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Abstract
Background and Aims: The calcineurin inhibitor tacrolimus 
is reportedly effective for moderate/severe ulcerative colitis 
(UC); however, it is also reportedly associated with nephro-
toxicity. We investigated the risk factors for tacrolimus-in-
duced nephrotoxicity and whether renal impairment ad-
versely affected the outcomes of tacrolimus treatment in pa-
tients with UC. Methods: We conducted a retrospective 
study of 93 patients with UC who were administered tacroli-
mus leading to high trough levels (10–15 ng/mL) for 2 weeks 
and low trough levels (5–10 ng/mL) for 3 months. Results: 
Acute kidney injury (AKI) occurred in 44 patients (47.3%) dur-
ing tacrolimus treatment. Of these patients, 34 (36.6%) de-
veloped AKI during the high trough phase and 17 (18.3%) 
developed AKI when the trough value exceeded the original 
target value of 15 ng/mL. Multivariate logistic regression 
analysis revealed that the male sex was significantly associ-
ated with AKI (p = 0.002, AOR = 4.38, 95% CI [1.69–11.3]). 
Clinical remission rate after 4, 8, 12, and 24 weeks of tacroli-
mus treatment in patients with AKI was lower than that in 

patients without AKI. Six patients (6.5%) had chronic kidney 
disease (CKD) after tacrolimus treatment completion, and all 
patients with CKD developed AKI during treatment. The me-
dian duration of treatment with no improvement in AKI was 
significantly longer in patients with CKD than in those with-
out CKD (p = 0.016). Conclusion: We revealed the risk factors 
for tacrolimus-induced nephrotoxicity. Renal impairment 
occurrence adversely affected the tacrolimus treatment out-
come; therefore, it is important to carefully administer tacro-
limus to prevent renal impairment. © 2022 S. Karger AG, Basel

Introduction

Ulcerative colitis (UC) is an idiopathic inflammatory 
bowel disease characterized by a chronic relapsing/inter-
mittent clinical course. Corticosteroids are prescribed for 
UC that does not improve the following administration 
of 5-aminosalicylate. Furthermore, tacrolimus (TAC) is a 
treatment option for refractory UC that is steroid-resis-
tant or dependent [1, 2]. Calcineurin inhibitors, such as 
TAC and cyclosporine A, block T-lymphocyte prolifera-
tion through the downregulation of interleukin-2 [3–5]. 
Ogata et al. [6] reported that TAC had a high remission-
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inducing effect in a randomized, placebo-controlled, 
double-blind trial for refractory UC. TAC is often admin-
istered to hospitalized patients, especially those with se-
vere UC, due to the drug’s superior performance in severe 
UC [7–9]. However, nephrotoxicity is known to be a crit-
ical side effect of TAC [10–12]. There are two types of 
TAC-related renal toxicities: acute nephropathy and 
chronic nephropathy [13, 14]. The acute type is dose-de-
pendent and reversible; it is caused by renal vasoconstric-
tion (due to released vasoactive substances), which may 
eventually lead to acute kidney injury (AKI). Chronic 
nephrotoxicity is associated with the development of 
structural damage, including arteriolopathy and tubu-
lointerstitial fibrosis, which may lead to chronic kidney 
disease (CKD). Most TAC-induced renal impairment in 
UC results in AKI, and renal impairment improves with 
TAC dose reduction or discontinuation [15, 16]. How-
ever, if TAC is tapered or discontinued, the outcome of 
TAC therapy may be adversely affected because the target 
trough value cannot be maintained. Therefore, TAC-in-
duced nephrotoxicity is an important clinical issue; how-
ever, no studies have examined the risk factors involved 
in the development of renal impairment.

In this study, we investigated the risk factors involved 
in the development of TAC-induced AKI and CKD in 
patients with UC. In addition, we examined whether re-
nal impairment adversely affected the outcomes of TAC 
treatment.

Patients and Methods

Patients
Between January 2011 and May 2019, 93 patients with moder-

ate/severe UC who were administered TAC therapy at Osaka Med-
ical and Pharmaceutical University Hospital were consecutively 
enrolled in this retrospective, single-center study. This study was 
approved by the Ethics Committee of Osaka Medical and Pharma-
ceutical University.

In all cases, the diagnosis was established according to standard-
ized criteria using prior clinical assessments, radiology, endoscopy, 
and histology. All patients were administered oral TAC for remission 
induction at an initial oral dose of 0.1 mg/kg per day: twice daily. TAC 
whole blood trough concentration was measured once every 2–3 days 
after starting on the initial dose. The dosage was adapted to achieve a 
high trough level of 10−15 ng/mL. The high trough dose administra-
tion continued for 2 weeks, followed by a low trough dose administra-
tion of 5–10 ng/mL for 3 months. Three months after TAC adminis-
tration, the dose was gradually reduced and then discontinued. In 
patients who could not taper or discontinue TAC due to worsening 
UC, the treatment was continued. Disease activity was evaluated us-
ing the Lichtiger index [17, 18]. Clinical remission was defined as a 
score of ≤3. Severe disease activity was defined as score of ≥12, and 
moderate disease activity was defined as score from 8 to 11.

Definitions of Renal Impairment and Assessment
AKI was defined as an increased serum creatinine level ≥1.5 times 

the level prior to TAC administration (or an increase in serum cre-
atinine levels by ≥0.3 mg/dL), based on the Kidney Disease Improv-
ing Global Outcomes (KDIGO) criteria [19]. Based on AKI onset, 
those who developed AKI during the high trough dose administra-
tion period were defined as the “high trough group,” and those who 
developed AKI during the low trough dose administration period 
after the high trough period were defined as the “low trough group.”

CKD was defined by the Kidney Disease Outcomes Quality Ini-
tiative clinical practice guidelines for chronic kidney disease as one 
or both of the following persisting for at least 3 months after the 
completion of TAC treatment [20]: (1) findings suggestive of renal 
impairment (abnormal urine analysis, abnormal imaging, abnor-
mal blood, pathological findings, etc.), (2) glomerular filtration 
rate (GFR) <60 mL/min/1.73 m2. We investigated the risk factors 
involved in the development of TAC-induced AKI and CKD in 
patients with UC. Moreover, we investigated whether nephrotox-
icity adversely affected the outcome of TAC treatment.

Statistical Analysis
Quantitative data were summarized using median and inter-

quartile range (IQR), and categorical variables were described us-
ing frequency and percentage. We used the Fisher exact test for 
categorical variables and the Mann-Whitney U test for continuous 
variables in terms of a comparison of demographic variables be-
tween the AKI and non-AKI groups. We also used the Wilcoxon 
signed-rank test and Kruskal-Wallis test to compare differences in 

Table 1. Baseline demographics and clinical characteristics

Patients, n 93
Male/female, n 56/37
Age, median (IQR), years 45 (25–60)
Duration of disease, median (IQR), months 36 (7–113)
UC location; left side/extensive, n 12/81
Concomitant medication

Aminosalicylates, n (%) 84 (90.3)
Azathioprine, n (%) 20 (21.5)
Corticosteroids, n (%) 53 (57.0)

Previous medications before TAC, n (%) 13 (14.0)
TNF antagonist; IFX, ADA, GLM 9 (9.7), 3 (3.2), 1 (1.1)

Past history of treatment failure with biologics, n (%)
TNF antagonist; IFX, ADA 1 (1.1), 1 (1.1)

Lichtiger index, median (IQR) 12 (11–14)
Disease severity, n (%): moderate, severe 33 (35.5), 60 (64.5)
Mayo subscore for endoscopy, median (IQR) 3 (2.3–3)
Fasting during the high trough phase, n (%) 85 (91.4)
WBC, median (IQR), /μL 7,850 (6,220–13,800)
Hb, median (IQR), g/dL 12.0 (10.6–13.8)
Albumin, median (IQR), g/dL 3.1 (2.6–3.8)
CRP, median (IQR), mg/L 2.0 (0.4–6.5)
Creatinine, median (IQR), mg/dL 0.7 (0.6–0.8)
Creatinine clearance, median (IQR), mL/min 103.9 (90.3–118.1)

UC, ulcerative colitis; IFX, infliximab; ADA, adalimumab; GLM, 
golimumab; WBC, white blood cell; CRP, C-reactive protein; IQR, 
interquartile range.
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the duration of TAC treatment. Predictive factors for the develop-
ment of AKI were examined by multiple logistic regression. In 
multivariate analysis, variables with a p value <0.05 in the prior 
univariate analyses were proposed for entry into the model. In ad-
dition, age was included as a confounding factor because renal 
functional reserve decreases with age [21]. Odds ratios with 95% 
confidence interval (CI) were calculated for selected variables. Sta-
tistical significance was set at p < 0.05 (two-sided test). All statisti-
cal analyses were performed using JMP®, Version 15.2.1, SAS In-
stitute Inc., Cary, NC, 1989–2021, USA.

Results

Patient Characteristics
Between January 2011 and May 2019, 93 patients with 

moderate/severe UC were administered oral TAC for re-
mission induction. The baseline demographics and clinical 
characteristics of the patients are presented in Table 1. The 
median age was 45 years, and 60.2% of the patients were 
male. The median (IQR) duration of UC was 36 months 
(7–113 months). In total, 87.1% of patients with UC had 
extensive disease. Fifty-three patients (57.0%) were on cor-
ticosteroids at the start of TAC treatment, and 20 (21.5%) 
were taking azathioprine as concomitant medication. Thir-
teen patients (14.0%) had been treated with anti-TNF-α 
agents (infliximab [IFX]: n = 9 [9.7%]; adalimumab [ADA]: 
n = 3 [3.2%]; golimumab: n = 1 [1.1%]) and switched to 
TAC. The median IQR of C-reactive protein (CRP) and Li-
chtiger’s CAI was 2.0 (0.4–6.5) and 12 [11–14], respectively. 
Sixty patients (64.5%) had severe disease activity at the ini-

tiation of TAC treatment. The median IQR for creatinine 
and creatinine clearance was 0.7 mg/dL (0.6–0.8 mg/dL) 
and 103.9 mL/min (90.3–118.1 mL/min), respectively.

TAC-Induced AKI
The median TAC treatment duration was 160 days 

[117–241 days]. AKI occurred in 44 patients (47.3%) dur-
ing the treatment period (Fig. 1a). Eight of them (18.2%) 
had creatinine levels below the upper limit of normal (1.07 
mg/dL). In total, 34 (36.6%) developed AKI during the 
high trough phase, and median TAC treatment duration 
prior to onset of AKI was 10 days (7–17.3 days) (Fig. 1b). 
Ten patients (10.8%) developed AKI in the low trough 
phase, and the median TAC treatment duration was 54.5 
days (26–97.8 days). Median trough levels at the onset of 
AKI were 16 ng/mL (13.7–18.1 ng/mL) in the high trough 
group and 8.1 ng/mL (7.2–9.3 ng/mL) in the low trough 
group (Fig.  2a). In the high trough group, 17 patients 
(38.6%) developed AKI when the trough value exceeded 
the original target value of 15 ng/mL (Fig. 2b). Adverse 
events other than renal impairment included tremor 
(14.0%, n = 13), nausea (6.5%, n = 6), headache (5.4%, n = 
5), epigastralgia (2.2%, n = 2), and sepsis (1.1%, n = 1).

The Risk Factors for AKI
To investigate the risk factors associated with the de-

velopment of AKI, we compared the baseline demo-
graphics and clinical characteristics between the AKI and 
non-AKI groups (Table 2). A comparison of total TAC 
doses in the AKI and non-AKI groups for the first and 
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Fig. 1. a Incidence of AKI and CKD. b The median duration of TAC treatment in the high trough group and low 
trough group. AKI, acute kidney injury; CKD, chronic kidney disease.
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second weeks after TAC initiation showed no significant 
difference (1W: AKI+: 46 [38–53.3], AKI−: 46 [36–57]; p 
= 0.80, 2W: AKI+: 80 [63.8–112], AKI−: 95.5 [67.8–
127.3]; p = 0.14). Conversely, the median CRP prior to 
TAC treatment was significantly higher in the AKI group 
than in the non-AKI group (2.8 mg/L [0.7–10.6 mg/L] vs. 
0.8 mg/L [0.3–4.3 mg/L]; p = 0.018). Also, significantly 
more male patients developed AKI (male/female: AKI+ 
33/11 vs. AKI− 23/26; p = 0.006). When we examined 
whether heavier weight and higher total TAC doses in 
males than in females were the cause of more cases of AKI 
in males, we found no significant difference in total TAC 
doses between males and females in the first and second 
weeks after TAC initiation (1W: males: 46 [38.8–54.5], 
females: 48 [35–57]; p = 0.98, 2W: males: 84 [67–116], fe-
males: 84 [62.5–119.5]; p = 0.71).

In most cases, 85 (91.4%), TAC treatment was initiated 
under fasting conditions, and fasting continued during the 
high trough phase. When we examined whether fasting af-
fected the occurrence of renal impairment, there was no 
significant difference in the number of patients who fasted 
in the AKI group compared with the non-AKI group (AKI+: 
42 [95.5], AKI−: 43 [87.8]; p = 0.186). Furthermore, there 
was no significant difference in the number of days to reach 
the therapeutic goal of high trough TAC levels (10–15 ng/
mL) between the AKI and non-AKI groups (3 days [2–4.25 
days] vs. 4 days [3–5 days]; p = 0.577). Multivariate logistic 
regression analysis of male sex, CRP levels, and age showed 

that only male sex was significantly associated with AKI (p 
= 0.002, AOR = 4.38, 95% CI [1.69–11.3]) (Table 3).

AKI and the Clinical Outcome of UC
We next examined whether the occurrence of TAC-in-

duced renal impairment would affect the clinical outcome of 
UC. Following TAC treatment, the clinical remission rates 
after 4, 8, 12, and 24 weeks of TAC treatment were 62.3%, 
65.6%, 67.7%, and 62.4%, respectively. The clinical remission 
rate with TAC treatment in patients with AKI was signifi-
cantly lower than that in patients without AKI at all time 
points (Week 4: 50% [22/44] vs. 73.5% [36/49]; p = 0.02, Week 
8: 52.3% [23/44] vs. 77.6% [38/49]; p = 0.01, Week 12: 54.6% 
[24/44] vs. 79.6% [39/49]; p = 0.01, Week 24: 47.8% [21/44] 
vs. 75.5% [37/49]; p = 0.006) (Fig. 3). In many cases, the TAC 
dose was reduced once the patient developed AKI, and TAC 
treatment was then restarted after AKI improved. However, 
in 4 patients, TAC treatment was completely discontinued 
due to highly elevated creatinine levels. Of these 4 patients, 
only 1 (25%) achieved clinical remission with TAC.

TAC-Induced CKD
Six patients (6.5%) developed CKD following comple-

tion of TAC treatment (Fig. 1a), and all patients with CKD 
developed AKI during TAC treatment. In the 44 patients 
who developed AKI, we compared the baseline demo-
graphics and clinical characteristics of patients with and 
without CKD and found no significant difference in the 
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Fig. 2. a Median trough levels at onset of AKI in the high and low trough group. b Proportion of patients with 
UC who developed AKI divided by trough value. AKI, acute kidney injury; UC, ulcerative colitis.
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variables (Table 3). The median total TAC treatment dura-
tion was not significantly different between patients with-
out AKI, without CKD with AKI, and with CKD with AKI 
(156 days [109.5–207 days], 163 days [130–240.3 days], and 
191.5 days [73.3–332.3 days], respectively; p = 0.964) 
(Fig. 4a). However, there were several cases of patients with 
AKI who continued to receive TAC for a long period of time 
despite no improvement in AKI, as their creatinine levels 
did not increase further. The median TAC treatment dura-

tion without improvement in AKI was significantly longer 
in patients with onset of CKD than in those without onset 
of CKD (51.5 days [47–204.5 days] and 29 days [9–55 days], 

Table 2. Baseline demographic variables associated with AKI

AKI (−) AKI (+) p value

Patients, n (%) 49 (52.7%) 44 (47.3%)
Male/female, n 23/26 33/11 0.006
Age, median (IQR), years 41 (23–58.5) 47.5 (29.5–62.8) 0.239
Duration of disease, median (IQR), months 41.5 (9–130.5) 26 (7–57) 0.276
UC location; left side/extensive, n 41/8 40/4 0.299
Medications for UC taken at baseline, n (%)

Aminosalicylates 44 (89.8) 40 (90.9) 0.856
Azathioprine 9 (18.4) 11 (25.0) 0.437
Corticosteroids 29 (59.2) 24 (54.5) 0.652

Previous medications before TAC, n (%)
TNF antagonist 9 (9.7) 4 (9.1) 0.198

Past history of treatment failure with biologics, n (%)
TNF antagonist 2 (4.1) 0 (0) 0.175

Lichtiger index, median (IQR) 12 (10–14) 13 (11–14) 0.135
Disease severity, n (%): moderate, severe 17 (34.7), 32 (65.3) 16 (36.4), 28 (63.6) 0.867
Mayo subscore for endoscopy, median (IQR) 3 (2–3) 3 (3–3) 0.710
Fasting during the high trough phase, n (%) 43 (87.8) 42 (95.5) 0.186
WBC, median (IQR), /μL 7,670 (6,220–11,760) 7,960 (6,110–10,960) 0.829
Hb, median (IQR), g/dL 12.0 (10.7–13.6) 11.6 (10.4–14.1) 0.917
Albumin, median (IQR), g/dL 3.2 (2.5–3.8) 2.9 (2.6–3.7) 0.436
CRP, median (IQR), mg/L 0.8 (0.3–4.3) 2.8 (0.7–10.6) 0.018
Creatinine, median (IQR), mg/dL 0.72 (0.55–0.80) 0.72 (0.63–0.82) 0.236
Creatinine clearance, median (IQR), mL/min 103.9 (88.5–117.2) 105.1 (90.9–122.7) 0.836

AKI, acute kidney injury; UC, ulcerative colitis; WBC, white blood cell; Hb, hemoglobin; CRP, C-reactive protein; 
IQR, interquartile range.

Table 3. Multivariate analysis of predictive factors for AKI

Variables Odds ratio 95% CI p value

lower upper

Age (years) 1.768 0.349 8.958 0.491
Male gender 4.379 1.694 11.321 0.002
CRP (mg/L) 8.503 0.777 93.004 0.080

AKI, acute kidney injury; CRP, C-reactive protein; CI, confidence 
interval.
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Fig. 3. Clinical remission rate with TAC treatment in patients with 
or without AKI. AKI, acute kidney injury.
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respectively; p = 0.016) (Fig. 4b). This suggests that long-
term continuous treatment with TAC in the presence of 
AKI may lead to the development of CKD. Renal impair-
ment in both AKI and CKD was not severe, no electrolyte 
abnormalities or uremia was noted, and no patients re-
quired treatment for renal impairment. Renal function nor-
malized in two of the 6 patients with CKD during the long-
term course, but 4 patients continued to have high serum 
creatinine levels and GFR below 60 mL/min/1.73 m2.

Discussion

There have been reported cases of TAC-induced neph-
rotoxicity in patients with UC, and this is the first report 
to examine risk factors for TAC-induced nephrotoxicity 
in patients with UC. This study revealed that TAC treat-
ment can result in AKI onset in patients with UC. Fur-
thermore, the remission rate with TAC treatment in pa-
tients with AKI was significantly lower than that in pa-
tients without AKI, indicating that the presence (or 
absence) of renal impairment significantly affected the 
outcome of TAC treatment in patients with UC. TAC is 
often reduced or discontinued in patients with renal im-
pairment, and the resulting decrease in TAC trough val-
ues may reduce the efficacy of TAC by failing to maintain 
the appropriate trough value range. Although TAC treat-

ment has been reported to be effective for severe UC, sur-
gery is often the only option when TAC treatment is inef-
fective. Therefore, it is important to carefully administer 
TAC in order to prevent renal impairment.

Of the 44 patients who developed AKI, 17 patients 
(38.6%) had a TAC trough level of >15 ng/mL at the time 
of onset. Originally, the target trough value for the high 
trough phase was 10–15 ng/mL, but it may temporarily ex-
ceed 15 ng/mL during the process of adjusting the TAC 
dose. Therefore, to prevent TAC-induced AKI, the TAC 
dose should be reduced to maintain the trough value below 
15 ng/mL, rather than continuing with the same TAC dose 
when the trough value exceeds 15 ng/mL. We examined the 
baseline demographics and clinical characteristics associ-
ated with the development of AKI, and interestingly, in 
multivariate analysis, the male sex was an independent risk 
factor for the development of AKI. It is generally known 
that there are gender differences in renal diseases such as 
IgA nephropathy and membranous nephropathy, and 
CKD has been reported to progress more rapidly in males 
than in females [22–24]. One of the reasons why women 
present with milder kidney disease is thought to be the in-
fluence of female hormones. Estrogen influences the renin-
angiotensin-aldosterone system, inhibiting angiotensin-
converting enzyme activity and decreasing renal angioten-
sin II, which is thought to be nephroprotective [25–27]. The 
finding that males are more prone to TAC renal impair-
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Fig. 4. a Median total TAC treatment duration among patients without AKI, without CKD with AKI, and with 
CKD with AKI (p = 0.964). b The median TAC treatment duration without improvement of AKI in CKD patients 
and non-CKD patients (p = 0.016). AKI, acute kidney injury; CKD, chronic kidney disease.
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ment than females in this study is theoretically consistent 
with previous reports. However, this is the first report to our 
knowledge showing that drug-induced nephrotoxicity is 
more likely to occur in males, than in females. Although 
future studies with a larger number of patients are needed, 
it is suggested that more attention should be paid to renal 
impairment in males treated with TAC. In this study, how-
ever, there was no association between kidney function at 
the start of TAC treatment and the occurrence of TAC-in-
duced nephrotoxicity. Since most of the patients had nor-
mal renal function prior to the TAC treatment, it is still 
unclear whether UC patients with low renal function are 
more susceptible to renal impairment from TAC.

It is thought that calcineurin inhibitors cause AKI owing 
to an imbalance between vasoconstrictors such as endothelin 
and thromboxane, activation of the renin-angiotensin sys-
tem, and vasodilators such as prostaglandin E2, prostacyclin, 
and nitric oxide – resulting in vasoconstriction of afferent ar-
terioles [10]. These changes are dependent on the dose of cal-
cineurin inhibitors and are considered reversible. Although 
the detailed mechanisms for the development of CKD have 
not been clarified, it is thought that interstitial fibrosis and 
tubular atrophy with microvascular vitrification are observed 
in the kidney, leading to irreversible renal dysfunction [13, 
14]. In this study, 6 patients (6.5%) developed CKD due to 
TAC. Among patients with AKI, there was no significant dif-
ference in the total TAC treatment duration between patients 
with and without CKD. Interestingly, however, the TAC 
treatment duration in the presence of AKI was significantly 
longer in patients with CKD than in those without CKD. In 
patients with AKI, if there is no further increase in creatinine 
level, TAC may be continued for a long period of time, despite 
no resolution in AKI. Long-term administration of TAC 
without improvement of AKI may have caused chronic renal 
damage and led to the development of CKD. Therefore, TAC 
dose should be reduced, or the treatment should be discon-
tinued in patients with AKI until AKI resolves, even if there is 
no further worsening of creatinine levels.

This study had several limitations. First, this was a ret-
rospective cohort study, and the TAC treatment duration 
was not constant. The basic treatment strategy was to 
continue TAC for at least 3 months, after which it was 
tapered off and then discontinued. However, patients 
whose UC worsened when TAC was tapered had to con-
tinue TAC treatment for a longer period of time. This is 
reflective of TAC treatment in daily clinical practice. Sec-
ond, the incidence of renal impairment in this study can-
not be compared with previous reports because the diag-
nostic criteria for renal impairment due to TAC treat-
ment differ among previous reports. The definition of 

renal impairment in previous reports is often an increase 
in creatinine level above the reference value (e.g., 1.3 or 
higher), and the timing of renal impairment may be de-
termined at a single point, such as when TAC is discon-
tinued [6, 15, 16]. However, in the present study, renal 
impairment was defined separately as AKI and CKD, and 
all occurrences of renal impairment during TAC treat-
ment were accounted accordingly. In addition, since AKI 
is defined as an increase in creatinine levels compared to 
levels prior to TAC administration, some patients with 
low creatinine levels before TAC administration met the 
definition of AKI but fell below the reference value for 
creatinine levels. This may have resulted in a high inci-
dence of AKI. However, this is the first report to examine 
the occurrence of nephrotoxicity in detail. Third, abnor-
mal urine analysis, such as proteinuria, is included in the 
definition of CKD, but only some patients in the present 
study had urinalysis performed. Therefore, it is possible 
that the diagnosis of CKD should be made in patients 
with proteinuria even if their GFR is above 60, and this 
diagnosis may have been missed in some cases.

Conclusion

We found that TAC caused a high incidence of renal 
impairment in UC patients and that male sex was a risk 
factor for AKI onset. Furthermore, long-term adminis-
tration of TAC without improvement in AKI may lead to 
the development of CKD. Renal impairment occurrence 
adversely affected the TAC treatment outcome, suggest-
ing that it is important to carefully administer TAC to 
prevent renal impairment.
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