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Abstract

Background: IgA nephropathy is the most common progressive glomerular disease to end stage renal failure
worldwide. Calcineurin inhibitors (CNIs) is a selective immunosuppressant widely used in organ transplantation.
The efficacy and safety of calcineurin inhibitors for the treatment of IgA nephropathy remain uncertain.

Methods: We performed a systematic literature search using the PubMed, Embase, Science Citation Index, Ovid
evidence-based medicine, Chinese Biomedical Literature (CBM) and Chinese science and technology periodicals
(CNKI, VIP, and Wan Fang) for randomized, controlled trials of CNIs therapy of IgA nephropathy. Complete remission
rate (CR) was defined as proteinuria less than 0.5 or 0.3 g/d. Partial remission rate (PR) was defined as proteinuria
reduced to at least half of the baseline measurement and an absolute value of >0.5 or 0.3 g/d.

Results: Seven relevant trials were conducted with 374 patients enrolled. CNIs plus medium/low-dose steroid had a
higher CR (RR=2.51 [95% Cl,1.25 to 5.04], P=0.02) compared to therapy with steroid alone or placebo, but were
not significant on PR (RR=0.87 [95% (1,0.32 to 2.38]; P=0.78). Also, significant alterations were observed in
proteinuria (weighted mean difference, —0.46 g/d,[95% CI-0.55 to —0.24], P < 0.01) with no differences were found
in serum creatinine (SCr) (weighted mean difference, 0.57,95% Cl:-4.05 to 5.19; P =0.78) and estimated glomerular
filtration rate (eGFR) (weighted mean difference, 1.13,95% Cl-4.05 to 6.32; P=0.34) level between the two groups.
CNI therapy was associated with an increased risk for adverse events (RR=2.21,95% Cl:1.52 to 3.21, P < 0.01), such as

gastrointestinal and neurological symptoms or hirsutism.

Conclusions: CNIs might provide renal protection in patients with IgAN, but at an increased risk of adverse events.
Reliably defining the efficacy and safety of CNlIs in IgAN requires a high-quality trial with a large sample size.
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Background

IgA nephropathy is the most common primary glomerular
disease worldwide. A wide variety of treatments have
attempted to reduce kidney burden and the high risk of
kidney failure events in this population. IgAN is an auto-
immune kidney disease, indicating that immunosuppres-
sive therapy may be helpful. Immunosuppressive therapy
is supposed to reduce the deterioration in kidney function
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as well as a reduction in proteinuria. The core I f3-Gal-T-
specific molecular chaperone (Cosmc) gene expression
was decreased in IgAN patients. Inmunosuppressive ther-
apy can up-regulate the Cosmc expression in peripheral
lymphocytes of IgAN patients. It might be the underlying
mechanism of immunosuppressive therapy used in
treating IgAN [1, 2]. It has been proven that calcine-
urin inhibitors (CNIs) which include cyclosporine A
(CsA) and tacrolimus (TAC), can suppress the immune
response by downregulating the transcription of various
genes in T cells.

There are only a few small studies available using CNIs
for the treatment of IgAN ten years ago [3], mainly
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affected by the very first report that discouraged the use
of this medication in IgAN due to an increase in serum
creatinine (SCr), although the complication was revers-
ible [4]. From then on, due to the lack of controlled
clinical trials, the benefit and risk of CNIs in the
treatment of IgAN remained uncertain [5-8]. Recently,
several randomized controlled trials (RCTs) suggested
that CNIs might be effective for IgAN. Moreover, there
are a few other studies that have successfully used CNIs
in resistant IgAN patients, which demonstrated that
CNIs could decrease proteinuria in IgAN patients who
showed resistance to steroids and/or other immunosup-
pressants [9]. We therefore conducted this meta-analysis
of all available RCTs to comprehensively ascertain the
benefits and risks of CNI treatment in comparison with
steroids or placebos in patients with IgAN.

Methods

Identification of eligible studies

Two researchers (GYC and YHS) performed a systematic
literature search using the PubMed, Embase, Science
Citation Index, Ovid evidence-based medicine, Chinese
Biomedical Literature (CBM) and Chinese science and
technology periodicals (CNKI, VIP, and Wan Fang) data-
bases without any language restriction. All of the rele-
vant studies were published between 1986 and July 2016.
The following key words and subject terms were used in
the search: ‘IgA nephropathy, ‘immunoglobulin A
nephropathy’, ‘IgA nephritis, IgA glomerulonephritis’,
‘Berger’s disease, ‘cyclosporine A, ‘CsA, ‘tacrolimus’,
‘FK506’, and their derivative words.

Inclusion and exclusion criteria
Two authors independently selected information from
the studies and disagreement was resolved by consensus.
The titles and abstracts were scanned to exclude any tri-
als that were clearly irrelevant in the first stage. The full
texts of the relevant articles were read in order to deter-
mine whether they contained information on the topic
of interest in the second stage. The baseline data of
patients, proteinuria level, doses and duration of CNIs
use, follow-up duration, clinical parameters and adverse
events were included in the extracted information.

Inclusion criteria consisted of: (1) the study design was
a RCT; (2) the study focused on patients with biopsy-
proven IgA nephropathy; (3) the study compared TAC
or CsA with corticosteroid or placebo in the induction
therapy of IgAN; and (4) at least one of the following
outcomes was reported: the complete remission (CR) or
partial remission (PR) of proteinuria, changes of clinical
outcomes (including proteinuria, serum creatinine or
eGFR) and adverse events.

CR was defined as proteinuria less than 0.5 or 0.3 g/d
and a normal serum creatinine (Scr) level. PR are among
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those patients who did not have a CR, was defined as pro-
teinuria reduced to at least half of the baseline measure-
ment and an absolute value of >0.5 or 0.3 g/d and as well
as a relatively stable Scr level (variation less than 25%).

Exclusion criteria were: (1) did not including English
abstract; (2) studies including minors; (3) did not
describe the numbers of patients who recovered, deterio-
rated, or had renal replacement treatment clearly.

Assessment of trial quality

We assessed the quality of RCTs using a standard scoring
system proposed in the Jadad scale criteria [10]. These
included: (1) whether the randomization method was
appropriately performed; (2) whether double-blindness
was used in the RCT and whether it was appropriate; (3)
whether the report (the patient number and reasons) of
withdrawal and drop-outs was stated clearly. We classified
the RCTs as high quality if they scored >2. Otherwise,
assessed them as low quality [11].

Statistical analysis

Cochrane RevMan 5.3 was used to perform statistical
analyses. The results were stated as relative risks (RR),
for dichotomous outcomes, and weighted mean differ-
ences, for continuous outcomes, with 95% confidence
intervals (95% CI). The heterogeneity Q statistic test was
used to analyze heterogeneity among the included trials.
If it indicated heterogeneity (p <0.05) across trials, the
DerSimonian and Laird method in the random effect
model was selected. Otherwise, the Mantel-Haenszel
method in the fixed-effect model was used.

Results

Studies included in the meta-analysis

The comprehensive literature retrieval yielded 1156
articles. Of these, 71 were acquired in full-text form.
Seven RCTs were identified as appropriate for inclusion in
this meta-analysis (Fig. 1). The included studies provided
information on a total of 374 patients. Table 1 showed the
summarized characteristics of the included studies.
Among them, Six studies (334 patients) included IgAN
patients with proteinuria 1-3.5 g/d [4, 12—16]. One study
(40 patients) included patients mainly with mild or mod-
erate proteinuria [17]. The Jadad method was assessed for
the quality of the RCTs. It ranged from 2 to 7 and two
trials were of high quality (Jadad score = 7).

Trial outcomes

Effect on Proteinuria

Five studies assessed CR or PR in a total of 225 patients,
CR (RR=251; 95% CI 1.25 to 5.04) occurred more
frequently among people in the CNIs group compared
with the control group. PR did not reach a significant
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‘ 1156 citations retrieved fromthe database search

664 excluded after examining the title
or abstract due to being non-relevant.

| 492 full-length articles retrieved for review

421 articles excluded after review due to
the following:

uCross-sectional study design.

sReview articles

uDid not meet inclusion criteria

71 articles full-text analysis

32 articles excluded after review due to the
following:

«No renal outcomes

wReview articles

aNon-RCT

uOther interventions

7 included articles

Fig. 1 Study selection process
.

difference between CNIs and steroid alone or Placebo
(RR =0.87, 95% CI 0.32 to 2.38) (Fig. 2).

Three studies assessed urinary protein excretion in a
total of 169 patients. 24-h proteinuria was significantly
lower in patients using CNIs than in the control groups
(weighted mean difference, -0.46 g/d, 95% CI:-0.55 to
-0.24) at the end of treatment or during follow-up
(Fig. 3). The randomized effects model was selected
because heterogeneity was significant (P < 0.01).

Effect on Scr and eGFR

There were five studies assessed eGFR or Scr in patients.
Both eGFR (weighted mean difference, 1.13,95% CI:-4.05
to 6.32 P=0.34) (Fig. 4) and Scr (weighted mean differ-
ence, 0.57,95% Cl:-4.05 to 5.19, P=0.78) (Fig. 5) were
not significantly lower in patients using CNIs than in
the control groups at the end of treatment or during
follow-up. The fixed effects model was used because
heterogeneity was not significant (P = 0.78).

Adverse events

All adverse events were collected which mentioned in
the included articles, and the most prevalent events were
analyzed in the synthesis. The following outcomes were in-
cluded: liver function disorder, respiratory symptoms, such
as infection, elevated blood sugar, cardiovascular symp-
toms, such as hypertension, eyesight degradation, hirsut-
ism, gingivitis, musculoskeletal symptoms, gastrointestinal
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discomfort, neurologic discomforts, hematologic symp-
toms, drop in eGFR, urinary tract infection, and with-
drawal. Data on adverse events potentially caused by
treatment were collected from the RCTs (Fig. 6).

CNIs therapy was associated with an increased risk for
several events (RR, 2.21 [95% CI, 1.52 to 3.21]). Signifi-
cantly, patients receiving CNIs appeared to have a higher
risk of experiencing gastrointestinal discomfort or liver
function disorder (RR, 28.89 [95% CI, 5.35 to 155.96]),
neurologic or musculoskeletal symptoms (RR, 9.80 [95%
CI, 2.50 to 38.36]), and hirsutism or gingivitis (RR, 11.65
[95% CI, 2.68 to 50.61]). However, fewer patients who
received CNIs developed elevated blood sugar (RR, 0.36
[95% CI, 0.14 to 0.91]). Hypertension and drop in eGFR
of more than 25% from the baseline did not reach a
significant difference between CNIs and steroid alone or
placebo. The fixed-effects model was selected because
heterogeneity was undetectable when the effect sizes of
side effects were evaluated (P > 0.05).

In 7 RCTs, there were five patients in CNI groups and
one patient in control group who withdraw from the
therapy. One patient showed irreversible kidney failure
even with a dosage reduction of CsA and treatment was
subsequently stopped [4]. Three patients in the CsA
group and one patient in the control group developed
severe pneumonia in the second to third month of
treatment, after which the steroid and CsA therapies
were discontinued [15]. One patient was advised to
discontinue the TAC after the fourth week of treatment
because of general weakness and myalgia [17].

Publication bias

The funnel plots exhibited symmetric patterns for both
proteinuria and renal function, as shown in Figs. 7 and
8. Because the sample sizes of the 7 RCTs included in
this meta-analysis were all small, we conducted Begg’s
test to evaluate the publication bias using Stata software,
which indicated no significant heterogeneity in the 7
RCTs.

Discussion

IgAN is the most common type of glomerulonephritis
worldwide [18, 19]. It is now known to slowly progress to
end-stage renal disease (ESRD) [20—23]. Proteinuria is one
of the strongest independent prognostic factors [24, 25].
IgAN with severe proteinuria are conventionally subjected
to treatment with various immunosuppressive regimens
with conflicting results [26, 27]. Studies showed that
immunosuppressive therapy for [IgAN may reduce the risk
of ESRD by 70% compared with supportive therapy after >
5-year follow-up [28, 29]. CNIs are widely used as
immunosuppressive drugs. Studies suggest that CNIs are
effective in decreasing proteinuria in a variety of glomerular
diseases, including IgAN (30, 31].
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Fig. 2 Forest plot of the relative risks for CR and PR for CNIs versus steroid alone or Placebo in the treatment of IgAN

So far, few RCTs have analyzed the role of CNIs in
patients with IgAN. The current meta-analysis of seven
trials involving 374 patients with IgAN revealed that the
combination of CNIs and medium/low-dose steroid was
more effective in reducing proteinuria compared with
the steroid group alone, suggesting a synergistic effect
between CNIs and steroid. Similar to our findings,
several studies also indicated that patients with IgAN
could experience significant improvement in proteinuria
and hypoalbuminemia during CNI treatment [32]. In
addition, the risk of developing elevated blood sugar
appeared lower in patients treated with CNIs in compari-
son with placebo or steroid. Moreover, this meta-analysis
concluded that there was no significant difference in the
risk of renal impairment or rate of decline of eGFR
between two groups.

CNIs were associated with a higher incidence of ex-
periencing gastrointestinal discomfort or liver function
disorder, and neurological or musculoskeletal symptoms
than placebo or steroid. They were also associated with
a higher incidence of experiencing hirsutism or gingi-
vitis. This was consistent with the results of studies
containing CNIs [33].

IgA patients who achieved remission had far better
outcomes than those who never achieved remission
[34, 35]. These findings suggest that achieving remission,
whether CR or PR, is important in IgA patients to im-
prove renal survival, irrespective of glomerular disease
type. In current systematic review, CNIs group increased
the rates of CR compared with steroid alone or placebo.

There are a few other studies that have successfully
used CsA or TAC in resistant IgAN patients. In one
retrospective case series of 13 adult patients with IgAN
and significant proteinuria, more than half of the
patients did respond to CsA therapy with or without
steroids, with long-term remission. A rise in Scr was ob-
served in only two patients, and was mild and reversible
in these cases [36]. In a non-randomized study, Chabova
and colleagues administered 5 mg/kg/day of CsA plus al-
ternate day 5-10 mg prednisolone to 6 IgAN patients
with nephrotic-range proteinuria and normal Scr, who
were resistant to three months of glucocorticoid therapy
[37]. They aimed for a trough serum cyclosporine level
of 70-150 ng/mL and continued the regimen for one
year. After one month of treatment, proteinuria reduced
from 4.66 + 0.43 g/day to 1.38 £+ 0.29 g/day, and after one

CNIs Control

Heterogeneity: Tau®= 0.03; Chi*=12.33, df = 3 (P = 0.006); F= 76%
Test for overall effect: Z= 2.77 (P = 0.006)

Study or Subqroup Mean SD Total Mean SD Total Weight IV, Random,95% Cl

Liu 2014 036 023 24 053 071 24 211%
Ou-yang 2015 025 002 28 04 007 28 37.0%
Xu 2014 053 04 48 101 06 48 275%
Zhang 2013 05 05 11 1 06 14 144%
Total (95% CI) 11 114 100.0%

Fig. 3 Forest plot of the Effect of CNIs for proteinuria (g/d) at the end of treatment or during follow-up
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Fig. 4 Forest plot of the Effect of CNIs on eGFR at the end of treatment or during follow-up
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year to 0.59 + 0.14 g/day. GFR did not differ significantly
from the baseline in two years. In a retrospective study
by Shin and colleagues on 14 children with IgAN, a
significant decrease in proteinuria and increase in serum
albumin concentration without any rise in Scr level was
observed [38]. A decrease in histologic grade of IgAN
was seen in a follow-up biopsy of 50% of the patients.
These researchers suggested that CsA has a significant
role in decreasing proteinuria and reversing kidney path-
ology in children with IgAN. In another interesting re-
cent study, remission of nephrotic-range proteinuria
could be induced in 9 of 11 IgAN patients with the use
of TAC, which was explained through the effect of the
drug in podocyte cytoskeleton stabilization through
inhibition of calcineurin expression [39].

However, there is still a strong debate regarding the
use of CNIs, especially CsA for the treatment of protein-
uria in IgAN, mainly due to concerns about the possible
increase in Scr caused by CsA, although it is being used
as one of the main immunosuppressive agents in various
other proteinuric glomerulonephritides. It concluded
that there was no significant difference in the risk of
ESRD or rate of decline of GFR in patients treated with
CsA or placebo in a meta-analysis.

Our meta-analysis had four limitations. First, the
proteinuria outcomes were measured while on CNI,
whether a reduction in proteinuria while on a CNI will
be sustained or will rebound after the CNI is stopped is
not certain. We should also address the limitation of
using proteinuria as a surrogate outcome measure, and
the implication of rebounding proteinuria after stopping
CNIL Second, the renal outcomes that were assessed
were over likely too short a time period to see any

beneficial or detrimental effects from chronic CNI use.
Our meta-analysis do not show significant benefit on
kidney function, as serum creatinine or eGFR. Long-
term, large sample, multicenter RCTs are needed to con-
firm the efficacy and safety of CNIs in the treatment of
IgAN. Third, the number of subjects included in this
analysis was not particularly great. Finally, there appears
to be lack of published small studies with negative out-
comes. The risk of publication bias in which studies with
negative results is also a limitation.

The current meta-analysis was generally consistent
with these reviews [7, 8]. Thus, we believe that the
results of our studies can help to prevent the discourage-
ment of the use of this medication for an idiopathic
immunologic disease without many therapeutic choices.
The fear of increase in Scr seems to have prevented the
researchers from designing clinical trials to study this
valuable immunosuppressive agent in the treatment of
IgAN, and we suggest starting such trials for a better
long-term judgment.

Conclusions

Prescription of CNI combined with medium-dose
steroid resulted in significant reduction in proteinuria
without deteriorated renal function, showing that CNI
may be a promising agent for IgAN. It is important to
use the lowest effective dosage of CNIs and monitor its
level closely because of possible complications. Larger
RCTs of CNIs which are sufficiently powered to evaluate
patient-relevant end points, including adverse events,
and that examine the optimal duration of treatment are
now required in IgAN patients with a range of kidney
function.
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Zhang 2013 874 176 11 895 204 14 9.6%
Total (95% CI) 152 155 100.0%

Fig. 5 Forest plot of the Effect of CNis on SCr at the end of treatment or during follow-up
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P
CNIs Control 0Odds Ratio 0Odds Ratio
Study or Events Total Events Total Weight M.H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Infection
Kim 2013 2 20 120 24% 211(0.18,25.35) —
Liu 2014 5 24 4 24 83% 1.32[0.31,5.65) ——
Ou-yang 2015 2 28 128 24% 2.08(0.18,24.31) —
Xu2014 0 48 5 48 143% 008[0.00,152) ————T
Zhang 2013 0N 114 34% 0.39(0.01,10.57) — ]
Subtotal (95% CI) 131 134 30.8% 0.76 [0.32,1.82] -
Total events 9 12
Heterogeneity: Chi*= 4.22, df = 4 (P = 0.38); F= 5%
Test for overall effect: Z= 0.61 (P = 0.54)
2.1.2 Elevated blood sugar
Kim 2013 120 020 12% 315(0.12,82.16] —
Liu 2014 2 24 2 24 48% 1.00[0.13,7.75) =1
Ou-yang 2015 0 28 128 39% 0.32(0.01,8.24] e e
Xu2014 0 48 8 48 222% 0.05[0.00,088) ———*———
Zhang 2013 2 N 5 14 95% 0.40[0.06, 2.63) ————
Subtotal (95% Cl) 131 134 41.6% 0.36 [0.14,0.92] ->
Total events 5 16
Heterogeneity: Chi*= 4.53, df= 4 (P = 0.34); = 12%
Test for overall effect: Z= 2.14 (P = 0.03)
2.1.3 Gastrointestinal discomfort or liver function disorder
Kim 2013 20 20 4 20 03% 150.33(7.54,2997.83] —_—
Lai 1987 4 9 0 10 07% 17.18(0.78,380.84) b
Xu 2014 3 48 0 48 12%  7.46(0.37,148.48) =i
Subtotal (95% Cl) 77 78 22%  28.89[5.35,155.96) e
Total events 2r 4
Heterogeneity: Chi*= 2.06, df= 2 (P = 0.36); F= 3%
Test for overall effect: Z= 3.91 (P < 0.0001)
214 ic or
Kim 2013 15 20 4 20 26%  12.00(2.70,53.33)
Zhang 2013 1N 0 14 10%  414(0.15,112.06) —
Subtotal (95% CI) 31 34 37% 9.80 [2.50, 38.36] -
Total events 16 4
Heterogeneity: Chi*=0.33, df=1 (P = 0.56); F= 0%
Test for overall effect: Z= 3.28 (P = 0.001)
2.1.5 Hypertension
Kim 2013 2 20 120 24% 2111(0.18, 25.35] —
Lai 1987 3 9 0 10 08%  11.31(0.50,256.20) =1
Xu2014 4 48 5 48 121% 0.78[0.20,3.11) ——
Subtotal (95% CI) 77 78 153% 1.55 [0.55, 4.37] -
Total events 9 6
Heterogeneity: Chi*= 2.56, df= 2 (P = 0.28), F=22%
Test for overall effect: Z= 0.83 (P = 0.41)
2.1.6 Hirsutism or gingiva
Kim 2013 2 20 120 24% 2.110.18, 25.35) —
Lai 1987 2 9 0 10 08%  7.00(0.29,167.93) —_—
Xu2014 14 48 0 48 09%  40.77(2.35,706.76) —
Subtotal (95% CI) 77 78 42%  11.65[2.68,50.61] >
Total events 18 1
Heterogeneity: Chi*= 2.65, df= 2 (P = 0.27); F= 25%
Test for overall effect: Z= 3.28 (P = 0.001)
2.1.7 Drop in eGFR of more than 25% from the baseline
Lai 1987 19 010 14%  3.71[0.13,103.11) —
Liu 2014 2 0 24 12%  544(0.25119.63) —
Subtotal (95% CI) 33 34 23% 4.62[0.48,44.12] —eeca -
Total events 3 0
Heterogeneity: Chi*= 0.03, df=1 (P = 0.87); F= 0%
Test for overall effect: Z=1.33 (P=0.18)
Total (95% CI) 557 570 100.0% 2.21[1.52,3.21] *
Total events 87 43
Heterogeneity: Chi*= 41.48, df= 22 (P = 0.007); F= 47% + + t +
0.005 0.1 10 200
Test for overall effect: Z= 4.18 (P < 0.0001)
Testfor subaroun differences: Chi*= 38.29. df= 6 (P < 0.00001). F= 84.3% Favours [Chlis)' Eavours fcontrol]
Fig. 6 Forest plot of the relative risks for adverse events at the end of treatment or during follow-up
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95% Cl: 95% confidence intervals; CNIs: Calcineurin inhibitors; Cosmc:

Core | 33-Gal-T-specific molecular chaperone; CR: Complete remission;
CsA: Cyclosporine A; ESRD: End-stage renal disease; IgAN: Immunoglobulin
A nephropathy; PR: Partial remission; RCT: Randomized controlled trial;

RR: Relative risks; Scr: Serum creatinine; TAC: Tacrolimus
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