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# Research project on intractable <% Intractable diseases in the kidney area of  *4* Conservative management & List of
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“The future of childr ‘
with the disease of the

Research project on intractable diseases Intractable diseases in the kidney area

Ll of children
In order to promote measures against intractable

diseases and childhood chronic diseases, the
research team of this project has established a
research system cavering all intractable diseases and
others. The intractable disease medical support
network centered on the intractable disease medical
treatment cooperation base hospital has been put
into operation as a medical care provision system for
intractable diseases. This project is expected to
contribute as a commander for---

% More )

This research group is in cooperation with the
Japanese Society of Pediatric Kidney Diseases and
the Pediatrics Society, Understanding the medical
condition based on national epidemioclogical survey
mainly on intractable diseases of kidney area that
develops in childhood and children’s chronic specific
diseases, establishment and revision of medical
treatment guidelines based on evidence, diagnosis
criteria, severity classification, medical treatment
guidelines Organize and disseminate.
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< Alport syndrome e

Alport
chronic nephritis and often progresses

syndrome is a hereditary
to end-stage renal failure. Patients
with nephritis  do not
experience any symptoms:

chronic

Mare detail (>}

P

e Nail matalla cvindeamaa F

Conservative management of CKD

Chronic kidney disease (CKD) is a new disease
concept established in the 2000s. Irrespective of the
cause of the disease, it refers to a condition in which
there is an abnormality in the urinalysis, a decrease
in the function of the kidney, or an abnormality in the
shape of the kidney which is known by the
examination such as ultrasound. It is known that the
risk of progression fto end-stage renal failure
requiring dialysis and kidney transplantation in the

future is extremely---

=

List of diseases

%% Galloway Mowat syndrome 2%

Galloway-Mowat syndrome is a
presenting  with
microcephaly,

disorder three

symptoms, heavy
proteinuria, and facial morphological
abnormalities such as malformed ears,
due to developmental dysplasia of two

organs, the head---

More detail 0

a Congenital anomalies of the 4

] Epstein syndrame i

Epstein syndrome is
disease characterized by 3 symptoms:
il macrothrombocytopenia, 2)
progressive renal dysfunction, and 3)
sensorineural hearing loss. As for 1)
giant

a hereditary

macrothrombocytopenia,
platelets---

More detail (> ]

i Congenital nephrotic o
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Nail-patella syndrome is a hereditary
disease characterized by dysplastic
nails (nails with abnormal shape),
absent or hypoplastic patellae (small
or missing knee caps), elbow
dysplasia (elbow deformities), and
iliac horns -+

More detail (> ]

b3 Nephronophthisis i

Nephronophthisis is a progressive
cystic kidney disease characterized by
cysts (round sacs) developing in the
kidneys. Nephronophthisis  is
considered to be caused by structural
and functional-++

More detail (>}

s s
& Lowe syndrome &5

Lowe syndrome is a hereditary
disease characterized by three groups
of symptoms: 1) eye manifestations,
2) central nervous manifestations,
andd 3) kidney manifestations. The

More detail (> ]

HOME

™ kidney and urinary tract ™

Congenital Anomalies of the Kidney
and Urinary Tract (CAKUT) are a
cause of disease in the “kidney” and
“urinary tract,” which is the path urine
travels through (e.g., renal pelvis,
ureter, bladder---

More detail (> ]

b Barter syndrome - ik
. Gittermann syndrome s

These diseases are syndromes where
congenital renal tubular dysfunction
causes hypokalemia and metabolic
alkalosis, as well as their associated
clinical symptoms. Bartter syndrome
usually occurs from---

More detail (>}
i Branchio-oto-renal e
¢ syndrome ¢

Branchio-oto-renal syndrome (BOR) is
a disease characterized by cervical
fistula, aural fistula, and auricular
anomaly, etc. (known as
“branchiogenic anomalies”)
associated with hearing loss and
kidney deformity---

More detail (> ]

C Back to top )

copyright (C)

w syndrome w

It is a disease characterized by
protein, which does not normally leak
from the blood, going out into the
urine in large quantities, leading to a
decrease in serum protein level
(hypoproteinemia). Due to this,
various:-+

More detail ()]

Pediatric idiopathic

nephrotic syndrome
Nephrotic syndrome is a disease
characterized by low levels of protein
(especially albumin) in the blood
(hypoproteinemia/hypoalbuminemia)
due to large amount:--

A%

Mote detail (>}
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TOP > List of diseases > Galloway Mowat syndrome

What is Diagnostic Symptoms Treatment Living with Relevant Reference
“Galloway- Criteria o o the disease materials materials
Mowat e ) o for this
Syndrome?” disease
o o

1.What is “Galloway-Mowat Syndrome?”

Galloway-Mowat syndrome is a disorder presenting with three symptoms, microcephaly, heavy proteinuria, and facial
morphological abnormalities such as malformed ears, due to developmental dysplasia of two organs, the head (cranial
nerves) and the kidneys. The name of the disease comes from two English pediatricians named Galloway and Mowat who
first described the disease in 1968.

The cause of the disease is believed to be cellular dysfunction, common to renal glomerular epithelial cells and CNS neuron,
disrupting the organogenesis process of the renal glomerulus and brain, but a definitive chromosomal abnormality or genetic
mutation that leads to the disease has not yet been found.

2.Diagnostic Criteria

The Japan Intractable Diseases Information Center defines Galloway-Mowat syndrome as “a syndrome associated with external malformations
(facial/limb malformation) and muscular symptoms (limb hypotonia, esotropia), presenting with two cardinal features, central nervous system
manifestations (intractable epilepsy, psychomotor retardation) and kidney damage (glomerulosclerosis).” Howevet, since these are tentative diagnostic
criteria designed to include a wide range of patients, other diseases associated with kidney damage and central nervous system manifestations are
also included. Over 70 cases have been reported up to 2017, revealing that microcephaly, heavy proteinuria, and facial morphological abnormalities
such as malformed ears occur at high frequencies. Therefore any condition meeting all three of the following diagnostic criteria shall be regarded as
Galloway-Mowat syndrome.

1. Microcephaly

2. Heavy proteinuria resistant or likely to be resistant to treatment (urine protein/creatinine ratio = 1.0 g/gCr or urine
protein = 1.0 g/day)

3. Facial morphological abnormalities such as malformed ears



Obligatory symptoms (3 items)

1) Microcephaly

Head circumference measured around the forehead and the back of the head is 3%
smaller than the standard value corresponding to the age and gender.

2 ) Heavy proteinuria resistant or likely to be resistant to treatment
Urine protein/creatinine ratio = 1.0 g/gCr or urine protein = 1.0 g/day
3) Facial morphological abnormalities such as malformed ears

Malformed ears such as large and soft ears, posteriorly rotated ears, and low-set
ears; other facial dysplasia (narrowed forehead, microgenia, high-arched palate,
hypertelorism), etc.

Differential diagnosis

Congenital disorders of glycosylation, mitochondrial respiratory chain disorders
(mitochondrial cytopathy), peroxisome, disorders of lipid metabolism, disorders of
amino acid metabolism, disorders of glucose metabolism (glycogen storage
diseases, galactosemia), infections (TORCH)

Method of measuring head circumference

Head circumference is measured using a tape measure from
between the eyebrows (on the frontal bone higher than the
root of nose) around to the most prominent part of the
occipital bone on the back of the head. Measurement should
be made to the millimeter.

Head circumference is measured from right above the eyebrows around to the

most prominent point of the back of the head. Note that the most prominent point

of the forehead should not be passed.

3.Symptoms

Microcephaly, heavy proteinuria, and facial morphological abnormalities such as
malformed ears occur at high frequencies. Many patients have concurrent



psychomotor retardation or intractable epilepsy in addition to microcephaly.
Dysplasia of the cerebral cortex (convolutional abnormalities, white matter
dysmyelination) and cerebellar hypoplasia may be found on CT/MRI. Heavy
proteinuria resistant or likely to be resistant to treatment (urine protein/creatinine
ratio = 1.0 g/gCr or urine protein = 1.0 g/day) occurs, causing a large amount of
proteinuria (nephrotic syndrome) by 3 months after birth and in typical and severe
cases. Although kidney damage is progressive and often leads to renal failure, the
age at which end-stage is reached ranges widely, from 3 to 10 years old or even
older. On the other hand, there are patients with mild kidney damage (proteinuria)
and microcephaly (epilepsy, growth retardation) who reach adulthood after a
relatively favorable course of disease. In mild cases, in which nephrosis becomes
apparent from approximately 1 to 3 years old, epileptic symptoms may precede.
There are also cases where kidney function is preserved until adulthood and
proteinuria remains moderate (dip stick method = 2+, urine protein 0.5 g/day).
Renal biopsy often shows focal segmental glomerulosclerosis (FSGS). Galloway-
Mowat syndrome is sometimes associated with facial morphological abnormalities
(narrowed forehead, microgenia, high-arched palate, hypertelorism), especially with
ear abnormalities such as low-set ears, large and soft posteriorly rotated ears, etc.
Muscular hypotonia is common, which may cause respiration disorder/dysphagia,
and concurrent eye squint and esophageal hiatus hernia are observed.

4. Treatment

Treatment is mainly symptomatic. Kidney damage is progressive. Treatment is
conducted as necessary for each period of maintenance, dialysis, and kidney
transplantation. Long-term drug therapy is necessary for epilepsy.

5, Living with the disease

—Symptoms are generally progressive. An early-onset severe type, occurring within 3 months, often leads to death by 1-2 years of age after
progression of psychomotor retardation (caused by status epilepticus) and kidney dysfunction. However, the degree of damage of the kidney and
nerves varies and there are cases in which progression is slow without significantly affecting daily life until adulthood. Close attention should be given
to hypoproteinemia caused by heavy proteinuria and complications associated with renal dysfunction. Drug therapy is prescribed at the onset of
epilepsy and educational intervention is continued for those with psychomotor retardation.

6.Relevant materials



Head circumference growth level (by age, Head circumference growth level (by age,

and gender) Percentile curves of head and gender) Percentile curves of head
circumference in infants (boys) (survey in circumference in infants (girls) (survey in
2010 )(cm) 2010 )(cm)
Boys Guls
Agem Percentile Agem Percentle
days/montheivears | 3 10 25 S0 75 %0 97 daysmonthsvears | 3 10 3 50 75 90 97
Median Median
Atbuth 305 315 325 335 345 350 360 Atbuth 305 312 320 330 340 M5 355
30 days 338 347 357 367 376 383 391 30 days 33.1 341 349 359 367 375 | 82
0 year 0 vear
l-<2months | 351 36.1 370 380 389 396| 404 1-<2months | 343 352 | 361 370 379 387 | 94
23 371 381 390 399 408 418 424 23 362 71 380 ise 397 405 412
34 386 395 404 414 422 430 47 is 375 84 393 402 411 418 425
45 397 06 414 43 432 H“o “7 45 383 94 403 412 420 27 1454
56 404 413 421 430 439 “u7 454 56 393 401 410 419 97 434 “
67 410 419 427 436 “s 452 459 6.7 199 407 416 424 433 “o “u7
78 416 424 433 442 450 458 465 78 404 413 421 430 438 Hs 452
89 421 429 438 “ue 455 463 470 89 409 418 426 435 443 450 457
910 425 434 442 41 460 467 475 9-10 414 422 431 439 48 455 462
10-11 429 487 “us 455 464 472 479 10-11 417 426 435 443 452 459 466
11-12 432 #41 49 455 468 | 475 483 11-12 a1 430 | 438 47 456 | 463 | 470
1year 1year
0-= 1 month 435 —- 453 462 471 479 487 0-< Il month | 424 43 447 451 459 467 474
12 438 a7 456 465 474 482 490 12 27 436 445 454 462 470 407
23 411 450 458 468 497 485 493 23 430 439 47 456 465 473 480
34 443 452 481 470 480| 488| 4956 34 432 | &1 450 459 468 | 476 | 483
4.5 445 454 463 472 482 490 499 4.5 434 “3 452 451 470 478 456
56 447| 456 465 474 484 | 492 501 56 436 | #45 | 454 463 472 | 480 | 488
6.7 449 458 466 476 486 454 503 67 438 “7 455 465 474 482 480
78 450| 453| 468 478 487| 496 505 78 40 | M8 | 457 456 476 | 484 | ®1
89 452 461 469 479 489 438 506 89 “l 450 458 468 47.7 485 493
810 453 462 471 481 450 489 508 910 #3 451 460 469 478 487 495
1011 454 463 472 482 492 500 509 10.11 Ha 452 461 470 480 488 456
1112 455 464 473 483 493 s02 511 11-12 H“s 454 462 472 481 489 447
2 years 2years
0-<6months| 459 L3 477 487 497 306 515 0-< Gmonths | 49 457 466 4975 485 493 502
612 465 474 483 492 502 511 520 612 4535 463 472 482 491 500 508
3years Jyeurs
0- < 6 months 470 479 487 497 507 516 525 0- < 6months | 460 469 477 487 457 505 514
612 474 483 491 50.1 511 520 529 612 465 | 474 | 482 492 502 | 510 | 519
Hyears 4 years
0- = 6 months 478 486 95 505 514 523 532 0- < 6months | 470 478 487 496 506 515 523
612 481 450| 498 508 517 526| 535 612 474 | 482 | 451 500 510 | 519 | 527
5 years 5years
O0-<6months | 484 492| 501 51.0 520 s529| 538 0-< Gmonth: | 477 | 486 [ 494 504 514 | 522 | 531
612 486 45 503 513 523 533 542 12 481 89 497 507 516 525 534
6 years 6 years
0- < 6 months 488 497 506 516 527 537 47 0- < 6months | 483 49.1 500 509 519 528 37

7.Reference materials for this disease

Database on Health and Labour Scientific Research
https://mhlw-grants.niph.go.jp/

Online Mendelian Inheritance in Man® (OMIM®)

http://www.ncbi.nlm.nih.gov/omim

Database summarizing information on genetic diseases and their causal genes, as well as mutations

Genetic and rare diseases information center (GARD)
https://rarediseases.info.nih.gov/diseases/65/galloway-mowat-syndrome
National Institutes of Health (NIH)-based provision of information on rare diseases and genetic diseases

Galloway WH, Mowat AP.
Congenital microcephaly with hiatus hernia and nephrotic syndrome in two sibs. ] Med Genet; 5(4):319-
321, 1968. PMID: 5713646 The world’s first case report of Galloway-Mowat syndrome (brother-sister case)

Keith J, Fabian VA, Walsh P, Sinniah R, Robitaille Y. Neuropathological homology in true Galloway-
Mowat syndrome.

J Child Neurol ;26(4):510-517, 2011.PMID: 21233460 Consideration of nervous symptoms in 40 reported
cases of Galloway-Mowat syndrome

Hiroyasu Tsukaguchi Special issue, Japanese Journal of Clinical Medicine, Renal Syndrome (volume



L
Galloway-Mowat syndrome (brain and glomerular dysplasia) pages 411-419, 2012 Nippon Rinsho
Consideration mainly of kidney damage

Physical growth survey of infants and young children
http://www.mhlw.go.jp/toukei/list/73-22.html

Growth curves (percentile curves) of head circumference in infants were prepared based on the results of
the 2010 physical growth survey of infants and young children, and the survey results are posted on the
Ministry of Health, Labour and Welfare's website.

This leaflet was prepared by funding from the research group on
Establishment of a clinical and research system for rare / intractable
pediatric renal diseases (H29-nanchitou(nan)-ippan-039) supported
by a Health Labour Sciences Research Grant (Research on
Intractable Diseases Palicy). Please note that the information in this
leaflet may be changed or updated. Please also note that we are not
responsible for any information in this document or any problems
arising from the content included in this leaflet.

Committee of Measures for Pediatric CKD

Chairperson Kenji Ishikura
Division of Nephrology and Rheumatology, National Center for Child Health and Development

Vice-chairperson Yoshimitsu Gotoh
Department of Pediatrics, Japanese Red Cross Nagoya Daini Hospital

Vice-chairperson Yuko Hamasaki
Department of Pediatric Nephrology, Faculty of Medicine, Toho University

Naoya Fujita
Department of Pediatric Nephrology, Aichi Children’s Health & Medical Center

Osamu Uemura
|chinomiya Medical Treatment & Habilitation Center

Takayuki Miyai
Department of Pediatrics, Okayama University Hospital

Hiroshi Kaito
Kobe University Graduate School of Medicine

Mai Sato
Division of Nephrology and Rheumatology, National Center for Child Health and Development

Katsuyoshi Kanemoto
National Hospital Qrganization Chiba-East Hospital

Ryoko Harada
Department of Nephrology, Tokyo Metropolitan Children's Medical Center

Takeshi Yanagihara
Department of Pediatrics, Nippon Medical School Musashi Kosugi Hospital

Ken Hatae
Department of Pediatrics, Japan Red Cross Fukuoka Hospital
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Establishment of a clinical and research system for rare / intractable pediatric renal
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Principal Investigator Kenji Ishikura
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CAKUT CAKUT ° subsidy o
o ° symptoms program
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Kidneys

—— Kidneys
pelvises

Introduction

Congenital Anomalies of the Kidney and Urinary Tract
(CAKUT) are a cause of disease in the “kidney” and
“urinary tract,” which is the path urine travels through
(e.g., renal pelvis, ureter, bladder, and urethra). In many

cases the cause of disease is that the shape and
%Jrin?ry function of the kidney or the urinary tract were not
ras properly formed during the development process of

Bladder each human organ in the mother's womb.

Urethra

What type of disease does your child have?

CAKUT includes various diseases. Here are some examples



Hypoplastic kidney

One kidney is smaller than usual and has poor function.

SRR Dysplastic kidney

Hypoplastic
hypertrophy

/dysplastic kidney
Structures of the kidney do not function well.
If only one kidney is hypoplastic/dysplastic, the kidney on the

other side tends to enlarge (compensatory hypertrophy).

Multicystic dysplastic kidney
Water balloon-like pool of fluid (cysts) is formed in part of or
the entire kidney and the kidney has no function.

Renal scarring

Part of the kidney that had been damaged by bacterial
infections, etc. has recovered with scarring.

Hydronephrosis

Ureteropelvic junction . .
obstruction Congenital hydronephrosis

The part where the renal pelvis is connected to the ureter is
narrowed, resulting in poor urine flow and a swollen renal

pelvis.

Megaureter

The part where the ureter is connected to the bladder is

Megaureter

narrowed, resulting in poor urine flow and an enlarged ureter.

Ureterovesical junction
obstruction



Ureterocele

The portion of the ureter connected to the bladder swells up
like a lump inside the bladder, resulting in poor urine flow.

Classification of vesicoureteral reflux (VUR)

Ectopic ureter opening

A ureter, a tube from the kidney, does not connect properly to
the bladder.

Ureterocele

Vesicoureteral reflux

Urine in the bladder flows backward into the ureters/kidneys.
(Usually such reflux does not occur.)

Reflux is classified into five grades depending on the severity.




Posterior urethral valves

Narrowing of the urethra, which makes it difficult to pass

urine.

Posterior
urethral valve

Functions of the kidney

——

The kidney has What symptoms
various functions. appear when
the kidney is impaired?

Loss of appetite

| 7/ Activate vitamin /nausea

-
Make urine ZEtnimake Protein

» il Bones
e () bones strong feate ints et
wastes Y b become fragile
and toxins)
. Regulate water
Adeguately and salt balance
contrel blood in the blood . Electrolyte
pressure ﬂ MQ@.G pressure Inibatences
increases
€ ?
Release hormones
that help make M} It becomes & :
harder to grow taller R Demia

red blood cells
(prevent anemia) W
7

‘children with hypeplastic/dysplastic kidneys is that they have an inherently high urine output compared to other
children.

*One of the characteristis

Treatment

1. Drug therapy



If hypertension or urine protein persists for a long time, kidney function may be
impaired. The purpose of drug therapy is to delay the progression to end-stage
kidney disease for as long as possible by managing hypertension/urine protein. For
children with CAKUT associated with hypertension, treatment to lower the blood
pressure is performed using mainly inhibitors of the renin-angiotensin system.
These drugs are considered to be able to reduce protein urine and protect the
kidneys, in addition to lowering blood pressure.

a) Blood pressure management

Keeping blood pressure at an appropriate level may also
prevent kidney function from being impaired in children with
hypoplastic/dysplastic kidneys. If blood pressure is high, drug
therapy will be used to lower the blood pressure to the level
of the age/body size of the child. Blood pressure-lowering
drugs include inhibitors of the renin-angiotensin system and

calcium receptor antagonists

b) Effect to reduce urine protein
Effect to protect the kidney

If urine protein is detected, reducing urine protein may
prevent kidney function from being impaired. In a study
conducted in Japanese children with impaired kidneys
(children with CAKUT accounted for 62%), urine protein was

a risk factor for impairment of kidney function.

Both inhibitors of the renin-angiotensin system and calcium
receptor antagonists can rapidly deteriorate kidney function
during dehydration. In the case of children, especially infants,
at risk of dehydration due to unsteady oral intake, it may
become necessary to take measures, such as ceasing the
medicine, when dehydration is likely to occur (e.g. unable to
drink water/vomiting/diarrhea). Please consult your child’s

doctor.

2 Fluid intake/salt (sodium) intake I



Supplementing fluid/salt may slow deterioration of kidney function and promote
growth in children with CAKUT who have a high urine output (especially those with
hypoplastic/dysplastic kidneys). A large amount of fluid/salt is lost through urine in
children with CAKUT with a high urine output. Especially in children with
hypoplastic/dysplastic kidneys, a high urine output may persist after kidney
function is impaired, leading to dehydration. Since keeping an adequate amount of
fluid and salt is necessary for muscle growth, lack of fluid/salt can cause growth

disorder.

A lack of salt is possible even if decreased sodium (hyponatremia) was not
detected in a blood test. Supplementing salt and fluid is therefore needed if there
has been weight loss or a blood test result showing a lack of fluid. Breast milk and
regular milk contain very little salt. Therefore if a lack of salt is found in infants,
Meiji low-potassium/medium-phosphorus formula (standard concentration 15%, Na
27 mEg/L; brand name, Meiji 8806H) may be used as a formula with a high salt
content for the purpose of supplementing salt. This milk is characterized by a high
salt content and a low level of potassium compared to regular milk. As children who
have had chronic renal disease since infancy may have a poor appetite, fluid/salt
replacement using tube feeding, etc. may become necessary.

3. Nutrition therapy

It is important that children with CAKUT have adequate nutrition similar to other

children. Although it depends on the physical body size, etc., the “Dietary Reference

Intakes for Japanese 2015" is recommended as an index.

Estimated Energy
Requirement (kcal/day)
Boys Gitls
0-5 months 550 500
6-8 months 650 600
;’;i;m 700 650
1-2 years 950 900
3.5 years 1300 1250
6-7 years 1550 1450
8-9 years 1850 1700

10-11 years 2250 2100
12-14 years 2600 2400
15-17 years 2850 2300
1829 years 2650 1950

4. Surgical treatment

Common clinical conditions among patients with CAKUT are: an area in the urinary
tract where urine flow is poor; the urinary tract is not connected appropriately; and
urine reflux, which usually does not occur. Surgical treatment is performed to fix
these problems.

Pyeloplasty



a) Pyeloplasty

e e 8 Suture This is the treatment for congenital hydronephrosis. The narrow area where the

renal pelvis joins the ureter is removed and the renal pelvis and ureter are stitched

e together. The ureteral stent catheter is left in place until swelling or edema at

retera
stent

catheter

suture site resolves.

b) Antireflux surgery

This is the treatment for vesicoureteral reflux.

b-1) Ureteroneocystostomy

The ureter and bladder are stitched together anew by creating a submucosal tunnel
so that urine reflux from the bladder to the ureters does not occur. A similar surgical

[ﬁ#fg}mﬁ' procedure of stitching is performed also for megaureter, ectopic ureter opening, and

ureterocele. For megaureter, stitching is done after the narrowed part where the
ureter is connected to the bladder is removed and for ureterocele, after the lump is
removed.

\ \ b-2) Endoscopic injection therapy
Ureteral y / s

orifice

While examining inside the bladder with an endoscope, a bulking material called

Bulking material

Deflux is injected into the region near the ureteral orifice so that urine reflux from

Submucosa

the bladder to the ureters does not occur.

©) Transurethral incision of urethral valves (ureterocele)

Urethral valve (ureterecele) Incision

c) Transurethral incision of urethral valves (ureterocele)

This is the treatment for posterior urethral valve and ureterocele. A thin endoscope
is inserted through the urethra and the valve or ureterocele is cut open with a

surgical knife attached to the tip of the endoscope to make urine flow easier.

Incision with the blade of the endoscope After incision

Q&A



with  CAKUT receive

vaccinations?

A.

Children with CAKUT are prone to infections, which may
become serious, and vaccinations are therefore highly
recommended. It is considered desirable to receive
‘vaccinations, with inactivated or live vaccine, following exactly

- the same schedule as healthy children.
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Q.

1. Is it ok to be physically active?

A.

Since it is not clear whether physical restrictions can protect
patients from further impairing their kidney function,
restriction  of physical activities is not recommended.

Q.

How long should medication be taken?

A.

When oral medication is started, it needs to be continued in
principle. However, the required oral medication and duration
will be greatly different depending on how severely the kidney
function is impaired, dietary status, and whether renal
replacement therapy (dialysis, transplantation) has been
started.

Q.
Are there any foods that should not be
eaten?

A.

Since it is net clear whether protein restrictions can protect



However, "ﬁg—term influence of intense sports club
activities on the kidney is not clear and for patients with

y v / D i physical growth. If a
hypertension or cardiac failure as a complication, restriction

; e i s ) of salt may lower th ood D
of physical activities based on their disease conditions is ; B - e 5
function from further impairment. However, salt

necessary. On the other hand, restriction of physical activities
may cause mental stress and lower quality of life, and
excessive restriction of physical activities may lead to serious
side effects such as broken bones. These matters need to be
considered comprehensively under present circumstances.

restric
are
bect necessary depending on how s
function is impaired. When end-stage renal
restriction of electrolytes (potassium
become necessary depending on |

ikely to lose salt. Moreover, diet

Attachment of

provider's written Issuing provider's
opinion written opinion
(medical certificate) (medical certificate)

Enclosed
application

-'

Diagnosis

Acceptance/
nen-acceptance

Application procedures for a medical expenses subsidy for “Specific Chronic Diseases in Children

The application for a medical expenses subsidy for specific chronic diseases in children is shown below

1. Visit a designated medical institution.

2. After being seen at the designated medical institution, ask the
doctor to personally deliver the medical provider's written opinion
regarding specific chronic diseases in children.

ould

ted in children who have a high urine output and who

”n



3. After attaching the personally delivered medical provider's written
opinion described in item 2, submit the medical expenses subsidy
application to your prefecture/designated city/core city. For
information regarding documents (medical care recipient certificate
application form) for application,
prefecture/designated city/core city.

please contact your

4. Your application will be reviewed by the Review Board for the
specific chronic diseases in children.

5. You will receive noftification of acceptance or non-acceptance from

your prefecture/designated city/core city.

#In principle, a medical care recipient certificate is valid for 1 year. Please apply for a certificate every year

if you want to continue receiving benefits.

Glossary

Chronic Kidney Disease (CKD)

CKD can be classified into stages as shown in the Table below depending on how severely the kidney function is
impaired. The ability of the kidneys to filter out waste (estimated GFR rate) can be calculated from the creatinine
level on a blood test and the stages are classified using the calculated values.

End-stage kidney disease

End-stage kidney disease is a condition where kidney function has been impaired and dialysis or kidney

transplantation is necessary. The CKD stage is 5.

Renal replacement therapy means dialysis (hemodialysis, peritoneal

replacement therapy becomes necessary when CKD reaches stage 5.

CKD . ; o Fstimated GFR  Kidney

Stage  Severity deeripion g min1 73w function

&4 R 290 75-100%
Normal or increased GFR

2 Kidney damage 60-89 S0.75%
Shght reduction m GFR

3 Modest reduction in GFR 30-59 25-50%

4 Severe reduction in GFR. 15-29 12.5-25%

5 End-stage kidney disease <15 <12.5%

dialysis) and kidney transplantation

Diagnosis of CKD and start of
treatment

Treatment of complications
Treatment to delay CKD
progression
Assessment of progression of
kidney damage m addition to the
above

Detect and treat renal failure
complications in addition to the
above
Preparation of
dialysis/transplantation in
addiuon to the above
Introduction of dialysis or
transplantation (depending on
symploms)

. Renal
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Hor~ru7 U R0l B K& D RFORPA~DOEERIZIY (41), NS DI
IXHFIC IR ERE 7 & DB A A9 2 M B OGE ISR LT 0, A2
T o — NHATIL, ONF 32 5l 19 B TR IR YYE OBEE R & o 72,
CNF 21 Bl 7 m—EH (FRfE 1. 1 4) ORYE DR & 1% 7RI
ST LT3 5 (42), BUMIEAS 2.5 |/4E, RUMAEREV 28 2.5 BI/4EdH - 72
M, FLEAR D 7 — 7 VOB BIIFRIE R E 5 2 o T, £, TR
MEES T o~ rm7 ) OBRGIIFIERZ O S o Tc, LEX D | TRIEY
RPEESCH v~ 7 a7 U v OEGIXMEE O BRI A O 5 L v 5 T
AU hEBEL, HEELRY, UL, BUJEZ 5> 728613, BN ks
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ERAEEZERURSIEEZ R G T &I, BB L TH Yy~ vT7 Y
VEBRGT S, HRTFERAN =7 a7 Y CBHENOW T, MR RIS T D
DD O (43-45) | BB OFEGIDOERNBEEN D, 2B JRIP~DHERIZ LV |
CRP UKD L 2 D720 EET D, 7o, BRI L0 BUEDIIERZ RS T2 &
MAEETH D,

BRMEZIIAET 7 T OBRMENKEEE L 22 5720 W@E O THiERE T < TT
W, BB U 7 F s o — TNy I RO bR R B, BRI
Z T HURIERG D 72 b O ARG, 16 MR HICHERT 5 720 @ E 72 H RO
JED 72 < I o TN BEFE LU,

5. FHTIRTE

ARIROAET > 47— A TIX, ONF 33 571 26 il PD 23T TR Y,
FAEIX 21 22H (4-90) Toh o7z, ONF LA O/ S WHLL RN EATE A 72
D2 LN MEENT CTIE FIEWVEE L 2> T LE D, (EEIREL BIET
TeOIZiE, ATV TIIPD 2R 5 Z L3, ST T —7 v v
THLEBENT 2 AT 2 BRI, WBRIRZ 55— RN E 3 5, BB O - I AR
IRZRAE L. FERONY v v MERIO =D IZ8E TR ~D R B 28T 5 2 &
WEFE LW, PD FEHOMIC, 2FREOSE, FHREOHEMN, REOX Y vF
Ty TRREINTVD (46-48),

CNF ORIZ LI UIEREBESN =T 260 2720, PD AT =T VaffAT S
BRICIT A TR RN RS L ONAIA1T 5 2 & 24 5. B, BhERITA
BNZ72 5 Z EMBNTZD PD BT — T WIEMNHFREAT 20N EE LUy,
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BBAE

BT 2O AL E LT, HE 75-80cm, KEF 8-10kg (272 - 7K A T
BHAEZET D (49), AMORET v — MAATIL, ONF 35 fiH 19 fi| T
B TON TR Y . PREIL 56 72 (34-96) T o7z, ONF EA~DEBAET
X BYYEIC K DT & MREIC K DB AN L 72 D720, PD kA%
ICEEEARICHEIIRERD - K >~ 2 a7 ) R EEC W E R D & B
L7REETBBIEZIT ) Z B E LW (50, 51), AFICHIT B HEOMKGFT
X, MIET VT 22 >2.5g/dl Lo THLBMEZIToT-Z LICL 0| BRI
FRREDFAEIL 2o To L HE SN TS (52), [KEBIEDZIEZ FHEIIICIT O
LT DT, BRI T T E RV B O RPUTEE LV,

BRMEZIIAET 7 F BN EARNICAR T L D70, @ O THERIT T
RV ALE Y 7 F o= 2 —F/\y 7 RO b RN ICRFT 5, B
RV A 2 7= DU IEAR D72 D DA H 513, 16 BIRHICHERT D720, HERE
FIR-CTFIEDNR I L T B E LU,

Bt O3 7o —ERAEX, ONF IZB 1T BB EEDOIRKDO—>2Th 5,
Fin-major/Fin-major OB 12 H T 5B TIL, BIEO U 27 BRE<, 5444
ERIL T2 TholottEsnTing (63), *7r—BIIxT DIREIE. AT
7 A K. cyclophosphamide, rituximab, MAEZHOHHHENRE STV
(53-59), ZHHIREHREICOWTIEEIZTZ 4 T R THY, Hix7 VU v
PURDOBEE N RENTWD, — . KEOIEFICK T 5% 7V IR0 51X
AHTH D728 rituximab, MBELHOF FPERE SRV ATREME DN S D IEE &
Cag
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Chapter I: General
1. Disease Concept and Etiology

[Summary]

®  Nephrotic syndrome refers generically to a set of pathologic conditions characterized by severe
proteinuria, hypoalbuminemia, and generalized edema due to glomerular capillary disorder.

®  Approximately 90% of cases of pediatric nephrotic syndrome are classified as idiopathic
nephrotic syndrome (primary nephrotic syndrome).

Nephrotic syndrome refers generically to a set of pathologic conditions characterized by severe
proteinuria and hypoalbuminemia due to glomerular capillary disorder, resulting in generalized
edema. While it was reported to occur at a rate of 2 in 100,000 children per year in Western
countries !, its incidence in Japan was about 3 times higher at an incidence of 6.5 in 100,000
children per year, according to an epidemiological survey in 2013 2! (refer to p. 23, “4.
Epidemiology™).

In addition, as the primary disease, idiopathic nephrotic syndrome of an unknown cause (primary
nephrotic syndrome) accounts for approximately 90% of children with nephrotic syndrome
(approximately 60% of adults at age >20 years) (Figure 1) ¥, and approximately 80% of these cases
are of the minimal-change-disease <! (refer to p. 18 “3. Kldney biopsy”). The diseases covered by
this 2020 guideline will be pediatric idiopathic neph of the |-change-disease,
focal segmental glomerulosclerosis, and diffuse mesangial proliferation, and hereditary focal
segmental glomerulosclerosis, which has recently been reported with increasing detection, will be
described as an important disease to differentiate from the other types.

Although the etiology of glomerular capillary disorder in pediatric idiopathic nephrotic syndrome is
considered to involve I) T cell functional impairment, 11) humoral factors (circulating factors), and
111) genetic abnormalities (in podocyte constituents, mainly slit membrane), no definite factor has
been identified.

1) The discussion about T cell functional impalrment dates back to 1974 when Shalhoub proposed
the “theory of lymphocyte functional impairment” 1. This theory was proposed on the basis of
suggestions from some events, |nc|udmg the followmg 1) Slerolds and calclneunn inhibitors are

effective in patients with the minimal-chang . 2) The I ge-di can remit with
the cnmractlon of measles and malaria, which reduce cellular immunity. 3) Complication of the
|-change-di asatl symptom in patients with malignant lymphoma or

other diseases that can cause T cell functional impairment.

11) Involvement of humoral factors has been assumed from the results of studies in steroid-resistant
nephrotic syndrome. 1. Nephrotic syndrome develops in mice receiving a serum from a patient with
steroid-resistant nephrotic syndrome [*1. 2. Some patients with a relapse of nephrotic syndrome
following kidney transplantation respond to plasma exchange ), and when the graft is immediately
excised from a patient with a relapse of nephrotic syndrome in the transplanted kidney and re-
transplanted to another patient, the nephrotic syndrome remits . Although humoral factor
candidates have been reported, including hemopexin, vascular permeability factor (VPF), vascular
endothelial growth factor (VEGF), active oxygen, soluble urokinase receptor (SUPAR), interleukin-
13 and -8, tumor necrosis factor alpha (TNFa), and cardiotrophin-like cytokine factor 1 (CLC-1) [
18 no reproducible results have so far been obtained and the essential natures of humoral factors and
immunological abnormalities that can express them remain unclear.

111) As for genetic abnormalities, Tryggvason et al. discovered the causal gene for Congenital
nephrotic syndrome - Finnish type in 1998 (1) (NPHS1 gene abnormality), ing research on genes
associated with podocyte constituent proteins. Thereafter, analyses of genes for familial steroid-
resistant nephrotic syndrome and focal segmental glomerulosclerosis have identified more than 50
genetic abnormalities in slit membrane components, podocyte actin backbone constituents,
glomerular basement membrane and podocyte - glomerular basement membrane junction
components, and components involved in the negative charge of the podocyte membrane (refer to p.
30 “6 Genetic testing”). These findings have shown that podocyte disorders are important to the

mechanism of protein leakage in nephrotic syndrome; however, single-gene abnormalities account
for only a small percentage of cases of idiopathic nephrotic syndrome (approximately 30% in
steroid-resistant nephrotic syndrome) and rare in steroid-sensitive idiopathic nephrotic syndrome.
Based on the involvement of immune abnormalities in the etiology and the racial differences in the
incidence of the disease, the HLA gene has so far been suggested to be involved in disease

in steroid iti hrotic syndrome 12021, A recent large-scale genome-wide
association analysis (GWAS) suggesled an association with HLA-DQAL and PLCG2 # in South
Asians and European and American Caucasians, and with HLA-DR/DQ in Japanese 123,

Chapter I: General
2. Definitions

[Summary]
The diagnostic criteria for pediatric idiopathic nephrotic syndrome will be based on the definition by
the International Study of Kidney Disease in Children (ISKDC) [4,

1) Persistent severe proteinuria (nocturnal urine collection >40 mg/hr/m? or early morning urine
protein-creatinine ratio >2.0 g/gCr)

and

1) Hypoalbuminemia (serum albumin <2.5 g/dL)

The condition that concurrently meets the above requirements 1) and 1) in the absence of definite
causal disease is defined as pediatric idiopathic nephrotic syndrome (primary nephrotic syndrome).

The definition of pediatric idiopathic nephrotic syndrome is shown above. The definitions for the
other terms are shown in Table 1 below. For reference, the diagnostic criteria for adults is shown in
Table 2 @,

Table 1 Definitions of terms concerning pediatric idiopathic nephrotic syndrome
Nephrotic syndrome Persistent severe proteinuria (C40 mg/h/m2 in pooled night urine
cr early momlng urine protein creatinine ratio >2.0 g/gCr) and
ia (serum albumin <2.5 g/dL)
Primary nephrotic syndrome Nephrotlc syndrome with primary glomerulonephritis
Idiopathic nephrotic syndrome | Primary nephrotic syndrome of unknown cause

Secondary nephrotic Including nephrotic syndrome from an evident causal disease and
syndrome nephrotic syndrome due to genetic abnormal
Complete remission Negative protein on dipstick testing of early morning urine for 3

consecutive days, or early morning urine protein creatinine ratio <
0.2 g/gCr for 3 consecutive days

Incomplete remission =1+ protein on dipstick testing of early morning urine or early
morning urine protein creatinine ratio >0.2 g/gCr, and serum
albumin >2.5 g/dL

Relapse >3+ proteln on dipstick testing of early morning urine (urine
prots inine ratio >2.0 g/gCr)for 3 consecutive days

Steroid-sensitive nephrotic Disease with complete remission within 4 weeks following the start
syndrome of daily prednisolone therapy
Frequemly relapsing Two or more relapses within 6 months aﬂer initial remission, or 4

phi syndrome or more relapses within any 12 months
Steroid-dependent nephrotic | Two consecutive relapses during prednisolone tapering or within
syndrome 14 days after discontinuation of prednisolone
Steroid-resistant nephrotic Absence of complete remission after at least 4 weeks of daily
syndrome prednisolone therapy
Refractory nephrotic Steroid sensitive nephrotic syndrome with continuing frequent
syndrome™ relapses or steroid-dependent despite of standard

immunosuppressant therapy™?, and, thus requiring continuation of
steroid therapy (refractory frequently-relapsing and steroid-
dependent nephrotic syndrome); or steroid resistant nephrotic
syndrome without complete remission despite of standard
immunosuppressant therapy "?(refractory steroid-resistant nephrotic
syndrome;

*1The Ministry of Health and Welfare Study Group for the Designated Disease Nephrotic Syndrome
defines "refractory nephrotic syndrome” in adults as “cases in which complete remission or
incomplete remission cannot be achieved with various treatments during a 6-month treatment period.”

In this 2020 guideline, which targets children, treatment-resistant frequently-relapsing and steroid-

nephrotic synd and steroid-resistant nephrotic synd are defined together as

“refractory nephrotic syndrome.”

*2While the definition may be changed accordlng to the approval status of i |mmunosuppress|ve agent
indications in the future, “freqy y-relapsing and steroid: and “steroid: tant” are
defined as “refractory” in cases where the condition is difficult to control with the use of
cyclosporine and cyclophc ide, and where ission cannot be induced even with a
combination therapy with cyclosporine and steroid pulse therapy, respectively, as of November 2019.

Table 2 Diagnostic criteria for adult nephrotic syndrome

1. Proteinuria: A level of >3.5 g/day persists.

(the same applies in cases of spot urine check showing a urinary protein/creatinine ratio of >3.5

9/gCr)

2. Hypoalbuminemia: Serum albumin level <3.0 g/dL. A total serum protein content of <6.0 g/dL.
also serves for reference.

3. Edema




4. Dyslipidemia (hyper-LDL: olemia)

Notes: 1) Of note, both the above-described findings of urine protein content and hypoalbuminemia
(hypoproteinemia) are an essential requirements for the diagnosis of this syndrome.

2) Edema is not an essential condition for this syndrome but is an important finding.

3) Dyslipidemia is not an essential condition for this syndrome.

4) Oval fat bodies serve for reference in the diagnosis of this syndrome.

(Source: 1. Disease concept, definition, constituting illness, and pathophysiology. Evidence-based
Clinical Practice Guideline for Nephrotic Syndrome 2017, edited by the Study Group on refractory
Kidney Diseases in the MHLW Grant-in-Aid for Scientific Research Project for Research on
Policies for Refractory Diseases (Refractory Disease Policy Research Project), Tokyo, Tokyo
Igakusha. co.jp., 2017: 1-5.)

India and Japan in 2015 87, and the description in the 2015 Cochrane review was substantially
modified 1,

Including these three new randomized controlled studies, a meta-analysis of high quality was
conducted, demonstrating that there was no difference in the risk of frequent relapses between the
ISKDC regimen and the long-term tapering regimen. The long-term tapering regimen is considered
to have been over-evaluated in the study with a high risk of biasing; it was concluded that there was
no benefit from an extension of the duration of prednisolone treatment to 3 months or longer in the
treatment at the time of first episode 8. Accordingly, this 2020 guideline will recommend that 8-
week treatment (ISKDC regimen) be chosen in the treatment of pediatric idiopathic nephrotic
syndrome at the time of first episode. Strictly speaking, the 8-12 week treatment is recommended
since the analysis in the Cochrane review compared 8-12 weeks and 12 weeks or longer; however,
we recommend the 8-week treatment as in the randomized controlled study conducted in Japan ). It
is necessary to continue to compile evidence, and we would like to monitor the results from similar
randomized controlled studies (e.g., PREDNOS Study 1) and the trends in guidelines available
outside Japan.

+2. Treatments of relapses

For steroid treatment at the time of relapse, no new evidence has been compiled. We propose the
modified ISKDC regimen or the long-term tapering regimen in this 2020 guideline, as in the
previous Guideline 2013.

Examples of treatment

At the time of relapse Modified ISKDC regimen Example of prednisolone therapy

1) 60 mg/m?/day or 2 mg/kg/day (up to 60 mg/day) in 1-3 divided doses, consecutive days, at least
until 3 days after confirmation of the disappearance of urine protein, but not exceeding 4 weeks.

11) 60 mg/m?/day or 2 mg/kg/day (up to 60 mg/day), single dose, morning, alternate days, 2 weeks
111) 30 mg/m?/day or 1 mg/kg/day (up to 30 mg/day), single dose, morning, alternate days, 2 weeks
1V) 15 mg/m?day or 0.5 mg/kg/day (up to 15 mg/day), single dose, morning, alternate days, 2 weeks

*The tapering methods of 1) to 1V) are largely dependent on the attending physician’s discretion,
and the long-term tapering regimen may be chosen as appropriate. Body surface areas and body
weights will be calculated using height-based standard body weights (refer to Tables 1-A and 1-B on
pages 42-45, “1. General description of treatments”).

The KDIGO Guideline proposes the ISKDC regimen (prednisolone administered at 60 mg/m?/day
for consecutive days and +40 mg/m?day for alternate-day administration for 4 weeks until 3 days
after negative urine protein testing) for the non-frequently-relapsing type, and the long-term tapering
regimen for the frequently-relapsing and steroid-dependent type . In Japan, there is no discretion
according to therapeutic responsiveness, and the modified ISKDC regimen with the duration of
alternate-day administration extended to 6 weeks as described above and the long-term tapering
regimen involving longer duration of long-term alternate-day administration are common. We have
decided to propose the same in this 2020 guideline.

In the Cochrane review, a report from Sri Lanka (meeting minutes) was reviewed, concluding that
long-term dose tapering on alternate days for 7 months was more effective than the 2-month ISKDC
regimen [ This is the only available randomized controlled study; a further randomized controlled
study is desired to determine the rationale for the long-term tapering regimen during relapses.

43. Others
For steroid dose tapering, daily dose reduction is recommended in the “Evidence-based Clinical

Practice Guideline for Nephrotic Syndrome 2017 ®); however, in children, dose reductions should
be performed by alternate-day administration to prevent growth disorders caused by steroids. While

36

no report is available for nephrotic syndrome patients, two studies have reported that growth
disorders in patients ing kidney ion were i by switching the steroid
regimen from daily administration to alternate-day administration 191, In patients with confirmed
epiphyseal closure (at 17 years of age for boys, 15 years for girls), there is no longer concern about
growth disorder; therefore, daily tapering may be considered with the disease control status or
patient transfer to a medical institution for adults in mind.

For daily administration of steroid, the Japanese Guideline states that the daily dose should be in
three divided doses [, whereas in the KDIGO Guideline, the daily dose should be administered in
one portion [, It has been reported that there was no difference in efficacy of treatment at the time of
relapse between single dose and 3 divided doses, and that the incidence of steroid side effects was
lower with single dose [1). On the other hand, no controlled study has compared treatments at first
episode. Based on the above facts, this 2020 guideline describes daily dosing as one to three divided
doses. To minimize the incidence of steroid side effects after alternate-day dose reduction, it is
desirable that the daily dose be given in a single dose as conventional.

Itis disputable whether steroid doses should be based on body surface area (mg/m?) or body weight
(mg/kg). With regard to the influence of this difference on treatment and prognosis, one study
reported that a better relapse suppression effect was obtained when the dose is determined on the
basis of body surface area to increase exposure 2, and a randomized controlled study reported that
there was no difference in relapse rate %1. As of December 2018, no clinical study was available
with a high accuracy that permits a determination of superiority/inferiority; therefore, this 2020
guideline mentions both cases.

Since considerable intestinal edema poses a concern about poor absorption of oral steroid, the
“Evidence-based Clinical Practice Guideline for Nephrotic Syndrome 2017” states that intravenous
administration may be considered . However, since no studies have compared oral medications and
intravenous drugs, efficacy differences are unclear. If oral medication is difficult due to vomiting and
abdominal pain associated with intestinal edema in children, we consider that intravenous steroid
may be used temporarily at the same dose.

The 2015 Cochrane review newly included a description of daily administration of low-dose steroid
to prevent relapses with common cold in patients with frequently-relapsing nephrotic syndrome at a
high risk of relapse 8. More than one randomized controlled study has been reported, including
studies of remission maintenance by alternate-day administration of prednisolone at 0.1-0.75 mg/kg
to maintain remission in frequently-relapsing and steroid. nephrotic syndrome (14161 and
one study in patients with a history of the frequently-relapsing type who had been withdrawn from
prednisolone for 3 months 1171, The relapse risk was reported to have been decreased significantly by
switching the regimen to daily administration of low-dose prednisolone for 5-7 consecutive days. We
consider that these results deserve noting in clinical practice for pediatric idiopathic nephrotic
syndrome in Japan in the future.

Finally, an investigation by the Japanese Study Group of Kidney Disease in Children (JSKDC)
suggested that in the treatment of first episode of pediatric idiopathic nephrotic syndrome, a length of
time of 9 days or more taken from treatment initiation to remission and first relapse within 6 months
were risk factors for frequently-relapsing nephrotic syndrome 8. To demonstrate the accuracy of
this result, another demonstrative cohort is required, and this is an issue to be investigated in the
future.

Chapter II: Treatments

2. Specifics

B. Treatment of lapsing and steroid ic syndrome

cQ2
Are immunosuppressive agents recommended for children with frequently-relapsing and steroid-
dependent nephrotic syndrome?

Recommendation statements:
®  Since various side effects develop with the use of steroid in children with frequently-relapsing
and steroid-dependent nephrotic syndrome, use of an immunosuppressive agent is

ded. R grade 1B (: ratio 94%)
1. Administration of cyclosporine is Ri mendation grade 1B ratio
100%)
2. Administration of cyclophosphamide is recommended. Recc ion grade 1B
ratio 94%)

3. We propose administration of mizoribine (off-label use). Recommendation grade 2C
(agreement ratio 100%)

4. We propose administration of mycophenolate mofetil (off-label use). Recommendation grade
2C (agreement ratio 100%)

5. We propose administration of tacrolimus (off-label use). Recc ion grade 2C
ratio 88%)

Treatment examples

1. Example of cyclosporine treatment

Reference: Started at 2.5-5 mg/kg/day in two divided doses. Doses will be adjusted to reach the
following blood concentrations:

For management by trough level*: 80-100 ng/mL for 6 months and then 60-80 ng/mL.

For management by C2 value™: 600-700 ng/mL for 6 months and then 450-550 ng/mL.

For long-term administration, a kidney biopsy should be performed, even in the absence of renal
dysfunction, to examine for chronic nephrotoxicity (refer to p. 18 “3. Kidney biopsy™).

2. Example of cyclophosphamide treatment

Reference: Administered at 2-2.5 mg/kg/day (up to 100 mg) in a single portion for 8-12 weeks.
The cumulative dose should not exceed 300 mg/kg, and doses should be administered in one course
only.

3. Example of mizoribine treatment (off-label use)

Reference: Administered at 7-10 mg/kg/day in a single portion (high dose). Doses will be adjusted to
reach the following blood i Peak blood ion (C2 value™ or C3 value™): >3.0
ug/mL.

4. Example of mycophenolate mofetil treatment (off-label use)

Reference: Administered when the standard immunosuppressive agent cannot be used due to side
effects.

1,000-1,200 mg/m?/day (or 24-36 mg/kg/day, up to 2 g/day) in two divided doses.

5. Example of tacrolimus treatment (off-label use)
Reference: Administered when the standard immunosuppressive agent cannot be used due to side
effects.




Started at 0.1 mg/kg/day in two divided doses. Doses will be adjusted to reach the following blood
concentrations: Trough range**: 5-7 ng/mL for 6 months and then 3-5 ng/mL.

Note 1: Body weights will be calculated using height-based standard body weights (refer to Tables
1-A and 1-B on pages 42-45, “1. General description of treatments”) (the same applies for body
surface areas).

Note 2: It is desirable that the above-described treatment be performed in collaboration with a
pediatric nephrologist. In particular, drugs to be used off-label are desirably administered by a
pediatric nephrologist.

“Ipredose blood concentration

*2Blood concentration at 2 hours post dose

*3Blood concentration at 3 hours post dose

Evidence summary

The efficacy of cyclophosphamide for children with frequently-relapsing nephrotic syndrome has
been reported in some randomized controlled studies; however, other studies reported that the effect
was limited. Cyclosporine was shown to be as effective as cyclophosphamide in the only avallable
randomized controlled study in children with freq y-relapsing and steroid:

syndrome with cyclophosphamide as the comparator. Although mizoribine was not shown tobe
effective for children with frequently-relapsing and steroid-dependent nephrotic syndrome in a
randomized controlled study to compare usual doses with placebo, a retrospective study suggested its
efficacy at high doses. Mycophenolate mofetil was shown to produce side effects within the
acceptable range, although its relapse-suppressing effect was slighlly lower than that of cyclosporine,
in a randomized controlled study in children with freq psing and steroid:

nephrotic syndrome with cyclosporine as the comparator. Tacrolimus was studied in a non-
randomized controlled study and retrospective study in children with frequently-relapsing and

steroid-dependent nephrotic synd with my mofetil as the i , and was
shown to be as effective as mycophenolate mofetil in the suppression of relapses.

Commentary

+1. General

In children with freq y-relapsing and steroid: phrotic syndrome, a broad range of

steroid side effects develop, such as growth disorder, obesity, diabetes mellitus, cataract, glaucoma,
hypertension, osteoporosis, and femoral head necrosis; therefore, we recommend that
immunosuppressive agents be used. The Cochrane review shows that cyclophosphamide,
chlorambucil, cyclosporine, and levamisole are significantly effective, and that mycophenolate
mofetil may be effective but there is a limited range of data comparing the aforementioned four
drugs ™. The KDIGO guideline 2 recommends six drugs consisting of the above five and tacrolimus.
According to a nation-wide survey in an MHLW Grant-in-Aid for Scientific Research project,
cyclosporine, mizoribine, and cyclophosphamide are the most commonly used i |mmunosuppress|ve
agents used as first-line drugs for pediatric lapsing and steroid-dependent neph
syndrome in Japan, listed in this descending order, and facilities with cyclosporine as the first-line
drug accounted for more than 50% (1. Of these three drugs, cyclosporine and cyclophosphamide
have strong evidence for efficacy. The Cochrane review reported that cyclosporine and
cyclophosphamide were equally effective ). Mizoribine has been suggested to be effective at a high
dose (off-label use), although evidence is lacking. In addition, this also constitutes off-label use in
Japan,mycophenolate mofetil and tacrolimus may be mentioned as therapeutic options for cases
difficult to treat with standard immunosuppressive agents.

In the presence of nephrotic syndrome relapse, oliguria and hypertension can develop, and the risks

of cyclosporine-induced acute nephrotoxicity, posterior reversible encephalopathy syndrome (PRES),

cyclophosphamide-induced hemorrhagic cystitis, and other events are considered to increase;
therefore, it is safe to newly start any immunosuppressive agent after remission by steroid therapy.
Since of i e agents for children with frequently-relapsing and

steroid-dependent nephrotic syndrome is usually performed in combination with a steroid, the
statement in this section has been prepared on the assumption of combination with a steroid. While
cyclophosphamide is the only drug that has been reported to be effective in a randomized controlled
study comparing a treatment group and a 1t group, we have the efficacy and
recommendation grades by mutual comparisons of individual drugs. Bearing in mind the above-
described frequency of use and recommended grades, cyclosporine, cyclophosphamide, mizoribine,
m mofetil, and i are described in this order. In actual settings, drugs should be
chosen in view of their effects, side effects, and the patient’s condition. In recent years, evidence for
rituximab has been increasing in volume remarkably.

For details, refer to “CQ3" on page 59 “2 Specifics” “C. Treatment of refractory frequently-relapsing
and steroid-dependent nephrotic syndrome”.

+2. Specifics

1. Cyclosporine
Cyclosporine is highly effective against pediatric frequently-relapsing and steroid-dependent
nephrotic syndrome, allowing steroids to be tapered and discontinued in most patients 11, In a
randomized controlled sludy in children with frequently-relapsing and steroid-dependent nephrotic
yndi , the rate at 9 months after the start of intervention was similar

between a group receiving cyclosporine at 6 mg/kg/day for 9 months (thereafter tapered and
discontinued over a period of 3 months) and a group receiving cyclophosphamide at 2.5 mg/kg/day
for 8 weeks [111. The Cochrane review reported that cyclosporine and cyclophosphamide were
equally effective . Based on the fact that the efficacy of cyclophosphamide for children with
frequently-relapsing nephrotic syndrome has been demonstrated in some randomized control studies,
the recommendation grade for cyclosporine has been determined as 1B.
Cyclosporine doses are adjusted while monitoring its blood concentrations. In a Japanese multicenter
prospective randomized controlled study of Sandimmun® in 44 children with frequently-relapsing
nephrotic syndrome, higher remission maintenance effect was shown in the dose-adjustment group
(blood trough level 80-100 ng/mL for 6 months and at 60-80 ng/mL for 18 months) than in the dose-
fixation group (2.5 mg/kg/day for 24 months) (50% vs. 15%, p=0.006) . Thereafter, a multicenter
clinical study of Neoral®, a newly developed microemulsified preparation of cyclosporine 12, in 62
children with frequently-relapsing nephrotic syndrome patients was conducted with dose adjustments
based on the above-described trough levels, showing that the drug was similarly effective and highly
safe (2-year relapse-free rate 58%, incidence of nephrotoxicity 8.6%) (1.
The area under the time-concentration curve (AUC0-4) of cyclosporine in patients with pediatric
idiopathic nephrotic syndrome has been reported to be most strongly correlated with C2 (blood
concentratlon at 2 hours post dose), as in the kidney transplantation patients 1. With this

, prospective, rar , controlled trial was conducted in Japan in 93
children wnh frequently-relapsing nephrotic syndrome to compare two different target C2 levels: a
higher C2 group (target C2 600-700 ng/mL for the first 6 months, followed by 450-550 ng/mL for
the next 18 months) and a lower C2 group (target C2 450-550 ng/mL for the first 6 months, followed
by 300-400 ng/mL for the next 18 months). As a result, no significant difference in the proportion of
remission maintenance at 24 months was found, but the frequent relapse inhibition rate during the
study period was significantly higher in the higher C2 group, and the incidence of nephrosis relapse
was significantly lower. There was also no significant difference in the incidence of adverse events
15

Points to note for use

The greatest concern about cyclosporine side effects is chronic nephrotoxicity, and its risk increased
as administration is continued for 2 years or more [1617], Since it is impossible to diagnose
cyclosporine-induced chronic nephrotoxicity merely by urinalysis and blood tests, a kidney biopsy
should be performed to examine for nephrotoxicity [ in case of long-term administration as
appropriate, and long-term administration should be avoided whenever possible (refer to p. 18 “3.

40

Kidney biopsy”).

On the other hand, a problem arises from relapses following treatment discontinuation in many
patients (cyclosporine dependence) 7191, In the above-described randomized controlled study with
cyclophosphamide as the comparator, in which cyclosporine was discontinued at 1 year post dose,
the 2-year remission maintenance rate was significantly higher with cyclophosphamide 4 It has
also been reported that in patients who responded to cyclosporine, sensitivity decreased during the
clinical course and relapses occurred frequently 2%, and that the drug had become ineffective at the
restart of administration following the discontinuation 1. According to a follow-up survey following
the end of the above-described multicenter clinical study of Neoral® 1], 84.7% of the subjects
experienced a relapse, and 59.2% suffered frequent relapses within 2 years after the end of
cyclosporine treatment, and the risk of post-discontinuation relapse was high in the group of subjects
with any relapse during cyclosporine treatment 1291, In addition, a follow-up report at 10 years after
the end of the main study showed that these relapses were also noted in the transition from puberty to
adulthood (211,

Other characteristics include high incidences of cosmetic side effects such as hypertrichosis and
gingival swelling (7219, |n addition, infections, hypertension, and PRES can occur as complications
[+101: syfficient information on side effects should be provided during use. Regarding the timing of
oral medlcanon better absorption has been with prepi ion (15-30 minutes
before meals) than with postprandial medication. Since many drugs influence the metabolism of
macrolide antibiotics, concomitant medications should be used carefully. In addition, grapefruit juice
should be avoided as it inhibits metabolism of cyclosporine and causes increased blood
concentrations of the drug.

2. Cyclophosphamide

Cyclophosphamide has long been demonstrated to be effective against frequently-relapsing nephrotic
syndrome in children by a randomized controlled study 22, and the Cochrane review showed that the
drug significantly lowered the risk of relapse at 6 to 12 months compared with prednisolone
monotherapy (RR 0.47, 95% CI 0.33-0.66; 12=0%) [ In a randomized controlled study in pediatric
frequently-relapsing nephrotic syndrome, cyclophosphamide was shown to be significantly more
effective at a dose of 3 mg/kg/day in an 8-week dosing group than in a 2-week dosing group 23,
However, a German nonrandomized controlled study 4l reported that 12-week administration
(cumulative dose 168 mg/kg) was more effective than 8-week administration (cumulative dose 112
mg/kg) for steroid dependent nephrotic syndrome at a dose of 2 mg/kg/day, whereas a Japanese
randomized controlled study % showed that no difference was found between 8-week administration
at a dose of 2 mg/kg/day and 12-week administration, with the effect being limited in both cases.
Based on a comprehensive evaluation of these reports, the recommendation grade was set at 1B.

Points to note for use

Important side effects of cyclophosphamide include gonadal dysfunction, especially azoospermia in
boys, of which the risk is particularly higher in those of pubertal age (Tanner stage 2 or greater,
corresponding to a testicular weight of 3 mL or more in boys) 251, In addition, a meta-analysis
reported that the risk of azoospermia increases in boys when the cumulative dose of
cyclophosphamide exceeds 300 mg/kg. In men, a cumulative dose of 168 mg/kg is said to be safe,
and the KDIGO guideline describes the cyclophosphamide regimen for pediatric frequently-
relapsing and steroid-dependent nephrotic syndrome as 2 mg/kg for 8-12 weeks (maximum
cumulative dose 168 mg/kg) 2. In this 2020 guideline, the cumulative dose should not exceed 300
mg/kg, and doses should be administered in one course only. The risk of female infertility has been
documented to be lower than the risk of male infertility, and meta-analyses reported that a
cumulative dose up to 200 mg/kg was safe 291 and that female infertility at post-pubertal age
developed at cumulative doses of 300 mg/kg and hlgher [,

Other common side effects include m: on, particularly ia with an incidence of
3291291 It s therefore desirable that blood tests should be performed periodically every 1 to 2 weeks
to monitor white blood cell (WBC) counts, and onset of leukopenia warrants cyclophosphamide dose
reduction or suspension (e.g., dose reduction at a WBC count of <4,000/uL, suspension at a WBC

count of <3,000/uL). Other important side effects to note include infections, alopecia, hemorrhagic
cystitis, hepatic dysfunction, interstitial pneumonia, and inappropriate antidiuretic hormone secretion.
Before use of cyclophosphamide, sufficient information on side effects should be given to patients
and their families in advance.

Cyclophosphamide treatment has been reported to be less effective in young patients 2232, steroid-
dependent patients [25.26.20.33-35] and patients with focal segmental glomerulosclerosis 12637,

3. Mizoribine
Mizoribine is a metabolic antagonist developed in Japan. In Japan, a double-blind placebo-controlled
multicenter randomized controlled study compared mizoribine and placebo administered at a dose of
4 mg/kg/day for 48 weeks in pediatric frequently-relapsing and steroid-dependent nephrotic
syndrome, showing no significant difference in relapse rate between the mizoribine group and
placebo group B8, Therefore, mizoribine therapy for children with frequently-relapsing and steroid-
nephrotic synd is not also in the Cochrane review [
A number of studies of high doses of mizoribine for children with frequently-relapsing and steroid-
dependent nephrotic syndrome were reported one after another (3342, A retrospective cohort study to
compare standard doses and high doses (7-10 mg/kg/day) showed that the high doses were more
effective, with significantly decreased frequency of relapse in patients with a peak blood mizoribine
concentration of 3.0 pg/mL or higher [43]. Thus, mizoribine was suggested to be effective at high
doses of 7-10 mg/kg/day; however, no reports with strong evidence exist, so the recommendation
grade was set at 2C.

Points to note for use

Although attention should be paid to hyperuricemia as a side effect, other side effects are relatively

infrequent, which makes this drug advantageous over other products. Since this drug is excreted

mainly via the kidneys, dose reductions are desired when the patient has renal dysfunction. In

addition, it should be noted that mizoribine is mdlcated for "nephrotlc syndromes that are difficult to

treat with steroid alone ing frequently-relap: and steroid-dependent cases)”, and that the
daily adult dose is specified as 150 mg/day in the package insert.

4. Mycophenolate mofetil

Mycophenolate mofetil is a purine metabolism antagonist with a mechanism of action similar to that
of mizoribine, and has been used for immunosuppressive therapy following organ transplantation.
Mycophenolate mofetil has been shown to be highly tolerable regarding side effects in two
randomized comparative studies for children with frequently-relapsing and steroid-dependent
nephrotic syndrome, although its remission maintenance effect was lower than cyclosporine 1441, In
the Children’s Nephrotic Syndrome Consensus Conference (CNSCC) (USA) [l and the KDIGO
guideline 4, 1-year treatment with mycophenolate mofetil is described as an immunosuppressive
therapy for frequently-relapsing and steroid-dependent nephrotic syndrome. This treatment is
considered to warrant consideration as a treatment for patients with frequently-relapsing and steroid-
dependent nephrotic syndrome who do not permit the use of standard immunosuppressive agents
because of side effects, although it represents off-label use in Japan. Since it is necessary to evaluate
its efficacy and safety by adequate randomized controlled studies etc., 2C was selected as the
recommendation grade in this 2020 guideline. As of December 2018, a randomized controlled study
with cyclophosphamide as a comparator (ClinicalTrials. Gov NCT01092962) has been completed
outside Japan, with results expected to be reported soon.

In many previous studies, mycophenolate mofetil doses were set on the basis of body surface area
(1,200 mg/m?/day)[4752, In the present guideline, the regimens and doses recommended in the
CNSCC 18l and KDIGO guideline 2! have been adopted. Since the absorption of mycophenolate
mofetil is widely variable among individuals, it is desirable that blood concentrations of
mycophenolate be monitored. It has been reported that the tendency to relapse is high when the pre-
dose concentration is less than 2.0 pg/mL (4551,




Points to note for use

Major side effects produced by mycophenolate mofetil consist of gastrointestinal symptoms and
myelost ion. Because of icity, females in and after puberty need to receive
instructions for contraception 153, In addition, the high risk of relapse after discontinuation of
treatment poses a problem 4. The CNSCC ¥ and KDIGO [ guidelines recommend that treatment
be continued 1 year or longer; however, the efficacy or safety of long-term treatment are unclear.

5. Tacrolimus

Tacrolimus is a cyclosporine-like calcineurin inhibitor, being the first-line drug over cyclosporine for
immunosupp in kidney ion as of December 2018. It is advantageous over
cyclosporine with lower incidences of cosmetic side effects such as hypertrichosis and gingival
hypertrophy; in the CNSCC 18 and KDIGO @ guidelines, it is positioned as an immunosuppressive
agent for children with frequently-relapsing and steroid-resistant nephrotic syndrome, like
cyclosporine and mycophenolate mofetil. For tacrolimus, no randomized controlled study has been
reported to compare it with cyclosporine or other i mmunosuppresswe agents. Ina nonrandomued
prospective study in 72 patients with pediatric freqy y-relapsing and steroid-+

syndrome, tacrolimus and mycophenolate mofetil were shown to be similarly effective in remlsslon
maintenance 5%, A retrospective cohort study reported that tacrolimus was more effective than
mycophenolate mofetil in relapse suppression, but produced adverse events such as infections and
pancreatitis 1. Since it is necessary to evaluate its efficacy and safety by adequate randomized
comparative studies etc., 2C was selected as the recommendation grade in this 2020 guideline. As of
December 2018, one multicenter open-label randomized controlled study of tacrolimus and
cyclosporine in patients with pediatric frequently-relapsing and steroid-dependent nephrotic
syndrome was ongoing (JSKDC06, UMIN 1D UMIN000004204); a report of its results is awaited.
Tacrolimus is a drug for which the dose is adjusted while monitoring its blood concentrations. In and
outside Japan, tacrolimus therapy represents off-label use for frequently-relapsing and steroid-
dependent nephrotic syndrome, with no safe and effective regimen established. In many previous
studies, blood trough levels were adjusted to 5-10 ng/mL on the basis of clinical research on kidney
transplantation (5557611, and the efficacy and safety of long-term treatment are unknown. For this
reason, the tacrolimus regimen and doses in this 2020 guideline have been set in the same manner as
with the KDIGO guideline 2 and the protocol of the aforementioned JSKDCO06.

Points to note for use

With regard to tacrolimus side effects, the development of diabetes mellitus is important; special
caution should be exercised when using tacrolimus in patients with a family history of diabetes
mellitus and patients with any glucose tolerance impairment risk factor (e.g., obesity) 7). As
described above, infections and pancreatitis have also been reported.5® In addition, tacrolimus has
been reported to cause renal interstitial fibrosis as with cyclosporine; long-term treatment should be
avoided if possible. With regard to renal interstitial fibrosis, a study reported that there was a
significant correlation with high trough levels of tacrolimus 51,

Chapter II: Treatments

2. Specifics

C. Treatment of refractory frequently-relapsing and steroid nephrotic sy

cQ3

Is rituximab treatment ded for child t refractory frequently-relapsing and steroid-

dependent nephrotic syndrome?

Recommendation statements:

®  We propose that rituximab be ini for remissi i in childhood-onset,
refractory frequently-relapsing and steroid- nephrotic . R i
grade 2B (agreement ratio 82%)

Treatment examples
Rituximab is administered by intravenous drip infusion at a rituximab dose of 375 mg/m?/dose at 1-
week intervals in a total of 1-4 doses. However, the single maximum dose should be up to 500 mg.

Evidence summary

Rituximab is administered for the purpose of remission maintenance in refractory nepl
syndrome characterized by onset of idiopathic nephrotic syndrome with steroid sensitivity in
childhood and the inability to maintain remission with conventional treatment (e.g., steroid,
immunosuppressive agents) and hence the development of frequent relapses or steroid dependence.
Caution should be exercised on side effects both in the acute and chronic phases, indications should
be determined carefully, and treatment should be administered by a physician with adequate
knowledge and experience. No established method of after-treatment is available.

Commentary
Rituximab is a monoclonal antibody against CD20 differentiated antigens expressed on B-cell
surfaces. Some cohort studies >, including a placebo-controlled randomized controlled study in

Japan [, and other randomized studies 1% have suggested that rituximab is effective for
chlldhood onset refractory frequently-relapsing and stemld l-dependent nephrotic syndrome. We
propose using rituximab for the purpose of in refractory frequently-rel g

and steroid-dependent nephrotic syndrome. Since there are many points to note for use, a wamlng
statement is provided in the package insert that treatment should be administered by a physician with
adequate knowledge and experience. In actual settings, it is desirable that the treatment be
administered by a physician specializing in renal disease in children.

As a result of an investigator-initiated trial in Japan [, the indication of rituximab for refractory
frequently-relapsing and steroid nephrotic syndrome was approved for the first time in the
world. The median relapse-free time, the primary efficacy endpoint, was significantly longer in the
rituximab group (24 subjects, age at registration 11.5 years, mean duration of illness 7.9 years) than
in the placebo group (24 subjects, age at registration 13.6 years, mean duration of illness 8.0 years)
(rituximab group 267.0 days, placebo group 101.0 days; hazard ratio [HR] 0.27, 95% CI 0.14-0.53,
p<0.0001). Time to treatment failure was significantly longer in the rituximab group (HR 0.27, 95%
C10.14-0.53, p=0.0005), and time to a frequently-relapsing and steroid-dependent state also
lengthened significantly in the rituximab group (HR 0.17, 95% CI 0.06-0.46, p=0.0001). The relapse
rate was significantly lower in the rituximab group than in the placebo group (HR 0.37, 95% CI
0.23-0.59, p<0.0001), and the mean steroid dose was found to be significantly lower at 9.12
mg/m?/day in the rituximab group than in the placebo group at 20.85 mg/m?/day (p<0.0001). There
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was no significant difference in the frequency of adverse events between the two groups. Based on
the above results, rituximab was concluded to be effective and safe for childhood-onset refractory
frequently-relapsing and steroid-dependent nephrotic syndrome. Outside Japan, a placebo-controlled
randomized controlled study in patients (2-18 years) with cyclosp:
frequently-relapsing and steroid-dependent nephrotic syndrome (C
and a randomized controlled study to compare the efficacies and safeties of rituximab and tacrolimus
in patients (3-16 years) with steroid-dependent nephrotic syndrome (ClinicalTrials.gov NCT
02438982) were conducted; although both studies have completed patient registration, study results
have not been published. In an open-label randomized controlled study of rituximab (administered at
375 mg/m?/dose in 1-2 doses) compared with the standard treatment (steroid + calcineurin inhibitor)
in 54 patients with refractory frequently-relapsing and steroid-dependent nephrotic syndrome
(dependent on steroid and calcineurin inhibitors) [, the 3-month relapse rate was significantly lower
in the rituximab group (18.5%) than in the standard treatment group (48%) (p=0.029), and the 3-
month steroid and calcineurin inhibitor discontinuation rate was significantly higher in the rituximab
group (62.95%) than in the standard treatment group (3.7%) (p<0.001).
According to the package insert, rituximab is administered by intravenous drip infusion at a
rituximab dose of 375 mg/m?/dose at 1-week intervals in a total of 1-4 doses. However, no study of
high quality is available to compare dosing frequencies, effects, and safety results. Since previous
studies were conducted with rituximab administered at 375 mg/m?dose in 1-4 doses (at 1-week
intervals) 3], this 2020 guideline describes the dosing frequency as 1-4 doses. In an observational
study to examine long-term prognosis in 37 patients receiving 1 to 4 doses of rituximab, relapse-free
time at 12 months after initial dosing was significantly shorter in the group of patients receiving 1-2
initial doses than in the group of patients receiving 3-4 initial doses (p<0.05) (1. Although no
association was reported between remission for 2 years or longer and the number of initial doses, this
study involved repeated doses of rituximab in 19 of the 37 subjects, in which 20 (69%) of the 29
subjects followed for 2 years or longer maintained remission for 2 years, and 14 (48%) of the 29
subjects discontinued immunosuppressive therapy 1.
Side-effect characteristics of rituximab include infusion reactions typically occurring within 24 hours
after intravenous infusion (with manifestations including fever, vomiting, chills, nausea, headache,
pain, itching, rash, br cough, and angi ). Infusion reactions have been
reported also in patients with refractory frequently-relapsing and steroid-dependent nephrotic
syndrome [%6-12], The package insert states that pretreatment with antipyretic sedatives, antihistamine
drugs, and steroids should be administered to prevent infusion reactions 112, Neutropenia and
agranulocytosis, among other side effects of rituximab, are known to occur not only with early onset
but also with late onset. Of 114 patients with childhood-onset refractory nephrotic syndrome
receiving rituximab (213 doses), 11 experienced agranulocytosis 54-161 days (median 66 days) after
administration of rituximab, of whom 9 were treated for infections [*3]. After administration of
rituximab, blood tests, including CD19 measurement, should be performed periodically and the
patient’s condition should be closely monitored. Also, depletion, or a decrease, of peripheral B cells
can lead to onset of bacterial or viral infections, for which caution is required, particularly in children.
In Japan, onset of atypical Pneumocystis jirovecii pneumonia after rituximab therapy was reported in
a patient with refractory steroid-resistant nephrotic syndrome [14l. Attempts have been made to

the use of a st ethoprim (ST) mixture during the period of peripheral
B-cell depletion for prophylaxis of pneumocystis infection 811:12); however, there are distinct
opinions about its necessity. Another adverse event is hypogammaglobulinemia. It is desirable that
IgG values and peripheral lymphocyte subsets be checked to confirm the absence of an
asymptomatic immunodeficient state prior to administration of rituximab. Following administration,
19G values should also be checked periodically, with globulin replacement and other treatments
performed as required.
Known side effects (including dea\h) of rituximab |nclude progressive multifocal

alopathy 1 and hepatitis with hepatitis B carrier reactivation (5,
Patients with generalized erythematosus who have manifested progressive multifocal
leukoencephalopathy have markedly decreased immune function due to concomitant use of an
immunosuppressive agent, and a risk from long-term depletion of B cells is suggested. Responding

to this situation, the FDA issued a strict warning against the off-label use of rituximab [, Fatal
fulminant hepatitis, after hepatitis B virus reactivation in carriers, has also been reported in some
patients with malignant lymphoma; hepatitis B virus antibody and liver function should be assessed
before initiation of rituximab therapy 191, Since serious adverse events, such as pulmonary fibrosis
(fatal) (51, immune ulcerative colitis 7], and fulminant viral myocarditis [*°], have been reported in
patients wnh refractory freq lapsing and steroid-dep 1t nephrotic syndrome, indications
should be determined carefully, and anemlon should also be paid to Iong term side effects.
There is no established standard treatment to be administered after rituximab. Long-term results
(media length of observation period 59 months) for 51 patients with refractory frequently-relapsing
and steroid-dependent nephrotic syndrome receiving rituximab in four doses weekly showed that 48
patients (94%) experienced a relapse, with a 50% relapse-free time of 261 days. The remaining three
did not experience a relapse during the observation period (1%, In an observational study in 30
patients with refractory steroid-dependent nephrotic syndrome to evaluate prognosis after repeated
doses of rituximab following 1-4 doses of rituximab and depletion of CD19 for 15 months,
approximately two-thirds of patients maintained long-term remission without oral
immunosuppressive agents even after a recovery of CD19, and cotrimazole (20 mg/kg, 3 doses a
week, off-label use) was administered to prevent pneumocystis infection, with no serious adverse
events, during the CD19 depletion period 12, Given serious adverse events like those described
above, it should be noted, however, that still more careful investigation is needed to determine the

ility of repeated ion of rituximab.
According to a pilot study aiming to reduce the total number of rituximab doses with administration
of mycophenolate mofetil (MMF) as an after-treatment following rituximab, and to extend relapse-
free time 2%, the mean number of relapses following rituximab administration was significantly
smaller in a group receiving a combination of single rituximab dose and mycophenolate mofetil than
in a group receiving a single dose of rituximab (without mycophenolate mofetil). With no serious
adverse events noted, mycophenolate mofetil was considered to be useful as an after-treatment
following rituximab. Based on this pilot study, a multicenter double-blind placebo-controlled
randomized controlled study is ongoing in Japan to assess the efficacy and safety of mycophenolate
mofetil as a remission maintenance therapy following rituximab treatment in children with refractory
frequently-relapsing and steroid-t nephrotic syndrome, and its results are awaited
(JSKDCO07, UMIN ID UMIN000014347). With regard to immunosuppressive agents for after-
treatment, a prospective nonrandomized study to compare cyclosporine and mycophenolate mofetil
in a few cases (1 is available, but evidence is insufficient to allow their comparison.

46




Chapter II: Treatments
2. Specifics
D. Treatment of steroid-resistant nephrotic syndrome

CQ4
Arei ive agents recc for pediatric steroid-resistant nephrotic syndrome?

Recommendation statements:
1. Acombination of steroid with cyclosporine for pediatric steroid-resistant nephrotic syndrome is
recommended. Recommendation grade 1B (agreement ratio 100%)

2. We propose using a combination of steroid pulse therapy and cyclosporine, since it is likely to
be effective for remission induction. Recommendation grade 2C (agreement ratio 94%)

3. We propose i asath ic option for remission induction for steroid-resistant
nephrotic syndrome where cyclosporine cannot be used because of aesthetic side effects and for
other reasons. (Off-label use) R ion grade 2B (ag ratio 88%)

4. We propose mycophenolate mofetil as a therapeutic option for remission induction for steroid-
resistant nephrotic syndrome where other immunosuppressive agents such as calcineurin
inhibitors cannot be used because of side effects and for other reasons. (off-label use)
Recommendation grade 2C (agreement ratio 94%)

5. Wer that oral cyclc ide is not used for remission induction therapy for
pediatric steroid-resistant nephrotic syndrome. Recommendation grade 1B (agreement ratio
100%)

Treatment examples
Example of cyclosporine treatment

The dose should be started at 2.5-5 mg/kg/day in two divided doses and adjusted to reach the
following trough levels:
Trough range 100-150 ng/mL (to Month 3)
Trough range 80-100 ng/mL (Month 4 to Month 12)
Trough range 60-80 ng/mL (Month 13 and thereafter)
If incomplete remission or higher outcome is not obtained in 4-6 months after cyclosporine
administration, the treatment policy should be reconsidered.
If incomplete/complete remission is achieved in 4-6 months after cyclosporine administration,
treatment should be continued for 1-2 years.
Since a combination therapy with low-dose steroid (prednisolone 0.5-1.0 mg/kg alternate-day
administration) raises the remission rate, a combination with low-dose steroid should be
considered.

2. Example of steroid pulse therapy

+ Steroid pulse therapy will be performed with methylprednisolone administered intravenously at
20-30 mg/kg/dose (up to 1 g) once daily for 3 consecutive days in one cycle.
Steroid pulse therapy can elevate blood cyclosporine concentrations; during steroid pulse
therapy, cyclosporine cessation should be considered.

3. Example of tacrolimus treatment (off-label use)
Tacrolimus is started at 0.1 mg/kg/day in two divided doses, and the dose is adjusted while
monitoring its blood concentrations.

4. Example of mycophenolate mofetil treatment (off-label use)
Mycophenolate mofetil is administered at 1,000-1,200 mg/m?/day (or 24-36 mg/kg/day, up to 2
g/day) in two divided doses.

Note 1: Body weights will be calculated using height-based standard body weights (refer to Tables
1-A and 1-B on pages 42-45, “1. General description of treatments™) (the same applies for body
surface areas).

Note 2: Immunosuppressive therapy performed in a nephrotic condition necessitates adequate
caution against serious complications and side effects, such as infections and hypertension; it is
desirable that steroid-resistant nephrotic syndrome be treated by physicians specializing in pediatric
renal disease.

Evidence summary

In a meta-analysis to assess the effects of coadministered immunosuppressive agents in patients with
steroid-resistant nephrotic syndrome in children, coadministered cyclosporine and tacrolimus was
shown to be significantly superior to other immunosuppressive agents such as mycophenolate
mofetil and cyclophosphamide in terms of induction of complete remission. However, these meta-
analyses included many reports with small sample sizes, and all reports evaluated short-term
prognosis only. Six randomized controlled studies of cyclosporine are available, including one
controlled study to compare it with placebo and oral cyclophosphamide, which showed a significant
remission induction effect; we considered that this finding provided strong evidence for short-term
remission induction effect. In a randomized controlled study, tacrolimus has been reported to be as
effective as cyclosporine, to produce a significantly lower incidence of cosmetic side effects, and to
be more effective than cyclophosphamide pulse therapy. For steroid pulse therapy, no randomized
controlled study has been conducted in children with steroid-resistant nephrotic syndrome patients,
with only a few observational studies published. In a non-randomized controlled study, a
combination of steroid pulse therapy and cyclosporine has been reported to produce high remission
rates for focal segmental glomerulosclerosis. Although three randomized controlled studies
investigated oral administration of cyclophosphamide, none of them demonstrated a remission
induction effect. One randomized controlled study is available in which mycophenolate mofetil and
cyclosporine were compared in terms of remission induction effect in patients, including adults, with
steroid-resistant focal segmental glomerulosclerosis (dexamethasone coadministered in the
mycophenolate mofetil group), and showed no difference in remission induction. However, that
study included adult patients and was judged to have insufficient evidence; we have decided to
propose mycophenolate mofetil as an optional treatment in cases where calcineurin inhibitors cannot
be used.

Commentary
As of December 2018, three immunosuppressive agents were covered by health insurance for the
treatment of sterold resistant nephrotic syndrome in Japan: cyclosporine, mizoribine, and

In 2017, two met: | studies were reported assessing the effect of
concomitant immunosuppressive agents in children with steroid-resistant nephrotic syndrome 2. In
a meta-analysis of 18 randomized controlled studies in steroid-resistant nephrotic syndrome [l and a
meta-analysis of seven randomized controlled studies in 373 patients with steroid-resistant focal
segmental glomerulosclerosis 2, calcineurin inhibitors (cyclosporine, tacrolimus) were shown to be
significantly superior to other immunosuppressive agents such as mycophenolate mofetil and
cyclophosphamide in terms of induction of complete remission. While these meta-analyses included
many reports with small sample sizes, and all reports evaluated short-term prognosis only, we
recommend cyclosporine, which has good evidence for its efficacy for first-line treatment of steroid-
resistant nephrotic syndrome.

1. Calcineurin inhibitors (cyclosporine, tacrolimus [off-label use])
A combination of steroid with cyclosporine for steroid-resistant nephrotic syndrome is recommended.
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Tacrolimus is considered to be a therapeutic option for cases of steroid-resistant nephrotic syndrome
where cyclosporine cannot be used because of cosmetic side effects such as hypertrichosis and
gingival hypertrophy Bl

Randomized controlled studies of cyclosporine in children with pediatric steroid-resistant nephrotic
syndrome reported that the incomplete/complete remission rate at 12 months after treatment
initiation was 60% in 1993 [, 100% at 6 months in 1996 ], and 80% at 6 months in 2009; high
remission induction rates were noted in all these studies[®l. In a Japanese non-randomized controlled
study in 35 patients with pediatric steroid-resistant nephrotic syndrome, the regimen was changed
due to hlstopathologlcal flndlngs in the kidney as follows: Twenty-eight patients with minimal-
change-d received cyclosporine (trough level at 120-150 ng/mL for
3 momhs at 80- 100 ng/mL for 9 months, followed by recommended treatment at 60-80 ng/mL for
12 months) + prednisolone (1 mg/kg/day in three divided doses on consecutive days for 4 weeks, 1
mg/kg/dose alternate-day administration Week 5 to Month 12), whereas 7 patients with focal
segmental glomerulosclerosis received the two drugs described above in combination with steroid
pulse therapy in five courses (Weeks 1, 2, 5,9, and 13); as a result, high remission rates of 82.1%
and 85.7%, respectively, were obtained [°.

Although no timing has been established for determining the effect of cyclosporine on steroid-
resistant nephrotic syndrome, the incidence of proteinuria decreased at 4.4+1.8 weeks ¥, and a
randomized controlled study conducted in 2009 reported that the time to incomplete or complete
remission was 8-12 weeks [']. In an observational study conducted in 2005, the mean time to
incomplete/complete remission was 9.9+3.4 weeks (range 2-16 weeks) [8]. A Japanese prospective
study of 5-year prognosis in 35 patients with steroid-resistant nephrotic syndrome reported that 5-
year prognosis can be roughly predicted by therapeutic responsiveness at 4 months after treatment
initiation 1. In other randomized controlled studies, cyclosporine efficacy was often evaluated at 6
months after treatment initiation; if incomplete remission or higher remission is not observed within
4 to 6 months of treatment, it seems necessary to reconsider the treatment policy concerning the
timing of determination of cyclosporine efficacy.

Cyclosporine doses are adjusted while monitoring its blood concentrations. Some papers have
reported a target trough level of 100-200 ng/mL 19431, When cyclosporine is administered at a trough
level of 100 ng/mL for 2 years, approximately 50% of the recipients experience nephrotoxicity [14;
therefore, in view of the initial dose in kidney transplantation, this 2020 guideline has set a trough
level at 100-150 ng/mL for 3 months until remission and at 60-80 ng/mL for the 2nd year and
beyond in case of treatment for 1 year or longer. While management of pediatric steroid-resistant
nephrotic syndrome by C2 (blood concentration at 2 hours post dose) has not yet been established,
the AUCo.4 (area under the concentration curve) of cyclosporine was reporled to be correlated with
C2 151, A study of C2 controls was conducted in pediatric frequently-relapsing and steroid-
nephrotic syndrome and adult steroid-resistant nephrotic syndrome (a randomized controlled study
of cyclosporine C2 dose adjustments, UMIN Study 1D: C000000008) [1517; it is hoped that evidence
will be compiled for C2 controls in pediatric steroid-resistant nephrotic syndrome.

Many side effects are known to be associated with cyclosporine, including nephrotoxicity,
hypertension, susceptibility to infection, gingival hypertrophy, and hypertrichosis. In the
development of posterior reversible encephalopathy syndrome (PRES), in particular, edema (or
nephrotic state) has been suggested as a risk factor, and steroid resistance was reported in 5 of 7
patients with nephrotic syndrome who suffered PRES [19], thereby warranting careful observation and
appropriate actions.

While some studies have reported tacrolimus efficacy in a few cases 1924, there is no randomized
controlled study in a large number of cases. In a small-scale randomized controlled study in 41
children with steroid-resistant nephrotlc syndrome, tacrolimus was compared with cyclosporine,
showing that the remission rate (remi: and il ission) was similar between the
cyclosporine group (86%) and the tacrolimus group (75%) (9. In that study, no significant difference
in the incidence of nephrotoxicity, hypertension, or diabetes mellitus was found, with hypertrichosis
and gingival hypertrophy noted at significantly lower incidences in the tacrolimus group . In a
randomized controlled study in 131 patients with steroid-resistant nephrotic syndrome, the complete
remission and partial remission (urine protein reduction of 50% or more) rate with

cyclophosphamide pulse therapy was significantly higher in the tacrolimus group (82.5%) than in the
cyclophosphamide pulse therapy group (45.9%) 2%, In a study in 60 patients with steroid-resistant
nephrotic syndrome patients at 1 year or older and 18 years or younger who achieved remission with
the use of tacrolimus, a tacrolimus group and a group with a switch from tacrolimus to
mycophenolate mofetil for remission maintenance therapy were compared. At 12 months, the
complete remission / incomplete remission maintenance rate did not differ significantly between the
two groups (54.8% vs. 41.1%); however, the complete remission / incomplete remission rate
including the steroid-sensitive, non-frequent relapse state at 12 months, was significantly higher in
the tacrolimus group (90.3% vs. 44.8%) [25].

The regimen recommended by the KDIGO guideline [ is 0.05-0.1 mg/kg/day (in two divided doses)
with a target trough level of 5-10 ng/mL. However, this regimen is based on a clinical study in
kidney transplantation; the efficacy and safety of long-term use in steroid-resistant nephrotic
syndrome are unclear.

The optimum length of dosing of calcineurin inhibitors is unknown. In steroid-resistant nephrotic
syndrome, relapses have been found to occur at high ratios of 10% to 76% after discontinuation of
cyclosporine and tacrolimus [91527], Two randomized controlled studies in children have reported
that relapses frequently occurred after discontinuation of treatment for 6 or 12 months 1571, Therefore,
it is a common practice to continue the treatment for more than 12 months to suppress relapses;
however, since nephrotoxicity poses a concern, investigation of long-term remission maintenance
ratios and renal prognosis need to be investigated in the future.

Necessity of steroid medication is unknown because of the absence of a study comparing calcineurin
inhibitor monotherapy and a combination of calcineurin inhibitor with low-dose steroid. However,
coadministration of steroid has been performed in the majority of clinical studies, and is proposed in
the KDIGO guideline [; therefore, we consider coadministration at the lowest dose for maintaining
remission.

2. Steroid pulse therapy

We propose using a combination of steroid pulse therapy and cyclosporine for steroid-resistant
nephrotic syndrome, since it is likely to be effective in remission induction. Evidence is lacking to
determine whether steroid pulse monotherapy is effective in remission induction, and no definite
conclusion can be reached. During methylprednisolone treatment, cyclosporine discontinuation
should be considered.

Although no randomized controlled study has been reported to compare steroid pulse therapy +
cyclosporine and cyclosporine in pediatric steroid-resistant nephrotic syndrome, it has been reported
that 8 of 10 patients with focal segmental glomerulosclerosis receiving a combination of steroid
pulse therapy + cyclosporine + prednisolone achieved remission within 8 weeks after treatment
initiation (271, Observational studies reported from Japan include a study in which 10 children with
cyclophosphamide- and cyclosporine-resistant, pediatric steroid-resistant nephrotic syndrome (focal
segmental glomerulosclerosis) were treated by steroid pulse therapy (methylprednisolone 30
mg/kg/dose, up to 1 g/dose, 3 days of each cycle) in 14 cycles. One of the 10 patients discontinued
the treatment because of peritonitis. Of the remaining 9 patients, 4 achieved complete remission, 3
achieved incomplete remission, and 2 did not achieve remission; steroid pulse therapy was shown to
allow remission to be induced in pediatric patients with cyclophosphamide- or cyclosporine-resistant
pediatric steroid-resistant nephrotic syndrome 281, Judging from the above, a treatment consisting of
cyclosporine medication and steroid pulse therapy is likely to produce high remission rates. As of
December 2018, a randomized controlled study to compare a cyclosporine + prednisolone + steroid
pulse therapy combination and cyclosporine + prednisolone combination was ongoing in Japan
(UMIN Study 1D C000000007).

A randomized controlled study has not been conducted on steroid pulse monotherapy for steroid-
resistant nephrotic syndrome in children, with only a few observational studies available. According
to Yorgin et al., 11 children with pediatric steroid-resistant nephrotic syndrome (mean age 3.6+1.5
years) received a steroid pulse therapy (methylprednisolone 30 mg/kg/dose, up to 1 g/dose) in a
mean total of 24.8+10.5 doses, and 9 of the 11 patients achieved complete remission 291, In addition,
since adverse events were observed with moderate severity and infrequently, they reported that the
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steroid pulse therapy was safe and effective in inducing remission in young children with pediatric
steroid-resistant nephrotic syndrome 29, Furthermore, a study in 16 children with pediatric steroid-
resistant nephrotic syndrome (median age 3.8 years) reported that 10 of the 16 subjects receiving
methylprednisolone at 15 mg/kg/day for 3 or 5 days achieved remission %\. The 6 non-responders
later achieved clinical remission with the use of an immunosuppressive agent (cyclophosphamide for
3 subjects, cyclosporine for 2 subjects, tacrolimus for 1 subject) 2.

As described above, steroid pulse therapy may be effective in remission induction in pediatric
steroid-resistant nephrotic syndrome; however, the evidence level is not high because of the low
sample size and the absence of randomized controlled study. The results from the randomized
controlled study completed at the end of 2018 in Japan (JSKDCO2 Study) are awaited.

During steroid pulse therapy, side effects such as hypertension, hyperglycemia, bradycardia,
thrombosis, and PRES can occur; monitoring of the patient’s condition is required.

3. Cyclophosphamide

‘We recommend that oral cyclophosphamide is not used for remission induction therapy for pediatric
steroid-resistant nephrotic syndrome. With regard to cyclophosphamide pulse therapy, evidence is so
scanty that no definite conclusion can be reached.

The following three randomized controlled studies of cyclophosphamide treatment for pediatric
steroid-resistant nephrotic syndrome are available (331, First, in two randomized controlled studies
comparing a combination of cyclophosphamide and steroid with steroid monotherapy, no significant
differences in remission rate or adverse events were found 3132, Thereafter, a randomized study to
compare oral cyclosporine medication and cyclophosphamide pulse therapy was conducted in
children with first-onset pediatric steroid-resistant nephrotic syndrome (histologically classified as
the minimal-change-disease, focal segmental glc osis, diffuse pro 3],
The proportion of complete and incomplete remission at 12 weeks after treatment initiation was
significantly higher in the cyclosporine group (60%) than in the cyclophosphamide pulse therapy
group (17%) (p<0.05). In that study, the proportion of complete remission at Week 24 did not differ
significantly between the cyclosporine group (13%) and the cyclophosphamide pulse therapy group
(5%); however, the proportion of incomplete remission was significantly higher in the cyclosporine
group (46%) than in the cyclophosphamide pulse therapy group (11%); the incidence of adverse
events was similar between the two groups 3. In a randomized controlled study in 131 patients with
steroid-resistant nephrotic syndrome to compare cyclophosphamide pulse therapy and oral
tacrolimus therapy the complete remission and partial remission (urine protein reduction of 50% or
more) rate was significantly higher in the tacrolimus group (82.5%) than in the cyclophosphamide
pulse therapy group (45.9%) 1261, Based on the above facts, it can be concluded that oral
cyclophosphamide administration is ineffective for steroid-resistant nephrotic syndrome.

4. Mycophenolate mofetil (off-label use)

'We propose mycophenolate mofetil as a therapeutic option for steroid-resistant nephrotic syndrome
where other immunosuppressive agents such as calcineurin inhibitors cannot be used because of side
effects and for other reasons.

A series of case studies of mycophenolate mofetil for steroid-resistant nephrotic syndrome (off-label
use) reported a few cases, with the reported remission rates not always being high 3, In the
KDIGO guideline &, mycophenolate mofetil is recommended for patients who are resistant to
calcineurin inhibitors and steroids. This is rationalized as follows: In a controlled study in 138
patients with steroid-resistant nephrotic syndrome (focal segmental glomerulosclerosis) at 2 to 40
years of age (including 93 patients younger than 18 years and 33 patients with urinary protein <2
g/day), urinary protein reductions were compared between the cyclosporine (5-6 mg/kg/day) group
and the mycophenolate mofetil (25-36 mg/kg/day, up to 2 g/day) + dexamethasone [0.9 mg/kg/day, 2
days after the start of the week (every week, Weeks 1-8, Weeks 10-26 at 2-week intervals, Weeks
30-50 at 4-week intervals)] group, and the remission rate at 12 months after study initiation was 46%
in the cyclosporine combination group and 33% in the mycophenolate mofetil + dexamethasone
combination group; although the remission rates were low, there was no significant difference

between the two groups 7). In addition, no significant difference in the frequency of complications
of infections, gastrointestinal symptoms, neurological complications, or hypertension was noted
between the two groups 7). As for prognosis, 14% of the subjects in the cyclosporine combination
group and 11% of the subjects in the mycophenolate mofetil + dexamethasone combination group,
respectively, at Week 78 were dead or suffering renal failure; a combination of steroid and
mycophenolate mofetil was less effective than cyclosporine in suppressing renal function
impairment.

5. Treatment of post-remission relapse of nephrotic syndrome

Nephrotic syndrome often relapses after remission (complete remission or incomplete remission) in
pediatric steroid-resistant nephrotic syndrome. Patients who have once achieved remission induction
are likely to be steroid-sensitive; therefore, it is considered appropriate to administer prednisolone to
treat nephrotic syndrome relapses (refer to p. 47 “2. Specifics” “A. Treatments of steroid-sensitive
nephrotic syndrome”, “2. Treatments of relapses”).

Chapter II: Treatments
2. Specifics

E. tary treatment of steroid-resistant nephrotic syndrome

[Summary]
For supplementary treatment of steroid-resistant nephrotic syndrome, renin-angiotensin system
inhibitors are effective in reducing the incidence of proteinuria but do not improve renal
prognosis. Caution should be exercised on acute kidney injury when using such inhibitors in the
presence of endovascular dehydration.

®  Plasma exchange and LDL apheresis (LDL-A) are effective when performed early after onset of
the disease.

®  Although it constitutes an off-label use, rituximab may be used more effectively in combination
with steroid pulse therapy or cyclosporine rather than monotherapy. (An investigator-initiated
clinical trial of steroid pulse therapy and rituximab in refractory steroid-resistant nephrotic
syndrome is ongoing [JSKDC11 Study]).

+Commentary
Steroid-resistant nephrotic syndrome accounts for 10% to 20% of cases of pediatric idiopathic

nephrotic syndrome. Steroid pulse therapy and immunosuppressive agent medication are
administered for steroid-resistant nephrotic syndrome excluding nephrosis due to genetic

abnormalities and secondary nephrosis (the minimal-change-di: and focal
glomerulosclerosis are targeted in this 2020 guideline), and various supplementary treatments are
administered for cases of refractory steroid-resistant nephrotic synd . Their are

described below. First, some renin-angiotensin system inhibitors, plasma exchange, and LDL
adsorption therapy (up to 12 times in 3 months for focal segmental glomerulosclerosis that does not
respond to conventional drugs, and the serum cholesterol level does not decrease under 250 mg/dL)
are described, with mention of rituximab in off-label use as of December 2018, when this 2020
guideline was in preparation.

1. Renin-angiotensin system inhibitors

Intrarenal angiotensin I1 constricts the efferent and afferent arterioles via angiotensin type 1 receptor
to raise intraglomerular pressure. Therefore, renin-angiotensin system inhibitors suppress
vasoconstriction and lower glomerular filtration pressure to reduce the incidence of proteinuria. In
chronic nephritis, podocyte apoptosis is known to be induced by increased expression of angiotensin
1 receptor in podocytes and increased production of angiotensin Il by podocytes, and renin-
angiotensin system inhibitors are said to protect podocytes.

One study reported that proteinuria was suppressed, and renal function was improved in IgA
nephropathy and other conditions [, There are two studies of the efficacy or renin-angiotensin
system il in pediatric steroid t nephrotic syndrome in children: a study of enalapril by
Bagga et al. in 2004 [ and a study of fosmopnl by Yi etal. in 2006 B1. Although both drugs are
effective in reducing proteinuria, they do not improve renal prognosis. In the use in adult focal
segmental glomerulosclerosis, it is effective in reducing proteinuria, but it is difficult to induce
complete remission; one study reported that the proportion of cases with progression to renal failure
did not decrease ™. In adult nephrotic syndrome without hypertension, evidence for utility is lacking.
Based on the above facts, it can be considered that it is better not to use a renin-angiotensin system
inhibitor alone, but to use in combination with other treatments. When using a renin-angiotensin
system inhibitor for nephrotic syndrome, it should always be kept in mind that use of such drugs in
this situation to dilate the efferent arteriole can induce acute kidney injury, since circulating blood
volume may have decreased and hence renal blood flow may have lowered in the acute phase of

nephrosis, and the afferent arterioles have been constricted by cyclosporine already in use.

2. Plasma exchange (PE)

Plasma exchange (PE) began to be used to remove humoral factors, which are considered to be the
etiology of focal segmental glomerulosclerosis, a common primary disease in steroid-resistant
nephrotic syndrome 8], Remission induction rates have been variably reported at 25%, 57%, and
72% [58), One report has suggested that PE would be more useful when applied early in the course of
the disease with any pathological changes [®l; however, PE commencement is unavoidably after
kidney biopsy because of the for focal gle The priming volume
required is lower than in low-density lipoprotein apheresis (LDL-A) as described below, PE can be
used in low-weight children. Although an albumin preparation is often used as the displacing liquid,
it has been suggested that humoral factor activity inhibitors are also removed when removing
humoral factors; some authors consider that fresh frozen plasma should be used as the displacing
liquid.

3. LDL apheresis (LDL-A)

LDL-A is a treatment of Japanese origin that has been used since 1988 to induce early remission of
the nephrotic state in focal segmental glomerulosclerosis by rapidly removing low-density
lipoprotein (LDL) 1. It has been reported to lipid-induced nephrop caused by LDL,
oxidized LDL and lipid-induced excessive stimulation of macrophages, and to improve steroid
sensitivity after adsorption and removal of humoral factors and LDL 19, It was reported that when
the proteinuria selectivity index (SI) was 0.05+0.02, complete remission occurred, the
responsiveness was low at 0.25+0.04, and that very mild urinary tubular interstitial lesions were an
efficacy marker, suggesting that early intervention is effective (111, In the investigation of efficacy
(short-term results) during a 2-year observation period in a prospective observational survey on the
long-term effects of LDL apheresis on drug-resistant nephrotic syndrome started in Japan in 2007
(POLARIS Study), daily urinary protein contents were evaluated in 53 patients [age 18-87 years:
mean 55.8+18.1 (SD)] out of 58 patients LDL-A for steroid-resistant nephrotic syndrome
[cyclosporine (CYA) +/—, 24 patients / 27 patients; steroid pulse therapy +/—, 4 patients / 47 patients].
Of the 44 followable patients, 25% achieved complete remission, 22.7% achieved incomplete
remission | (urinary protein <1 g/day), 25.0% achieved incomplete remission 11 (<3.5 g /day), and
27.3% failed to respond (>3.5g/day) 12

For precautions for clinical use, because of the priming volume issue, a body weight of 30 kg or
more is suggested to ensure safe LDL-A in children. During oral medication of angiotensin
converting enzyme inhibitor (ACE-1), blood bradykinin levels increased to the extent that causes
anaphylactoid reactions; therefore, caution should be exercised on the timing of implementation and
the control of hypotension and blood coagulation.

A regimen in accordance with the above-described indication criteria is available in which LDL-A is
not used alone, but used in combination with steroid or cyclosporine; for example, the drug may be
administered twice weekly for 3 weeks, and then once weekly for 6 weeks (according to the clinical
course), to have a total of 12 doses 14,

4. Rituximab

Although a clinical study has been reported on rituximab for refractory steroid-resistant nephrotic
syndrome, it constitutes off-label use as of December 2018, when this 2020 guideline was in
preparation. An investigator-initiated clinical trial seeking approval for additional indications is
ongoing in Japan (JSKDC11 Study), and its results are awaited. It is desirable that when using
rituximab, it should be carefully administered after ruling out secondary nephrotic syndrome by a
kidney biopsy, and confirming the absence of genetic abnormalities. For research into rituximab for
refractory steroid-resistant nephrotic syndrome, evidence is available from 11 case series and one
open-label randomized controlled study as of December 2018. Regarding comparison of remission
rates, Kamei et al. reported used rituximab for 10 patients with refractory steroid-resistant nephrotic
syndrome at his facility, reporting that complete remission was achieved in 70% of the subjects,




incomplete remission in 10%, and the treatment was ineffective in 20% [*3. Fujinaga et al. reported
that 6 patients receiving rituximab treatment for refractory steroid-resistant nephrotic syndrome all
achieved complete remission with regard to 5-year long-term prognosis (mean 158 days), followed
by atotal of 17 relapses in 5 patients [*4]. It is likely that the effect may be variable depending on
whether rituximab is used early after onset of the disease, timing of post-dose assessments, and
choice of combination therapy; it is difficult to simply compare their results with the data on the
proportion of complete remission reported from outside Japan. In fact, a randomized controlled study
by Maganasco et al. determined efficacy 3 months after administration of rituximab and reported that
the remission rate in the rituximab group was 18.8%, a level distinct from the rate reported in Japan
17, In a questionnaire-based survey on the use of rituximab at 141 facilities in Japan conducted by
Ito et al. in 2010, 19 patients received rituximab for refractory steroid-resistant nephrotic syndrome,
of whom 9 patients achieved complete remission, 6 others achieved incomplete remission, and the
remaining 7 did not respond (51,

A systematic review showed that the remission rate was 46.4% (], The review included the above-
described open-label randomized controlled study reporting a remission rate of 18.8% (7], hence
necessitating special caution in interpreting its results. Unlike steroid-sensitive nephrotic syndrome,
refractory steroid-resistant nephrotic syndrome may include hereditary nephrotic syndrome, and past
studies may have failed to strictly exclude such cases. Therefore, efficacy higher than that reported
previously can be expected in patients for whom hereditary nephrotic syndrome is ruled out.

Remark 1

Remarks

Coenzyme Q10

Coenzyme Q10 deficiency is a mitochondrial disease that can progress to secondary nephrotic
syndrome due to genetic abnormalities. Possible drug therapies for secondary nephrotic syndrome
are described below. Progression of nephrotic syndrome can be suppressed by administering
coenzyme Q10 at a high dose of 5-50 mg/kg/day for primary coenzyme Q10 deficiency 121,
Although the evidence level is not high, early administration will be useful. To this end, early
diagnosis is important. While the timing of onset and symptoms are variable, treatment should be
administered with attention paid to the existence of extrarenal symptoms and the timing of onset of
steroid-resistant nephrotic syndrome.

For details of differences in symptoms and time of onset due to genetic abnormalities, please refer to
the review by Otsuka .

Chapter II: Treatments
2. Specifics
F. Long-term drug treatment for pediatric idiopathic nephrotic syndrome

[Summary]
1 It is acceptable to shift the method of remission induction from the international method
(ISKDC regimen) to the same regimen used with adults after reaching the adult transition
period or final height.

2. Although long-term administration of cyclosporine is unavoidable, attention should be
paid to duration of use and blood concentrations, and the patient should be monitored for
nephrotoxicity by performing a kidney biopsy as appropriate (refer to p. 18 “3. Kidney
biopsy™).

3 Cyclophosphamide should only be used in 1 course, with the cumulative dose (should not
exceed 300 mg/kg) in mind (refer to p. 50 “2. Specifics” “B. Treatment of frequently-
relapsing and steroid-dependent nephrotic syndrome”).

4. When combining a steroid and more than one immunosuppressive agent, they should be
used with a good understanding of their natures and side effects, and it is desirable that
relapses during the growth period be minimized.

+Commentary

In patients with chil -onset idi ic nephrotic synd who experience frequent relapses
and steroid dependence, relapses are seen, not infrequently, during adulthood as well; long-term use
of an immunosuppressive agent is often required (-2,

Because of these features of the disease, caution should be exercised not to be too fearful about
relapses from a short-term viewpoint, and to prevent life-long side effects from developing due to
excessive treatment to avoid relapses. It is important that the long-term period of suffering is
navigated safely; not only the attending physician, but also the patient’s family should understand
the long-term treatment.

For long-term management of nephrotic syndrome, there is no high-quality evidence, such as
randomized controlled studies. For example, clinical studies are conducted to investigate the short-
term efficacy of each drug. Even if a long-term follow-up study is performed as part of such a
clinical study, no more than long-term results under extremely limited conditions are obtained, and it
is often difficult to apply the results to actual patients. When the disease is managed over a long
period of time, the attending physician should understand the nature of each drug well in view of the
clinical course and other circumstances of each patient and administer the treatment, while taking
into account concomitant use of more than one drug, at his/her discretion -2,

Such management aims to minimize limitations from nephrotic syndrome and allow the patient to
live a life similar to that of other healthy children, so as to reach adulthood with no physical, mental,
or social disabilities. Specific goals will be to reduce hospitalizations and excessive limitations and
to minimize the long-term use of steroids.

Upon first remission, the patient should be instructed that periodical testing for qualitative urinalysis
at home is important to the early detection of relapses of nephrotic syndrome. If a relapse is noted
after the development of edema, the likelihood of hospitalization required until remission will
increase. At many facilities, ambulatory steroid treatment is administered upon relapse, which
necessitates special caution against epidemic infections, i.e., chicken pox and measles. If contracted
during i ive therapy, such can be fatal; therefore, history of vaccination and
history of such infections should be checked, and in the absence of history of either, vaccination
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should be administered as soon as possible. Under appropriate conditions, live vaccination can be
performed safely during immunosuppressive therapy, which is to be investigated in the future (1.
It seems that if steroid medication is discontinued, with no relapses, after the start of an
immunosuppressive agent, the immunosuppressive agent will be tapered and discontinued in 1 to 2
years at many facilities, and continuing the same immunosuppressive agent, in view of safety, until
the final height is reached during the growth period will be considered. If a relapse occurs after

i inuation of the immunosuppressive agent, frequent relapse and steroid dependence can
develop; repeated use of steroid during the growth period significantly influences the final height 461,
Therapeutic outcomes for steroid-resistant nephrotic syndrome have been improved by combining
various immunosuppressive agents [7); if such approach fails to achieve remission for a long time,
renal failure is likely to occur eventually. If the therapeutic response is weak even with potent
immunosuppressive therapy, it is important that the i ive therapy be di: i and
shifted to a kidney replacement therapy, so as to prevent the development of side effects only with
no desired effect. The off-label use of immunosuppressive agents and biological products can induce
unforeseeable adverse events, and can also interfere with clinical studies to seek an approval for
additional indications; therefore, their use should be considered carefully. When off-label use is
applied after taking specified procedures, it can be useful as it provides basic data for future clinical
studies and additional indications.

1. Steroids

It seems acceptable to shift the method of remission induction from the international method
(ISKDC regimen) to the same regimen as with adult use as appropriate after reaching the adult
transition period or final height 1. In a questionnaire-based survey of the board members of the
Japanese Society for Pediatric Nephrology in 2010, opinions were variable: 1) at post-pubertal age;
change to the same regimen as the adult regimen (15 members, 30%), I1) at post-pubertal age; daily
administration at 40 mg or lower, followed by alternate-day administration (23 members, 46%), and
111) post-pubertal age; same as the ISKDC regimen (14 members, 28%) (1. No evidence exists
showing respective advantages and disadvantages. Provided that remission can be induced by steroid
administration and is shown to have no influence on subsequent relapses, the maximum dose of the
steroid used to induce remission seems to be variable as appropriate. Not only for long-term
management, but also in cases where a relapse occurs in a patient with femoral head necrosis,
treatment is quite difficult because no drugs, other than steroid, are available for actual use to induce
remission. It is necessary to minimize the steroid dose and treatment duration, and then to prevent
relapses by immunosuppressive agent treatment, and risks should also be taken into account. Use of
steroid during the long-term clinical course often requires a difficult choice for each patient; its
acceptability should be determined after assessing what should be given the first priority according
to the status of occurrence of side effects and other factors.

2. Cyclosporine

While many reports stated that long-term use is acceptable, it is necessary to pay special attention to
the duration of use and blood concentrations, and to check for nephrotoxicity by kidney biopsy as
appropriate 1251 Although some experts suggest that the course of nephrotic syndrome tends to be
prolonged after introduction of cyclosporine, investigation is to be conducted to determine whether
this is true. If cyclosporine is unavoidably administered for a long time, it is advisable that its blood
concentration be kept lower than the target blood concentration recommended for initial treatment,
as far as a reasonable effect is expected. Regarding the timing of blood sampling, blood
concentrations show a higher correlation with AUC in terms of the value obtained 2 hours after oral
medication just before a meal than the trough level 2°; however, caution should be exerted on the
method of measurement. The trend is changing from enzyme immunoassay (EIA) to

chemiluminescence immunoassay (CLIA), with data available to show lower values with CLIA [27-29),

Since EIA has been the mainstream method reported previously, adjusting the blood concentration
using CLIA may pose a concern regarding increased nephrotoxicity; it is desirable that the method of
measurement and conversion formula be confirmed at each facility.

3. Cyclophosphamide

Gonadal dysfunction has been shown to present a concern [331; cyclophosphamide should only be
used for 1 course during the clinical course, with the cumulative dose (should not exceed 300 mg/kg)
in mind.

4. Mizoribine

Although it is not highly effective against frequently-relapsing and steroid- pl
syndrome, mizoribine is expected to be somewhat effective against less severe nephrotic syndrome.
Therefore, it is necessary to raise the blood concentration to about 3 pg/mL during 2 or 3 hours post
dose 12; a dose higher than the doses specified in the package insert (off-label use) is often required.
Further assessments, including evidence for safety and long-term use, are awaited.

5. Rituximab

Although rituximab is effective for remission maintenance in childhood-onset refractory nephrotic
syndrome (cases where frequent relapse or steroid dependence develops as remission cannot be
maintained with conventional treatment), evidence for its long-term use is insufficient. Some rare but
life-threatening side effects have been reported; indications should be determined carefully, and it is
desirable that treatment be administered at a specialized facility.

6. Mycophenolate mofetil

Efficacy has been suggested in patients with frequently-relapsing and steroid-dependent nephrotic
syndrome, including refractory cases [3334; in Western countries, mycophenolate mofetil is used for
immunosuppressive therapy for the disease. In Japan, however, this represents off-label use, and
hence may be considered only when standard immunosuppressive agents cannot be used for any
reason.

7. Tacrolimus

A potential surrogate for cyclosporine to be discontinued due to cosmetic adverse reactions and for
other reasons. In Japan, however, it represents off-label use, and no evidence is available of a safe
and effective regimen for long-term use.
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