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ABSTRACT

Objective: This study aimed to analyze the important medical adverse events (IMEs) of cyclosporine and tacrolimus using the
reports in US FDA adverse event reporting system (FAERS) and to detect related signals. Methods: The FAERS database was used
to analyze the IMEs reported for cyclosporine or tacrolimus during 2017-2021. Reporting odds ratio (ROR) and information
component were used to analyze signals for adverse events of both drugs. It was investigated whether the detected signals were
present on drug labels in Korea and the United States. Results: Among the total 24,688 reports, the reports on tacrolimus accounted
75.8%. Mean age of the patients was 47.9 years old and median number of adverse events was 2.0 per report. The number of patients
hospitalized for adverse events was 7,979 (25.3%). Among the adverse reactions reported on the cyclosporine and tacrolimus, 576
and 1,363 events were detected as signals for cyclosporine and tacrolimus, respectively, and of these, IMEs accounted for 44.8 and
59.2%, respectively. The IMEs related with infections/infestations, renal/urinary disorders, and blood and lymphatic system
disorders were reported frequently for both drugs. The most frequently detected IMEs were renal impairment for cyclosporine and
acute kidney injury for tacrolimus. Among the top 3 IMEs for each reported SOC for cyclosporine and tacrolimus, 9 and 2
unexpected adverse events were identified, respectively. Conclusion: This study identified the IMEs and signals of cyclosporine and
tacrolimus, and detected unidentified adverse events in a drug information database.
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odds ratio, ROR), A X AJ¥(information component, IC)S %
221 dloJErfed (data-mining) A|3EE ARgste] Arle]
ARE 2302 golgjrlolgoldt thits dHoEHlo]
oA darg)ES B3l oldshA ZAWE F-2 A% Aol
U ES gohlis AR, ApEH Bl AlgdXe 54 oF
B3} o] At Alole] ABAS F91tr] sl ARg-H) 42
AviE]g R o] 7} AR 5L oFE-ol i dAte 3] NIEE A
= 2x2%-8HE(2x2 contingency table)S F3| AXFSIAT
RORS 574 &< oJ3l] A3 o] dAla o] 2 =(odds)yE L
H2 o2 SR Qe g oAHY 222 vk Flo]
ot ICe 54 o= 54 ik A= Sz g
Sk 739, ol50] A HAE SES o 58 gER 5
A Ak AT g Fo2 v ghelth. Avkel
B 9 7132 RORY| a4 ROR>20| 1L, y2>40]H, 8| F
oA Bl 472331 Z--o1H, 1C e ICRES] 95%
217) 3}8kA]9] ZAKERS] 1C0255 7|F22 102520 < 7%
o|t}.2023:26) o] T 7] BE RISl o)Al S 7t ko]
Al B = A oJstqitt

2017-2021'a F<F CNI2| o] gALH| & Hargh gkxte] Q1+t
2 54089, AET, 14, A F R E AR ), Hale] &
AEI A%, B}, e S ESS, oA H, A7
gk oAbl sl 7hol-Aly A8E AlBetdt o gE
©] 0.05 P]¥+ o o, TAX o2 fFofitial IStk B 5
Al 248 SAS software ver. 9.4 (SAS Institute Inc, Cary,
NC)E ©]-8-3titt.
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2017A5-E] 2021'd7HA] ZF CNIell thsl]l FAERS Al&% X2
18] 4 Table 19 AASIATE 713 ) Barg oAl
E 5 CsAdl 93 oAk Bl 74 5,9827, Tace
18,7087°] 1t} CNIZ A-8-3F A 82} 5 Tacol] 23] 24y
3l o)Al Bl A7) 75.8%% CsA2] Bl 7A53(24.2%)ell
H3) oF 3u] AT Bkrh Huzle] A BEXE= 40-600)7}
A 44.9% (11,096)= A543, H AL 47.941%
t}. B 1371= North AmericaZ} 23)9] 53.8% (13,270)0] 12,
1 F vl=o] MAY 46.6%F 7 Bkth 3} ofrlofel]
A9 Bare 242} 23.69) 15.8%% 1 F= o]tk 2019 o]
Zof] Ru1g Ao A9 64.0%]H 20173 o] FHE B}
7kl FAlolth. Bal & o AR = sl HarelA
I 3P} B8shs 28 FEoA Yehd PTY] 7S 9]
gt Bl g oAl o] SRS ) CsAS] 7% 2.0
(1-56)3, Tace= 2.0 (1-46)3°] T} Halxl= oAl ofALE 3
313} o] 8 AF-7}5(healthcare professionals)®] 77.4% (health

22.1%,; 21.8%;
physician, 20.0%; pharmacist, 13.5%)333L, 24| &}l 2]3F B
= 18.5%A. F FEolA Hare] ZF EAL 5 p-value
7} 0.001 w|REo g SAZ SR Folgt xfolE KAt SAE=
CsA©] 6,869, TacZ} 24,6137 2.2 B 31,4820, 1 =
9 (hospitalization)®] 25.3%=Z 7} 234 THTable 2).

professional, other health-professional,

CNIOfl CHEt o|MALZS] E4

2017 dE 2021714 HaiEl CsAdl] 23 o dAlel=
13,3287, Tacoll 2] 3k o] Al = 39,308710.2 CNIdl| 2J3t o]
ZAH S Tacoll &3k oA 74.7%5 ARG 713
FAERSe B.a1% 7} o)A el & s g3h= SOCE ek A},
CsAdllA 717 Eo] Bard o] At H4l Aol 9 Fof -9
Bl (general disorders and administration site conditions)
(18.2%)°]H 743 & 7]A= 7+ (infections and infestations)
(17.0%), &4, 5 2 A& @83 (injury, poisoning and
procedural complications) (12.2%)°¢] L FE ©|1t}. TacollA
=3 B 7S 2E(25.7%)0] 7P Bol HarEflar, &4,
= B AlE 8S(15.0%), A g B Fof 9] HHE
(10.9%) =02 F oF29] tHIE SOCe] =l =]z} AR
THSupplement Fig. 1).

CNIOl CHet =2 o|adAtz| & Aloj2|HE

CsAo| A BarH oA & 5767, Tacoll Al Har® o] AL
g Z 1,363710] Anfg|HEE =ZH At 1 5 IME] 3lig
&= ol dAlEl= CsAo] 2587402 44.8%, TacZ} 8077102
59.2%JTHFig. 1). 4] 770 SOCe) s dsh= Avle] B =
HAE oVARIE T 7H Bol HEH 319 IMES CsAY%
Tac Z¥z+o] thal) VFER QATK Tables 3, 4).

CsAdlA SOCH 7F4 o] =&H IME= A& (renal
impairment) [35971; ROR (95% CI), 3.5 (3.2-3.9)], A Z
nlo]# 27 (cytomegalovirus infection, CMV) [29771; 14.6
(13.0-16.4)], FFHI/IS9 A= YZ5F 7 (posterior reversible
encephalopathy syndrome) [13473; 12.9 (10.8-15.3)], A=
2k 918 (aplastic anaemia) [13071; 29.6 (24.7-35.4)], o] A%
S 29 A8 (posttransplant lymphoproliferative disorder)
[11871; 19.0 (15.8-22.8)] =22 BT} Tace] A F341%
“J(acute kidney injury) [119873; 2.8 (2.7-3.0)], @A v]&&
TS (thrombotic microangiopathy) [76871; 61.8 (57.1-
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Table 1, Characteristics of adverse event reports of calcineurin inhibitors from 2017 to 2021

Characteristic Total, n (%) Cyclosporine, n (%) Tacrolimus, n (%) p-value
Number of reports 24,688 5,982 (24.2) 18,706 (75.8) -
Age, years <.0001
Mean, SD 479,202 46.1,22.0 48.3,19.7
<40 5,489 (22.2) 1,354 (22.6) 4,135 (22.1)
40-69 11,096 (44.9) 2,127 (35.6) 8,969 (47.9)
>70 2,012 (8.1) 505 (8.4) 1,507 (8.1)
Unknown 6,001 (24.7) 1,996 (33.4) 4,095 (21.9)
Gender <.0001
Male 11,792 (47.8) 2,638 (44.1) 9,154 (48.9)
Female 9,775 (39.6) 2,555 (42.7) 7,220 (38.6)
Others 8 (<0.1) 3(0.1) 5(0.0)
Unknown 3,121 (12.6) 786 (13.1) 2,332 (12.5)
Country <.0001
North America 13,270 (53.8) 3,305 (55.2) 9,965 (53.3)
South America 785 (3.2) 76 (1.3) 709 (3.8)
Europe 5780 (23.4) 1,253 (21.0) 4,527 (24.2)
Asia 3,988 (16.2) 1,174 (19.6) 2814 (15.0)
Others 514 (2.1) 81 (1.4) 433 (2.3)
Unknown 351 (1.4) 93 (1.6) 258 (1.4)
Date of administration (year) <.0001
2021 4,884 (19.8) 1,186 (19.8) 3,698 (19.8)
2020 5,750 (23.3) 1,687 (28.2) 4,063 (21.7)
2019 5,170 (20.9) 1,470 (24.6) 3,700 (19.8)
2018 4,875 (19.7) 768 (12.8) 4,107 (22.0)
2017 3,978 (16.1) 865 (14.5) 3,113 (16.6)
Others 7(0.0) 3(0.1) 4(0.0)
Unknown 24 (0.1) 3(0.1) 21(0.1)
Number of adverse events per report, median (range) 2.0(1-179) 2.0 (1-56) 2.0 (1-46) <.0001
Indication for the use of CNI <.0001
Prophylaxis against transplant rejection 10,448 (42.1) 1,384 (23.0) 9,064 (48.3)
Autoimmune disease 1,408(5.7) 760 (12.6) 648 (3.5)
Immunosuppression 4,047 (16.3) 577 (9.6) 3,470 (18.5)
Treatment of graft versus host disease 385 (1.6) 132 (2.2) 253 (1.3)
Others 2,157 (8.7) 1,000 (16.6) 1,157 (6.2)
Unknown 6,357 (25.6) 2,170 (36.0) 4,187 (22.3)
Reporter <.0001
Healthcare professionals 19,101 (77.4) 4,304 (71.9) 14,797 (79.1)
Consumers 4,559 (18.5) 1,474 (24.6) 3,085 (16.5)
Others 7(0.0) 3(0.1) 4(0.0)
Unknown 1,021 (4.1) 201 (3.4) 820 (4.4)

SD, standard deviation; CNI, calcineurin inhibitor
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Fig. 1. Ratio of the IME among signals detected in FAERS database.
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14.7% (78671), & = A Zoll(blood and lymphatic
system disorders) 10.7% (57571)°] 1 HE& o]th(Fig. 2).
Tac®] 745 8077HA1(HA] 2469670014 24 2 7185 7+
35.5% (8760%1), 217 2 8= ol 15.4% (3791%1), &4 &
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o] zpo)7} ATk

391 7709 SOC ZZellA] IMES) sfjdal= Al iR &
TUle] BTl GERAA] g2 oPAlE CsAe] A5 713
R Ho}2~w 2 F2~Z(bronchopulmonary aspergillosis), ¢}~
¥ 22327 (aspergillus  infection), Z3AIWE< (cystitis
haemorrhagic), AYEFEHE, S50 /35Fa"(myelodysplastic
syndrome), FAZ5* 3 EH (acute myeloid leukaemia), &
A5 FTP=F T (acute respiratory distress syndrome), |4

=

JM)713A] < (obliterative  bronchiolitis), & (pulmonary
haemorrhage) & 12 ER1E At} Tace P|THIEBA - Z
Z(diffuse large B-cell lymphoma), ZAFHF 7145 (pneumatosis
intestinalis)& 27] 7} &<1= T}
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£ AFelXE vl= FDAS] APH2] e o)Al Raats
= ¢|o]E ulo]d A% 2] ROR, ICE ©]-§-3}a] CNI2] oFE o]
2] ArlE] AR E EX5199 ). FAERS Public Dashboard
o W=% CsA9} Tac A77IZFs?t 242} 33,0817, 49,033
719] caseZ} L= AR 9}, voclosporin®] B iA4E 21 3
3 =2t 3307102 wj$- 2 k.2 w3k ol A voclosporin
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Table 2. Serious adverse events(SAE) reports of calcineurin inhibitors from 2017 to 2021

Serious adverse events (SAE) Total, n (%) Cyclosporine, n (%) Tacrolimus, n (%)
Congenital anomaly 19(0.1) 2(0.0) 17 (0.1)
Death 3,426 (10.9) 880 (12.8) 2,546 (10.3)
Disability 179 (0.6) 65 (1.0) 114 (0.5)
Hospitalization 7,979 (25.3) 1,314 (19.1) 6,665 (27.1)
Life-threatening 1,252 (4.0) 207 (3.0) 1,045 (4.3)
Required intervention to prevent permanent 19(0.1) 7(0.1) 12 (0.1)
impairment/damage
Others 13,949 (44.3) 3,241 (47.2) 10,708 (43.5)
Unknown 4,659 (14.8) 1,153 (16.8) 3,506 (14.2)

B ATelA] 2t oF=e) tigk odAte] Rl = TacZt CsA
o Hla] < A= EATH FAERS A5 ZHuto] gk =7t
AlElo]E1E E4331= OpenVigilFDASIME AlFo]2] 285
o thgk Taco] oA Hildg~ CsARTE oF 3uf O @Sk
020 F=15S Yoz F oFEo] tR 852 Ao
2] | Aol gk A oA A A AS FAS ATl
TacZ} 33 WA A Q& At S} CsAS 3
She A A @S APke- ghxlol] H]e) -2)5HA] Bekth?)

T8 o5hH o gAREIQ]l IMES dFshes oSS &
A3 A3, 717 Bo) Bard o Akl E CsAY} Tac 242 217
ofje} FAAIEF AT CNIE A3 Aol A YEh= o)
FARQI o dkgo] AlgHsk HHE Flolge AR wi-
2 g A Q303 ONIE AT FE2AF o) da
TS doAX A F % GFRE A7 Yo Al
71%59] AAZQ 48 Fa3IT 3 ONIE 371014 $AkE
O AAAAA 25 Fo| ARG-HT 53] 417 o] 2 Ao &= CNI
= T5old AFREES oisial o]AE 1371 AES
ekt aazo)x|wh3) 93] CNIY AEAdo= <)
T FF0]2] A1 (chronic allograft nephropathy) $-7]
o= 5% o]4] £4o] Y= g} 343

7 TS CNIS) 78 odRkg- 5 slufoltt. o|H A+ 2
FHoME a7 FAHE Tt AvleiRREe] gAHAS
™, H8F(sepsis)S HIFE3IS] CMV, ol 2452, B2}
% " (pneumocystis jirovecii pneumonia, PJP), Z&] 2w}
o]# 2 (polyomavirus)2} #FHHE oAV 7Y BoTh
(Supplement Table 4). &g WAAAAE ASF Y
’d T AT FEo] FTFPH, 5-18419] Ao} Aol
282} Tacs H-83F TP} CsAS 583 gkxjol] Bls)
CMV$} BK Hlol2]2 dFo] Uehd ghEo] Hthe A72%
7F ek Tacz} AlA=a 9] Al EolA BK Z8]Qrhuto)
0] EA|E &A4slsie] BK Hlo|g|2 So] T Al29] 54
2 olsle] BK £l erbuloleis e o 4 ik
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T8)al ONEE ARS8he Sl A543 e o1
Hgoll M= Folw desitt. F o= 25 854
HuEglet], o8] dgollA CNI® 8 2178 o) 4Rk
o7 9y, o, EUSo] AXEHANCH, HE IAIE
e gE, =, A4 B, elde] o dARE CsAR
oF Tacoll A TPl 2 vhehde} 139 5 o R A S50
719 SSFe] HasQl=dl o= CNI9| Azsk &
Hesow, vdshy
& EAY A BE TSI 71 F ot}
2 Ao} B ok E HaHgle
HE L7 Z(pancytopenia)y} &3 AJ T
o] tHl® Avig]gr = =ZHUtt. CNIel| ths]
oF= 24 @A mAIEWE Tl B3 B A7Eo] ol
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Table 3. The important medical adverse events of cyclosporine identified as signal in each of SOC from FAERS database

Primary ROR IC Drug label* Drug label®
SOC IME! ted
s S SUSPECIEd 95051y (1C025)  (MFDS)  (FDA)
cases, n
Infections and infestations CMV infection 297 14.6 3.8 Y Y
(13.0-16.4) (3.6)
Bronchopulmonary aspergillosis 68 7.5 2.8 N N
(5.9-9.6) 2.4
Aspergillus infection 59 6.4 2.6 N N
(5.0-8.3) 2.2)
Renal and urinary disorders Renal impairment 359 35 1.8 Y Y
(3.2-3.9) (1.6)
Nephropathy toxic 185 18.0 4.0 Y Y
(15.5-20.9) (3.8)
Cystitis haemorrhagic 78 20.5 4.1 N N
(16.4-25.8) (3.8)
Blood and lymphatic Aplastic anaemia 130 29.6 4.6 N N
system disorders (24.7-35.4) 44
Pancytopenia 112 2.1 1.0 N Y"
(1.7-2.5) 0.7)
Thrombotic microangiopathy 111 11.0 34 Y Y
(9.1-13.3) (3.0
Nervous system disorders Posterior reversible encephalopathy 134 12.9 3.6 Y Y
syndrome (10.8-15.3) (3.3)
Encephalopathy 54 22 1.1 Y Y
(1.7-2.9) 0.7)
Neurotoxicity 50 24 12 Y Y
(1.8-3.1) 0.7)
Neoplasms benign, post transplant lymphoproliferative 118 19.0 4.1 Y Y
malignant and unspecified disorder (15.8-22.8) (3.8)
(incl cysts and polyps) myelodysplastic syndrome 39 29 1.5 N N
(2.1-3.9) 0.9
acute myeloid leukaemia 35 23 1.1 N N
(1.6-3.2) (0.6)
Respiratory, thoracic and Acute respiratory distress syndrome 38 22 1.1 N N
mediastinal disorders (1.6-3.1) (0.6)
Obliterative bronchiolitis 34 21.5 4.0 N N
(15.2-30.3) 3.4
Pulmonary haemorrhage 21 2.8 1.4 N N
(1.8-4.2) 0.7)
Gastrointestinal disorders Impaired gastric emptying 43 49 22 N N
(3.6-6.6) (1.7)
Pneumatosis intestinalis 11 34 1.6 N N
(1.9-6.2) (0.6)
Anal ulcer 5 6.1 2.0 N N

(2.5-14.8) (0.5)

AE, adverse event; CMYV, cytomegalovirus; IC, information component; IME, important medical adverse events; ROR, reporting odds ratio;
SOC, system-organ class; MFDS, Ministry of Food and Drug Safety; FDA, Food and Drug Administration.

%Y, the IME which was listed on the adverse reaction section of cyclosporine of the drug label; N, the IME which was not listed on the adverse
reaction section of cyclosporine of the drug label

* the IME identified by Post Market Surveillance
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Table 4, The important medical adverse events of tacrolimus identified as signal in each of SOC from FAERS database

Primary ROR IC Drug label® Drug label®
SOCs IMEs suspected
cases,n  (95%CI)  (IC025) (MFDS)  (FDA)
Infections and infestations CMV infection 705 24.7 4.5 Y Y
(22.9-26.7) 4.3)
Sepsis 501 2.8 1.4 Y Y
(2.5-3.0) (1.3)
Septic shock 380 5.7 2.5 Y Y
(5.1-6.3) 2.3)
Renal and urinary disorders Acute kidney injury 1198 2.8 1.5 Y Y
(2.7-3.0) (1.4)
Renal impairment 754 5.1 23 Y Y
(4.7-5.4) 2.2)
Nephropathy toxic 274 183 4.1 Y Y
(16.2-20.7) 3.9
Blood and lymphatic Thrombotic microangiopathy 768 61.8 5.6 Y Y
system disorders (57.1-66.9) (5.5)
Leukopenia 337 4.0 2.0 Y Y
(3.6-4.4) (1.8)
Pancytopenia 241 3.0 1.6 Y Y
(2.7-3.5) (1.4)
Nervous system disorders Posterior reversible encephalopathy 379 26.1 4.5 Y Y
syndrome (23.5-29.0) 4.4)
Neurotoxicity 182 5.9 2.5 Y Y
(5.1-6.8) 2.3)
Encephalopathy 175 4.9 2.3 Y Y
(4.2-5.7) (2.0)
Neoplasms benign, Post transplant lymphoproliferative 500 64.6 5.6 Y Y
malignant and unspecified disorder (58.5-71.2) (5.5
(incl cysts and polyps) Kaposi's sarcoma 158 29.5 4.6 N Y
(25.0-34.8) 4.4
Diffuse large B-cell lymphoma 145 122 3.5 N N
(10.4-14.5) 3.2)
Respiratory, thoracic and Respiratory failure 431 3.9 2.0 Y Y
mediastinal disorders (3.6-43) (1.8)
Acute respiratory distress syndrome 124 4.9 2.3 Y Y
(4.1-5.9) (2.0)
Respiratory distress 113 2.8 1.4 Y Y
(2.3-3.3) (1.1
Gastrointestinal disorders Ascites 143 3.1 1.6 Y Y
(2.6-3.7) (1.3)
Pancreatitis acute 75 24 1.3 Y Y
(1.9-3.1) (0.9)
Pneumatosis intestinalis 43 9.3 3.0 N N

(6.8-12.6) 2.5)

AE, adverse event; CMV, cytomegalovirus; IC, information component; IME, important medical adverse events; ROR, reporting odds ratio;
SOC, system-organ class; MFDS, Ministry of Food and Drug Safety; FDA, Food and Drug Administration.

%Y, the IME which was listed on the adverse reaction section of tacrolimus of the drug label; N, the IME which was not listed on the adverse
reaction section of tacrolimus of the drug label

* the IME identified by Post Market Surveillance
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