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An Update Review of Therapeutic Regimens for Steroid
Resistant Idiopathic Nephrotic Syndrome
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Introduction

Idiopathic nephrotic syndromeis commonly seenin
childhood between three monthsand 16 years of ge, and
constitutes90% of all causes of nephrotic syndromein
childhood. It is defined as the association of nephrotic
syndromewithminimal glomerular changesor nonspecific
lesions, such as segmental and focal glomerular sclerosis
or diffuse mesangial proliferation without any i mmune
complex deposition.

Steroid therapy isthefirst line of treamentinidiopathic
nephrotic syndrome. The protocol fromthe International
Study of Kidney Diseasein Children (ISKDC) iswidely
adopted. The initial treatment for first onset idiopathic
nephrotic syndrome with prednisone at a dose of
60 mg/m?/day inthree divided doses or amaximum dose
of 80mg/day for four weeks, followed by 40 mg/m?given
inthreeconsecutive daysout of seven duringthefollowing
four weeks.! Therefore a total eight weeks of steroid
therapy ismaost commonly used. About 90% ofthechildren
withidiopathic nephroticsyndrome respond to the steroid
therapy. The remaining 10% who do not respond are
|abeled steroid resistant.

Prognosis

Steroid resistant nephrotic syndrome (SRNS) carries a
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much poorer prognosisthan the steroid sensitive variety.
About 50% of SRNS patientshave ended up inend stage
renal failureinlong term studies.* Whereas 90% minimal
changedisease (M CD) respondstothe ISKDC oral steroid
regimen, only 50% of mesangial proliferative
glomerulonephritis (DMP) and about 18% of focal
segmental glomerul osclerosis (FSGS) will respond. FSGS
isthesecond commonest cause of progressive glomerul ar
disease inchildren that cause end-stage renal fail ure after
congenital anomalies. Cattran et al studied 93 patients
(55 adultsand 38 children) with FSGSand fol lowed for
average 11 years. Those respond to the steroid therapy
showed a 100% rend survival through the years. However,
therenal survivd inthose non-responder deterioratedover
years, with 73%in 5 years, 58% in 10 years, and 51%in
15 years?

Renal biopsy is useful in children with SRNS. FSGS
and DM Pgive a poorer renal outcome than thosedo with
MCD. Thepercentage of sclerotic glomeruli may also be
predictive. Those withdiffuse mesangial proliferaion are
proneto develop end stage renal failure.> The likelihood
of steroi d unresponsi veness ishigher when the biopsy
showsinterstitial fibrosis.* The different pathology also
predictstheresponse to different therapeutic regimen, as
MCD with steroid resistance ismorelikely to respond to
the combinati on therapy of oral cyclophosphamide and
steroid than the other pathologies.? Furthermore renal
higology may changewith time, after thefirst renal biopsy
whi ch shows finding of minimal change, but repeated
biopsy later will show FSGS changes® It ispossible that
SRNS represent a spectrum of renal diseasein that MCD
may progressto FSGS. Alternatively, singl efocal lesion
in FSGS may be missed ininitial biopsies which are not
deep enoughto include thejuxtamedullary region where
the FSGSlesion are usually located.

Therapeutic Regimens

Recently, different combination of drug regi men,
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including i ntravenous methyl prednisolone, alkylating
agent, and cy closporine, have been used with varying
degrees of success. Other medicationslike angiotensin
converting enzymeinhibitors, tarcolimus, mycophenol ate
mefotil , non-steroidal anti-inflammatory drugs, or even
plasmapheresis have also beentried, but mostly in small
number of patients, so that results are diffi cult to assess.
M ost of the studies havefocused on patients with FSGS.
There islittle data concerning effectiveness of these
regimensin patientswith M CD or mesangial proliferative
lesions.

Alkylating Agent

Ponticelli et al® studied the use of cyclophosphamide
of 2.5 mg/kg/day for six monthsin patientswith steroid
resistance or frequent rel apsing nephrotic syndrome,
comparing the use of cy clospori ne of 2.5 mg/kg/day. It
showed that 66% of patientshad reduction of proteinuria
in thecyclophosphamide group, which iscomparative to
cyclosporine. Moreoverthe renal function ismore stable
in thosetreated with cyclophosphamide. Howeverin this
study, the criteria for effectiveness is reduction of
proteinuriarather than compl ete remission.

Tufro-M cReddi estudied twenty-one patientswith focal
glomerulosclerosis, 19 had SRNSwho were treated with
20 weeksof cyclophosphamide of 2 mg/kg/day.® Eight of
them (42%) achieved compl ete remission withinthefirst
10 week s, three with partial remission. After average 73
months of foll ow-up, 62% of themstill remained in
compl ete remission and 24% of them had end stage renal
failure. It shows some encouraging resultin using longer
durati on of cycl ophosphamidein treati ng these steroid
resistant FSGS. There isno specific side effect like
hemorrhagiccystitis, bone marrow suppressionduringthis
treatment. However the probability of malignanciesor
gonadal toxicity havenot been encountered.

A larger scale of study by Beshas et al®wascarried, in
which 164 patients with SRNS was treated with
cyclophosphamide of 2 mg/kg/day to 2.5 mg/kg/day in
combi nation with prednisone 10 mg/day for 12 weeks.
Thirty-four patients(20.7%) achieved compl eteremisson,
40 (24.4%) showed partial remission. Thirty-two remained
in completeremissionand 21 with patial remission for at
least six months. Fifteen of them had relapse during the
follow-up, but sevenof them (46.6%) responded to steroid
therapy. Twelve(7%) progressed to chronicrenal failure,
most of them had FSGSon renal biopsy and 10 of them
did not respond to cyclophogphamidetreatment at dl. On
the other hand, cycl ophosphamide has shown to be not
beneficial in treating patientswith FSGSin a controlled
study by the ISKDC.” Sixty patients had steroid resi stant
FSGS, 25 of them received prednisone of 40 mg/n? on

aternate daysfor 12 months, and the other 35 received
cyclophosphamide of 2.5 mg/kg for 90 daysin addition
to the same dose of prednisone. 25% of each group had
compl ete remission. However, it wasfound that the group
receiving cyclophosphamideand prednisone had higher
percentage of failure in terms of deteriorating renal
function or onset of renal failure, as compared with the
prednisone group (57% vs 36%). T herefore the | SKDC
did not recommend routine use of cyclophosphamidein
conjunction withoral steroidsin patientswith SRNS.

Chlorambucil hasbeentried in the group who does not
repondto cyclophosphamidein Beshassstudy mentioned
above.® Forty children were recruited who were treated
withchlorambucil of 0.2 mg/kg/day for eight weeks. Eight
of them (20%) achieved complete remission, and 5
(12.5%) had partial remission. Six out of the 27 non-
responder progressto chronic renal failure. Elzouki et al &
treated five children, who were steroid and
cy clophosphami deresistant, with chlorambucil . Four
(80%) achieved remission and two rel apse afterwards. No
significant side effect was noticed in these studi eswere
found. Vincristinein combinati on with prednisone was
used to treat seven children with steroid resistant FSGS,°
but only two out of seven had complete remission.

Methylprednisolone or the Triple-therapy Protocol

In addition to oral prednisone and alkylating agent,
intravenous methylprednisol one has been added to
congtitute aregimen, commonly referred toasthe Triple-
therapy protocol. Tune and Mendoza et al'°* treated 32
SRNS children with FSGS, with this triple therapy
regimen,®4 consi ¢ingof intravenousmethypredni solone
at adose of 30 mg/kg thrice weekly for two weeks (total
six doses), followed by onceweekly for eight doses, once
per two weeks for four doses, once per four weeks for
eight doses, and then once per eight weeks for four more
doses. Oral prednisone of dose 2 mg/kg every otherday is
added at the beginning of the third week to end of tenth
week, with slow taper gradually afterwards.

Alkylating agent, either cyclophosphamide or
chlorambucil was added inthose not fully controlled by
intravenousmethy| predni soloneand oral prednisone. The
indications are: 1) no significant improvement of
proteinuria by the initial six doses of intravenous
methylprednisolone; 2) complete or partial response by
theinitial two weekswith subsequent significant increase
of proteinuria at any time during the intravenous
methy| predni soloneregimen; 3) urine protein/creatinine
ratio of 32 (which indicaenephrotic rangeof protei nuria)
at the tenthweek or later. Cyclophosphamide (2.0-2.5 mg/
kg/day) or chlorambucil (0.18-0.22mg/kg/day) wasgiven
for eight toten weeks. If the alkylating agent was started



Lee and Mak

at the end of the first two weeks, weekly intravenous
methy/| prednisolone was continued until the end of the
alkylaing agent therapy, then tapered asscheduled. If the
alkylating agent wasstarted in later time, six more doses
of pulse intravenous methyIpredni sol onewere given over
twoweeks, and theal kyl ating agent wasgiven with weekly
pul ses afterwards. A second course of alkylating agent
was considered if apati ent showed partial or complete
responseto thetripletherapy, whicheither rel apsed during
the treatment course or fail ed to achieve urine protein/
creatinineratio £1. Those with relapse after completion
of the protocol were treated asif they were new cases.

In these 32 patients, 14 had one course of alkylating
agent, eight had two courses, and three had morethan
two courses and seven did not need at all. These patients
were follow up for 0.75 to 12.5 years. Twenty-one out of
32 patients (66%) achieved complete remission in last
follow up and requiring no therapy, three (9%) had mild
proteinuria, two (6%) had moderate protei nuria, and six
(19%) remai ned nephrotic. For those 11 non-responders,
three out of them (27%) progressed to end stagerenal
failure, five (45%)had decreasedcreatinine clearance,and
three (37%) had persistent proteinuria with normal
creatinine clearance. The sideeffect from thisregimen is
limited with delayedgrowthin 17%,hypertension in17%
and cataractsin 22%.13%* They both concluded that the
triple-therapy regimen is effectivein the mgjority of
children with SRNSdue to FSGS.

Saet al*S treated five patientswith SRNS from FSGS
with intravenous methy | predni solone 30 mg/kg thrice
weekly fortwo weeks, followed by weekly dosesfor next
two months, biweekly for two months, and monthly dose
for eight months. Oral prednisone 2 mg/kg alternate day
started after the first two weeks of methylprednisolone
and then tapered in the following six months after the
discontinuation of methylprednisolone. Oral
cyclophogphamide of 2 mg/kg/day was added during the
8-week periodof weekly methylprednisol onetherapy. Two
(40%) achieved complete remission. Furthermore, the
rel apses became steroid sensitive.

However Waldo et al %6 treated 13 children with SRNS,
using intravenous pul ses methylprednisolone of 20 mg/
kg and chlorambucil of 0.2 mg/kg/day for eight weeks,
withoral prednisone40 mg/m?alternateday fromthethird
to tenth week. Compl ete remission wasobserved in five
out of 13 children (38%), patial remissionin two (15%),
andsix (46%) not respondat all.It showed alessfavorable
outcome ascompared to thestudy of Tuneand Mendoza.
Tune and Mendozal” commented that it might be related
to the differencein racial group of the patients, asthere
was about 60% of African-Ameri canin Waldo's study,
whil e there was only 10% of African-American intheir
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study.Unfavorabl e outcomeof FSGSwith SRNShas been
well reported in African-American children. The regimen
in Waldo'sstudy ismore conservative.lt

Cyclosporine

Cyclosporinehas al sobeen widely used. A randomized
double-blind study was carried out by the New York-New
Jersey Pediatric Nephrology Study Group, comparing the
efficacy of cyclosporine and placebo in 24 children with
steroid resistant FSGS.*8 The pati entswere randomized to
receive either placebo or cyclosporinefor six months.
Cyclosporineisgiven at adose of 3 mg/kg twice daily,
which was adjusted with atarget trough level of 300 to
500ng/mL (by wholeblood polyd onal radioi mmunoassay
method). Twelve patients received cyclosporine, and all
ofthemachieved adi minution of proteinuria,whereasonly
two out of the 12 patientsreceiving placebo had similar
improvement. However noneof themachieved complete
remission and all patientstreated with cyclosporine had
an increase in proteinuria after withdrawal of treatment.

Niaduet et al® studied 71 children with idiopathic
nephrotic syndromeinwhom 23 are geroid resistant. The
children received cyclosporine (6 mg/kg) in two daily
dosesalone orin combination with prednisone 30 mg/m?
day forone month, which tapered toalternate day for five
months afterwards. Fourteen out of the 23 children
recei ved cycl osporine monotherapy, only one patient (7%)
had complete remission, which persisted after treatment
withdrawal . Four patients(17%) achieved partial remisgon
andrema nednephroti c aterstopping cyclosporinthergpy.
For those 14 treated with cyclosporine and prednisone,
eight (57%) had complete remission and seven of them
remained in remission one year after stopping the
treatment. They concluded that cyclosporine aloneisless
effectivein steroid resistant patients, but that low dose
steroid in combination with cyclosporine may enhanceits
efficacy inthese patients.

Subsequently, Niaduet et al carried another clinical
study to evaluate theefficacy of the combination therapy
of prednisone and cyclosporine.? Sixty-five childrenwith
SRNSweretreated with cyclosporine (150 to 200 mg/m?
daily in combination with prednisone (30 mg/m?) daily
for one month and then on alternate day prednisone for
five months. Twenty-seven pati ents (42%) achieved
compl ete remission after the course of treatment,and four
patients (6%) achieved partial remission, the other 34
patients (52%) had no respond. Compl ete remission was
noticed withinthefirst month of treatment in half of those
patients. Eightout of the 27 patientsexperienced relapse
after stopping the therapy, but they became steroid
sensitive. For those with partial remission, the response
was usual ly transient and cessation of the treatment
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resulted inincreasesin proteinuria. End-stage renal failure
washoticedin 12 paients(35%) who showed no response
to the combination therapy. Thus, cyclosporinein
combi nation with steroid iseffective in a s gnificant
proportion of patientswith SRNS.

Gregory et al? studied 15pati ents with FSGS whowere
either steroiddependent or steroid resistant. Cyclosporin
of dosefrom 5 to 10 mg/kg/day in two divideddoses was
given to achieve awhole blood trough level of 70 to
120 ng/mL, in addition to alternateday prednisone
2 mg/kg/day. Thirteen of them (86%) achieved complete
remi ssion andthe othertwo had partial remission.However
al |l of them required maintenance therapy either with
cyclosporine or cyclosporine with geroid to maintain the
remission.

In a Japanese study by Hino et al,?2 11 patientswith
SRNS weretreated with cyclosporineat 2.5 to 5.0 mg/kg/
dayto achieveatroughlevel of 50 to 120 ng/mL, together
with altemateday oral prednisoneat 0.5 to 1 mg/kg/48hr
for six monthsfollowed by a gradual taper. Seven out of
11 (64%) achievedcompl ete remission within half to four
months, but six of them experienced relapses as
cyclosporine waswithdrawn. One patient showed partial
remission and other three had persistent nephrotic
syndrome.

Hymes? treated 18 SRNS patientswith cyclosporine
(5to 10 mg/kg/day) to achieveawholeblood trough level
of 80 to 200 ng/mL, with alternate day prednisone of 0.3
to 0.5 mg/kg. Nine (50%) of them achieved complete
remission andfive (28%) had partial remission. These 14
patientswho repondeddid so aftertwo months of therapy.
Howev er, when cyclosporinewas withdrawn from 11
patients, nine patients had rel apse within six months. The
majority of the relapses showed respond to restarti ng
cyclosporine and prednisone, only three of them became
cyclosporineresistant. End stagerenal failure wasnoticed
intwo out of the four who failed in treatment initially,
and two out of three who were cyclosporine resi stant.

All these studies seem to favor the combination of
cyclosporine and alternate day prednisonein achieving
complete remi ssion of proteinuria in steroid resistant
patients, with efficacy from 50%-80%. However
proteinuri ausually increases as the treatment istapered
or withdrawn, although the majority did become more
steroid sensitive. This suggeststhat cy closporine may
improve steroid sensitivity inthese previously steroid
resi stant nephrotic pati ents.?0%

In addition to cyclosporine and oral prednisone,
Waldo et al? studied the effect of intravenous
methy| prednisolone. Ten pati ents with steroid resistant
FSGSwere treated with intravenous methy|prednisolone
of 30 mg/kg thrice weekly for two weeks, then oncea
week for six weeks. From the second week onwards,

alternateday oral prednisoneof 2 mg/kg and cyclosporine
of 6 mg/kg/day were added. Afterthe eight weeks of
methylprednisolone, oral predni sone was reduced to
1 mg/kg alternate day for five more months then 0.5 mg/
kg alternate day for six months. Cyclosporine wasthen
reduced to 3 mg/kg/day from the eighth week onwards.
Eight of the ten (80%) patients achieved complete
remission, one patient had partial remissionandonepatient
didnot repond at all. The meantime toachieve remission
was 3.6 weeks. Cyclosporine was withdrawn from five of
the eight responders, one due to development of
lymphoma. The other four pati entswere successful ly
withdrawn from cyclosporine. One patient had a
subsequentrel apse that responded to prednisone therapy.
The addition of intravenous methylprednisolonein the
initial induction phase improves the efficacy as
compared to combination of cyclosporin and
prednisonealone.

Cyd osporinenephrotoxicity iscommon and often exits
without any deteriorationof rend function. Higologically
it usually presents asinterstitial fibrosis and tubul ar
atrophy,but rarely afectstheglomeruli or arteries. Though
theincidence of chronic nephrotoxicity seemed tobe low
inthe studies,*2:222425the number of patientsstudied were
small. Repeated renal biopsiesmay be neededin children
with SRNS on long-term cycl osporineto monitor the
changes.

Other common side effectsin children with SRNSon
cyclosporine include gum hypertrophy and hi rsuti sm.
Hypertend on and hyperkal emia, seen in patientson higher
doses of cyclosporine such as those after renal
transplantati on, are not frequently observedin SRNS
patients.

Tarcolimus (FK506)

Thisis animmunosuppressive agent which sharesmany
properties of cyclosporine. It has been used as an
antirgjectionagentinrenal and liver transplantation. There
issome very preliminary dataonitsusein SRNS. In one
study, seven patientswith SRNS were treated with FK506
at 0.5 mg/kg/day,?® in whom cyclospori ne therapy was
tried in three of them but failed. Three of them (42.8%)
showed compl ete remi ssion whilst the other three showed
partial remisdon. Theremaining onepatient did not show
any response. The main side effect, like cyclosporin, is
nephrotoxicity. In aserial study, McCauley et al?” again
used FK506 in treating seven patientswith SRNS, six of
them (85.7%) hadreduction in proteinuria, with three had
complete remission and threehad partial remission. Thus
thereis early indicati on that FK506 iseffectivein the
treatment of children with SRNS. However most of the
reports containfew patients. Larger studiesare needed to
evaluate itsefficacy and safety.
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Mycofenolate Mefotil (Cellcept)

It wasused totreat seven patientswith SRNS22in both
idiopathicand secondary nephratic syndrome. Prednisone
can be withdrawn in all of them, and they all showed
reductionin proteinuria

Levamisole

This isa potent anthelmintic agent with immune-
modul ating properties, which has previously been shown
to beuseful in treating steroid dependent nephrotic
syndrome.However inarecent study?infivepatientswith
SRNS. Levamisole at adose of 2.5 mg/kg/48hrs, used for
2 to 18 months, was found to be ineffective in treating
children with SRNS.

Vitamin E

Thishasbeen tried in rats with experimental induced
focal glomerulosclerosis.® Vitamin E enriched diet was
found to be effectivein reduction of proteinuria, with
diminished progression of glomerulosclerosis and
tubul ointerstitial scarring in the rats. A clinical trial by
Tahzibet al 2 treating 10 patientswithSRNSwith vitamin
E of 4001 U/day for 2 to 3 months. Nine of them (90%)
showed reduction of proteinuria. However long term
control led study is needed to evaluate the efficacy of
vitamin E in patientswith SRNS.

Angiotensin-converting Enzyme Inhibitors (ACEI)

They havebeen shown to improve proteinuriain 50%
of those with FSGS and membranoproliferative
glomerulonephri tis;® which prevent the progression to
end stage renal disease. Other therapy like non-steroid
anti-inflammatory drug had been studied. However all
these studies recruited small number of patients, it is
difficult todraw any conclusion without any large number
controlled study.

Plasmapheresis

Itissuggested that thedevel opment of FSGS berd ated
to circulatingglomerular capillary albumin permeability
factors, especially in paientswith recurrent FSGSinrenal
transplant allografts. Plasmapheresis has been shown to
reduce proteinuria, in patients with recurrent FSGS after
renal transplantation.® However there is little data
concerning the efficacy of plasmaphered sin treating FSGS
in native kidney. Feld et al* treated el ght adults with
primary FSGS who had SRNS, treating with
plasmapheresis three times a week for two weeks.
Proteinuria wasreduced in two patients (25%). Both
patients had stable renal function onfollow-up. However,
four out of six who did not respond progressed to end
stagerend failure. A case report by Ginsburg etal* showed
reducti on in proteinuria after weekly plasmapheresisin
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addition to prednisone and azathioprine in apaient with
primary FSGS. Thesereports are very preliminary and
need confirmationby larger studies.

Conclusion

Steroid resistance occursin about 10% of children with
idiopathic nephrotic syndrome. It carries a poorer
prognosisfor developing end stagerenal failure. Renal
biopsy isuseful inpatients withsteroid resi stant nephrotic
syndrome, asit provides information concerning the
outcomeand probably responseto therapy. In general focal
segmental glomerul osclerosis and diffuse mesangial
proliferation indicate poor outcome and warrants more
aggressive therapy than the current oral steroid
monotherapy for minimal change disease.

Various protocol s have been used for the treatment in
steroid resistant nephrotic syndrome. The mgjority of the
studies were found on pati ents with FSGS. Alkylating
agent in combi nation with oral steroid therapy has met
with variableresponse. The triple-therapy introduced by
Tune andMendoza, with the combination of intravenous
methy|prednisolone, oral prednisone and alkylating agent
has produced the most encouraging result. 66% had
complete remission with little side effect noticed. The
racial factor should be considered for selection of patients,
astheAfrican-American popul ation hasapoorer response
totheregimen.

Cyclosporine in combination with alternate day
prednisone hasal so been used successfullyfor induction
of remission in SRNSal though the overal | results were
less impressive than the triple therapy. Besides,
cyclosporine has a modulating effect to the steroid
responsiveness in those with relapse. However the
frequency of rel apse after withdrawal of treatment isquite
high, thusresulting in cyclosporine dependency. As
nephrotoxicity fromcyclosporine can exist wi thout any
changeinrenal function, renal biopsy is neededto assess
this side effect in those on long-term cyclosporine
treatment.

Other form of therapy including plasmapheresis,
FK506, mycophenolate mofetil, angiotensin converting
enzyme inhibitors, and vitamin E al have some
encouraging resultsin reduction of proteinuria. However
most of these studiesor report include small number of
patients, and a group of adult rather than children.

Asthe number of children with SRNSis generally amall
in the general population, multicenter cooperativetrials
areneeded to properly assessdifferent treatment protocol s.
A randomized controlled trial comparing triple therapy
versus cycl ospori ne with oral steroids in children with
SRNSislong overdue.
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