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ABSTRACT

Background: The use of immune checkpoint inhibitors (ICIs) for advanced cancer is increasing, particularly in combination with
chemotherapy. However, previous studies have focused on immune-related adverse events (irAEs) in specific organs, with limited re-
search on combination therapy. Objective: We aimed to detect signals of adverse drug reaction (ADR) in both ICIs plus chemotherapy
and ICIs alone compared to chemotherapy. Methods: We investigated individual case safety reports (ICSRs) between 2014 and 2022
using Korea Institute of Drug Safety and Risk Management Korean Adverse Event Reporting System database (KIDS KAERS DB
(2304A0076)). We defined adverse events (AEs) and drugs using MedDRA and the national drug code directory provided by the Min-
istry of Food and Drug Safety. To detect signals, we performed disproportionality analysis using indices of reporting odds ratio (ROR)
and information component (IC). Results: We identified 206,959 ICSRs in the KIDS KAERS DB, of which 5,154 contained ICIs and
201,805 were for chemotherapy. Compared to chemotherapy, radiation pneumonitis (ROR, 2313.6; IC, 5.4), hyperthyroidism (ROR,
53.4; 1C, 4.2), and eczema (ROR,18.3; IC, 3.4) were detected as signals for ICIs. For ICIs with chemotherapy, additional signals in-
cluding heart failure (ROR 9.65; IC 2.45), proteinuria (ROR 28.67; IC 4.16), and urinary tract infections (ROR 3.46; IC 1.03) were
detected. Conclusion: The study highlights an essential signal of ADRs associated with ICIs, both alone and in combination therapy,
with conditions such as hyperthyroidism, hypothyroidism, and pneumonitis. These AEs should be monitored in clinical settings.
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Fig. 1. Flow chart of a spontaneous adverse event reporting disproportionality analysis
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Table 1. Reported characteristics by treatment type in KIDS-KAERS DB, 2014-2022

ICIs
. Only ICIs Combination with Chein otherapy
Characteristics (N=4,314) chemotherapy (N=840) (N=201,805)
N % N % N %
Age
<39 138 3.2 32 3.8 21,416 10.6
40-49 298 6.9 90 10.7 30,592 15.2
50-59 877 20.3 214 25.5 53,395 26.5
60-69 1,588 36.8 308 36.7 55,366 27.4
70-79 1,157 26.8 177 21.1 34,756 17.2
>80 256 5.9 19 2.3 6,278 3.1
Unknown 0 0.0 0 0.0 2 0.0
Sex
Male 3,221 74.7 441 52.5 85,260 422
Report type
Spontaneous 1,437 333 269 32.0 155,936 77.3
Research 2,644 61.3 521 62.0 41,669 20.6
Others 233 5.4 50 6.0 4,200 2.1
Reporting year
2014 0 0.0 0 0.0 25,912 12.8
2015 4 0.1 0 0.0 16,293 8.1
2016 29 0.7 0 0.0 21,890 10.8
2017 59 1.4 5 0.6 25,756 12.8
2018 271 6.3 16 1.9 26,437 13.1
2019 475 11.0 70 8.3 27,236 13.5
2020 1,223 28.3 182 21.7 29,559 14.6
2021 801 18.6 204 24.3 19,944 9.9
2022 1,452 33.7 363 432 8,778 4.3
Original reporter
Physician 2,937 68.1 633 75.4 61,050 30.3
Pharmacist 279 6.5 46 5.5 20,476 10.1
Other healthcare professionals 853 19.8 100 11.9 112,833 55.9
Lawyer 0 0.0 0 0.0 1 0.0
Consumer or others 216 5.0 54 6.4 5,583 2.8
Unknown 29 0.7 7 0.8 1,862 0.9
Serious adverse event 1,538 35.7 499 59.4 24,214 12.0
Significant disability/incapacity 14 0.3 7 0.8 269 0.1
Life threatening 28 0.6 4 0.5 836 0.4
Death 329 7.6 41 4.9 2,206 1.1
Hospitalization 827 19.2 365 435 11,361 5.6
Other important medical event 1,001 23.2 198 23.6 12,647 6.3
Congenital malformation/abnormality 0 0.0 0 0.0 2 0.0

Abbreviation: ICIs, immune checkpoint inhibitors.
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ICIs

SOC Monotherapy C?:I}?:;Eitliz?a:}ith Chemotherapy

N (%) N (%) N (%)

Total 10,374 100.0 2,112 100.0 703,602 100.0

Blood and lymphatic system disorders 243 2.3 128 6.1 129,123 18.4
Cardiac disorders 84 0.8 30 1.4 3412 0.5
Congenital, familial and genetic disorders 2 0.0 - 0.0 147 0.0
Ear and labyrinth disorders 12 0.1 3 0.1 1,144 0.2
Endocrine disorders 245 24 58 2.7 720 0.1
Eye disorders 62 0.6 38 1.8 4,030 0.6
Gastrointestinal disorders 1,110 10.7 262 12.4 158,469 22.5
General disorders and administration site conditions 1,532 14.8 181 8.6 68,737 9.8
Hepatobiliary disorders 85 0.8 35 1.7 2,220 0.3
Immune system disorders 11 0.1 9 0.4 1,979 0.3
Infections and infestations 587 5.7 119 5.6 27,322 39
Injury, poisoning and procedural complications 1,640 15.8 441 20.9 4,229 0.6
Investigations 777 7.5 166 7.9 63,826 9.1
Metabolism and nutrition disorders 563 54 71 34 34,374 49
Musculoskeletal and connective tissue disorders 382 3.7 36 1.7 24,809 3.5
Neoplasms benign, malignant and unspecified (incl cysts and polyps) 131 1.3 38 1.8 4,009 0.6
Nervous system disorders 370 3.6 73 3.5 39,923 5.7
Pregnancy, puerperium and perinatal conditions - 0.0 - 0.0 51 0.0
Psychiatric disorders 204 2.0 21 1.0 7,879 1.1
Renal and urinary disorders 123 1.2 62 2.9 5,872 0.8
Reproductive system and breast disorders 20 0.2 6 0.3 2,322 0.3
Respiratory, thoracic and mediastinal disorders 912 8.8 104 4.9 33,323 4.7
Skin and subcutaneous tissue disorders 1,173 11.3 136 6.4 73,365 10.4
Social circumstances - 0.0 1 0.0 - 0.0
Surgical and medical procedures 35 0.3 26 1.2 327 0.0
Vascular disorders 70 0.7 68 32 11,954 1.7
Product issues 1 0.0 - 0.0 36 0.0

Abbreviation: ADR, adverse drug reaction; SOC, system-organ class; ICIs, immune checkpoint inhibitors.
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Table 3. PT signal detection results of the top 30 reported ADR (ICIs only vs Chemotherapy)

Label
PT name SOC name ICIs Chemo ROR IC low ¥  Micromedex
& MFDS
;rizziz(;;;gi:nsi:{;:(tiiuols of Injury, poisoning and procedural complications 1278 152 65024 583 7734875 )
Pneumonia Infections and infestations 257 3,486 5.10 2.06 770.01 Y
Fatigue General disorders and administration site conditions 230 5,693  2.78 1.23  246.34 Y
Condition aggravated General disorders and administration site conditions 195 738 1825 3.62 2467.54 Y
ﬁli[r):;tsz;tg aminotransferase  Investigations 181 5567 223 090 11640 v
Pneumonitis Respiratory, thoracic and mediastinal disorders 178 373 3291 423 3665.60 Y
Off label use Injury, poisoning and procedural complications 136 999 9.34 279 880.21 -
Hypothyroidism Endocrine disorders 121 302 2748 4.01 2179.23 Y
Death g;ndeii?(l) rclls1sorders and administration site 93 406 1567 337 102982 N
Drug ineffective General disorders and administration site conditions 73 842 5.91 2,13 27243 -
xggilszrilé ;eoplasm zlggly)ie;]sslsgsazzn;irll; I1)1;;11ignant and unspecified 66 363 591 194 20749 N
Pleural effusion Respiratory, thoracic and mediastinal disorders 55 957 3.91 1.53  112.21 N
Sputum abnormal Investigations 49 949 3.51 1.37 83.40 N
Blood creatinine increased Investigations 48 1,449 2.25 0.75 32.21 Y
Eczema Skin and subcutaneous tissue disorders 48 179 1827 343 614.97 Y
Haemoptysis Respiratory, thoracic and mediastinal disorders 41 426 6.55 216 175.18 Y
Accident Injury, poisoning and procedural complications 40 3 907.81 5.38 2518.25 N
Adrenal insufficiency Endocrine disorders 38 238 10.87 2.78 29245 Y
Interstitial lung disease Respiratory, thoracic and mediastinal disorders 35 176 13.53 3.03 337.64 Y
Radiation pneumonitis Injury, poisoning and procedural complications 34 1 231358 5.38 223829 N
C-reactive protein increased  Investigations 30 649 3.14 1.12 41.74 Y
Eéﬁ?l‘i);};yiﬁ’;feztsi:(’iulat‘ng Investigations 30 126 1619 320  344.40 Y
Product prescribing error Injury, poisoning and procedural complications 28 41 46.44 420  737.79 -
Hepatitis Hepatobiliary disorders 27 168 1093 2.71  209.22 Y
Gastrooesophageal reflux disease  Gastrointestinal disorders 26 382 4.63 1.61 69.00 Y
Diabetes mellitus Metabolism and nutrition disorders 26 520 340  1.19  41.78 Y
Anxiety Psychiatric disorders 24 737 2.21 0.59 15.39 N
Product use issue Injury, poisoning and procedural complications 24 28 5827 432 72571 -
Surgery Surgical and medical procedures 24 99 1648 3.16 280.20 N
Hyperthyroidism Endocrine disorders 22 28 5340 423  632.17 Y

Abbreviation: ADR, adverse drug reaction; PT, preferred term; SOC, system-organ class; ICIs, immune checkpoint inhibitors; ROR, reporting odds
ratio; IC_low, information component lower limit of 95% confidence interval; MFDS, ministry of food and drug safety.
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Table 4. PT signal detection results of the top 30 reported ADR (ICIs plus chemotherapy vs Chemotherapy)
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Label
PT name SOC name ICIs Chemo ROR IC low W
& MFDS

Lr(l;:loi]pnri(;i)rr;ztjnschedule of product Injury, poisoning and procedural complications 274 152 689.9 75 585518 )

Product use issue Injury, poisoning and procedural complications 147 28 1879.8 7.8 41100 -

Hypertension Vascular disorders 42 2,012 7.1 24 2104 Y*
Pneumonia Infections and infestations 32 3486 3.1 1.1 441 Y*
Hypothyroidism Endocrine disorders 25 302 279 4.1 591.7 Y*
Proteinuria Renal and urinary disorders 24 282 28.7 42 5839 Y*
Pneumonitis Respiratory, thoracic and mediastinal disorders 23 373 208 3.7 403 Y*
Hyperthyroidism Endocrine disorders 16 28 1918 6.2 1918.1 Y
Surgery Surgical and medical procedures 16 99 542 49 7144 N
Malignant neoplasm progression Neoplasms benign, malignant and unspecified 16 R63 6.2 By 68.2 N

(incl cysts and polyps)

Colitis Gastrointestinal disorders 11 397 9.3 2.4 78.6 Y*
Hepatitis Hepatobiliary disorders 10 168 199 35 168.8 Y*
Urinary tract infection Infections and infestations 10 967 3.5 1 17.2 Y*
Macular oedema Eye disorders 9 9 3346 6.3 1490.2 Y
Cardiac failure Cardiac disorders 9 312 9.6 2.4 67.5 N
Acute kidney injury Renal and urinary disorders 9 341 8.8 23 60.6 Y*
Hyponatraemia Metabolism and nutrition disorders 9 1,148 2.6 0.6 8.9 Y
Thyroiditis Endocrine disorders 8 4 6688 6.6 1771.5 Y*
Bleeding varicose vein Vascular disorders 8 6 4459 64 1516.1 Y
Pulmonary embolism Respiratory, thoracic and mediastinal disorders 8 269 99 2.5 62.2 Y
C-reactive protein increased Investigations 8 649 4.1 1.2 18.6 Y
Retinal detachment Eye disorders 7 29  80.7 5 4423 Y
Death General disorders and administration site conditions 7 406 5.8 1.7 27 N
Ileus Gastrointestinal disorders 7 464 5 1.5 223 Y
Haematochezia Gastrointestinal disorders 7 683 34 0.9 11.8 Y
Vitiligo Skin and subcutaneous tissue disorders 6 2 10023 6.6 1496.2 Y
Vaginal haemorrhage Reproductive system and breast disorders 6 347 5.8 1.6 23.2 Y
Septic shock Infections and infestations 6 419 4.8 1.4 17.6 Y
Sepsis Infections and infestations 6 586 34 0.9 10.1 Y*
Intestinal perforation Gastrointestinal disorders 5 49 341 39 1453 Y

*Adverse events in combination with chemotherapy are listed in the MFDS labels
Abbreviation: ADR, adverse drug reaction; PT, preferred term; SOC, system-organ class; ICIs, immune checkpoint inhibitors; ROR, reporting odds
ratio; IC_low, information component lower limit of 95% confidence interval; MFDS, ministry of food and drug safety.
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odds ratio

ko

%

AAE AR A -oF B /S AR + Fastet
W B A, HE, od AE X8 HIH&
= Fdstetariy A B8 Tt Afols 54 A
A AR, L2, Sl 5o oAz F712 B
tH(Fig. 2).

%
l

ot K

.“ﬁﬂ
lo
o

=

32 b

ek

a

2 Aol A= 2014d5E 202297HA] o] FEFRAEGR
TAXNARE o] &3t HATHEAAA ] Ante] B E HA5)
Aot o] F =R B E o/ FAEHE Ul AoFA 57FARY
9 2] Micromedex 9| B Yol 7| =R 2 o] FAHHE
gelskedrt.

e g BE oAk F HAHEY
oF HAFHE A A <} °‘%¥§}°h‘l‘§% B85 AeolA 353
o2 gXH Aty B2 w9, ui A A A 3

HHL AAIEAAA AREA] UeRE 4= Gl di#489 55
7] oJAAH| % dluto|n, PD-1/PD-L1 inhibitoro]A] CTLA-4
inhibitoro]] H]3 #HH o] HHET} ST L7} T =2 A0 R e
w200 Asket 7172 8] 2| 2] 4 AIRE CTLA-4 inhibitor
= = XA TAIZS 27] &3t dAE 245 ®F
W, PD-1/PD-L1 inhibitors T2 %% TA|EZ 7|5 & 28
st7] wjZol #HH WY AFo] ¥ =& 5 vke ARV}

9T} 23

WolhEo Al B e ¥ AAA ASE, A 3HE 50
e A B Agto] HiksA B EQY A 71s
o)/ MATZAAA AR Al 71 &3] Ui WinlA
H2g = 3z d8A 1om, CTLA-4 inhibitorlipilimum-
ab AHE Ao AT 0 2 W WA He Ao delA o
Th o) Aol H, AABEAA Fof F ggo] 1A

St X = 72-47} G2 Yepdtty B 8l JREEO 2-
A 7)E Asksol BT A9 A At 4] 4 = S
op27 o)z HATREAAA A Al HASHE A I A
Shol] difgt 27] Ak}t A&HQ1 BUEHYS $sfjof T Al
ARt
7he w5 9 9P 9 Wi Al eF o] 7P &3] WY
H2R8o] JFe W A7jon P B Ao W
A AHE & 7F9(ROR 10.93, IC 2.71)0] =2 H118S
= 1T & UGk o] HEreE Ato]| WEW W
QXWE Qg 7h=Ad RA8-9 HAES 2% % oH, 4
b A= EEAT dREO SRpol A HABEAAA
ZE}QE OMZSIE} gt AAFAIE | Hlgte] A
g 7Fgo| o ¥HEHA WA= o

O

",
ol
o,
32
e r
£
2
i)
o
2,
o>~

H A
“\}Eﬂgﬁ J‘J_r\_%l /\}Eﬂiﬂ‘)r oA
. _

ot

ez M g

0?2 o
olN
o
e
2z,

T (9
lo o
a
©
e
+
50
52
)

o ok
X
B

5
=

ol

rlo
3

X

o

oo
o r

32 E=AT, OIZ\iOﬂ ‘%H}ﬁ WL W $xlo]
4] nivolumab A 2 WA HgZo] uaE Ab7F Bl
B} Qe B4 QT’“ AE A wdste], 9B AdAA= A
& 270 AR FFo A7 AR gaske

A3 (pseudoprogression)©] LFEF= Agko] glovt® B 3t
Zpo)| A ZoF E|F glo] Ay Ado] w2 A AWE A7) &l
Hch o] 8 AN BB AR A REL AR} F

F:E

o)



9%= o1 AREY A7 & FF o] 7S Ae wER
ohal Buglon, 53] 654 ol/de] a1y At A H A Ty

P BELC] o WU FH 4S9 AS, HAREAA

s 1o

trexedE & T B9 PG IS T4 AEo] DA A
= 1%k

A7k masglon ) Fur 4% Wy 5 A Asos
A glo] AR AL B s gle
WAL AAA T AGHE o) chu] Feskeraws B e A

A E AT 54 Ao S, AT A ALt
Ferstetay] B8 WHIHEAAIA TEAREoA 2FE ROR
o] 3 o] e o, AFTAN H1E-2 HATHEAA A
T ARE Balo)A 2.2%, WATHEAAIAL} dtsteta ¥
SHIOA 12%E e, 38 Buo|A APY Hilgo] v
ot v=r RAGRIAREE EEe AT AFolAE AR
JANATE AHERE Barde] vl Fststa Wyt -8 oA
A 549 BuvlES o =R AsAg W AR 2
Uepyer )

2 A= =W KIDS-KAERS Ho|EH|o]AE o] &3l WY
T2AAA T FEolditelE 2E2 o= vfofet 2z o
Foln, HYPEAAA HIAHE U - 9 71& 3|7t
H W H Este] s7FALR) ] fHolEE 18T B aido] e A
AR SRS AEsGth 53], WIEAAATE AHE-gH
7ot gzt aate] HEaHS st BATOEHN
HEaW Al /M0 2 Uehts o] duhE-o] Aute] R E *
oFgl o= Slith= HollA o9& 7t

T, AL AR E R IR E S8 ATdS I
S 22 ARE 7 HlolE §4 A AE <l
3 - E= AR BZ BE oA 7 HAEA] @
9] 7hgAdol Qlar, AA HATHE A A AME=F
o] k5 ¥7] 5 AEE vt 842 EvMssih w13
AA, AEA Bl wE AR o] ok B vjEo] T
gk 4= St v 2o 37HE HIHEAAA 4 HFga
WOl A9 ASA WA, PAAAT B 2R gFe=z o
AlZRo g B v 17} Z715H= Y AT (Weber effect)?] 7}
F790] Ut & AolAs "HZAAATE = A SU=E
201492 20229 7449 ARE BAL AN 42
A AETEGAA G52 - 20158 FHEH, HIIEIAA Lt
Fgotslsta ¥ B89 42 201798 o FAR] BE17F At
(Table 1, Table S3). 3tatst @ o] 7 o| MR E AME-H o
A ARHTOEA A8 HAE oAt ol & W}
7h g o, HAHEIAA G54 = WAEAA A< &
ralsta W] HHEto] theh =8 oAt A7 EAE Bl

o

_\::(‘ﬂllﬂlé

B> oft L

k3

]_E_WBL

=

=
al
L

-

¥E &

) A

)

]

o o

2 7

ARG 1A RS 83 HATHEAAA o] 4Rkg #4 /195
%90l A= ¥WFo] Ik Table S3). HITHEAA|A Q] &
Sool g wet FF =W AR S7H @A oAk
B ESE 7 A O0R AFEBERY & RUET
3 7 A7 Basit B3 2 Aol FE A 9L
= HAHEAAA &5 AR 2 HABEAAA L et e
HHEARE A9 o] A Zrukdof 2 ol BASIHL
o, HATHZAAA Y] WEE R 9 28714 H 24, Jdn A
goll T2 shelRA 52 EEHA FReB R ofof iRk &
A7t st 2 A EA A= Avte AR gAoA o
g AREER =7 52 Ao ® 427 ROR, PRR, IC
£ ARE B4R, Tl a0 Ao A K ehg Aol

Haezol g o g dejZl vl Q1= EBGM (Empirical Bayesian
Geometric Mean)S #&-8-3lo] H|wéls $& A7 39 4
ek vpgte 2, o] AFolN EaE Avfelgns Peks)
shaw o] ChIER BTE ol At RA, ATE ofu]sh
AL opdo] FosiA ARE sfAlsfof gtrt. s 7kAR ol wHY
=7 o2 Ant R F AR = FE9] 71 AARKe et
o #AAS AT 4= glonz JNE Fxlof gigt ¢ltAd Hrt
4 517 Yol E Foll A8517] AldliAl= Al YRS
ZA A5 AEZ e Aotk

=)

g =B
2 A= T FEFFAERIYAARE B85t |
AT AAA AR Al Uetu= odAte] 9 Aute] g 1 E apof
ﬁq' %ﬁﬁé 'E‘ﬁ% %—E’ﬂ E%\H_ {%_.‘_U]—ﬂ;(éi}:_‘_ /glglk;‘q a7]_
3 I Micromedex2] 9k W& 7| AQASFT B WA ESA

o

A oAt diFE2 71 B7HAR el 2E Ao
HHS, o AE A8, A5 5 M2e Aupege
o] Ao F7HAQ ¢t HE 4 o7t 2% 4 vk
A7) A¥f= WARHZ AN HY ZRudE o5t
ol 71o98h A2 HARES A 71 A= 282
U Ao 7|Ht.

I orr o o L = ok
=
2]

R
ol

A= 20239 % o opEet el Atu] Aol <
3

Hgay e

E
a5



196 / Korean J Clin Pharm, Vol. 35, No. 3, 2025

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

. Pandey P, Khan F, Qari HA, Upadhyay TK, Alkhateeb AF, Oves

M. Revolutionization in cancer therapeutics via targeting major im-
mune checkpoints pd-1, pd-11 and ctla-4. Pharmaceuticals (Basel)
2022;15(3).

. Bestvina CM, Pointer KB, Karrison T, ef al. A phase 1 trial of con-

current or sequential ipilimumab, nivolumab, and stereotactic body
radiotherapy in patients with stage iv NSCLC study. J Thorac Oncol
2022;17(1):130-40.

. Shiravand Y, Khodadadi F, Kashani SMA, ef al. Immune checkpoint

inhibitors in cancer therapy. Curr Oncol 2022;29(5):3044-60.

. Chen CY, Huang CH, Chen WC, Huang MS, Wei YE. Comparative

safety of immune checkpoint inhibitors and chemotherapy in ad-
vanced non-small cell lung cancer: A systematic review and network
meta-analysis. Int Immunopharmacol 2022;108:108848.

. Mansh M. Ipilimumab and cancer immunotherapy: A new hope for

advanced stage melanoma. Yale J Biol Med 2011;84(4):381-9.

. Lee JB, Kim HR, Ha SJ. Immune checkpoint inhibitors in 10 years:

Contribution of basic research and clinical application in cancer im-
munotherapy. Immune Netw 2022;22(1):e2.

. Pai-Scherf L, Blumenthal GM, Li H, ef al. Fda approval summary:

Pembrolizumab for treatment of metastatic non-small cell lung can-
cer: First-line therapy and beyond. Oncologist 2017;22(11):1392-9.

. Herbst RS, Giaccone G, de Marinis F, et al. Atezolizumab for first-

line treatment of PD-L1-selected patients with nsclc. N Engl ] Med
2020;383(14):1328-39.

. Fehrenbacher L, Spira A, Ballinger M, et al. Atezolizumab versus

docetaxel for patients with previously treated non-small-cell lung
cancer (poplar): A multicentre, open-label, phase 2 randomised con-
trolled trial. Lancet 2016;387(10030):1837-46.

West H, McCleod M, Hussein M, et al. Atezolizumab in combination
with carboplatin plus nab-paclitaxel chemotherapy compared with
chemotherapy alone as first-line treatment for metastatic non-squa-
mous non-small-cell lung cancer (impower130): A multicentre, ran-
domised, open-label, phase 3 trial. Lancet Oncol 2019;20(7):924-37.
Gangadhar TC, Vonderheide RH. Mitigating the toxic effects of anti-
cancer immunotherapy. Nat Rev Clin Oncol 2014;11(2):91-9.
Postow MA, Sidlow R, Hellmann MD. Immune-related adverse
events associated with immune checkpoint blockade. N Engl J Med
2018;378(2):158-68.

Schneider BJ, Naidoo J, Santomasso BD, et al. Management of
immune-related adverse events in patients treated with immune
checkpoint inhibitor therapy: Asco guideline update. J Clin Oncol
2021;39(36):4073-126.

Wang DY, Salem JE, Cohen JV, ef al. Fatal toxic effects associated
with immune checkpoint inhibitors: A systematic review and me-
ta-analysis. JAMA Oncol 2018;4(12):1721-8.

Yin Q, Wu L, Han L, ef al. Immune-related adverse events
of immune checkpoint inhibitors: A review. Front Immunol
2023;14:1167975.

Singh S, Hassan D, Aldawsari HM, Molugulu N, Shukla R, Keshar-
wani P. Immune checkpoint inhibitors: A promising anticancer thera-
py. Drug Discov Today 2020;25(1):223-9.

Varayathu H, Sarathy V, Thomas BE, Mufti SS, Naik R. Combina-
tion strategies to augment immune check point inhibitors efficacy -
implications for translational research. Front Oncol 2021;11:559161.
Jin'Y, Li H, Zhang P, Yu M, Zhang H, Li X. The regulatory approv-
als of immune checkpoint inhibitors in china and the united states: A

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

cross-national comparison study. Int J Cancer 2023;152(11):2351-61.
Ettinger DS, Wood DE, Aisner DL, et al. NCCN guidelines insights:
Non-small cell lung cancer, version 2.2021. J Natl Compr Canc
Netw 2021;19(3):254-66.

Ajani JA, D'Amico TA, Bentrem DJ, ef al. Esophageal and esoph-
agogastric junction cancers, version 2.2023, NCCN clinical practice
guidelines in oncology. J Natl Compr Canc Netw 2023;21(4):393-
422.

Pfister DG, Spencer S, Adelstein D, et al. Head and neck cancers,
version 2.2020, NCCN clinical practice guidelines in oncology. J
Natl Compr Canc Netw 2020;18(7):873-98.

Noseda R, Bedussi F, Giunchi V, Fusaroli M, Raschi E, Ceschi A.
Reporting of late-onset immune-related adverse events with immune
checkpoint inhibitors in vigibase. ] Immunother Cancer 2024;12(11).
Xu Z, Qi G, Liu X, et al. Hepatotoxicity in immune checkpoint
inhibitors: A pharmacovigilance study from 2014-2021. PLoS One
2023;18(3):20281983.

Bai X, Chen X, Wu X, Huang Y, Zhuang Y, Lin X. Immune check-
point inhibitor-associated thyroid dysfunction: A disproportionality
analysis using the who adverse drug reaction database, vigibase. Eur
J Endocrinol 2020;182(1):1-9.

Chen C, Chen T, Liang J, et al. Cardiotoxicity induced by immune
checkpoint inhibitors: A pharmacovigilance study from 2014 to 2019
based on faers. Front Pharmacol 2021;12:616505.

Dong Z-Y, He M-J, Hu Y. Risk of autoimmune skin diseases
associated with immune checkpoint inhibitors: A pharmacovig-
ilance analysis using the faers database. Dermatologic Therapy
2025;2025(1):9922950.

Evans SJ, Waller PC, Davis S. Use of proportional reporting ratios
(prrs) for signal generation from spontaneous adverse drug reaction
reports. Pharmacoepidemiol Drug Saf 2001;10(6):483-6.

van Puijenbroek EP, Bate A, Leufkens HG, Lindquist M, Orre R,
Egberts AC. A comparison of measures of disproportionality for
signal detection in spontaneous reporting systems for adverse drug
reactions. Pharmacoepidemiol Drug Saf 2002;11(1):3-10.

Lu W, Zhang H, Guo Q, Gou Z, Yao J. Selected cutaneous adverse
events in patients treated with ici monotherapy and combination
therapy: A retrospective pharmacovigilance study and meta-analysis.
Front Pharmacol 2023;14:1076473.

Su Q, Zhu EC, Wu JB, ef al. Risk of pneumonitis and pneumonia
associated with immune checkpoint inhibitors for solid tumors: A
systematic review and meta-analysis. Front Immunol 2019;10:108.
Atchley WT, Alvarez C, Saxena-Beem S, ef al. Immune checkpoint
inhibitor-related pneumonitis in lung cancer: Real-world incidence,
risk factors, and management practices across six health care centers
in north carolina. Chest 2021;160(2):731-42.

Waldman AD, Fritz JM, Lenardo MJ. A guide to cancer immunother-
apy: From t cell basic science to clinical practice. Nat Rev Immunol
2020;20(11):651-68.

Hu X, Ren J, Xue Q, et al. Anti-PD-1/PD-L1 and anti-CTLA-4 asso-
ciated checkpoint inhibitor pneumonitis in non-small cell lung can-
cer: Occurrence, pathogenesis and risk factors (review). Int J Oncol
2023;63(5).

Yin J, Wu Y, Yang X, Gan L, Xue J. Checkpoint inhibitor pneumoni-
tis induced by anti-pd-1/pd-11 therapy in non-small-cell lung cancer:
Occurrence and mechanism. Front Immunol 2022;13:830631.

de Filette J, Andreescu CE, Cools F, Bravenboer B, Velkeniers B. A
systematic review and meta-analysis of endocrine-related adverse
events associated with immune checkpoint inhibitors. Horm Metab



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Res 2019;51(3):145-56.

Lei M, Michael A, Patel S, Wang D. Evaluation of the impact
of thyroiditis development in patients receiving immunotherapy
with programmed cell death-1 inhibitors. J Oncol Pharm Pract
2019;25(6):1402-11.

Lu D, Yao J, Yuan G, Gao Y, Zhang J, Guo X. Immune checkpoint
inhibitor-related new-onset thyroid dysfunction: A retrospective
analysis using the us fda adverse event reporting system. Oncologist
2022;27(2):e126-e32.

Peeraphatdit TB, Wang J, Odenwald MA, Hu S, Hart J, Charlton
MR. Hepatotoxicity from immune checkpoint inhibitors: A sys-
tematic review and management recommendation. Hepatology
2020;72(1):315-29.

Miller ED, Abu-Sbeih H, Styskel B, et al. Clinical characteristics and
adverse impact of hepatotoxicity due to immune checkpoint inhibi-
tors. Am J Gastroenterol 2020;115(2):251-61.

Fu Z, Liu J, Zhang C, et al. Hepatitis-related adverse events asso-
ciated with immune checkpoint inhibitors in cancer patients: An
observational, retrospective, pharmacovigilance study using the faers
database. Front Pharmacol 2024;15:1383212.

Zhang Z, Rafei-Shamsabadi D, Lehr S, ef al. Incidence and severity
of immune-related hepatitis after dual checkpoint therapy is linked
to younger age independent of herpes virus immunity. J Transl Med
2022;20(1):582.

Burris HA, 3rd, Hurtig J. Radiation recall with anticancer agents.
Oncologist 2010;15(11):1227-37.

Nakamura K, Okubo K, Takahashi T, Mitsumori K, Ishigaki T,
Ohnishi H. Radiation recall pneumonitis induced by nivolumab in a
patient with renal cell carcinoma. IJU Case Rep 2019;2(1):30-3.
Shibaki R, Akamatsu H, Fujimoto M, Koh Y, Yamamoto N.
Nivolumab induced radiation recall pneumonitis after two years of
radiotherapy. Ann Oncol 2017;28(6):1404-5.

Chiou VL, Burotto M. Pseudoprogression and immune-related re-
sponse in solid tumors. J Clin Oncol 2015;33(31):3541-3.

2 7

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

1

WARAGUIARE FET WeATEAA ol gure:

Kobari Y, Kondo T, Takagi T, Omae K, Nakazawa H, Tanabe K.
Rapid progressive disease after nivolumab therapy in three patients
with metastatic renal cell carcinoma. in vivo 2017;31(4):769-71.
Shinozaki T, Iwami E, lkemura S, ef al. A case of pulmonary
adenocarcinoma showing rapid progression of peritoneal dissem-
ination after immune checkpoint inhibitor therapy. BMC Cancer
2018;18(1):620.

Champiat S, Dercle L, Ammari S, et al. Hyperprogressive disease is
a new pattern of progression in cancer patients treated by anti-pd-1/
pd-11. Clin Cancer Res 2017;23(8):1920-8.

Shen CI, Yeh YC, Chiu CH. Progressive pleural effusion as an im-
mune-related adverse event in nscle: A case report. JTO Clin Res
Rep 2021;2(5):100156.

Kolla BC, Patel MR. Recurrent pleural effusions and cardiac tam-
ponade as possible manifestations of pseudoprogression associated
with nivolumab therapy- a report of two cases. J] Immunother Cancer
2016;4:80.

Yamasaki M, Daido W, Saito N, et al. Pericardial effusion with tam-
ponade in lung cancer patients during treatment with nivolumab: A
report of two cases. Front Oncol 2019;9:4.

Hu F, Zhai Y, Yuan L, er al. Renal toxicities in immune checkpoint
inhibitors with or without chemotherapy: An observational, retro-
spective, pharmacovigilance study leveraging us fares database.
Cancer Med 2021;10(24):8754-62.

Twomey JD, Zhang B. Cancer immunotherapy update: Fda-ap-
proved checkpoint inhibitors and companion diagnostics. Aaps j
2021;23(2):39.

Vafaei S, Zekiy AO, Khanamir RA, ef al. Combination therapy with
immune checkpoint inhibitors (icis); a new frontier. Cancer Cell Int
2022;22(1):2.

Xia L, Li K, Li'Y, ef al. Comparison of statistical signal detection
methods in adverse events following immunization - China, 2011-
2015. China CDC Wkly 2024;6(16):350-6.



