Clinical & Experimental Inmunology

iﬁ;ﬁi‘ﬁﬁologd

The Journal of Translational Inmunology

Clinical and Experimental Immunology JROLICILNV-AR:SNlaN=

doi:10.1111/cei.12719

Sequential therapy with cyclophosphamide and mycophenolic acid
in patients with progressive immunoglobulin A nephropathy:

a long-term follow-up

F. M. Rasche,* F. Keller,"

W. G. Rasche,® S. Schiekofer,®

T. Kahn? and J. Fahnert?
*Department of Internal Medicine, Neurology,
Dermatology, Clinic for Endocrinology,
Nephrology, Section of Nephrology, University
Leipzig, Leipzig, Germany, 'Department of
Internal Medicine I, Division of Nephrology,
University Hospital of Ulm, Ulm, Germany,
*Department of Head Medicine and Oral
Health, Department of Ophthalmology,
University Leipzig, Leipzig, Germany, SCenter
for Geriatric Medicine at Bezirksklinikum
Regensburg, Department of Psychiatry and
Psychotherapy, University Regensburg,
Regensburg, Germany, and *Department of
Diagnostic and Interventional Radiology,
University Leipzig, Leipzig, Germany

Accepted for publication 1 October 2015
Correspondence: Frieder Keller, Division of
Nephrology, Department of Internal Medicine
I — University Hospital of Ulm, Albert-
Einstein-Allee 23, 89070 Ulm, Germany.

E-mail: frieder.keller@uni-ulm.de

Introduction

Summary

In progressive immunoglobulin (Ig)A nephropathy (IgAN), cyclophosphamide
pulse therapy (CyP), high-dose intravenous immunoglobulins (IVIg) and
mycophenolic acid (MPA) have been used to stop progressive loss of renal
function, but disease progression may occur after the end of the initial
treatment. Here, we report the long-term follow-up of patients with progressive
IgAN with MPA as maintenance therapy after CyP (CyP-MPA). In a median
observation time of 6-2 years, we analysed the slopes of the loss of renal
function of 47 patients with biopsy-proven IgAN and treated with CyP. Thirty-
one patients with further progression were treated with MPA maintenance for a
median time of 5-2 years. Follow-up was compared with symptomatic therapy
and IVIg as historically matched control groups. Median loss of renal function
was reduced significantly from —0-9 ml/min to —0-1 ml/min per month with
CyP (P < 0-05), and with MPA in patients with a relapse from —0-4 ml/min to
—0-1 ml/min per month (P < 0-05) until the end of the study. Proteinuria
decreased significantly from 1.6 g/l to 1.0 g/l after CyP, and during MPA
treatment to 0-6 g/l (P = 0-001 Friedman test). Median renal survival time was
in patients with CyP 10-5 years (range = 3-2-17-8), with CyP-MPA 10-7 years
(range = 8-3-13-1), with IVIg 4-7 years (range = 2-6-6-6), and in untreated
patients 1-2 years (range = 0-8—1-6; log-rank test P < 0-01). In patients with
progressive IgAN, our long-term follow-up observation indicates that
sequential CyP-MPA therapy maintains renal survival significantly.

Keywords: cyclophosphamide, IgA nephropathy, immunosuppression, long-
term follow-up, mycophenolic acid

this autoimmune cascade in patients with rapid loss of
renal function.

IgA nephropathy (IgAN) is the most common form of pri-
mary glomerulonephritis worldwide, and at least 50% of
affected patients have a progressive clinical course with loss
of renal function after 10-20 years [1].

Four steps in the autoimmunopathophysiology will be
of interest, and all might be influenced by immunosup-
pressive therapy: (i) aberrant glycosylated immunoglobu-
lin (Ig)Al by the B cells, (ii) a soluble FcaRI (CD89) that
initially develops IgAl circulating immune complexes
(IC), (iii) transferrin receptor (CD71) that mediates mes-
angial deposition; and (iiii) at least the inflammatory
response of the mesangium. Corticosteroids, cyclophos-
phamide (CyP), high-dose intravenous immunoglobulins
(IVIg) and mycophenolic acid will be able to modulate

Clearly, the pathomechanism implicates a long life mes-
angial deposition of immunocomplexes in the mesangium,
an impaired clearance of IgA1 molecules due to aberrant
glycosylation and nephron loss by inflammation [2,3].
Therefore, immunosuppressive therapy is effective in pro-
longing renal survival by systemic and local effects on the
immune system [4-10]. In patients with stable disease —
without progression in linear regression analysis of serum
creatinine [or estimated glomerular filtration rate (eGFR)]
— only supportive therapy with ACE inhibitors (ACEI),
cholesterol-lowering and fish oil were proposed in the for-
mer Kidney Disease Improving Global Outcomes (KDIGO)
clinical practice guidelines for glomerulonephritis (2012).
Recently, in a large retrospective long-term study, the clear
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benefit of long-term use of low-dose corticosteroids was
demonstrated even in patients with mild to moderate pro-
teinuria and stable renal function [4]. However, the use of
cyclophosphamide, high-dose steroids, intravenous immu-
noglobulines (IVIg), azathioprine and mycophenolate
mofetil is well proven in progressive IgAN. The concept of
sequential therapy was also used in two randomized con-
trolled trials (RCTs) and other studies [11,12].

The aim of our study was to conduct a proof-of-concept
method in patients with progressive IgA and relapse after
cyclophosphamide with a less toxic sequential therapy with
no repeated receipt of cyclophosphamide or high-dose cor-
ticosteroids. Here, we report an extended long-term fol-
low-up with 6-2 years (range = 0-6-14-8) of this sequential
maintenance therapy with mycophenolic acid (MPA) in
patients with further progressive IgAN after cyclophospha-
mide pulse induction therapy (CyP) [8,13,14]. Further-
more, we evaluate the established risk factors after the
running-in phase with ACE inhibitors (ACEI) or angioten-
sin receptor blockers (ARB) and CyP on the outcome of
our patients.

Materials and methods

Patients, selection criteria and treatment protocol

Forty-seven patients with biopsy-proven IgAN and pro-
gressive loss of renal function while on ACEI and/or ARB
treatment were treated with CyP, and 31 with further pro-
gression received MPA as maintenance therapy, between
October 1987 and July 2010 in the University Hospital of
Ulm, Ulm, Germany [8,13,14]. The renal biopsies were per-
formed in all patients during initial clinical evaluation and
were classified according to Lee et al. [15,16], Haas et al.
[17] and after the Oxford classification [18,19]. The per-
centage of crescents and tubular atrophy was scored as
mild or severe, as defined by the proportion of affected glo-
merula and tubuli below or exceeding 50%. Six renal biop-
sies were performed outside our hospital and were not
included (Table 1).

CyP therapy consisted of six pulses of cyclophospha-
mide adapted to leucocytes, e.g. neutrophil count
[750-1000 mg/m?, intravenously (i.v.)] and 50 mg pred-
nisolone, 8 mg ondansetrone and 800 mg i.v. mesna given
over a period of 6 months, as described previously in a
subgroup of 21 patients [8]. We preferred intravenous
cyclophosphamide pulses (CyP) because CyP have shown
superiority in safety [20] and less toxicity [20,21] by
short-term acrolein bladder exposure with fewer cumula-
tive doses [22], equally [23] or with better efficacy [20,21],
as proven in other autoimmune diseases. Disease progres-
sion after CyP during ACEI or ARB therapy was defined as
an increase in serum creatinine by more than 10% within
3 months and/or as proteinuria > 0-7 g/l measured on two
occasions within 2 weeks.

Table 1. Histological grading and classification in patients with pro-
gressive immunoglobulin (Ig)A nephropathy (IgAN) after Lee et al.
[15], Haas et al. [17] and the Oxford classification [18,19,25].

CyP (%) CyP-MPA (%) P-value
Lee 1 0 0 -
11 7 4 0-71
111 33 48 0-18
v 60 48 0-33
Haas I 7 4 0-71
11 27 40 0-39
111 4 52 0-46
v 27 4 0-04
Oxford Mo/1 13/87 32/68 0-27
E0/1 13/87 36/64 0-16
S0/1 13/87 36/64 0-16
To/1/2 7/40/53 8/56/36 0-53
Crescents 0/1 100/0 96/4 0-63
Tubular atrophy ~ 0/1 33/67 33/67 0-47

The percentage of crescents and tubular atrophy was scored as
mild or severe as defined by proportion of affected glomerula and
tubuli below or exceeding 50%. There was no significant difference
in the distribution of the frequency, except Haas IV, in y* test
between the cyclophosphamide pulses (CyP)-mono group and the
CyP-mycophenolic acid (MPA) group.

Oral prednisolone was reduced stepwise from a starting
daily dose of 20 mg to 5 mg daily until CyP 6, and contin-
ued with 5 mg until the end of the study.

MPA was administered orally continuously, with a start-
ing dose of free mycophenolic acid (Myfortic®; Novartis,
Basel, Switzerland) 360 mg twice per day or mycophenolate
mofetil (CellCept©; Hoffmann LaRoche, Basel, Switzer-
land) 500 mg twice per day.

Six male patients [mean age 46 years, standard devia-
tion (s.d.) 3 years] with biopsy-proven IgAN were
included as a historically matched patient group treated
with high-dose immunoglobulin therapy (IVIg, 2 g/kg
body weight, i.v.) divided over 2 days during a period of 6
months between December 1997 and March 2002 in the
University Hospital Ulm [10], and eight patients as histor-
ical controls with biopsy-proven IgAN who were not
treated with immunosuppression or tonsillectomy, but all
received ACEI [8,10].

Exclusion criteria were age < 18 years, serum creatinine
> 4.5 mg/dl (>400 pmol/l), kidney size <9 cm in ultra-
sound, rapidly progressive, and extracapillary proliferative
forms of IgAN with crescents more than 75% of affected
glomerula, secondary mesangioproliferative IgA nephropa-
thies due to systemic diseases [e.g. systemic lupus erythem-
atosus (SLE), Schoenlein—-Henoch purpura, acute or
chronic infections (including human immunodeficiency
virus, hepatitis B and C virus)], carcinoma, leucocyte
counts < 3-0/nl, platelet counts < 80/nl, gastrointestinal
bleeding, haemolytic anaemia, pregnancy, lactation or
women with childbearing potential.
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The study protocol (no. 390/13) was approved by the
Institutional Review Board Medical Faculty of the Univer-
sity of Ulm, and informed consent was obtained from all
patients. The study was conducted in accordance with the
Declaration of Helsinki [8,13,14].

Study parameters

Serum creatinine, proteinuria, serum protein, white
blood cell and platelet count, haemoglobin, total choles-
terol, liver enzymes, blood pressure and body weight
[respectively, body weight index (BMI)] were measured
before, with and after CyP and the course of renal func-
tion was assessed by linear regression analysis by esti-
mated GFR values (eGFR) according to National Kidney
Foundation—Kidney Disease Outcomes Quality Initiative
(NKF-KDOQI) 2002.

Proteinuria was obtained from spontaneous morning
urine (g/l). We discounted the 24 h sample urine in the
ambulant setting due to high error probability, and there-
fore we used the second morning’s spot urine at every recall
and in the hospital before the pulse began. In patients trav-
elling long distances, spot urine was the only feasible sam-
ple method, because nowadays physicians do not use
always the recommended urine protein or albumin/creati-
nine ratio. In order to compare all patients and to have a
high sample size, in this study we decided to use urine pro-
tein excretion in g/l. However, our variable proteinuria rep-
resents an intraindividual course with a sample size >10
with each period.

Statistical methods

Linear regression analysis of the time-dependent course of
eGFR values and inverse serum creatinine was performed
[8,14,24]. Non-parametric tests to compare group values
(Wilcoxon’s test, Friedman’s test and the Mann—Whitney
U-test) were performed as indicated. Renal survival until

MPA maintenance therapy in progressive IgAN

the end of the study or end-stage renal disease (ESRD) was
estimated by Kaplan—Meier analysis and log-rank test. Cox
regression analysis was used to calculate the proportional
ratios of the categorical variables times from CyP-end to
MPA-start, age, smoker status, BMI, arterial hypertension,
serum creatinine, loss of renal function per month, eGFR
and proteinuria before and with therapy using the ‘enter’
method. Haemodialysis, eGFR < 10 ml/min per 1-73 m® or
serum creatinine > 620 pmol/l were defined as event ful.

Statistical significance for all tests was set at a level of
P<0-05. No adjustment for multiple comparisons was
made, so significant results are interpreted in an explora-
tory manner. Statistical analysis was performed using the
spss version 21.0 software package (SPSS Inc., Chicago, IL,
USA). If not indicated otherwise, data are given as median
values with the minimum and maximum.

Results

Study population

Forty-seven patients with a mean age of 54 = 13 years (all
male, all Caucasian) were treated with CyP induction ther-
apy (CyP). Thirty-one of these patients (s.d. 55 * 14 years)
received maintenance therapy with MPA (CyP-MPA).
Patient baseline characteristics at the start of CyP induction
are shown in Table 2.

There were no significant differences in loss of renal
function, eGFR, proteinuria, serum protein, body mass
index, smoking status and age between both intervention
groups before MPA therapy. The overall observation time
from renal biopsy to the end of the study or ESRD was 6-2
years (range = 0-6—14-8). In the case of disease progression,
MPA therapy was started 5 months (range = 0-71) after
completion of CyP and was given subsequently for a
median of 27 months (range = 2-114).

Table 2. Baseline patient characteristics in 47 male Caucasian patients with advanced progressive immunoglobulin (Ig)A nephropathy (IgAN) at

the beginning of cyclophosphamide pulses (CyP) induction therapy.

CyP mono n=16

CyP-MPA n=31 Significance P-value

Age (years) 52 (29-70)
Body mass index (kg/mz) 25 (20-31)
Systolic blood pressure (mmHg) 140 (120-160)
Diastolic blood pressure (mmHg) 90 (70-105)
Serum creatinine (pmol/l) 226 (143-477)
eGFR (ml/min per 1.73 m?) 27 (12-54)
Proteinuria (g/1) 1-5 (0-4-3-5)
ACEI n=10 (63%)
ARB n=73 (19%)
ACEI + ARB n=13 (19%)

55 (24-77) 0-369*

27 (19-33) 0-144*
140 (110-215) 0-267*
90 (60-110) 0-682*
248 (146-398) 0-670*
25 (14-45) 0-912*

1.7 (0-12-5-2) 0-722%
n=18 (58%) 0-769**
n=8 (25%) 0-588**
n="5 (16%) 0-821*

*Mann-Whitney U-test was used in continuous variables.

**y? test for dichotomous traits. eGFR = Estimated glomerular filtration rate according KDOQI guidelines 2002 (MDRD2); ACEI = ACE

inhibitor; ARB = AT1 receptor blocker; MPA= mycophenolic acid.
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Fig. 1. Median course of renal function in linear regression analysis
[estimated glomerular filtration rate (AGFR)] in 47 patients with
progressive immunoglobulin (Ig)A nephropathy (IgAN) treated with
cyclophosphamide pulses (CyP) and sequential maintenance therapy
with mycophenolic acid (CyP-MPA, n=31). The dotted lines
indicate the extrapolated course of renal function without
immunosuppressive therapy. HD denotes haemodialysis.

Course of renal function on linear regression analysis

The course of renal function on linear regression during
therapy episodes is shown in Fig. 1 for both groups. The
loss of renal function improved significantly with CyP ther-
apy from —1.3 ml/min per month (range= —16-6 to
—0:6) to 0-1 ml/min per month (range = —3-3 to +4-1;
Wilcoxon’s test, P = 0-001, Fig. 2a).

In the CyP mono group there was no significant decrease
of renal function after CyP (P = 0-22 Wilcoxon’s signed-
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rank test, P=0-08 Friedman’s test), and further MMF/
MPA therapy was not performed (Fig. 2a, left-hand boxes).
In the MPA/MMEF group there was a significant decrease
of renal function after CyP from —0-4 to —0.1 ml/min per
month (P = 0-003 Wilcoxon’s signed-rank test, P < 0-001
Friedman’s test; Fig. 2a, right-hand boxes). In patients with
sequential MPA treatment, a further loss of renal function
was reduced significantly after 6 months with MPA. The
loss of renal function improved to —0-1 ml/min per month
(range = —2-3 to 1:6; Wilcoxon’s test, P<0-05; Fig. 2a)
and sustained without significant relapse while on MPA
maintenance therapy (Friedman’s test, P < 0-001).

ACEI, ARB and proteinuria

At the patient’s first referral, diagnosis in renal biopsy or
elevated arterial blood pressure and/or proteinuria, all
patients were treated continuously with an ACEI or ARB
with a median interval of 0-1 months (range = 0-61) prior
to initial CyP therapy, and median 0-94 years (range = 0-6—
6-5) prior to MPA treatment. ACEI or ARB medication was
continued for a median of 5-2 years during the entire study
period (range = 0-8-12-1).

Before CyP induction, eight patients had a nephrotic
range proteinuria (> 3 g/l), with CyP three patients, and
after ending CyP four patients. While on MPA, only one
patient had a nephrotic range proteinuria. The median
value of proteinuria before CyP therapy was 1-6 g/l
(range = 0-1-5-1), and decreased significantly with CyP
therapy to 1.0 g/l (range =0-3-3-3; Wilcoxon’s test,
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6 -
P=0-07* ! P=0.001" !
5 |
4 4 P=016* P=019* P=001* P=0-32*P=0-36*
= 3]
C)
8
S 2
c
3
S 1
o
0
CyP CyP + MPA
n=16 n=31

[] before therapy 1 after CyP

1 CyP

= MPA

Fig. 2. Box-plots of median loss of renal function in linear regression analysis [estimated glomerular filtration rate (AGFR)] (a) and proteinuria
(b) before (white) and with cyclophosphamide pulses (CyP) (grey), after CyP (dotted) and facultative sequential mycophenolic acid (MPA)

maintenance therapy (dark grey) in patients with progressive immunoglobulin (Ig)A nephropathy (IgAN). The several time-periods are given

below the boxes. Box-plots show the median, interquartile range and outliers [not significant (n.s.) = P> 0-05; R = regression coefficient;

*Wilcoxon’s signed-rank test; **Friedman’s test].
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P<0-05; Fig. 2b). During MPA therapy proteinuria
decreased further, but not significantly, to 0-6 g/l
(range = 0-1-3-9; Wilcoxon’s test, P = 0-36).

Systolic and diastolic blood pressure could be adjusted
at a stable level (130/90 mm Hg) in the running-in and
treatment periods without significant alteration during
follow-up (Fig. 3).

Renal survival in Kaplan—Meier analysis

The median renal survival time was 10-5 years (range
=3.2-17-8) in patients with CyP, 10-7 years (range = 8-3—
13-1) with CyP-MPA, 4.7 years (range = 2-6-6-6) with IVIg
and 1-2 years in untreated patients (range = 0-8—1-6; log-
rank test P < 0-01; Fig. 4). There was no difference between
the renal survival time in patients with CyP and patients
who received CyP-MPA with further progression after CyP,
according to our rescue protocol with MPA (log-rank test,
P=0-58).

However, there were no significant differences in base-
line characteristics between all patients (age, proteinuria,
progression of renal function and blood pressure; Mann—
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Fig. 3. Median systolic and diastolic blood pressure before and with
therapy. There was no significant difference between the
cyclophosphamide pulses (CyP) mono and the CyP/mycophenolic
acid (MPA) group (Mann—Whitney U-test, P> 0-05) without and
with therapy. Box-plots show the median, interquartile range and
outliers (P-values by *Mann—Whitney U-test and **Friedman’s test).
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Fig. 4. Cumulative renal survival in patients with progressive
immunoglobulin (Ig)A nephropathy (IgAN) with cyclophosphamide
pulse therapy (CyP), mycophenolic acid (MPA), high-dose
intravenous immunoglobulins (IVIg) and without
immunosuppressive therapy (control) in Kaplan—Meier analysis. Loss
of renal function was defined by estimated glomerular filtration rate
(AGFR) < 10 min/min per 1-73 m? or serum creatinine > 620 pmol/l
(P<0-001 log-rank test).

Whitney U-test), and ACEI or ARB treatment (Xz test;
P> 0.05).

Renal risk factors in Cox regression analysis

Before therapy, a median blood pressure of 140/90 mmHg
was observed. After starting CyP induction, blood pressure
decreased in all patients to 130/90 mmHg and was sus-
tained at this level during follow-up. Blood pressure was
not statistically different before and after MPA therapy.

The median cholesterol level before therapy was
5-7mmol/l (range = 2-4-8-9) and there was a significant
reduction with CyP to 4-9 mmol/l (range = 2-4-7-7), and
with MPA to 4-9 mmol/l (range = 3-0-7-4; Wilcoxon’s test,
P<0:05).

The study population had a median body mass index of
26 kg/m? (range = 19-34) and showed no significant differ-
ences during the therapy episodes (Mann—Whitney U-test,
P>0-05).

The influence of the established renal risk factors while
on sequential therapy was analysed by Cox regression. As
shown in Fig. 5, only BMI, serum creatinine and eGFR were
correlated significantly with renal outcome (P < 0-05).
Kaplan—Meier analysis for BMI, eGFR and serum creatinine
showed a reduction of renal survival at BMI >26 kg/m2 of
26 years (5-year survival rate 60-6 versus 80-3%). Patients
with eGFR < 25 ml/min per 1-73 m® showed an estimated
median dialysis-free time of 9-1 versus 12-1 years (5-year
survival rate 61-4 versus 80-8%) and with serum crea-
tinine > 250 pmol/l a median dialysis-free time of 6-2 versus
12-1 years (5-year survival rate 63-4 versus 94-0%). Time
from CyP-end and MPA-start and proteinuria were not cor-
related significantly with renal survival before and with
MPA.
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Renal histology in several classifications and grading sys-
tems [15,17,18,25] and the percentage of crescents or tubu-
lar atrophy was not correlated significantly (P> 0-05) with
the clinical outcome parameters of loss of renal function
(AGFR), renal survival time, proteinuria and frequency of
ESRD.

Side effects

In patients with CyP, one patient suffered from an ambu-
lant acquired mycoplasma pneumonia that was treated suc-
cessfully with clarithromycin [8,13,14]. No haemorrhagic
cystitis, severe leucopenia, anaemia or thrombocytopenia
(> 2 grade ‘Common Terminology Criteria of Adverse
Events Version 4-0’, CTCAE) occurred [26].

In patients with IVIg, one patient with severely impaired
renal function (eGFR 16-5 ml/min per 1-73 m?) developed
an intercurrent acute kidney injury immediately after the
first sucrose-containing IVIg-pulse, due presumably to
osmotic nephrosis [27]. After renal function recovered
(eGFR 11.7 ml/min per 1-73 m?), he was switched to a
sucrose-free formulation of IVIg.

No specific side effects, e.g. hypertension, impaired
glucose tolerance, cataracts, etc., of corticosteroids were
noted during the induction or maintenance periods.
There was no significant weight gain (P=0-47) during
the study period. Vitamin D [calcitriol (Rocaltrol®; Roche
Pharma AG, Grenzach-Whylen, Germany) 0-25 pg/day]
was prescribed in all patients receiving corticosteroids
(prednisolone).

In a subsequent publication, we also demonstrated all
pharmacokinetic/pharmacodynamic aspects of the differ-
ences between MMF and MPA in a subgroup of our
patients, with no sign of less exposure or inosine 5'-
monophosphate dehydrogenase suppression in compari-
son to other studies [28]. In four patients a temporary
leucocyte count nadir was between 3-9 and 3-0 X 10 9/1

significant influence on renal survival.

after a median of 15 months, according to grade 1 of
Common Terminology Criteria for Adverse Events
(CTCAE) [26]. In one patient, MMF (2 X 500/day) was
switched to MPA (2 X 360 mg/day). There was no patient
with prolonged thrombocytopenia or anaemia. One
patient suffered temporarily from gastrointestinal disor-
ders under MPA. The diagnosis of a papillary thyroid car-
cinoma in one patient required the termination of MPA
for initiation of the appropriate chemotherapy.

In all other patients, CyP, MPA, IVIg (sucrose-free
formulation) and prednisolone were well tolerated
[8,10,14].

Discussion

After the first description by Berger in the 1960s, the path-
omechanism and treatment of I[gAN [29] still remain under
discussion and, as shown in a large retrospective study,
patients will probably benefit from long-term immunosup-
pression [4]. The disappearance of IgAN in transplanted
kidneys in patients without IgAN after renal transplanta-
tion [30], the de-novo appearance of IgAN in patients with-
out IgAN after bone marrow transplantation [31] and
IgAN remission in patients after bone marrow transplanta-
tion [32] suggests a systemic origin and sustained B cell
defect in the altered glucosylated IgA [2,3,13,33], according
to the progressive loss of renal function, and in the pres-
ence of established risk factors is an immunosuppressive
therapy to compromise B cells and inhibit secondary
inflammation induced by mesangial IgA deposits
[4-6,8-11,14,34-36].

In this study, patients without sequential therapy and
reaching the so-called ‘point of no return’ (serum crea-
tinine > 2-5-3 mg/dl/220-265 pmol/l) progressed to end-
stage renal failure [37]. However, with sequential therapy,
only 53% of our patients progressed to end-stage renal
failure.
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Baseline therapy with ACEI/ARB, arterial
hypertension and proteinuria

In this study, we included patients with obvious progressive
renal function and all patients were treated with ACEI or
ARBs, so that the potential confounding of ACEI or ARB
treatment effects on renal function or proteinuria may be
largely excluded. After the running-in phase, blood pres-
sure was 140/90 mmHg and decreased in all patients to a
sustained basis of 130/90 mmHg during follow-up, compa-
rable to other studies [11,38].

Arterial hypertension and proteinuria were lowered sig-
nificantly with ACEI or ARB by a reduction of intraglomer-
ular hydraulic pressure and interstitial sclerosis [39], with a
secondary effect on the loss of renal function due to neph-
rosclerosis [40]. In general, the beneficial effect of ACEI or
ARB in preventing renal fibrosis is clearly needed in all
patients with IgAN [41]. In a recent study, treatment with
only ACEI or ARB in comparison to ACEI or ARB aug-
mented with corticosteroids was inferior, according to the
renal survival time [4,36]. However, the different interindi-
vidual course of IgAN with rapid progressive forms and
long-term renal survivors could not be reduced simply on
the treatable secondary risk factors of proteinuria and arte-
rial hypertension. Obviously in patients with rapid loss of
renal function, symptomatic therapy with ACEI or ARB
systemic immunosuppressive therapy will be essential for
renal survival [6,8,10,11,14,34].

Proteinuria above 1 g/day before therapy was identified
as a renal risk factor in several studies [42,43]. Steroids
[44], cyclophosphamide [5,6,8,11] and MPA [14,45,46]
have proved effective in lowering proteinuria. In our study,
there was a significant reduction of the proteinuria after
lowering of blood pressure and the prescription of ACEI/
ARB with CyP from 1-6 to 1-0 g/l and with MPA to 0-6 g/
(Friedman’s test). However, in Cox regression analysis,
proteinuria > 1-0 g/day before CyP and with CyP/MPA
could not be identified as an independent renal risk factor.
The amount of proteinuria probably denotes a surrogate
for intraglomerular pressure lowered by ACEI/ARB and for
permeability decreased by the systemic anti-inflammatory
therapy CyP/MPA.

Induction therapy — cyclophosphamide, IVIg,
rituximab and steroids

Immunosuppressive therapy will decrease the systemic
amount of altered IgA and attenuate the local inflamma-
tory process by the deposited IgA in the mesangium.
Cyclophosphamide is a highly potent cytotoxic agent used
frequently for cytoreductive induction therapy in auto-
immune disease by depletion and inhibition of T and B
lymphocytes, but its long-term use is limited due to high
cumulative toxicity [47]. Cylophosphamide has been
shown to be beneficial in combination with steroids [11].
Corticosteroids display anti-inflammatory effects and

MPA maintenance therapy in progressive IgAN

induce apoptosis [48]. These effects may responsible for a
reduction of proliferative lesions, glomerular sclerosis and
tubular fibrosis in IgAN with superior renal survival com-
pared with patients receiving only ARB/ACEI [4,36,44]. In
contrast to other studies [5,6,11,34,44] that showed long-
term beneficial effects with high-dose steroid regimens, we
used only low-dose corticosteroids (5-7-5 mg prednisone/
day). However, the majority of our patients (67%, 31 of
47) showed further disease activity 4 months on average
after CyP.

A possibly less toxic alternative is IVIg pulse therapy
[9,10], e.g. for patients with pregnancy or high cumulative
doses of cyclophosphamide, with comparable effects in the
reduction of AGFR from —1-05 ml/min per month to
—0-15 ml/min per month (P=0-024) and proteinuria
(from 2-4 g/l to 1-0 g/l, P=0-015) [8,10,13,14]. However,
3 years after IVIg, further loss of renal function was
observed. In Kaplan—-Meier analysis survival time was only
4.7 years with IVIg versus 10-5 with CyP/MPA. After IVIg,
maintenance therapy will probably be needed with prednis-
olone and/or MMF/MPA with prednisolone.

Rituximab, which acts by inhibiting CD20-mediated B
cell proliferation and differentiation, is effective in the
treatment of acute vasculitis in combination with
steroids. In patients with mild renal impairment (proteinu-
ria 1-0 g/day; serum creatinine 1-1 mg/dl), rituximab given
as a single dose showed no effect on proteinuria or serum
creatinine after 6 months [49]. In patients with acute
nephrotic syndrome with recurrent IgAN after kidney
transplantation, rituximab displayed a beneficial effect on
proteinuria [50]. Long-term treatment is necessary in
patients with primary chronic IgAN, but adverse effects,
infections, solid tumours, progressive multi-focal leukoen-
cephalopathy, pulmonary complications and malignancies,
costs and application modus should be considered.

MPA in maintenance therapy

MPA inhibits B and T cell proliferation specifically and
has been shown to suppress immunoglobulin and cyto-
kine secretion of B cells [51], induce apoptosis of acti-
vated T lymphocytes [52] and inhibit the migration of
lymphocytes and antigen presentation by dendritic cells
[53]. However, other important inflammatory responses
are not influenced by MPA as the expression of activation
markers of inflammation, including CD25 and CD69
[54]. MPA was used with different outcomes in several
studies with [13,14] and without cytotoxic induction ther-
apy [46,55-57]; however, the patients included in these
studies were not comparable regarding risk factors, e.g.
renal progression in linear regression analysis, proteinuria
and age [46,55-57]. This might explain why a study in 21
IgAN patients with mild renal impairment without induc-
tion therapy found no significant effect of MPA mono-
therapy on renal function and proteinuria after 3 years
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[56]. In another trial, there was no effect of MPA on renal
function in 17 patients with moderate renal impairment
in the absence of an induction therapy [57]. After steroid
pulses, less specific azathioprine for 6 months in non-
progressive IgAN patients provided no additional benefit
to steroids alone after a 5-year follow-up, but more side
effects have been described [12]. However, a decrease in
proteinuria was observed in two randomized controlled
trials in 31 patients [45] and in 16 patients [46]. The argu-
ments raised by some nephrologists, that there is a differ-
ence between the response to MMF/MPA between Asians
and Europeans due to genetic aspects, should be proved;
detailed information of ethnicity has been given in only
one study [14]. However, genetic or pharmacogenetic
aspects have been not been explored in published studies
of IgAN patients with supportive or immunosuppressive
studies. Both drugs have been used successfully worldwide
in autoimmune diseases and in transplantation using the
same doses. In a subsequent publication, in our patients
we also demonstrated all pharmacokinetic/pharmacody-
namic aspects of the differences between MMF and MPA,
with no sign of less exposure or inosine 5'-monophos-
phate dehydrogenase suppression in comparison to other
studies [28]. Genetic variants of the uridine diphosphate-
glucoronyltransferases may enlarge the drug exposition of
MMF in the area under the curve and will be responsible
for more side effects [58], but larger trials in MMF
patients with worldwide examination of this defect have
not been published.

In our study, sequential MPA maintenance therapy was
effective in such patients in reducing the further loss of
renal function (AGFR) from —0-4 to —0-1 ml/min per
month, with even a trend in reduction of proteinuria from
1-0 to 0-6 g/l. The full effect of MPA on renal function was
observed after an average time lag of 6 months and in
reduction of proteinuria after 5 months. Maintenance
therapy with MPA and low-dose corticosteroids consoli-
dates the clinical outcome after induction therapy with
CyP or steroids, while reducing side effects and the cumu-
lative toxicity of cyclophosphamide and corticosteroids
(8,13,14,54,59-61].

In summary, our data suggest that MPA preceded by
immunosuppressive induction therapy seems to be effec-
tive to slow the loss of renal function and improves protei-
nuria in patients with advanced progressive I[gAN.
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