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Purpose The occurrence pattern of immune-related adverse events (irAEs) induced by immune checkpoint inhibitor (ICI) in cancer
treatment remains unclear.

Materials and Methods Phase II-ll clinical trials that evaluated ICl-based treatments in cancer and were published between January
2007 and December 2019 were retrieved from public electronic databases. The pooled median time to onset (PMT-0), resolution
(PMT-R), and immune-modulation resolution (PMT-IMR) of irAEs were generated using the metamedian package of R software.

Results Twenty-two eligible studies involving 23 clinical trials and 8,436 patients were included. The PMT-O of all-grade irAEs ranged
from 2.2 to 14.8 weeks, with the longest in renal events. The PMT-0 of grade > 3 irAEs was significantly longer than that of all-grade
irAEs induced by programmed cell death protein 1 (PD-1) and its ligand 1 (PD-L1) inhibitors (27.5 weeks vs. 8.4 weeks, p < 0.001) and
treatment of nivolumab (NIV) plus ipilimumab (IPl) (7.9 weeks vs. 6.0 weeks, p < 0.001). The PMT-R of all-grade irAEs ranged from 0.1
to 54.3 weeks, with the shortest and longest in hypersensitivity/infusion reaction and endocrine events, respectively. The PMT-IMR
of grade > 3 irAEs was significantly shorter than that of all-grade irAEs caused by PD-1/PD-L1 blockade (6.9 weeks vs. 40.6 weeks,
p=0.002) and NIV+IPI treatment (3.1 weeks vs. 5.9 weeks, p=0.031).

Conclusion This study revealed the general and specific occurrence pattern of ICl-induced irAEs in pan-cancers, which was deemed

to aid the comprehensive understanding, timely detection, and effective management of ICl-induced irAEs.
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Introduction

Immune checkpoint inhibitors (ICIs) have opened a new era
of cancer management through the leverage of the immune
system’s potential and have become one of the mainstays of
antitumor treatment [1]. The activation and proliferation of
T cells are modulated by certain inhibitory surface signaling
molecules, so-called checkpoints. Several different immune
checkpoint molecules have been identified, in particular,
cytotoxic T-lymphocyte antigen 4 (CTLA-4) and programmed
cell death protein 1 (PD-1) and its ligand 1 (PD-L1). Selective-
ly blocking the interaction of ligands with these checkpoints
can lead to amplification of T cell-mediated immunity and
disruption of tumor immune escape. Substantial clinical stud-

ies have demonstrated that antibodies against CTLA-4 and
PD-1/PD-L1 can yield a significant survival improvement in
several tumor types, including metastatic melanoma, non-
small cell lung cancer, and renal cell carcinoma [2-5]. Howev-
er, the routine application of these novel ICI drugs highlights
the essence of knowledge and management of ICI-induced
immune-related adverse events (irAEs).

In light of the fact that ICI delivers positive antitumor
efficacy by interfering with immune system regulation, an
activated immune response might attack normal body tis-
sues and be responsible for the development of irAEs. The
common irAEs include colitis, hepatitis, pneumonitis, neph-
ritis, and endocrinopathies [6,7]. Although the majority of
irAEs show moderate toxicity, there have been reports of ICI-
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induced deaths, mainly due to autoimmune colitis, myocardi-
tis, and myasthenia gravis [2,8-11]. Most of mild-to-moderate
irAEs can be well controlled by observation and supportive
treatment without withholding ICI drugs, however, patients
with severe irAEs still require enhanced and timely medical
interventions, such as corticosteroids and immunosuppres-
sive agents, in line with the guidelines of the National Com-
prehensive Cancer Network (NCCN) and European Society
for Medical Oncology (ESMO) [12,13]. Our previous study
revealed that the toxicity profile and incidence of irAEs var-
ied among ICI drugs [14]. However, the pattern of the time
to onset and resolution of ICI-induced irAEs remains unde-
termined and is worth further exploration. There are few
studies concerning the pattern of irAE development in can-
cer. Martins et al. [15] proposed that the majority of grade = 3
irAEs induced by anti-CTLA-4 antibodies occur within 8-12
weeks of commencing treatment. Skin rash usually had the
earliest onset and irAEs tended to occur earlier in the course
of nivolumab (NIV) plus ipilimumab (IPI) treatment than in
that of IPI monotherapy [15]. Nonetheless, the results were
summarized through a literature review rather than statistical
calculations and the time to resolution was not investigated.
Although Weber et al. [16] demonstrated a characteristic pat-
tern of the occurrence of irAEs, these results were generated
based on small sample size (n=325) and the pattern was app-
licable to only four organ-specific irAEs and specific treat-
ment of IPI 10 mg/kg every 3 weeks, failing to provide a com-
prehensive view of ICI-induced irAEs in pan-cancers [16].

By using the data derived from robust clinical trials, we
conducted a pooled analysis to investigate the pattern of the
time to onset, resolution, and immune-modulation resolution
of irAEs in cancer, intending to aid a better understanding,
timely detection, and effective management of ICI-induced
irAEs in routine practice.

Materials and Methods

A prospective protocol was created and uploaded to the
PROSPERO online platform, with the registration number
CRD42020167835.

1. Data sources and searches

We searched for relevant studies published between Janu-
ary 2007 and December 2019 through public electronic data-
bases, including PubMed, Embase, Cochrane Library, and
Web of Science. Two investigators (S.Q.T. and C.X.) deter-
mined the final search strategy (Supplementary Materials).
After screening the titles or abstracts, full texts were asses-
sed, and references of relevant publications were manually
searched.
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2. Study selection

We included phase II-III clinical trials that reported the
median time to onset, resolution, or immune-modulation
resolution of irAEs in cancer receiving ICI-based treatments
(e.g., ICI alone or ICI plus conventional therapy). Conven-
tional therapies (CT) included chemotherapy, radiotherapy,
and so on. The definitions for outcomes above were listed
in Supplementary Materials and were consistent among all
included clinical trials. We excluded conference abstracts and
presentations of ongoing clinical trials due to the insufficient
information.

3. Data extraction and processing

We extracted the data from the main text and supplemen-
tary materials. Two reviewers (5.Q.T. and C.X.) independent-
ly recorded the data on a predesigned list (Supplementary
Materials). Data from the updated study were used to sup-
plement those from the previous report of the same trial.
Common Terminology Criteria for Adverse Events were
used to evaluate the adverse events and grade the severity
of each irAE [17]. Grade > 3 irAEs were considered severe
events.

4. Quality assessment

Two reviewers (S.Q.T. and C.X.) used the tool recom-
mended by the Cochrane Collaboration Handbook and the
modified Jadad scale to evaluate the quality of the included
clinical trials [18,19]. Discrepancies regarding study selec-
tion, data extraction, and quality assessment between two
reviewers were resolved by discussion.

5. Data synthesis and statistical analysis

The timing data that represented different event subsets
to the same organ-specific irAEs were pooled as the timing
data of that category. For example, the time to onset of hyper-
thyroidism and hypothyroidism would be pooled as that of
endocrine events. The data with censored values were exclu-
ded. We used the pooled median time (weighted median
time) to onset (PMT-O), resolution (PMT-R), and immune-
modulation resolution (PMT-IMR) and their 95% confidence
interval as summary statistics. The outcomes were gener-
ated by using the metamedian package in R ver. 3.6.1 (http://
www.r-project.org/) [20]. The primary outcomes were PMT-
O and PMT-R of all-grade irAEs. The secondary outcomes
were PMT-IMR of all-grade irAEs and the outcomes of grade
> 3 irAEs. All outcomes were assessed from two differ-
ent perspectives: overview and detail, based on the time of
development of all irAEs and that of organ-specific irAE,
respectively.

Given that the different toxicity profiles among ICI agents,
the PMT-O, PMT-R, and PMT-IMR were compared between
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PD-1/PD-L1 inhibitor, CTLA-4 inhibitor, and combination
therapy (i.e. more than one kind of ICI agent). The former
two treatments refer to applying one ICI agent with or with-
out CT. Subgroup analyses were based on ICI drugs, ICI
-9 doses, and cancer types.
Data visualization methods were used to depict the pooled
median time and 95% confidence interval via Microsoft Excel
- 2 (Microsoft, Inc., Redmond, WA). We used the Z test to iden-
tify the differences among PMT-O, PMT-R, and PMT-IMR by
SPSS ver. 24.0 (IBM Corp., Armonk, NY). All p-values were
two-sided with significance defined as p < 0.05.

12.2(8.3-12.6)%

11.3(5.1-15.7)
10
Time to onset (wk)

—o— NIV+IPI

7.9(7.4-9.0)0
o

L ]

7.4(6.4-1.9)
—
7.9(7.9-9.1)2

6.3 (3.8-29.6)
6.0 (3.7-15.4)

Lo Results

1. Literature search and characteristics
— s s 5 < = We included 22 studies involving 23 clinical trials and
f i E 8,436 patients in this study (S1 Table, S2 Fig.) [3,21-41]. The
DR baseline characteristics of each study were shown in Table 1.
= Thirteen clinical trials (56.5%) were phase Il trials. One study
2 reported the pooled results of a phase I and a phase II clinical
trial with a large sample size of 1,738 patients; thus, the phase
I trial was also included [32]. The cancer types included lung
cancer (number of the involving trials=6), melanoma (n=7),
urinary system cancer (n=4), and other (n=6). PD-1/PD-L1
blockade-based treatments included monotherapy of NIV
w (n=10), pembrolizumab (n=2), and avelumab (n=2). CTLA-4
- S blockade-based treatments included IPT monotherapy (n=5)
and IPI+CT (n=3). Combination therapy included NIV+IPI
(n=5). Subgroup analysis included two updated clinical tri-
als without duplicate counting of their sample sizes [30].
According to modified Jadad scores, 20 studies were assessed
as high quality, and two studies were assessed as relatively
low quality (S3 Table) [3,23].

Event (%)
Hepatic 120(13.8

Endocrine
Pulmonary

All categories
Gastrointestinal 101 (11.6

13.9(8.7-15.7)

—o— NIV+IPI

6.0 (4961
10.1(10.1-16.1)
10
Time to onset (wk)

2. Pooled analysis of the time to onset

The PMT-O of all-grade irAEs ranged from 2.2 to 14.8
weeks. The four irAEs with the top shortest PMT-O were
skin, hypersensitivity/infusion reaction, gastrointestinal,
and neurologic events, while the longest PMT-O was obser-
ved in renal events (Fig. 1A, C, and E).

The PMT-O of grade > 3 irAEs ranged from 4.6 to 12.2
weeks for CTLA-4 inhibitors and NIV+IPI treatment and
ranged from 14.1 to 123.4 weeks for PD-1/PD-L1 inhibi-
tors. Compared with all-grade irAEs, the PMT-O of grade
> 3 irAEs was significantly longer for PD-1/PD-L1 inhibi-
tors (27.5 weeks vs. 8.4 weeks, p < 0.001) and NIV+IPI treat-
ment (7.9 weeks vs. 6.0 weeks, p < 0.001) in overview; as for
CTLA-4 inhibitors, that was significantly longer in gastroin-
testinal (7.0 weeks vs. 5.0 weeks, p=0.023), hepatic (9.9 weeks
vs. 8.9 weeks, p=0.002), endocrine (10.6 weeks vs. 9.1 weeks,

6.1(6.0-9.0)
|

49(3.9-9.1)

1 31(3.1-3.1)

Event (%)
All categories
Skin 423 (51.1
Gastrointestinal 291 (35.1 1
Hepatic 221(26.7
Endocrine 281 (33.9
Pulmonary
Hypersensitivity/
Infusion reaction
Fig. 1. (Continued from the previous page)

344 CANCER RESEARCH AND TREATMENT



Si-Qi Tang, Occurrence Pattern of Inmune-Related Adverse Event

(a8vd jxau ay3 03 panuy
-10D) "IdI+AIN 107 syuarjed /1T pue $Gg ‘S103qIut -y 11D 107 sjuaned F6T pue 8¢ ‘S103qryur 17-Ad / T-Ad 10§ ‘A[oaT10adsal ‘ST IT ¢ < aperd Jo Uonn[osal UOT}e[NpOW-aUn T
Pue UOTNJ0SaI 0} AWM JO SISATeue ) Ur papndul a1om sjuanjed /¢ pue 1/ Jo 1610} ¥ TJ[+AIN 10J sjuanjed /Fg pue /6T ‘SI03qIyul -y 11D 10] syuaned g0 pue 119°Z ‘SIOFIuT
I'7-dd / T-ad 107 ‘Ajpanpadsar ‘sgyat aperd-[[e Jo uornjosal UOIe[NPOW-dUNUIWT PUe UOTN[OSAT 0] W] JO SISAJeue auf) ur papnpout arom syuaned g4I pue 961°T Jo [e30} Y 'SV
¢ Z 9pe1d Jo uonN[0SaI UOIE[NPOW-dUNUIWIT PUe UOHN[0saI 0} awn Jo uostredwod ayy usamiaq g 0 > d;, ‘@perd-fe jo uonnjosal UOHe[NPOW-dUNWIWIT PUe UOIN[0SAI 0} A} JO
uostreduwod ayy usamiaq g0 > d;, sV ¢ < aperd pue aperd-[[e Jo UOHNJ0SaI UOHL[NPOW-IUNUWI 0} W} JO uostredurod ) usamiaq g0 > dq ‘SgVI1 ¢ < aperd pue aperd-fe
Jo uonnjosar 03 aw jo uostredwod ayy usamiaq 600 > d;. *1 puediy syt 10 T uejord yyeap (@0 pawrwerdord T7-qd / 1-Ad ‘qEWN[OATU ‘ATN] ‘STUSAD dSIDAPE PAJe[dI-dUNUIWI STV T
‘qewnuuyidr ‘147 ‘uonenpow-aunurut ‘N 4 uaSnue a14oydwA]-1 o1x03014 -y 11D (T ‘H ‘O ‘d D) siuade uone[npow-sunwui jo a3esn Yirm paA[osal Jy a1 asoym sjuarjed
pue ([ T ‘g ‘d V) paajosal Y1 asoym sjuanied oy ajedrpur juaad ue jo juadiad pue raquiny A[9Anadsar ‘seAIg)ur 2UIPIUOD %G pue sanfea Uerpaw juasaidar sieq pue
SO "SPVAL (T 'H ‘A ‘[ 1 ‘d) € < °peaS pue (3 ‘D D ‘1 ‘4 ‘V) 9peds-[[e Jo (T ‘H ‘D ‘A ‘D) uonnjosar uone[npow-sununur pue ([ ‘4 ‘g ‘g ‘v) uonnjosai jo uzoped sy, -z 81q

(M) uonnjosal ||| 03 B

(M) uonnjosa || 03 swIL

09 G5 06 G Oy GE€ 0€ G2 02 6L OL G O

09 GG 09 G¥ OV GE€ 0€ GZ 0 GL 0L G O R uolaeal uoisnjuj
I 0oLl 101288 UOISN)U| Wz 0-1°0) 10 o) \M“_M:_wcmwagz._
wigogogol. 00 b /Rinmsuasiadiy weare Llose  eusy
° A >~ : A
wel€2-€T) €T .6@: L /edouind ey .5 18)6  Areuowng
(9°75-975) 975 [ (1'G)y 8uaopu3 (596-9'56) 996 | (L97) L Bunoopu3
aorcers | (00LEL dhedaH welr0197 cou |11 76)91 dnedeH
wiroiee) 6o | (€ €L) 1L [Bunsawionsey utorvel [ESBI6Z  Teunsawionseg
32.«.—.3.—.« L Aomb € uls (0a(t’87-9°0%) 78 i Ammmv 19 upsS
lrZ1-87) 69 $310081e0 |1y wul8-7'9) 90 sali0ba1ed ||y
lonquyur 17-ad/1-ad —e— (%) uang 101qIyul |7-0d/1-ad —e— (9%) 3u8n3
a 9
(M) uonnjosal 01 awi| (M) uonnjosal 01 awi|
09 GG 09 Gy OF GE 0€ G¢ 0 Gl 0L G 09 GG 0§ Gv OF GE€ 0€ G¢ 0¢ Gl 0L G
L L L L L L L L L L L L F\_O_Hummx_ Co_mj%c_ L L L L L L L L L L L L ) CO_HUQQ\_ Co_w:u:\__
w(€0-10) Z0) oz /RyinsuasiadAy oo 1oL (6'88) 0% JAIAnIsussiadAy
6reds, | 0001 1eusy vermaao L 1£091 2L [eusy
P .S 08) ¥ Areuowing oo -a 9/) 08 Ateuowngd
Am.Nm.mev 978 |: va 1% mc_\_uoﬁcm :.m¢.N.omwNv_,.mw¢|. | Am _\mv 6 w:_\_uoﬁcm
(o9 vg | (05661 NedeH oLy 9581 101 anedet
ogoz e (8118181 [PUNSOIIONISED rzen s ] (B06)vZ leunsaionseg
el R VAVAT AR —rera . Lesegee uxs
I, saloba1ed ||y — T sa1106038 ||y
Jougiyut 17-ad/L-ad —e— (%) sng Jongiyut 17-ad/1-ad —e— (%) 1uang

345

VOLUME 53 NUMBER 2 APRIL 2021



Cancer Res Treat. 2021;53(2):339-354

(M) uonnjosal ||| 01 dwl]

o.m mm o.N m.@ o.N m_ ﬁ.: m 0
WE0£0)€0f (001 1
oo gy 00H !
€9-L1 €9 | (001)S
(Wzven e | (L'27)8
eaonoy L ¢ 1B LE
deeedee | (7561 €0L
(6819 68 -:.va (4
T Wwelrh) e
Jopqiyul -1y —=— (%) 3u8A]
(M) uonnjosal 01 awi]
D.m m.m D.N m.@o.w m._ o._ m 0
[€0e0lg0f (001 1
(9%-9%) 9 | 011
W9 LD €Y | (001)§
(v v | (€69) 91
(v e |V EB) LS
(e e | 6C6I OLL
ro-sare L (GL81GE
REGED
Jouquyul p-y 1L —=— (%) 1uang

uonoeal uoisnjuj

Aeuow|ng
aulopu]
JljedsH
|eunsaluIosen

ums
salobales ||y

uon9eal uoIsSnyu|
JRAISuasIadAH
|euay

Ateuow|ng
aula0pu]
aJnedsH
[BUIISBIUI0ASEY)

unis
sallobaled ||y

(a8vd jxau a1y 03 panuyuo)) (28vd snotaaid ayg wosf panuiguo)) g 914

(M) uonnjosal ||| 03 BWI]

m._ D._ m o
eall e 1zk (ool €
(97-91) 97 | (ool) €
esnsz L \L1BILL
@415 9% | (¢'06) €
oul6 T b | (0°96) £91
el pLH T L | (0v2)s21
reEei 6t
JonqIyul gy 1LY —=— (9) 1A

(M) uonnjosal o3 awi|

GG 06 G Oy G€ 0€ G¢ 0C Gl 0L G O

e

(6'82-0'8) L'82
(1°0-10) 10

(LT4-67) 5T
—
©(€9-L'¢) L€

(EV5-7'E) €15
(0L€e by
989767
0L ED) €6
64-1'8) 07
Jouquyut -1y —=—

(€'68) Ly
[ (001) 21

” (eel) Ll
| (L'76) 9L
| (1'95) Szl
| (9'16) 722
| (1'€6) 606
| (1°08)9.9

(%) 3u8A3

uo19eal uoIsnyu|
JRunisuasiadAy
|euay

Aeuow|ng
anedsH
[eUIISBIUI0ASEY
unis

salobales ||y

a160j01n8N
uo1n9eal uoIsnyu|
JANAISUBSIadAH
[euay

Aeuow|ng
auLloopuy
aneday
[BUIISBIUI0ISEY)
unis

sallobared ||y

346 CANCER RESEARCH AND TREATMENT



Si-Qi Tang, Occurrence Pattern of Inmune-Related Adverse Event

(M) uonnjosal |A|| 01 awi]

0 Sl 0l G 0
(-rnen .So:m |eusay
A
T rT T -AS:N Jeuow|nd
o(981-981) 981 | (0°08) £ eupopu3
1) 1 -SD:mm anedsy
e ie .Aw /[6) ¥ |eunssjuioisen
de-te g | (00L)GL ubdis
s:..wl.ﬂ.g e salobales ||y
IdIFAIN —*— T
1
(3m) uonNjosal 0} Bwiy
0¢ Gl 0l g .
—GeeiTvz] (00101 feuey
(ool)8  Areuouing
T ela gL [ (18] 21 aunoopug
weonoy | €696 dnedsH
(€e-Lnze .? /6) 9/ |eunsajuioliseq
deetee L1001 12 ubis
S.w.No.mlv. 0t sallobales ||y
IdIFAIN —*— o

(M) uonnjosal || 01 swi]

(28vd snowaasd ayy woif panuguo)) g 814

«(1'¥2-0'6) 601
(0L-0¢)L's
IdItAIN —¢—

0z Gl 0l g 0
S AT
::_N.N.N. L oLy fevey
ooy  (001) 1z Areuowing
deree) o | (9%6) €G onedeH
wevoziey L (LVB)LL BunseIuionses
906 €6 [ (9°62)89 uns
.am&olvm..m mm_\_.u@mzmo 1\v2
IdI+AIN —o— (%) usng
A
(M) uonnjosas 0y awi]
¢ S 0z G oL § 0
vzl (9D Jlumsuosiadi
wieoTues | (9EBIEEL [euay
oTsaey | 1L98)EvL Aeuouing
92910 912 | (€€9) /G auua0pu3
Zeva s | (9°€8)98Z dnedsH
(eg gzl (1'96) L9E [eunsalulonsey

| (G'89) €62 uMS
salobales ||y

(%) wueng

347

VOLUME 53 NUMBER 2 APRIL 2021



Cancer Res Treat. 2021;53(2):339-354

351
30 1
254
20 1
151
10 1
5_

Proportion of patients (%)
Proportion of patients (%)

—

T+ T rorrorrrrrrI
0 5 1015202530 3540 4550 55 60 65 70
Time (wk)

55 1
50
45
40 4
351
30 +
251
20 1
151
10 1
5_
0 T

0 5

Proportion of patients (%)

7°X
10 15 20 25 30 35 40
Time (wk)

= = NN W W
o o1 o o o o o o
1 1 1 1 1 1 1

T rrrrr T
0 5 10152025303540455055606570

Time (wk)

Ranking of onset Ranking of resolution

1 2 3 1 2 3

. NIV+IPI 1Pl NIV [Pl NIV+IPl NIV
Allcategories "o oo (g1p 8209 (40)  (51) (10.4)
Skin NIV+IPL [Pl NIV Pl NIVHPI NIV

(2.4 (3.6) (B.1)0 (93)  (109) (22.1)
Gastrointestinal NIV+IPI 1Pl NIV NIV NIV+PI 1P

(49  (63) (7.7) (24) (29  (3.1)
Hepatic NIV+IPI  IPI NIV [Pl NIV+IPl NIV

(6.1)k9 (8.9) (12.3) (4.4) (5.1) (6.1
Endocrine NIV+IPL 1Pl NIV NIVHIPI NIV |PI

(8.0 (9.1 (11.2p00  (27.6) 9 (48.1) (54.3)
Pl NIV [Pl NIV+PI [Pl NIV+HPI NIV

(89) (10.00 (10.1) (37) (45 (5.9)
Renal [Pl NIV+IPl NIV [Pl NIV+IPl NIV

(10.00 (13.9¢ (14.8) (25)  (6.3) (10.5)
Hypersensitivity/ NIV~ NIV+IPl [Pl Pl NIV NIV+PI
Infusion reaction (2.2)° (3.1 (6.1) (0.1) (0.1 (0.2
Neurologic NA (-) NA (-)

Fig. 3. Kinetics (A-C) and ranking (D) of the onset and resolution of all-grade irAEs caused by nivolumab (A), IPI (B), and nivolumab plus
IPI (C). The beginning and end of each curve in Fig. 3A-C represent the median time to the onset of an irAE and the median time to resolu-
tion, respectively; the peak and tail of each curve show the proportion of patients who developed an irAE and the proportion of patients
whose irAE had not been resolved, respectively. The number in parentheses of Fig. 3D represents the pooled median time (weeks). The
ranking is arranged from the shortest to the longest pooled median time. Items with underlining share the same ranking. IPI, ipilimumab;
irAEs, immune-related adverse events; NA, not applicable; NIV, nivolumab. ?p < 0.05 between the comparison of NIV and NIV+IP],
Pp < 0.05 between the comparison of NIV and IPI, 9p < 0.05 between the comparison of IPI and NIV+IPL A total of 1,815 and 1,196 patients
were included in the analysis of time to onset and resolution, respectively, for NIV; 2,092 and 2,123 patients for IPI; 828 and 1,572 patients

for NIV+IPIL.

p=0.049), hypersensitivity /infusion reaction (7.4 weeks vs.
6.1 weeks, p=0.005), and neurologic events (11.1 weeks vs.
4.0 weeks, p=0.002) (Fig. 1).

3. Pooled analysis of the time to resolution

The PMT-R of all-grade irAEs ranged from 0.1 to 54.3
weeks. The five irAEs with the top shortest PMT-R were
hypersensitivity /infusion reaction, gastrointestinal, pulmo-
nary, hepatic, and renal events, which might be resolved
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within 10.5 weeks (Fig. 2A, E, and I). The PMT-R of grade
> 3 irAEs was within 7.9 weeks when excluding endocrine
events (Fig. 2B, F, and J).

In overview, the PMT-R was comparable between grade
> 3 and all-grade irAEs. By organ, the PMT-R of grade > 3
irAEs was significantly shorter than that of all-grade irAEs
induced by NIV+IPI treatment in skin (3.1 weeks vs. 10.9
weeks, p=0.049), endocrine (11.6 weeks vs. 27.6 weeks, p <
0.001), pulmonary (1.5 weeks vs. 4.5 weeks, p=0.010), and
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Table 2. Time to onset and resolution of all-grade irAEs based on ICI doses

IPI-3 IPI-10 NIV-1+IPI-3 NIV-3+IPI-1
All categories
No. of patients with irAE 606 (13.5) 1,565 (20.3) 921 (29.9) 402 (19.9)
Time to onset (wk) 1(3.6-7.1) 6.3 (4.1-8.9) 4.9 (2.4-6.1) 6.1 (5.2-9.0)
No. of patients with irAE 495 (87.3) 1, 252 (85.2) 663 (79.0) 607 (82.8)
Time to resolution (wk) .6 (2.9-11.0) 4 (3.1-7.0) 5.1 (2.9-10.9) 5.0 (1.8-6.3)
Skin
No. of patients with irAE 218 (32.4) 460 (35.7) 288 (58.7) 135 (40.1)
Time to onset (wk) 3.6 (3.6-5.1) .6 (2.6-4.1) 2.1 (2.1-2.4)? 5.1 (3.1-5.2)?
No. of patients with resolution 179 (82.1) 377 (82.0) 193 (67.2) 100 (70.9)
Time to resolution (wk) 11 (5.1-11.0) .3(3.1-9.3) 10.9 (10.9-24.1) 9.0 (9.0-13.1)
Gastrointestinal
No. of patients with irAE 231 (34.3) 567 (44.0) 207 (42.2) 84 (24.9)
Time to onset (wk) .1 (4.6-7.6) .3 (4.4-7.6) 4.9 (3.9-4.9) .1(3.6-9.1)
No. of patients with resolution 218 (94.8) 539 (95.1) 197 (95.6) 170 (96.6)
Time to resolution (wk) 2.9 (2.9-3.6) 1(2.1-4.0) 2.9 (2.9-3.0)2 5(1.5-2.7))
Hepatic
No. of patients with irAE 32 (4.8) 223 (17.3) 163 (33.2) 58 (17.2)
Time to onset (wk) 8.9 (6.1-9.0) .9 (8.1-8.9) 6.0 (6.0-6.1) .0 (7.0-10.0)2
No. of patients with resolution 30(93.8) 205 (91.9) 148 (90.8) 117 (76.0)
Time to resolution (wk) 4.1(2.9-4.1) 4 (4.4-7.0) 5.1 (5.1-6.1) .0 (2.0-8.2)
Endocrine
No. of patients with irAE 57 (8.5) 269 (20.9) 192 (39.1) 89 (26.4)
Time to onset (wk) 1(8.9-9.1)» 10 2 (8.9-10.2)» 8.0 (6.0-8.0) 6.1 (6.1-12.0)
No. of patients with resolution 14 (70.0) 93 (53.8) 57 (53.3) -
Time to resolution (wk) 4 (3.4-3.4)? 54.3 (13.9-54.3)Y  27.6 (27.6-27.6) NA
Pulmonary
No. of patients with irAE 6(1.9) 11 (2.4) 25 (8.0) 22 (6.5)
Time to onset (wk) 10.1 (10.1-10.1) 10.0 (10.0-10.0) 10.1 (10.1-10.1)  15.4 (10.5-16.6)
No. of patients with resolution 5(83.3) 11 (100) 29 (96.7) 114 (84.4)
Time to resolution (wk) 6.3 (6.3-6.3) 3.7 (3.7-3.7) 7.0 (3.0-7.0) .5 (2.8-14.6)
Renal
No. of patients with irAE 8(2.6) 7 (1.5) 32 (6.5) 14 (4.2)
Time to onset (wk) 10.0 (10.0-10.0) 9.7 (9.7-9.7) 13.9 (8.7-13.9)Y  15.7 (12.6-36.4)?
No. of patients with resolution 7 (87.5) 4 (57.1) 27 (84.4) 106 (83.5)
Time to resolution (wk) 2.5(2.5-2.5) 52.7 (52.7-52.7) 2.1(1.3-2.1) 3 (1.6-6.9)
Hypersensitivity/Infusion reaction
No. of patients with irAE 8(2.6) 9 (2.0) 14 (4.5) -
Time to onset (wk) 4.3 (4.3-4.3) 6.1 (6.1-6.1) 3.1(3.1-3.1) NA
No. of patients with resolution 8 (100) 9 (100) 12 (85.7) -
Time to resolution (wk) 0.1 (0.1-0.1) 0.1 (0.1-0.1) 0.2 (0.2-0.2) NA
Neurologic
No. of patients with irAE 1(0.3) 19 (2.3) - -
Time to onset (wk) 11.7 (11.7-11.7)» 13 1(10.4-13.1)» NA NA
No. of patients with resolution 1 (100) 14 (73.7) - -
Time to resolution (wk) 0.7 (0.7-0.7) 8.0 (8.0-11.6) NA NA

Values are presented as number (%) or median (95% confidence interval). ICI, immune checkpoint inhibitor; IPI-1, ipilimumab 1 mg/kg
Q3W; IPI-3, ipilimumab 3 mg/kg Q3W; IPI-10, ipilimumab 10 mg/kg Q3W; irAE, immune-related adverse event; NA, not available; NIV-
1, nivolumab 1 mg/kg Q3W; NIV-3, nivolumab 3 mg/kg Q3W. ¥p < 0.05 between the comparison of NIV1+IPI3 and NIV3+IPI1, Pp < 0.05

between the comparison of IPI3 and IPI10.
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renal events (2.4 weeks vs. 6.3 weeks, p=0.028) (Fig. 2A, B,
E E I J). When applying the immune-modulation drug, the
time to resolution of grade > 3 irAEs was significantly shorter
than that of all-grade irAEs caused by PD-1/PD-L1 block-
ade (6.9 weeks vs. 40.6 weeks, p=0.002) and NIV+IPI treat-
ment (3.1 weeks vs. 5.9 weeks, p=0.031) in the overview. As
for CTLA-4 blockade, the PMT-IMR of grade = 3 irAEs was
significantly shorter than that of all-grade irAEs in skin (8.5
weeks vs. 14.4 weeks, p < 0.001), gastrointestinal (3.3 weeks
vs. 4.4 weeks, p <0.001), and hypersensitivity / infusion reac-
tion (0.3 weeks vs. 2.1 weeks, p < 0.001) (Fig. 2C, D, G, H, K,
and L).

When compared with PMT-R, the PMT-IMR of all-grade
irAEs caused by PD-1/PD-L1 inhibitors was significantly
longer (40.6 weeks vs. 10.1 weeks, p=0.010) in overview; as
for CTLA-4 inhibitors, the PMT-IMR was significantly longer
in skin (14.4 weeks vs. 9.3 weeks, p=0.004), gastrointestinal
(4.4 weeks vs. 2.9 weeks, p < 0.001), and hypersensitivity /
infusion reaction (2.1 weeks vs. 0.1 weeks, p <0.001) (Fig. 24,
C E, G, I, and K). Regardless of grading, hypersensitivity /
infusion reaction and endocrine events were associated with
the shortest and longest PMT-IMR, respectively, which were
similar to the patterns of PMT-R.

4. Subgroup analysis based on ICI drugs

NIV monotherapy was associated with significantly long-
er PMT-O of all-grade irAEs than NIV+IPI (8.2 weeks vs.
6.0 weeks, p < 0.001) and IPI alone (8.2 weeks vs. 6.1 weeks,
p=0.012). The PMT-R was comparable between NIV+IPI and
the corresponding monotherapy (Fig. 3).

In terms of grade > 3 irAEs, NIV monotherapy had the
significantly longest PMT-O among these three treatments in
overview (IPI vs. NIV+IPI vs. NIV: 7.4 weeks vs. 7.9 vs. 27.5
weeks; p < 0.05), especially in gastrointestinal (7.0 weeks vs.
7.4 weeks vs. 36.4 weeks, p <0.001), endocrine (10.6 weeks vs.
12.2 weeks vs. 24.0 weeks, p < 0.05), pulmonary (6.2 weeks
vs. 6.0 weeks vs. 27.5 weeks, p < 0.05), and renal events (10.0
weeks vs. 11.3 weeks vs. 123.4 weeks, p < 0.001) (S4 Table).

In overview, the PMT-O and PMT-R were comparable
between IPI alone and IPI+CT. By organ, the PMT-O of hepa-
tic (8.9 weeks vs. 5.9 weeks, p < 0.001) and neurologic events
(13.1 weeks vs. 4.0 weeks, p < 0.001) and the PMT-R of skin
(9.3 weeks vs. 4.3 weeks, p=0.037) and endocrine events (54.3
weeks vs. 10.4 weeks, p < 0.001) were significantly longer in
IPT cohort than in IPI+CT cohort (S5 Fig.).

5. Subgroup analysis based on ICI dose

The PMT-O and PMT-R were similar between the two dif-
ferent doses of IPI, except for those of endocrine events and
PMT-O of neurologic events. Compared with NIV 1 mg/kg
every 3 weeks and IPI 3 mg/kg every 3 weeks, significantly
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longer PMT-O of skin (5.1 weeks vs. 2.1 weeks, p < 0.001),
hepatic (9.0 weeks vs. 6.0 weeks, p < 0.001), pulmonary (15.4
weeks vs. 10.1 weeks, p <0.001), and renal events (15.7 weeks
vs. 13.9 weeks, p=0.002) were observed in the treatment of
NIV 3 mg/kg every 3 weeks and IPI 1 mg/kg every 3 weeks;
the PMT-R was comparable between two doses of combina-
tion therapy in all events except for the gastrointestinal irAE
(Table 2).

6. Subgroup analysis based on cancer type

The PMT-O of all-grade irAEs was significantly shorter
in lung cancer cohort than in melanoma cohort (4.7 weeks
vs. 6.1 weeks, p=0.017), including renal (8.2 weeks vs. 13.9
weeks, p=0.048), hypersensitivity/infusion reaction (0.2
weeks vs. 3.3 weeks, p=0.004), and neurologic (4.0 weeks vs.
13.1 weeks, p <0.001) events (Table 3). Under the treatment of
NIV 3 mg/kg every 2 weeks, two groups showed significant-
ly different PMT-O of hepatic (lung cancer vs. melanoma: 8.0
weeks vs. 14.1 weeks, p < 0.001), hypersensitivity / infusion
reaction (0.2 weeks vs. 3.3 weeks, p < 0.001), endocrine (11.2
weeks vs. 8.2 weeks, p=0.007), and pulmonary events (27.9
weeks vs. 8.7 weeks, p=0.001). The PMT-R of organ-specific
irAEs were comparable between the two cancer types, except
for that of skin events (S6 Table).

Discussion

Currently, ICI is considered to be a promising treatment
option for patients with cancer. However, the adverse events
associated with immunologic etiology cannot be ignored.
Although substantial evidence has demonstrated the safety
profile of ICIs, most studies have focused on the incidence
and certain kinds of ICI drugs, and the typical timing of the
development of irAEs remains unclear [42-46]. In this study,
we aim to clarify the pattern of time to onset and resolution
of ICI-induced irAEs in pan-cancers; therefore, it can provide
clues for early recognition and timely management of irAEs
to clinicians.

The premise of the successful management of irAEs and
the reduction of sequelae is mastering the general pattern.
In the previous studies of patients with melanoma receiving
ICI monotherapy, it was reported that skin-related irAE was
the earliest event to appear (median, 2-6 weeks), followed by
gastrointestinal events (6-7 weeks), while renal events were
the last to appear (15 weeks). Moreover, endocrine irAEs was
the last (28 weeks) event to be resolved [3,16]. The pattern
reported in our study was consistent with the above find-
ings. Apart from the commonly selected irAEs in previous
studies, we also included hypersensitivity / infusion reaction
and neurological events in the analysis, and the former was
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Table 3. Time to onset and resolution of all-grade immune-relat-
ed adverse events based on cancer types

All categories
No. of patients with irAE
Time to onset (wk)
No. of patients with irAE
Time to resolution (wk)
Skin
No. of patients with irAE
Time to onset (wk)
No. of patients
with resolution
Time to resolution (wk)
Gastrointestinal
No. of patients with irAE
Time to onset (wk)
No. of patients
with resolution
Time to resolution (wk)
Hepatic
No. of patients with irAE
Time to onset (wk)
No. of patients
with resolution
Time to resolution (wk)
Endocrine
No. of patients with irAE
Time to onset (wk)
No. of patients
with resolution
Time to resolution (wk)
Pulmonary
No. of patients with irAE
Time to onset (wk)
No. of patients
with resolution
Time to resolution (wk)
Renal
No. of patients with irAE
Time to onset (wk)
No. of patients
with resolution
Time to resolution (wk)
Hypersensitivity
/Infusion reaction
No. of patients with irAE
Time to onset (wk)
No. of patients
with resolution
Time to resolution (wk)

Lung cancer

800
47
502
4.0

10.0)
4.7-5.7))
76.9)
2.7-9.4)

—~ BN — BES

270 (19.4)
47(2.9-5.7)
178 (76.7)

9.4 (4.3-10.1)
226 (16.2)
45 (4.4-22.4)
186 (86.5)
2.7 (2.3-2.9)
74 (5.3)
8.0 (2.0-9.0)
56 (83.6)
3.3 (2.0-4.0)"
107 (7.7)
11.2 (8.9-13.3)
18 (52.9)
10.4 (10.4-10.4)
25 (4.7)
27.9 (4.8-27.9)"
16 (84.2)
5.9 (5.9-5.9)
17 (3.2)

8.2 (8.2-17.8)"
6 (54.5)

10.5 (10.5-10.5)°

16 (3.0)
0.2 (0.2-1.8)"
10 (100)

0.1(0.1-0.1)

4,359

3,222

Melanoma

18.3)
5.7-7.6)"
80.5)
3.4-6.9)

6.1

—~ BN -~ BS

44

1,496 (40.8)

4.0 (2.6-5.7)

1,026 (72.6)

10.9 (5.1-22.1)

1,294 (35.3)

6.3 (4.6-7.6)

1,217 (94.3)

2.9 (2.4-3.1)

542 (14.8)
8.9 (6.1-9.0)
491 (90.6)

5.1 (4.4-6.1)"
749 (20.4)
8.9 (8.0-10.2)
258 (53.6)
29.1 (13.9-54.3)
77 3.1)
10.1 (8.7-10.1)°
69 (89.6)
6.3 (3.0-7.0)
70 (2.8)

13.9 (9.7-15.7)"
54 (77.1)

) 2.3(2.1-10.5)"

66 (3.1)
3.3(2.2-6.1)"
59 (89.4)

0.1(0.1-0.2)

(Continued)

Table 3. Continued

Lung cancer =~ Melanoma
Neurologic
No. of patients with irAE 65 (7.5) 20 (1.7)
Time to onset (wk) 4.0(4.0-7.1)» 13.1(104-13.1)?
No. of patients 32 (49.2) 15 (75.0)

with resolution
Time to resolution (wk) 28.7 (28.7-28.9)? 8.0 (0.7-11.6)?

Values are presented as number (%) or median (95% confidence
interval). irAE, immune-related adverse event. ¥p < 0.05 bet-
ween the comparison of lung cancer and melanoma.

newly found to be the first to resolve.

Severe irAEs were prone to occur later and be resolved
with immune-modulation agents earlier than mild-to-mod-
erate irAEs. On the one hand, this result may be due to the
dose-dependent effect of irAEs. In a phase II trial comparing
three dose administration of IPI (0.3 mg/kg, 3.0 mg/kg, and
10 mg/kg) in patients with advanced melanoma, the inci-
dence of irAEs was 26%, 56%, and 70% and occurrence of
grade 3-4 irAEs was 0%, 7%, and 25% of patients, respective-
ly [47]. Similarly, a dose-based network meta-analysis sug-
gested that high-dose IPI had a greater incidence of 3-4 grade
irAEs than low-dose IPI [14]. Besides, in a phase I trial assess-
ing the safety of anti-PD-1 antibody in patients with mul-
tiple cancer, an increase in the frequency of grade 3-4 irAE
(0%, 4%, and 8%) was observed with an increasing dose level
(0.3 mg/kg, 3.0 mg/kg, and 10 mg/kg, respectively) [48]. ICI
drugs reach a higher cumulative dose in the later treatment
course, therefore inducing late-onset severe irAEs. On the
other hand, positive clinical management might foster the
earlier resolution of severe irAEs. According to the NCCN
and ESMO clinical practice guidelines for the management
of immunotherapy-related toxicities, the common manage-
ment would be observation and supportive treatment when
initially encountered with grade 1-2 irAEs [12,13]. However,
enhanced medical interventions and close nursing care will
be adopted on the condition of dealing with severe irAEs.
Given that ICI is a novel therapy with high hopes in the cur-
rent spotlight, clinicians are more likely to find severe irAEs
and perform timely resolutions.

The endocrine-related irAEs featured delayed onset (8.0-
12.0 weeks), the longest resolution duration, and the lowest
resolution rate in all ICI regimens. This result corroborates
those from a study investigating IPI, where it took 9 weeks
before the onset of endocrine events [16]. The underlying
reason for the long time to recover from endocrine-related
irAE was that it might take time for patients to become
adequately replaced with the exogenous hormone. Thus,
closer follow-up is needed approximately 9 weeks after the
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start of treatment, and patients should be provided with
appropriate education regarding this prolonged treatment,
including guidelines for psychological construction, medica-
tion norms, regular follow-up time, and adjustment of drug
dose.

The irAEs caused by NIV+IPI generally occurred earlier
than those induced by NIV alone. In a review, irAEs tend-
ed to occur earlier in the course of treatment with IPI plus
an anti-PD-1 antibody compared with IPI monotherapy
or anti-PD-1/(PD-L1) antibodies [15]. Similarly, a study of
1,551 patients assessed by the European Medicines Agency
demonstrated that most of the irAEs occurred earlier in the
NIV+IPI cohort than in the monotherapy cohort, including
skin, gastrointestinal, hepatic, endocrine and renal events
[49].

Although irAEs generally occurred within 14.8 weeks after
the first dose of ICI drugs, they could appear several months
even years after the completion of treatment. In this study,
we noticed that the maximum time to onset could reach three
years after starting treatment in some cases. The wide range
in time of onset was also described in recent publications.
The cutaneous presentation occurred in patients up to 60
weeks after the first dose of anti-PD-1 treatment in stage IV
melanoma [50]. Ocular adverse effects were experienced by
some patients with metastatic melanoma 1 year after the last
dose of IPT [51]. Although the half-life of ICI is ascertained,
such as two weeks for IP], it may still have a biological effect
for a long time after the drug is cleared [13,52]. Thus, surveil-
lance should be reinforced and a long-term multidisciplinary
follow-up should be arranged.

Several limitations should be mentioned. First, irAEs were
diagnosed by investigators, which might be influenced by
clinical experience. Indeed, the incidence of irAEs reported
by randomized controlled trials published after 2017 seemed
greater than those before (76.9% vs. 58.5%). It may be because
more attention has been paid to these adverse events and
more clinical experience has been gained. Hence, the quan-
tifiable criteria to clarify the definition of irAE are eagerly
awaited. Second, standard deviations or quartile information
of timing data were not extracted and analyzed because they
were rarely reported. Nevertheless, to make a reliable estima-
tion, the metamedian method used in this study was proved
to be well-performed under this circumstance by collecting
median values [20]. Third, the dataset of the group receiving

anti-PD-1/PD-L1 treatment mainly originated from the tri-
als on NIV. Thus, the applicability of corresponding results
may be more specific to NIV monotherapy and the clinical
trials involving ICI agents are recommended to report the
time data on the development of irAEs in the future. Fourth,
the subgroup analysis of cancer types involved a small num-
ber of trials, so the relevant results should be regarded with
caution.

The irAEs induced by ICI agents appear to be an emerg-
ing challenge in clinical practice. This study revealed the
occurrence pattern of irAEs, expanding the knowledge of the
characteristics of this new issue. Our findings may serve as
a useful tool to help clinicians detect irAEs timely and make
therapeutic decisions properly.
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