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Case Report

Rapamycin reduces kidney volume and delays the loss of renal function
in a patient with autosomal-dominant polycystic kidney disease
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Abstract
This is the first report of a case of a reduction in kidney
volume and preservation of renal function in a patient with
autosomal-dominant polycystic kidney disease (ADPKD)
receiving rapamycin. A 42-year-old man with ADPKD and
a severe persistent bleeding from his solitary left kidney
was successfully treated with tranexamic acid (TXA). He
also received low-dose rapamycin for 8 months, and this
was associated with a 23.5% reduction in kidney volume,
improvement and stabilization of renal function, and nor-
malization of haemoglobin levels. When treatment with ra-
pamycin was interrupted, renal function deteriorated within
an 8-month period and haemodialysis (HD) became neces-
sary. Kidney volume increased at once, and life-threatening
bleeding prompted a nephrectomy 4 months after the on-
set of HD. These data suggest that the reduction in kidney
volume and preservation of renal function with rapamycin
could be the result of the antiangiogenic, antiproliferative
effects of rapamycin.
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Introduction

Kidney enlargement resulting from the expansion of cysts
in patients with ADPKD is continuous and quantifiable and
is associated with a reduction in renal function. A baseline
total kidney volume above 1500 ml is associated with an
increase in total kidney volume of 6.76 ± 3.78% per year
and a decrease in the glomerular filtration rate of 5.04 ±
5.86 ml/min/year [1]. Higher rates of kidney enlargement
are associated with a more rapid decrease in renal func-
tion. ADPKD may become symptomatic with acute com-
plications such as cyst haemorrhage, rupture and infection.
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ADPKD subjects with more episodes of gross haematuria
have a larger renal size and higher serum creatinine levels
than those with fewer episodes [2]. Currently, apart from
invasive interventions such as embolization or removal of
the entire kidney, no medical treatment for ADPKD patients
with severe bleeding from the polycystic kidney is available.
However, the observation that renal size correlates with the
risk of cyst haemorrhage suggests that pharmacotherapy
that reduces renal size may reduce the risk of bleeding.

Rapamycin, an inhibitor of the mammalian target of ra-
pamycin (mTOR), has proven highly effective in reducing
renal cystogenesis and loss of renal function in animal mod-
els of polycystic kidney disease (PKD) [3–5]. In addition,
using rapamycin to treat transplant recipients suffering from
ADPKD has resulted in a significant reduction in native
polycystic kidney size [5]. More recently, rapamycin has
also reduced polycystic liver volume in ADPKD transplant
recipients [6]. However, the effect of low-dose rapamycin
in kidney volume and renal function of nontransplanted
ADPKD patients with chronic renal failure has not been
established.

Case

A 42-year-old man with ADPKD presented in October 2004
with persistent severe macroscopic haematuria. Computer-
ized tomography (CT) of the abdomen showed bleeding
from the right kidney. He underwent nephrectomy of the
right polycystic kidney (weight 700 g) and his postopera-
tive serum creatinine level remained stable at ∼2.6 mg/dl.
In June 2006, the patient presented with persistent macro-
scopic haematuria from his left kidney. Magnetic resonance
imaging (MRI) of the abdomen showed a left kidney (size,
17 × 11.5 × 10 cm) with multiple cysts of different sizes
scattered throughout the parenchyma. Some cysts showed
evidence of recent bleeding. Renal function deteriorated
and serum creatinine increased from 4.2 to 5.4 mg/dl.
The haematuria could not be controlled by intensive
conservative treatment, and an emergency nephrectomy
was proposed when the bleeding became life threatening.
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Fig. 1. Coronal MRI of a patient with ADPKD, before (A) and after (B) 6-months treatment with low-dose rapamycin. (C) Macroscopic view of the
left kidney after nephrectomy.

Arterial embolization was also considered, but refused by
the patient. We tried treatment with four doses of recombi-
nant factor VII (Novoseven R©, Novo Nordisk, Spain), al-
though this was unsuccessful. Since local and systemic
hyperfibrinolysis play a role in bleeding in ADPKD pa-
tients, we administered intravenous TXA (Amchafibrin R©,
Rottapharm, Spain) at a dose of 1 g/8 h. The massive bleed-
ing promptly stopped, and haematuria gradually ceased.
The haemoglobin level and renal function subsequently
stabilized with serum creatinine at about 4.8 mg/dl and
creatinine clearance of 13 ml/min. Because animal and hu-
man trials of PKD have shown an effect of rapamycin on
renal cysts, our patient was administered rapamycin (1 to
2 mg/day) orally for 8 months. Informed consent for off-
label therapy (compassionate use) with rapamycin during
this period was obtained. The treatment was well toler-
ated. Renal function, haemoglobin level, blood rapamycin
levels and total kidney volume measured by MRI were
monitored throughout the treatment phase. The initial renal
volume was 1026 ml and the final renal volume 785 ml,
that is, a volume change of −241 ml (−23.5%) within
6 months (Figure 1A and B). During this time, renal func-
tion and haemoglobin level improved and remained stable
(Table 1). According to the study protocol, in February
2007 rapamycin was stopped after 8 months of continuous
treatment. Renal function declined progressively, and HD
was initiated in October 2007. The restoration of rapamycin
was refused by the patient. In January 2008, 4 months after
HD was started, the patient presented with persistent se-

Table 1. Laboratory values of an ADPKD patient treated for 8 months
with rapamycin

Rapamycin Rapamycin
Cr Cr Cl Hb dose levels

Date (mg/dl) (ml/min) (g/dl) (mg/day) (ng/ml)

21 June 2006 4.8 13 10 – –
4 July 2006 4.4 15 11.5 1 –
28 July 2006 4.3 16 12.8 1 1.5
8 August 2006 4.1 16 12.8 2 2.4
17 August 2006 3.8 18 13.6 2 3.4
5 September 2006 3.7 19 11.8 2 10
20 September 2006 3.5 20 12.2 1 2.1
26 October 2006 3.6 17 13 1 2.6
20 December 2006 3.9 17 14.7 1 –
1 February 2007 4.4 16 13.5 1 2.9

vere haematuria. By January 2008, the kidney volume had
increased to 1409 ml (volume change +624 ml, +44%)
showing multiple cysts with evidence of bleeding. In
February 2008, the haematuria became life threatening and
the kidney was removed (weight 1309 g) (Figure 1C). The
change in kidney volume during and after rapamycin is
represented in Figure 2.

Discussion

Currently, there is no effective treatment available to retard
cyst growth and to prevent progression to end-stage renal
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Fig. 2. Change in kidney volume. Rapamycin was administered from July
2006 to February 2007.

failure in patients with ADPKD. Evidence has recently been
obtained from animal experiments that activation of the
mTOR signaling pathway plays a crucial role in cyst growth
and increase in renal volume, and that the inhibition of
mTOR with rapamycin markedly slows cyst development
and deterioration of renal function [3–5]. On the other hand,
several clinical trials are now testing a host of therapeutic
interventions in patients with ADPKD [7,8]. Their results
may improve our therapeutic approach to this disease and
allow us to confirm its effect on cyst growth and on renal
function.

Although a reduction in end-stage kidney volume of
24.8 ± 9.7% has previously been reported in ADPKD renal
transplant recipients receiving rapamycin as an immuno-
suppressive agent [5], to our knowledge, this is the first case
of a reduction in kidney volume associated with preserva-
tion of renal function in a nontransplanted ADPKD patient
with chronic renal failure receiving rapamycin. In addition,
removal of a solitary kidney was prevented and initiation of
HD was delayed for 16 months.

The therapeutic options to control severe bleeding from
the polycystic kidney are limited. We show that it is reason-
able to try antifibrinolytic treatment with TXA in such dev-
astating uncontrolled bleeding [9,10]. Moreover, low-dose
rapamycin reduced the total kidney volume and delayed the
loss of renal function in our patient. The fact that there were
no further episodes of bleeding during treatment reinforces
the concept that rapamycin affects cyst growth and its con-
sequences. Thus, the absence of further episodes of cystic
bleeding could partly account for the observed efficacy of
rapamycin in a kidney volume reduction. An antiprolif-
erative and antiangiogenic role has been suggested [11],
although its ability to reduce the risk of haemorrhagic com-
plications from renal cysts has not been established. These

findings are preliminary and do not in themselves prove the
efficacy of mTOR inhibition for the treatment of ADPKD-
associated cystic bleeding. However, the increase in kidney
volume when treatment was discontinued, followed by re-
currence of cystic bleeding when HD was initiated, provides
compelling circumstantial evidence.

In conclusion, severe persistent bleeding from a solitary
kidney in a patient with ADPKD was successfully treated
with TXA. Moreover, treatment with a low dose of ra-
pamycin for 8 months resulted in a decrease in kidney
volume and preservation of renal function in this non-
transplanted ADPKD patient with chronic renal failure.
Rapamycin could prove useful for retarding progressive re-
nal failure in patients with ADPKD. These results, although
encouraging, require confirmation and further elucidation
by subsequent prospective trials.
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