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Longterm Data on Sirolimus Treatment in Patients with
Lupus Nephritis

Desmond Y.H. Yap, Colin Tang, Gary C.W. Chan, Lorraine P.Y. Kwan, Maggie K.M. Ma,
Maggie M.Y. Mok, and Tak Mao Chan

ABSTRACT.  Objective. To expand the limited longterm data on sirolimus treatment in patients with lupus nephritis
(LN). Our pilot short-term data suggested efficacy of sirolimus treatment in these patients.

                       Methods. We retrospectively reviewed 16 class III/IV/V patients with LN who have received
prednisolone (PSL) and sirolimus either as initial or maintenance treatment. 

                       Results. Sixteen patients received sirolimus treatment (9 because of intolerance to standard immuno-
suppressants and 7 because of a history of malignancy) for 45.3 ± 36.5 months. In 5 patients, sirolimus
and PSL were given as induction for active nephritis, and they showed improvements in proteinuria
(2.8 ± 1.9 g/day at baseline, 0.1 ± 0.1 g/day after 36 mos, p = 0.011), anti-dsDNA (107.7 ± 91.9 IU/ml
and 37.0 ± 55.4 IU/ml, respectively, p = 0.178), and C3 (54.8 ± 26.1 mg/dl and 86.3 ± 18.6 mg/dl,
respectively, p = 0.081). Eleven patients received sirolimus and low-dose PSL as longterm main -
tenance, and they showed continued improvement in C3 (90.4 ± 18.1 mg/dl and 117.7 ± 25.1 mg/dl
at commencement and after 36 mos, respectively, p = 0.025), stable renal function (estimated
glomerular filtration rate 58.6 ± 25.8 ml/min and 63.0 ± 29.6 ml/min, respectively, p = 0.239), and
proteinuria (0.8 ± 0.7 g/day and 0.7 ± 0.7 g/day respectively, p = 0.252). Renal flare occurred in 1
patient, and another patient who had stage 4 chronic kidney disease when sirolimus was started
developed endstage renal failure after 27 months. Sirolimus was discontinued in 5 patients, in 4 cases
related to drug side effects. Deterioration of dyslipidemia occurred in 4 patients, but was adequately
controlled with statin therapy. 

                       Conclusion. The preliminary evidence suggests that sirolimus may serve as an alternative treatment
for patients with LN who do not tolerate standard treatment or who had a history of malignancy, and
it has an acceptable longterm safety profile. (J Rheumatol First Release October 1 2018; doi:10.3899/
jrheum.180507) 
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Lupus nephritis (LN) is a serious organ complication in
patients with systemic lupus erythematosus (SLE), and is
associated with excessive patient mortality1,2. LN can occur
in about 50% of white patients with SLE, and up to 60–70%
in Asian patients with SLE1,2,3. The disease course of LN is

characterized by episodes of active renal flares between
periods of disease quiescence. The disease state is usually
determined by renal [e.g., proteinuria, estimated glomerular
filtration rate (eGFR), serum creatinine] and SLE serological
variables (e.g., anti-dsDNA and C3 levels). Active LN
usually presents with nephrotic-range proteinuria and with
or without active urine sediments and renal dysfunction, and
is often accompanied by active SLE serology. Disease quies-
cence is denoted by low-grade/absence of proteinuria and
inactive urinary sediments, and is often associated with
quiescent serological markers. The current standard-of-care
induction treatments for active severe LN are corticosteroids
combined with either cyclophosphamide (CYC) or mycophe-
nolate mofetil (MMF), followed by low-dose corticosteroids
plus either MMF or azathioprine (AZA) maintenance to
prevent relapse4,5,6,7,8. While these immunosuppressive
regimens have established short- and longterm efficacy for
the treatment of LN, each agent is associated with potential
toxicities, and thus there is always a keen demand for novel
therapeutic agents to facilitate tailoring treatment according
to the distinct needs of individual patients9,10,11,12. 

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://orcid.org/0000-0001-8179-8293
http://www.jrheum.org/


    Sirolimus is a mammalian target of rapamycin (mTOR)
inhibitor and has pleotropic actions that include immunosup-
pressive, antiproliferative, and antifibrotic effects13. The
current clinical uses of mTOR inhibitors include the
prevention of organ transplantation rejection and treatment
of advanced neoplasms13,14,15. By virtue of its immunosup-
pressive mechanisms, it is speculated that sirolimus can also
serve as a therapy for LN. In this context, previous animal
studies from our group and other investigators have demon-
strated that sirolimus could delay the onset of renal manifes-
tations and could also ameliorate established nephritis in
NZB/W F1 mice16,17,18,19. Early studies have reported that
sirolimus could improve disease activity scores in 9 patients
with active SLE (2 with renal involvement) who were
refractory to standard immunosuppressive treatments20. We
have also reported pilot short-term data on mTOR inhibitors
in the treatment of patients with LN21. However, that series
involved only 7 patients with treatment duration of 17 to 37
months. We hereby report a retrospective study on the
efficacy and safety of mTOR inhibitor treatment in 16
patients with LN who received this treatment for about 4
years. 

MATERIALS AND METHODS
The case records of patients with LN who attended the SLE Clinic at Queen
Mary Hospital from January 2007 to January 2016 were reviewed. Our study
was approved by the University of Hong Kong/Hospital Authority West
Cluster Institutional Review Board (approval number: UW11-115). Patients
with class III ± V or IV ± V or pure class V LN (defined according to the
International Society of Nephrology/Renal Pathology Society 2003 classi-
fication) who had been treated with sirolimus were included in this retro-
spective study. In our center, the first-line treatment for proliferative LN (i.e.,
class III ± V or IV ± V LN) was prednisolone (PSL) combined with MMF
for induction followed by low-dose PSL plus either MMF or AZA as mainte-
nance immunosuppression8,11,12. CYC was reserved for patients with severe
crescentic features in the kidney biopsy. Calcineurin inhibitors (CNI) were
used as second-line treatment in patients who could not tolerate MMF, or as
add-on therapy in patients who showed persistent significant proteinuria 
(> 2 g/day) despite standard therapy for 6 months22. Sirolimus was used in
patients who could not tolerate standard immunosuppressants or who had a
history of malignancy. During the induction phase, oral PSL was commenced
at 0.8 mg/kg/day and tapered by 5 mg/day every fortnight to a maintenance
dose of 5–7.5 mg/day at about 5 months. Sirolimus, when used during active
nephritis, was commenced at 5 mg on the first day and followed by 
2 mg/day. The sirolimus dose was adjusted to aim for target trough blood
levels of 6–8 μg/l. When used as maintenance immunosuppression in
patients with quiescent disease, sirolimus was initiated at 1 mg/day and
titrated to achieve a trough level of 4–6 μg/l. The initial dosages of sirolimus
were reduced by half in patients who also received concomitant diltiazem
treatment. 
     Patients were followed at 2 weeks, 4 weeks, and then every 12 weeks.
Variables monitored during each clinic visit were complete blood count, liver
and renal functions, anti-dsDNA, serum C3/4, 12-h trough sirolimus levels,
and urinary protein. Any clinically significant events and side effects were
documented. Lipids (total cholesterol, triglyceride, and low-density
lipoprotein cholesterol levels) and glycemic profiles (fasting glucose and
HbA1c) were measured at 6-month intervals. 
Statistical analysis. Continuous variables are expressed as mean (SD) or
median (range), and analyzed by Student t test or Mann-Whitney test, where
appropriate. Categorical variables were expressed as frequencies (percen -

tages) and analyzed by chi-square test or Fisher’s exact test, where appro-
priate. All statistical analyses were performed using SAS statistical software
version 9.1 (SAS Institute Inc.), and p values < 0.05 were considered statis-
tically significant.

RESULTS
Sirolimus dose and trough level. Sixteen patients with LN
were included (5 started taking sirolimus during active LN
and 11 during disease quiescence; Table 1 and Table 2). The
duration of sirolimus treatment was 45.3 ± 36.5 months. Nine
patients received sirolimus because of intolerance to standard
immunosuppressants (6 related to MMF and 3 related to CNI
intolerance), and 7 because of a history of malignancy (2 had
renal cell carcinoma, 2 breast cancer, 1 salivary gland
carcinoma, 1 ovarian cancer, and 1 vulval carcinoma). For
patients who received PSL and sirolimus as continuous
induction-maintenance treatment, the actual dose at 6, 12, 24,
and 36 months was 2.0 ± 1.0 mg/day, 1.8 ± 1.3 mg/day, 1.8
± 1.3 mg/day, and 1.8 ± 0.8 mg/day, respectively. The corre-
sponding 12-h trough sirolimus levels were 6.7 ± 0.9 μg/l,
4.4 ± 1.7 μg/l, 4.2 ± 1.6 μg/l, and 4.2 ± 0.6 μg/l, respectively.
Two patients who received sirolimus induction also received
concomitant diltiazem treatment, but their sirolimus was
discontinued at 5.0 ± 1.4 months (the sirolimus dosage was
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Table 1. Clinical characteristics of 16 lupus nephritis (LN) patients who had
received prednisolone and sirolimus treatment.

Age, yrs                                                                                        49.0 ± 7.8

Sex, F/M                                                                                           15:1
Duration of SLE before sirolimus treatment, mos                    204.6 ± 113.7
Class of LN
    Class III ± V or Class IV ± V                                                        14
    Class V                                                                                            2
Immunosuppressive regimen prior to sirolimus treatment
    PSL + MMF                                                                                    4
    PSL + AZA                                                                                     4
    PSL + CNI                                                                                      3
    PSL alone                                                                                        4
    None                                                                                                1
Indications for sirolimus treatment
    Malignancy                                                                                     7
    Intolerance to MMF                                                                        6
    Intolerance to CNI                                                                          3
Clinical variables before initiation of sirolimus treatment
    Systolic blood pressure, mmHg                                             114.2 ± 15.1
    Diastolic blood pressure, mmHg                                            70.8 ± 10.6
    eGFR, ml/min/1.73 m2                                                                               58.6 ± 25.8
    Urine protein excretion, g/day                                                  1.8 ± 1.7
    Anti-dsDNA, IU/ml                                                                65.6 ± 72.8
    Serum C3, mg/dl                                                                     77.1 ± 27.2
    Fasting glucose, mmol/l                                                            4.5 ± 0.4
    Total cholesterol, mmol/l                                                          5.1 ± 0.8
    LDL cholesterol, mmol/l                                                          2.8 ± 0.8
    Triglyceride, mmol/l                                                                 1.4 ± 0.9

SLE: systemic lupus erythematosus; AZA: azathioprine; CNI: calcineurin
inhibitors; MMF: mycophenolate mofetil; PSL: prednisolone; eGFR:
estimated glomerular filtration rate; LDL: low-density lipoprotein.
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2.0 ± 0.0 mg/day at the time of sirolimus discontinuation, and
the corresponding 12-h trough levels were 7.7 μg/l and 
2.9 μg/l, respectively). For patients who began sirolimus
during disease quiescence, the actual dose was 1.3 ± 0.5
mg/day, 1.2 ± 0.5 mg/day, 1.3 ± 0.6 mg/day, and 1.3 ± 0.5
mg/day, after 6, 12, 24, and 36 months, respectively, and the
corresponding 12-h trough levels were 4.5 ± 1.4 μg/l, 
4.0 ± 1.7 μg/l, 4.0 ± 1.2 μg/l, and 3.9 ± 0.9 μg/l, respectively.
Two patients who were treated with sirolimus during mainte-
nance phase also received concomitant diltiazem.
Renal outcomes. Treatment of active LN with PSL and
sirolimus was associated with progressive reduction of
proteinuria over time (2.8 ± 1.9 g/day, 2.1 ± 1.4 g/day, 0.5 ±
0.3 g/day, 0.2 ± 0.1 g/day, and 0.1 ± 0.1 g/day at baseline and
after 6, 12, 24, and 36 months of treatment; p = 0.064, 0.063,
0.063, and 0.011 compared with baseline, respectively;

Figure 1A). Improvement in eGFR was also observed (58.8
± 29.1 ml/min/1.73 m2, 75.3 ± 14.0 ml/min/1.73 m2, 
87.3 ± 4.5 ml/min/1.73 m2, 73.7 ± 14.6 ml/min/1.73 m2, and
79.0 ± 9.8 ml/min/1.73 m2 at baseline and after 6, 12, 24, and
36 months of treatment; p = 0.013, 0.066, 0.039, and 0.078
compared with baseline, respectively; Figure 1B). Two
patients (patients 1 and 4) discontinued sirolimus at 8 and 10
weeks, respectively (Table 2). Patient 1 responded to PSL and
tacrolimus after stopping sirolimus; the proteinuria levels were
0.3 g/day, 0.1 g/day, 0.1 g/day, and 0.3 g/day after 6, 12, 24,
and 36 months, respectively. Patient 4 received PSL and AZA
after discontinuation of sirolimus, but developed progressive
renal failure despite achieving serological quiescence. Her
proteinuria levels were 2.0 g/day, 1.2 g/day, 0.7 g/day, and 0.4
g/day, after 6, 12, 24, and 36 months, respectively.
    In patients who were treated with sirolimus during disease
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Table 2. Treatment details and outcomes of 16 patients with lupus nephritis (LN) who received sirolimus during active nephritis or disease quiescence.  

Patients who received sirolimus during active disease

Patient  Tx for LN    Response     Indication        Duration       Dose of           Mean         Mean 12-h            Key Outcomes
               Before      to Previous          of                    of        Concomitant    Achieved          Trough
             Sirolimus          Tx         Sirolimus      Sirolimus        PSL         Sirolimus      Sirolimus
                                                                                                                          Dosage       Level, μg/l
                     
1*                –                   –            History of        8 weeks      35 mg/day      1 mg/day        2.9 ± 0.1             Tx discontinuation because of rash; 
                                                    malignancy                                                                                                    switched to PSL + FK after stopping 
                                                                                                                                                                           sirolimus. One episode of hematological flare. 
                                                                                                                                                                           No recurrence of malignancy.
2         PSL + MMF        PR    MMF intolerance   84 mos      40 mg/day      1 mg/day        6.1 ± 3.2             Achieved CR; no clinical relapse.
3*                –                  –            History of         82 mos      50 mg/day      2 mg/day        6.0 ± 2.5             Achieved CR; no clinical relapse or recurrence of 
                                                    malignancy                                                                                                    malignancy.
4         PSL + MMF        PR    MMF intolerance  10 weeks     40 mg/day      1 mg/day        7.7 ± 0.6             Tx discontinuation because of cholecystitis. 
                                                                                                                                                                           Switched to PSL + AZA after stopping sirolimus. 
                                                                                                                                                                           ESRF after 27 mos.
5         PRED + FK        PR      FK intolerance     84 mos      40 mg/day      3 mg/day        5.9 ± 1.3             Achieved CR; no clinical relapse.

Patients who received sirolimus during disease quiescence

Patient        Indication                 Duration                Dose of                Mean            Mean 12-h                Key Outcomes
                      of Tx                        of Tx                Concomitant         Achieved             Trough
                                                                                      PSL                Sirolimus           Sirolimus
                                                                                                              Dosage           Level, μg/l

6           MMF intolerance            110 mos                5 mg/day            1 mg/day           3.9 ± 0.4                   No clinical relapse.
7           MMF intolerance           11 weeks               5 mg/day            1 mg/day           3.7 ± 0.1                   Tx discontinuation because of headache.
8       History of malignancy         65 mos                 4 mg/day            1 mg/day           3.5 ± 0.6                   No clinical relapse or recurrence of malignancy.
9             FK intolerance             11 weeks               5 mg/day            1 mg/day              < 2.0                      Tx discontinuation because of rash.
10     History of malignancy        48 mos                 5 mg/day            2 mg/day           3.8 ± 0.8                   No clinical relapse or recurrence of malignancy.
11         MMF intolerance             56 mos               7.5 mg/day           1 mg/day           3.7 ± 2.0                   No clinical relapse.
12           FK intolerance               48 mos                 6 mg/day            1 mg/day           3.3 ± 0.4                   No clinical relapse.
13     History of malignancy        48 mos               2.5 mg/day           1 mg/day           3.9 ± 0.3                   No clinical relapse or recurrence of malignancy.
14     History of malignancy         48 mos                 5 mg/day            2 mg/day           4.8 ± 0.8                   No clinical relapse or recurrence of malignancy.
15     History of malignancy         48 mos                 5 mg/day            1 mg/day           6.4 ± 1.1                   No clinical relapse or recurrence of malignancy.
16         MMF intolerance             36 mos                 9 mg/day            1 mg/day           2.6 ± 0.8                   One episode of renal relapse; Tx discontinuation 
                                                                                                                                                                        because of leukopenia.

*Patients 1 and 3 received sirolimus as their first treatment for LN because of their history of malignancy. AZA: azathioprine; CR: complete remission; ESRF:
endstage renal failure; FK: tacrolimus; MMF: mycophenolate mofetil; PR: partial remission; PSL: prednisolone. 
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quiescence, proteinuria remained at a low level and there was
no significant change over time (0.8 ± 0.7 g/day, 0.2 ± 0.2
g/day, 0.1 ± 0.1 g/day, 0.3 ± 0.2 g/day, and 0.7 ± 0.7 g/day at
commencement of sirolimus and after 6, 12, 24, and 36
months of treatment; p = 0.316, 0.328, and 0.252 compared
with baseline, respectively, Figure 2A). After sirolimus
treatment, eGFR also remained stable (58.6 ± 25.8
ml/min/1.73 m2, 64.0 ± 28.9 ml/min/1.73 m2, 60.7 ± 30.0
ml/min/1.73 m2, 65.0 ± 28.8 ml/min/1.73 m2, and 63.0 ± 29.6
ml/min/1.73 m2 at commencement of sirolimus and after 6,
12, 24, and 36 months of treatment; p = 0.618, 0.071, and
0.239 compared with baseline, respectively; Figure 2B). One
patient developed endstage renal failure during followup. She
had a serum creatinine level of 244 μmol/l (eGFR 18
ml/min/1.73 m2) when she began sirolimus, and required
dialysis 27 months later. 

Serological variables and disease flare. In patients with active
LN who were treated with PSL and sirolimus, their C3 level
increased over time (54.8 ± 26.1 mg/dl, 93.7 ± 34.3 mg/dl,
80.0 ± 19.7 mg/dl, 84.7 ± 17.4 mg/dl, and 86.3 ± 18.6 mg/dl
at baseline and after 6, 12, 24, and 36 months of treatment; 
p = 0.148, 0.100, 0.077, and 0.081 compared with baseline,
respectively, Figure 1C). Their anti-dsDNA levels decreased
over time (107.7 ± 91.9 IU/ml, 39.0 ± 58.9 IU/ml, 20.7 ± 27.1
IU/ml, 25.3 ± 35.2 IU/ml, and 37.0 ± 55.4 IU/ml at baseline
and after 6, 12, 24, and 36 months, respectively; p = 0.184,
0.146, 0.152, and 0.178 compared with baseline, respectively;
Figure 1D), though the differences did not reach statistical
significance owing to the marked individual variations.
    In patients who were treated with sirolimus during disease
quiescence, there was a significant increase in serum C3
levels after 6 months of treatment, which was sustained over
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Figure 1. Longitudinal changes in (A) proteinuria, (B) eGFR, (C) serum C3 level, and (D) anti-dsDNA level in 5 patients who received prednisolone and
sirolimus as initial therapy for active lupus nephritis. eGFR: estimated glomerular filtration rate.
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36 months (90.4 ± 18.1 mg/dl, 110.0 ± 23.6 mg/dl, 
110.6 ± 26.9 mg/dl, 109.7 ± 22.9 mg/dl, and 117.7 ± 25.1
mg/dl at commencement of sirolimus and after 6, 12, 24, and
36 months, respectively; p = 0.018, 0.009, 0.001, and 0.025
compared with baseline, respectively; Figure 2C).
Anti-dsDNA titer was significantly lower after 6 months and
remained low afterward (40.4 ± 47.4 IU/ml, 34.7 ± 34.7
IU/ml, 31.5 ± 28.7 IU/ml, 29.4 ± 30.0 IU/ml, and 10.4 ± 10.9
IU/ml at baseline and after 6, 12, 24, and 36 months, respec-
tively; p = 0.031, 0.086, 0.071, and 0.324 compared with
baseline; Figure 2D). One patient had renal relapse, which
occurred at 36 months after treatment. The dose of PSL was
9 mg/day and the 12-h trough sirolimus level was 2.6 μg/l
when renal relapse occurred. One patient developed hemato-
logical flare (thrombocytopenia) while receiving predniso -
lone at 12.5 mg/day with 12-h trough sirolimus level at 
2.9 μg/l, and responded to an increased dose of PSL. 

Adverse events. The adverse events experienced by patients
with LN who had received prednisolone and sirolimus
treatment were summarized (Table 3). Sirolimus was discon-
tinued in 5 patients after 2.6 ± 0.8 months of treatment. Drug
discontinuation was due to rash in 2 patients, leukopenia in
2 patients, headache in 1 patient, and the occurrence of acute
cholecystitis in 1 patient. Worsening of lipid profile occurred
in 4 patients, but all were adequately controlled with statins.
The LDL/triglyceride levels were 2.8 ± 0.8/1.4 ± 0.9 mmol/l,
2.6 ± 0.3/1.2 ± 0.5 mmol/l, 3.0 ± 0.4/1.3 ± 0.6 mmol/l, 
2.7 ± 0.7/1.0 ± 0.26 mmol/l, and 2.4 ± 0.7/0.9 ± 0.2 mmol/l
at baseline and after 6, 12, 24, and 36 months, respectively 
(p = 0.346/0.313, 0.651/0.175, 0.465/0.314, and 0.896/0.427
compared with baseline, respectively). Three patients had
infections (1 with acute cholecystitis, 1 with herpes zoster,
and 1 with urinary tract infection) during followup and all
responded to treatment. Leukopenia occurred in 2 patients
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Figure 2. Longitudinal changes in (A) proteinuria, (B) eGFR, (C) serum C3 level, and (D) anti-dsDNA level in 11 patients who receive prednisolone and
sirolimus as maintenance immunosuppression during quiescent disease. eGFR: estimated glomerular filtration rate.
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(corresponding 12-h trough levels were 3.2 μg/l and 7.6 μg/l,
respectively) and were not associated with infective compli-
cations. The white cell count normalized spontaneously in
the first patient and after discontinuation of sirolimus in the
second patient. The patient with acute cholecystitis also
developed pancytopenia (corresponding 12-h trough level
was 7.7 μg/l), and the blood counts recovered after stopping
sirolimus and treatment of infection. 

DISCUSSION
Our data suggested that sirolimus could serve as an alter-
native treatment for patients with LN who cannot tolerate
standard immunosuppressants or have a history of malig-
nancy. The preliminary data suggest efficacy when given
with corticosteroids, and side effects did not appear
excessive. The advantage of mTOR inhibitors was that they
were nonnephrotoxic, except when given with calcineurin
inhibitors, when they could increase the risk of nephrotox-
icity23. However, data from kidney transplant recipients
suggested that mTOR inhibitors might induce proteinuria
because of their action on glomerular podocytes and renal
tubular cells, and a significant increase in proteinuria after
mTOR inhibitor treatment was associated with inferior renal
allograft outcome24,25,26,27. Our data show that in patients
given PSL and sirolimus for the treatment of active LN,
proteinuria decreased while renal function improved. In
patients who received low-dose PSL and sirolimus as
longterm maintenance immunosuppression, proteinuria
remained low and there was no significant change over time.
These results do not suggest a significant risk of sirolimus in
inducing or aggravating proteinuria, with prolonged
treatment lasting 45.3 ± 36.5 months. The progression to
endstage renal failure after 27 months in 1 patient was
attributed to underlying chronic renal damage rather than the
untoward effect of treatment. 
    We also observed relatively favorable longterm disease
stability in patients receiving low-dose PSL and sirolimus
maintenance. Renal relapse occurred in only 1 patient and

immune thrombocytopenia occurred in another patient, and
both episodes were associated with low 12-h trough sirolimus
level. The potential contribution of sirolimus on longterm
disease stability was also corroborated by the improvement
in serological variables after the initiation of sirolimus. The
immunological effects of sirolimus on disease mechanisms
in LN require further investigation. Possible mechanisms
leading to a reduction of disease activity include reduction
of intrarenal lymphoproliferation and MCP-1 expression,
suppression of anti-dsDNA production and immune
deposition, reversal of senescent phenotype of bone marrow–
derived mesenchymal cells, promotion of Treg expansion,
and blockade of Th17 expansion16,17,18,28,29,30,31. Further, the
results from animal experiments and human kidney biopsies
demonstrating activation of the mTOR pathway during active
nephritis, and the therapeutic effect of mTOR inhibitor in
murine SLE, provide a strong rationale for testing the effect
of mTOR inhibitors in the treatment of human LN16,17. In
this regard, previous studies have shown that mTOR activity
was increased in SLE T cells, and rapamycin treatment
reversed T cell receptor-ζ deficiency and Fcε-R1γ upregu-
lation, which underlies aberrant T cell activation and death
pathway selection in SLE32. One limitation of our study was
that we did not investigate the effect of treatment on mTOR
activity in the T cells of our patients with LN.
    In our study, all patients received sirolimus treatment
either because of intolerance to standard immunosuppres-
sants or a history of malignancy. In the former group, the side
effects due to their previous immunosuppressants resolved
in all except 1 patient after conversion to sirolimus. In the
latter group, there was no tumor recurrence after a followup
of 54.0 ± 16.9 months. Increased longterm risk of malignancy
had been reported in patients with LN and was associated
with excessive mortality1,33,34. Data from organ transplant
recipients show that longterm immunosuppressive regimens
that include mTOR inhibitors are associated with reduced
overall cancer risk when compared to patients not treated
with mTOR inhibitors, and the difference is because of a
lower incidence of nonmelanoma skin cancers and kidney
cancers13,35,36. Also, sirolimus treatment has been associated
with complete remission of Kaposi sarcoma and significant
reduction in the risk of recurrent nonmelanocytic skin
cancers13,35. In this context, sirolimus presents an attractive
option for patients with LN who required prolonged mainte-
nance immunosuppression and have a history of neoplastic
disease. 
    In a recent prospective single-arm study, treatment with
sirolimus for 12 months resulted in improvement in disease
activity scores, reduction of concomitant corticosteroids
dosage, expansion of Treg, and decreased Th17 cells in
patients with active SLE without renal involvement37. While
sirolimus may show efficacy in milder SLE cases without
nephritis, the use of sirolimus as continuous induction-
maintenance treatment is still exploratory owing to the small
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Table 3.Adverse events experienced by 16 patients with lupus nephritis who
had received prednisolone and sirolimus treatment.

Adverse Events                                                          Incidence

New onset or worsening of hyperlipidemia                 4 (25)
Hematological abnormalities                                      3 (18.8)
     Leukopenia                                                            2 (12.5)
     Pancytopenia                                                          1 (6.2)
Infection                                                                      3 (18.8)
     Acute cholecystitis                                                 1 (6.2)
     Urinary tract infection                                            1 (6.2)
     Herpes zoster                                                         1 (6.2)
Aphthous ulcer                                                            2 (12.5)
Rash                                                                            2 (12.5)
Headache                                                                      1 (6.2)

Data are n (%).
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number of patients. Two patients required discontinuation of
sirolimus because of the occurrence of acute cholecystitis and
leukopenia, respectively. The relationship of sirolimus to
these adverse events is unclear because the patient who
developed cholecystitis had preexisting gallstones and the
other patient also had leukopenia before commencement of
sirolimus. The other patients who tolerated PSL and sirolimus
induction all showed significant improvements in proteinuria
and serological variables, and such clinical responses were
sustained over 36 months. These pilot results suggested that
investigation of the use of sirolimus induction would be
worthwhile in future clinical studies.
    Side effects of sirolimus include dyslipidemia, oral ulcers,
myelosuppression, impaired wound healing, and rarely, inter-
stitial pneumonitis27,38. Oral ulceration may be severe
enough to require drug discontinuation. This did not occur in
our patients, probably because of the avoidance of high
trough blood levels and prior advice on oral hygiene and the
use of mouth gargle. These longterm results, albeit in a
relatively small number of patients, suggest that sirolimus
treatment is relatively well tolerated in patients with LN.
Deterioration of lipid profile was the most frequently
observed adverse event in this cohort, but all cases were
adequately controlled with statins. Myelosuppression
occurred in 3 patients. While the patients with pancytopenia
also had acute cholecystitis, the other 2 episodes of leuko -
penia were not associated with infective complications.
While our pilot experience suggests that sirolimus in combi-
nation with corticosteroids appears efficacious and relatively
well tolerated, it would also be worthwhile to compare
longterm effects of sirolimus with conventional therapies on
a case-control basis.
    These preliminary results suggest that sirolimus combined
with PSL appears effective and relatively well tolerated in
patients with LN, and could be considered a possible alter-
native treatment for active or quiescent LN, especially in
patients who have a history of malignancy or who cannot
tolerate standard immunosuppressive medications. 
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