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Human Clinical Trials in Lupus Nephritis

Mary Anne Dooley* and Ronald J. Falk†

Summary: Improved patient survival after treatment of lupus nephritis with corticosteroids,
immunosuppressants, and renal replacement therapy allows greater emphasis on long-term
management issues. In particular, the recent focus has been on therapies to treat nephritis
with fewer adverse effects compared with cyclophosphamide and immunosuppressive regi-
mens. Issues complicating clinical trial design in lupus nephritis have severely limited
comparisons across trials. These issues, including recognition and stratification of high-risk
populations, comparable remission and response criteria, and appropriate use and interpre-
tation of activity and damage indices have been the subject of much discussion and emerging
consensus. Mycophenolate mofetil (MMF) has been used in the field of transplantation for
more than 10 years. After initial anecdotal reports describing the benefits of MMF in the
treatment of lupus nephritis, randomized controlled trials have established a role for MMF in
the treatment of lupus nephritis. A host of newer agents including rituximab, abatacept, and
monoclonal antibodies blocking costimulatory targets are in current clinical trials for lupus
nephritis. As long-term outcomes in lupus nephritis improve, the toxicity of therapy and risk
of relapse become increasingly important determinants of the choice of therapeutic agents.
Semin Nephrol 27:115-127 © 2007 Elsevier Inc. All rights reserved.
Keywords: Glomerulonephritis, lupus nephritis, mycophenolate mofetil, immunosuppres-
sive therapy, autoimmunity
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ystemic lupus erythematosus (SLE) is a
multisystem autoimmune disorder charac-
terized by the production of autoantibod-

es, a striking female predominance, and the
requent development of immune complex–
ediated glomerulonephritis. The diagnosis of

LE is a clinical diagnosis based on combined
linical, pathologic, and laboratory findings
numerated in the criteria established by the
merican College of Rheumatology in 1982
Table 1).1 The 1987 modification recognized
ntiphospholipid antibodies in place of the LE
ell prep criterion because most institutions no
onger perform this test.2 These criteria are use-
ul in establishing a diagnosis of SLE, although
he requirement that a patient show at least 4 of
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1 signs or symptoms applies only to clinical
esearch. In fact, many parameters in frequent
linical use, such as hypocomplementemia and
enal biopsy results, are not included.3 These
riteria currently are undergoing reassessment
y an international rheumatology group.

Renal disease caused by SLE significantly af-
ects 25% to 40% of patients and is mediated
argely by the renal deposition of immune com-
lexes. The diagnosis of lupus nephritis (LN)
sually is made after a renal biopsy in the pres-
nce of proteinuria and/or hematuria, positive
erologies, and extrarenal manifestations of
LE. The presence of renal disease remains the
ost important predictor of morbidity and mor-

ality in patients with SLE.4,5 SLE affects pre-
ominantly young females of childbearing age
ith a peak incidence between ages 15 and 40.
he incidence and prevalence of SLE and LN
iffer among different ethnic groups. African
mericans have a 3-fold increased incidence of
LE, develop disease at younger ages, more fre-
uently express anti-Smith and ribonuclear pro-
ein (RNP) antibodies, and have increased mor-

ality when compared with Caucasians.6,7
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116 M.A. Dooley and R.J. Falk
frican Americans also develop nephritis earlier
n their course of SLE. In an inception cohort of
upus patients in the southeastern Untied
tates, the difference in renal disease in African
mericans versus Caucasians within a median
f 13 months from diagnosis was significant
31% of African American patients versus 13%
f Caucasian patients).8 Hispanics also have
reater frequency and severity of nephritis com-
ared with Caucasians.9 The proportion of pa-
ients receiving dialysis for end-stage renal dis-
ase for LN is increasing in the United
tates.10,11

Table 1. The 1982 Revised Criteria for the Cla

Criteria

Malar rash Fixed erythema, flat or ra
the nasolabial folds

Discoid rash Erythematous raised patc
plugging; atrophic scarr

Photosensitivity Skin rash as a result of un
Oral ulcers Oral or nasopharyngeal u
Arthritis Nonerosive arthritis involv

tenderness, swelling, or
Serositis Pleuritis—convincing hist

evidence of pleural effu
Or pericarditis—documen

effusion
Renal disorder Persistent proteinuria �.5

Or cellular casts—may be
Neurologic disorder Seizures—in the absence

derangements (eg, urem
Or psychosis—in the abse

derangements (eg, urem
Hematologic

disorder
Hemolytic anemia with re
Or leukopenia—�4,000/m
Or lymphopenia—�1,500
Or thrombocytopenia—�

Immunologic
disorder

Positive lupus erythemato
Or anti-DNA—antibody t
Or anti-Sm—presence of
Or false-positive serologic

months and confirmed
fluorescent treponemal

Antinuclear antibody An abnormal titer of antin
equivalent assay at any
be associated with drug

Data from Tan et al.1
Several demographic, serologic, and genetic l
isk factors are associated with an increased risk
f developing kidney disease. Patients with LN
re more likely than SLE patients without renal
nvolvement to have a family history of SLE,
nemia, high anti–double-stranded DNA (dsDNA)
ntibody titers, and hypocomplementemia.12

ge at disease onset and sex also are important:
atients with onset of SLE at younger than age
6 develop LN more frequently than adults
�85% versus 40%), as do males compared with
emales.8 However, onset of SLE in older pa-
ients is not milder because race confounded
nitial reports that elderly patients were less

ation of SLE

Definition

over the malar eminences, tending to skip over

ith adherent keratotic scaling and follicular
ay occur in older lesions
reaction to sunlight
ion, usually painless
or more peripheral joints, characterized by

ion
pleuritic pain, rubbing heard by a clinician, or

y EKG or rub, or evidence of pericardial

or �3� if quantitation is not performed
ell, hemoglobin, granular, tubular, or mixed
ending drugs or known metabolic
etoacidosis, or electrolyte imbalance)
f offending drugs or known metabolic
etoacidosis, or electrolyte imbalance)
cytosis
otal on 2 or more occasions
3 on 2 or more occasions
00/mm3 in the absence of offending drugs

ell preparation
ve DNA in abnormal titer
ody to Sm nuclear antigen
for syphilis known to be positive for at least 6
eponema pallidum immobilization or
ody absorption test
r antibody by immunofluorescence or an
in time and in the absence of drugs known to
ced SLE
ssific

ised,

hes w
ing m
usual
lcerat
ing 2
effus

ory of
sion
ted b

g/d
red c

of off
ia, k

nce o
ia, k

ticulo
m3 t
/mm
100,0
sus c
o nati
antib
test
by Tr
antib
uclea
point
-indu
ikely to develop LN, and greater morbidity and
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Human clinical trials 117
ortality is seen in this group.13 The presence
f anti-Sm autoantibodies has been associated
ith more severe expressions of SLE, including

N, although this was not seen in all patient
ohorts.14 The presence of anti-dsDNA and
ntihistone autoantibodies are associated
ith an increased risk of proliferative LN.

YPES OF SLE NEPHRITIS

N is an immune complex–mediated glomeru-
onephritis, varying in its expression from mild
symptomatic proteinuria to an overt nephrotic
yndrome or acute nephritis associated with
apidly progressing azotemia. Most patients
ith SLE have deposition of immunoglobulin

nd complement, even in the absence of clini-
ally significant renal dysfunction. Location,
uantity, and host response to the immune re-
ctants result in a spectrum of renal lesions
ategorized into different classes of LN. Despite
hese general correlations, there is substantial
verlap in the clinical presentation of patients
ith the various histopathologic findings and it

emains difficult to diagnose the type or sever-
ty of renal disease based on clinical grounds
lone. For this reason, a renal biopsy is very
seful—if not essential—in the management of
atients with suspected LN. It provides an in-
aluable guide to therapy by clarifying the clin-
copathologic syndrome, and assessing the rel-
tive degrees of active inflammation and
hronic scarring. It also may identify unsus-
ected causes for an acute non–SLE-related
orsening in renal function such as the devel-
pment of a thrombotic microangiopathy or a
rug-induced tubulointerstitial nephritis.

LD AND NEW
LASSIFICATIONS OF LN

he classification of LN into discrete classes has
een a critical step in facilitating communica-
ion between and among pathologists and cli-
icians, and to define homogenous groups of
atients enrolled in clinical trials.
The initial classification of lupus nephritis

as proposed in 1974 (by the World Health
rganization [WHO]) and was modified in 1982

nd 1995. An international panel of patholo-

ists, rheumatologists, and nephrologists re- n
ently has proposed a new revision for the
lassification of LN (International Society of Ne-
hrology/Renal Pathology Society classification
f LN 2003). Overall the new proposal strongly
esembles the 1974 classification, but differs
otably in defining class III and IV lesions, re-
uiring description of the activity and/or chro-
icity of these lesions and whether the glomer-
li are involved globally or segmentally. These
hanges obviate the separate activity and chro-
icity indices. The definition of class V lesions

s clarified. WHO class I, the mildest pathologic
xpression of LN, is associated with normal
enal histology and is not included in the 2003
lassification. Class II, characterized by immune
omplex deposition confined to the mesan-
ium, with (class IIB) or without (class IIA)
arying degrees of focal to diffuse mesangial
ypercellularity, now are categorized as class I
nd II, respectively. Focal proliferative (class
II) or diffuse proliferative (class IV) LN remain
efined as less than 50% glomerular involve-
ent vs 50% or more involvement, respec-

ively, and descriptors of segmental versus
lobal involvement of the glomeruli are re-
uired. Some investigators15 report that these
atterns represent distinct clinical subsets with
iffering outcomes, others16 report that no dif-
erences are seen.

In the WHO classification, class V LN was
ategorized further as class Va when membra-
ous changes are found exclusively, Vb when
here is concurrent mesangial hypercellularity,
c when there are focal endocapillary prolifer-
tive changes, and Vd in the presence of diffuse
roliferative changes. Clinically, patients with
lass Vc and Vd nephritis follow a clinical
ourse resembling that of focal or diffuse pro-
iferative lupus glomerulonephritis (class III and
V), whereas patients with class Va and Vb have

predominantly nephrotic course similar to
hat of idiopathic membranous nephropathy.
or these reasons, classes Vc and Vd have been
bandoned by the 2003 International Society of
ephrology/Renal Pathology Society classifica-

ion. Patients with features of membranous and
roliferative lesions are reported as having class
in addition to class III or IV lesions. Because

f the typically relapsing pattern of LN, the

ephritis eventually results in extensive glomer-
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118 M.A. Dooley and R.J. Falk
lar sclerosis, adhesions, fibrous crescents, in-
erstitial fibrosis, and arteriosclerosis (class VI)
n both systems. Recent evaluation of the new
lassification compared favorably with the
HO criteria.17

Transformation between classes of LN in-
reases the complexity of managing patients
ith LN. It is common for a class III lesion to
rogress to class IV LN. Both class III and IV

esions can transform into membranous (class
) LN, either spontaneously or with immuno-
uppressive therapy. It is less common, but
ossible, for membranous lesions to transform

nto more proliferative lesions. Repetitive clin-
cal evaluations may not define these changes
learly, and repeated renal biopsies sometimes
re needed. Another concern is the frequent
elapses of LN shortly after discontinuation of
mmunosuppressive therapy despite clinical pa-
ameters suggesting remission. This raises the
ifficult issue of the role of repeat renal biopsy
o define pathologic and clinical remission.

Some patients with SLE develop a throm-
otic microangiopathy that may be associated
ith antiphospholipid antibodies or with an
verlap syndrome with systemic sclerosis.
hrombotic thrombocytopenic purpura is in-
reased in frequency in SLE, in up to 10% of
atients with class IV LN.

aboratory Findings

ntinuclear antibodies are more than 90% sen-
itive but only 70% specific for SLE because
hey also are found with other rheumatic dis-
ases, infections, neoplasms, and among older
eople. Conversely, up to 10% of patients who
eet the diagnostic criteria for lupus do not
ave a positive antinuclear antibody test result.
ests for antibodies to nuclear or cytosolic an-

igens other than DNA are more specific for
LE. For example, antibodies to the Sm antigen
re very specific for lupus, but are found in only
0% to 30% of patients. The total hemolytic
omplement (CH-50), C4, and C3 typically are
ow during active disease. Because some pa-
ients with SLE have a genetic decrease in the
ynthesis of complement components (espe-
ially C4), a low complement concentration
oes not always indicate active disease. Longi-

udinally repeated measurements of these fac- f
ors are more helpful in determining the rela-
ive state of disease activity of a patient.

Racial differences in lupus expression remain
oorly understood. African Americans and His-
anics with LN are more likely to progress to
nd-stage kidney disease than Caucasians. Fac-
ors influencing renal outcomes may include
ocioeconomic and psychosocial variables. In
he LUpus in MInorities: NAture versus Nurture
LUMINA) study, however, the worst outcome
or African American patients with LN was in-
ependent of health care access, compliance
ith medications, and socioeconomic sta-

us.18,19 Mortality rates from SLE have been rel-
tively stable among Caucasians but have in-
reased among African Americans since the
970s.6 Mortality rates in lupus patients on di-
lysis do not differ from the overall dialysis
opulation, although lupus patients more typi-
ally are younger, female, and have lower inci-
ence of diabetes.

athophysiologic Studies of Human LN

any recent studies focus on genes that may
nduce or modify the progression of human
upus nephritis. For example, it has been re-
orted that the angiotensin-converting enzyme

nsertion/deletion polymorphism is important
n SLE.20 However, in a meta-analysis of 13 prior
tudies consisting of 1,411 patients with lupus
nd 1,551 control patients, investigators found
o association of the angiotensin-converting en-
yme insertion/deletion polymorphism with
LE or LN in the total sample, or in any ethnic
roup. Trends for the deletion allele in lupus in
aucasian patients were not statistically signifi-
ant.21 Studies of polymorphisms in the inter-
eukin (IL) genes in SLE, including IL-12 and
L-23 genes, have a pathophysiologic rationale,
nd these genes have been implicated in SLE.
et a review study of a large group of 559
panish patients and 603 ethnically matched
ealthy controls showed that these polymor-
hisms did not play a relevant role in the sus-
eptibility or severity of lupus.22 A recent care-
ully controlled study reported that acetylation
f polymorphisms was not an important risk
actor in patients with lupus. A number of
enes have been associated with susceptibility

or autoimmune diseases in general, including
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Human clinical trials 119
upus, rheumatoid arthritis, and type I diabetes.
study of 16 different genes and the single-

ucleotide polymorphism associated with type
diabetes susceptibility were examined in lu-
us patients. Although these genes were asso-
iated with pathways considered central to the
evelopment of type I diabetes, there were no
ositive findings in lupus. This study included
54 families with type I diabetes and a case-
ontrol collection of 1,500 to 4,400 cases. This
ype of large registry is required before any
enes of interest can be considered impor-
ant.23

Two recent positive genetic studies suggest
hat there are genes associated with autoimmu-
ity in general rather than with a particular
isease. The first of these in Nature Genetics
xamines a variant of the FcR receptor family
ssociated with several autoimmune diseases
ncluding lupus.24 A single-nucleotide polymor-
hism in the promoter region of this receptor
esulted in autoimmune susceptibility by regu-
ating FcR receptor-III expression on B cells. In

separate study, data are emerging from an
nalysis of families with multiple autoimmune
iseases as part of a genetic consortium, Multi-
le Autoimmune Disease Genetics Consortium.
his consortium includes families with lupus,

ype I diabetes, Hashimoto’s thyroiditis, inflam-
atory bowel diseases, and 4 other autoim-
une diseases. Notably, a single-nucleotide
olymorphism in an intracellular tyrosine phos-
hate conferred risk for 4 separate autoimmune
isease phenotypes including lupus, rheuma-
oid arthritis, type I diabetes, and Hashimoto’s
hyroiditis.25

Defects in the regulation of B and T cells in
upus have long been recognized. Investigation
f B-cell tolerance in human lupus using tonsil-

ar biopsy specimens26 showed that autoreac-
ive B cells in patients with lupus avoid normal
llelic exclusion checkpoints, and that these B
ells could participate in germinal cell reactions
nd expand with memory and plasma cell com-
artments. The regulation of T-cell function has
een examined as well. It is well known that
L-2 production is abnormal in patients with
upus and IL-2 is important in the maintenance
f T-cell tolerance. In these patients, the cor-

ection of a specific catalytic subunit of protein s
hosphatase IIa normalized IL-2 production and
ould prove to be a novel tool to correct T-cell
L-2 production in patients with lupus.27 An-
ther report suggested that a specific binding
rotein, or cyclic adenosine 5=-monophosphate
cAMP) response element modulator, binds to
he IL-2 promoter and represses transcription of
he IL-2 gene in human beings.28 The T-cell Th1
r Th2 response was examined in 100 patients
ith lupus and 10 healthy controls to look for
rinary excretion of transcription factor impor-
ant in the Th1/Th2 balance in patients with
upus nephritis. By using urinary messenger
NA expression patterns, patients with active

upus appeared to have an expression pattern
ndicating a prominent Th1 type of T-lympho-
yte activation.29 These studies about B and T
ells advance the understanding of the basic
cience of lupus and help to define future tar-
eted therapies.

Many autoimmune diseases appear to have a
easonal variation. It is known, for example,
hat anti-neutrophil cytoplasmic antibodies
ANCA) vasculitis appears more frequently in
ate fall, winter, and early spring and is statisti-
ally less common in the summer months.30

imilarly, there appears to be a clustering of
hrombotic microangiopathy in the winter
onths. In an interesting biopsy study, patients
ith diffuse proliferative lupus glomerulone-
hritis had a higher incidence during the sum-
er and fall than during the winter and spring.

n contrast, there were a higher number of
atients with membranous lupus during the
inter and spring than in the summer. These

tudies suggest an infectious or viral pathogenic
rigger causing this seasonal variation of lupus
ephritis subtypes.31

linical Variants and
rognosis of Lupus and the Kidney
here have been a number of studies that ex-
mined the factors associated with poor out-
omes in patients with LN. In the past, these
tudies have emphasized African American
ace, entry creatinine level, and pathologic in-
ices. In a case-control study of 213 patients
ith LN, of whom 47% were Hispanic, 44%
ere African American, and 9% were Cauca-
ian, one quarter of this population developed a
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120 M.A. Dooley and R.J. Falk
rimary end point of death, end-stage kidney
isease, or doubling of their serum creatinine

evel. Of these, 34% of African American, 20% of
ispanic, and 10% of Caucasian patients

eached a primary composite end point. As an-
icipated, a proliferative glomerulonephritis
ith a higher activity index, higher baseline
lood pressure, higher serum creatinine level,

ower hematocrit, and a lower serum comple-
ent C3 were all independently important pre-

ictors. However, by multivariate analysis, only
he chronicity index, the mean arterial blood
ressure, and the baseline serum creatinine

evel proved to be associated independently
ith an adverse outcome.
Conversely, there also have been studies of

atients with good long-term outcomes includ-
ng a Canadian study that examined which pa-
ients with LN attain sustained remission. Sus-
ained remission was defined stringently as
ormal renal function, urine protein excretion
f less than .5 g/d, and inactive urine sediment
ithout any significant immunosuppressive

herapy for at least 3 years. A total of 35 patients
ere identified, 16 with a sustained remission
f LN and 19 control patients with LN who did
ot have a sustained remission. Of the patients

n remission at the final follow-up evaluation,
reatinine clearance was significantly better
han the controls, disease activity measured by
ctivity score was lower, and cumulative dam-
ge indices did not increase after patients en-
ered remission. As expected, in the control
opulation these variables continued to in-
rease. Patients who did well tended to be
emale, older, had higher nonrenal activity
cores at the time of diagnosis, and did not
equire the use of azathioprine. In this popula-
ion of Canadians, remission of LN occurred in
any patients and was sustained without main-

enance immunosuppressive therapy. In a sim-
lar kind of study by Moroni et al,32 32 patients

ith biopsy-proven LN who entered remission
ere followed-up for a median of 203 months.

ifteen patients never relapsed, whereas 17 de-
eloped lupus exacerbations within a median
f 34 months after stopping therapy and re-
uired re-treatment. The only difference be-
ween the 2 groups was a longer median dura-

ion of therapy (57 months initially) versus 30 p
onths in those patients who ended up having
relapse. The duration of remission was 24
onths, or 12 months before stopping therapy.

n this Italian series, some patients with lupus
ttained and maintained remission without any
pecific therapy for years, and even in those
atients with new flares remission was attain-
ble again. The longer the initial treatment and

remission before withdrawal of therapy
eemed to decrease the risk of relapse. Whether
hese patients represent an anomaly or a typi-
ally Caucasian population from Halifax, Nova
cotia, or Milan, Italy, remains to be studied in
broader group of patients. It has long been

oted that there are patients, typically Cauca-
ian, who do very well with long-term fol-
ow-up evaluation.33 In a study performed by
ooley et al34 of Caucasian versus African Amer-

can patients with diffuse proliferative glomer-
lonephritis treated with intravenous cyclo-
hosphamide, Caucasian patients did well
uring the time of the study and continued to
o much better despite being off all immuno-
uppressive therapy in some cases for years.

When patients with lupus (typically younger)
rogress to end-stage kidney disease, they are
onsidered for kidney transplantation. Patients
ith LN as the cause of their kidney dysfunc-

ion have been considered at a higher risk for
dverse outcomes relative to patients with non-
upus kidney failure. In a case-control study, 33
atients with lupus compared with 70 matched
ontrols who underwent kidney transplant
rom 1982 to 2004 were examined. In these 2
opulations, patient and graft survivals were
ery similar; however, the risk for thrombotic
pisodes was greater in patients with lupus and
specially in those who were antiphospholipid
ntibody positive. These data strongly suggest
hat in patients with a kidney transplant, the
resence of antiphospholipid antibody should
uggest the consideration of anticoagulation
herapy.35

herapy Studies

herapeutic decisions for individual patients
ith LN should be based on consideration of

heir clinical presentation, laboratory features,
nd histologic findings on biopsy. In general,

atients with mesangial lupus nephritis (class
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Human clinical trials 121
I) do not require immunosuppressive treat-
ent beyond that required for their extrarenal
anifestations of disease. In patients with ad-

anced glomerulosclerosis, the risks of immu-
osuppression likely outweigh the potential
enefits.

herapy of Proliferative LN

atients with very mild focal proliferative lupus
ephritis (WHO class III lesions without cres-
ents and karyorhexis, normal and stable glo-
erular filtration rate (GFR), modest protein-

ria, and no demographic risk factors for poor
utcome) may be followed-up closely without
he immediate institution of aggressive immu-
osuppression. However, when there is necro-
is, karyorhexis, or crescent formation in addi-
ion to the focal proliferative disease, the long-
erm outcome is similar to that of diffuse
roliferative glomerulonephritis (class IV) and
hould be treated in the same fashion.

Patients with more severe focal proliferative
r diffuse proliferative glomerulonephritis
WHO classes III and IV, respectively) are at
igh risk of progressive loss of renal function
nd warrant aggressive immunosuppressive
herapy. In patients with proliferative lesions,
he use of cytotoxic drugs (cyclophosphamide
r azathioprine) in addition to corticosteroids
as been shown to improve renal survival over
reatment with corticosteroids alone.36 A delay
f therapy is associated with an increase in
enal scarring that is poorly responsive to im-
unosuppressive therapy.37

There has been an explosion of therapeutic
tudies in LN with conventional and experi-
ental approaches. A number of studies em-
hasize the importance of blood pressure con-
rol. A trial of 12 patients with LN who
emained proteinuric despite glucocorticoids
r immunosuppressive therapy were adminis-
ered an angiotensin-receptor blocker for 6
onths. As would be expected, proteinuria de-

reased significantly, serum albumin and cho-
esterol improved significantly, and systolic
lood pressure decreased significantly.38 Once

mmunomodulating therapy is stopped in some
atients with lupus, angiotensin-converting en-
yme inhibitors or angiotensin-receptor block-

rs reduce proteinuria and the rate of renal p
unction deterioration in these patients. In a
tudy from Hong Kong of Chinese patients,
ngiotensin-receptor blockade improved pro-
einuria, improved albuminuria, and reduced
ystolic blood pressure.39

Other studies have emphasized the toxicity
f continuous cyclophosphamide therapy. The
ole of cumulative dose of cyclophosphamide
ersus route of administration (oral or intrave-
ously) on toxicity was investigated. Patients
ith diffuse proliferative LN were treated with

yclophosphamide and prednisone. A total of
12 patients (89% female) who had lupus for an
verage of 37 months were randomized to re-
eive daily oral cyclophosphamide versus intra-
enous bolus cyclophosphamide. At the last
ose, almost 60% of patients had responded
ompletely and 26% had responded partially. In
logistic regression analysis, the cumulative

ose of cyclophosphamide and the total histo-
ogic chronicity score predicted a complete re-
ponse. Seventy-three percent of patients
nded up on maintenance immunosuppression,
rimarily azathioprine, for 3 years. During this
ime, 66 patients had a renal flare resulting in
enal insufficiency, renal failure, or death. In
eneral, renal survival rates were quite good
ith 88% of patients showing renal survival at 5

ears, 83% at 10 years, and 71% at 15 years. As
an be expected, ovarian toxicity was more
ommon in the oral cyclophosphamide regi-
en, with increasing age and higher cumula-

ive doses of cyclophosphamide. However, the
umulative dose rather than the route of cyclo-
hosphamide administration determined ovar-

an toxicity. These results suggest that oral cy-
lophosphamide, in which the cumulative dose
ccrues most quickly, should be reserved for
nly high-risk patients who have failed other
herapies.40

Several studies have examined the role of my-
ophenolate mofetil in the therapy of LN. The
rst randomized trial in a Chinese population of
atients with LN compared oral cyclophospha-
ide with mycophenolate mofetil. At the end of 1

ear, mycophenolate mofetil was at least as effec-
ive as the cyclophosphamide, with fewer side
ffects.41,42 This study prompted a series of ran-
omized trials examining the usefulness of myco-

henolate mofetil therapy in response to con-
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erns that were raised about the short duration of
he trials, the ethnically restricted study popula-
ion, and the small numbers of patients included.
hese studies showed that mycophenolate
ofetil and intravenous cyclophosphamide were

qually efficacious.43-45 A subsequent study from
ong Kong examined the long-term use of myco-
henolate mofetil when compared with cyclo-
hosphamide and azathioprine. In a randomized
rial of patients with diffuse proliferative LN, the
ole of mycophenolate mofetil as a continuous
nduction maintenance regimen was examined in
3 patients, compared with 31 patients assigned
andomly to cyclophosphamide and azathioprine
reatment. Both arms received prednisolone.
ore than 90% of patients in both groups re-

ponded well with either complete or partial re-
ission to their induction treatment. There was

mprovement in serology and proteinuria in both
roups. Adverse events occurred in 6.3% of the
ycophenolate mofetil group and 10% of the

yclophosphamide/azathioprine-treated group,
ho doubled their baseline creatinine level dur-

ng the follow-up period. The odds ratio for re-
apse was similar in both treatment arms; that is,
1 patients in the mycophenolate mofetil group
nd 9 patients in the cyclophosphamide/azathio-
rine group relapsed. Mycophenolate mofetil was
ssociated with fewer infections that required
ospitalization and fewer infections overall, and
his was an important finding of this study. More-
ver, no patients in the mycophenolate mofetil
roup reached a composite end point of end-
tage kidney disease, whereas 4 patients in the
yclophosphamide/azathioprine group reached
nd-stage kidney disease. Survival analysis was not
ignificantly different, but these data again point
o the fact that mycophenolate mofetil is an effec-
ive induction and maintenance treatment ther-
py, at least in Chinese patients with LN.46 A
imilar randomized control study of pulse intrave-
ous cyclophosphamide and mycophenolate
ofetil in proliferative nephritis was conducted

n Malaysia. This was a small study of only 44
atients from 8 centers who were treated either
ith cyclophosphamide or mycophenolate
ofetil. Both therapies appeared to be effective as

nduction therapy for moderately severe prolifer-

tive LN, and the data revealed very few differ- t
nces in the 2 groups of patients. In this study,
owever, the adverse side effects were similar.47

In the United States, Contreras et al48 studied
equential therapy for induction using cyclo-
hosphamide followed by remission mainte-
ance with mycophenolate mofetil, or azathio-
rine, or intravenous cyclophosphamide. In
his study, the mycophenolate mofetil–treated
atients had the best long-term outcomes, with
reduced number of adverse events, especially
hen compared with the intravenous cyclo-
hosphamide regimen. Although azathioprine
nd mycophenolate mofetil therapies were sim-
lar, mycophenolate mofetil was slightly better
t long-term remission maintenance than aza-
hioprine.

Another trial recently emerged from the
nited States sponsored by the Food and Drug
dministration (FDA) that examined induction
f remission in diffuse proliferative lupus ne-
hritis with mycophenolate mofetil or intrave-
ous cyclophosphamide.49 This study involved
number of centers that represented the cross-

ection of patients with LN in a 24-week, ran-
omized, open-label, noninferiority trial that
ompared oral mycophenolate mofetil with
onthly intravenous cyclophosphamide. Myco-
henolate mofetil was given at a starting dose
f 1,000 mg/d and then increased to 3 times a
ay for a total of 3,000 mg/d. The primary end
oint was complete remission within 24 weeks,
efined as the normalization of renal abnormal-

ties. The secondary end point was partial re-
ission within 24 weeks. A total of 140 patients
ere recruited and divided equally into the 2

reatment arms. Of these, 56 of 71 patients
eceiving mycophenolate mofetil and 42 of 69
atients receiving cyclophosphamide had satis-

actory responses at 12 weeks, and 22% of the
ycophenolate mofetil– and 5.8% of the cyclo-
hosphamide-treated patients had complete re-
ission. Partial remissions occurred in almost

0% of the mycophenolate mofetil– and 25% of
he cyclophosphamide-treated patients. When
he complete and partial remissions were con-
idered together, the mycophenolate mofetil–
reated patients appeared to have a superior
esponse compared with the cyclophospha-
ide-treated patients. However, nearly half of
he patients in both treatment arms did not
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chieve either complete or partial response at 6
onths. There were fewer adverse conse-

uences with mycophenolate mofetil including
reduction in the number of infections and

ospitalizations. Three of the cyclophospha-
ide-treated patients died, whereas none of the
ycophenolate mofetil–treated patients died.
s one would expect, there were more gastro-

ntestinal side effects with this form of therapy,
specially diarrhea.49 This study, performed in a
ross-sectional population in the United States,
uggests that mycophenolate mofetil is useful
or induction therapy.

Is mycophenolate mofetil effective in the
reatment of membranous lupus nephropathy?
n a retrospective study of 10 patients with
embranous lupus who had been treated pre-

iously with a variety of agents, mycophenolate
ofetil proved to be a useful agent. Urinary
rotein excretion and serum albumin level im-
roved, although there was no change in the
erum creatinine level.44 Similarly, data ex-
racted from the FDA mycophenolate mofetil/
yclophosphamide trial revealed similar results,
ith membranous nephropathy improving
ith mycophenolate mofetil therapy.50 These

tudies, coupled with the obvious toxicity of
yclophosphamide, have availed the wide-
pread use of mycophenolate mofetil as induc-
ion therapy for LN. Despite this, caution in
dopting this new therapy remains important.
hese trials all have been of relatively short-

erm duration. The advantage of the cyclophos-
hamide-based National Institutes of Health
reatment regimen is the advantage of decades
f long-term follow-up evaluation. Cyclophos-
hamide treatment has allowed many patients
o stop all immunomodulating therapy and to
emain remission-free. It is not known whether
atients given mycophenolate mofetil therapy
ill have to endure endless therapy. Anecdotal

xperience suggests that when tapering myco-
henolate mofetil, patients with LN experience
flare. Many patients desire therapy with my-

ophenolate mofetil to preserve fertility. A fe-
ale patient who is in complete remission and
ho wants to conceive a child will need to stop
ycophenolate mofetil. What is the best ap-
roach to conversion from mycophenolate

ofetil? Is azathioprine the correct drug? l
hould immunomodulating therapy be stopped
ltogether? Are there predictors that will help
he clinician and patient understand the relative
afety of mycophenolate mofetil tapering or
essation? Most importantly, what are the long-
erm consequences of mycophenolate mofetil–
ased therapy at 5, 10, or even 15 to 20 years?
et another trial is underway involving centers
cross the globe that randomly induces a remis-
ion with 6 months of either cyclophospha-
ide or mycophenolate mofetil and then remis-

ion is maintained with either azathioprine or
ycophenolate mofetil for a total of 24 addi-

ional months. This trial has recruited about half
f the needed subjects.

In this era of treatment with mycophenolate
ofetil or cyclophosphamide for glomerular

isorders, it is interesting to examine what hap-
ens to patients who become critically ill and
rrive in an intensive care unit. In a prospective
tudy from Taiwan, 51 such patients with lupus
ere studied who had a mortality rate of 47%.
he most common cause of admission was
neumonia with acute respiratory distress syn-
rome. Intracranial hemorrhage while in the

ntensive care unit, or gastrointestinal bleed, or
oncurrent septic shock was associated with a
reater risk of dying. These results underscore
he worry that our success in immunomodulat-
ng this disease may give rise to overimmuno-
uppression and death.51

In the past 18 months, a number of experi-
ental agents have been tried in the treatment

f lupus as well. Twelve different studies were
eviewed wherein varying doses of rituximab
nd anti-CD20 antibody aimed at depleting B
ells, or varying dosing intervals, were consid-
red. Each of these trials used therapy in addi-
ion to rituximab, and there were vastly differ-
nt measures of efficacy. The duration of
ollow-up evaluation ranged from 3 to 24
onths, and a whole host of side effects was

oted. What are the take-home messages from
his review? First, it is noted from these and
ther anecdotal experiences that B-cell deple-
ion occurs within 1 to 3 months of therapy and
hat this response coincides with a clinical re-
ponse. B-cell depletion may last from 3 to 12
onths, and the clinical benefits may last even
onger. If B-cell depletion is not attained, clini-
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al efficacy will not occur. Moreover, serologic
arkers of dsDNA antibodies or C3 comple-
ent levels may not normalize, even in patients
ho clinically respond. There is no question

rom these anecdotal studies that a prospective
andomized trial using rituximab is critical for
nderstanding the use of this drug in LN.52 In
ddition to rituximab, there are a number of
tudies underway of new agents that target im-
une cells, including the humanized anti-CD20

ntibody, or epratuzumab (anti-CD22). A num-
er of drugs block the costimulatory pathways
etween B and T cells by blocking the CD40

igand pathway, B-lymphocyte stimulator
BLyS), or B-cell-activating factor (BAFF), or by
locking the B7 interaction with cytotoxic T

ymphocyte-associated antigen 4-immunoglobu-
in (CTLA-4Ig).53 An oral toleragen directed
gainst anti-ds DNA antibodies remains contro-
ersial,54 though these autoantibodies remain
entral pathogenic agents in lupus nephritis.55

lockade of the complement system with
onoclonal antibodies directed against C5 and
DR1 also are under study.56 None have been
valuated sufficiently to warrant their use out-
ide of controlled clinical trials. Two of these
gents, rituxamab and abatacept, recently were
DA approved for the treatment of rheumatoid
rthritis and there are increasing anecdotal case
eports and small series in LN, often of patients
ailing established therapy.

aboratory Findings

or many years, the course of disease was fol-
owed-up serologically by serial determinations
f titers of anti-dsDNA antibodies and comple-
ent levels. In a large study of 487 patients
ith lupus and a history of LN, anti-dsDNA

ntibodies were measured at baseline and then
n a repetitive basis.54 This study was per-
ormed as part of the LJP 394 tolerogen trial,
ncluding patients in the placebo versus the
rug-treatment arm. In this study, dsDNA anti-
ody titers correlated with the risk of renal
are. The incidence of renal flare was lower in
atients who had sustained reductions in anti-
sDNA antibodies than in patients who had
table or increasing levels of these same anti-
odies. The data suggest that anti-dsDNA anti-

odies are a useful marker for following-up i
any patients with this disease. A problem re-
ains: anti-dsDNA antibody assays are non-

tandardized. There are at least 4 different rou-
ine assays for anti-dsDNA antibody detection,
nd depending on which one of these assays is
sed, the validity of anti-DNA antibody testing
emains of concern. When a reference labora-
ory switches their anti-dsDNA assay, the results
ay greatly confound the interpretation of
hether a patient is or is not at greater risk for

elapse.55 Other autoantibody testing, including
nti-Smith and anti-RNP antibodies, are impor-
ant in the diagnosis of disease. In fact, the
nti-Smith antibody is highly specific for lupus
nd is almost diagnostic in the correct clinical
etting.56,57

Several studies have examined the role of
nti-C1q autoantibodies in LN, and the role of
hese antibodies in the pathogenesis of disease.
ixty-one patients with lupus, 40 who had bi-
psy-proven LN, were compared to controls

ncluding patients with other diseases associ-
ted with glomerulonephritis. Anti-C1q anti-
ody titers correlated with disease activity and
he flare of glomerulonephritis.58 In a study of
51 patients with active lupus, there was a
igher prevalence of anti-C1q antibodies than

n those with no evidence of kidney disease.59

nti-C1q antibodies were absent in lupus pa-
ients without nephritis and lupus patients
hose nephritis was quiescent. In 33 of 83

ontrol patients with lupus but no history of
idney disease, 9 patients with anti-C1q even-
ually developed LN with a mean disease-free
nterval of only 9 months. So, in this study, the
resence of anti-C1q antibodies in patients with

upus was associated with kidney disease and
he development of disease involvement, sug-
esting that monitoring these antibodies may
redict a lupus flare. C1q has a number of

unctions and plays a role in the clearance of
mmune complexes and apoptotic antibod-
es.60,61 It is known that anti-C1q antibodies
ccur in SLE and a number of other autoim-
une diseases.
Many attempts have been made in many

inds of glomerular diseases to use experimen-
al microarray or proteomic methods as diag-
ostic or disease-modifying factors. These stud-
es can be separated into those analyses that use
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icroarray data of RNA expression or pro-
eomic data of either serum or urine. Urinary
ellular messenger RNA was examined in lupus
atients for a number of factors, including che-
okine receptor CXRC3, interferon-producing
rotein 10, gamma transforming growth factor
, and vascular endothelial growth factor using
uantitative real-time polymerase chain reac-
ion analysis. A significant reduction in many of
hese factors was observed in patients who re-
ponded to therapy when compared with pa-
ients who were resistant to treatment. Mea-
urement of these factors may predict disease
everity. These were preliminary observations
n only 26 patients, but it raises the possibility
hat this approach may be useful in monitoring
atients.62

Proteomic studies also may reveal new pos-
ibilities. In particular, adiponectin, an adipo-
yte-derived cytokine with anti-inflammatory
roperties, was found in the urine and serum
f patients with LN. A preliminary proteomic
valuation of urinary biomarkers in lupus had
hown high levels of adiponectin. A detailed
rospective examination of adiponectin in
rine and plasma of patients with renal and
onrenal SLE was assayed prospectively look-

ng for the relationship with lupus flares.
lasma adiponectin levels were higher in pa-
ients with lupus flares than in normal con-
rols or patients who had non–renal-related
upus flares. This was true even after account-
ng for race and body mass index. Urine adi-
onectin levels increased more with renal
ares, but not with nonrenal flares. Most im-
ortantly, urine adiponectin levels increased
months before overt kidney flare. The urine

diponectin level correlated with the plasma
evels and the magnitude of proteinuria. In all
rinary studies, the clearance of the protein
ust be adjusted for kidney function. In this

ase, urine adiponectin did not correlate with
idney function. In a further analysis, immu-
ohistochemical identification of adiponectin
as examined by kidney biopsy and was

ound on podocytes and tubules of lupus kid-
eys. The study suggests that urinary adi-
onectin may be a biomarker of lupus kidney

ares.63
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