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OBJECTIVE: A non-interventional, longitudinal, retrospective follow-up study to assess CsA-induced nephrotoxicity (IN) and its
reversibility after withdrawal in patients exhibiting a bilateral chronic posterior uveitis (CPU) associated with cystoid macular
oedema (CMO) in at least one eye. Data from medical records between 1986 and 2013.
METHODS: Primary outcome was the renal tolerance during and after CsA treatment assessed by plasma creatinine concentration
and glomerular filtration rate (GFR) estimated by Chronic Kidney Disease Epidemiology (CKD-Epi) formula. Secondary outcomes
were CsA through concentration, occurrence of cancers and ophthalmologic efficacy assessed by three parameters including CMO,
vitreous inflammation, and best-corrected visual acuity BVCA changes.
RESULTS: One hundred forty-three patients were followed for renal tolerance. Underlying diseases were Birdshot retinochoroiditis
(n= 67), Behçet disease (n= 9), probable sarcoidosis (n= 23), sympathetic ophthalmia (n= 3), idiopathic (n= 41). After CsA
discontinuation in 115 patients (mean treatment duration of 5.9 ± 3.8 years) mean plasma creatinine concentration was 82.2 ± 14.2
µmol/L versus 82.1 ± 14.1 µmol/L at baseline, mean GFR was 79.4 ± 13.9 mL/min versus 82.5 ± 14.3 mL/min at baseline, with no
significant difference (respectively p= 0.91 and p= 0.09). Blood pressure did not significantly change during follow-up. CMO was
completely resorbed in at least one eye, in 70.8% patients (n= 72) at 6 months, in 71.4% patients (n= 49) at 10 years and in 54.2%
patients (n= 24) at 20 years. BCVA did not statistically change over time.
CONCLUSION: Early and long-term monitoring of renal tolerance and dual adjustment of CsA doses in inflammatory stages of CPU
were associated with reversible CsA IN. CsA could be effective in the treatment of CMO in CPU patients.
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INTRODUCTION
Auto-immune chronic posterior uveitis (CPU) is a rare, chronic
inflammatory disease. Because of its low incidence and the low
severity of initial symptoms, the diagnosis can be delayed,
increasing the risk of irreversible tissue damage and poor
functional prognosis. The prevalence of CPU in European and
Northern American populations is estimated between 0.1 and 1.7
per 100,000. CPU is predominant in Caucasian populations [1, 2].
Cystoid macular oedema (CMO), retinal vasculitis, and choroidal

and/or retinal neovascularization complicate CPU in respectively
63–84%, 40% and 13–14% of cases [3]. Although up to 20% of
cases seem to be self-limited types of the disease, the overall
evolution in long-term follow-up studies appears to be defined by
successive inflammatory exacerbations leading to progressive
visual loss. Due to the lack of consensus, initial and/or emergency
treatment is often based on systemic corticosteroids, used in an

inflammatory context, and as a bridging therapy immunosup-
pressive treatment. However, corticosteroids appear to be
inconsistently effective for sustaining remission, when used at
the usual doses and are responsible for many well-known adverse
events (AEs) [4].
Therefore, steroid-sparing immunosuppressive treatments,

including methotrexate, mycophenolate mofetil [5], ciclosporin A
(CsA) and more recently biotherapies such as anti-Tumour
Necrosis Factor (TNF) alpha [6], are the essential options, following
therapeutics algorithms previously published [7, 8].
CsA is a calcineurin inhibitor, widely used in solid organ

transplant and in auto-immune diseases. Its immunosuppressive
effect results from decreased Interleukin-2 release and inhibition
of T-cell proliferation [9].
CsA use is mainly limited by its AEs, especially nephrotoxicity

and high blood pressure (HBP), which is potentially worsened by
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long-term corticosteroids often associated [10, 11]. CsA-induced
nephrotoxicity (CsA-IN) results from two mechanisms: acute renal
injury, induced by renal vasoconstriction, that is usually reversible,
and chronic impairment, in which vasoconstriction leads to
structural damage and interstitial fibrosis [12, 13] with typical
pearl-like myocytes in the arteriolar walls. These long-term AEs
might be unspecific and lead to dose reduction, exposing
potentially to uncontrolled disease in auto-immune disorders [14].
CsA being efficient in T-cell-mediated pathologies has been

used in CPU with reported efficacy in controlling the disease
[15, 16]. In other pathological contexts, such as chronic
inflammatory arthritis, systemic diseases or chronic dermatitis, a
decrease in glomerular filtration rate (GFR) has been shown to be
the most commonly reported AEs of CsA (48% of cases), with a
decrease in plasma creatinine concentration after CsA disconti-
nuation in most cases [17, 18]. Similarly, a new onset of high BP
and dyslipidaemia are common under CsA treatment [19].
Nowadays, although effective, CsA is less used in CPU because

of its associated nephrotoxicity [20]. Indeed, an irreversible loss of
renal function has been reported in CPU patients with healthy
native kidneys treated with long-term CsA therapy for CPU, mostly
Birdshot retinochoroidopathy [3]. We have previously shown in a
longer study that the effect of CsA on renal function was partially
reversible after CsA discontinuation with BP normalization and a
significant recovery of renal function [21]. Therefore, we assessed
renal function in a larger cohort of patients with previously
healthy kidneys, long-term exposed to CsA.
The aim of this study was to assess CsA-IN in a large cohort of

CPU patients with healthy kidneys treated on the long term and its
potential reversibility after treatment discontinuation and the
ophthalmologic efficacy on CMO. To our knowledge, this is the

first long-term study of CsA safety and tolerance in the treatment
of CPU patients.

METHODS
Study design
A retrospective follow-up study was conducted to assess the long-term
renal tolerance and the ophthalmologic efficacy of CsA.

Study population
Data were retrospectively collected from the medical files of all patients
with CPU, diagnosed in several Ophthalmology centres in France, referred
to our ophthalmology department (National Reference Center for Rare
Diseases), and then referred to the Nephrology department for CsA
initiation during the last decades (from 1986 to 2013). Patients were
followed for at least 2 years after CsA withdrawal (Fig. 1a). Nephrological
work up made for each patient before inclusion showed absence of
chronic renal disease and all patients had a GFR > 60mL/min/1.73 m2,
normal urine testing and absence of renal abnormality in imaging showing
no cysts and no obstruction on the ducts.

Outcome measurements
We aimed to analyze in depth the renal function of all patients whether
under CsA or have discontinued CsA from the period of 1986 to 2013. The
primary outcome was the renal tolerance, defined by the change in plasma
creatinine concentration (N 44–80 µmol/L) and the estimated GFR (N > 90
mL/min), using the Chronic Kidney Disease Epidemiology (CKD-Epi)
formula [22]. Plasma creatinine concentration is expressed in mg/dL,
according to CsA dose and trough concentration. Blood tests were
centralized in Pitié-Salpêtrière university hospital laboratory. The level of
plasma creatinine concentration was always measured in the same
hospital laboratory. We considered the percent of augmentation of plasma
creatinine concentration compared to baseline. Secondary outcomes were

Fig. 1 Multidiscplinary protocol of Ciclosporin A treatment, followup and longterm monitoring of plasma creatinine concentration.
a Flow chart. b Multidisciplinary protocol of treatment and follow-up of renal tolerance and ophthalmologic efficacy. c Long-term monitoring
of plasma creatinine concentration in patients who discontinued CsA (n= 115). ***p value <0.001. 1: Baseline: (corresponding to a GFR level
mean CKD-Epi of 80(±14.6) mL/min). 2: Zenith of plasma creatinine concentration: (CKD-Epi 55 ± 19.2) mL/min. 3: Nadir of plasma creatinine
concentration: (CKD-Epi mean 80 ± 18.4). 4: End of the follow-up. 5: CsA discontinuation. d Long-term monitoring of plasma creatinine
concentration in patients who continued CsA (n= 28). ***p value <0.001, NS not significant. 1: Baseline. 2: Zenith of plasma creatinine
concentration. 3: Nadir of plasma creatinine concentration. 4: End of the follow-up.
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the BP, the measurement of CsA C0, as the CsA trough concentration that
is the lowest concentration in the whole day, measured on blood sample
usually drawn the morning, and ophthalmologic efficacy.
Patients were assessed by ophthalmologists and nephrologists during

their follow-up visits every 3 months during the first year of CsA
treatment, and then every 6 months or yearly until CsA discontinuation
and beyond, with a monitoring of C0 CsA trough concentration, biological
renal assessment (Fig. 1b) and imaging for cancer detection each year.
High daily doses were required at initial time to control the ocular
inflammation. Then doses were slowly tapered while scheduled ophthal-
mological examinations at 1, 3, 6 months after initiation. This way allowed
to determine the minimal efficient dose while searching to avoid
inflammatory recurrence and long-term nephrotoxicity. The CsA trough
concentration target was 100 ng/mL by analogy with results shown in a
cohort of renal-transplant patients, that showed a good tolerance to long-
term cyclosporine therapy without evidence of progressive toxic
nephropathy [23].
In the first 6 months, we tolerated a 50% increasing of plasma creatinine

concentration (the time needed to obtain a control of the ocular
inflammation), which corresponded to a mean decrease of −30% in GFR.
Further to minimize the CsA chronic exposure, the doses of CsA were

adapted thanks to a dual ophthalmological and nephrological follow-up
(Fig. 1b). The scheduled follow-up included plasma creatinine concentra-
tion analysis at 1 week, 1 month, 3 months, and 6 months and then
every year.
The adjustment was performed as following: when plasma creatinine

concentration was increasing, the CsA trough concentration was tested. If
CsA trough concentration was higher than 100 ng/mL, the CsA dose was
decreased. If in addition there was no ophthalmological efficiency, the CsA
was stopped.
In case of ophthalmological inefficiency related to a low CsA trough

concentration rate <100 ng/mL, the dose of CsA was increased.
If the increase in plasma creatinine concentration was >50% and GFR <

30% the CsA trough concentration was checked. If it was below or around
the range of 100 ng/mL, CsA was stopped. If CsA trough concentration
>100 ng/ml, the dose of CsA was adjusted by decreasing CsA daily dose
and checking the plasma creatinine concentration after. If still high with
low CsA trough concentration, it was decided to stop CsA and switch to
another immunosuppressant or to an immunomodulator such as
interferon alpha
The analysis of ophthalmologic efficacy was assessed by two masked

observers, it was focused on CMO change and was performed at 6 months,
10 years, 20 years, and at the end of the follow-up. The primary parameter
of effectiveness is inflammatory CMO change defined as positive, partial,
and negative response. Its diagnosis was based on intra-retinal cysts in
OCT or on hyperfluorescent cysts filling in FA for the oldest cases. The
secondary ophthalmological outcome was the change in vitreous
inflammation noted according to the SUN [24]. The tertiary outcome was
the best-corrected visual acuity (BCVA) assessed on decimal and Snellen
charts converted into LogMAR.
The occurrence of cancer and the cause of mortality, when available,

were recorded until the end of the follow-up.

Statistical analysis
The final analysis was performed once all data were recorded and verified
by two persons. Continuous data are presented as the median (range) or
mean ± standard deviation, as appropriate. Categorical data are presented
as numbers and percentages of total. Univariate analysis was performed
using a Fisher’s exact test or a χ2 test, as appropriate, to compare
categorical variables, and Student t tests were used to compare continuous
variables. A two-tailed P value <0.05 was considered statistically significant.
Statistical analysis was performed using R software (version 3.2.0; R
Foundation for Statistical Computing, Vienna, Austria).
Subgroup analysis was performed to assess renal changes in patients

who were still treated with CsA at the end of the study, and in those whose
treatment was prematurely discontinued.

Ethics and consent
As this study was not in the scope of the French regulation applicable to
clinical trials, no submission to IRB/Ethics Committee was needed. The
study was conducted according to the French data protection law in force
at the time conducting the study. The research adhered to the tenets of
the Declaration of Helsinki.

RESULTS
Between 1986 and 2016, 143 CPU patients were treated with CsA
and treatment was initiated between 1986 and 2013. Thus, 143
patients were included in the analysis. Underlying diseases were
Birdshot retinochoroiditis (n= 67), Behcet’s disease (n= 9), prob-
able sarcoidosis (n= 23), sympathetic ophthalmia (n= 3), idio-
pathic (n= 41), Patterns of uveitis were panuveitis (n= 53),
posterior uveitis (n= 90) and bilateral involvement in all patients.
Median time from uveitis diagnosis to CsA administration was
24 months.

Patient characteristics
Table 1 CsA was initiated at the dose of 5 mg/kg/day or 3 mg/kg/
day, and gradually increased according to its trough concentration
and renal tolerance assessed by estimated GFR using the CKD-Epi
formula using centralized plasma creatinine concentration (Fig. 1a).
CsA dose was decreased in 143 patients (100%) and discontinued
in 115 (80.4%) patients after 5.9 ± 3.8 years.
No difference was found at baseline between patients who

discontinued CsA and patients who continued CsA throughout
the study.

Renal tolerance
Long-term follow-up of plasma creatinine concentration in
patients who discontinued CsA (Table 1 and Fig. 1c)
CsA was discontinued in 115 patients after a mean time of 5.9 ±

3.8 years. CsA was discontinued in three circumstances (Fig. 1b).
An increase in plasma creatinine concentration of more than 50%
(on average plasma creatinine concentration increased from 80
µmol/L (baseline) to 120 µmol/L (maximum)) was considered
significant corresponding on average to a degradation of −30% in
GFR (with a loss of 25 mL/min/1.73 m2 on average). For this cohort,
the GFR in CKD-Epi passed on average from 80mL/min/1.73 m2 at
baseline to 55 mL/min/1.73 m2 on average at peak plasma
creatinine concentration levels. The GFR improved at the end of
the follow-up with a recovery of 15 mL /min/1.73 m2. This result is
close to the effect of aging in the general population. The
tolerance of the augmentation of plasma creatinine concentration
was 50% during the first 6 months (the time needed to obtain a
control of the ocular inflammation). At baseline, the mean plasma
creatinine concentration was 82.1 ± 14.1 µmol/L, and the mean
GFR was 82.5 ± 14.3 mL/min/1.73 m2. The most severe renal
alteration during the CsA treatment occurred 2.6 ± 3.3 years after
CsA initiation, with a mean peak plasma creatinine concentration
of 124.0 ± 46.5 µmol/L, i.e., an increase by 42.0 ± 45.7 µmol/L (p <
0.001), and a mean GFR of 54.9 ± 19.4 mL/min, i.e., a decrease by
27.8 ± 19.7 mL/min/1.73 m2 (p < 0.001).
Mean time of 2.2 years after CsA discontinuation, patients

experienced an improvement in renal function with a mean
plasma creatinine concentration of 82.2 ± 14.2 µmol/L, and a mean
GFR of 79.4 ± 13.9 mL/min/1.73 m2, with no significant difference
with baseline data (respectively p= 0.91 and p= 0.09).

Long-term follow-up of plasma creatinine concentration in
patients who continued CsA (n= 28) (Fig. 1d)
Twenty-eight patients were still treated with CsA at the end of the
study. The steepest decline in renal function occurred 1.9 ± 2.3 years
after CsA initiation, with a mean plasma creatinine concentration peak
of 107.0 ± 25.4 µmol/L, i.e., an increase by 25.3 ± 23.1 µmol/L/1.73m2

(p< 0.001), and a mean GFR of 54.7 ± 15.5mL/min/1.73m2, i.e., a
decrease by 26.5 ± 16.6mL/min/1.73m2 (p< 0.001). A mean time of
3.6 ± 3.7 years after peak plasma creatinine concentration, corre-
sponding to the more severe renal deterioration, patients showed an
improvement, with a mean plasma creatinine concentration of 78.4 ±
17.1 µmol/L, i.e., a decrease by 28.9 ± 16.1 µmol/L (p< 0.001), and a
mean GFR of 76.8 ± 15.5mL/min/1.73m2, i.e., an increase by 21.8 ±
14.6mL/min/1.73m2 (p< 0.001). Differences between baseline data
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and these best renal features corresponded to a non-significant
increase in plasma creatinine concentration by 3.8 ± 13.3 µmol/L (p=
0.19), and a non-significant decrease in GFR by 5.2 ± 17.4mL/min/
1.73m2 (p= 0.17). Finally, the mean plasma creatinine concentration
at the end of the follow-up (6.5 ± 5.8 years after CsA initiation) was
88.3 ± 22.1 µmol/L, i.e., a non-significant increase by 6.0 ± 21.0 µmol/L
(p= 0.15), and the mean GFR was 66.7 ± 18.5mL/min/1.73m2, i.e. a
significant decrease by 14.2 ± 17.1mL/min/1.73m2 (p< 0.001)
between CsA initiation and the end of the follow-up. In both groups
(patients who continued or discontinued CsA at the end of the follow-
up), subgroup analysis showed no significant difference between
patients who received an initial CsA dose of 3mg/kg per day and
those who received a higher initial dose (5mg/kg/d).

CsA trough concentrations (C0) (Table 2)
The target concentration used to adjust CsA dose was 100 ng/mL.
There were differences in the change in C0 because the doses
were adjusted to maintain the target CsA trough concentration
within the first years to control inflammation. The difference in
plasma creatinine concentration and in GFR between baseline and
peak plasma creatinine concentration at about 2 years was

significant (p < 0.001 for both). In contrast, the difference in C0
between baseline and peak plasma creatinine concentration was
not significant (p= 0.14). The correlation between C0 and the GFR
or the plasma creatinine concentration was not significant
(p= 0.06 and p= 0.14, respectively).

Blood pressure (Table 1, Supplementary Tables 1 and 2)
The mean systolic BP was 129.9 ± 15.8 mmHg, and the mean
diastolic BP was 77.6 ± 11.6 mmHg. Twenty-three patients
(17.8%) had a history of HBP prior to initiation of treatment
(Table 1). The mean BP at the time of highest GFR levels was
128.7/77.5 mmHg, and 42 patients (32.6%) met criteria for HBP.
The mean BP at the end of the follow-up was 131.9/77.8 mmHg,
and 32 patients (28.8%) had HBP. BP long-term monitoring at
different occasions is shown (Supplementary Table 1). Between
baseline and peak plasma creatinine concentration, a significant
increase in systolic BP, diastolic BP and number of patients
meeting HBP criteria was shown in the total population and in
patients who discontinued CsA, no significant difference in
these criteria was found between baseline and the end of the
follow-up (Supplementary Table 2).

Table 2. Univariate analysis of the renal outcome in terms of CsA trough concentration (C0) at baseline and at peak plasma creatinine concentration
(n= 52).

At baseline MDa At the time of peak plasma
creatinine concentration

MD Difference p value (Univariate
analysis)

Time (months) 2.1 (DS 2.4) 0

C0 108.9 (77.3) 0 91.3 (67.0) 0 −17.6 (84.6) 0.14

Plasma creatinine
concentration (µmol/L)

96.8 (27.1) 4 121.4 (37.8) 0 + 25.2 (31.4) <0.001

GFRb (CKD-EPI)c 69.9 (18.4) 4 54.0 (17.5) 0 −15.9 (15.3) <0.001

Univariate analysis: Paired t-test
a(MD): mean deviation.
b(GFR): glomerular filtration rate.
c(CKD-EPI): a new equation to estimate glomerular filtration rate [22].

Table 1. Patient baseline characteristics.

Total n (%)
143 (100%)

CsA discontinuation n (%)
115 (80.4)

MD (n) CsA continuation n (%)
28 (19.5)

MD (n)

Male gender n (%) 62 (43.4) 51 (44.3) 0 11 (39.3) 0

Age mean (SD) 51.5 (9.7) 51.5 (9.5) 0 51.5 (11.0) 0

Height mean (SD) 167.6 (8.8) 167.7 (8.8) 10 167.0 (8.8) 6

Weight mean (SD) 73.7 (14.9) 73.9 (15.1) 14 72.9 (14.4) 1

BMI 26.6 (4.9) 26.5 (4.9) 21 27.1 (4.8) 7

Blood pressure mean (SD)

- Systolic (SBP) 129.9 (15.8) 129.0 (15.0) 14 132.4 (13.4) 4

- Diastolic (DBP) 77.6 (11.6) 77.5 (11.2) 14 78.2 (11.1) 4

High blood pressure (SBP > 140 mmHg or
DBP > 90mmHg) n (%)

23 (17.8) 16 (15.8) 14 7 (29.2) 4

Renal function mean (SD)

- Baseline plasma creatinine
concentration (µmol/L)

82.2 (13.8) 82.1 (14.1) 9 82.5 (13.1) 1

- eGFR /CKD-EPI (mL/min/1.73 m2) 82.1 (14.6) 82.5 (14.3) 9 91.2 (15.7) 1

Prednisone

- Patients treated with prednisone: n(%) 80 (55.9) 57 (52.8) 7 23 (82.1) 0

- Dose Mean (SD) 34.6 (19.5) 33.6 (18.4) 60 36.9 (22.4) 5

Ciclosporin

- Dose in mg/d: Mean (SD) 277.1(142.0) 286.9 (153.4) 0 238.8 (74.5) 0

Total follow-up

- Years: Mean (SD) 10.3 (6.6) 9.5 (6.3) 0 6.5 (5.8) 0
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Ophthalmologic efficacy (Table 3) (Supplementary Fig. 1)
Complete ophthalmological data were available for 72 patients
(50%) with a mean follow-up of 13.8 ± 6.8 years. Regarding CMO
change after 6 months of treatment, 51 patients (70.8%)
experienced a completely resorbed CMO in at least one eye
(Supplementary Fig. 1), 6 patients (8.3%) experienced a partial
response and 15 (20.8%) had no benefit of CsA treatment
(Table 3). At 10 years 49 patients were ongoing the CsA treatment
of which 35 patients (71.4%) showed a completely resorbed CMO
in at least one eye and 7 patients (14.3 %) experienced a partial
response. At 20 years CMO was completely resolved in at least one
eye in 13 patients (54.2%) of 24 patients ongoing the CsA and in
45 patients (67.2%) of 67 patients at the end of the CsA treatment.
Vitreous inflammation assessed to ≤1+ according to Sun

classification in at least one eye was shown in 17.8% of patients
at inclusion (n= 72), in 82.1% of patients (n= 72) after 6 months,
in 79.9% (n= 49) at 10 years, in 44.3% (n= 24) at 20 years
showing statistical change when compared to initial time (p=
0.02). Log Mar BCVA were at initial time 0.51 ± 0.35 right eye (RE)
and 0.54 ± 0.39 left eye (LE), at 6 months 0.41 ± 0.26 RE and 0.51 ±
0.2 LE, at 10 years 0.46 ± 0.28 RE and 0.50 ± 0.29 LE and at 20 years
0.41 ± 0.31 RE and 0.57 ± 0.29 LE (p= 0.29). At 20 years, BVCA
dropped to less than +1 LogMar in 16 eyes of 11 patients of the
72 patients initially treated with CsA.

Cancer
Cancer screening protocol was set consisting of annual abdomino-
renal echography, chest X-rays, mammography, vaginal swabs,
and dermatologic examination. According to our data at the time
of the last follow-up, a cancer was detected in 22 patients,
including 7 breast cancers and 6 prostatic cancers. Four patients
died: one from a breast cancer, one from a metastatic bladder
cancer, and the aetiology was unknown in two patients. They
received CsA for 21 years, 18 months, 4.6 years, and 4.2 years,
respectively.

DISCUSSION
To our knowledge, this is the first study showing efficacy and long-
term CsA tolerance with an important CsA-IN reversibility with no
significant difference 2 years after CsA discontinuation. The
baseline was normal renal function in all patients. Moreover, the
GFR decrease of less than 1mL/min/year between baseline and
the end of follow-up has been considered normal as reported in
the literature [25]. CsA-IN was not supposed to be reversible, but
this study proves that the CsA-IN is very important. Nephrotoxicity
has two components, an “acute” reversible component related to
the daily dose of CsA and a chronic reversible component related
to exposure to CsA expressed by the area under the curve. In our
study, CsA-IN was mainly reversible in patients with previously
healthy kidneys, which corresponded to the normal decrease.
Indeed, the decrease in GFR in CKD- Epi passing on average from
80mL/min/1.73 m2 at baseline to 55 mL/min/1.73 m2 on average
at peak plasma creatinine concentration to improve at the end of
the follow-up with recovery of 15mL/min/1.73 m2 This result is
close to the effect of aging in the general population. CsA-IN
resolved when CsA dose was decreased by the nephrologist due
to an increase in plasma creatinine concentration and/or by the
ophthalmologist when inflammation was controlled. Renal

function continued to improve several years after CsA disconti-
nuation, with no significant differences in GFR and plasma
creatinine concentration between baseline and 2 years after CsA
discontinuation, with an acceptable significant decrease com-
pared with the “normal decrease” between baseline and the end
of the follow-up more than a decade later. These results are in line
with previous studies [21].
Despite missing data, our results also suggested that monitor-

ing CsA trough concentration is useful to manage CsA-IN in
patients with an auto-immune disease, although no target
concentration has been defined. We used the target of 100 ng/
ml analogous to renal transplanted patients [23] and it appeared
to be sufficient. These descriptive data of CsA trough concentra-
tion are the first published data for an auto-immune disease to our
knowledge. The collaboration between the ophthalmologist and
the nephrologist is very useful to adjust and monitor the daily
CsA dose.
We have previously suggested that CsA can be used at the right

dose from the onset of CPU with CMO even if plasma creatinine
concentration increases. Indeed, we have shown that this early
increase in plasma creatinine concentration was mainly reversible
[21]. Moreover, the reversibility occurs after 2 years of CsA-
adjusted treatment. Sight-threatening CMO requires prompt and
effective CsA treatment in most cases for at least six months. The
concomitant increase in plasma creatinine concentration, related
to CsA daily dose, is reversible when properly monitored by a
nephrologist.
Furthermore, after the first months, once intraocular inflamma-

tion is controlled, CsA daily dose should be tapered while
controlling CPU activity. Indeed, the lowest area under the -curve
(AUC) of the long-term exposure has been shown to correlate with
long-term low-dose CsA-IN [21]. At CPU onset, the initial daily high
dose of CsA correlated with plasma creatinine concentration
increase is mainly reversible. While the CsA doses were tapered,
the GFR improved in all patients, suggesting that renal function is
related to the daily doses level too. After controlling CPU activity,
the long-term daily dose of CsA must be as low as possible to
reduce the long-term exposure to CsA, corresponding to the
lowest AUC. This nephrotoxicity induced by a long-term exposure
to CsA tends to be less reversible [21]. To minimize this chronic
exposure, the doses of CsA were adjusted thanks to a dual
ophthalmological and nephrological follow-up. CsA was effective
in most CPU patients. Nowadays, various expensive systemic and
local treatments are used in CPU, including biotherapies such as
anti-TNF-alpha and Interferon alpha [6, 26]. CsA has been
described to be effective in the treatment of uveitic macular
oedema, It has been used widely since 30 years [27].
New CPU treatment algorithms have been suggested, including

CsA [7], which appears to be useful in chronic diseases and
requires successive therapeutic steps, in terms of financial
approach, accessibility and galenic forms. Vitale et al. presented
a cohort of 19 patients with a median follow-up of 36 months
treated with low doses of 2.5 mg/kg, they noted regression of
hyalitis in 88.5% of patients and improved visual acuity in 83,3% of
patients [28]. Recently a cohort of 132 patients with Behcet’s
disease was described with a follow-up of 25 years. Systemic
corticosteroids therapy was used in 93% of patients and CsA in
74% of patients, with a long-term result that maintained visual
acuity greater than 20/40 in more than half of patients [29].

Table 3. Ophthalmologic efficacy n (%): short and long-term response.

Ophthalmic efficacy CMO response At 6 months
(n= 72)

At 10 years
(n= 49)

At 20 years
(n= 24)

End of the follow-up
(n= 67)

No response 15 (20.8) 7 (14.3) 7 (29.2) 16 (23.9)

Partial response 6 (8.3) 7 (14.3) 4 (16.7) 6 (9.0)

Positive response 51 (70.8) 35 (71.4) 13 (54.2) 45 (67.2)
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Although adalimumab (ADA) is FDA and Europe approved for
CPU, conventional immunosuppressive treatments such as CsA are
still largely used as initial corticostroid-sparing because of their
lower costs and sustained efficacy in CMO [27].
VISUAL 1, multinational double-masked, phase 3 trial, included

patients with active refractory non-infectious intermediate, poster-
ior, or panuveitis uveitis treated either with ADA or placebo, after a
fixed common steroid tapering regimes [6]. The treatment failure
was defined using a composite factor including new inflammatory
lesions, aqueous humour cells, vitreous haze, BCVA. The time to
treatment failure was showed doubled in ada group (24 weeks
versus 13 weeks) however, chronic macular oedema rate was not
found significantly different between the two groups. Visual III
post hoc analysis showed that among patients with no macular
oedema, the risk of development of new macular oedema was
67% lower with ADA than with placebo [6].
CsA-induced HBP tended to disappear after CsA dose reduction

and discontinuation, with no significant difference between baseline
and the end of the follow-up. Furthermore, HBP could be promoted
by steroids that are often given in the early stages of the disease,
especially because the middle-age onset of CPU is often con-
comitant with the prime occurrence of metabolic disorders. The
adjustment of the doses of cyclosporine accompanied with control
of hypertension and dyslipidaemia, made it possible to note the
reversibility of nephrotoxicity in the current study.
Regarding cancer occurrence, 22 patients were diagnosed with

cancer (15.4%), while in the French general population, the overall
cancer prevalence is 6.4% in men and 5.3% in women [30]. The
distribution of cancer locations in our patients was similar to that
of the general population.
The main limitation of our study that spanned nearly three decades

is its retrospective design and the lack of data indeed. However, this
study included a large cohort of patients with a rare disease, referred
from the entire French territory to a national reference centre,
assessed by a multidisciplinary team, with a very long follow-up, and
our results are in line with those previously reported [21, 31]. This
study provides an original in vivo analysis of CsA-IN in patients with
initially healthy kidneys. Renal tolerance should be assessed closely
specially in patients with an auto-immune disease.

SUMMARY

What was known before

● The long-term use of ciclosporin A (CsA) in the treatment of
chronic posterior uveitis (CPU) macular oedema induce an
irreversible nephrotoxicity in previously healthy kidneys.

What this study adds

● The first long-term study of the safety and efficacy of
ciclosporin A (CsA) in the treatment of chronic posterior
uveitis (CPU) a rare sight threating disease.

● Findings: In this non-interventional, longitudinal, retrospective
follow-up cohort which span nearly three decades that
included 143 patients with different CPU causes, mean
creatinine level and mean GFR levels showed no significant
difference after CsA discontinuation (mean time of 2.2 years
after CsA withdrawal) with baseline data. A positive ophthal-
mological response was observed in 70.8% of patients after
6 months of treatment.

● Meaning: The use of CsA in the treatment of macular oedema
in CPU is safe and effective when monitored by a
multidisciplinary team.
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