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What is known and objective: Ceritinib is a new, oral, potent and selective second-
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Email: twwtdd@163.com brain metastasis. The aim of this study was to analyse the effects and side effects of

ceritinib in ALK-rearranged NSCLC.

Methods: We searched articles published from January 1980 to March 2019 in
PubMed, EMBASE, Cochrane Library and Web of Science. The pooled estimate
and 95% Cl were calculated with DerSimonian-Laird method and the random effect
model.

Results and discussion: From 15 articles, 2,598 patients were included in the meta-
analysis. Eleven studies reported the ORR, and the DCR was presented in 10 stud-
ies. The ORR and DCR of ceritinib were 0.48 (95% Cl, 0.39-0.57) and 0.76 (95% ClI,
0.69-0.82), respectively. The PFS and OS were presented in nine and three eligible
studies, respectively. The PFS and OS of ceritinib were 7.26 months (95% ClI, 5.10-
9.43) and 18.73 months (95% Cl; 14.59-22.87). These results suggested that ceritinib
can effectively treat patients with ALK-rearranged NSCLC. Diarrhoea, nausea and
vomiting were the three most common AEs and occurred in 69% (95% Cl 51.7-87.1%),
66% (95% Cl 47.0-85.8%) and 51% (95% Cl 35.9-66.8%) of patients, respectively.
Considering serious gastrointestinal AEs, antiemetic and antidiarrhoeal drugs should
be considered to improve a patient's tolerance to ceritinib.

What is new and conclusion: Ceritinib is effective in the treatment of patients with
ALK-rearranged NSCLC with crizotinib resistance. The DCR was up to 76%, and PFS

was extended to 7.6 months. The AEs were acceptable.
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1 | WHAT IS KNOWN AND OBJECTIVE

Lung cancer is the leading cause of cancer-related mortality world-
wide.! Approximately 80-85% of lung cancer cases are diagnosed as
non-small cell lung cancer (NSCLC).2 Unfortunately, the prognosis of
NSCLC s poor. The 5-year survival rate is 16%, and more than 50% of
patients present with advanced disease. For patients with advanced
NSCLC, platinum-based chemotherapy is the standard treatment,
with an objective response rate of approximately 30%; however, this
generally lasts only 4-5 months.® Fortunately, with the increasing
understanding of the pathogenesis of NSCLC in the last 10 years,
the development of targeted drugs has improved the prognosis of
patients.” NSCLC with anaplastic lymphoma kinase (ALK) rear-
rangement accounts for approximately 5% of advanced adenocarci-
nomas.'®* Most patients with NSCLC with ALK-rearrangement are
younger, have never smoked or have a history of mild smoking, and
have histological characteristics of adenocarcinoma.*>*® ALK fusion
proteins promote the growth and survival of cancer cells by abnor-
mally activating intracellular signals. Clinical studies have shown that
the use of ALK inhibitors for the treatment of patients with ALK-
rearranged NSCLC is better than that of chemotherapy drugs.

Crizotinib (LDK378; Novartis) was the first drug approved by the
Food and Drug Administration of the United States (FDA) as a tar-
geted therapeutic drug for patients with ALK-rearranged NSCLC.*
It has become a standard treatment in many countries. The use of
ALK inhibitors in advanced patients significantly improves progres-
sion-free survival (PFS) and prolongs the lifespan of patients with
late-stage ALK-rearranged NSCLC compared with that of chemo-
therapy. Crizotinib is a first-generation oral ALK inhibitor and a
standard drug for ALK-rearranged NSCLC treatment.’> However,
many patients treated with crizotinib experience disease progres-
sion within 12 months of treatment, the most common being brain
metastasis.'®*® Ceritinib (LDK378, Novartis) is a new, oral, potent
and selective second-generation ALK inhibitor approved by the FDA
in April 2014. It has a stronger preclinical antitumour effect than
crizotinib. Its efficacy is 20 times greater than that of crizotinib.'? In
addition, ceritinib is active in crizotinib-resistant patients, especially
in patients with brain metastases and NSCLC.2%%!

Despite the relevant studies on the efficacy of ceritinib in the
treatment of ALK-rearranged NSCLC, the efficacy of ceritinib is still
unknown. Therefore, we conducted a systematic review and me-
ta-analysis of the efficacy and adverse events (AEs) of ceritinib on
ALK-rearranged NSCLC to provide information for further scientific
research and clinical applications.

2 | METHODS
2.1 | Search strategy
We searched articles published from January 1980 to March 2019 in

PubMed (Medline), EMBASE (Excerpta Medica Database), Cochrane

Library and Web of Science. We used keyword search terms

(‘ceritinib’) and (‘non-small cell lung cancer’ or ‘NSCLC’) in PubMed,
Cochrane Library and Web of Science. In EMBASE, for the popula-
tion, we used the keyword (‘non-small cell lung cancer’ or ‘NSCLC);
for the intervention, we used the keyword ‘ceritinib’; and for the
study design, we used the keyword ‘clinical study’. In the search pro-
cess, we not only used MeSH keywords to search but also a broader
search term to collect all articles published that were relevant to this
topic. We searched not only the original published articles but also
the references cited in related review articles. In addition, we re-

trieved references from the search results.

2.2 | Selection criteria

Eligible trials had to satisfy the following prespecified PICOS cri-
teria. P (participants): ALK-rearranged NSCLC; | (intervention): oral
ceritinib therapy treated; C (control): none; O (outcomes): objective
response rate (ORR), disease control rate (DCR), overall survival (OS)
and progression-free survival (PFS); S (study designs): phase |, Il or
Il study prospective cohort study, or retrospective cohort study.
Articles dealing with animal research or those not in English were
excluded. We did not exclude studies involving patients pretreated
with prior ALK inhibitors, nor did we exclude previous studies in-
volving patients receiving chemotherapy. Where there were dupli-
cate studies, articles published earlier or those that provided more
detailed information were selected (Figure 1). Two researchers in-
dependently evaluated the literature according to the criteria to de-
termine eligibility, and a third researcher was involved in resolving

the differences between the two.

2.3 | Data extraction and analysis

This study conducted data analysis based on the PRISMA

Statement.??

The following information was recorded in a prede-
signed form: first authors, publication year, study design, population,
age, male percentage, sample size, grouping and number of people
in the group, data including counts and effect estimates, country,
follow-up years, title, conclusion, PFS, OS, DCR, ORR and AEs. Most
studies were single-arm studies, and a minority of studies included a
chemotherapy control group. However, we only extracted data from
the ceritinib-treated group. One researcher extracted the data inde-

pendently, whereas another reviewed the data to ensure accuracy.

2.4 | Statistical methods

To evaluate the therapeutic effect of ceritinib in patients with ALK-
rearranged NSCLC, we analysed the best responses. We extracted
the ORR, DCR, PFS and OS from each ceritinib single-arm treatment
group in each study. If, according to the ceritinib injection dosage/
day, multiple sets of data were provided in a study, we extracted

only the best response data from the 750 mg/d injection dosage.



TIAN ET AL.

Journal of

4
B-WiLEYy-L

Clinical Pharmacy and Therapeutics

FIGURE 1 Flow chart of study
selection
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The toxicities and AEs reported in each study were classified and
merged, and the incidence of 11 common AEs was analysed.

We used Stata 14 for data merger analysis and heterogeneity
tests between studies. The heterogeneity test between studies was
evaluated by I? statistics and the Q test. At P < .01, heterogeneity
was considered significant. A value of I? of 0% to 25% represented
insignificant heterogeneity, more than 25% but less than or equal to
50% represented low heterogeneity, more than 50% but less than or
equal to 75% represented moderate heterogeneity, and more than
75% represented high heterogeneity. We used the DerSimonian-
Laird method and the random effect model to pool the effect size
and draw forest plots. P values for all comparisons were two-tailed,
and statistical significance was defined as P < .05 for all tests, except

those for heterogeneity.

2.5 | Quality assessment

As most studies included were single-arm cohort studies, we used
the CASP-Cohort-Study-Checklist to evaluate the quality of the
studies. The CASP-Cohort List, a quality assessment tool, was pro-
posed by the Oxford Evidence-based Medical Center in 2004 for
cohort studies. It contains 12 questions and 3 sections to evaluate

each study.

2.6 | Assessment of risk of bias

We used Stata 14 with meta-regression to analyse the sources of

heterogeneity in the studies.



TIAN ET AL.

Journal of
Wl L EY_ Cnl‘::]::;l Pharmacy and Therapeutics

746

(senunuo)d)

19%

8¢

11

1T

€11

¢'es

(yauow)
dn-mojjo4

£2.0|

vsn

alodedulg

vsn

Aey

ueder

alodedulg

Anuno)

LET

85

9vL

9ve

(0j4%

(014

€L

azis
a|dwesg

%ESY

%V ¥

%09

%09V

%0°0S

%05y

%1'CS
%21eN

(0'98-0'52) 095

(z'69-€55) T'€9

[4]

(08-¥2) ¢s

(08-62) 16

(89-62) ¥

(¢L-ce) 0s
a8y

JTOSN + M1V Al 10
4111 93e3s Jo sisoudelp pawiijuod A||ed130]03Ad Jo Ajjediojo3siy
pey Aay3 41 9|q181|2 a1am (sieaA gT pasde) sjusiied 3 npy

‘pieog
MBIIADY |BUOIINFIISU| UIDISOAA 94 AQ MBIADL WOy pajduwaxa
Sem pue uoljewJojul 3ulAjipuapi-jusijed Aue 129|102 jou pIp
Apnjs siy] ‘sjuaijed pa3daa]as Y3 JO SPIOIJ [EDIPSW DY} WO

uojjew.lo ul 30e.3xa 03 payAul sem 3siSojoouo Suijedidiped yoeg

(2001

31140¥d Pue ‘S00T 31140¥d ‘TOOT FTI40Yd) Sleli3 83Jy3 woly

pPa3oeIIX3 919M Sjualjed pajessl-qiuijozLid Joj ejep Alewwns

paysiignd (€-ANIDSV ‘T-ANIDSY) S|eli3 wue-a|Suls om} wody
UMEBJP 3J9M Sjudljed paleali-qiuiliad o) elep juailed |enplAlpu|

'3|q181]9 249M 95e3SIP (SND)

W9)SAS SNOAJISU [BJIUDD (SH29M <) 9|ge]s pue dijewoldwAse

pa31eaJ) A|[ed0] J0 pajeasiun Yim sjualjed ‘paisixs Adeays

pJepue)s aA1323443 OU YdIYM 10J 40 (1MTV 410 Adessyjowayd

Suipnjoul) Adessayy paepuels sydssp passasdoud pey jeys

DTSN 2l1eiselaw 1o padueApe A||edo| pey ‘plo SIeaA T 2 aJom
‘DT1DSN pasuelieal-yy pey sjusijed 9|qidi|s ‘Ajjalig

‘uoneniur qluRLed

03 Jord Adeuays o13sejdoauljue 21wa)SAS 3se| 9y} uaaq aAey

1SNW qIu130Z1Id pue ‘paj}iwaad 30U Sem qIuijoziud uey) Jayjo

J0MqgIyul YTV Aue yiim juswiiealy Joldd ‘qluijoziid pue uswidal

AdeJsyjowsyd paseq-wnuije|d suo 3ses| 18 Y}IMm juswiesty

Jold paAladal aAey snw sjuaijed [y "DTDSN padueieal-y1y
Jljejselaw/pasueApe Ajjedo| pey sjualied 9|qi81|3 sjualied

"ApN3s SIY3 Ul papn|oul 31am ‘s3sixa Adelayy piepue)s

9AI1329}J9 Ou Yd1yMm Joy4 Jo Adelayy paepuels ajidsap passasdold

pey yoiym 7y ul suoijesalje 2i3ausd 3ulunogley Adueudijew
211B)SE}DW JO PADUBAPE A||B20] YHM (JA QT) spuaijed 3npy

‘(2 = N) siseq asn a1euolssedwod e uo 10 (9TSE8ZTOLION

T/ = N) [el3 [ediul]d e Jo Jied se Jaylla qluilliad paAladal

sjualjed ‘(£ = u) 193U J92ue) wnj|eDde|A J939d pue (T = u)

e130]0ouQ Ip 0adoung 01n3s| (T = u) a40deduls Jajua) Jadued)

|euoileN (O = U ‘HOI) |eHdsoH |edauas) s119snydessen
:SUOIINIISUI INOJ Je PalIJuapl a19M (£/ = U) spualjed aAlIsod-y1y

uolejndod

‘Apnjs T aseyd ‘|aqge|
-uado ‘paziwopuel ‘943uad13 NN

Apnis mainsy 31eyd

110409 dA1328ds04319Yy

[2qge|-uado ‘| aseyd

Apnis || @seyd ‘aijuadi3nw
‘loqel-uado ‘wue-9|3uls

Apnis
|2qe|-uado ‘ajuadi3|nw ‘| aseyd

sisAjeue aAI30adsoa19y

usisap Apnis

4z(£102) 39 04D

12 (L102) B33
Alepuag

52(9702) e 32 el

+2(9702) & 32 Wi

+2(9702) [B 19
ouD

c2(GT02) (B30
oysIN

1(5102) e 30
Jouleny

Apms

$a1pN3s Papn|oul JO sosaldeleyd T 379VL



4
P WILEY-

Clinical Pharmacy and Therapeutics

Journal of

TIAN ET AL.

(senunuo))

911

0¢ct

(ox4%

(0%

08T

(yauow)
dn-mojjo4

ueder 0z
AN 0S¢
ouely an4
9ouel 9/€
vsn 1314
ueder 8
Anuno) aziIs
a|dwesg

%00

%097

%18V

%097

%607

%0°SL
%°1eN

‘paj|oJua a4om sjualjed 0Z
JO |e10} B /10T Y2JBA 03 GTOZ ISNSNY WO “Jusw|odus Apnis
910J3( S¥29M Z UIy}Im Adelsy] ploJals ou YIm saseiseraw
uleuq pajeaJ] Jo pajeasjun dijewoldwAse aAey pinod sjusiled
‘D1DSN 2AIIsod-)Tv Al 40 g]]] 93€3s pawLljuod A||edi80|03Ad
(6£-62) 015 1o Ajjeai3ojoisiy pey Aayy Ji 9|qiSI[2 aiam syuaijed 3npy
(YyjesH uouije|4) aseqelep paALIp pJodal
yijesy d1uo.3d3|a sy 03 sjelsy |ediul|d T9/8¢dN Pue €/98¢dN
39U} WoJy e1IS3IID UOISN|OXa pue uolsn|dul SulAjdde Aq pajoelixa
913M Od| ‘We qiui3ed 8yl 9ALSp o1 [TTTTO8TOLION] ££98ZdN
Apnis [eqo|D) SaIpN1S || 9Seyd OM] Ul pajjoJua sjualled wody
(£TT ) S¥S ejep 3uljood Aq paAlISp Sem wW.e Juswieal] qiuildsfe ay|

"qIuI30z14d Yy3im pajealjald asam sjualjed
[IV'sdnown} + 37V 43Y30 40 “D7ISN + TSOY ‘DTISN + M1V
(06-6T) 85 pasueApe y3m sjuaized papnjoul swwessold N1 YL

([Adeaays jo pua ay3 wouy
syjuow gT < paJinddo pey asdejau Ji] Adessyl 21wa1sAs JueAn(pe
10 jJueAnfpeoau }dadxa) Adelsay) Joaduedijue d1WalsAs Aue yjm
pajeaJjun ‘DTDSN pasuelleal-)y Ty snowenbs-uou dijeiseiaw
10 padueApE A[|e20| pPaWLIJu0d A[|e2130]03A 40 A||ed130]03s1Y
(18-22) 0°'SS pey Aay3 Ji 9|q181|2 a19M (sieaA gT pasde) sjusized 3 npy

“Juswjolus Apnis a10)aq uoissaidoud
95e9sIp pajusawnd0op pey Ajpusanbasqns pue ‘sAep Tg JO wnwiuiw
e J0J Adesay) qlui3oziid snolAaid paAIadal ‘9SeasIp padueApe 10)
(3921gnop wnuie|d e 3uipnjdul) suswidal Adessyjowayd snoiraid
0M]} 10 SUO PaAISIaI dABY 0} pey sjualjed ||y ‘jJuswadueliesl
S)TV PaWUIJUOD B M J3dued 3un| [|99 ||BwS-Uou dije3selaw Jo
pasueApe Aj[ed0| pey (sieaA gT pasde) sjuaijed 9|q181|3 "sal1IUN0d
0 SSOJDE S31JU3D ¢4 WOUy syualjed pajinidal am (G-ANIDISY)
(0°€9-0¥¥) O¥S [el13 € aseyd ‘|age|-uado ‘p3||0i3uod ‘paziwopued siyy uj
‘24njle) qluillIad J3lje gIURDS|e YHM pajealy
219M oym sjuaijed Jy3ie pamainad Aj9A13dadsoa1al am ‘sjusijed
2T 9593 Suowy ‘aJnjie) qiuijoziid J93Je 103IgIyul My puodas se
3 ynm sjuaijed Jysia pue Jojiqiyul NV 1S4l Y3 Se qiuipLd yim
pajeaty aam DTISN dAISod-juswaduelteal-y Ty padueape
(T£-62) €S Yam sjusized unoj ‘9T O 19903120 pue £L00g Adenuer usamiag

a8y uoljejndod

Apnjs || 9seyd aA13dadsoud

|| 8seyd w.e-a|3uls om|

140yod aAI30adsold

Apms ¢ aseyd ‘|aqe|-uado
‘paziwopuel e :(-aNIDSY)

[eli € aseyd ‘|age)
-uado ‘paj|oJju0d ‘pazjwopuey

}40yod aA1302ds0.11ay

usisap Apnis

(panuRuOD)

»c(8T02) €32
epiH

cc(8102) I8 30
salneq

2¢(8702) B39
|oueaped

e(£T02) B39
elos

0e(£102) 132
meys

(L107) [B 32 BAO

Apms

T 319vl



™ | wWiLEy—

(Continued)

TABLE 1

Follow-up

Sample
size

Male% Country

Age

Population

Study design

Study

7.4

Italy

70

48.6%

56 (22-86)

The Italian ceritinib CUP was made available by Novartis

Prospective cohort

Metro

Pharmaceuticals on 9 April 2015, and was intended for patients

et al (2018)%°

who were ineligible to participate in any of the accruing ceritinib
clinical trials. Eligible patients had ALK-positive advanced
NSCLC which had relapsed after a prior ALK TKI. The Italian

Journal of
Clinical Pharmacy and Therapeutics

centres who had an activated ceritinib CUP were contacted
in order to provide the clinical data of enrolled patients. Out

of 46 institutions, 25 centres took part in the study, for a

total of 70 eligible patients who were treated with ceritinib as

compassionate use.
Patients with ALK-positive NSCLC treated at the Kyoto

Japan

Retrospective cohort

Yoshida

University Hospital from January 2012 to March 2017 were
reviewed. There were 35 patients with ALK-positive NSCLC,

nine of whom received ceritinib after alectinib

et al (2018)%¢

TIAN ET AL.

2598

Total 15 studies

3 | RESULTS
3.1 | Eligible studies

In the initial search, we retrieved 1,012 articles from 4 databases.
After reading the title and abstract, excluding duplicate and irrel-
evant articles, we selected 340 articles. After manual reading of
the full text, 67 papers were excluded because they were a review
article (n = 13), case report (n = 7), or study design (n = 38) or there
was insufficient information for a meta-analysis (n = 9). Finally, 15
articles with 2,598 patients were included in this meta-analysis
(Figure 1).

3.2 | Description of studies

The meta-analysis included 15 studies that consisted of a total sam-
ple size of 2598. The 15 studies were first published in 2015 and
most recently in 2018. The sample size ranged from 8 to 746, cover-
ing Asia, Europe, the Americas, Australia and other regions. Detailed

features of each study are shown in Table 1.

3.3 | Meta-synthesis of results

Eleven studies reported the ORR. The ORR in the combination group
was 0.48 (95% Cl, 0.39-0.57) but the heterogeneity of the overall
ORR was significant (I = 92.6%) (Figure 2A).

The DCR was presented in 10 eligible studies. The number
of studies included in the DCR merger was one less than that in
the ORR merger, because Tan et al did not provide SD data. The
pooled results suggested that ceritinib can effectively control ALK-
rearranged NSCLC, with a statistically significant difference DCR =
0.76;(95% Cl, 0.69-0.82; P < .01) (Figure 2B). In addition, we used the
Chi-square test and I? statistic to verify the statistical heterogeneity
(I2 = 73.4%), indicating moderate heterogeneity in the overall DCR.
A random model was used according to a comprehensive analysis to
examine the results.

Nine included studies reported the PFS. Nine studies did not
overlap with the 11 studies included by the ORR. This is because
some of the 15 studies we included provided both ORR and PFS,
whereas others only provided the ORR or PFS. The pooled PFS was
7.26 months (95% Cl, 5.10-9.43, P < .01) (Figure 3A). We selected
Cochran's Q and I? statistics to verify the level of heterogeneity
(I = 92.6%). A random effect model was adopted according to a
comprehensive analysis to examine the results. These results sug-
gested that the PFS has high heterogeneity.

The OS was presented in three eligible studies. The effects of
ceritinib treatment on OS are shown in Figure 3B. The pooled OS
was 18.73 months (95% Cl: 14.59-22.87). Moreover, high heteroge-
neity was detected based on testing for included studies (1> = 87.2%,
P <.01) and arandom effect model was selected to summarize effect

size.
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FIGURE 2 A, Forest plot of objective (A)
response rate (ORR). B, Forest plot of Study % Sample
disease control rate (DCR) D ORR (95% Cl) Weight  Size
Bendaly (2017)

Cadranel (2018)
Crind (2016)
Hida (2018)

Kim (2016)
Metro (2018)
Nishio (2015)
Oya (2017)
Shaw (2017)
Tan (2016)
Yoshida (2018)

Overall (I-squared = 84.4%, P = .000)

NOTE: Weights are from random effects analysis
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Overall (I-squared = 73.4%, P =.000)

NOTE: Weights are from random effects analypis

£ 0.94(0.87,1.02) 1404 35
B 075068 082) 1460 149
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B 079(073,084) 1578 246
n 0.67 (0.56, 0.79) 1117 64
0.33(-0.04,0.71) 249 6
0.38 (0.04, 0.71) 3.03 8
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0.76 (0.69, 0.82) 100.00

'
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1
¥
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1
'

T
-1.02

3.4 | Assessment of AEs

We included all 10 studies that provided data on AEs, which men-
tioned 54 AEs. Because different studies may have different descrip-
tions of the same AEs and the classification of AEs is different, we
screened and reclassified 11 AEs, which were mentioned in at least
five studies. The number of articles than mentioned each AE was
not necessarily the same. We separated the incidence of the 11 AEs.
After merging, we obtained 11 combined AEs (Table 2). The forest
plot is shown in Figure 4. Diarrhoea, nausea and vomiting were the
three most common AEs and occurred in 69% (95% Cl 51.7-87.1%),
66% (95% Cl 47.0-85.8%) and 51% (95% Cl 35.9-66.8%) of patients,

respectively.

0 1.02

3.5 | Assessment of publication bias

First, we performed a meta-regression analysis of the ORR
group. Sample size was used as a covariate to perform single-
factor meta-regression analysis (P = .055). It can be concluded
that the sample size contributes to heterogeneity. Before meta-
regression, tau? = 0.0153 and I? = 92.6%. After meta-regression,
tau? = 0.01033 and I? = 75.31%. R? (R? = 36.51%) showed that
sample size could explain 36.51% of the heterogeneity (Figure 5).
Subsequently, we used the baseline brain static percentage as a
covariate to conduct univariate meta-regression analysis. Baseline
brain metastatic percentage had no effect on heterogeneity (data

not shown).
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Meta-regression analysis was performed to identify the contrib-
uting factors of heterogeneity in the PFS group. We used sample size
and baseline brain metastatic percentage as covariates to conduct
univariate regression analysis, but these two covariates did not con-
tribute to heterogeneity (data not shown). Because of incomplete
data collection of other factors, it is difficult to identify the sources
of heterogeneity.

4 | DISCUSSION

We included 15 pieces of literature and 2,598 samples. The ORR
and DCR of patients with NSCLC with ALK-rearrangement were
0.48 (95% Cl, 0.39-0.57) and 0.76 (95% Cl, 0.69-0.82), respectively,
and the PFS and OS were 7.26 months (95% Cl, 5.10-9.43) and
18.73 months (95% Cl, 14.59-22.87), respectively. ‘Diarrhoea’, ‘nau-

sea’ and ‘vomiting’ were the most common AEs. This suggested that

ceritinib effectively treats patients with ALK-rearranged NSCLC,
and gastrointestinal reactions are the most common AEs.

Ceritinib is a new generation of selective oral ALK inhibitor, and
its enzymatic activity is 20 times greater than that of crizotinib. In
a rat model, the effective rate of ceritinib through the blood-brain
barrier is 15%. In preclinical models, ceritinib effectively inhibits
the activity of several crizotinib mutants, including Leul196Met,
Gly1269Ala, 11le1171Thr and Ser1206Tyr." Additionally, ceritinib is
effective with and without crizotinib resistance mutations.” Based
on these studies, ceritinib is expected to be used to treat patients
with NSCLC whose disease has progressed or who are not crizo-
tinib-tolerant.® A recent randomized, multicentre, open-label,
phase lll study (NCT01828112) compared ceritinib with chemo-
therapy in patients with advanced ALK-rearranged NSCLC who had
previously received double-platinum chemotherapy and crizotinib.
They showed that ceritinib treatment significantly prolongs the PFS

(5.4 vs 1.6 months) and improves lung cancer-specific symptoms and

(A)
Study %
ID PFS (95% CI) Weight Sample Size
|
Bendaly (2017) S 12.90 (11.51, 14.29) 1225 58
|
|
Crino (2016) - 5.70 (4.60, 6.80) 12.49 140
1
|
Gainor (2015) —— 7.80 (6.51, 9.09) 12.34 73
1
|
Hida (2018) - 3.70 (1.99, 5.41) 11.95 20
1
Kim (2016) -l:- 6.90 (5.35, 8.45) 1211 163
I
Oya (2017) e 3.60 (0.05, 7.15) 9.58 8
h
|
Shaw (2017) e 6.70 (4.96, 8.44) 11.91 15
1
|
Soria (2017) | ———%—— 16.80(10.96, 22.64) 6.65 189
|
Yoshida (2018) —I—i 4.40 (1.70, 7.10) 10.74 9
Overall (I-squared = 92.6%, P = .000) <> 7.26 (5.10, 9.43) 100.00
\
I
|
NOTE: Weights are from random effects analysis '
T T
0 5 10 1518
(B)
Study %
D 0S (95% Cl) Weight Sample Size
;
1
Bendaly (2017) = 15.50 (13.76, 17.24) 34.55 58
i
i
|
Davies (2018) = 16.00 (14.50, 17.50) 35.11 64
|
i
Gainor (2015) i ——%—— 49.40 (35.60, 63.20) 7.23 73
1
Shaw (2017) - 18.10 (12.85, 23.35) 23.12 115
|
Overall (I-squared = 87.2%, P = .000) 18.73 (14.59, 22.87) 100.00
i
i
] FIGURE 3 A, Forest plot of
NOTE: Weights are from random effects analysis 3 . .
; progression-free survival (PFS). B, Forest
T T T .
0 20 40 60 plot of overall survival (OS)




TIAN ET AL.

Journal of

TABLE 2 Summary of toxicity
Toxicity

Abdominal pain

Constipation

Decreased appetite

Diarrhoea

Nausea

Vomiting

Fatigue
Weight decreased

ALT increased

AST increased

GGT increased

1
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FIGURE 4 Forest plot of adverse
events (AEs)

Classify

Gastrointestinal
function abnormal

General condition I:

Hepatic function
abnormal

quality of life compared with chemotherapy.®’ In another random-
ized prospective study, patients with ALK-rearranged NSCLC re-
ceived either ceritinib or platinum-pemetrexed chemotherapy. They
observed that ceritinib significantly prolongs the PFS (16.6 months
vs 8.1 months) and improves intracranial ORR®! (72.7% vs 27.3%)
compared with chemotherapy. However, the improvement in sur-
vival and disease-related symptoms of ceritinib has not yet been
confirmed and more trials are needed to validate and describe the
clinical outcomes. As ceritinib begins to be routinely used for the
treatment of ALK-rearranged NSCLC, an increasing amount of ex-
perience has been gained by using ceritinib. We need more precise
descriptions to guide doctors in the use of ceritinib to obtain the
best results. In our meta-analysis, we systematically reviewed the

effect of ceritinib from the perspective of best responses. The ORR

Studies
Classify Incidence 95% ClI included
gastrointestinal 0.259 0.150-0.368 8
function abnormal
gastrointestinal 0.232 0.178-0.287 )
function abnormal
gastrointestinal 0.332 0.180-0.484 8
function abnormal
gastrointestinal 0.694 0.517-0.871 9
function abnormal
gastrointestinal 0.664 0.470-0.858 9
function abnormal
gastrointestinal 0.513 0.359-0.668 9
function abnormal
general condition 0.325 0.164-0.486
general condition 0.217 0.121-0.313 6
Hepatic function 0.373 0.260-0.485 9
abnormal
Hepatic function 0.347 0.260-0.434 8
abnormal
Hepatic function 0.214 0.102-0.326 6
abnormal
Adverse event Incidence (95% Cl)
Abdominal pain —_— 0.26 (0.15, 0.37)
Constipation — 0.23 (0.18, 0.29)
Decreased appetite —_— 0.33(0.18, 0.48)
Diarrhoea _— 0.69 (0.52, 0.87)
Nausea _— 0.66 (0.47, 0.86)
Vomiting —_— 0.51 (0.36, 0.67)
Fatigue —_— 0.32 (0.16, 0.49)
Weight decreased —_— 0.22 (0.12, 0.31)
ALT increased —_— 0.37 (0.26, 0.49)
AST increased —_— 0.35 (0.26, 0.43)
GGT increased e 0.21(0.10, 0.33)
T T T
1 3 5 1

and DCR of ceritinib were 0.48 (95% Cl, 0.39-0.57) and 0.76 (95%
Cl, 0.69-0.82), respectively, and the PFS and OS were 7.26 months
(95% Cl, 5.10-9.43) and 18.73 months (95% Cl, 14.59-22.87), respec-
tively. These results suggest that ceritinib can effectively treat pa-
tients with ALK-rearranged NSCLC. Bendaly et al?” showed that the
DCR is as high as 94%. The reason for this difference may be that
this was a retrospective study. There may have been some bias in
choosing medical records, which ultimately led to an excessive DCR,
or the criteria for judging the best responses may have been biased.
Therefore, more studies should be conducted to examine the thera-
peutic effects of ceritinib.

Although ceritinib has a good clinical therapeutic effect, its use
is still limited owing to serious gastrointestinal AEs. The most com-

mon AEs of ceritinib are nausea, vomiting and diarrhoea. Recent
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~ FIGURE 5 Meta-regression analysis
for heterogeneity of objective response
O rate (ORR)
(Q -
l.r)_ -
x
o
(@)
ﬂ: -
O
(‘f)' =]
o O
(\! -
T T T T T T
0 50 100 150 200 250
Sample Size
Meta-regression Number of obs 11
REML estimate of between-study variance tau2 .01033

% residual variation due to heterogeneity I-squared_res 75.31%

Proportion of between-study variance explained Adj R-squared 36.51%
With Knapp-Hartung modification

ORR Coef. Std. Err. t P>|t| [95% Conf. Interval)

sample .0010936  .0004966 2.20 0.055 -.0000297 .0022169

_cons .3568672  .0696482 5.12 0.001 .1993121 .5144222

studies®®3! have reported diarrhoea (72-85%), nausea (66-69%) and
vomiting (52-66%) in many patients after ceritinib treatment. Owing
to severe gastrointestinal reactions, some patients must reduce
their dosage or even stop using the drug. However, Lucio et al re-
ported higher nausea (81.4%) and diarrhoea incidences (80.0%) than
our study and a similar vomiting incidence (62.9%) to our study. In
addition, other AEs such as fever, weight loss and liver dysfunction
have been reported.®*%> In our meta-analysis, we categorized and
merged the AEs of each study report and analysed the incidence
of 11 common AEs. After the analysis, we included 10 studies.
‘Diarrhoea’, ‘nausea’ and ‘vomiting’ were the three most common
AEs and occurred in 69% (95% Cl 51.7-87.1%), 66% (95% Cl 47.0-
85.8%) and 51% (95% Cl 35.9-66.8%), respectively. Considering
these serious gastrointestinal AEs, we can further study antiemetic
and antidiarrhoeal drugs to improve patient tolerance to ceritinib.*°
Although ceritinib induces obvious gastrointestinal reactions, it still
has significant advantages in terms of other quality of life assess-
ments, individual symptoms and overall quality of life.

This study had certain limitations. First, in all studies, the sin-
gle-group rate was higher and there was a lack of control group
data. The reason may be that ceritinib as a second-line and first-line
drug has been used for only a short period and more large-scale

controlled studies are to be expected in the future. Second, the

studies included had a short follow-up period, with the longest being
53.2 months, and most studies were 11 months. Therefore, OS and
PFS data are incomplete.

5 | WHAT IS NEW AND CONCLUSION
Ceritinib effectively controlled the progress of ALK-rearranged
NSCLC. Diarrhoea, nausea and vomiting were the most common
AEs and the AEs were acceptable. This study should help to convey
information to clinicians and patients on the rational use of ceritinib
in the treatment of ALK-rearranged NSCLC.
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