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Acute tubulointerstitial nephritis (AIN) is a common
cause of AKI and acute kidney disease, and it is noted to
be the diagnosis in up to 20% of kidney biopsies from
patients with AKI (1). Diagnosing AIN is challenging due to the absence of systemic, serum, and urine
laboratory abnormalities to signal an underlying inﬂammatory process in the kidneys (2). Ongoing inﬂammation associated with unrecognized and
untreated AIN leads to kidney ﬁbrosis, and 40%–60%
of patients with AIN ultimately develop CKD. Kidney
injury is caused by inﬁltrating immune cells, and it is
thought to be due to either an allergic reaction triggered by
commonly used medications, such as antibiotics, proton
pump inhibitors, and nonsteroidal anti-inﬂammatory
drugs, or a loss of immune tolerance, such as occurs with
immune checkpoint inhibitors. In developed countries,
over 70% of all AIN is caused by medications, and it is
thus the primary focus of studies evaluating therapies
for this disease. The current standard of care for druginduced AIN management includes early identiﬁcation
of this disease (via histologic examination of kidney
biopsy tissue) and prompt discontinuation of the culprit
medication. Given the underlying immune-mediated
damage in drug-induced AIN, corticosteroid therapy
has also been used since the 1970s. However, there is a
lack of high-quality evidence to support this practice.
The efﬁcacy of corticosteroids for treatment of druginduced AIN has not been evaluated in a randomized,
controlled trial. All of the data were from retrospective
studies, which were often small, single-center, uncontrolled, and unadjusted analyses of data from biopsy
registries. Such data have several limitations. The
decision to use corticosteroids in these studies was
made by the treating physician, which introduces
selection bias in the observed association of corticosteroids with outcomes. On the one hand, patients selected
to receive corticosteroids might be expected to derive
more beneﬁt, because the clinician “feels” that they
have salvageable kidney function (i.e., less kidney
ﬁbrosis). Therapy may be withheld from patients
deemed “too sick for corticosteroids” due to other
comorbidities. In both of the above scenarios, corticosteroid therapy may seem beneﬁcial for some patients
compared with those who are not treated, regardless of
its true effect on the disease. Alternatively, patients with
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more severe features of drug-induced AIN (i.e., those
with higher serum creatinine concentrations or higher
degrees of inﬁltrate on biopsy) may be selected for
corticosteroid treatment, whereas those with milder
disease may be treated with drug withdrawal alone,
which biases the analysis toward observed harm with
corticosteroid therapy. Regardless, this signiﬁcant selection bias hampers our ability to judge the true effects
of corticosteroids on outcomes in these patients. Moreover, many centers in the United States, including our
own, administer corticosteroids to nearly all eligible
patients with drug-induced AIN as a standard of care,
which makes it harder to compare drug efﬁcacy from
retrospective analyses. As a result, retrospective evaluation of the effect of corticosteroid use on long-term
kidney function outside of a randomized setting is
highly confounded.
Within these limitations, several retrospective studies attempted to examine the effectiveness of corticosteroids in patients with drug-induced AIN and
showed contradictory results (Table 1). In a study of
187 patients with AIN (25% with drug-induced AIN,
48% with “unknown” cause), corticosteroid-treated
patients had better kidney function at 2 years and lower
dialysis dependence compared with those who did not
receive these drugs (3). Similar outcomes were observed in other studies (4–6). Early identiﬁcation of
drug-induced AIN and treatment with corticosteroids
were associated with better kidney function and lower
need for dialysis in some studies (4,6). In a study of 171
patients with drug-induced AIN (73% with drug-induced AIN), the authors found no improvement in
kidney function in those treated with corticosteroids
compared with untreated controls; however, patients
in the corticosteroid-treated group were older and had
signiﬁcantly reduced kidney function at the time of
biopsy (7). Once again, these studies highlight the perils
of retrospective analyses in AIN treatment. Despite these
deﬁciencies, the available evidence seems to support a
potential beneﬁt of early corticosteroid administration
on long-term recovery of kidney function in those
without signiﬁcant ﬁbrosis on the kidney biopsy.
All of the above studies (except for the study by
González et al. [4]) were single-center studies, and none
controlled for confounders or evaluated duration of
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Table 1. Studies examining corticosteroid therapy in acute tubulointerstitial nephritis
Sample Size
Author, Year
(Reference)

Peak sCr, mg/dl

Final sCr, mg/dl
FollowUp, mo

Steroid

No
Steroid

Steroid

No
Steroid

Steroid

No
Steroid

Clarkson
et al. (11)

26

16

7.9

6.1

1.6

1.6

12

González
et al. (4)

52

9

5.9

4.9

2.1

3.7

19

Raza et al. (5)

37

12

6.5

5.2

2.8

3.4

19

Muriithi
et al. (6)

83

12

3.0

4.5

1.4

1.5

6

Valluri
et al. (7)

73

51

4.03

3.16

N/A

N/A

12

Prendecki
et al. (3)

158

29

21 ml/min
(eGFR)

25 ml/min
(eGFR)

43 ml/min
(eGFR)

24 ml/min
(eGFR)

24

FernandezJuarez et al.
2018 (8)

182

0

5.7

N/A

1.7–2.2

N/A

6

Comment

Patients received CS late
after diagnosis (median
delay .3 wk)
CS-treated patients with
complete recovery had
shorter delay to CS
(13 d) compared with
those without complete
recovery (34 d)
Improved eGFR with CS
versus control (P,0.05);
no difference in kidney
outcomes on the basis
of CS timing
CS-treated patients had
better kidney outcomes
with early
versus late CS therapy
Worse kidney function in
CS-treated patients
versus controls at
biopsy (sCr 4.2 versus
3.3 mg/dl);
CS-treated patients
had complete recovery
(48%) versus control
group (41%);
ﬁnal sCr was not
different
at 1 yr
CS-treated patients had
better eGFR at 2 yr
and less dialysis
(5% versus 24%); dose,
duration, and time to
CS initiation were
variable
Duration of CS therapy
was not associated
with 6-mo recovery
of eGFR; shorter
interval between
diagnosis and CS
initiation was
associated with
greater recovery of
kidney function at
6 mo

sCr, serum creatinine concentration; CS, corticosteroid; N/A, not available.

therapy. The study by Fernandez-Juarez et al. (8), published
in this issue of the Clinical Journal of the American Society of
Nephrology, evaluated 182 patients with biopsy-proven cases
of drug-induced AIN from 13 centers in Spain. All patients
developed acute kidney disease, mean (SD) serum creatinine
concentration was 5.7 (63.5) mg/dl, and 35 (19%) patients
were on dialysis. Only a minority of patients had systemic
ﬁndings of an allergic reaction, such as rash, fever, or eosinophilia. Leukocyturia was observed in three quarters of the
patients, and microhematuria was present in approximately
one half of the patients. Nonsteroidal anti-inﬂammatory
drugs, antibiotics, and proton pump inhibitors were the top
three causes of drug-induced AIN, accounting for just over
one half of all patients with drug-induced AIN. All patients

were treated with corticosteroids. Approximately 41% of the
participants recovered .75% of kidney function lost during
the AIN episode by 6 months, whereas 13% only recovered
,25%. The authors evaluated factors independently associated with recovery of kidney function. They found that more
patients with .75% recovery of kidney function were treated
with corticosteroids within 15 days of diagnosis than those
who recovered ,25% of kidney function (70% versus 29%;
P=0.002). This association was independent of kidney
function at biopsy and the degree of interstitial ﬁbrosis,
which were both also associated with kidney function recovery. The time elapsed between clinical diagnosis of druginduced AIN and corticosteroid initiation was correlated
with interval from diagnosis to culprit drug withdrawal

Clin J Am Soc Nephrol 13: 1785–1787, December, 2018

(coefﬁcient r=0.48) and kidney biopsy(r=0.83); however,
these factors were not controlled for in the multivariable
analysis. On average, patients received 13 weeks of corticosteroid therapy, and the duration of therapy was not associated
with recovery of kidney function on univariable or multivariable analyses.
The biggest strength of this study is the large number of
patients, which allowed the authors to evaluate factors
independently associated with kidney function recovery
after AIN in a multivariable model. Although the ﬁnding
that early initiation of corticosteroids was associated with
better outcomes is not novel, this study conﬁrms the ﬁndings
noted in several previous studies (4,6). Other interesting
ﬁndings from this study include conﬁrmation of the low
accuracy of clinical and laboratory features considered
typical of drug-induced AIN diagnosis. The most novel
ﬁnding of this study may be the observation that the duration
of corticosteroid therapy was not associated with kidney
function recovery. However, patients who received
shorter duration of steroids (,8 weeks) tended to have
lower peak serum creatinine concentrations at biopsy,
indicating milder disease than those with longer duration
(.11 weeks). Serum creatinine concentrations at 1-month
follow-up were also lower in the shorter duration group. Both
of these observations indicate that clinicians likely tailored
duration of therapy on the basis of initial severity and clinical
improvement. Thus, the conclusion that shorter duration
of therapy may be equivalent to longer duration is far from
deﬁnitive.
In view of the results of this study, we maintain our
previous recommendation that, when corticosteroids are
considered in treatment of drug-induced AIN, they
should be started early and continued for at least a month
(9). Subsequent therapy should be guided by clinical
improvement, and no absolute recommendation on duration can be on the basis of the results of this study. There
are several important questions in drug-induced AIN that
remain unanswered and could be the focus of future
research. First, a multicenter, randomized, controlled
trial is needed to study the effect, duration, and dose of
corticosteroids. Second, a better understanding of the
pathophysiology of drug-induced AIN could guide more
targeted and potentially corticosteroid-sparing therapies,
such as the ones developed in other immune-mediated
kidney diseases. For example, given the role of mast cells
in allergies and AIN (10), would targeting of therapy
toward these cells yield better outcomes than with corticosteroids? Results from such studies could ultimately
help reduce the burden of CKD resulting from druginduced AIN.
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