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Abstract

In Kidney recipients, the immunosuppressant sirolimus has been associated with a decreased
incidence of de novo posttransplant malignancies (including prostate cancer). But the effect of
sirolimus on the prostate-specific antigen (PSA) blood level, an important prostate cancer
screening tool, remains unknown. We studied male kidney recipients >50 years old (transplanted
from January 1994 to December 2006) without clinical evidence for prostate cancer. Pre- and
posttransplant PSA levels were analyzed for 97 recipients (n = 19 on sirolimus, n = 78 on
tacrolimus [control group]). Pretransplant PSA was similar for sirolimus versus tacrolimus
recipients (mean, 1.8 versus 1.7 ng/mL, p = 0.89), but posttransplant PSA was significantly lower
for recipients on sirolimus (mean, 0.9 versus 1.9 ng/mL, respectively, p < 0.001). The mean
difference between pretransplant and posttransplant PSA was —0.9 ng/mL (50.0%, p = 0.006) for
the sirolimus group versus +0.2 ng/mL (+11.8%, p = 0.24) for the tacrolimus group. By
multivariate analysis, only pretransplant PSA and immunosuppression with sirolimus
independently impacted posttransplant PSA. Our data strongly suggest that sirolimus is associated
with a significant PSA decrease in kidney recipients. Future studies must investigate the clinical
implications of our findings for the use of PSA for prostate cancer screening in male kidney
recipients on sirolimus.
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Introduction

Sirolimus, a mammalian target of rapamycin (mTOR) inhibitor, was originally discovered
and described because of its antifungal and antineoplastic properties (1,2). The drug was not
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further developed, however, until its immunosuppressive properties were fully appreciated
(3,4). Sirolimus was eventually introduced into routine clinical kidney transplantation over
one decade ago, and is currently part of the standard immunosuppressive armamentarium at
many transplant centers worldwide (5,6).

As clinical experience with this drug has increased, it became evident that sirolimus may be
associated with a reduced incidence of de novo malignancies (including prostate cancer) in
renal recipients (7,8). In nontransplant patients, sirolimus is currently tested in preclinical
and clinical studies for treatment of solid organ tumors, including prostate cancer. For
instance, in a clinical trial that involved androgen-independent prostate cancer patients,
sirolimus was associated with tumor regression in approximately 25% of patients—with
variable effects on prostate-specific antigen (PSA) levels (9). Similarly, in both in vitro and
in vivo models of prostate cancer, sirolimus was associated with decreased PSA production
in only some cases (10,11).

While the antineoplastic role of sirolimus and its effect on PSA levels in established prostate
cancer are the subject of active investigation and much debate, the impact of sirolimus on
PSA levels in male renal recipients without cancer remains unknown. PSA levels are an
important clinical screening tool for early detection of prostate cancer in male patients. As
the pool of older male renal recipients is expanding and these recipients are exposed to
increasing cumulative lifetime doses of immunosuppression, a better understanding of the
potential impact of sirolimus on PSA levels in that particular population would be important
(12).

The goal of our study was to determine the effect of posttransplant administration of
sirolimus on male renal recipients’ PSA levels. Male renal recipients that received
tacrolimus for maintenance immunosuppression served as controls.

Materials and Methods

Patients

After approval by the Institutional Review Board (Protocol #200715786-1), we performed a
retrospective chart review of all male kidney allograft recipients that had been transplanted
at the University of California, Davis, Medical Center, between May 1994 and December
2006. Inclusion criteria for the study were age =50 years at evaluation for kidney
transplantation; absence of history of, and current clinical evidence for, prostate cancer and a
documented pre- and posttransplant PSA level. Patients <50 years were not included in the
study as our evaluation protocol for renal transplantation in that age category does not
include a serum PSA level determination.

Posttransplant, all renal recipients were initially placed on an immunosuppressive regimen
that included tacrolimus, mycophenolate mofetil and, until August 2004, maintenance
steroids. Individual recipients were then converted from tacrolimus to sirolimus
(Rapamune®), most frequently because of sirolimus’ less nephrotoxic side-effect profile.
The therapeutic sirolimus target level range was 3-10 ng/mL.
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Data extracted from the patients’ medical records included age, race, body mass index
(BMI), ethnicity (African American vs. non-African American), pre- and posttransplant
serum PSA and serum creatinine levels.

Statistical analysis

Results

Student’s t-test and univariate linear regression were used to analyze the effect of patient
characteristics, age, ethnicity, BMI, serum creatinine level and immunosuppression
(tacrolimus vs. sirolimus) on PSA. Variables that reached a significance level of 0.4 on
univariate analysis were included in the multivariate regression model. Statistical analyses
were performed with STATA statistical software, version 10.0 (StataCorp., College Station,
TX). Goodness of fit was verified with analysis of residual plots.

Patient demographics

We identified 19 recipients who had been converted to sirolimus (‘SRL recipients’), and 78
recipients who were immunosuppressed with tacrolimus only (“Tac recipients’). All SRL
recipients had been converted to that drug >6 months posttransplant. Recipient
demographics are depicted in Table 1. The mean age of SRL versus Tac recipients was 59.4
versus 59.5 years (p = 0.21). Tac versus SRL recipients were similar with respect to
ethnicity (African American, 5.3% vs. 6.4%, p = 0.88), mean BMI (25.3 vs. 25.6, p = 0.88)
and mean posttransplant serum creatinine level (1.7 mg/dL vs. 1.6 mg/dL, respectively, p =
0.22).

Mean posttransplant PSA level was significantly lower for recipients converted to
sirolimus versus those remaining on tacrolimus

The mean pretransplant PSA for sirolimus versus tacrolimus recipients was 1.8 versus 1.7
ng/mL, respectively (p = 0.89). These PSA levels were obtained at a mean of 7 months
pretransplant for SRL recipients versus 8 months for Tac recipients (p = 0.64).

The mean time interval between pre- and posttransplant PSA measurements for SRL
recipients was 43.4 months versus 37.9 months for Tac recipients (p = 0.38).

The mean posttransplant PSA for SRL versus Tac recipients was 0.9 versus 1.9 ng/mL,
respectively (p < 0.001). For SRL recipients, the mean change in postoperative PSA versus
preoperative PSA was —0.9 ng/mL (50.0%, p = 0.006). In contrast, we observed a mean PSA
increase of + 0.2 ng/mL (+11.8%, p = 0.24) for Tac recipients.

Figure 1 depicts changes in PSA for SRL and Tac recipients in dropline graphs. All but two
SRL recipients showed a decrease in PSA levels following the conversion to sirolimus
(17/19, 89.5%). Of these 17 SRL recipients whose PSA level declined, 9 (47.4%) recipients
experienced a change in the serum PSA level of =1ng/mL (Table 2). In all, 23 (29.5%) of
the Tac recipients experienced a decrease in PSA. Among those whose PSA level declined,
only four (5.1%) experienced a decrease =1ng/mL. Forty-seven (60.3%) Tac recipients
experienced an increase in PSA after transplantation (Table 2).
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Pretransplant PSA level and type of immunosuppression are the only significant variables
that independently impacted the posttransplant PSA level

For all 97 recipients, we analyzed factors potentially associated with posttransplant PSA.
For the variables age, ethnicity, BMI, pretransplant PSA and posttransplant serum creatinine
level, we used a univariate linear regression analysis. All tested variables, with the exception
of ethnicity and BMI, reached a significance level <0.4 on univariate analyses and were
therefore included in the multivariate regression model. By multiple regression analysis,
only pretransplant PSA and immunosuppression (tacrolimus as compared to sirolimus)
remained significant factors (Table 3).

Discussion

PSA levels are an important screening tool for prostate cancer in the general population (13).
The ability to conduct effective screening for prostate cancer is even more relevant for renal
recipients for several reasons. First, posttransplant immunosuppression per se has been
consistently demonstrated to be associated with an increased incidence of de novo skin and
solid organ malignancies—even in the current era (7,8,14). Moreover, the currently
increasing transplant rates of presensitized and ABO-incompatible recipients that undergo
pretransplant immunomodulation, and often also require more intensive posttransplant
immunosuppression, may increase the propensity for, and development of, de novo
malignancies in renal recipients even more. Second, due to expanding renal transplant
recipient selection criteria, increasingly older patients with advanced chronic kidney disease
are accepted onto the transplant waiting list and also receive eventually a renal transplant
(12). This is a highly relevant change in practice, as, as for many other solid organ tumors,
age is a significant risk factor for prostate cancer, too (15). Currently, nearly two-thirds of
all males receiving kidney transplants are older than 50 years, and this proportion is steadily
increasing (16). Third, due to advances in immunosuppression, renal graft half-lives have
significantly increased over the past decade, thus exposing the recipients of these longer-
lasting renal allografts to increasingly longer periods of cumulative lifetime
immunosuppressive medication doses (17). In addition, prevention, management and
outcomes of posttransplant cardiovascular and infectious complications have all
significantly improved over the past two decades and contribute thereby to longer
posttransplant recipient survival and subsequently increased cancer risk as well.

As a result, a 3- to 5-fold increased incidence of malignancies has been reported for renal
transplant recipients when compared to the general population (14,18). For prostate cancer,
some reports have suggested an increased standardized incidence ratio (SIR) (as high as 3.6)
in renal transplant recipients, particularly for those on a calcineurin inhibitor (14,18,19). In
contrast, a recent large national transplant registry analysis (unadjusted for type of
immunosuppression) suggested no such SIR increase (20). In any case, recent studies in
renal recipients that developed prostate cancer suggested earlier occurrence and more
aggressive disease with a higher rate of locally advanced disease and lymph node invasion
(19,21). Effective and early diagnosis of prostate cancer is therefore paramount in renal
recipients, both because of the possibly increased incidence and the potentially more
aggressive course of the disease (14,18,19,21).
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We studied PSA levels in renal recipients on sirolimus. Each patient’s pretransplant PSA
level served as an individual control. Because pre- and posttransplant PSA levels are
influenced by the degree of overall renal function, and posttransplant PSA levels may be
impacted by additional factors (e.g. transplant-related medications and treatment protocol
changes over time), we added a control group: kidney recipients on tacrolimus. Of note, our
study and control groups were demographically homogeneous. By study design, both
cohorts contained only patients with normal PSA levels at the time of their renal transplant
evaluation, because otherwise, they would not have gone on to be wait-listed and eventually
transplanted. Accordingly, in spite of individually variable amounts of residual native renal
function at the time of transplant evaluation, pretransplant PSA levels were not significantly
different in both groups, with the median pretransplant PSA levels in both groups being in
the ‘low’ range (22).

Although these pretransplant levels were in the low range, we were still able to observe a
significant reduction in the serum PSA levels posttransplant in recipients on sirolimus. This
reduction in nearly all SRL recipients suggests a strong effect of sirolimus on PSA levels. In
contrast, tacrolimus had an unpredictable impact on serum PSA levels, suggesting that
calcineurin inhibitors (or at least tacrolimus) may not affect PSA levels in a consistent
fashion. The latter finding is also consistent with the results of prior studies that involved
recipients on calcineurin inhibitors (23-25). Thus, our results suggest that the decrease in the
PSA levels occurred because of the sirolimus administration, and cannot be attributed to the
preceding tacrolimus therapy.

Prior studies did demonstrate a 30% decrease in PSA levels within 1 week after renal
transplantation (tacrolimus and cyclosporine immunosuppression) (26). This finding was
attributed to the rapid clearance of serum PSA by the kidney graft (27). In other studies,
though, comparison of pre- versus posttransplant PSA levels obtained at later posttransplant
time points showed no difference in serum PSA levels for recipients on cyclosporine (23—
25). In our study, we determined posttransplant PSA levels at a time of stable renal allograft
function, outside the immediate posttransplant period. It is therefore unlikely that any
potential differential changes in early PSA clearance kinetics impacted our study results.
Moreover, there was no indirect evidence that posttransplant PSA clearance Kinetics were
different for the sirolimus versus the tacrolimus group, as mean posttransplant serum
creatinine levels were similar for both groups.

Sirolimus binds to an immunophilin, FKBP12, which mediates its immunosuppressive effect
(28). The sirolimus-FKBP12 complex then binds to the mTOR, a serine threonine kinase
downstream of the phosphatidylinositol 3-kinase (P13K)/Akt pathway (29). Inhibition of
mTOR by sirolimus results in prevention of cellular proliferation, including T-cell growth,
thereby resulting in immunosuppression and antitumor activity. It is therefore not surprising
that a recent UNOS database review suggested a significantly reduced incidence of de novo
malignancies (including prostate cancer) in renal recipients on maintenance
immunosuppression with mTOR inhibitors (7).

But the effect of sirolimus on PSA levels (particularly in renal recipients) remains unknown.
In in vitro studies with LNCAP prostate cancer cell lines, treatment with sirolimus caused an
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increase in PSA production (10). Similarly, only 2 of 12 nontransplant patients that were
given sirolimus for treatment of prostate cancer in a clinical trial showed a decrease in PSA
levels (9). Also, in both in vitro and in vivo models of prostate cancer, sirolimus yielded
mixed results with regard to its effect on PSA production (10,11,30). Proliferation of
prostate epithelial cells is regulated by the androgen receptor, a ligand-induced nuclear
steroid receptor. The androgen receptor regulates the transcription of several target genes,
including the PSA gene. Long-term treatment of prostate cancer cell lines in vitro with
sirolimus was noted to cause activation of the androgen receptor, resulting in tumor
recurrence and an increase in PSA (both in preclinical and clinical studies in nontransplant
patients) (31). In contrast to the inconclusive findings reported in the aforementioned in
vitro, in vivo and clinical prostate cancer studies, our data suggest that in male renal
recipients without established prostate cancer, PSA levels do not increase with sirolimus
treatment. Rather, PSA levels decreased nearly uniformly by on average 50% for those on
sirolimus. Thus, in men without prostate cancer as compared to men with prostate cancer,
sirolimus appears to suppress PSA secretion with greater efficiency and perhaps more
predictability. Future research must confirm our findings and determine whether this effect
is limited to renal recipients and to those with low PSA levels prior to initiation of sirolimus.

Theoretically, our findings could be explained, at least in part, by the previously reported
lower testosterone levels in male kidney and heart recipients on sirolimus (32-35). In these
studies, the reduction of the testosterone level by as much as 30% in recipients on sirolimus
(vs. a calcineurin inhibitor) draws into question whether the effect of sirolimus on PSA
levels is in fact an indirect effect mediated by the reduction of testosterone levels to the
lower limits of normal (32—36). As testosterone level measurements are not part of our
routine pretransplant evaluation or posttransplant monitoring protocol, we were not able to
explore our data for a potential sirolimus-testosterone-PSA interaction. In a systematic
review of the literature, however, Shabsigh et al. noted no consistent association between
serum testosterone levels and PSA (37). Also, in hypogonadal men, exogenous testosterone
resulted in a PSA rise only in men ages 61-80, but not in young men (38). Moreover, the
effect of testosterone on PSA levels appears to be transient, as PSA was noted to increase
during the first 6 months of testosterone therapy, but not in the subsequent years (39).
Clearly, prospective studies in male renal recipients on sirolimus are necessary in order to
explore the potential association of sirolimus, testosterone levels and PSA levels in that
particular patient population.

What are the clinical implications of our findings? Our results suggest that in male renal
recipients >50 years old, one should expect declining PSA levels after posttransplant
initiation of sirolimus. The clinical significance of a nondecreasing PSA level in that setting
is unclear. Future studies will need to investigate whether this latter patient group might in
fact have (pre-)neoplastic prostatic changes and might warrant additional diagnostic
attention. Similarly, further research is also necessary to determine the significance of the
decreasing PSA levels that occurred in the majority of our patients on sirolimus. It might
also theoretically be possible that sirolimus precludes the use of PSA as a screening tool for
prostate cancer if this drug were to selectively lower the PSA level, irrespective of the
presence or absence of any (pre-)malignant prostatic parenchymal changes. Clearly,
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additional prospective research is necessary in order to provide the clinician with guidelines
for the screening for prostate cancer in male renal recipients on sirolimus. Furthermore, the
limited data from our study do not allow us to draw any inferences with regard to the
potential role of sirolimus as a chemopreventive agent for neoplastic prostatic disease in
renal recipients.

Importantly, our study has several limitations. First, it is retrospective. We attempted to
control for potentially confounding variables by performing a multivariate regression
analysis. Other variables, however, such as undiagnosed urinary tract infection and occult
prostatic disease (including inflammation, infection, hyperplasia or cancer) may still have
impacted PSA levels and overall analysis results. Second, among our patients, there was
variation in pre- and posttransplant timing of PSA level determinations. Even though on
average, timing of PSA sampling was not significantly different between SRL and Tac
recipients, it was not prospectively standardized. In future prospective studies, PSA levels
should be measured at predetermined pre- and posttransplant time points. Third, endorectal
ultrasonography and transrectal prostatic biopsies were not performed to assess whether a
decrease in the PSA level was truly associated with any measurable prostatic parenchymal
changes that may or may not portent a reduced likelihood of developing prostate cancer.
Fourth, as discussed previously, we were not able to assess the impact of sirolimus
administration on testosterone levels (and thereby potentially on PSA levels, too). Future
prospective studies analyzing testosterone and serum PSA levels in male renal recipients on
sirolimus with and without prostate cancer are warranted. Finally, therapeutic sirolimus
blood target level ranges have evolved over time at our institution. Also, we did not
routinely obtain sirolimus levels in our recipients at the time of their posttransplant PSA
level check. Our study does therefore not allow us to draw conclusions regarding a potential
linear or other interaction between the sirolimus level and the PSA level.

In conclusion, our data strongly suggest that male renal transplant recipients that receive
sirolimus-based immunosuppression nearly uniformly experience a significant decrease in
PSA levels. Further studies are necessary to investigate the clinical implications of our
findings with regard to the use of PSA levels for prostate cancer screening in male renal
recipients, and the absent PSA decrease level that was observed in some recipients.
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Figure 1. Pre- versus posttransplant PSA levels in individual male renal recipients =50 years of
age on posttransplant sirolimus versus tacrolimus

(A) Absolute PSA level changes: pretransplant versus posttransplant (sirolimus group; n =
19). (B) Absolute PSA level changes: pretransplant versus posttransplant (tacrolimus group;
n=78).
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Patient demographics, mean serum PSA and mean serum creatinine levels by immunosuppressive regimen

Sirolimus group (n =19)  Tacrolimus group (n=78) p-Value
African American n (%) 1(5.3%) 5 (6.4%) 0.88
Mean age (years) (95% CI) 60.0 (56.2-62.5) 57.9 (58.2-60.9) 0.21
Mean BMI (95% CI) 25.3 (22.7-27.5) 25.6 (24.3-26.1) 0.88
Mean posttransplant serum Cr level (mg/dL) (95% CI) 1.8 (1.5-2.0) 1.6 (1.5-1.7) 0.22
Mean pretransplant PSA (ng/mL) (95% Cl) 1.8(1.3-2.2) 1.7 (1.5-1.9) 0.89
Mean posttransplant PSA (ng/mL) (95% CI) 0.9 (0.7-1.2) 19 (1.7-2.1) <0.001

CI = confidence interval; BMI = body mass index; PSA = prostate-specific antigen.
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Table 2

Individual pre- versus posttransplant PSA levels by immunosuppressive regimen

Sirolimus group (n = 19)

Tacrolimus group (n =78)

No change, n (%) 1(5.3%)
Increase < 1 ng/mL, n (%) 1(5.3%)
Increase = 1 ng/mL, n (%) 0 (0%)
Decrease < 1 ng/mL, n (%) 8 (42.1%)
Decrease = 1 ng/mL, n (%) 9 (47.4%)
Mean change in PSA [ng/mL] (%) -0.9 (50%)1

8 (10.3%)
40 (51.3%)
7 (9.0%)
19 (24.4%)
4 (5.1%)

+0.2 (11.76%)2

PSA = prostate-specific antigen.
1p =0.006 for pre- versus posttransplant PSA.

2p = 0.24 for pre- versus posttransplant PSA.
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Table 3

Postoperative PSA levels: multivariate logistic regression analysis of pre- and postoperative variables

Odds ratio 95% Cl  p-Value

Age 1.02 1.0-1.04 0.09

Pretransplant PSA 2.18 1.90-2.52  <0.001
Posttransplant creatinine level 1.17 0.92-1.47 0.193
Immunosuppression (sirolimus vs. tacrolimus) 2.62 1.96-3.51  <0.001

PSA = prostate-specific antigen; Cl = confidence interval.
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