
193

PROTOCOL BIOPSY AND SUBCLINICAL REJECTION IN PATIENTS
AFTER KIDNEY TRANSPLANTATION TREATED BY TACROLIMUS (PROGRAF)

Josef Zadražila, Karel Krejčía, Sadek Al Jabrya, Vladko Horčička jr.a,
Tomáš Tichýb, Monika Hrabalovác, Petr Bachledac

a       3rd Clinic of Internal Medicine, Teaching Hospital, I. P. Pavlova 22, 775 00 Olomouc
b       Institute of Pathology, Faculty of Medicine, Palacky University, 775 15 Olomouc, Czech Republic
c        1st Clinic of Surgery, Teaching Hospital, I. P. Pavlova 22, 775 00 Olomouc

Received: November 12, 2003; Accepted: December 5, 2003

Key words: Kidney transplantation / Tacrolimus / Protocol biopsy / Acute rejection / Subclinical rejection

The article deals with the contribution of tacrolimus (Prograf) to improvement in kidney transplant results. Tacro-
limus, in comparison with cyclosporine significantly reduces the incidence of acute rejection and improves survival of 
grafts as well as patients. Based on the literature, the primary immunological differences between tacrolimus and cy-
closporine effects are pointed out. These differences explain the better immunosuppressive effectiveness of tacrolimus. 
Based on analysis of the results, subclinical rejection problems and significance of protocol biopsy for present-day 
transplantology are discussed. There is also a critical analysis of the questions, which priority, in relationship to the 
expanding availability of immunosuppressive substances currently has high interest for nephrologists researching 
subclinical rejection.

Tacrolimus (Prograf, formerly FK 506) is a macrolid, 
which is a product of the Streptomyces tsukubaensis 
fungus. It was discovered in Japan in 1985. For clinical 
application in the field of kidney transplantation it was 
used for the first time in 1994 in the UK1. Tacrolimus, to-
gether with cyclosporine, are calcineurin inhibitors, which 
are fundamental for currently used immunosuppressive 
protocols. The mechanism of their effect is described in 
detail in a number of easy to understand publications2 
and is not a subject of this report. In spite of that, there 
are a number of immunological, metabolic and clinical 
differences which those related to subclinical rejection 
will be mentioned.

The results of the initial multi-central, randomized 
studies were published in 1997. These studies showed 
that graft recipients treated by tacrolimus had a lower 
incidence of acute rejection episodes than the individuals 
treated by cyclosporine. In European study were selected 
448 patients. Two thirds were treated by tacrolimus and 
one third by cyclosporine. The incidence of the acute re-
jection verified by biopsy in patients treated by tacrolimus 
was 24.l %, while in patients treated by cyclosporine 43.4 % 
(ref.3). In an American study, 412 patients were random 
selected, 205 were treated with tacrolimus and 207 re-
ceived cyclosporine. In patients treated with tacrolimus, 
the incidence of histologically verified acute rejection was 
30.7 %, whereas in patients treated by cyclosporine it was 
46.7 % (ref.4). Statistical analyses confirmed, that the re-
ported differences in incidence of the acute rejection were 
significant (p < 0.001). When tacrolimus was used, signifi-

cantly less corticoresistant acute rejection were observed 
(11.3 % vs. 21.6 %). After the first year, neither graft nor 
patient survived in either group, meaning patients treated 
by tacrolimus or cyclosporine, varied.

Similar results were achieved in comparative studies, 
which compared tacrolimus and cyclosporine in the form 
of microemulsion. For example, in a six-month rando-
mized study involving 560 individuals from 50 European 
transplant centers, incidence of acute rejection verified 
by biopsy in patients treated by tacrolimus was 19.6 %, 
whereas in patients treated by cyclosporine microemul-
sion, it was 37.3 %. There was also less rejections resist-
ant to the corticosteroids in the patients with tacrolimus 
– 9.4 % vs. 21.0 % (ref.5). These results were statistically 
significant (p < 0.0001).

One of the greatest problems in present transplant 
medicine is the fact, that kidney transplant function is 
limited. Therefore a very important aspect of selection of 
the prophylactic immunosuppressive therapy is not one-
year survival of graft, but, most importantly, assessment 
of effect of the immunosuppressive substance on the 
medium and long-term transplant results.

A prospective analysis of a population of 1.007 trans-
planted individuals recently published by Japanese au-
thors showed an excellent immunosuppressive potential 
of tacrolimus from the medium term point of view6. In 
a population of 1.007 patients treated by tacrolimus, one-
year graft survival rate was 94.8 %, two-year rate 92.6 % 
and three-year survival rate 90.4 %. The whole popula-
tion at the same time included also 100 individuals who 
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received ABO incompatible kidney from a living donor 
and 146 patients with transplanted kidney from non-heart 
beating donors, that is from sub-group, where transplant 
results are generally poor. Even though the Japanese 
group did not compare results of the tacrolimus and cy-
closporine therapy, they confirmed the results of earlier 
comparative studies. Both the American7, and European8 
multi-center randomized studies showed a significantly 
better graft survival rate in patients treated by tacrolimus 
in comparison with the patients treated by cyclosporine 
three or four years after the transplantation.

Long term monitoring of the results of the tacrolimus 
and cyclosporine therapy also confirmed, that the immu-
nosuppressive therapy, the basis of which is tacrolimus, 
significantly reduced risk of failure of the graft function 
without increasing, at the same time, incidence of un-
desirable effects of the long-term immunosuppression. 
According to the results of the American multicenter, 
comparative, randomized study9, the five-year graft sur-
vival rate in the tacrolimus ramus was 63.8 %, whereas 
in the cyclosporine ramus only 53.8 %. The difference in 
the patients survival rate in both groups, however, did not 
reach statistical significance.

Development of molecular-biological techniques helps 
clarify the cause of the better immunosuppressive effecti-
veness of tacrolimus in comparison with cyclosporine. As 
the most important facts resulting from the immunologi-
cal research and related to this can be considered the fin-
ding, that tacrolimus, unlike cyclosporine, lowers mRNA 
expression for IL-10, increases apoptosis of T lymphocytes 
activated by anti-gene, decreases production of antibody 
against HLA as well as HLA anti-genes and significantly 
decreases proliferation of vas intima10–12. From the long-
term point of view, particularly significant is the fact, that 
tacrolimus, unlike cyclosporine, has no effect on levels of 
transforming β factor (TGF β), which has a significant 
fibroproductive potential and is considered the key factor 
in development of the chronic rejection nephropathy2.

In the last few years, the nephrology department of the 
3rd Clinic of Internal Medicine has concentrated its efforts 
on, among other things, studium of subclinical rejection. 
The subclinical rejection of transplanted kidney is defined 
by histological presence of rejection changes in the graft, 
but it is not reflected in the clinical image and the creati-
nine concentration is stabilized in normal range13. The 
subclinical rejection diagnostics has so far been possible 
only by means of the protocol biopsies, which means the 
biopsies that are performed regardless of the graft func-
tion according to a selected timetable. Introduction of 
the protocol biopsies was made possible by development 
of automatized biopsy equipment and wide availability of 
sonographic examinations. Today, the graft biopsy is con-
sidered a relatively safe invasive method with a minimal 
risk of clinically serious complications.

A number of observations indicate, that the subclini-
cal rejection is not a benign unit but may have a significant 
negative effect on fate of the graft14. Presence of subclini-
cal rejection is a sensitive indicator of effectiveness of the 
immunosuppressive treatment. It has been proved, that 

the subclinical rejection treatment in the first six months 
after the transplantation improves long-term function 
of the graft. Particularly, a Winnipeg group’s research 
confirmed, that two -year survival of the graft with sub-
clinical rejection, which had been re-treated by methyl-
prednisolone pulses was 14 % better than in the patients 
who were not treated (97 % vs. 83 %)15. Alternatively, 
cellular infiltrate, particularly in the area around peritu-
bular capillaries and tubules, especially if accompanied 
by disruption of basilar membranes, leads to progressive 
interstitial fibrosis and probably plays the decisive role in 
pathogenesis of chronic rejection nephropathy16.

There is no substitute of contribution of the protocol 
biopsies to the patients with delayed start of the graft 
function where the acute rejection cannot be clinically 
recognized17, 18. Shapiro detected acute rejection by the 
seventh day after transplantation in 21 % and borderline 
changes in 36 % of patients with delayed start of graft 
function19. Protocol biopsies also contribute to diagnostics 
of early stages of chronic rejection nephropathy. Seron 
et al. detected signs of chronic rejection nephropathy in 
42 % biopsies in a population of 98 patients 3 months af-
ter the transplantation20. By using the protocol biopsy, we 
can finally better diagnose cyclosporine nephrotoxicity21, 

or some very serious, especially viral infections, primarily 
nephropathy associated with the BK-virus22.

Information about subclinical rejection received up 
to now has been obtained from patients treated by cy-
closporine. In our own population of 33 individuals after 
kidney transplantation, 18 females and 15 males, average 
age of 48.5 who were treated with a prophylactic com-
bination of cyclosporine A + mycophenolate mophetil 
(azathioprin) + Prednisone, we observed high incidence 
of the subclinical acute rejection in the first three months 
after the kidney transplantation. Evaluation results of 
66 protocol biopsies performed 3 weeks and 3 months 
after transplantation are shown in table No. 1. As can be 
seen from the table, the third week after transplantation, 
the acute subclinical rejection was diagnosed in 30.3 % of 
the patients and three months after the transplantation 
subclinical rejection was found in 27.2 % of monitored 
population. A similar incidence of the subclinical acute 
rejection is reported by the other authors working on the 
problem23. The mean values of creatinine in serum of in-
dividual diagnostic group are shown in table No. 2.

At present, multicenter studies are underway to evalua-
te the results of the protocol biopsies in patients treated 
with tacrolimus. The Rochester prospective study of 
a population of 114 patients treated by tacrolimus, myco-
phenolate mophetil and prednisone in the protocol biop-
sies performed three months after kidney transplantation 
showed subclinical rejection in only 2.6 % and border line 
changes in 11 % of patients24. This kind of incidence of 
subclinical acute rejection is extremely low, but it has to 
be taken into consideration that 56 % of the individuals 
in the evaluated population received induction therapy by 
thymoglobuline. Our patient population, who were treated 
primarily by tacrolimus and underwent the protocol bio-
psy, is as yet very small and from the statistical point 
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of view, for the time being, cannot evaluated. No data 
related to the protocol biopsy findings in patients treated 
by sirolimus or everolimus have been published.

Discussion of significance of the protocol biopsies 
and opinions on the clinical significance of interstitial 
infiltrates in stable grafts continues23. For the time being, 
the protocol biopsies provide extraordinarily important 
information, which cannot be obtained in any other way. 
They can diagnose serious morphological defects of the 
graft which are not apparent during the clinical biopsy 
time and enable us to gain time during which an adequate 
therapy can prevent functional deterioration of the graft. 
Questions related particularly to timing and frequency of 
the protocol biopsies, better specification of pathogenic 
seriousness of infiltrating cells by means of molecular 
and immunological markers and finally also the type of 
optimal therapeutic strategy of subclinical rejection which 
could lead to improved function and survival of the graft 
still remain. With the expanding variety of available effec-
tive immunosuppressive substances, we cannot rule out 
the possibility that in future, the significance of protocol 
biopsies from the subclinical rejection diagnostics point 
of view will be limited or will be superseded by new, non 
– invasive examinations, development of which is inten-
sively being worked on25.

ACKNOWLEDGEMENT

The study was supported by grant IGA MZ CR NK/7741-3.

REFERENCES

 1. Kliem V, Brunkhorst R. (1998) Tacrolimus in Kidney Transplanta-
tion. Nephron 19, 8–20.

 2. Gaston RS. (2001) Maintenance Immunosuppression in the Renal 
Transplant Recipient: An Overview. Am J Kidney Dis 38, Suppl 6, 
25–35.

 3. Mayer AD, Dmitrewski J, Squifflet JP, Besse T, Grabensee B, 
Klein B, Eigler F, Heemenn U, Pilchmayr R, Behrend M, Van-
renterghem Y, Donek J, van Hooff J, Christiaans M, Morales JM, 
Andres A, Johnson RWG, Short C, Buchholz B, Rehmert M, 
Land W, Schleibner S, Forsythe JLR, Talbot D, Neumayer HH, 
Hauser I, Ericzon BG, Brattstrom C, Claesson K, Muhlbacher F, 
Pohanka E. (1997) Multicenter randomized trial comparing ta-
crolimus (FK-506) and cyclosporine in the prevention of renal 
allograft rejection. Transplantation 64, 436–443.

 4. Pirsch JD, Miller J, Deierhoi MH, Vincenti F, Filo RS for the 
FK-506 Kidney Transplant Study Group. (1997) A comparison of 
tacrolimus (FK-506) and cyclosporine for immunosuppression af-
ter cadaveric renal transplantation. Transplantation 63, 977–983.

 5. Margreiter R for the European Tacolimus vs Ciclosporin Micro-
emulsion Renal Transplant Study Group (2002) Efficacy and 
safety of tacrolimus compared with ciclosporin microemulsion in 
renal transplantation: a randomised multicentre study. Lancet 395, 
741–746.

 6. Sonoda T, Takahara S, Takahashi K, Uchida K, Ohshima S, 
Toma H, Tanabe K, Yoshimura N for the Japanese Tacrolimus 
Study Group. (2003) Outcome of 3 Years of Immunosuppression 
with Tacrolimus in More Than l 000 Renal Transplant Recipients 
in Japan Transplantation 75, 199–204.

 7. Jensik SC and the FK 506 Kidney Transplant Study Group (1998) 
Tacrolimus (FK 506) in kidney transplantation: three – year sur-
vival results of the US multicenter, randomized, comparative trial. 
Transplant Proc 30, 1216.

 8. Mayer AD for the European Tacrolimus Multicentre Renal Study 
Group (1999) Four- year follow – up of the European tacrolimus 
multicenter renal study. Transplant Proc 31, 1242.

 9. Vincenti F, Jensik SC, Filo RS, Miller J, Pirsch J. (2002) A long 
– term comparison of tacrolimus (FK-506) and cyclosporine in 
kidney transplantation: Evidence for improved allograft survival 
at five years. Transplantation 73, 775–782.

10. Almawi WY, Melemedjian O. (2000) Clinical nad mechanistic dif-
ferences between FK 506 (tacrolimus) and cyclosporin A. Nephrol 
Dial Transplant 15, 1916–1918.

Table 1. Evaluation of protocol biopsies (Banff 1997).

First protocol biopsy

21 ± 2 days

Second protocol biopsy

90 ± 5 days

Diagnostic 
group

Number %
Diagnostic 

group
Number %

N 12 36.4 N 12 36.4

SAR 10 30.3 SAR 9 27.2

AR 11 33.3 AR 12 36.4

 
N  normal findings
SAR  subclinical acute rejection
AR  acute rejection

Table 2. Mean serum creatinine concentrations in diagnostic 
groups. 

First protocol biopsy
21 ± 2 days

Second protocol biopsy
90 ± 5 days

Diagnostic
group

Serum 
creatinine 
(μmol/l)

Diagnostic 
group

Serum 
creatinine 
(μmol/l)

N 109 ± 13 N 102 ± 18

SAR 94 ± 18 SAR 108 ± 10

AR 274 ± 184 AR 224 ± 171

 

J. Zadražil, K. Krejčí, S. Al Jabry, V. Horčička jr., T. Tichý, M. Hrabalová, P. Bachleda Protocol biopsy and subclinical rejection in patients after kidney transplantation treated by tacrolimus (Prograf)



196                                                                                                                                                                                          197

11. Klein IHHT, Abrahams A, van Ede T, Hené RJ, Koomans HA, 
Ligtenberg G. (2002) Different effects of tacrolimus nad cyclo-
psorine on renal hemodynamics and blood pressure in healthy 
subjects. Transplantation 73, 732–736.

12. Jiang H, Wynn C, Pan F, Ebbs A, Erickson LM, Kobayashi M. 
(2002) Tacrolimus and cyclosporine differ in their capacity to 
overcome ongoing allograft rejection as a result of their differential 
abilities to inhibit interleukin-10 production. Transplantation 73, 
1808–1817.

13. Krejčí K, Zadražil J, Horčička V jr, Al-Jabri S, Dušek J, Tichý T, 
Bachleda P, Král V. (2002) Diagnostické možnosti subklinické 
rejekce transplantované ledviny. Vnitřní lék 48, 936–942.

14. Rush DN, Karpinski ME, Nickerson P, Dancea S, Birk P, Jef-
fery JR. (1999) Does subclinical rejection contribute to chronic 
rejection in renal transplant patients? Clin Transplantation 13, 
441–446.

15. Rush D, Nickerson P, Gough J, McKenna R, Grimm P, Cheang M, 
Trpkov K, Solez K. (1998). Beneficial Effects of Treatment of Early 
Subclinical Rejection: A Randomized Study. J Am Soc Nephrol 9, 
2129–2134.   

16. Shimizu A, Yamada K, Sachs DH, Colvin RB. (2002) Persistent 
rejection of peritubular capillaries and tubules is associated with 
progressive intersticial fibrosis. Kidney Int 61, 1867–1876.

17. Jain S, Curwood V, White SA, Furness PN, Nicholson ML. (2000) 
Sub-clinical acute rejection detected using protocol biopsies in pa-
tients with delayed graft function. Transpl Int 13, Suppl 1, 52–55.

18. Qureshi F, Rabb H, Kasiske BL (2002) Silent acute rejection 
during prolonged delayed graft function reduces kidney allograft 
survival. Transplantation 74, 1400–1404.

19. Shapiro R, Randhawa P, Jordan ML. (2001) An analysis of early 
renal transplant protocol biopsies – the high incidence of subclini-
cal tubulitis. Am J Transplant 1, 47–50.

20. Serón D, Moreso F, Bover J, Condom E, Gil-Vernet S, Caňas C, 
Fulladosa X, Torras J, Carrera M, Grinyó JM, Alsina J (1997) Early 
protocol renal allograft biopsies and graft outcome. Kidney Int 51, 
310–316.

21. Takeda A, Morozumi K, Yoshida A (1994) Studies of cyclosporine 
– associated arteriolopathy in renal transplantation: does the long 
– term outcome of renal allografts depend on chronic cyclosporine 
nephrotoxicity? Transplant Proc 26, 975–977.

22. Hirsch HH, Knowles W, Dickenmann M (2002) Prospective study 
of polyomavirus type BK replication and nephropathy in renal 
– transplant recipients. N Engl J Med 347, 488–496.

23. Morath Ch, Ritz E, Zeier M (2003) Protocol biopsy: what is the 
rationale and what is the evidence? Nephrol Dial Transplant 18, 
644–647.

24. Gloor JM, Cohen AJ, Lager DJ, Grande JP, Fidler ME, Velosa JA, 
Larson TS, Schwab TR, Griffin MD, Prieto M, Nyberg SL, Ste-
rioff S, Kremers WK, Stegall MD. (2002) Subclinical rejection in 
tacrolimus – treated renal transplant recipients. Transplantation 
73, 1965–1968.

25. Rush D, Salomon DR (2002) Controversies in Nephrology. Proto-
col Biopsies Should Be Part of the Routine Management of Kidney 
Transplant Recipients. Am J Kidney Dis 40, 671–677.

J. Zadražil, K. Krejčí, S. Al Jabry, V. Horčička jr., T. Tichý, M. Hrabalová, P. Bachleda


