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Abstract

Objective: As a second-generation oral anaplastic lymphoma kinase (ALK) inhibitor, ceritinib was recommended as
posterior line therapy in patients with crizotinib resistance or intolerance. While in the real world, the clinical efficacy
and safety of ceritinib, 450mg/d, taken with a low-fat meal in crizotinib resistant patients, especially with brain metas-
tases, are still to be further investigated.

Methods: This retrospective analysis was conducted on patients with ALK- positive advanced non-small cell lung can-
cer (NSCLC) between May 2017 and December 2020 in our hospital, who were crizotinib resistant or intolerant. The
aim was to analyze the clinical efficacy and safety of ceritinib as posterior line therapy in patients, especially in those
with brain metastases, and to further explore the efficacy against rare fusion of ALK and the option after ALK inhibitor
resistance. RECIST (1.1) criteria were adopted, and for relevant statistical analysis, RStudio was used.

Results: Of the 13 cases treated with ceritinib, 8 were treated as second-line therapy, 5 as third-line or fourth-line treat-
ment. Of the total, 12 had brain metastases, 3 had received brain radiotherapy previously, and 1 had received surgical
treatment for brain metastases previously. There were 8 cases evaluated as partial remission (PR), 2 evaluated as stable
disease (SD), and 3 unevaluable for the response. There were I case of PKNOX2-ALK fusion and 1 case of IGR-ALK
fusion observed as rare ALK fusion, and intracranial lesions were evaluated as PR for both. There were 6 cases re-
ceived subsequent targeted therapy after progression of ceritinib, including 5 with alectinib and 1 with ensartinib, all
of which showed response. In 13 cases, by the terminal time of follow-up, median progression-free survival (PFS) was
7.4 m, disease control rate (DCR) was 76.92%, overall response rate (ORR) was 61.54%, and median overall survival
(OS) was 25.4m. In 12 cases with brain metastasis, 9 were suitable for intracranial response evaluation, of which, 1
case achieved CR for intracranial lesions, 7 achieved PR and 1 SD was observed, ORR was 88.89%, and DCR was
100%. The adverse events rate of any grade was 91.67%, the common adverse events were diarrhea (46.15%), AST
level increased (41.67%,), ALT level increased (33.33%), increased GGT (33.33%), increased ALP (25.00%), nausea
(16.67%), increased creatinine (16.67%). Other reported AEs were cough, vomiting, dizziness, arthralgia and fatigue,
1 case (8.33%) each.

Conclusion: Ceritinib 450mg taken with taken with low-fat meal showed good efficacy and safety in crizotinib resistant
patients with central nervous system metastasis, and it is effective in some cases with rare fusion of ALK.

Keywords: Ceritinib; brain metastasis; ALK fusion; Non-small Cell Lung Cancer

Introduction ALK-rearranged NSCLC are more prone to central nervous sys-
Account for about 1% to 3% of patients with advanced non-small  tem (CNS) metastasis, about 20% - 30% them had brain metas-
cell lung cancer (NSCLC), anaplastic lymphoma kinase (4LK) tases when diagnosed. After administration of crizotinib as first
rearrangements are usually seen in younger, non-smoking or line treatment to CNS metastasis-free patients with ALK-rear-
light smoking patients with adenocarcinoma [1,2]. Patients with ranged advanced NSCLC, about 20% developed brain metastases,
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and 70% had intracranial progression in those with baseline brain
metastases [3]. Obviously, CNS progression is the main problem
of disease progression in ALK-rearranged NSCLC. Ceritinib, a
next-generation oral ALK inhibitor, may cross the blood-brain
barrier more easily than crizotinib, the first-generation ALK inhib-
itor, in animal models [4]. In the ASCEND-4 study, 130 untreat-
ed patients without brain metastases at baseline received ceritinib
treatment. By the data cutoff date for follow-up, there had been 81
patients with disease progression, of whom 24 (18.5%) had intra-
cranial progression, and 1 (0.8%) had both intracranial and extra
cranial progression. Among the 59 cases with brain metastases at
baseline, 31 patients had disease progression, of whom only 15
(25.4%) had intracranial progression, and 3 (5%) had both intra-
cranial and extra cranial progression. The intracranial progression
rate was lower than among those who received crizotinib [5]. For
patients resistant to crizotinib, ceritinib showed better efficacy
than chemotherapy as the posterior-line treatment [6]. In previous
studies, ceritinib, 750mg/d fasted, had adverse events, especially
gastrointestinal (GI) toxicities diarrhea, nausea and vomiting as
most frequent AEs, and high incidence rate of elevated alanine
aminotransferase, aspartate aminotransferase, and y-trans pepti-
dase [5-7]. In the ASCEND-8 study [5-7], the dose was adjusted to
ceritinib, 450 mg with meal, which showed more favorable GI and
liver function safety profile than ceritinib, 750mg fasted, whereas
the pharmacokinetics in two arms showed no difference. Given
better tolerance of patients in 450 mg daily dose of ceritinib taken
with food, it seems that patients in this group may demonstrate
improvement in survival [8].While, the efficacy and safety of Cer-
itinib 450mg taken with meal for crizotinib resistant patients, es-
pecially for patients with brain metastases still need to be studied
in the real world. This study analyzed the efficacy and safety of
ceritinib 450mg taken with meal among Chinese crizotinib resis-
tant patients retrospectively.

Materials and Methods

General Information

This retrospective analysis enrolled 13 patients with ALK-rear-
ranged advanced NSCLC who got progression disease from crizo-
tinib and took ceritinib as posterior line therapy between May 2017

Table 1: Baseline Characteristics-Overall Population

and December 2020. The patients’ general information, treatment,
and adverse events after oral administration of ceritinib were col-
lected through their medical records, telephone and WeChat com-
munication.

Inclusion and Exclusion Criteria

Inclusion Criteria

With histologically confirmed NSCLC; At Stage IIIB to IV NS-
CLC according to the eighth edition of AJCC; ALK rearrangement
was determined by Ventana immunohistochemistry (IHC) assay,
reverse transcription-polymerase chain reaction (RT-PCR), fluo-
rescence in situ hybridization (FISH) or next generation sequenc-
ing (NGS). With disease progression or intolerance after crizotinib
treatment, and then ceritinib 450 mg orally taken with meal for at
least 1 week as posterior line treatment; with complete medical
records. Exclusion criteria: Cases who could not be followed up.

Analytical Methods

Measurable disease as per Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1 criteria, and RStudio for statistical analysis.
Adverse events were evaluated according to common criteria of
the National Cancer Institute (NCI-CTC AES.0).

Usage and Dosage

For all of the cases, ceritinib 450mg was taken with low-fat meal,
once a day, until disease progression, drug intolerance, or death
occurs.

Results

Patient Demographics and Disease Characteristics

A total of 13 patients were enrolled in the study. Of these 13 cases,
there were 9 females and 4 males, including 3 smoking cases and
10 non-smoking cases. The median age was 54 years (range 44-70
years). For all, the pathological subtype was stage IV lung adeno-
carcinoma. ALK rearrangement status was detected by immuno-
histochemistry in 5 cases, NGS in 6 cases, RT-PCR in 1 case, and
unknown method in 1 case. There were 5 cases with EML4 - ALK
fusion, 1 case with fusion of PKNOX2 gene of exon 3 and ALK
gene of exon 20, and 1 case with IGR-ALK fusion (Table 1).

Total 13

Median age, y

Male 54

Female 51

Range (44, 70)
Gender, n (%)

Male 4(30.77 %)
Female 9 (69.23 %)
Smoking history, n (%)

Yes 3 (23.08 %)
No 10 (76.92 %)
ECOG, n (%)
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0 2 (15.38 %)
1 10 (76.92%)
2 1 (7.69 %)

Genetic mutation, n (%)

ALK-rearrangement

13 (100%)

EML4-ALK fusion

5 (38.46%)

rare ALK fusion

2 (15.38%)

unkown

6 (46.15%)

Histologic/cytologic subtype, n (%)

Adnocacinoma | 13 (100.00 %)
Stage, n (%)
Stage IV | 13 (100.00%)

Brain metastases, n (%)

Brain metastasis alone

5 (38.46 %)

Brain and vital organs metastases

7 (53.85%)

Bone metastasis alone

1 (7.69 %)

Among 13 patients, 9 got new brain metastasis during prior crizo-
tinib, 1 had intracranial progression, and 1 had extra cranial pro-
gression during prior crizotinib and developed brain metastases
after switching to chemotherapy. At the initiation of ceritinib treat-
ment, 12 patients had brain metastases, 7 of whom had brain me-
tastases accompanied with other vital organs metastases. Eight pa-

Table 2: Treatment History and Outcome - Overall Population

tients received one prior line of anticancer regimens; five received
two or more prior lines of anticancer regimens. Three patients had
received brain radiotherapy previously, one case had received sur-
gery for brain metastasis previously, and one case received ceri-
tinib combined with bevacizumab (Table 2).

Total

[13

Prior lines of anticancer tegimens, n (%)

1

8 (61.54 %)

>2

5 (38.46%)

Prior crizotinib, n (%)

13 (100.00 %)

Crizotinib terminated during ceritinib, n (%) 13(100.00%)
Site of crizotinib progression, n (%)

CNS progression 10 (76.92 %)
Extra cranial progression 1 (7.69%)

No progression

2 (15.38 %)

Previous brain radiotherapy, n (%)

Yes 3 (23.08 %)
No 10 (76.92 %)
Previous surgery of brain metastases, n (%)

Yes 1 (7.69 %)
No 12 (92.31 %)
Combination therapy, n (%)

Yes 1 (7.69%)
No 12 (92.31 %)
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Short-Term Efficacy

By data cutoff date, 9 patients had stopped taking ceritinib, and 4
were still receiving oral ceritinib. There were 8 cases evaluated as
PR for the best overall response, 2 evaluated as SD, and 3 unable
to be evaluated (Table 3). Of these 3 cases, | refused imaging since
continuous relief of dizziness and headache caused by brain metas-
tases, 1 had not reach the time for response evaluation, and 1 died
1.8 months after administration, which may be caused by disease
progression. Median progression-free survival for all patients was
7.4 months (Fig. 1), median overall survival was 25.4 months (Fig.
2), disease control rate was 76.92%, and overall response rate was
61.54%. In the 12 patients with measurable brain metastases at
baseline, 9 could be performed response evaluation for intracranial
lesions, 1 was evaluated as complete remission (CR), 7 as partial
remission (PR), and 1 as stable disease (SD), overall response rate
was 88.89%, disease control rate was 100% (Fig. 3).

Table 3: Summary of Overall Response Rate (ORR)

Total | 13
Best response evaluation, n (%)
PR 8 (61.54 %)
SD 2 (15.38 %)
Unable to evaluate 3(23.08 %)

Kaplan-Meier plot of progression free survival - overall population
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Figure 1: Kaplan-Meier plot of progression free survival-overall
population
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Figure 2: Kaplan-Meier plot of overall survival — overall popu-

lation
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Figure 3: Waterfall plot of change in intracranial tumor size from
baseline

Adverse Events

12 patients were followed up for adverse events, except for 1
deceased patient whose family members could not describe the
adverse events. 11 patients had adverse events of any grade. The
most common adverse event was diarrhea in 6(46.15%) out of 12
patients, including 2 of grade 1 and 4 of grade 2. Other common
adverse events with ceritinib were an increase in alanine amino-
transferase (ALT, 4 (33.33%) of 12), aspartate aminotransferase
(AST, 5 (41.67%) of 12), alkaline phosphatese (ALP, 3 (25.00%)
of 12), and gamma-glutamyl transpeptidase (GGT, 4 (33.33%) of
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12). Other adverse events such as nausea (16.67%), increased se-
rum creatinine (16.67%), cough, vomiting, dizziness, arthralgia,
and fatigue (8.33%) were also seen in this trail (Table 4).

Rare ALK Mutations

In this study, 2 cases with rare ALK fusion were seen: 1 patient with
PKNOX2-ALK fusion progressed after second-line chemotherapy,
and crizotinib as the third-line regimen, PFS: 11.5months; ceritinib
was used for the fourth-line therapy, and was documented partial
remission, PFS: 2.8 months. For the fifth-line therapy, ensartinib
was adopted, PFS: 4.5 months. For another patient with /GR-ALK
fusion was treated with crizotinib for the first-line therapy, PFS
was 5 months, and ceritinib was used as second-line regimen, and
was documented partial remission, PFS was 12.7 months.

Genetic Testing After Drug Resistance

In this study, a total of 4 patients underwent genetic testing after
ALK inhibitor resistance, and among them, the patients with IGR-
ALK fusion and with PKNOX2-ALK fusion underwent multiple
blood NGS after ALK inhibitor resistance, in which secondary
ALK mutation was not seen. One patient diagnosed as 4LK-re-
arrangement by IHC previously underwent blood NGS after first-
line crizotinib and second-line ceritinib resistance, and the results
showed no secondary ALK mutation.

Follow-Up Therapy

In this study, 6 cases received follow-up targeted therapy after dis-
ease progression from ceritinib, and among them, 5 received alec-
tinib and 1 received ensartinib. Both showed efficacy.

Discussion

At present, for patients with advanced 4LK-positive NSCLC who
are resistant to the first-generation ALK inhibitor crizotinib, the
second-generation ALK inhibitors ceritinib, alectinib, and briga-
tinib or the third-generation ALK inhibitor lorlatinib are recom-
mended [9]. Central nervous system metastasis was often inevi-
table for patients with crizotinib resistance, and the prognosis of
which was relatively poor [10]. In this study, 81.82% of patients
without baseline brain metastases had developed brain metastases
during treatment of crizotinib, indicating that central nervous sys-
tem progression is a major challenge faced in the application of
the first-generation ALK inhibitor. In previous studies [6,11,12],
the incidence of central nervous system metastasis was 15%, 6.8%
and 1% respectively in ceritinib, alectinib and brigatinib in treat-
ment-naive patients with 4LK-positive NSCLC without baseline
brain metastasis, which were relatively low, showing better con-
trol in intracranial lesions. Then, do second-generation ALK in-
hibitors also show favorite efficacy in crizotinib resistant patients
with brain metastases? In this study, for 12 patients with brain
metastases, ceritinib was used in posterior line, and the response
for intracranial lesions was documented CR for 1 case, PR for 7
cases, and SD for 1 case, ORR was 88.89%, and DCR was 100%,

indicating that the second-line therapy with ceritinib for patients
with ALK-positive brain metastases had a good efficacy. Brain ra-
diotherapy is also one of the most effective means for treatment
of brain metastases [13], and whether radiotherapy will affect the
efficacy of ALK inhibitors is also what we concerned. In this study,
a total of 3 patients had received brain radiotherapy previously, all
of whom had documented partial remission, suggesting that for
those who had received brain radiotherapy, ceritinib may also be
a good choice, i.e., the radiotherapy may not affect the efficacy of
ceritinib. In this study, for the patients who had received at least
one or more regimens previously, the median PFS was 7.4 months,
and the median OS 25.4 months. The PFS is much longer than that
for the second-line therapy in the ASCEND-5 study (5.4 months)
[6], and the reason may be that the 450mg daily dose of ceritinib
taken with meal improved the safety and tolerability of the pa-
tients, which is yet to be verified by large sample, randomized con-
trolled trials.

In terms of dose selection, based on the ASCEND-8 study [8], cer-
itinib, 450mg taken with meal reduced the frequency and severity
of toxicities, and increase the patients’ tolerance without compro-
mising efficacy, and so, the ceritinib 450mg taken with meal was
adopted. In our study, common adverse events were elevation of
liver enzyme, diarrhea, and nausea, which was consistent with the
previous report [14]. Although the incidence of adverse events was
high (91.67%), all of the adverse events were of grade | or 2, i.e.,
no grade 3 or 4 adverse events occurred, and no dose adjustment
or drug withdrawal occurred due to adverse reactions, showing
good safety and tolerability. Therefore, ceritinib 450mg taken with
meals is a good choice worthy of clinical application.

At present, there is still no clinical reports about the combina-
tion of ALK inhibitor with antiangiogenic drug. Bevacizumab is
a monoclonal antibody against vascular endothelial growth factor
(VEGF), and it was demonstrated by previous phase II trials that
the combination of bevacizumab with erlotinib could prolong the
PFS of patients with advanced EGFR-mutation NSCLC [15,16],
And the addition of bevacizumab to EGFR-TKIs also showed ef-
ficacy in progression-free survival of patients with EGFR-TKIs
resistance [17]. For patients with brain metastases or brain edema,
bevacizumab also showed a good efficacy, and the response rate
in cerebral edema was 84.74% [18]. In this study, we tried to use
ceritinib in combination with bevacizumab in the third-line ther-
apy for 1 patient, unfortunately, the patient died only 1.8 months
after medication since the patient’s had been in poor conditions
after multiple lines of treatment, unable to assess the efficacy. Of
course, for the treatment in combination with bevacizumab, we
need to pay more attention to relevant toxic and side effects, espe-
cially hypertension, proteinuria, etc. [19,20]. Whether the combi-
nation of ALK inhibitors with antiangiogenic drugs, e.g. bevaci-
zumab, anlotinib, could bring survival benefits for patients is still
to be explored by studies that are more clinical in the future.
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In non-small cell lung cancer, the most common site for ALK fusion
is the fusion of echinoderm microtubule-associated protein-like 4
(EML4) with ALK [21], other rare fusion sites include the fusion
of ALK with TFG, KLCI, KIF5B, STRN, TNFAIP3, TNIP2, etc.
[22-24]. There were also case reports concerning efficacy of ALK
inhibitors on rare ALK fusion previously [22-25]. The two cases
of rare ALK fusion found in this study were PKNOX-ALK fusion
and IGR-ALK fusion cases, and both cases had been treated by
crizotinib effectively, with PFS 11.5 months and 5 months respec-
tively. The ceritinib treatment after crizotinib resistance was still
effective, with intracranial lesions significantly reduced. The two
cases received ensartinib and alectinib respectively as posterior
line therapy, both of which showed efficacy. With the wide appli-
cation of next-generation sequencing, more and more rare ALK
mutations have been found in clinical practice. For both cases of
rare ALK fusion in this study, the first-generation ALK inhibitor
and the two second-generation ALK inhibitors were used effec-
tively, which has brought us a great deal of confidence in these
two kinds of rare ALK fusion, but can all of the patients with rare
ALK fusion benefit from the first generation to the third generation
of ALK inhibitors? There are only some individual cases for now,
and evidence from clinical trials is to be supplemented.

It is well known that all targeted therapies may be faced with drug
resistance at last. The resistance mechanism of the first-generation
ALK inhibitor crizotinib mainly involves the following aspects:
secondary mutation of ALK, ALK bypass activation, and NSCLC
transformation. Secondary mutation of ALK includes L1196M,
C1156Y, G1269A, S1206Y, VI180L, G1202R, I1171T, D1203N,
and 1151Tins, F1174C/L, L1198P, L1152R/P and E1210K [26].
I1171 mutation indicates resistance to crizotinib and alectinib [27],
and G1202R or I1171N mutation often occurs after alectinib resis-
tance [28], while I1171N site mutation was sensitive to ceritinib
[29]. ALK secondary mutation was found in about half of patients
with ceritinib mutation, of which, G1202R (21%) andF1174C/L
(16.7%) are most common [29]. Furthermore, some patients had
more than two kinds of ALK secondary mutation. The TI151R
mutation indicates sensitivity to brigatinib [30]. G1202R mutation
often occurs after brigatinib resistance as well and it suggests re-
sistance to both the first generation and second-generation ALK
inhibitors [31,32]. The third-generation ALK inhibitor is sensitive
to not only F1174, C1156Y, G1269A, L1196M, D1203N muta-
tions, but also G1202R mutation, therefore, for such patients; the
third-generation ALK inhibitor lorlatinib may be recommended
[33]. The mechanism of lorlatinib resistance is more complex
and variable, including L1196M/D1203N, F1174L/G1202R, and
C1156Y/G1269A mutations, etc. Patients with a single mutation
of ALK-L1256F may be sensitive to ceritinib. The ALK second-
ary mutation rate is approximately 20-30%, while the response
rate of the second-generation ALK inhibitors was (48-71%) [28],
indicating that the second-generation ALK TKIs may be also ef-
fective in crizotinib-resistant patients without ALK secondary
mutation. In this study, 4 patients underwent genetic testing after

first-generation ALK inhibitor resistance, and no ALK secondary
mutation was found among them, but the second-generation ALK
inhibitor ceritinib was still effective. Therefore, for cases resis-
tant to the first-generation ALK inhibitor, the treatment with the
second-generation ALK inhibitors should be considered even in
irst-generation ALK inhibitor resistant patients without genetic
testing. It could also maybe the sensitivity of the NGS detection
method using blood samples is not as good as using tissue samples.
If genetic testing can be performed again on new lesion’s biop-
sy sample to determine the presence of ALK secondary mutation
and specific mutation site, the subsequent treatment may be guid-
ed more accurately. Besides ALK second mutation, other kinas-
es mutations and bypass signal abnormal activations (e.g., TP53
mutation, MET mutation, BRAF mutation and MAPK, PI3K/Akt
pathway and HER pathway activation) are important mechanisms
of resistance for ALK positive patients [26,34], reflecting the di-
versity and complexity of resistance to ALK inhibitors, which has
not been fully studied yet. However, it has been shown that the
combination of proteasome inhibitors and alectinib is effective in
patients with TP53 mutation after alectinib resistance [35]. Some
studies have found that a bypass mechanism of resistance caused
by NF2 loss-of-function mutations is sensitive to mTOR inhibitor
[33]. Another mechanism of resistance is the small cell lung can-
cer transformation. For patients with dramatically elevated NSE or
rapid progressive disease or cases with a mutation for dual deletion
of RB1 and 7P53 during treatment, a second pathological biopsy
is recommended for detecting whether there is transformation of
small cell lung cancer (32). For patients with rapidly progressive
small cell lung cancer transformation, chemotherapy with etopo-
side combined with cisplatin could be considered, for patients
with less progressive disease or local progression, chemotherapy
in combination with original TKI targeted therapy may be appro-
priate, and local treatment may be supplemented if necessary [36].
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