in our hands FK506 represents a significant step forward
in immunosuppression for kidney transplant patients.

© SUMMARY

1. Inan unselected adult renal transplant population,
FK506 as the primary immunosuppressive agent
yielded one- and 2-year actuarial patient survival
rates of 95% and 93% and one- and 2-year actu-
arial graft survival rates of 89% and 83%, respec-
tively. Forty-nine percent of successfully trans-
planted patients were weaned off steroids.

2. In pediatric renal transplant patients, FK506 has
been associated with 100% one- and 3-year actu-
arial patient survival rates and 98% and 85% one-
and 3-year actuarial graft survival rates, respec-
tively. Sixty-two percent of successfully trans-
planted patients were taken off prednisone, with
dramatic improvements in height.

3. FK506 has been used successfully in rescuing 70-
74% of adult or pediatric renal transplant patients
with an acute rejection that failed conventional
therapy.

4. Kidney/bone marrow transplantation under FK506
therapy has been suocessfhlly performed without
graft-versus-host disease and with routine aug-
mentation of chimerism.

5. The side effects of FK506 included nephrotoxicity,
neurotoxicity, and diabetogenicity; they were com-
parable to those seen with CsA.

6. FK506 is an important new addition to the immu-
nosuppressive armamentarium in renal transplant
patients.

REFERENCES

1. Starzl TE, Todo S, Fung J, et al. FK506 for human liver,
kidney, and pancreas transplantation. Lancet 1989;
2:1000.

2. Todo S, Fung JJ, Starzl TE. Liver, kidney, and thoracic
organ transplantation under FK506. Ann Surg 1990;
212:295.

3. Fung JJ, Abu-Elmagd K, Jain A, et al. A randomized trial
of primary liver transplantation under immunosuppression
with FK506 vs. cyclosporine. Transplant Proc 1991;
23(6):2977.

4. Todo S, Fung JJ, Starzl TE, et al. Single-center experi-
ence with primary orthotopic liver transplantation under
FK506 immunosuppression. Ann Surg 1994; 220:297.

5. Armitage JM, Kormos RL, Griffith BP, et al. The clinical
trial of FK506 as primary and rescue immunosuppression
in adult cardiac transplantation. Transplant Proc 1991;
23(6):3054.

6. Griffith BP, Bando K, Hardesty RL, et al. A prospective
randomized trial of FK506 versus cyclosporine after hu-
man pulmonary transplantation. Transplantation 1994;
57(6):848.

7. Todo S, Tzakis A, Reyes J, et al. Small intestinal trans-
plantation in humans with or without the colon. Transplan-
tation 1994; 57(6):840.

8. Tzakis A, Abu-Elmagd K, Fung JJ, et al. FK506 rescue in
chronic graft versus host disease after bone marrow trans-
plantation. Transplant Proc 1991; 23(6):3225.

HOYNESLLId - AINGIX



236 SHAPIRO, JORDAN, STARZL, ET AL

10.

1.

12.

13.

14.

16.

16.

17.

18.

19.

20.

21.

23.

24,

25.

Masaoka T, Shibata H, Kakishita E, et al. Phase Il study
of FK506 for allogeneic bone marrow transplantation.
Transplant Proc 1991; 23(6):3228.

Tzakis AG, Ricordi C, Alejandro R, et al. Pancreatic islet
transplantation after upper abdominal exenteration and liver
replacement. Lancet 1990; 336:402.

Starzl TE, Fung JJ, Jordan M, et al. Kidney transplanta-
tion under FK506. JAMA 1990; 264:63.

Shapiro R, Jordan ML, Scantlebury VP, et al. A prospec-
tive randomized trial of FK506-based immunosuppression
after renal transplantation. Transplantation (in press).

Shapiro R, Jordan ML, Scantiebury VP, et al. A prospec-
tive, randomized trial of FK506/Prednisone vs. FK506/
Azathioprine/Prednisone in renal transplant patients. Trans-
plant Proc (in press).

Shapiro R, Tzakis A, Scantlebury V, et al. Improving re-
sults of pediatric kidney transplantation. J Am College Surg
1994; 179(4):424.

Japanese FK506 Study Group. Japanese study of FK506
on kidney transplantation: The benefit of monitoring the
whole blood FK506 concentration. Transplant Proc 1991;
23(6):3085.

Japanese FK506 Study Group. Japanese study of FK506
on kidney transplantation: Results of late phase I study.
Transplant Proc 1993; 25(1):649.

Jordan M, Shapiro R, Vivas C, et al. FK506 rescue for
resistant rejection of renal allografts under primary
cyclosporine immunosuppression. Transplantation 1994;
57(6):860.

Shapiro R, Rao AS, Fontes P, et al. Combined kidney/
bone marrow transplantation - Evidence for augmentation
of chimerism. Transplantation, Brief Communication (in
press).

Shapiro R, Jordan ML, Scantlebury V, et al. FK506 in clini-
cal kidney Transplantation. Transplant Proc 1991,
23(6):3065.

Shapiro R, Jordan M, Scantlebury V, et al. Randomized
trial of FK506/prednisone vs. FK506/azathioprine/
prednisone after renal transplantation: Preliminary report.
Transplant Proc 1993; 25(1):669.

Shapiro R, Jordan M, Scantlebury V, et al. A prospective,
randomized trial of FK506 in renal transplantation - A com-
parison between double and triple drug therapy. Clin Trans-
plant 1994; 8:508.

Sollinger HW, Deierhoi MH, Belzer FO, Diethelm AG,
Kauffman RS. RS-61443- A Phase | clinical trial and pilot
rescue study. Transplantation 1992; 53:428.

Makowka L, Chapman F, Cramer DV. Historical develop-
ment of Brequinar sodium as a new immunosuppressive
drug for transpiantation. Transplant Proc 1993; 25(3):2.

Scantlebury V, Shapiro R, Tzakis A, et al. Pediatric kidney
transplantation at the University of Pittsburgh, Transplant
Proc 1994; 26(1):46.

Shapiro R, Scantlebury VP, Jordan ML, et al. FK506 in
pediatric kidney transplantation - primary and rescue ex-
perience. Kidney Int (in press).

26.

27.

28.

29.

30.

31.

32.

33.

35.

37.

39.

40.

41.

42,

Jordan ML, Shapiro R, Jensen C, et al. FK506 conversion
of renal allografts failing cyclosporine immunosuppression.
Transplant Proc 1991; 23:3078.

Starzl TE, Demetris AJ, Trucco M, et al. Chimerism and
donor-specific nonreactivity 27 to 29 years after kidney
allotransplantation. Transplantation 1993; 55:1272.

Starzl TE, Demetris AJ, Murase N, et al. Cell migration,
chimerism, and graft acceptance. Lancet 1992; 339:1579.

Starzl TE, Demetris AJ, Trucco M, et al. Cell migration and
chimerism after whole organ transplantation: The basis of
graft acceptance. Hepatology 1993; 17:1127.

Starzl TE, Demetris AJ, Murase N, et al. Cell chimerism
permitted by immunosuppressive drugs is the basis of or-
gan transplant acceptance and tolerance. immunol Today
1993; 14:326.

McCauley J, Takaya S, Fung J, et al. The question of FK506
nephrotoxicity after liver transplantation. Transplant Proc
1991; 23(1):1444.

Starzl TE, Abu-Elmagd K, Tzakis A, et al. Selected topics
on FK506, with special references to rescue of extrahe-
patic whole organ grafts, transplantation of “Forbidden Or-
gans,” side effects, mechanisms, and practical pharmaco-
kinetics. Transplant Proc 1991; 23(1):914.

Starzl TE. FK506 versus cyclosporine. Transplant Proc
1993; 25(1):511.

Demetris AJ, Banner B, Fung JJ, et al. Histopathology of
human renal allograft function under FK506: A compari-
son with cyclosporine. Transplant Proc 1991; 23:944.

Randhawa PS, Shapiro R, Jordan ML, Starzl TE, Demetris
AJ. The histopathological changes associated with allograft
rejection and drug toxicity in renal transplant recipients
maintained on FK506: Clinical significance and compari-
son with cyclosporine. Am J Surg Pathol 1993; 17(1):60.

Shapiro R, Fung JJ, Jain AB, et al. The side effects of
FK506 in humans. Transplant Proc 1990; 22(1):Suppl 1:35.

Scantlebury V, Shapiro R, Fung JJ, et al. New onset of
diabetes in FK506 vs. cyclosporine-treated kidney trans-
plant recipients. Transplant Proc 1991; 23(6):3169.

Yoshimura N, Nakai |, Ohmori Y, et al: Effect of cyclosporine
on the endocrine and exocrine pancreas in kidney trans-
plant recipients. Am J Kidney Dis 1988; 12:11.

Boudreaux J, McHugh L, Canafax D, et al. The impact of
cyclosporine and combination immunosuppression on the
incidence of posttransplant diabetes in renal allograft re-
cipients. Transplantation 1987; 44:376.

Roth D, Milgrom M, Esquenazi V, et al. Posttransplant
hyperglycemia. Transplantation 1987; 44:376.

Shapiro R, Tzakis AG, Hakala TR, et al. Cadaveric renal
transplantation at the University of Pitisburgh: A two and
one half year experience with the point system. In: Terasaki
PI, Ed. Clinical Transplants 1988. Los Angeles, UCLA Tis-
sue Typing Laboratory, 1989; 181.

Shapiro R, Tzakis AG, Fung JJ, et al. The University of
Pittsburgh: A three and three-quarter year experience with
cadaveric renal transplantation under the point system. In:
Terasaki Pl, Ed. Clinical Transplants 1989. Los Angeles,
UCLA Tissue Typing Laboratory 1990; 287.



