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Introduction

Nephrotic syndrome has an incidence of three new cases 
per 100 000 population each year in adults[1] and about 
2/100 000 in children.[2,3] Nephrotic syndrome may be 
primary, or secondary to various systemic diseases and 
drugs.[1,4] Corticosteroids (specifically prednisolone 
[PDN]) form first line of treatment for nephrotic 
syndrome in children and it is used for prolonged period 
and sometimes repeatedly for relapses.[4,5] Although there 

is lack of clinical guidelines for management of nephrotic 
syndrome in adults, it is managed by controlling edema, 
using angiotensin‑converting enzyme inhibitors with 
controversial role of steroids.[1,6] The response rates to 
corticosteroids in adult minimal change disease is variable 
(remission in 37% to 50% within four weeks, 51% to 
76% within eight weeks, and 76% to 97% within 16 
weeks with failure in 10% and relapse in about two third 
patients) as compared with similar disease in children.[7] 
Cyclophosphamide, cyclosporine, chlorambucil, and 
other immunosuppressive have been used for patients 
with either steroid‑resistant or frequently relapsing 
nephrotic syndrome. Immunosuppressive therapy for 
nephrotic syndrome is not without adverse effects 
which such as infection, malignancy, peptic ulceration, 
diabetes mellitus, infertility, kidney failure, bone marrow 
suppression, hypertrichosis, and alopecia.[1,6] Important 
side effects of steroids in adults include fall in bone 
mineral content (BMC), Cushingoid appearance, and 
increased blood pressure. In children particularly, 
corticosteroids have known adverse effects such as 
obesity, impaired growth, hypertension, impaired glucose 
tolerance, osteoporosis, Cushingoid symptoms, and 
adrenal suppression and these are more prevalent in 
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ABSTRACT

Patients with nephrotic syndrome require steroids for long time and sometimes repeatedly resulting in various adverse effects. 
Deflazacort (DFZ) had been described as equally effective and with fewer side effects as compared with other steroids. This 
review evaluates the literature on efficacy and toxicity of DFZ as compared with other therapies for nephrotic syndrome. A 
systematic review of Pubmed database and Cochrane Central Register of Controlled Trials with last search date of 20th April 
2011. Search terms included “nephrotic AND deflazacort” without any limitations. Randomized control trials comparing DFZ vs 
placebo or other therapies in subjects with nephrotic syndrome were included. Two authors extracted data independently. Three 
studies meet inclusion criteria and data were synthesized qualitatively. The limited evidence suggested that DFZ appeared to 
be equally effective in inducing remission or decreasing proteinuria in patients with nephrotic syndrome. It caused significantly 
less decrease in bone mineral content (BMC) in spine as compared with prednisolone. The results related to weight change, 
blood pressure change, Cushingoid symptoms, and urinary calcium excretion were inconsistent between included studies. By 
reviewing the available limited evidence, DFZ appears to be of similar efficacy for nephrotic patients, but there were inconsistent 
results regarding side effect profile of DFZ as compared with other steroids except for decrease in BMC where DFZ was better. 
There is need for larger randomized controlled trials to evaluate effectiveness and adverse effect profile of DFZ as compared 
with other steroids in nephrotic syndrome.
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those children who relapse frequently requiring multiple 
courses of corticosteroids.[4]

Deflazacort (DFZ) is an oxazoline derivative of PDN with 
anti‑inflammatory and immunosuppressive activity.[8] 
The potency ratio of DFZ vs PDN is estimated to be 1.28  
(6 mg of DFZ : 5 mg PDN).[9] The use of DFZ in Duchenne 
Muscular Dystrophy,[10,11] Juvenile Idiopathic arthritis 
(previously, juvenile chronic or rheumatoid arthritis),[12] 
chronic inflammatory diseases in adults,[13] renal 
transplantation,[14‑16] various hematological disorders 
(non‑Hodgkin’s lymphoma, idiopathic thrombocytopenic 
purpura, etc.),[17] drug‑resistant epilepsies in children,[18] 
and type 1 autoimmune hepatitis[19] is found to be 
as efficacious as other steroids with less worrying 
adverse‑effect profile.

Although therapeutic effects are inseparable from adverse 
metabolic effects of steroids, the goal of corticosteroid 
therapy should be to achieve maximum clinical benefit 
with minimum side effects. DFZ appeared to have 
almost similar efficacy with fewer side effects for various 
immune‑mediated diseases as compared with PDN or 
other steroids. In management of nephrotic syndrome, 
steroids are used for long duration resulting in many 
adverse effects. Thus, it will be prudent to find a drug 
with similar efficacy but fewer side effects for patients 
with nephrotic syndrome.

Objective of this systematic review is to evaluate the 
efficacy and toxicity of DFZ for nephrotic syndrome and 
whether DFZ is effective for inducing and maintaining 
remission in patients with nephrotic syndrome, similar 
or more effective than other steroids or therapies? and 
have fewer side effects as compared to other steroids or 
therapies. The review included randomized control trials 
(RCT) comparing DFZ as compared with placebo or other 
therapies in patients with nephrotic syndrome for efficacy 
(remission or not, time to remission, number of relapses) 
and adverse effects.

Materials and Methods

Pubmed was searched with words “nephrotic AND 
deflazacort” without any limitations up to 20th April 
2011. The Cochrane Central Register of Controlled Trials 
(CENTRAL) 2011, Issue 2 was also searched with words 
“nephrotic AND deflazacort” on 20th April 2011. DARE 
database and Google scholar were also searched with 
key words “nephrotic AND deflazacort.” We searched 
ASN (American Society of Nephrology), WCN (World 
Congress of Nephrology), and ERA‑EDTA (European 
Renal Association‑European Dialysis and Transplantation 
Association) conference proceedings available online 

for additional relevant study. References of included 
studies were reviewed to find further related studies. 
Two authors individually screened abstract of studies 
found in search to locate studies eligible to be included 
in review. The potential eligible studies were assessed for 
full text to include finally in review. Search results were 
described in flow diagram as per PRISMA statement.[20] 
Both authors individually extracted data from included 
studies. Both the review authors assessed for risk of 
bias in included studies related to random sequence 
generation, allocation concealment, blinding, incomplete 
outcome data, selective reporting, and other sources of 
bias. Corresponding authors of included studies were 
contacted through email for additional information if 
needed. Meta‑analysis was planned if sufficient data 
became available.

Results

The search results along with selection of studies have 
been shown in Figure 1. The search of ASN, WCN, and 
ERA‑EDTA conference proceedings did not reveal any 
additional study. Full texts of three studies were assessed 
for eligibility and all three were selected for qualitative 
synthesis as per inclusion criteria of review.[21‑23] One 
crossover RCT was excluded.[24] The corresponding 
authors of two included studies (Olgaard et al.[22] 
and Liern et al.[23]) were contacted through email for 
additional information and we got more unpublished 
data from Liern et al. but not from Olgaard et al. The 
characteristic of included studies is shown in Table 1. 
All three studies finally selected for the review were 
randomized controlled trials and published in English, 
except for study by Liern et al.[23] which was published 
in Spanish but the English version was also available. 

Figure 1: Flow diagram of study selection
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The included studies involved a total of 91 participants. 
Only children were included in study by Broyer et al.[21] 
and Liern et al.,[23] whereas only adults were included 
in study by Olgaard et al.[22] Olgaard et al. enrolled 
consecutive newly diagnosed cases of nephrotic syndrome 
and Broyer et al. enrolled steroid‑dependent nephrotic 
patients and details of nephrotic state was not defined in 
study by Liern et al. All included studies were conducted 
at one center each; Broyer et al.[21] in France, Olgaard 
et al.[22] in Denmark, and Liern et al.[23] in Argentina. The 
intervention received were DFZ and PDN (on dose ration 
of 1.2 : 1) in studies by Broyer et al. and Olgaard et al. 
and DFZ and Methylprednisolone (MPD) (in dose ratio 
of 1.5 : 1) in study by Liern et al. None of the included 
study clearly defined the primary and secondary outcome. 
Broyer et al.[21] recorded time to achieve remission, 
number of relapse during study period, bone mineral 
density of lumbar spine, growth velocity, and clinical 
signs of Cushing syndrome. Olgaard et al.[22] mainly 
evaluated the effect of DFZ vs PDN on bone metabolism 
by measuring BMC of spine, arm, forearm, and mandible. 

Liern et al.[23] mainly evaluated recovery of different 
immunoglobulin sub‑classes in patients with NS treated 
with MPD vs DFZ.

Quality measures of included studies are shown in 
Table 2. Liern et al.[23] did not describe about allocation 
concealment, whereas in rest of the two studies, it was 
done properly. Subjects were blinded in all three included 
studies and investigators were also blinded in studies by 
Broyer et al.[21] and Olgaard et al.[22] In study by Liern et 
al.,[23] there was no drop out; in study by Broyer et al.,[21] 
drop outs were similar in both groups and reason were 
given by authors. Details of drop outs were not given 
clearly in study by Olgaard et al.[22] No study protocol was 
available for any of the study, so it is difficult to comment 
on selective reporting in included studies. None of the 
included studies were stopped early.

Summaries of results of all three included studies are 
illustrated in Tables 3 and 4. Because the participants 
(Broyer et al.[21] included steroid dependent nephrotic 

Table 1: Characteristics of included studies evaluating deflazacort in patients with nephrotic syndrome
Characteristics 
Studies

Patients, 
n

Age, mean 
(range), 
years

Participants Interventions Dose ratio 
(DFZ:PDN)

Duration 
of study

Dose Use of other 
immunomodulators

Outcome 
measures

Broyer et al.[21] 
1997

40 9.2 ± 2.7 in 
DFZ group 
and 8.5 ± 
4 in PDN 
group

Children with 
steroid-
dependent 
idiopathic 
nephrotic 
syndrome 

DFZ vs PDN 1.2:1 1 year PDN 
equivalence 
60 mg/
m2 daily 
until the 
5th day of 
remission, 
then 
tapered, 
total 
duration- 1 
year

Yes, equal in both 
group

Time to 
achieve 
remission, 
number of 
relapses, BMC 
of lumbar 
spine, growth 
velocity and 
clinical signs 
of Cushing 
syndrome

Olgaard et al.[22] 
1992

29 45.6 (15-
70) in DFZ 
group and 
38.5 (19-
56) in PDN 
group

Consecutive 
new adult 
patients with 
nephrotic 
syndrome 

DFZ vs PDN 1.2:1 1 year PDN 
equivalence 
80 mg/day 
for the first 
3 weeks 
and then 
gradually 
reduced 
to 20 mg/
day for the 
last 12-52 
weeks

Yes, equal in both 
group

Effect on bone 
metabolism 
by measuring 
BMC of spine, 
arm, forearm 
and mandible

Liern et al.[23] 
2008*

22 4.0 (1.33- 
4.33)

Children with 
frequently 
relapsing 
nephrotic 
syndrome 

DFZ vs MPD DFZ:MPD, 
1.5:1

28 
months

MPD 
equivalence 
48 mg/m2/
day for 6 
weeks, 
followed by 
2/3 of the 
dose every 
other day 
for the next 
6 weeks

Not mentioned Levels of 
different 
immunoglobulin 
sub-classes

DFZ = Deflazacort, PDN = Prednisolone, MPD = Methylprednisolone, BMC = Bone mineral content. *Both published and unpublished data.
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Table 2: Quality measures of included randomized controlled trials
Studies → Broyer et al.[21] 1997 Olgaard et al.[22] 1992 Liern et al.[23] 2008*
Characteristics ↓
Method for random sequence generation described Yes No Yes
Allocation concealment done Yes Yes Not mentioned
Patients blinded Yes Yes Yes
Health care providers blinded Yes Yes No
Data collectors blinded Yes Yes No
Outcome assessors blinded Yes Yes No
Incomplete outcome data addressed Yes Not clear No drop out
RCT stopped early No No No
*Both published and unpublished data

Table 3: Study characteristic and efficacy of deflazacort as compared to other steroids in nephrotic syndrome
Characteristics Control group Experimental group (DFZ)

Broyer et al.,[21] 
1997 (PDN)

Olgaard et al.,[22] 
1992 (PDN)

Leirn et al.,[23] 
2008* (MPD)

Broyer et al.,[21] 1997 Olgaard 
et al.,[22] 

1992

Leirn 
et al.,[23] 
2008*

Sample size 20 16 11 20 13 11
Age, yrs (range) 8.5 ± 4 38.5 (19-56) 3.6 9.2 ± 2.7 45.6 (15-

70)
4.2

Follow-up 1 year 1 year 58 months 1 year 1 year 60 
months

Drop out at 1 year 1 7 0 1 4 0
Mean time for attaining 
remission, days (range)

8 (4–69) NA 7.8 ± 0.36 8 (3–24) (NS) NA 8.3 ± 
0.22 
(NS)

Number of new relapses 
during study

2.8 ± 1.8 NA 3 0.9 ± 1.4 (P < 0.002) NA 2

Patients free of relapse 
during study

2/20 NA NA 12/20 (P = 0.002) NA NA

24-hr urinary proteins (g)- 
base line (mean ± SE)

NA 8.0 ± 0.6 NA 9.9 ± 0.6 NA NA

24-hr urinary proteins (g)- 
at 12 months (mean ± SE)

NA 1.4 ± 0.6 (P<0.01, 
from base line)

NA 1.1 ± 0.7 (P < 0.01, from base 
line)NS difference between groups

NA NA

PDN = Prednisolone, MPD = Methylprednisolone, DFZ = Deflazacort, NS = Not significant, NA = Data not available. *Includes both published and unpublished data

children, Olgaard et al.[22] included newly diagnosed 
adult nephrotics, and Liern et al.[23] included frequently 
relapsing nephrotic children) reported outcome measures 
(measurement of effectiveness and metabolic effects 
of steroids in study by Broyer et al.,[21] evaluation of 
osteoporosis in study by Olgaard et al.,[22] and it was 
assessment of recovery of immunoglobulins in nephrotic 
patients in study by Liern et al.[23]) varied markedly, we 
focused on describing the studies, their results, their 
applicability, and their limitations, and on qualitative 
synthesis rather than meta‑analysis. Regarding efficacy 
of DFZ in nephrotic syndrome as compared with other 
steroids, the mean time for attaining remission was similar 
in DFZ group and other steroids in studies by Broyer  
et al.[21] and Liern et al.[23] [Table 3]. In study by Olgaard  
et al.,[22] the 24‑hour urinary protein decreased significantly 
among both groups of DFZ and PDN without significant 
difference between the drugs [Table 3]. Mean number 
of new relapses during one year of study period were 
significantly less in DFZ group as compared with PDN 
group in the study by Broyer et al.[21] [Table 3]. Similarly, 
the patients free of relapse during study period were 

significantly more in DFZ group in the same study. The 
mean numbers of new relapses during study period were 
not significantly different in study by Liern et al.[23] and 
such data are not available in study from Olgaard et al.[22] 
Regarding side effects of steroids in nephrotic syndrome, 
the mean growth velocity was not significantly different 
between DFZ and PDN in study by Broyer et al.[21] and 
such data are not available in other two included studies 
[Table 4]. In study by Broyer et al.,[21] the mean BMC of 
spine changed significantly from baseline in PDN group 
but not in DFZ group. In the same study, mean decrease in 
bone density was ‑12% and ‑6% in PDN and DFZ group, 
respectively, although it was not statistically significant 
[Table 4]. Total BMC of lumbar spine and mandible 
decreased significantly from baseline in both DFZ and 
PDN group in study by Olgaard et al.,[22] but the it was 
significantly less in DFZ as compared with PDN group 
for lumbar spine but not for mandible [Table 4]. The 
mean decrease in bone density/year in lumbar spine 
was significantly more in PDN group as compared with 
DFZ group in the same study. Data on BMC were not 
available from study by Liern et al.[23] Change in body 
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weight was not significantly different between groups in 
studies by Broyer et al.[21] and Liern et al.[23] but in study 
by Olgaard et al.,[22] weight decreased significantly in 
DFZ group as compared with PDN group [Table 4]. Blood 
sugar levels were not significantly different between the 
groups in any of included studies. The blood pressure 
changes were also not significantly different between 
the groups in any of included studies, except in study by 
Olgaard et al.[22] where diastolic blood pressure increased 
significantly in PDN group as compared with DFZ group. 
Urinary calcium excretion increased significantly in PDN 
group as compared with DFZ group in study by Olgaard 
et al.,[22] but there was no difference in urinary calcium 
excretion between the groups in study by Broyer et al.[21] 
and such data were not available in study by Liern et al.[23] 
Cushingoid features were not significantly different 
among DFZ and other steroids in studies by Broyer et al.[21] 
and Liern et al.[23] and it was not described in study by 
Olgaard et al.[22]

Discussion

There is lack of sufficient evidence for comparing DFZ 
with other steroids in relation to efficacy and adverse 
effects in patients with nephrotic syndrome. The identified 
studies were small in number which seems insufficient to 

address all objectives of the review. The review included 
three studies with a total of 91 subjects. Methodologies 
of included studies varied: All were RCT with proper 
allocation concealment in two and it was not described 
in one study; method of random sequence generation 
described in two studies; participants were blinded in 
all and in two studies investigators were also blinded. It 
is difficult to comment on selective reporting in studies 
as study protocol was not available for any of the study.

The available evidence suggest that DFZ at equipotent 
dosage appears to be of similar (better in one study) 
efficacy as compared with PDN or MPD for inducing 
remission or decreasing proteinuria in patients with 
nephrotic syndrome. Adverse effects of DFZ as compared 
with other steroids in patients with nephrotic syndrome 
were not consistent except for effect on BMC where DFZ 
had favorable effects as compared with PDN. Effects 
on blood pressure, weight change, urinary excretion of 
calcium, and Cushingoid features were not consistent 
between the studies. The possible explanation for this 
discrepancy may be difference in participants among 
studies, e.g., Broyer et al.[21] included steroid‑dependent 
nephrotic children, whereas Olgaard et al.[22] included 
newly diagnosed adults with nephrotic syndrome. Another 
reason may be small sample size of included studies.

Table 4: Side effects of deflazacort as compared to other steroids in nephrotic syndrome
Side effects Control group Experimental group (DFZ)

Broyer et al.,[21] 
1997 (PDN)

Olgaard et al.,[22] 1992 
(PDN)

Leirn et al.,[23] 
2008* (MPD)

Broyer et al.,[21] 
1997

Olgaard et al.,[22] 
1992

Leirn et al.,[23] 
2008*

Mean growth 
velocity

4.4 ± 1.4 cm/
year

NA NA 4.1 ± 1.2 cm/
year (NS)

NA NA

Mean change 
in bone mineral 
content of spine

142 ± 26# to 
125 ± 26 mg/m2 

(P=0.05)

47.0 ± 0.466$ to 41.1 
± 0.531 gHa (P < 0.01 

from base line)

NA 129 ± 30# to 
121 ± 35 mg/

m2 (NS)

45.4 ± 0.487$ to 41.8 
± 0.562gHa (P<0.01 

from base line) 
(P<0.05 DFZ vs PDN)

NA

Mean decrease 
in bone density 
in spine

-12 % -0.00885 ± 0.00110$ 

gHa/cm2/month 
(P<0.01 from baseline)

NA –6% (NS) -0.00498 ± 0.00117$ 

(P<0.01from baseline) 
(P<0.05,DFZ vs PDN)

NA

Body weight 
(mean, kg)

Mean change, 
3.9 ± 4.1

from 74.8 to 76.6 
(P>0.25)

16.4 to 21.3 Mean change, 
1.7 ± 2.8 
(P=0.06)

from 78.3 to 74.3 
(P<0.05) (P<0.05,DFZ 

vs PDN)

15.2 to 22.5 (NS)

Mean blood 
pressure

No difference 
between groups

Diastolic BP 
significantly increased 

from base line

Not significantly 
different

No difference 
between groups

Diastolic BP 
significantly decreased 

in DFZ group

Not significantly 
different

Fasting blood 
sugar

No difference 
between groups

From 4.8 ± 0.2$ to 5.8 
± 0.3 mmol/l (P<0.01 

from baseline)

No 
hyperglycemia

No difference 
between groups

From 5.1 ± 0.2$ to 5.6 
± 0.3 mmol/l (P < 0.01 

from baseline) (NS, 
DFZ, vs PDN)

No hyperglycemia

Urine calcium 
excretion 
(mmol/l per day)

2.3 1.8 ± 0.4 to 5.5 ± 0.5$ 

(P<0.01 from baseline)
NA 2.3 (NS) 2.0 ± 0.4 to 2.9 ± 0.5$ 

(NS from baseline) 
(P<0.01,DFZ vs PDN)

NA

Cushingoid 
symptoms

Absent in 8/20 NA moderate Absent in 12/20 
(NS)

NA Moderate

Hypertrichosis NA NA Mild NA NA Mild
Infection rate NA NA No difference NA NA Difference NS  

(P=0.12)
PDN = Prednisolone, MPD = Methylprednisolone, DFZ = Deflazacort, NS = Not significant, NA = Data not available. *Includes both published and unpublished 
data, #±SD (Standard Deviation), $±SE (Standard Error)
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For this review, the search strategy was broad without 
any limitations making likelihood that all relevant studies 
were identified. Two authors were involved individually 
for study selection and data retrieval and any discrepancy 
was resolved by discussion. The corresponding authors 
of two included studies were contacted through email 
for additional information and we got some additional 
data from one. Our review had some limitations. A 
few numbers of studies with small sample size were 
available for the review. The quality of included studies 
varied [Table 2] and there were some missing data 
related to outcome of review. We were unable to perform 
meta‑analysis for reasons described above. There was 
inconsistency of results regarding adverse effect profile 
of DFZ as compared with other steroids.

A crossover RCT, excluded from review, compared the 
treatment sequence of DFZ‑prednisone or prednisone‑DFZ 
in ten adult nephrotic patients and reported similar efficacy 
for both the treatment sequence.[24] Avioli described the 
equipotent ratio of DFZ to PDN as 1.28:1,[9] although 
equipotency between DFZ and PDN varies in different 
conditions, e.g., 1.2:1 for nephrotic syndrome,[24] 
rheumatoid arthritis,[25] and juvenile chronic arthritis;[12] 
1.4 :1 for asthma[25] and polymyalgia rheumatica.[26] Two 
of the included studies, where DFZ was compared with 
PDN, used the 1.2:1 ratio. The different effects of DFZ 
and PDN on T lymphocytes had been reported. Scudeletti 
et al. showed that a single oral dose of DFZ induced T 
cell depletion and affected the ratio of helper, inducer/
suppressor, cytotoxic T cells for up to 72 hours, while 
they returned to baseline levels within 24 hours 
following PDN.[27] This change in ratio of T4/T8 cells 
had been consistently found in patients treated daily with 
DFZ, while it was not consistent during PDN therapy. [27,28] 
These changes in T lymphocyte subsets by DFZ were also 
noticed in patients after kidney transplantation.[29] This 
difference in the immune‑modulatory effect of DFZ and 
PDN may explain the different efficacy and side‑effect 
profile in subjects with nephrotic syndrome as dysfunction 
of T lymphocytes is suspected to be one of the underlying 
mechanisms in nephrotic patients. A Cochrane review 
on “Corticosteroid therapy for nephrotic syndrome in 
children” by Hodson et al. included one study[21] related to 
DFZ which also is the part of our review.[30] DFZ is costlier 
and treatment with DFZ 36 mg daily for six months costs 
£235 (pounds 235) compared with £19 (pounds 19) for 
PDN 30 mg daily.[31]

Conclusions

Implications for practice
There were insufficient studies comparing DFZ and 

other steroids for nephrotic syndrome. By reviewing the 
available evidence, DFZ appeared to be of similar efficacy 
for nephrotic patients as compared with other steroids 
and had favorable effect on BMC of spine but there were 
inconsistent results regarding other side‑effect profile 
of DFZ as compared with other steroids. There was lack 
of evidence to recommend/not DFZ in place of PDN for 
treating nephrotic syndrome.

Implications for research
This review highlights the need for larger randomized 
controlled trials with sufficient follow‑up period to 
evaluate effectiveness and adverse effect profile of DFZ as 
compared with other steroids in subjects with nephrotic 
syndrome, especially children with first episode of 
nephrotic syndrome. Further research is also needed for 
defining accurate equipotency ratio of DFZ as compared 
with PDN.
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