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Objective. Tacrolimus, a macrolide immunosuppressant, is approved in Korea for the treatment of rheumatoid arthritis (RA), 
lupus nephritis (LN) and myasthenia gravis (MG). We report three prospective post-marketing surveillance studies of tacrolimus 
conducted in South Korea in these indications. Methods. Studies were conducted according to South Korean Ministry of Food 
and Drug Safety requirements. Patients were followed up for the duration of the study (up to 4 years) or until treatment 
discontinuation. Occurrence and likely relationship with tacrolimus of adverse events (AEs), adverse drug reactions (ADRs; de-
fined as AEs where causal relationship to tacrolimus could not be excluded) and serious AEs were recorded. Association of AEs 
with demographic and medical factors was evaluated by multivariable analysis. Results. The studies included 740 (RA), 307 
(LN) and 104 (MG) patients. The incidence of AEs was 12.7% in RA (64.2% of AEs potentially related to tacrolimus), 20.9% 
(37.8% potentially related) in LN and 29.8% (56.8% potentially related) in MG. The incidence of ADRs was 8.4%, 9.8% and 
20.2%, respectively. Serious AEs were reported in 0.7%, 7.2% and 8.7%, respectively. The most common AEs were abdominal 
pain (RA), pharyngitis (LN) and diarrhea (MG). Unexpected AEs occurred in 3.5% of patients with RA, 2.9% in LN and 8.7% 
in MG; no pattern of unexpected AEs was apparent. Multivariable analysis demonstrated that patients with comorbidity had 
higher probability of experiencing an AE in RA and MG studies. Conclusion. The incidence of AEs and the safety profile of tacro-
limus in each indication was consistent with previous reports. (J Rheum Dis 2021;28:202-215)
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INTRODUCTION

Tacrolimus is a macrolide immunosuppressant, origi-
nally developed to prevent graft rejection in solid organ 
transplantation. It exerts its immunosuppressive effects 
by inhibiting calcineurin, which in turn prevents the acti-
vation of T-cells [1]. T-cell activation has a key role in the 
pathogenesis of autoimmune disorders, such as rheuma-
toid arthritis (RA), lupus nephritis (LN), and myasthenia 
gravis (MG), making tacrolimus a viable therapeutic op-

tion for these conditions. In Korea, tacrolimus is in-
dicated for the ‘treatment of some cases of RA where the 
existing drugs show no effect’. The drug is also approved 
in Korea for the treatment of LN and MG.
Numerous clinical studies have demonstrated the effi-

cacy and safety of tacrolimus in RA, both as monotherapy 
[2-5] and, more commonly, in combination with agents 
such as methotrexate or biologicals [6-13]. A clinical trial 
of low-dose tacrolimus (1.5 mg) in combination with me-
thotrexate in patients from South Korea demonstrated a 
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43% response rate according to American College of 
Rheumatology criteria for a 20% improvement (ACR20) 
[13]. A double-blind, randomized trial showed that tacro-
limus plus methotrexate was non-inferior to leflunomide 
plus methotrexate, and was well tolerated in patients 
from South Korea with moderate-to-severe RA activity 
[11]. In a retrospective study of patients with RA treated 
with tacrolimus in a tertiary treatment center in South 
Korea, 69% of patients remained on therapy after 4 years, 
indicating that tacrolimus is effective and well tolerated 
in this group [12]. 
In LN, two meta-analyses of tacrolimus concluded that 

tacrolimus as monotherapy or in combination with myco-
phenolate mofetil (MMF) improved efficacy compared 
with cyclophosphamide or azathioprine, whilst a third 
meta-analysis reported a non-significant trend in favor of 
tacrolimus [14-16]. In a retrospective multicenter study 
of ethnically homogenous Korean patients with LN who 
had failed initial treatment, the complete response rate 
after 1 year of treatment with tacrolimus plus MMF was 
36% and the overall response rate was 69% [17]. A ste-
roid-sparing effect was apparent during the study and the 
combination treatment had a favorable adverse event 
(AE) profile. 
A review of prospective clinical studies of tacrolimus in 

patients with MG and a meta-analysis have concluded 
that tacrolimus reduces concomitant steroid dose and im-
proves quantitative MG score and MG activities of daily 
living [18,19]. Tacrolimus appeared to be well tolerated in 
this patient group [18,19]. A multicenter study in South 
Korea also demonstrated good safety and efficacy for ta-
crolimus in patients with MG, reporting a reduction in 
steroid dose and improvement in MG score [20]. 
As well as evaluating safety and efficacy in clinical trials, 

it is important to monitor the performance of new drugs 
or established drugs for new indications under real-world 
clinical practice conditions. In the present paper, we re-
port the results of three post-marketing surveillance 
studies of tacrolimus in RA, LN and MG conducted in 
South Korea. The studies were initiated to provide an as-
sessment of the safety profile of tacrolimus in auto-
immune disease indications under real clinical practice 
conditions. 

MATERIALS AND METHODS 

Post-marketing surveillance of tacrolimus was con-
ducted to assess its safety in patients with autoimmune 

disease. Three prospective surveillance studies were con-
ducted, one in each indication (RA, LN, and MG). Data 
were collected according to the South Korean Ministry of 
Food and Drug Safety regulations. Institutional Review 
Board (IRB) approval was received from each institution, 
and all patient data were anonymized. The patient con-
sent form was reviewed by each IRB. The safety objectives 
of the studies were to identify unexpected AEs, AEs oc-
curring under regular treatment conditions, factors con-
sidered to influence safety, and new information concern-
ing the safety or mechanism of action of tacrolimus.

Study design
Each of the studies aimed to enroll more than 300 pa-

tients, which is the minimum number required by the 
South Korean Ministry of Food and Drug Safety for a 
post-marketing safety surveillance study. All eligible pa-
tients attending the participating hospitals and starting 
treatment for the first time with tacrolimus for RA, LN, or 
MG were invited to participate. All participating hospitals 
had experience of using tacrolimus pre-registration. 
Patients with RA were eligible if sufficient therapeutic re-
sponse could not be achieved with disease-modifying an-
ti-rheumatic drugs; patients with LN were eligible if they 
had normal renal function with persistent clinical symp-
toms of nephritis, despite receiving long-term steroid 
monotherapy; and patients with MG were eligible if they 
had no therapeutic response to immunosuppressants or 
had intolerable side effects.
Patients received treatment according to usual clinical 

practice in the participating hospital, and were followed 
up from the start of tacrolimus therapy until they dis-
continued treatment or the end of the study (up to 4 
years). All studies were conducted for 4 years. Patients 
experiencing an AE were monitored via visits or tele-
phone contact.

Study outcomes
The following data were recorded for each patient: dem-

ographic information; duration and severity of RA, LN, or 
MG; concomitant or previous illnesses, including any 
hepatic or renal impairment; daily dosage of tacrolimus 
and length of treatment; reason for discontinuation of ta-
crolimus; use of steroids and immunosuppressants; and 
use of any other concomitant medication. Severity of dis-
ease and presence of comorbidities was based on the in-
vestigator’s judgement and diagnoses. Hepatic impair-
ment was defined according to the Child-Pugh classi-
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Table 1. Demographic and clinical characteristics of patients included in the studies

Characteristic RA study (n=740) LN study (n=307) MG study (n=104)

Age (yr)
   Mean (SD) 53.7 (13.4) 37.3 (11.9) 53.5 (13.7)
   Range 7.0∼89.0 13.0∼39.0 21.0∼86.0
Age group (yr)
   ＜20 1 (0.1) 15 (4.9) 0
   20 to ＜40 117 (15.8) 169 (55.1)    15 (14.4)*
   40 to ＜60 350 (47.3) 110 (35.8)    54 (51.9)
   ≥60 272 (36.8) 13 (4.2)    35 (33.7)
Sex, female 609 (82.3) 273 (88.9)    60 (57.7)
Duration of RA, LN, or MG, months
   Mean (SD) 74.2 (73.3) 75.8 (64.9) 92.0 (99.6)
   Median NA 60.0 42.7
   Range    1∼523    1∼281 0.48∼432
Concomitant medications 738 (99.7) 307 (100.0)  101 (97.1)
Current comorbidity 409 (55.3) 307 (100.0)    82 (78.9)
Previous illness NR 90 (29.3)    28 (26.9)
Current illness NR 307 (100.0)    82 (78.9)
Hepatic impairment 30 (4.1) 11 (3.6)      2 (1.9)
Renal impairment 10 (1.4) 108 (35.2) 0

Data expressed as n (%) patients unless otherwise stated. LN: lupus nephritis, MG: myasthenia gravis, NR: not recorded, RA: 
rheumatoid arthritis, SD: standard deviation, NA: not available. *≥19 to ＜40 years.

fication and renal impairment according to National 
Kidney Foundation criteria (G3b or worse) [21,22]. 
Patients were given diary cards and asked to record AEs. 

They were also contacted regularly and asked about AEs. 
The safety analysis recorded the following information: 
occurrence and duration of new or worsening AEs; se-
verity of AEs (mild, moderate, or severe); treatment of 
AEs; likely causal relationship to tacrolimus; occurrence 
of adverse drug reactions (ADRs); and occurrence of seri-
ous adverse events (SAEs). Causal relationship to tacroli-
mus was classified by the investigator according to the 
South Korean Ministry of Food and Drug Safety criteria as 
certain, probable/likely, possible, unlikely, conditional/ 
unclassified, and not assessable/unclassifiable. ADRs 
were defined according to the South Korean Ministry of 
Food and Drug Safety definition: any unfavorable and un-
intended reaction occurring with normal administration 
of the drug, where a causal relationship to the medicinal 
product cannot be ruled out. SAEs were defined as caus-
ing death or being life-threatening, requiring or prolong-
ing hospitalization, causing persistent or significant dis-
ability or incapacity, causing congenital deformity or ab-
normality, or as another medically significant event.

Statistical analysis
No formal sample size calculation was performed. The 

number of AEs and the number and percentage of pa-
tients experiencing an AE were analyzed (frequency anal-
ysis). In addition, the association of AEs with demo-
graphic and medical factors was evaluated; the dependent 
variable was the count of AEs (including ADRs) for each 
patient. Univariable analyses (Pearson’s Chi-squared test 
or Fisher’s exact test) were performed to identify any po-
tential predictor variables. Those variables with p＜0.2 
according to the univariable analysis and variables con-
sidered to be clinically relevant were included in sub-
sequent multiple logistic regression analyses, and odds 
ratios with 95% confidence intervals were calculated. The 
SAS statistical analysis software package version 9.2 (SAS 
Institute, Cary, NC, USA) was used to analyze the data.

RESULTS 

Surveillance study in RA
The surveillance study was conducted from August 22, 

2007 to August 21, 2011. Case record forms for 742 pa-
tients were collected from 21 hospitals (60 patients in 
Year 3 of the study and 682 in Year 4; no data were col-
lected during Years 1 and 2). Two patients were excluded 
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from the safety analysis because tacrolimus had been ad-
ministered before the start of the study. Of the 740 pa-
tients included, there was one child (0.1%) and 160 
(21.6%) patients ≥65 years of age; most patients 
(82.3%) were female (Table 1). Complete age dis-
tribution is shown in Table 1. The mean duration of RA 
was 74.2 months, and most patients (72.8%) were classi-
fied as having RA of moderate severity. Ten (1.4%) pa-
tients had renal impairment and 30 (4.1%) patients had 
hepatic impairment (Table 1). Further characteristics are 
shown in Supplementary Tables 1 and 2.
A total of 521 (70.4%) patients received tacrolimus for 

longer than 24 weeks. The mean (standard deviation 
[SD]) daily dosage of tacrolimus was 1.50 (0.46) mg; 
57.3% received ＜1.5 mg/day, 42.6% received 1.5∼3 
mg/day, and 0.1% received ＞3 mg/day (the maximum 
approved dose is 3 mg/day). The mean (SD) duration of 
treatment was 203 (100) days; 479 patients (64.7%) re-
ceived treatment for 168∼364 days; 88 (11.9%) for ＜84 
days; 131 (17.7%) for 84∼167 days; and 42 (5.7%) for ≥
365 days. Of the 88 patients who received fewer than 84 
days of treatment, 37 discontinued due to lack of efficacy, 
33 because of AEs, one because of symptom improve-
ment, seven for other reasons, and 10 were lost to fol-
low-up. 
A total of 123 AEs was reported in 94 (12.7%) patients, 

including 78 ADRs in 62 (8.4%) patients (Table 2). 
Gastrointestinal disorders were the main class of event 
reported in ≥0.5% of patients (Table 2). Abdominal pain 
was the only AE that occurred in ≥1% of patients, re-
ported in eight (1.1%) patients. Most AEs (61.8%) were 
considered to be of mild severity, 32.5% of moderate se-
verity, and 5.7% were severe (Table 2). Severe AEs were 
elevated erythrocyte sedimentation rate, elevated levels 
of C-reactive protein, muscle pain, palpitations, surgical 
intervention (two events), and myocardial infarction. 
Causal relationship with tacrolimus was assessed as cer-
tain for 4.1% of events, probable/likely for 18.7%, possible 
for 33.3%, unlikely for 35.8%, conditional/unclassified 
for 3.3%, and not assessable/unclassifiable for 4.9% 
(Table 2). Of all the AEs, gastrointestinal abnormalities 
were most commonly considered to be related to tacroli-
mus, with 25 out of 35 (71.4%) gastrointestinal AEs be-
ing considered certainly, probably or possibly related. A 
total of 60 out of 123 AEs (48.8%) resulted in dis-
continuation of tacrolimus (Table 2). The only AEs lead-
ing to discontinuation in more than two patients were ab-
dominal pain (six patients), nausea (five patients), and 

rash (four patients).
Nine SAEs were reported in five (0.7%) patients. One 

patient experienced deterioration in physical condition, 
asthenia, gastric ulcer and pruritus; one patient experi-
enced two surgical interventions; and one patient each 
experienced cervical cancer, myocardial infarction, and 
worsening RA (Table 2). The worsening RA event was 
classified as a serious ADR.
Of 160 patients ≥65 years of age, 24 (15.0%) patients 

reported 31 AEs and 16 (10.0%) reported 20 ADRs. The 
pattern of AEs and ADRs was similar to the overall pop-
ulation (Supplementary Table 3). Ten patients in the 
study had renal impairment, of whom five reported six 
AEs: hiccups, constipation, abdominal pain, residual 
urine, elevated urine creatinine, and headache. Thirty pa-
tients had hepatic impairment, five of whom reported five 
AEs: elevated serum glutamic-oxaloacetic transaminase, 
elevated serum glutamic pyruvic transaminase, abdomi-
nal pain, peripheral edema, and headache. 
A total of 33 unexpected AEs occurred in 26 patients 

(3.5%), of which 17 in 14 patients were considered as 
ADRs: elevated C-reactive protein (three patients); ele-
vated erythrocyte sedimentation rate, facial edema and 
unspecified gastrointestinal disorder (two patients each); 
and xerostomia, hiccups, infectious arthritis, arthritis, 
vaginitis, vaginal bleeding, dermatitis and worsening RA 
(one patient each). 

1) Analysis of factors associated with AEs 
The univariable analysis showed that patients’ demo-

graphic characteristics were not associated with the in-
cidence of AEs (Supplementary Table 4). Of the medical 
characteristics analyzed, the incidence of AEs was sig-
nificantly higher in patients with any complication or co-
morbidity (p=0.002) and in patients with renal impair-
ment (p=0.005) (Supplementary Table 4). The multi-
variable analysis confirmed that patients with a complica-
tion or comorbidity had a higher probability of experienc-
ing an AE (Figure 1).

Surveillance study in LN
Between November 9, 2009 and November 8, 2013, case 

record forms for 314 patients were collected from 23 
centers. Seven patients were excluded from the safety 
analysis: one because the patient received tacrolimus for 
an unapproved indication and six because precautions for 
use of tacrolimus were not adhered to. Of the 307 patients 
included, 10 (3.3%) were ＜19 years of age and four 
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Table 2. Adverse events and adverse drug reactions reported in the RA study 

Event
No. patients or events (%)

AEs ADRs

Patients with AE or ADR (n=740 patients) 94 (12.7) 62 (8.4)
AEs potentially related to tacrolimus* (n=123 AEs) 79 (64.2) NR
AEs leading to discontinuation of tacrolimus† (n=123 AEs) 60 (48.8) NR
Severity (n=123 AEs)
   Mild 76 (61.8) NR
   Moderate 40 (32.5) NR
   Severe 7 (5.7) NR
AE or ADR occurring in ≥0.5% of patients (n=740 patients)
   Gastrointestinal disorders
      Abdominal pain 8 (1.1) 7 (1.0)
      Dyspepsia 5 (0.7) 5 (0.7)
      Nausea 5 (0.7)  5 (0.7)
      Diarrhea 4 (0.5) 4 (0.5)
   General disorders and administration site conditions
      ESR increased 6 (0.8) 2 (0.3)
   Hepatobiliary disorders
      SGPT increased 4 (0.5) 3 (0.4)
   Investigations
      CRP increased 5 (0.7) 3 (0.4)
   Renal and urinary disorders
      Face edema 4 (0.5) 2 (0.3)
   Skin and subcutaneous tissue disorders
      Rash 4 (0.5) 4 (0.5)
SAEs (n=740 patients) 5 (0.7) 1 (0.1)
   Cardiac disorders
      Myocardial infarction 1 (0.1) 0
   Gastrointestinal disorders
      Gastric ulcer 1 (0.1) 0
   General disorders and administration site conditions
      Deterioration in physical condition 1 (0.1) 0
      Asthenia 1 (0.1) 0
   Musculoskeletal and connective tissue disorders
      Worsening RA 1 (0.1) 1 (0.1)
   Neoplasms
      Cervical carcinoma 1 (0.1) 0
   Skin and subcutaneous tissue disorders
      Pruritus 1 (0.1) 0
   Surgical and medical procedures
      Surgical intervention 1 (0.1) 0

ADR: adverse drug reaction, AE: adverse event, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, NR: not reported, RA:
rheumatoid arthritis, SAE: serious adverse event, SGPT: serum glutamic-pyruvic transaminase. *Includes AEs classified as certainly,
probably/likely, or possibly related to tacrolimus, or those recorded as conditional/unclassified or not assessable/unclassifiable. 
†AEs leading to discontinuation were abdominal pain, indigestion, diarrhea, nausea, constipation, unspecified gastrointestinal 
disorder, gastroenterocolitis, xerostomia, vomiting, gastric ulcer, elevated erythrocyte sedimentation rate, peripheral edema, 
asthenia, edema, deterioration in physical condition, pharyngitis, cough, hepatosis, cholelithiasis, elevated C-reactive protein, 
dizziness, hypoesthesia, headache, muscle pain, infectious arthritis, arthralgia, rash, itchiness, dermatitis, facial edema, 
panhematopenia, palpitation, high pulse rate, loss of appetite, hyperglycemia, dazzled vision, vaginitis, vaginal bleeding, and 
residual urine. 123 AEs were reported in 94 patients.
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Figure 1. Odds ratios and 95% CIs for the probability of experiencing an adverse event in the multivariable analysis according to
the medical characteristics of the patient (RA study). 1. Presence versus absence of complication or comorbidity; 2. Moderate or 
severe RA versus mild RA; 3. Presence versus absence of any antirheumatic or biologic drug withdrawn before tacrolimus admin-
istration; 4. Duration of illness: period shown versus ＜12 months. CI: confidence interval, RA: rheumatoid arthritis, RA: rheuma-
toid arthritis.

(1.3%) were ≥65 years of age; most patients (88.9%) 
were female (Table 1). Complete age distribution is 
shown in Table 1. The median duration of LN was 60.0 
months, and 61.6% were classified as having LN of mod-
erate severity. A total of 108 (35.2%) patients had renal 
impairment, and 11 (3.6%) had hepatic impairment 
(Table 1). Further characteristics are shown in Supplementary 
Tables 1 and 5.
The mean (SD) daily dose of tacrolimus was 2.1 (1.0) 

mg and the mean (SD) total dose was 664.6 (568.6) mg 
(range 0.5∼3,014 mg). The mean (SD) duration of treat-
ment was 309 (221) days and the median was 279 days. A 
total of 66 (21.5%) patients discontinued tacrolimus dur-
ing the study, 21 (6.8%) because of an AE, 31 (10.1%) be-
cause of lack of efficacy or no response, four (1.3%) be-
cause of improvement in symptoms, and 10 (3.3%) for 
other reasons. 
A total of 98 AEs occurred in 64 (20.8%) patients, in-

cluding 37 ADRs in 30 (9.8%) patients (Table 3). 
Pharyngitis was the most common AE and ADR. Most 
AEs (68; 69.4%) were considered to be of mild severity, 
21 (21.4%) of moderate severity, and 9 (9.2%) were se-
vere (Table 3). A total of 37 out of 98 AEs (37.8%) were 
assessed as being certainly, probably, or possibly related 
to tacrolimus, or as conditional/unclassified or not as-
sessable/unclassifiable (Table 3). Of the 98 AEs, 29 re-
sulted in discontinuation of tacrolimus (Table 3). All AEs 
leading to discontinuation occurred in one or two pa-

tients, with the exception of albuminuria, which occurred 
in three patients.
Twenty-nine SAEs were reported in 22 (7.2%) patients, 

with seven patients experiencing two SAEs: herpes zoster 
and gastroenteritis; varicella and appendicitis; leg pain 
and pneumonia; azotemia and abdominal pain; nausea 
and increased alkaline phosphatase; insomnia and diar-
rhea; cystitis and abdominal pain (Table 3).Ten events in 
nine patients (2.9%) were classified as a serious ADR. 
Twelve SAEs were classified as mild, 12 as moderate, and 
five as severe. Twenty-five events resolved, two developed 
further, and one led to death (azotemia [elevated crea-
tinine], considered unlikely to be related to tacrolimus; 
this patient also experienced abdominal pain classified as 
a SAE, which resolved).
Four of the ten participants ＜19 years of age experi-

enced eight AEs (two ADRs in one participant), while no 
AEs or ADRs occurred in the four participants ≥65 years 
of age. Of 108 participants with renal impairment, 47 AEs 
occurred in 30 participants (27.8%) and 15 ADRs in 11 
participants (10.2%). Of 11 participants with hepatic im-
pairment, nine AEs occurred in five participants (45.5%) 
and eight ADRs in five participants (45.5%).
Eleven unexpected AEs occurred in 9 (2.9%) patients: 

two reports of an autoantibody reaction in a single pa-
tient, one report in a single patient of varicella and appen-
dicitis, and one report in a single patient each of ag-
gravated systemic lupus erythematosus (SLE), verruca, 
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Table 3. Adverse events and adverse drug reactions reported in the LN study

Event
No. patients or events (%)

AEs ADRs

Patients with AE or ADR (n=307 patients) 64 (20.9) 30 (9.8)
AEs considered potentially related to tacrolimus* (n=98 AEs) 37 (37.8) NR
AEs leading to discontinuation of tacrolimus† (n=98 AEs) 29 (29.6) NR
Severity (n=98 AEs)
   Mild 68 (69.4) NR
   Moderate 21 (21.4) NR
   Severe 9 (9.2) NR
AEs occurring in ≥0.5% of patients (n=307 patients)
   Gastrointestinal disorders
      Nausea 5 (1.6) 2 (0.7)
      Diarrhea 4 (1.3) 1 (0.3)
      Dyspepsia 4 (1.3) 1 (0.3)
      Abdominal pain 2 (0.7) 1 (0.3)
   General disorders and administration site conditions
      Edema 2 (0.7) 0
      Leg pain 2 (0.7) 0
      Fever 2 (0.7) 1 (0.3)
      Cellulitis 2 (0.7) 1 (0.3)
   Infections and infestations
      Herpes zoster 2 (0.7) 1 (0.3)
   Metabolism and nutrition disorders 
      Hypercholesterolemia 3 (1.0) 0
   Nervous system disorders
      Headache 3 (1.0) 2 (0.7)
      Seizure 2 (0.7) 1 (0.3)
   Renal and urinary disorders
      Albuminuria 3 (1.0) 2 (0.7)
      Azotemia 3 (1.0) 2 (0.7)
      Decreased creatinine clearance 3 (1.0) 3 (1.0)
   Respiratory, thoracic and mediastinal disorders
      Pharyngitis 7 (2.3) 4 (1.3)
      Upper respiratory tract infection 2 (0.7) 0
   Vascular disorders
      Hypertension 2 (0.7) 2 (0.7)
SAEs (n=307 patients) 22 (7.2) 9 (2.9)
   Blood and lymphatic system disorders
      Thrombocytopenia 1 (0.3) 1 (0.3)
   Gastrointestinal disorders
      Abdominal pain 2 (0.7) 1 (0.3)
      Diarrhea 1 (0.3) 0
      Nausea 1 (0.3) 0
      Gastroenteritis 1 (0.3) 0
      Appendicitis 1 (0.3) 0
   General disorders and administration site conditions
      Leg pain 1 (0.3) 0
      Edema 1 (0.3) 0
      Fever 1 (0.3) 0
      Pain 1 (0.3) 0
      Cellulitis 1 (0.3) 1 (0.3)
   Hepatobiliary disorders
      Cholecystitis 1 (0.3) 0



Post-marketing Safety of Tacrolimus in Autoimmune Disease

www.jrd.or.kr 209

Table 3. Continued

Event
No. patients or events (%)

AEs ADRs

   Infections and infestations
      Herpes zoster 2 (0.7) 1 (0.3)
      Infection 1 (0.3) 1 (0.3)
      Varicella 1 (0.3) 0
   Metabolism and nutrition disorders 
      Hyperglycemia 1 (0.3) 1 (0.3)
      Aggravated diabetes mellitus 1 (0.3) 0
      Increased alkaline phosphatase 1 (0.3) 0
   Musculoskeletal and connective tissue disorders
      Aggravated SLE 1 (0.3) 0
   Nervous system disorders
      Seizure 1 (0.3) 0
   Psychiatric disorders
      Insomnia 1 (0.3) 0
   Renal and urinary disorders
      Azotemia 2 (0.7) 1 (0.3)
      Cystitis 1 (0.3) 0
      Albuminuria 1 (0.3) 1 (0.3)
      Decreased creatinine clearance 1 (0.3) 1 (0.3)
   Respiratory, thoracic and mediastinal disorders
      Pneumonia 1 (0.3) 1 (0.3)

ADR: adverse drug reaction, AE: adverse event, LN: lupus nephritis, NR: not reported, SAE: serious adverse event, SLE: systemic 
lupus erythematosus.*Includes AEs classified as certainly, probably/likely, or possibly related to tacrolimus, or thoserecorded as 
conditional/unclassified or not assessable/unclassifiable. †AEs leading to discontinuation were: nausea, diarrhea, abdominal pain, 
vomiting, albuminuria, azotemia, decreased creatinine clearance, hematuria, pneumonia, fever, pain, hyperglycemia, headache, 
dizziness, eczema, alopecia, unspecified infection, auto-antibody response, cellulitis, hypertension, and thrombocytopenia. 98 
AEs were reported in 64 patients.

eczema, cholecystitis, pyelonephritis, amenorrhea, and 
hyperpyrexia. Of these, the autoantibody reaction, verru-
ca, and pyelonephritis were classified as ADRs. 
Cholecystitis, varicella, appendicitis, and aggravated SLE 
were considered as SAEs.

1) Analysis of factors associated with AEs 
No statistically significant association between any AE 

and any demographic factor was identified (Supplementary 
Table 6). The univariable analysis identified a statistically 
significant association between the incidence of AEs and 
renal impairment, with AEs occurring in 30/108 (27.8%) 
of patients with renal impairment and 34/199 (17.1%) 
without renal impairment (p=0.028) (Supplementary 
Table 6). No association was seen with concomitant or 
previous illness, hepatic or cardiac impairment, severity 
of LN, history of treatment with immunosuppressants, 
reason for prescription of tacrolimus, or concomitant 
medication. The multivariable analysis demonstrated no 

statistically significant association between any medical 
characteristic and the occurrence of AEs (Figure 2).

Surveillance study in MG
Case record forms for 194 patients were collected from 

15 centers between June 10, 2015 and June 9, 2019. 
Ninety patients were excluded from the safety analysis, 
three who were lost to follow up and 87 because they did 
not fulfil the eligibility criteria of having no therapeutic 
response or intolerable side effects to immunosuppressant 
therapy taken before the study. Of the 104 patients in-
cluded, 22 (21.2%) patients were ≥65 years of age and 
57.7% of patients were female (Table 1). Complete age 
distribution is shown in Table 1. The median duration of 
MG was 42.7 months. The severity of MG was classified 
according to the Myasthenia Gravis Foundation of 
America (MGFA) clinical classification: Class 1 19.2%, 
Class 2a 29.8%, Class 2b 19.2%, Class 3a 10.6%, Class 3b 
7.7%, Class 4a 0%, Class 4b 1.0%, and unknown 10.6%. 
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Figure 2. Odds ratios and 95% 
CIs for the probability of experi-
encing an adverse event in the 
multivariable analysis accord-
ing to the medical character-
istics of the patient (LN study). 
1. Presence of previous illness 
versus unknown; 2. Absence of 
previous illness versus un-
certain; 3. Presence versus ab-
sence of renal impairment; 4. 
Mild LN versus severe LN; 5. 
Moderate LN versus severe LN.
CI: confidence interval, LN: lu-
pus nephritis.

No patients had renal impairment and two (1.9%) had 
hepatic impairment (Table 1). Further characteristics are 
shown in Supplementary Tables 1 and 7.
The mean (SD) daily dose of tacrolimus was 3.0 (0.0) 

mg and the total mean (SD) dose was 628.6 (246.2) mg 
(range 84.0∼1704.0). The mean (SD) duration of treat-
ment was 210 (82) days and the median was 211 days. 
Fourteen (13.5%) patients discontinued tacrolimus dur-
ing the study, 10 because of an AE, one because of lack of 
efficacy, and three for other reasons.
A total of 31 (29.8%) patients experienced 44 AEs, in-

cluding 25 ADRs in 21 (20.2%) patients (Table 4). 
Diarrhea and alopecia were the most common AEs and 
ADRs. Most AEs (30 [68.2%]) were considered to be 
mild, 11 (25.0%) moderate, and 3 (6.8%) severe. Just 
over half of the AEs (25 [56.8%]) were considered poten-
tially related to tacrolimus (Table 4). Fourteen of the 44 
AEs (31.8%) led to discontinuation of tacrolimus; only 
diarrhea and alopecia occurred in more than two patients 
(three patients each).
Nine SAEs were reported in nine (8.7%) patients (Table 

4), including four events classified as a serious ADR 
(Table 4). Three of the four ADRs were considered possi-
bly related to tacrolimus (diabetes mellitus, hyper-
glycemia, and cytomegalovirus infection); the fourth 
ADR (cardiac arrest) resulted in death and was classified 
as conditional/unclassified. The patient who died had a 
number of comorbidities: myofascial pain syndrome, si-
nusitis, subclinical hypothyroidism, osteopenia and a 
cyst on the lung. Unexpected AEs occurred in nine (8.7%) 
patients: heartburn (two patients), epigastric disorder, 
retinopathy, leiomyoma of uterus, cardiac arrest, lumbar 
pain, hoarseness, and common cold. Of these, heartburn 

(one patient), epigastric discomfort, and cardiac arrest 
were classified as ADRs.

1) Analysis of factors associated with AEs 
The univariable analysis found several demographic and 

medical characteristics associated with the occurrence of 
AEs (Supplementary Table 8). The incidence of AEs was 
higher in women than men (p=0.026), and in patients 
with previous or current illness (p=0.006 and 0.017, re-
spectively). The incidence of AEs also varied according to 
the MGFA clinical classification (p=0.029); AEs occurred 
in 5/20 (25%) patients in Class 1, 10/31 (32%) in Class 
2a, 5/20 (25%) in Class 2b, 4/11 (36%) in Class 3a, 6/8 
(75%) in Class 3b, 0/1 in Class 4b, 1/2 (50%) in Class 5, 
and 0/11 whose Class was unknown (no patients were in 
Class 4a) (Supplementary Table 8). Owing to the low pa-
tient numbers in Classes 4 and 5, the pattern of AE in-
cidence by MGFA Class cannot be interpreted. There was 
no significant association with the other factors analyzed, 
including duration of MG, concomitant therapy, age ≥65 
years, or hepatic or renal impairment (Supplementary 
Table 8). The multivariable analysis indicated that there 
was a significantly higher incidence of AEs in patients in 
MGFA Class 3b versus patients in Class 1 (p=0.025), and 
in patients with current illness versus patients with no ill-
ness (p=0.020) (Figure 3).

DISCUSSION

While clinical trials have provided invaluable data re-
garding the safety and efficacy of tacrolimus in auto-
immune diseases, it is important to monitor the perform-
ance of tacrolimus under real-world clinical practice con-
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Table 4. Adverse events and adverse drug reactions reported in the MG study

Event
No. patients or events (%) 

AEs ADRs

Patients with AE or ADR (n=104 patients) 31 (29.8) 21 (20.2)
AEs considered potentially related to tacrolimus* (n=44 AEs) 25 (56.8) NR
AEs leading to discontinuation of tacrolimus† (n=44 AEs) 14 (31.8) NR
Severity (n=44 AEs)
   Mild 30 (68.2) NR
   Moderate 11 (25.0) NR
   Severe 3 (6.8) NR
All AEs‡ (n=104 patients)
   Blood and lymphatic system disorders
      Anemia 1 (1.0) 0
   Cardiac disorders
      Cardiac arrest 1 (1.0) 1 (1.0)
   Eye disorders
      Retinopathy 1 (1.0) 0
   Gastrointestinal disorders
      Diarrhea 6 (5.8) 6 (5.8)
      Heartburn 2 (1.9) 1 (1.0)
      Dyspepsia 2 (1.9) 2 (1.9)
      Epigastric discomfort 1 (1.0) 1 (1.0)
      Dysphagia 1 (1.0) 0
      Nausea 1 (1.0) 1 (1.0)
      Bowel motility disorder 1 (1.0) 1 (1.0)
   General disorders and administration site conditions
      Chest pain 1 (1.0) 0
      Leg pain 1 (1.0) 0
      Lumbar pain 1 (1.0) 0
   Infections and infestations
      Herpes zoster 2 (1.9) 2 (1.9)
      Cytomegalovirus infection 1 (1.0) 1 (1.0)
   Metabolism and nutrition disorders 
      Hypercholesterolemia 1 (1.0) 0
      Hyperglycemia 1 (1.0) 1 (1.0)
      Diabetes mellitus 1 (1.0) 1 (1.0)
      Weight decrease 1 (1.0) 0
   Musculoskeletal and connective tissue disorders
      Myalgia 1 (1.0) 0
   Neoplasms
      Uterine leiomyoma 1 (1.0) 0
   Nervous system disorders
      Headache 2 (1.9) 2 (1.9)
      Hoarseness 1 (1.0) 0
   Renal and urinary disorders
      Urinary tract infection 1 (1.0) 0
      Urinary incontinence 1 (1.0) 0
   Respiratory, thoracic and mediastinal disorders
      Common cold 1 (1.0) 0
      Dyspnea 1 (1.0) 0
   Skin and subcutaneous tissue disorders
      Alopecia 5 (4.8) 5 (4.8)
      Increased sweating 1 (1.0) 0
      Hairiness 1 (1.0) 0
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Table 4. Continued

Event
No. patients or events (%) 

AEs ADRs

SAEs (n=104 patients) 9 (8.7) 4 (3.9)
   Cardiac disorders
      Cardiac arrest 1 (1.0) 1 (1.0)
   Gastrointestinal disorders
      Dysphagia 1 (1.0) 0
   General disorders and administration site conditions
      Chest pain 1 (1.0) 0
      Leg pain 1 (1.0) 0
      Lumbar pain 1 (1.0) 0
   Infections and infestations
      Cytomegalovirus infection 1 (1.0) 1 (1.0)
   Metabolism and nutrition disorders
      Hyperglycemia 1 (1.0) 1 (1.0)
      Diabetes mellitus 1 (1.0) 1 (1.0)
   Neoplasms
      Uterine leiomyoma 1 (1.0) 0

ADR: adverse drug reaction, AE: adverse event, MG: myasthenia gravis, NR: not reported, SAE: serious adverse event. *Includes 
AEs classified as certainly, probably/likely, or possibly related to tacrolimus, or those recorded as conditional/unclassified or not 
assessable/unclassifiable. †AEs leading to discontinuation were: diarrhea, heartburn, dyspepsia, nausea, alopecia, hyperglycemia,
herpes zoster, headache, and cardiac arrest. ‡All AEs reported are shown. 44 AEs were reported in 31 patients.

Figure 3. Odds ratios and 95% CIs for the probability of experiencing an adverse event in the multivariable analysis according to
the medical characteristics of the patient (MG study). 1. Continuous variable; 2. Male versus female; 3. Stated Class versus Class
1; 4. Presence versus absence of previous illness; 5. Presence versus absence of current illness. CI: confidence interval, MG: myas-
thenia gravis, MGFA: Myasthenia Gravis Foundation of America.

ditions, such as through post-marketing surveillance. In 
these post-marketing surveillance studies of tacrolimus 
in RA, LN and MG, the incidence of AEs and ADRs was 
not markedly different to that observed in other studies. 
Few unexpected AEs were reported; of the unexpected 
AEs that were considered as ADRs (suspected causal re-
lationship to tacrolimus), each individual event occurred 
in fewer than 1% of patients.
The incidence of AEs was 12.7% in RA, 20.9% in LN, 

and 29.8% in MG. SAEs were reported in 0.7% of patients 
with RA, 7.2% with LN, and 8.7% with MG. The in-
cidence of ADRs followed a similar pattern to AEs and 
was low considering the long surveillance period 
(approximately 10% in patients with RA and LN, and 
20% in patients with MG). Differences in the incidence of 
AEs might be explained by differences in tacrolimus dose 
and duration of exposure in the three indications; indeed, 
the mean daily dose was 1.5 mg in RA, 2.1 mg in LN and 
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3.0 mg in MG. Another explanation could be the different 
underlying diseases. As such, the safety profile of tacroli-
mus should be considered in each disease separately in 
terms of underlying disease activity, patient demographic 
characteristics, comorbidities and treatment protocols. 
For patients with RA, the incidence of ADRs was com-
parable with that reported in a Japanese post-marketing 
surveillance study of patients receiving add-on tacroli-
mus over 24 weeks following an inadequate response to 
biologic DMARDs [23,24]. An interim analysis of this 
study in 172 patients reported that 10.5% of patients ex-
perienced an ADR, whilst the final analysis in 624 pa-
tients reported an incidence of 15.1% [23,24]. By con-
trast, in patients with LN, the incidence of ADRs was low-
er than cited in the recent Japanese post-marketing sur-
veillance TRUST study that evaluated patients who were 
initiated and maintained on tacrolimus therapy over 5 
years (9.8% vs. 57.0%, respectively) [25]. This is possibly 
driven by the difference in size of the populations studied 
(1,355 vs. 307). Other plausible explanations might be 
the disparity in penetration of the surveillance systems, 
treatment protocols, length of exposure to tacrolimus, 
population characteristics and overall follow-up 
duration. For patients with MG, while there are no pub-
lished data from similar post-marketing surveillance 
studies, the incidence of AEs and SAEs was comparable 
with a previously reported 4-year retrospective Chinese 
study (24.7% and 7.2%, respectively) [26]. 
Although the AE and ADR profiles differed between the 

three autoimmune diseases assessed, the most common 
events cited were generally consistent with previous 
reports. For example, the most common AEs and ADRs 
reported for patients with RA were gastrointestinal dis-
orders—particularly abdominal pain—which is in line 
with findings from the Japanese post-marketing surveil-
lance study by Ishida et al. [23]. and clinical studies, in-
cluding those involving Korean patients [11,13,27]. 
Pharyngitis was the most common AE and ADR in pa-
tients with LN, consistent with the post-marketing sur-
veillance TRUST study in which the most common ADRs 
included nasopharyngitis [25]. Diarrhea and alopecia 
were the most common AEs and ADRs in patients with 
MG, and hyperglycemia was reported as an SAE in one 
patient. Gastrointestinal disturbances accounted for ap-
proximately one-third of all ADRs reported in a multi-
center study in Korean patients with MG receiving tacroli-
mus [20], and were common AEs in a retrospective study 
of 160 Korean patients [28]. Co-occurrence of MG and 

alopecia has been previously reported [29]. Notably, the 
incidences of AEs of concern in solid organ transplant pa-
tients receiving tacrolimus (namely hypertension, trem-
or, diabetes and increased creatinine level) were low in 
these post-marketing surveillance studies of auto-
immune diseases. This might be because the dose of ta-
crolimus used for transplant patients is higher than for 
RA, LN and MG, and the patient characteristics are differ-
ent in each disease. The lack of AEs of concern seen in 
transplant patients is encouraging for clinicians, but 
highlights that the AE profile for tacrolimus differs de-
pending on the clinical indication for its use. 
Because of the narrow therapeutic index of tacrolimus, 

more dose adjustments are required during the first 
weeks of treatment than during long-term use. It might, 
therefore, be expected that patients will experience rela-
tively more AEs and ADRs during short-term use com-
pared with long-term use when a steady dose and blood 
drug level are established. On the other hand, long-term 
use might be associated with a higher incidence of oppor-
tunistic infections as a result of a compromised immune 
function. However, the low incidence of infections re-
ported here suggests that long-term use of tacrolimus 
was not associated with an unacceptably increased risk of 
infection in patients with RA, LN and MG. 
In these post-marketing surveillance studies, the nature 

and incidence of ADRs were as expected from the package 
insert. However, 33 unexpected AEs were reported in RA 
patients, of which 17 were considered ADRs: elevated 
C-reactive protein, elevated erythrocyte sedimentation 
rate, facial edema, unspecified gastrointestinal disorder, 
xerostomia, hiccups, infectious arthritis, arthritis, vagi-
nitis, vaginal bleeding, dermatitis and worsening RA. 
Eleven unexpected AEs were reported in patients with 
LN, of which three (autoantibody reaction, verruca and 
pyelonephritis) were considered ADRs, and nine un-
expected AEs were reported in patients with MG 
(heartburn, epigastric discomfort and cardiac arrest were 
considered ADRs). The unexpected AEs and ADRs could 
be attributed to patients’ underlying disease or other con-
founding factors. Further research is required in this area. 
This highlights the importance of continued post-market-
ing surveillance to raise awareness among clinicians re-
garding the AEs that might be experienced by their 
patients.
Results of the multivariable logistic regression analysis 

in patients with RA showed that the presence of a compli-
cation or comorbidity was associated with a higher in-
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cidence of AEs compared with their absence. Similarly, in 
patients with MG, the presence of current illness was as-
sociated with a higher incidence of AEs compared with its 
absence, as was the presence of Class 3b illness compared 
with Class 1. These findings are expected, as AEs may de-
velop due to underlying conditions during the admin-
istration of tacrolimus. However, no statistically sig-
nificant association between background medical factors 
and the incidence of AEs was identified in the LN study. 
In patients with MG, the incidence of AEs was higher in 
women than in men in the univariable analysis (p= 
0.026), although there was no significant difference in the 
multivariable analysis. No other studies of tacrolimus in 
RA, LN or MG have compared the incidence of AEs be-
tween sexes; however, a study of patients in the US MG 
patient registry receiving prednisone found that women 
reported AEs and intolerable AEs more frequently than 
men (95% vs. 81% and 77% vs. 50%, respectively) [30]. 
Whether these findings are the result of women experi-
encing more AEs than men, being more willing than men 
to report AEs, or for other reasons, is unclear. 
These analyses were associated with the limitations typ-

ical of post-marketing surveillance studies. For example, 
no data were available regarding the number or character-
istics of patients who declined to participate or were lost 
to follow-up. Although the aim was to collect data from 
300 patients in each study, only 104 patients with MG 
were included. The analysis of demographic and medical 
factors affecting safety outcomes did not adjust for the 
length of exposure to tacrolimus. Furthermore, as data 
were collected from Korean patients, the safety of tacroli-
mus in autoimmune diseases should be confirmed in oth-
er patient populations. Despite their limitations, these 
post-marketing surveillance studies included a relatively 
large number of patients and provide useful long-term da-
ta regarding the safety of tacrolimus in autoimmune dis-
eases under real-life clinical practice conditions.

CONCLUSION

In these post-marketing surveillance studies, the overall 
incidence of AEs was low, but several unexpected AEs 
were identified. This highlights the need to routinely per-
form drug surveillance in patients with autoimmune dis-
ease receiving tacrolimus therapy. However, results were 
aligned with previous and the most recent safety data on 
tacrolimus in these indications.
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