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In this issue of the Journal of the American Society of Nephrology,
we are given the eagerly anticipated follow-up of a large cohort
of Chinese patients who took part in a randomized, controlled
trial that compared multitarget therapy, a combination of a
calcineurin inhibitor (CNI) plus mycophenolate mofetil
(MMF), with standard of care for induction of remission in
lupus nephritis (LN).1 In the induction trial,2 patients were
randomized to 6 months of intravenous cyclophosphamide
(0.5–1.0 g/m2 body surface area per month) or tacrolimus
(4 mg/d) plus MMF (1.0 g/d). All patients received pulse
methylprednisolone (0.5 g/d) for 3 days followed by prednisone (0.6 mg/kg per day) tapered to a maintenance dose of
10 mg/d. After 6 months, 46% of the patients treated with the
multitarget regimen were in complete remission compared with
26% of those treated with cyclophosphamide (P,0.001). Patients
who achieved a complete or partial remission (60% of the original cohort) were then recruited for the 18-month follow-up
study. The cyclophosphamide group was converted to azathioprine (2 mg/kg per day) maintenance, and the multitarget group
continued on reduced doses of tacrolimus (3 mg/d for 6 months
and then 2 mg/d for the remaining 12 months) and MMF (750
mg/d for 6 months and then 500 mg/d for 12 months). Oral
prednisone (10 mg/d) was continued in all patients. At the end
of follow-up, there was no difference in cumulative LN ﬂare rate
between maintenance treatments. As expected, patients continued to go into complete remission over time during maintenance therapy.3 At 18 months, there was no difference in the
proportion of complete responders in the multitarget and the
cyclophosphamide-azathioprine groups.
The choice of azathioprine rather than MMF for maintenance in the control group is curious. Although azathioprine
was found to be comparable with MMF for maintenance of LN
remission in European cohorts,4 the Aspreva Lupus Management Study Maintenance Trial5 showed MMF to be superior
to azathioprine in a large, multiethnic LN cohort that
included a signiﬁcant proportion of Asian subjects. Because
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MMF was used in the experimental arm of this trial and
azathioprine was used in the control arm, the two groups
are not strictly comparable, and the outcome of the experimental arm could have been favorably inﬂuenced. Because
there was no difference between the outcomes, this does not
seem to have occurred. Furthermore, given the remarkably
low relapse rates for each trial arm compared with historically
reported relapse rates with MMF or azathioprine, it is unlikely
that the control group would have done better than the test
group if MMF had been used.
Although the induction trial showed that multitarget therapy
induced complete (and partial) remissions more quickly than
standard of care, the maintenance trial showed that standard of
care caught up within 6 months and remained caught up for
the duration of follow-up (Figure 3 and Supplemental Figure 2 in
ref. 1). This raises the question of whether multitarget therapy is
truly more effective than conventional treatment. The answer is
maybe, because several studies suggest that an early therapeutic
response in LN predicts good long-term kidney outcomes.6–8 In
these retrospective studies, early responses included complete
remissions, partial remissions, and declines in proteinuria of at
least a 50% after 3–6 months of treatment. However, these studies did not compare the long-term outcomes of 6- and 12-month
complete responders, and other studies have shown that a decline in proteinuria to about 800 mg/d after 12 months of therapy also predicts good long-term kidney health.4,9 Nonetheless,
it is conceivable that, by increasing complete remissions at 6
months, multitarget therapy may preserve kidney function better than standard of care. This presumes that a clinical complete
remission, which by and large means a reduction in proteinuria
below a few hundred milligrams per day, reﬂects a concomitant
resolution of renal inﬂammation and injury. Kidney biopsies
after 6 months of standard of care LN treatment do not support
this but instead, show a signiﬁcant discordance between clinical
and histologic complete remission.10 Basing LN remission
mainly on proteinuria introduces even more uncertainty when
treatment includes a CNI, because in addition to immune mechanisms, CNIs reduce proteinuria through nonimmune mechanisms. These include reduction of glomerular perfusion pressure
and stabilization of the podocyte cytoskeleton.11,12 In a worst
case scenario, CNIs could conceivably mask proteinuria in the
face of ongoing inﬂammatory renal damage, leading to worse
long-term outcomes.
Several observations provide reassurance that the multitarget regimen is not actually fooling us into thinking that LN is
better when it is really uncontrolled. After 6 months of induction with tacrolimus and MMF, 14 patients underwent a repeat
kidney biopsy. The paired biopsies showed a decrease in activity
index from a median of 11.5 pretreatment to 2 post-treatment
(P,0.001).2 Furthermore, in both the induction and the longterm follow-up studies of multitarget therapy, other indicators of
systemic autoimmune activity, such as serum complement levels,
double-stranded DNA antibody titers, and systemic lupus erythematosus activity index scores, improved, suggesting that the multitarget approach is effective in controlling autoimmunity. This is
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not surprising, because CNIs suppress T cells, suppress IFN-g
expression, and restore intracellular glucocorticoid levels.13,14
A variation of this multitarget approach to LN management
was presented at the 2016 American Society of Nephrology
meeting and the 2017 National Kidney Foundation meeting. In
the phase 2 Aurinia Urine Protein Reduction in Active Lupus
Nephritis Study (AURA-LV), a multiethnic cohort was treated
with the novel CNI voclosporin combined with MMF or MMF
alone. Both groups received an abbreviated course of corticosteroids. Consistent with the Chinese multitarget trial, the
AURA-LV Trial preliminary data showed that patients treated
with voclosporin (23.7 mg twice daily) plus MMF (2 g/d) had
signiﬁcantly more complete remissions at 6 months than the
controls (32.6% versus 19.3%; P50.05). However, in contrast
to tacrolimus plus MMF, this difference in complete remissions
was maintained when the trial was continued for an additional 6
months (voclosporin plus MMF: 49% versus MMF: 24%;
P,0.001). The reasons for this discrepancy are not immediately
clear but may be due, in part, to the higher dose of MMF in
the AURA-LV Trial or differences in potency or efﬁcacy between
the CNIs used. Alternatively, the control group did not show the
expected rate of increase in complete remissions during the
maintenance phase of the AURA-LV Trial.
An important consideration for LN therapies is safety. Although the multitarget maintenance trial showed fewer adverse
events and withdrawals in the multitarget group, a more clinically
useful assessment of the adverse event proﬁle may be had by
looking at the induction and maintenance phases together. In
Supplemental Table 5 in ref. 1, aggregate data on adverse events
from both phases are provided. Despite the very low doses of
tacrolimus and MMF used, the multitarget approach had a fairly
similar overall adverse event proﬁle as standard of care, but it was
superior in terms of gastrointestinal side effects, leukopenia, and
liver dysfunction. During the induction phase, ten patients withdrew from the multitarget group and three patients withdrew
from the cyclophosphamide group due to adverse events,
whereas in the maintenance phase, two patients withdrew
from the multitarget group and eight patients withdrew from
the azathioprine group due to adverse events. During maintenance, only one instance of leukopenia was associated with an
infection. Finally, if a CNI is to be considered for the induction
and maintenance therapy of LN, it will be important to histologically assess the incidence of CNI-induced nephrotoxicity in
patients on chronic multitarget therapy to provide a complete
picture of the regimen’s risk.
In summary, the multitarget approach to LN induction
therapy offers a theoretical advantage over standard of care
approaches, because complete remissions occur much more
rapidly. However, like the proverbial race between the tortoise
and the hare, over time, standard of care catches up and seems to
be similarly effective in LN management. Furthermore, shortterm safety signals do not overwhelmingly favor one approach
over the other. These trials also underscore the limitations of
using mainly proteinuria to assess response in LN. Whether
jumping off to an early start toward remission with a CNI im3436
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proves long-term (years) kidney health remains to be seen. Other
than renal survival data from extended studies, a reassuring indicator that these early responders may do better in the long run
than later responders would be concordance of the clinical and
histologic responses as assessed by repeat biopsy after treatment.
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