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ABSTRACT

Background. Acute interstitial nephritis (AIN) is an emerging cause of acute kidney disease. While this disease usually
follows an acute course, it may occasionally recur, representing a major challenge for the clinician.

Methods. We performed a retrospective, observational cohort study in 13 nephrology departments belonging to the Spanish
Group for the Study of Glomerular Diseases. Patients with biopsy-proven AIN between 1996 and 2018 were included.

Results. The study group consisted of 205 patients with AIN, 22 of which developed recurrent AIN (RAIN) after a median of
111 days from diagnosis. RAIN was due to a surreptitious reintroduction of a previously known implicated drug or toxic in
six patients (27%), sarcoidosis in two (9%), Sjégren’s syndrome in three (14%), light-chain-mediated AIN in two (9%) and
tubulointerstitial nephritis and uveitis syndrome in two (9%), while in the rest of cases (32%), no precise cause could be
identified. Microscopic haematuria was more frequent in patients with underlying systemic diseases. The first RAIN
episode was treated with a repeated course of corticosteroids in 21 patients (95%). In six cases (27%), azathioprine and
mycophenolate mofetil were added as corticosteroid-sparing agents. During a median follow-up of 30 months, 50 patients
(27%) with no recurrences and 12 patients (55%) with RAIN reached Stages 4 and 5 chronic kidney disease (CKD). By
multivariable logistic regression analysis, RAIN was independently associated with the risk of reaching Stages 4 and 5 CKD,
even after adjusting for potential covariables.

Conclusions. RAIN is infrequent but is associated with poor kidney survival. RAIN should prompt clinicians to search for an
underlying aetiology other than drug induced. However, in a large percentage of cases, no precise cause can be identified.
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INTRODUCTION

Acute interstitial nephritis (AIN) is an emerging cause of acute
kidney disease (AKD) [1]. An increased incidence of AIN has
been reported in several studies, especially among older
patients [2].

Drug-induced AIN is the most common aetiology, represent-
ing almost two-thirds of total cases [3-5]. The typical overt clini-
cal presentations (e.g. fever, rash and eosinophilia), commonly
related with the exposure to several antibiotics, have largely
been replaced by other less symptomatic forms characterized
by longer intervals between drug exposure and the onset of
symptoms [1, 6, 7], making it more difficult to identify the caus-
ative agent. For instance, in a large case series recently pub-
lished, the culprit drug could not be precisely identified in
almost 30% of cases [8]. This lack of crucial information ham-
pers the main therapeutic option, as it is the withdrawal of the
causative drug, and may also increase the probability of devel-
oping recurrences and incomplete recovery of kidney function.
AIN may also be an earlier clinical manifestation of an underly-
ing systemic or infectious disease with fewer extrarenal symp-
toms [1, 9, 10], thereby hindering the correct diagnosis and
therapy [7].

Recurrent AIN (RAIN) represents a major challenge for clini-
cians that requires more thorough investigations and therapeu-
tic approachs.

A few case series of RAIN have already been published;
however, certain important questions still need to be answered,
including the underlying diseases, treatment response and
main outcomes of this pathological condition [10, 11].

Therefore we performed this multicentre retrospective
study, in which we tried to characterize the main clinical fea-
tures, treatment regimens and their responses, as well as kid-
ney outcomes of RAIN in a cohort of patients diagnosed with
AIN.

MATERIALS AND METHODS

Patients

Thirteen nephrology departments belonging to the Spanish
Group for the Study of Glomerular Diseases participated in the
present study. All patients with biopsy-proven AIN diagnosed
between 1996 and 2018 were included. Patients with chronic in-
terstitial nephritis, urinary tract obstruction and patients with
missing data were excluded.

In all participating centres, baseline and follow-up data were
collected from medical records using a research protocol that
included demographics, corbidities, clinical presentation and a
complete diagnostic workup with serum complement levels;
angiotensin-converting enzyme, serum immunoglobulin G4
(IgG4), serum protein electrophoresis and immunofixation, hep-
atitis B and C and human immunodeficiency virus serology,
complete autoimmunity panel [antinuclear antibodies, antineu-
trophil cytoplasmic antibodies, anti-Sjogren’s syndrome-related
antigen A (anti-Ro/SSA) and B (anti-La/SSB)] , 24-h proteinuria
and urine sediment. Urine cultures and Ziehl-Neelsen staining
were done in selected cases. Information about specific treat-
ment regimens for AIN or RAIN was also recorded.

Patients were regularly followed until death, initiation of
maintenance dialysis, loss to follow-up or the end of data

collection period (31 December 2018): 71 patients of 205 were
discharged from nephrology follow-up after a complete recov-
ery of kidney function and 32 cases were lost to follow-up. The
study was approved by the Ethical Committee at the study coor-
dinating centre, Hospital Universitario Fundacién Alcorcén.

Kidney biopsies

Kidney biopsy specimens were examined in the pathology
departments of participating hospitals using standard process-
ing that included light microscopy and immunofluorescence.
Most kidney biopsies (70%) were also assessed by electron mi-
croscopy, while IgG4 immunohistochemical staining was only
performed in selected cases.

The histologic diagnosis of AIN was made based on the pres-
ence of diffuse infiltrates of inflammatory cells (lymphocytes,
monocytes, plasma cells and/or eosinophils) within the intersti-
tial compartment, tubulitis and diverse degrees of interstitial
oedema and fibrosis. We used semi-quantitative scores for in-
terstitial inflammation, fibrosis and tubular atrophy according
to the Banff working group criteria [12].

Definitions and outcomes

Kidney function was evaluated with serum creatinine (SCr) con-
centrations. According to Kidney Disease: Improving Global
Outcomes (KDIGO) criteria [13], acute kidney injury (AKI) was
defined as an abrupt decrease in kidney function occurring
within 7 days, AKD was defined as an acute or subacute loss of
kidney function for between 7 and 90days after an AKI insult
and chronic kidney disease (CKD) was defined as kidney func-
tion impairment persisting >90days. The estimated glomerular
filtration rate was calculated by the Chronic Kidney Disease
Epidemiology Collaboration equation [14] and expressed as
millilitres per minute per 1.73m?

Recurrence was defined as an AKI or AKD occurring after a
previous AIN episode, with clinical and biochemical findings
compatible with the disease, and after excluding other potential
secondary causes of kidney impairment, including low blood
pressure, dehydration, heart failure or urinary tract obstruction.
A second kidney biopsy was performed at the clinicians’ discre-
tion and when the potential cause of kidney impairment was
not clear.

The main outcome analysed was the progression to Stages 4
and 5 CKD, as defined by KDIGO guidelines, at 6 months from
diagnosis and at the last follow-up.

Statistical analyses

We performed a retrospective, multicentre observational cohort
study. Descriptive statistics are presented as mean [standard
deviation (SD)] or median [interquartile range (IQR)] for continu-
ous variables and absolute values and percentages for categori-
cal variables.

For comparisons of continuous variables, Student’s t-test,
analysis of variance or Mann-Whitney test were used according
to the distribution characteristics of the variable. For compari-
sons of categorical variables, the chi-square test was used.

Logistic regression models were used to analyse the main
determinants of the outcome. Covariates in multivariable
models were selected on the basis of prior knowledge and using



CLiNicAL KIDNEY JOURNAL

Recurrent AIN | 199

Table 1. Demographic, clinical and histologic characteristics of all patients during the first episode and according to recurrence of the disease

All patients Recurrent Non-recurrent
Variable (N=205) AIN (n=22) AIN (n=183) P-value
Demographics
Age (years), mean * SD 67 + 14 68 + 17 67 + 14 0.704
Sex (male), n (%) 101 (49) 10 (46) 91 (50) 0.705
Previous CKD, n (%) 20 (10) 2(9) 18 (10) 0.911
Clinical presentation
Outpatient diagnosis, n (%) 170 (83) 19 (86) 151 (83) 0.650
Skin rash, n (%) 17 (8) 3(14) 14 (8) 0.336
Fever, n (%) 39 (19) 5 (23) 34 (19) 0.640
Uveitis, n (%) 4(2) 1(5) 3(2) 0.563
Serum creatinine (mg/dL), median (IQR) 4.8(3.4-7) 4.8(3.1-6.4) 4.8(3.5-7) 0.539
Eosinophilia (>500 eosinophils/mm?) 54 (26) 8(36) 46 (25) 0.259
Proteinuria (g/24 h), median (IQR) 0.7 (0.3-0.8) 0.6 (0.3-1.2) 0.7 (0.3-0.8) 0.670
Microscopic haematuria, n (%) 108 (53) 9 (41) 99 (54) 0.242
Leucocyturia, n (%) 154 (75) 19 (86) 135 (74) 0.197
Histopathology
Glomerulosclerosis (%), median (IQR) 14 (0-25) 13 (0-29) 14 (0-24) 0.517
Granuloma, n (%) 10 (5) 2(9) 8(5) 0.351
Interstitial fibrosis and tubular atrophy, n (%) 0.368
None (<25) 93 (45) 12 (55) 81 (44)
Mild (25-50) 62 (30) 4(18) 58 (32)
Moderate (50-75) 42 (21) 6 (27) 36 (20)
Severe (>75) 8(4) 0(0) 8(4)
Presumptive aetiology
Unknown, n (%) 63 (31) 9 (41) 54 (30) 0.273
Drug-induced, n (%) 0.248
Antibiotics 42 (21) 1(5) 41(22)
NSAIDs 56 (27) 7(32) 49 (27)
Other drugs 35 (17) 4(18) 31 (17)
PPI 9(4) 1(5) 8 (4)
Outcomes at 6 months after first episode
Serum creatinine (mg/dL), median (IQR) 1.5(1.2-2.1) 1.6 (1.2-3) 1.5(1.2-2.1) 0.400
CKD stages, n (%) 0.700
Stage 3 90 (46) 8 (44) 82 (46)
Stage 4 36 (18) 3(17) 33(17)
Stage 5 28 (13) (13) 24 (22)
Outcomes at the end of follow-up, median (IQR)
Follow-up (months) 30 (11-57) 51 (19-66) 27 (10-55) 0.058
Serum creatinine (mg/dL) 1.5(1.2-2.1) 1.8 (1.4-2.5) 1.4 (1.1-2.1) 0.012
CKD stages, n (%) 0.014
Stage 3 84 (41) 7(32) 77 (42)
Stage 4 35 (17) 9 (41) 26 (14)
Stage 5 27 (13) 3(14) 24 (13)
Incidence rate of the main outcome® per 100 patient-years (95% CI) 10 (8-12) 13 (8-23) 9(7-12)

“Main outcome: progression to Stages 4 and 5 CKD.

CI: confidence interval; NSAIDs: non-steroidal anti-inflammatory drugs; PPI: proton-pump inhibitors.

the backward progressive conditional elimination process.
Continuous variables were not categorized for regression
analysis.

P-values <0.05 were considered to be significant. Analyses
were performed using SPSS Statistics 24.0 (IBM, Armonk, NY,
USA).

RESULTS

Patients

The study group consisted of 205 patients diagnosed with AIN,
22 of which developed RAIN later in the course of follow-up
[median 30months (IQR 11-57)]. Demographic, clinical and

biochemical characteristics of patients according to recurrence
are displayed in Table 1. Presumptive drug-induced AIN was ini-
tially diagnosed in 142 of 205 patients (70%).

At baseline, no significant differences were observed in clini-
cal presentation or histologic characteristics between patients
who later recurred and those who did not. Neither kidney recov-
ery after the first episode of AIN nor duration of corticosteroid
therapy differed between subgroups (Table 1).

The median time to the first recurrence was 111days (IQR
67-248). Recurrences were significantly less frequent in
antibiotic-induced AIN [n=1 (2.4%)] as compared with AIN
caused by other drugs (P=0.05). Table 2 displays the main clini-
cal characteristics of patients with RAIN. In five patients (23%),
RAIN occurred after the use of previously suspected offending
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Table 3. Demographic and clinical characteristics and outcomes of the 22 patients who recurred during the follow-up period according to aetio-

logical groups

RAIN of unknown aetiology =~ Drug-related RAIN  RAIN due to systemic diseases

Variable (n=7) (n=6) (n=9) P-value
Clinical characteristics at recurrence
Age (years), median (IQR) 74 (64-81) 76 (59-82) 77 (49-80) 0.650
Sex (male), n (%) 3(42) 4(67) 3(33) 0.440
Outpatient diagnosis, n (%) 4 (57) 6 (100) 9 (100) 0.024
Fever, n (%) 2(29) 1(17) 2(22) 0.900
Rash, n (%) 1(14) 1(17) 1(11) 0.900
Eosinophilia (>500 eosinophils/mm?), n (%) 2(29) 2(33) 4 (44) 0.800
Serum creatinine (mg/dL), median (IQR) 2.4 (1.9-2.5) 5.7 (2.9-9.4) 3.4(2.6-4.3) 0.100
Proteinuria (g/24 h), median (IQR) 0.6 (0.3-1.2) 0.6 (0.3-1.2) 0.6 (0.2-1.2) 0.800
Leucocyturia, n (%) 7 (100) 5(83) 7 (78) 0.400
Microscopic haematuria, n (%) 3(43) 0(0) 6 (67) 0.036
Outcomes
Last SCr (mg/dL), median (IQR) 1.8 (1.3-2.6) 2.8 (1.6-9) 1.8 (1-2.3) 0.050
CKD stages, n (%) 0.765
Stage 3 2(28) 2(28) 3 (43)
Stage 4 3 (43) 2(33) 4 (44)
Stage 5 1(14) 2 (40) 0(0)
Death, n (%) 1(14) 3(50) 1(11) 0.200

drugs, surreptitiously reintroduced by the patient or errone-
ously prescribed by another physician. These drugs were non-
steroidal anti-inflammatory drugs, proton-pump inhibitors,
metamizole or allopurinol (drug-related RAIN). In addition, one
case of RAIN was due to repeated mushroom-related poisoning.
In addition, RAIN led to a comprehensive diagnostic workup
to rule out other potential causes of AIN, yielding the diagnosis
of systemic diseases in nine cases (41%): primary Sjogren’s syn-
drome in three (14%), sarcoidosis in two (9%), light-chain-medi-
ated AIN [monoclonal gammopathy of renal significance
(MGRS)] in two (9%) and tubulointerstitial nephritis and
uveitis syndrome (TINU) in two (9%; RAIN due to a systemic dis-
ease). The underlying aetiology of RAIN could not be accurately
identified in seven cases (32%; RAIN of unknown aetiology).

Characteristics of patients according to the aetiology of
RAIN

Kidney impairment was present in all cases with a median SCr
of 4.8 mg/dL (IQR 3.1-6.3) and a median proteinuria of 0.64 g/day
(IQR 0.3-1.2). Microscopic haematuria was present in 8 cases
(36%) and sterile leucocyturia in 15 (68%). Microscopic haematu-
ria was most frequently observed in patients with underlying
systemic diseases as compared with other subgroups (Table 3).
No significant differences were observed in the incidence of
other hypersensitivity reactions between subgroups.

Initial symptoms were non-specific, including fatigue and
malaise in 12 patients (54%), isolated fever in 4 (18%) and gener-
alized erythroderma in 1 (5%).

Patients diagnosed with TINU exhibited concurrent anterior
uveitis with kidney impairment at the time of RAIN diagnosis,
and two of three cases with Sjogren’s syndrome complained of
sicca symptoms, with a positive Schirmer’s test (<10mm).
Salivary gland biopsy confirmed the diagnosis. The third patient
with Sjogren’s syndrome did not present signs or symptoms
compatible with the disease, but a high index of suspicion led to
a gland biopsy and established the final diagnosis. All three
patients had negative SSA/Ro and SSB/La antibodies.

Neither patients with MGRS nor those with sarcoidosis pre-
sented systemic symptoms consistent with the underlying dis-
ease. The diagnosis of light-chain-mediated AIN in Patient 9
(Table 2) was established by the presence of a monoclonal
kappa light chain in urinary immunofixation, together with a
re-evaluation of the immunofluorescence of the kidney biopsy
that revealed a linear tubular basement membrane positivity
for kappa. In Patient 15 (Table 2), an IgA kappa monoclonal
gammopathy of unknown significance was initially detected,
fulfilling diagnostic criteria for high-risk smouldering multiple
myeloma. Treatment with dexamethasone and lenalidomide
was instituted early after the haematological diagnosis.
However, over the following weeks, SCr rose from 1 to 3mg/dL
and a kidney biopsy was performed showing acute tubulointer-
stitial damage. A presumptive diagnosis of lenalidomide-
induced AIN was made and therefore this treatment was dis-
continued, with mild improvement of kidney function. Three
weeks later the patient developed severe AKD in the setting of a
febrile syndrome. A subsequent kidney biopsy demonstrated
glomerular mesangial expansion with glomerular basement
membrane thickening and a tubular basement membrane posi-
tivity for kappa. Thus RAIN led to the final diagnosis wrongly at-
tributed to the medication.

Two patients with sarcoidosis had initial normal serum lev-
els of angiotensin-converting enzyme that became elevated
during recurrence. High-resolution computed tomography
yielded the final diagnosis in both cases.

A second kidney biopsy was performed in two additional
patients (9%) to confirm the diagnosis of RAIN, with histopatho-
logic findings compatible with AIN with no other particular
characteristics.

Treatment

The first episode of AIN was treated with corticosteroid therapy
(mean initial dose of 0.8 +0.2mg/kg/day) in 199 patients for a
median of 9 weeks (IQR 7-13).
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FIGURE 1: Kaplan-Meier renal survival curves according to recurrence of AIN.

Table 4. Multivariable logistic regression analysis for association between covariables and progression to Stages 4 and 5 CKD?

Univariable Multivariable

Variable Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value
Age 1.045 (1.011-1.079) 0.009 1.040 (1.008-1.072) 0.012
Sex 0.571 (0.286-1.143) 0.114

Serum creatinine at presentation 1.176 (1.066-1.298) 0.001 1.175 (1.068-1.293) 0.001
Proteinuria at presentation 1.136 (0.774-1.667) 0.516

Glomerulosclerosis 1.029 (1.002-1.055) 0.032 1.035 (1.013-1.058) 0.002
Tubular atrophy 1.199 (0.707-2.031) 0.501

Interstitial fibrosis 1.217 (0.720-2.057) 0.463

Acute interstitial infiltrate 1.662 (0.233-1.871) 0.612

Recurrence of AIN 3.532(1.251-9.976) 0.017 3.431 (1.274-9.238) 0.010

2Number of events: 62.
CIL: confidence interval.

Of the 22 patients who presented with RAIN, 21 (95%) re-
ceived a repeated course of corticosteroids after diagnosis
(mean dose of 0.8 + 0.3 mg/kg/day). This treatment was tapered
over a median period of 8 months (IQR 3-28). Prolonged cortico-
steroid therapy was prescribed in those patients with underly-
ing autoimmune disease [median 19 months (IQR 5-48)] and in
those with unknown aetiology [median 15 months (IQR 4-35)] as
compared with patients with drug-induced RAIN [median 3
months (IQR 1-20)]. However, these differences did not reach
statistical significance (P =0.173).

In three patients (14%), azathioprine (AZA) and mycopheno-
late mofetil (MMF) were added to avoid potential adverse effects
or limit the cumulative dose of corticosteroid therapy. Mean
doses of AZA ranged from 50 to 100 mg/day, whereas doses of
MMF ranged from 500 to 1500 mg/day.

Subsequent recurrences were treated with MMF in three
patients (14%), AZA in three (14%), cyclosporine in one (5%) and
rituximab in one (5%; Table 2). No significant adverse events
were found with these corticosteroid-sparing agents.

Patients with MGRS were treated with the combination of
dexamethasone and bortezomib.
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Outcomes

Six patients developed more than one RAIN. The total number
of recurrences was greater in patients with RAIN of unknown
aetiology [median recurrences 1 (IQR 1-4)], followed by those of
autoimmune aetiology [median recurrences 1 (IQR 1-3)]. No fur-
ther recurrences were observed in patients with drug-induced
RAIN.

The median period until the development of RAIN was sig-
nificantly longer in patients with RAIN of unknown aetiology
[median 13 months (IQR 3-39)] as compared with patients with
drug-induced RAIN [median 3 months (IQR 1-6)] and RAIN of au-
toimmune aetiology [median 4months (IQR 2-4); P=0.04].
However, median SCr levels at the last follow-up were signifi-
cantly higher in patients with drug-induced RAIN [SCr 2.8 mg/dL
(IQR 1.6-9)] compared with those of patients with underlying
autoimmune disease [SCr 1.8mg/dL (IQR 1-2.3)] or unknown
aetiology [SCr 1.8 mg/dL (IQR 1.3-2.6)] (P =0.05).

Ten patients (5%) reached end-stage kidney disease requir-
ing maintenance dialysis after the first episode of drug-induced
AIN.

At the last follow-up, 50 patients (27%) without recurrences
and 12 patients (55%) with RAIN reached Stages 4 and 5 CKD.
Over a medianof 30 months (IQR 12-58), the likelihood of reach-
ing Stages 4 and 5 CKD was two times greater in RAIN patients
as compared with non-RAIN patients (absolute risk 0.55 versus
0.27). Figure 1 shows renal outcomes according to recurrence of
AIN.

By multivariable logistic regression analysis, the main deter-
minants of progression to Stages 4 and 5 CKD at last follow-up
in the whole cohort are presented in Table 4. RAIN was signifi-
cant and independently associated with this outcome after
adjusting for other potential covariables [odds ratio 3.43 (95%
confidence interval 1.27-9.23); P=0.01].

DISCUSSION

The results of this study show that recurrences of AIN are infre-
quent (only 11% of the studied patients) but are associated with
worse kidney prognosis.

An important number of cases were wrongly attributed to
drug exposure in the first episode of AIN, and recurrence led to
the diagnosis of an underlying systemic condition in 41% of
cases. Thus the development of RAIN should prompt clinicians
to conduct an exhaustive investigation for secondary causes of
AIN. Unfortunately, despite a detailed investigation of patients
with RAIN, the underlying aetiology remains elusive in a signifi-
cant number of cases.

Oligo-symptomatic presentations of certain drug-induced
AIN often result in delayed diagnosis and can also make it diffi-
cult to correctly identify the culprit drug [1, 15, 16]. Therefore
the question arises as to whether a correct assignment of the
aetiology was performed in the initial episode of AIN.

In this case series, only the presence of microscopic haema-
turia in the urinary sediment at the time of RAIN helped to iden-
tify the underlying immunologic aetiology as compared with
other causes. However, no other clinical characteristic helped to
foresee the development of a recurrence during the follow-up or
an incorrect diagnosis at presentation. Therefore close follow-
up is always warranted in patients diagnosed with AIN, even if
an initial favourable response is achieved, to detect a possible
early recurrence.

Drug-induced AIN represents a dose-independent type IV
hypersensitivity reaction that occurs in kidney parenchyma
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after the exposure to different agents [17]. This hypothesis is
supported by the fact that the interstitial infiltrate in AIN is pre-
dominantly composed of T-lymphocytes, without a significant
deposition of complement or immunoglobulins [18]. In our
study, six patients presented with a recurrence after a re-
exposure to certain medications, thus confirming its pathogenic
contribution to the disease. Although these recurrences could
have been avoided, it is possible that the recommendations
made to these patients were not sufficiently clear to avoid the
culprit drugs. In fact, unlike patients with underlying systemic
diseases, no second or third recurrence occurred among
patients with drug-induced RAIN. One might speculate that the
uncertainties in the underlying aetiology of the first episode of
AIN could have resulted in a milder recommendation to avoid
the potential culprit drug. On the other hand, the kidney prog-
nosis of drug-induced AIN was worse than that of other aetiolo-
gies, and these findings are in agreement with those from other
studies [19].

Finally, a third subset of patients was those in which the un-
derlying aetiology of RAIN remained elusive at the end of the
follow-up period. In this scenario, one may question if the po-
tential causative drug was not correctly identified, and therefore
not discontinued, or whether the underlying aetiology was a
different systemic disease with fewer extrarenal manifesta-
tions, making its diagnosis difficult.

From a clinical perspective, the therapeutic strategy to be
used in cases of RAIN due to a systemic disease or in cases of
re-exposure to a culprit drug is well defined. However, this situ-
ation may become more challenging in patients with RAIN of
unknown aetiology. Considering the higher risk of recurrences
in these patients, as observed in this study, a longer duration of
immunosuppressive therapy and/or the combination of
corticosteroid-sparing agents such as MMF could be a good al-
ternative in selected cases [20].

In a recent study that included 157 patients diagnosed with
AIN, the causes of AIN were redefined in 32 patients (20%) in the
course of follow-up [10]. While the majority of patients had
been initially labelled as having a drug-induced AIN, an in-
creased number of patients were finally diagnosed with
autoimmune-mediated AIN with late-onset systemic manifes-
tations, such as TINU syndrome. However, unlike our case se-
ries, recurrences occurred in 26% of their patients.

Interstitial inflammation in the setting of AIN leads to fibro-
sis if not treated early after diagnosis [8, 21]. Thus recurrent epi-
sodes of interstitial inflammation result in increased fibrosis
and chronic damage to the kidney parenchyma. Indeed, in our
study, recurrences were associated with worse kidney survival
and a higher percentage of patients with Stages 4 and 5 CKD.
Furthermore, recurrences of AIN were independently associated
with worse kidney prognosis in multivariable analysis.

This study is subject to limitations. First, due to the observa-
tional and retrospective nature of the study, no causal relation-
ships could be established. In addition, a second biopsy was
performed in isolated cases and therefore the underlying cause
of RAIN could have been misdiagnosed in some cases. Despite
these limitations, this study collects one of the largest case se-
ries of AIN regularly followed up after diagnosis.

In conclusion, our data indicate that RAIN is an infrequent
condition associated with worse kidney outcomes than in those
of non-recurrent AIN. However, no clinical feature at the initial
episode can predict the development of a recurrence. Apart
from avoiding re-exposure to the causative agent, close follow-
up after the first episode is warranted and a complete diagnos-
tic approach is necessary to diagnose the underlying aetiology
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of the disease. Better clinical tools or new biomarkers are
needed to improve risk prediction and diagnosis.
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