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Abstract

Dysregulation of the immune system can cause various glomerular diseases. Immunosuppressive drugs may be required
to manage or retard their progression. Though a variety of immunosuppressive agents are available, there is seldom
consensus on the choice of drugs, their combination, frequency, and duration. As most of these drugs have significant
toxicity and can contribute to morbidity and mortality, their use should be optimized to obtain the best clinical effects while
minimizing their adverse effects and cost. Herein, we review the published data on various drugs to treat common glo-
merular diseases like idiopathic nephrotic syndrome, primary membranous nephropathy, immunoglobulin A nephropathy,
lupus nephritis, and renal vasculitis as the information may help to optimize individualized immunosuppressive treatment

of these diseases.
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Introduction

Glomerular diseases are a major cause of renal diseases
worldwide and account for almost 25% of nondiabetic chron-
ic kidney diseases.! Several of them can progress to end
stage renal disease and are an important cause of morbid-
ity and mortality. Dysregulation of the immune system with
resultant immune-mediated renal injury is the predominant
pathogenic cause of most glomerular diseases.? Hence, im-
munosuppressant drugs form the mainstay of treatment for
most of them.

Nevertheless, suppressing the immune system can be
fraught with danger as it alters the host defense systems, thus
predisposing patients to the risk of infections and even malig-
nancies.? Tolerability of these immunosuppressants is also a
major problem as a prolonged duration of treatment may be
necessary. To add to these concerns, the financial implica-
tions of using immunosuppressive agents often limit their use
in conventional dosages and frequencies, with cost-cutting
measures frequently employed in lower economic countries.
Strategies for using the optimal dose and choice of drugs in
order to attain the desired clinical benefit with better tolerability
and cost advantages could have significant therapeutic ben-
efits in the management of these patients. Consensus on the
ideal choice of drugs, need for combination, dose, frequency,
and duration is often lacking, with guidelines changing fre-
quently. Literature evidence on clinical efficacy with the least
immunosuppression may help to develop ideal management
strategies for glomerular diseases.

Immunosuppression in glomerular diseases

The most common glomerular diseases that often require
therapeutic immunosuppression worldwide include idiopath-
ic nephrotic syndrome, immunoglobulin A (IgA) nephropathy,
primary membranous nephropathy (MN), lupus nephritis,
and renal vasculitis.

Idiopathic nephrotic syndrome

More than 75% of idiopathic nephrotic syndrome cases in
childhood are steroid responsive and are managed as pre-
sumed minimal change disease (MCD) without a renal biop-
sy.4% In those with frequently relapsing or steroid-dependent
nephrotic syndrome (SDNS), renal biopsy reveals MCD in
the majority of cases and focal segmental glomerulosclerosis
or mesangial proliferation in some.® In adults with nephrotic
syndrome, the need for immunosuppression is decided after
a renal biopsy.” Unlike in children, MCD accounts for only
30% of idiopathic nephrotic syndrome in adults.®

Treatment with corticosteroids

Treatment of childhood nephrotic syndrome dramatically
changed with the advent of corticosteroids in the 1950s, with
almost 90% responding to a 4-6-week course.® The sug-
gested dose is 60 mg/m2 (or 2 mg/kg) of prednisolone for 4
weeks followed by conversion to a reduced dose (40 mg/m?
per dose) on alternate days for 4 weeks.° Though initially it
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was suggested that steroids may be given in divided doses,
giving it as a single morning dose had a similar effect with
less toxicity. ' Reducing the duration to 2 weeks after attaining
remission was shown to be noninferior to the 4-week thera-
py." The high prevalence of relapse with the 4-week therapy
prompted suggestions to increase the initial duration of daily
steroids to 6 weeks and then to administer it on alternate days
for 6 weeks, with a reported benefit in some studies,’? but
not others where extending initial prednisolone treatment in
a randomized control trial from 3 to 6 months did not signifi-
cantly influence the course of illness in children with steroid-
sensitive nephrotic syndrome. '3 Unfortunately, around 70% of
patients relapse despite prompt initial response necessitating
further therapy. Patients who relapse two or more times within
6 months or four or more times within 12 months are termed
as having frequent relapsing nephrotic syndrome (FRNS),
and those having two relapses with a steroid taper or within 1
month of ending therapy are termed as having SDNS, which
may require prolonged exposure to steroids.

It is recommended that relapses are treated with a single
daily dose of 2 mg/kg/day or 60 mg/m?/day (maximum of 60
mg) until complete remission (urine protein creatinine ratio <
20 mg/mmol or negative, or trace dipstick on three or more
consecutive days) and then decreased to alternate days
(1.5 mg/kg/dose or 40 mg/m2/dose, maximum of 40 mg) for
4 weeks.3 This can result in significant toxicity like growth
retardation, steroid facies, obesity, hypertension, diabetes
mellitus, bone abnormalities, weight gain, psychiatric disor-
ders, gastrointestinal bleeding, and long-term cardiovascular
disease.’® Decreasing the cumulative steroid doses to the
minimum to achieve and maintain remission would be ideal.
Yet some centers advocate a prolonged steroid course of
several months to years in doses of around 0.25 mg/kg/day
or 0.5 mg/kg on alternate days in frequent relapsers, with
the aim to decrease relapses and limit high-dose steroids in
the latter situation.’® Though this may be cost effective, it is
associated with significant steroid toxicity.

In adults, MCD is steroid sensitive, but steroid resistance
is seen in 5-20% of cases."” They may need a longer initial
duration, and the response is less than that for children.'8
Although 95% of children attain remission by 8 weeks, only
50-75% of adults do so. When steroid resistance is ob-
served, focal segmental glomerulosclerosis is often noted
on re-examination of the initial biopsy or on rebiopsy.'®

Additional immunosuppression may be needed for FRNS
and SDNS patients, while it is occasionally used for those
with steroid-resistant nephrotic syndrome.'” In adults, the in-
itial course of prednisone is given at a dose of 1 mg/kg (up to
80 mg) once daily in the morning or 2 mg/kg (up to 120 mg)
on alternate days. The administration of steroids on alternate
days has been shown to have fewer side effects and a com-
parable efficacy.29 A longer treatment duration for up to 16
weeks is recommended, even if early remission is obtained.”

Relapses occur in 65-80% of adults with MCD, with the
majority happening within the first 3-6 months. Frequent re-
lapse is seen in 10-30% of cases, and 15-30% of cases
are steroid dependent.® Because the repeated use of ster-
oids in FRNS and SDNS increases the risk of severe ad-
verse events, the use of extremely “low-dose” prednisone or
steroid-sparing immunosuppressive agents, such as alkylat-
ing agents (cyclophosphamide), antimetabolites (mycophe-
nolate mofetil; MMF), or calcineurin inhibitors (CNIs; e.g.,
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cyclosporin or tacrolimus), is advocated. They may also be
used in those with obesity and diabetes mellitus, in whom a
steroid-sparing approach may have advantages.?'

Treatment with cyclophosphamide

Cyclophosphamide at a daily dose of 2 mg/kg for 12 weeks
or 3 mg/kg for 8 weeks has been tried in relapsing nephrotic
syndrome patients to prevent or reduce relapses, prefer-
ably after attaining remission and thereby decreasing overall
steroid exposure.? Subsequent courses may occasionally be
required, though it is recommended that the cumulative cy-
clophosphamide dose should not exceed 168 mg/kg to limit
bone marrow suppression and gonadal toxicity in children.22
Administering monthly boluses of cyclophosphamide at 500
mg/m?2 has been tried for up to 6 months to achieve a longer
duration with a lower cumulative dose and better compliance
in the pediatric group.2® In adults, after attaining a remission
with prednisone, treatment with oral cyclophosphamide is
initiated at 1-2 mg/kg/day, and treatment is given for 8-12
weeks. It is advisable to monitor the white blood count weekly
and to adjust the dose to prevent leukopenia (count <3,000/
mm?3). The cumulative dose of cyclophosphamide given for
8—12 weeks is generally well under that associated with in-
fertility (>200-300 mg/kg) or malignancy (cumulative dose of
>36 g).” Once on cyclophosphamide, the prednisone dose is
tapered over 4 weeks. This often results in a remission rate
of up to 80%, with a relapse rate of <10% at 1 year.2*

Treatment with chlorambucil

Chlorambucil is another alkylating agent used to prevent re-
lapses. A dose of 0.2 mg/kg for 8 weeks has been used, but
it has been largely replaced by cyclophosphamide due to its
wider availability and tolerability.25

Treatment with CNIs

CNIs have been widely used to treat FRNS and SDNS as
they have the ability to reduce the cumulative steroid dose.
Initially, cyclosporine was used in two divided doses of 3-5
mg/kg. Monitoring the drug levels and targeting the dose to
keep the CO (trough) levels around 75-100 nmol/L or the
C2 levels between 150-300 nmol/L has been beneficial for
optimizing the dose needed. Targeting the dose to be 50%
of the standard area-under-the-curve dose can result in a
significant reduction in the cyclosporine dose.?® Relapse of
nephrotic syndrome is frequent during cyclosporin tapering,
often leading to the need for long-term treatment resulting in
a tradeoff of steroid dependency for cyclosporin dependency
and the potential for associated nephrotoxicity.2” To mini-
mize the potential for cyclosporin nephrotoxicity, the dose
should be slowly tapered to the lowest dose that maintains
a remission.28

The later availability of tacrolimus has made it more ac-
ceptable due to fewer cosmetic side effects and a better ef-
ficacy at a dose of 0.1-0.2 mg/kg in two divided doses to a
target CO level of 3—7 ng/dL. It has been shown that the CNI
blood levels are dependent on the ability to metabolize the
drug, which may be inherited based on the CYP3A genetic
polymorphism. Those with low levels of the genetically de-
termined enzyme may achieve the desired target therapeutic
blood levels with a lower dose.2° Concomitant use of drugs
that can inhibit the metabolism of the CYP450 pathway, like
ketoconazole, erythromycin, and diltiazem, could aid in re-
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ducing the dose needed for adequate blood levels.3° The
main drawbacks of CNIs are the need for prolonged therapy,
relapses on tapering, and nephrotoxicity, which may neces-
sitate renal biopsy for its early detection, making it a less-
than-ideal immunosuppressant in FRNS and SDNS, even
though micro-emulsified cyclosporine may have less ne-
phrotoxicity.3! The risk of new-onset diabetes mellitus with
tacrolimus is also of concern.

Treatment with MMF

The use of MMF at a dose of 1,200 mg/m2/day divided into
two doses has been shown to be effective in the treatment of
FRNS and SDNS with MCD. However, patients treated with
MMF often tend to relapse when the drug is discontinued,
resulting in MMF dependence.32 Hence, this often requires
a prolonged duration of treatment and may not be cost ef-
fective.

Treatment with levamisole

Levamisole is an immunomodulatory drug that has been
shown to decrease the frequency of relapse and steroid
exposure in FRNS patients at a dose of 2-2.5 mg/kg three
times a week for 6—12 months.33 Though generally well toler-
ated and cheap, its low efficacy compared to other drugs has
limited its widespread use.

Treatment with rituximab

Rituximab is a monoclonal antibody targeting CD20 B cells,
resulting in the suppression of nephrotic syndrome. It was
found to be effective in preventing relapses in MCD in the
pediatric population as well as in adults.3* The appropriate
dose and duration, however, are still contentious. The high
dose and frequency used for treating B-cell lymphoprolifera-
tive disorders (375 mg/m?2 weekly for 4 doses) was extrapo-
lated for the management of FRNS and SDNS. The result-
ant high cost and uncertainty of long-term effects might have
accounted for it not being considered as the initial choice in
this setting.3 Yet, there are suggestions that a lower initial
dose of 100 mg and targeting subsequent doses based on
the CD19 count and clinical response may suffice to produce
adequate and prolonged suppression of B cells with a sig-
nificant benefit in preventing relapses.3 The relatively lower
cumulative dose, lower cost, tolerability, lack of nephrotoxic-
ity, shorter duration, and efficacy compared to those of drugs
like CNIs and MMF make it attractive as a possible first-line
medication to prevent relapses once remission has been
achieved. The significantly lower cost of immunosuppres-
sion may benefit low-income nations and those not having
insurance coverage or government funding.

Recommended treatments

It appears that initial daily prednisolone treatment for 4-6
weeks, followed by 6 weeks of alternate-day steroid treat-
ment and abrupt stopping may reduce relapses. Once re-
lapse takes place, giving daily steroids until remission oc-
curs for three consecutive days and then shifting to alternate
days for around 6 weeks appears to be effective with the
least amount of steroid toxicity. Using low-dose rituximab in
FRNS and SDNS patients once remission occurs and tar-
geting the next dose based on the B-cell reconstitution has
been shown to be effective in some individuals in single-
center studies, providing the least cost and toxicity. Larger
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randomized multicenter trials may be needed to see if this
holds true for the majority of patients across the world.

MN

MN is a common cause of nephrotic syndrome in adults that
is characterized by the presence of IgG deposition in the
subepithelial space of glomerular capillaries and glomeru-
lar basement membrane thickening. It is broadly classified
as primary, when there is no underlying systemic illness or
infection, and secondary, which may be associated with in-
fections, drug use, or systemic disorders. The treatment of
secondary MN is primarily aimed at managing the underly-
ing cause. Primary MN has been associated with antibodies
directed against phospholipase A2 receptor (PLA2R), which
is located in the glomerular basement membrane in 70% of
cases, while it has been associated with other antibodies
in the rest.3637 As some patients with primary MN can go
into spontaneous remission and many patients are at low
risk of progression because proteinuria may subside with
drugs targeting the renin—angiotensin—aldosterone system,
immunosuppressive therapy in MN is generally reserved for
those at a high risk of progression, like those with proteinuria
exceeding 4 g/day, those with renal dysfunction, and those
in whom proteinuria fails to respond to renin—angiotensin—
aldosterone system blockade." As steroids alone have not
been effective in attaining remission and decreasing protein-
uria, they are often combined with cytotoxic agents like chlo-
rambucil or cyclophosphamide,® CNIs like cyclosporine or
tacrolimus,® and agents targeting B cells like rituximab,4041
ofatumumab, and obinutuzumab.#243 A six-month course
starting with three daily boluses of 1 g of methyl predniso-
lone followed by 27 days of oral prednisolone (0.5 mg/kg)
and repeated on the third and fifth months, with daily oral
chlorambucil (0.2 mg/kg) in the second, fourth, and sixth
months could induce remission in almost 70% of patients.*
Using a lower dose of 500 mg instead of 1 g of methyl pred-
nisolone was also found to be effective, suggesting a better
tolerability.*5 In the modified Ponticelli regime, cyclophos-
phamide (2 mg/kg) was substituted for chlorambucil, with
more than 50% of patients responding after 6 months and a
better tolerability.*® However, in those who fail to respond or
in those who relapse, there are concerns about giving sub-
sequent cycles due to risk of infection, bone marrow sup-
pression, hemorrhagic cystitis, infertility, and malignancies
when the dose exceeds 20 g, suggesting need for alternate
immunosuppressive agents.*” CNIs like cyclosporine have
been used at a dose of 3—5 mg/kg, aiming to keep a trough
blood level of 125-225 ng/mL, with 75% of patients going
into remission by 6 months. In addition, tacrolimus at a dose
of 0.75-1 mg/kg has been used to keep a trough level of 5-8
ng/mL.3% However, the response to CNIs is inferior to that
of the modified Ponticelli regime, with higher relapse rates
and the need for a longer duration with the risk of relapse
occurring on tapering or withdrawal.*® CNls also are associ-
ated with the risk of nephrotoxicity, thus making its prolonged
use less than ideal. As antibodies against PLA2R antigens
and other antigens have been implicated in the majority of
primary MN,3¢ B cell-directed therapies like rituximab have
been tried and shown to be noninferior to cyclosporine,*?
though it was inferior when the PLA2R antibody titers were
high.%% However, there is no consensus on the ideal dose
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and frequency. A high dose of 1-2 g was initially used, with
the subsequent dose being given weekly or fortnightly, with-
out a protocol for targeting the subsequent dose based on
monitoring the CD19 count. Some centers decided on giving
subsequent doses based on the CD19 counts and PLA2R
antibody titers. Such a strategy showed a similar efficacy
with a lower cost and total dose of rituximab.*? Even a single
low dose of rituximab has been shown to decrease the CD19
B-cell count and induce remission.35:51.52

Giving 500 mg of methylprednisolone instead of 1 g and
substituting cyclophosphamide for chlorambucil in the Pon-
ticelli regime appears to have a lower toxicity and compara-
ble efficacy.** Rituximab may have a better tolerability than
other nonsteroidal alternatives; and in a low dose, it may
be cheaper. While low-dose rituximab and targeting subse-
quent boosters based on the CD19 B-cell reconstitution has
shown efficacy with cost benefits in some single-center stud-
ies, even larger more frequent doses of rituximab have not
shown efficacy in all cases. It is possible that there could
be differing responses to rituximab based on the individual.
There is also a chance that those who respond to higher
doses of rituximab may have responded to a lower dose.
This raises the suggestion that a lower dose should be given
initially and then a higher dose should be subsequently ad-
ministered if the response is unsatisfactory, depending on
the CD19 count as well as an increase in the PLA2R an-
tibody titer. Controlled multicenter studies comparing lower
initial dose of rituximab and CD19 count-based boosters with
a conventional higher dose and CD19 count targeted boost-
ers with an adequate sample size and a prolonged follow-up
period may help to clarify the best protocol.

IgA nephropathy

IgA nephropathy is the most common type of glomerulone-
phritis worldwide. It is characterized by predominant deposi-
tion of IgA in the kidney. In addition, increased mucosal B-cell
production of galactose-deficient polyclonal IgA1 (plgA1) and
subsequent deposition of IgG-plgA1 compexes in the glomer-
ulus can lead to complement, cytokine, and chemokine acti-
vation with mesangial cell proliferation, inflammation, and kid-
ney damage.5® Though initial studies have suggested some
benefit with corticosteroids in reducing progression,* it was
associated with serious adverse effects due to infections and
even death following a trial of methylprednisolone, resulting in
early halting in the TESTING trial.>5 Others (Stop-IgAN Trial)
also have observed no benefit in attaining remission with ster-
oids and other immunosuppressants compared to supportive
care in a follow-up of up to 10 years, with more adverse ef-
fects with the former.56

Though MMF at a dose of 1.5 g/day for 12 months was
shown to have renal protection in progressive IgA nephropa-
thy, it was confined to a Chinese cohort.5” No benefit was
seen in trials conducted in other countries.®® It is possible
that benefits of immunosuppression may be restricted to pa-
tients having associated crescentic glomerulonephritis, en-
docapillary proliferation, and if proteinuria persists despite
nonimmunosuppressive medication for at least 90 days.59-60

As the lymphoid follicles at the level of Peyer’s patches of
the distal ileum may be the cause of excess plgA1 production,
it was felt that targeted therapy of the B cells in the ileum by
using budesonide at a dose of 16 mg/day for up to 9 months
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was the best treatment. As budesonide undergoes extensive
first pass metabolism, there is minimal systemic absorption
and few side effects with a decrease in proteinuria and renal
protection.?" Drugs targeting both endothelin type A and an-
giotensin receptors like sparsentan at a dose of 400 mg are
being evaluated; if they are found to be effective, they may
mitigate the need for immunosuppressants.®? Recent obser-
vations also have suggested a beneficial role of sodium/glu-
cose cotransporter 2 inhibitors like dapagliflozin at a dose of
10 mg/day, which could also avoid the need for immunosup-
pression.®3 Though rituximab targets circulating B cells, it has
not been shown to be effective, possibly because of the lack
of inhibition of tissue or mucosal B cells.5

Indications for systemic steroids and other immunosup-
pressants in IgA nephropathy appear to be dwindling with
recent trials. Probably, they may be reserved for those with
progressive renal failure, crescentic variants, or if nephrotic
range proteinuria persists despite supportive treatment. If
shown to be effective in large multicenter trials, the local de-
livery of budesonide, dapagliflozin, dual endothelin and an-
giotensin receptor blockers may avoid the systemic toxicity
of steroids and other immunosuppressants in several cases.

Lupus nephritis

Systemic lupus erythematosus is an autoimmune disease
with autoantibodies targeting various organs. The kidneys
tend to be affected in around 60% of cases. Decisions re-
garding the type of immunosuppression needed to decrease
the production of autoantibodies in lupus nephritis patients
are mostly based on the histological class. While steroids
alone may suffice in class | and class Il lupus nephritis, they
may need to be combined with additional immunosuppres-
sants, such as common cytotoxic agents like cyclophospha-
mide, mycophenolic acid derivatives, and occasionally aza-
thioprine in classes Ill, 1V, and V.5 Most proliferative lupus
patients are treated with three doses of methyl prednisolone
(0.5-1.5 g) followed by oral steroids at 0.5—1 mg/kg daily for
2—4 months and then tapered. The previously poor outcome
of proliferative lupus nephritis patients dramatically changed
with the National Institutes of Health regime of adding six
monthly boluses of cyclophosphamide at a dose of 0.5-1 g/
m? followed by six more doses given at three-month inter-
vals.®® However, this was associated with the risk of gonadal
toxicity, bone marrow suppression, and future malignan-
cies.*” The Euro lupus regime used a lower dose of 500 mg
of cyclophosphamide at 2-week intervals for six doses with
comparable efficacy.” Meanwhile, MMF at a dose of 2-3
g/day was found to be noninferior to cyclophosphamide in
the induction phase, with better tolerability.58 There are also
some single-center reports of azathioprine being comparable
to cyclophosphamide in the initial phase.®® For maintenance
therapy after the initial induction therapy, both azathioprine
and mycophenolate have been used as alternatives to the
National Institutes of Health protocol of cyclophosphamide,
showing a better safety profile. While there are reports of
MMF at a dose of 2 g daily being superior to azathioprine at
a dose of 2 mg/kg in preventing relapses in the maintenance
phase,’®7" other studies did not show superiority of MMF.72
Moreover, azathioprine was superior to mycophenolate in
the maintenance phase of renal vasculitis.”® These results
suggest the need for further multicenter trials comparing the

www.cellnatsci.com 31



Nat Cell Sci 2024;2(1):28-41
https://doi.org/10.61474/ncs.2024.00006

roles of azathioprine and mycophenolate in the maintenance
phase of lupus nephritis. If found to be noninferior, azathi-
oprine could be a cheaper alternative in the maintenance
phase of lupus nephritis.

In patients who failed to respond to these drugs, the addi-
tion of CNils like cyclosporine and tacrolimus was found to be
beneficial.”* CNlIs also have been used in lupus complicating
pregnancy with maternal and fetal acceptability.”® In cases
resistant to conventional therapies, rituximab has been tried
with limited success. Recently, belimumab,’877 a monoclonal
antibody targeting B cells, and a novel CNI called voclosporin
also have been tried in resistant lupus nephritis.”®

In addition, the use of autologous T cells from patients
with systemic lupus erythematosus transduced with anti-
CD19 chimeric antigen receptor was shown to induce and
maintain remission for up to 8—12 months in refractory lupus
patients.”® If further multicenter studies confirm its efficacy,
this method could help to reduce immunosuppression in lu-
pus patients.

The Euro-Lupus regime as induction and azathioprine as
maintenance appears to be the regime offering minimal side
effects and cost-effective immunosuppression. Other pro-
tocols should be restricted to those who fail to respond or
have other reasons where this might not be ideal. The use of
chimeric antigen receptor T cells transduced with anti-CD19
antibodies could result in less immunosuppression in lupus
nephritis patients in the future.

Renal vasculitis

The kidneys are a common target of systemic vasculitides
like microscopic polyangiitis, granulomatosis with polyangii-
tis, eosinophilic granulomatous polyangiitis, IgA vasculitis,
cryoglobulinemic vasculitis, etc. The majority of renal vascu-
litis cases are associated with antineutrophil cytoplasmic an-
tibodies (ANCAs), which may be directed against proteinase
3 or myeloperoxidase. Immunosuppression has drastically
reduced mortality, with remission rates of 53—90%; hence, it
is a cornerstone therapy.8? Yet infections due to immunosu-
pression along with malignancy and cardiovascular disease
are the major cause of death at 1 year after the onset of
treatment rather than active disease.8" Tailored and person-
alized immunosuppressive therapies may thus be needed to
avoid over-immunosuppression.

Immunosuppression commonly includes initial induction
treatment aiming to attain remission within the first 3 months
with methyl prednisolone pulses followed by oral steroids
(prednisolone at 1 mg/kg) and varying combinations of cyclo-
phosphamide, rituximab, and azathioprine. While cyclophos-
phamide has been found to be effective, its limitation is the
risk of cumulative dose-related toxicity as vasculitis generally
requires a prolonged course and relapses are not infrequent.
Oral cyclophosphamide at a dose of 1-2 mg/kg for 6 months
or more has been shown to have more toxicity than single
monthly boluses of 500 mg/m? in the CYCLOPS trial, with
comparable efficacy; hence, it seems to be less preferred.82

Rituximab may have a better tolerability than cyclophos-
phamide. When comparing multiple boluses of rituximab ver-
sus oral cyclophosphamide, it was found to be noninferior,
with a better tolerability and higher remission rates.83:84 This
was also shown when rituximab was compared to monthly
cyclophosphamide boluses.?® This finding suggests that
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rituximab could be a better alternative to cyclophosphamide
and may be the best first-line treatment.8¢ Though a dose
of 375 mg/m2 weekly for 4 weeks initially has been tried,
there is no consensus on the dose or frequency of initial and
subsequent boluses.8:86 Moreover, there are no guidelines
on titrating the doses to keep the CD19 count suppressed or
deciding on further boosters depending on B-cell repopula-
tion. If studies show that the clinical efficacy could be de-
cided on B-cell suppression, it could help to limit the initial
dose as well as decrease the frequency of administration of
rituximab as has been shown to be effective when rituximab
was used in SDNS and MN.3% Determination of the effect of
rituximab on decreasing ANCA titers, proteinuria, and sta-
bilizing renal functions also may need multicenter trials for
clarification on its appropriate dose and frequency.

MMF given orally at a dose of 2-3 g daily had compara-
ble remission rates as pulse cyclophosphamide by the sixth
month, but those taking it had more subsequent relapses.
Furthermore, considering the clinical and cost effectiveness,
this drug may not be ideal.8”

Maintenance immunosuppression after the induction
phase is necessary as relapses are frequent. A regime that
is more effective in preventing relapses would be advanta-
geous. The CYCAZAREM trial found that azathioprine was
as effective as cyclophosphamide in preventing relapses,
with a better safety profile.88 Meanwhile, the IMPROVE trial
showed that MMF was associated with more relapses com-
pared to azathioprine.”

Subsequently, the MAINRITSAN study demonstrated
that rituximab at a biannual dose of 500 mg was better than
azathioprine in preventing relapses.8® However, the optimal
dose of rituximab in preventing relapses is unclear, with 1 g
every four months being used in the RITAXAREM trial. As re-
lapses are more common with proteinase 3 ANCA vasculitis,
these patients may need a longer duration of maintenance
therapy than others, which may extent to 4-5 years. As there
is a possibility of developing antirituximab antibodies that
may affect its action, alternate humanized antibodies against
B cells like ofatumumab may have a role in this setting.®
Whether monitoring the CD19 B-cell count or deciding the
need for subsequent boluses based on the B-cell reconsti-
tution is useful needs further study, although the MAINRIT-
SAN Il study reported relapses even when B cells were sup-
pressed.®! Recent studies have suggested CD19-targeting
chimeric antigen receptor T cells can be useful in several
autoimmune disorders, and it may be possible to limit the
cumulative dose of drugs for total immunosuppression.92

Steroids given initially as pulse methyl prednisolone fol-
lowed by oral prednisolone and monthly cyclophosphamide
boluses for 6 months followed by prednisolone and azathio-
prine as maintenance appears to be an effective, better toler-
ated, and a cheaper option. In addition, rituximab may have a
role in those prone for frequent relapses like those with pro-
teinase 3-associated ANCA vasculitis. Nevertheless, the role
of CD19-targeted initial and booster doses needs further study.

Table 1 shows the details of drugs used in common glo-
merular diseases, the rationale for their use as per the patho-
genetic mechanisms, dose, adverse effects, and comments
regarding their choice. Suggestions based on the literature
review of possible methods for optimizing immunosuppres-

sion are summarized in Table 2.10-12,20.23,26,30,35,4546,51,52,50-
63,67,69,72,78,79
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Conclusions

Though immunosuppressive drugs have a role in various
immune-mediated glomerular diseases, there is no clarity
on the ideal choice, combinations, dose, or frequency. Table
2 offers suggestions based on the literature review of pos-
sible methods for optimizing immunosuppression. However,
larger randomized controlled multicenter trials are needed
to decide the ideal immunosuppression protocols to obtain
the best clinical effects with the least toxicity and cost for the
treatment of various glomerular diseases.
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