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Progression of pulse pressure in kidney recipients durably
exposed to CsA is a risk factor for epithelial phenotypic
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Summary

In this ancillary study of the CONCEPT trial, we studied the role of CsA withdrawal
at 3 months (3M) post-transplant on the intensity of epithelial phenotypic changes
(EPC, an early marker for kidney fibrogenesis) on the 12M surveillance biopsy.
Although conversion from CsA to sirolimus (SRL) at 3M was reported to have
improved mean graft function at 12M, it did not reduce the score of EPC
(1.73 £ 1.15 in the SRL group vs. 1.87 £ 1 in the CsA group, P = 0.61). Acute
rejection, which had occurred twice more frequently in SRL-converted patients
included here, was associated with 12M EPC. Interestingly, we observed that the
patients durably exposed to CsA and who developed 12M EPC had a significant pro-
gression of blood pulse pressure (pp) from 1 to 6M post-transplantation
(App = +12.3 mmHg, P = 0.0035). Pulse pressure at 4, 6, and 9M and pp progres-
sion from 1 to 6M were significantly associated with the development of EPC at
12M in renal grafts. Logistic regression analysis revealed that a high 6M pp
(>60 mmHg) was an independent risk factor for 12M EPC with an odds ratio of
2.25 per additional 10 mmHg pp (95%CI: 1.14-4.4, P = 0.02) after adjustment
with recipient’s and donor’s age, acute rejection incidence and immunosuppressive
regimen. A post hoc analysis of the data collected in the whole population CONCEPT
study revealed that pp was significantly higher at 6 months in patients maintained
on CsA and that at this time point pp correlated negatively with GFR at 1 year.
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Introduction

Calcineurin inhibitors (CNIs) are universally used in organ
transplantation. They are effective in preventing acute
rejection and have considerably improved 1-year survival
postgraft. However, it is suspected that their chronic use
promotes serious complications, such as cancer, hyperten-
sion, and chronic nephrotoxicity. The recognition of these
side effects sparked interest in sparing strategies including
the minimization, avoidance, and withdrawal of CNIs. In
the context of kidney transplantation, the early replacement
of cyclosporin (CsA) by sirolimus (SRL), an inhibitor of
mTOR, has been shown to improve kidney perfusion [1]
and function [2-7], but whether CsA withdrawal alleviates
renal fibrogenesis is still a matter of debate [4,5,8-10]. The
increased risk of graft rejection and of developing protein-
uria [11] after the CSA-SRL switch could conversely pro-
mote interstitial fibrosis in some patients, thus
counteracting the benefit resulting from a CNI-free regi-
men. Early markers of CsA-induced chronic nephrotoxicity
would be helpful, but at present none is available.

We and others [12-18] have previously demonstrated
that the phenotype of renal tubular epithelial cells in the
graft may be altered, in a way that is reminiscent of the epi-
thelial to mesenchymal transition (EMT), an instrumental
process in embryogenesis and tumorigenesis. Thus, a num-
ber of the “epithelial phenotypic changes” (EPC), observed
inside the tubular structures, are easily detected using
immunohistochemistry. These changes include the translo-
cation of B-catenin into the cytoplasm and the de novo
tubular expression of vimentin, which are useful predictors
of the progression of interstitial fibrosis and tubular atro-
phy (IF/TA) in sequential surveillance biopsies [16]. In
addition, we have recently shown that patients exhibiting
intense EPC when exposed to CsA will experience a rapid
loss of graft function, up to 4 years post-Tx, if CsA is not
withdrawn [19]. This suggests that chronic exposure to
CsA accelerates fibrogenesis in some patients. However, the
discontinuation of CsA was also deleterious, as a result of
an increased risk of graft rejection. In the modern era, this
risk can partially be circumvented by adding a non-CNI
agent, typically an mTOR inhibitor.

The CONCEPT trial was a randomized and multicenter
study that included 237 recipients of a first renal transplant
who were transplanted between 2004 and 2006 in France,
and was intended to evaluate the benefit afforded by delay-
ing the replacement of CSA by SRL, to 12 weeks post-Tx
[6]. Although the SRL group displayed an increase in
biopsy-proven acute rejection that was borderline significant
(16.8% vs. 8.2% in the CSA group), the estimated glomeru-
lar filtration rate [18] was better as early as 4 weeks after the
switch and was still better at 1 and 4 years post-Tx. The sub-
sequent observation that interstitial fibrosis—measured by
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morphometry—was similar in the two groups at 1 year
post-Tx [9] is a conundrum and in apparent contradiction
with the findings of previous studies that had also addressed
this issue 1 [20] and 2 years [21] post-Tx.

In this ancillary study of the CONCEPT trial, we asked
whether a CsA-SRL switch at 3 months would favorably
influence the score for EPC at 1 year. Our hypothesis was
that unlike eGFR, which rapidly improves after the with-
drawal of CSA because of relief of vasoconstrictive proper-
ties of the drug, interstitial fibrosis is a slow process that
needs to be evaluated in the long term. If long-term surveil-
lance biopsies are not practicable, a marker of fibrogenesis
such as EPC, which is validated in human kidney recipients
[16,22] and has been shown to revert rapidly after CSA
withdrawal in rodents [23], could reveal the antifibrotic
effect of replacing CSA by SRL.

Patients and methods

Patients and protocol

Clinical data of patients were obtained from the centers
that participated in CONCEPT trial. The short- and med-
ium-term results of this open-label, randomized, multicen-
ter French study have already been reported before [6,7].
The study was conducted in French hospitals in full com-
pliance with the amended Declaration of Helsinki (ICH)
and European Community Good Clinical Practice (CPMP/
ICH/135/95), and approved by an Independent Ethics
Committee and by the relevant authorities (Eudract Num-
ber 2004-002987-62).

All patients were given daclizumab (Zenapax, Roche
Pharmaceuticals, Basel, Switzerland) as induction treat-
ment. Maintenance immunosuppression comprised
mycophenolate mofetil (MMF) (Cellcept®, Roche Pharma-
ceuticals, Basel, Switzerland), CsA (Neoral®, Novartis
Pharma AG, Basel, Switzerland) and steroids. CsA concen-
trations were measured two hours postdose (C2). Unless
patients displayed a noninclusion criterion (episode of
acute rejection >grade I, an estimated glomerular filtration
rate (eGFR, using the Gault and Cockcroft formula)
<40 ml/min, serum creatinine variation >30% during the
15 days prior to randomization, or proteinuria >1 g/24 h),
patients were randomized at 3 months (3M) either to con-
tinue CsA treatment or switch to SRL (see references on the
CONCEPT trial for further details).

Arterial pressure was measured using an automatic appa-
ratus, on the arm of patients in a seated position in a quiet
room after resting for at least ten minutes. Pulse pressure
was calculated at the 1,2,3,4,6, and 9 M visits as the differ-
ence between the systolic and diastolic blood pressures.
Renal graft function was estimated by serum creatinine
level and glomerular filtration rate (eGFR) calculated by
the Gault and Cockerft formula.
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Immunohistochemistry and semi-quantitative analysis
of tubular staining

Immunohistochemistry was performed on paraffin-embed-
ded tissue as previously described [15]. Target retrieval was
carried out by heating the tissue in citrate buffer (pH = 6)
(DakoCytomation). Endogenous peroxidase was inacti-
vated by incubation for 10 min at room temperature in
0.03% H,0,. The sections were incubated overnight at
4 °C with phosphate-buffered saline containing 1:4000 an-
tivimentin [mAb V9 (Zymed)] or 1 pug/ml anti-B-catenin
[rabbit polyclonal antibody (Santa Cruz Biotechnology)].
The immunoreactive proteins were visualized with envi-
sion + system HRP (AEC) (DakoCytomation). Finally, the
tissue sections were counterstained with hematoxylin and
mounted with aqueous mounting medium (Dako). For
negative controls, the primary antibodies were replaced by
an equal concentration of rabbit or mouse IgG (Dako).

The expression of the mesenchymal cell marker vimentin
was semi-quantified according to the proportion of tubules
positively stained: 0, none; 1, <10%; 2, 10% to 24%; 3, 25%
to 50%; 4, >50%. Less than or equal to 10% of the tubules
positively stained for vimentin were defined as EPC-posi-
tive grafts. Staining was scored three times in a blind fash-
ion by an observer without any knowledge of the patient’s
clinical, biological, and morphological data. When the
readings were discordant, not classifying the graft as either
EPC+ or EPC—, the semi-quantification of the transloca-
tion of beta-catenin (also carried out three times) was used,
because this marker is highly sensitive to tubular epithelial
cells undergoing phenotypic changes. The reason why we
exclusively studied vimentin as a cytoskeleton protein typi-
cal for mesenchymal cells, and not other classical markers
such as alpha smooth muscle actin, for example, has been
discussed in a previous publication from our group.

Morphometric analysis of interstitial fibrosis

Cortical sections from 1-year biopsies were centrally
imaged in by a blind observer using a color video camera
(Nikon DXM1200) mounted on a light microscope
(Nikon Eclips E1000M). Images were acquired using the
40x objective and quantified automatically as recently
described [9,24]. The detailed results of this analysis have
been published previously.

Statistical analysis

The association of the patient’s clinical and biological data
(recipient’s age, donor’s age, pulse pressure, CsA dose,
plasma creatinine, and eGFR) with EPC markers and renal
interstitial fibrosis was assessed by correlation analysis.
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Results are presented with Pearson’s correlation coefficient
R and the P value. Clinical, biological, 1-year EPC marker
score, and interstitial fibrosis were compared by an
unpaired f-test in the patients still being treated by CsA or
who had been switched to SRL at 3M or according to their
1 year EPC status or 1 year graft interstitial fibrosis score.
Results are presented as mean + standard deviation (SD)
together with P values generated by two-sided tests. The
cut-off points for EPC [15] or high pulsed pressure (pp)
[25] was defined before statistical analysis according to the
previously published data. The increase in pp from 1 to
6 months and the improvement of renal graft function
(eGFR) from three to twelve months were assessed by
paired t-test and shown by mean £ SD along with P value.
Logistic regression was used to estimate the adjusted odds
ratios (OR) and 95% confidence intervals (CI) of the
potential risk factors for 12-month graft EPC. Statistical
analysis was carried out using STATA 8 (Stata Corp. Col-
lege Station, Texas, USA). The test was defined as being sig-
nificant when P < 0.05.

Results

Demographical characteristics

A total of 60 patients, from 11 centers that had participated
in the CONCEPT trial, had blank slides available for the
assessment of EPC (Table 1). Thirty—three patients had
been randomized to switch to SRL at 3M post-transplanta-
tion, and the other 27 continued on CsA. No significant
difference was observed between the two groups of patients
in terms of age, gender, donor age, donor gender, cold
ischemia time, blood pulse pressure, and renal graft func-
tion 1 month after transplantation.

Acute rejection rate, and evolution of eGFR and pulse
pressure after switching to SRL

The percentage of patients with acute rejection (AR) during
the first year post-transplantation was twice as high in the
group of patients who had switched to SRL than in the
patients with CsA, but this difference was not statistically
significant (30.3% vs. 14.8%, P = 0.16) (Table 1).
Although the difference was only statistically borderline
significant, we observed that 6M pulse pressure (pp) was
6 mmHg higher in patients who were still being treated by
CsA than that in patients switched to SRL (61.3 £ 13 vs.
55.1 £ 11 mmHg, P = 0.0565). A post hoc analysis of the
whole population study strengthened this result, showing
that mean pp at 6M was higher in patients maintained on
CsA (60 & 17 mmHg in the CsA group, vs.
55 + 14 mmHg in the SRL group, P = 0.03). Interestingly,
6M pp correlated negatively with eGFR at 12M in the whole

© 2013 Steunstichting ESOT 27 (2014) 344-352
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Table 1. Comparison of clinical data, 12M vimentin score and graft fibrosis between the patients continually treated by CsA (n = 27) or switched at

3M by SRL (n = 33).

CsA group (n = 27) SRL group (n = 33) P

Patient’s age (years) 49 + 11 47 £ 13 0.6*
Patient’s gender (m/f) (%) 18/9 (67 %) 20/13 (61%) 0.6t
Donor’s age (year) 44 + 14 40 + 14 0.2*
Donor’s gender (m/f) (%) 22/5(81.5%) 21/12 (63.6%) 0.137
Cold ischemia time (hour) 19h+8 18h+6 0.58*
Renal graft function (eGFR) (ml/min/1.73 m?)

At 1 month 57 + 27 54.3 + 16 0.65*

At 3 month 60 + 16 63 + 16 0.55*

At 6 month 64 + 17 68.5 + 19 0.35*

At 12 month 62 + 16 70.7 £ 21 0.08*
Improvement in eGFR from 3 to 12 month A=+13,P=0.7% A =+7.8, P=0.006%
Pulse pressure at 1 month (mmHg) 56.8 + 13 55.3 £ 10 0.64*
Pulse pressure at 6 month (mmHg) 61.3 + 13 55.1 £ 11 0.057*
Progression of pulse pressure from 1 to 6 months (mmHg) A=+45,P=0.12% A=-0.2,P=0.83]
Number of acute rejection during first year 4(14.8%) 10 (30.3%) 0.167
EPC score at 12 month 1.87 £1 1.73 £ 1.15 0.61*
Graft fibrosis (%) at 12 month 30 + 19% 255 4+ 14% 0.36*

*Student t-test.
tChi-square test.
fPaired t-test.

population study (r = —0.334, P < 0.0001, n = 170), as
well as in each group taken individually [r= —0.363,
P =0.0005, in the CsA group (n = 89) vs. r= —0.253,
P = 0.023 in the SRL group (n = 81)].

While patients treated with CsA had actually increased
their pp over time (56.8 &+ 13 at M1 vs. 61.3 £ 13 mmHg
at M6, P = 0.12), patients switched to SRL had a stable pp
over time (55.3 & 10 vs. 55.1 & 11 mmHg, P = 0.83).

A significant improvement in eGFR between 3 and 12M
post-Tx (from 63 + 16 to 71 £ 21 ml/min, P = 0.006)
was observed in the group of patients who were converted
to SRL. No significant change was found (60 &+ 16 vs.
62 £+ 16 ml/min, P = 0.7) in those still taking CsA.

Detection of EPC at the 12M protocol biopsy

As previously reported [15], we observed that in the normal
kidneys, vimentin was not detected in the tubules (Fig. 1a),
whereas a thin line of expression of B-catenin was found in
proximal tubular epithelial cells (basal staining), in distal
tubules and in collecting ducts (basolateral staining), as
shown in Fig. 1b. In contrast, strong de novo expression of
vimentin was observed in some tubular epithelial cells in 1-
year protocol biopsies (Fig. 1¢c). In serial sections of these
tubules, we also observed upregulated expression of B-cate-
nin translocated from the basal surface to cytoplasm
(Fig. 1d). Importantly, EPCs were detected in both atro-
phic and nonatrophic tubules. After semi-quantification of
the tubular expression of vimentin, we found a significant
correlation between 1-year EPC scores and the intensity of

© 2013 Steunstichting ESOT 27 (2014) 344-352

Figure 1 Epithelial phenotype changes in renal grafts. In normal kid-
neys, the expression of vimentin (a) was undetectable, and beta-catenin
staining (b) displayed a thin, linear pattern. In contrast, serial sections
from grafts revealed de novo expression of vimentin (c) in tubules con-
comitantly showing changes in the expression and localization of beta-
catenin (d).

renal graft interstitial fibrosis as assessed by morphometry
(r = 0.454, P = 0.0005).

12M EPC score in patients exposed to SRL or CsA

At 1 year, the EPC score was similar in patients who had
been switched to SRL and in those who continued on CsA:
1.73 + 1.15vs. 1.87 £ 1 (P = 0.61), respectively (Table 1).
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It is noteworthy that CsA C2 was unrelated to 12M renal
graft tubular vimentin score at any time point (data not
shown). In keeping with what had been previously reported
in the general population study, interstitial fibrosis
(assessed by morphometry) was also equivalent in the two
groups of patients included in this ancillary study
(25.5 & 14% vs. 30 + 19%, P = 0.36). As (i) the EPC
score in patients who had experienced acute rejection (AR)
during the first year was significantly higher than in AR-
free patients (2.29 £+ 1.2 vs. 1.64 £ 1.4, P = 0.0498) and
(i) AR was numerically more frequent in the group
switched to SRL, we reasoned that AR episodes could be
masking the benefits of the switch. We therefore carried
out a subgroup analysis in AR-free patients. Here too, vi-
mentin score (1.57 4+ 1.1 vs. 1.72 + 0.9, P = 0.61) and
graft fibrosis (22.2 &+ 14% vs. 27.4 £ 18%, P = 0.293)
were similar in the two groups of patients.

Risk factors for 12M EPC

According to our previous definition, when >10% of tubules
displayed EPCs, the graft was classified as EPC+ (Table 2).
As shown in Table 2a, there was no significant difference
between patients with EPC+ and EPC— grafts at 12 months
for recipient age, cold ischemia time, or immunosuppres-
sive regimen. Donor age was numerically higher, and the
acute rejection rate was twice as high in the EPC+ group.
Six-month pp was higher in patients with EPC+ grafts,
which was because of a significant increase in pp between 1
and 6 months post-transplantation (from
55.6 mmHg + 13 to 63 mmHg £ 20, P = 0.0066). This
was in contrast to patients with an EPC— graft, in whom pp
had decreased slightly from 1 to 6M (from 56 mmHg + 10
to 54 mmHg + 10, P = 0.2). The increase in pp was even
more obvious in CsA-treated patients (Table 2b) with an
EPC+ graft (App = +12 mmHg, P = 0.0035). In EPC—,
group of patients was continuously treated by CsA, but pp
had not changed between 1 and 6M (App = —4 mmHg,
P = 0.22). Moreover, we observed that in EPC+ patients
and treated by CsA, patient’s and donor’s age were relatively
more elevated than those in EPC— group; in patients con-
verted to SRL, pp progression was similar between EPC+
and EPC— grafts of Table 2c.

Correlation analysis showed also that the EPC score was
significantly correlated with patient’s age (r = 0.41,
P =0.03, n = 27), with pp at 4, 6, 9M, and with pp progres-
sion from 1 to 6M (r = 0.51, P = 0.007; r = 0.7, P = 0.0001;
r=0.46, P = 0.03; r = 0.365, P = 0.0048) in patients still
receiving CsA. The level of pp at 6M was significantly corre-
lated with patient’s 6, 9, and 12M eGFR in both CsA
(r=—0.53, P = 0.006; r = —0.71, P = 0.0001; r = —0.59,
P =10.0013) and SRL (r= —0.38, P =0.03; r= —0.49,
P =0.0044; r = —0.52, P = 0.0023) groups. Pulse pressure
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at 1M was significantly correlated with 6, 9, and 12M eGFR
only in SRL-converted patients (r = —0.53, P = 0.002;
r=—0.59, P =0.0003; r= —0.577, P =0.0004), not in
CsA-treated patients. By logistic regression analysis, carried
out after adjustment for patient’s age, donor’s age, incidence
of acute rejection and immunosuppressive treatment, an
admittedly high (>60 mmHg) [25] 6M pp was the only
independent risk factor for 12M EPC with an odds ratio of
2.25 [95% CI = (1.14-4.4), P =0.02] per additional
10 mmHg pp (Table 3). This risk was 5.67 [95% CI = (1.2—
26.5), P = 0.03] in patients continuously exposed to CsA.

Discussion

Studying the phenotype of tubular epithelial cells in renal
grafts is justified by the replicated observation that the
intensity of the expression of mesenchymal markers, such
as de novo expression of vimentin and translocation of
beta-catenin into the cytoplasm, predicts the development
of interstitial fibrosis and the decrease in renal graft func-
tion and hence the long-term progression toward graft loss
[16,18,19,26]. In contrast, when EPC was measured at an
earlier time point (1 month), where the graft is also repair-
ing from tubular injuries induced by the death of the donor
and cold ischemia, EPC has no predictive value [27].

A major finding of the CONCEPT trial, in which patients
were randomly assigned at 3 months post-transplant either
to continue on CsA or to stop it and start on an mTOR
inhibitor (in this case, sirolimus), was that CsA withdrawal
resulted in a significant improvement in eGFR at 1 year
[6], which was maintained up to 4 years post-transplanta-
tion [7]. Similar long-term results were recently reported
from the Spiesser study [28]. This makes it unlikely that the
benefit of switching treatment was merely due to discon-
tinuing a drug that has a potent vasoconstrictive effect on
afferent arterioles. However, with respect to the progression
of interstitial fibrosis, Servais et al. [24] did not detect any
benefit 1-year post-transplantation in patients who had
been switched from CsA to SRL. Here, we consolidate this
latter observation and show that the EPC score, which is
supposed to be predictive of future fibrosis, is also similar
in both treatment groups. In our opinion, there are three
possible interpretations of this observation.

First, we could argue that CsA is less fibrogenic, or at
least not more fibrogenic than other immunosuppressants
(here, sirolimus). This goes against an abundant literature,
but the fact is that at present, there is no histological lesion
known to be specific for chronic CsA toxicity in the kidney
[29]. However, a proportion of these patients admittedly
free from kidney disease would go on to develop interstitial
fibrosis and progressive renal failure when exposed to CsA,
which seems to show that the received dogma is relatively
safe.

© 2013 Steunstichting ESOT 27 (2014) 344-352
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Table 2. (a) Comparison of clinical data between the patients with 12 month’s EPC-positive or EPC-negative renal grafts (n = 60). (b) Comparison of
clinical data between the patients with 12 month’s EPC-positive or EPC-negative renal grafts under CsA ongoing treatment (n = 27). (c) Comparison
of clinical data between the patients with 12 month’s EPC-positive or EPC-negative renal grafts converted to SRL treatment at 3 months post-trans-

plantation (n = 33).

12 month EPC— (n = 32) 12 month EPC+ (n = 28) P
(a)
Patient’s age (year) 46.4 + 12 49.6 + 11 0.3*
Donor’s age (year) 38.4 + 14 4525 + 13 0.0551*
Cold ischemia time (hour) 17.3 £ 5.7 198 £ 7.7 0.15*
Immunosuppression (CsA/SRL) 13/19 14/14 0.537
Renal graft function at 1 month (eGFR) (ml/min/1.73 m?) 59 + 26 52 + 14 0.21*
Renal graft function at 3 month (eGFR) (ml/min/1.73 m?) 64 + 16 60 + 16 0.36*
Renal graft function at 6 month (eGFR) (ml/min/1.73 m?) 70 + 18 63 + 17 0.114*
Renal graft function at 12 month (eGFR) (ml/min/1.73 m?) 70 + 19 63 + 20 0.165*
Pulse pressure at 1 month (mmHg) 56 + 10 55.6 £ 13 0.8*
Pulse pressure at 6 month (mmHg) 54 + 10 63 + 13 0.0042*
Progression of pulse pressure (1-6 months) (mmHg) A=-25P=02% A =+7.2, P=0.0066%
Number of acute rejection (%) 5(15.6%) 9(32%) 0.1317
Graft fibrosis (%) at 12 month 22 + 14 35+ 17 0.0022*
12 month EPC— (n = 13) 12 month EPC+ (n = 14) P
(b)
Patient’s age (year) 45 + 13 52+ 76 0.126§
Donor’s age (year) 39 + 15 485 + 11.6 0.1§
Cold ischemia time (hour) 176 +7 202 + 8 0.42§
Renal graft function at 1 month (eGFR) (ml/min/1.73 m?) 63.7 + 36 50.5 + 14 0.41§
Renal graft function at 3 month (eGFR) (ml/min/1.73 m?) 64 + 19 56.6 + 11 0.31§
Renal graft function at 6 month (eGFR) (ml/min/1.73 m?) 70 + 20 59 + 13 0.11§
Renal graft function at 12 month (eGFR) (ml/min/1.73 m?) 66.2 + 16 575+ 16 0.24§
1-month pulse pressure (mmHg) 58 + 12.5 55.7 + 14 0.79§
6-month pulse pressure (mmHg) 54 + 10.5 68 + 12 0.005§
Progression of pulse pressure (1-6 months) (mmHg) A=—-4,P=0.229 A =+12.3, P =0.00359
Number of acute rejection (%) 1(7.7%) 3(21.4%) 0.32%
Graft fibrosis (%) at 12 month 21 +£17% 38.4 + 18% 0.011§
12 month EPC— (n = 19) 12 month EPC+ (n = 14) P
(0
Patient’s age (year) 47 £ 12 47 +£13.7 0.78§
Donor’s age (year) 38 + 13.5 42 £ 14 0.43§
Cold ischemia time (hour) 17 +£5 193+7 0.36§
Renal graft function at 1 month (eGFR) (ml/min/1.73 m?) 554 + 17 52.8 £ 15 0.61§
Renal graft function at 3 month (eGFR) (ml/min/1.73 m?) 63 + 15 63 + 19 0.97§
Renal graft function at 6 month (eGFR) (ml/min/1.73 m?) 70.4 + 18 66.2 + 20 0.27§
Renal graft function at 12 month (eGFR) (ml/min/1.73 m?) 72.6 + 21 68 + 23 0.54§
1-month pp (mmHg) 55 + 8.6 55 4+ 12 0.97§
6-month pp (MmHg) 53.7 + 11 57 £ 12 0.44%
Progression of pp (1-6 months) (mmHg) A=-13,P=0.559 A=+12,P=0.729
Number of acute rejection (%) 4(21%) 6 (43%) 0.187
Graft fibrosis (%) at 12 month 22 £ 13% 31+ 15% 0.1§

*Student t-test.

tChi-square test.

iPaired t-test.

§Wilcoxon test.

Wilcoxon matched-pairs signed ranks test.

© 2013 Steunstichting ESOT 27 (2014) 344-352
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Table 3. Risk factors for EPC at 12 months (logistic regression analysis)
in all patients (n = 60).

OR[39] P

6-month pp (per additional 10 mmHg pp) 2.25[1.14-4.4] 0.02

Age of patients 0.96 [90.9-1.03] 0.216
Age of donors 1.04[0.99-1.090] 0.138
Acute rejection 1.935[0.45-8.37] 0.377
Immunosuppressive regimens (CsA = 1) 1.03[0.3-3.6] 0.965

Second, exposure to CsA for 3 months could be suffi-
cient to compromise matrix remodeling in the long term,
reducing the likelihood of seeing any decrease in interstitial
fibrosis in patients who stop taking CsA. This is also unli-
kely as we have recently reported that in rodents [23] as
well as in human patients with a kidney transplant [19],
withdrawing CsA does produce reduction or stabilization
of the EPC.

Third, CsA withdrawal could alleviate fibrogenesis in
some patients but promote it in others, resulting in the
absence of any “overall benefit” when the strategy is ran-
domly applied, as here in the CONCEPT trial. For example,
CsA withdrawal always increases the risk of acute rejection
in the following months, and acute rejection is an impor-
tant risk factor for the occurrence of EPCs [13,15] and
interstitial fibrosis, including in this ancillary study. Even
though we failed to detect any significant difference in post
hoc analyses after excluding patients with biopsy-proven
acute rejection, we were dealing with a small number of
patients (only 31% of the CONCEPT population study), in
whom acute rejection is overrepresented (23% of patients,
as opposed to 14% in the total population study), and the
present study is not statistically powerful enough to dem-
onstrate this difference. Subclinical inflammation could
also be an issue, whether due to CsA withdrawal or switch-
ing to SRL [30], as inflammation is a well-known trigger of
interstitial fibrosis.

To note, the main positive finding of this ancillary
study concerns the predictive value of the evolution of
pulse pressure (from 1 to 6M) for late (12M) EPC and
graft dysfunction. First, mean pp was significantly higher
at 6M in patients not converted to SRL, including in the
whole population study (170 patients total). Second, 6-
month pp was negatively correlated with 12M eGFR. Pulse
pressure progression under CsA treatment was associated
with EPC at 12M. In fact, 6M-high pp was a strong and
independent risk factor for the presence of EPC at 1 year,
after adjustment with patient’s age, donor’s age, incidence
of acute rejection, and immunosuppressive treatment. The
risk was particularly more important in patients not con-
verted to SRL and thus continuously exposed to CsA.
CsA, a potent vasoconstrictive drug, is known to increase
blood pressure and pp [3,31]. Increased pp is a marker of
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vascular stiffness and may cause end-organ endothelial
dysfunction, excessive collagen deposition in the vascular
wall [32,33] and subsequently irreversible chronic organ
ischemia due to reduced diameter of arterioles. In the kid-
neys, the blood flow is torrential but the vascular resis-
tance to flow is low [34]: A rapid increase in pp after
transplantation might thus cause small vascular damage.
Although elevated pp is a well-known predictor of cardio-
vascular events [35-37], the relationship between pp and
renal fibrogenesis has not yet been thoroughly explored
[38]. Our study suggests that it should, especially in
patients durably exposed to CNI.

In conclusion, our study demonstrates that CsA with-
drawal at 3 months does not affect the expression of mes-
enchymal markers by tubular epithelial cells in kidney
transplants at 1 year. Disappointing at first glance, these
results mean that a random or blind CsA withdrawal is not
the best way, as a one-size fits all approach, to prevent graft
fibrogenesis in transplanted patients.
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