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Background: Pulmonary carcinoids (PC), including typical (TC) and atypical carcinoids (AC), are low-
grade neuroendocrine tumors (NE'Ts) which account for 1-5% of all lung tumors. Due to the low prevalence
of PC and extreme rarity of anaplastic lymphoma kinase (4LK) rearrangements in patients with PC, the
advances in targeted therapy development in PC are still limited and there is no standard treatment. Even
though in patients with PC harboring ALK rearrangements there is a room for a success in targeted therapy.
To our knowledge, case 1 was the first report to detect ALK gene p.I1171N mutation after taking alectinib
and sensitive to ceritinib in patients with atypical carcinoid.

Case Description: Herein, we report the cases of 2 non-smoking patients, 51 year-old female with tumor
in left lower lobe and 49 year-old female with tumor in right upper lobe, both with metastatic PC who
harbored EML4-ALK fusion and were sensitive to small-molecule ALK inhibitors. The first patient initially
received alectinib, then therapy was switched to ceritinib after developing drug resistance due to the missense
mutation of ALK gene p.I1171N mutation in exon 22 detected by next-generation sequencing (NGS), and
finally died of intracranial disease progression. The second patient also received alectinib, and her treatment
is currently ongoing with good effect and tolerance. After conducting comprehensive review of literature,
we found that 14 lung NETs with ALK rearrangements have been reported to date. The clinical outcome
was partial response for 6 NETs patients and 5 patients exhibited stable disease after treatment with ALK
inhibitors.

Conclusions: According to the effectiveness of ALK inhibitors in our cases and previous articles, we
recommend alectinib for the first-line treatment of metastatic PC with EML4-ALK fusion and highlight the
need for molecular profiling of metastatic lung NETs patients and that ALK inhibitors are feasible in the
treatment for metastatic lung NETS patients with ALK rearrangements. Finally, further studies to assess the
real prevalence of ALK gene fusions and their spectrum of sensitivity to different ALK inhibitors are needed

in larger cohorts.
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Introduction

Pulmonary carcinoids (PC), including typical (T'C) and
atypical carcinoids (AC), are low-grade neuroendocrine
tumors (NETs) which account for 1-5% of all lung tumors (1).
Compared to non-small cell lung cancers (NSCLC), the
progress in targeted therapy development in PC is still
limited due to the low prevalence of the disease itself and
also rare occurrence of Anaplastic lymphoma kinase (ALK)
mutations in those tumors. ALK gene rearrangements are
present in approximately 5% of NSCLC, but are extremely
rare in PC patients (2,3). The screening diagnosis of those
mutations is performed by immunohistochemistry. In case
of ALK protein positive samples gene translocation must
be confirmed by fluorescent in situ hybridization (FISH).
In equivocal cases the genetic alteration of ALK can be
confirmed by alternative molecular techniques such as next
generation sequencing (NGS) or RNA-based PCR methods.
NGS and PCR methods enable in-depth understanding of
the molecular characteristic of PC, which is extremely useful
in case of drug resistance, which is frequent and because of
ALK amplification and/or mutation.

Upon administration of ALK inhibitors, acquired resistance
is frequent which is mostly due to ALK amplification and/or
mutation, and should be tested in recurrent or metastatic tumor
samples or circulating nucleic acids. Despite diagnoses of those
mutations are extremely rare in PC tumors, such diagnosis
may enable further treatment response for targeted therapy.

This report describes the cases of 2 females with
metastatic PC presenting an EML4-ALK fusion where
targeted therapy was implemented and for a few months
those therapies shown a partial response. We present the
following article in accordance with the CARE reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tler-22-394/rc).

Case presentation
Case 1

A 51-year-old, non-smoking married female, with the
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history of cancer death in her family (father), was admitted
to Tianjin Medical University General Hospital 2 weeks
after diagnosis of congestion presented an X-ray 2 weeks
before admission. Laboratory tests revealed abnormally
elevated levels of neuron-specific enolase (17.78 pg/L;
normal value 0.00-16.30 pg/L), progastrin-releasing
peptide (281.26 pg/mL; normal value 0.00-63.0 pg/mL),
and cytokeratin-19-fragment (4.1 ng/mL; normal value
0.00-3.30 ng/mL). Chest computed tomography (CT)
showed a tumor in the left hilum (Figure 14) and multiple
nodules in both lungs. Enhanced magnetic resonance
imaging (MRI) revealed abnormal signaling in the brain
(Figure 1B). A CT guided lung biopsy was performed. The
diagnosis of primary pulmonary AC was confirmed by
hematoxylin and eosin staining (Figure 1C) as well as the
immunohistochemistry (IHC) positivity of CK7, thyroid
transcription factor (T'TF-1), synaptophysin, chromogranin
A (CgA), carcinoembryonic antigen (CEA), and ki-67 index
of 40% (Figure 1D-1F). No p53 expression was found.
Given the abnormal radiological findings of multiple lung
and brain nodules, the patient was considered to have
metastatic pulmonary AC (stage IV), and surgery was
not appropriate. To explore the mechanism and potential
treatments, we performed NGS (68 cancer gene panel;
Burning Rock Biotech, Guangzhou, China) using tissue
biopsy. The NGS identified an EML4-ALK rearrangement
(E6:A20). The ALK inhibitor alectinib was prescribed at a
dose of 600 mg twice a day after patient consent.

The patient tolerated the treatment well—no grade 2-4
toxicities were noted. After 2 months of treatment with
alectinib all of the primary and metastatic lung lesions
responded significantly to treatment (Figure 1G), and the
metastatic lesions in the brain achieved complete response
(Figure 1H). However, the primary lung tumor progressed
after further 6 months of alectinib treatment (Figure 11).
An NGS-based blood circulating tumor DNA (ctDNA)
test (168 cancer gene panel; Burning Rock, China) was
performed. The missense variant of ALK gene p.I1171N
in exon 22 was identified besides EML4-ALK variation.
Meanwhile, BCL2-likel1 (BIM) deletion polymorphism
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Resistance for alectinib
ALK p.I1171N missense mutation

Diagnosis PR Resistance
Jul 2019 Nov 2019 Mar 2020 Apr 2020 Jul 2020
Baseline Alectinib Ceritinib Death
L L | L | L 1 L | L | L |
Month 0 2 4 6 8 10 12

Figure 1 Treatment timeline of case 1 and staining for the biopsy specimen. (A) The lung lesion before taking alectinib; (B) metastases in
the brain; HE staining (C); immunohistochemistry staining of Syn (D) and CgA (E), and Ki-67 index (F) for case 1; (G) the lung lesion

regressed dramatically after taking alectinib for 2 months; (FH) brain metastases disappeared after taking alectinib; (I) tumor progressed after

alectinib resistance; (J) tumor shrank significantly after taking ceritinib for 1 month. The white and black arrows in the images indicate the

primary tumors and metastases, while the black arrows on the timeline indicate recording time. HE, hematoxylin and eosin; PR, partial

response.

was revealed. Given that ALK gene mutation p.I1171N is
the resistant mechanism for alectinib, treatment of alectinib
was terminated and ceritinib was initiated at a starting dose
of 450 mg/day with food. The subsequent CT scan showed
that the primary PC tumor exhibited a remarkable response
after 1 month of ceritinib treatment (Figure 1F). However,
the patient exhibited poor tolerance to ceritinib treatment,
experiencing severe gastrointestinal adverse events of
grade 3 nausea and vomiting. The dose of ceritinib was
then adjusted to 300 mg/day, which the patient tolerated
better, although the symptom of poor appetite persisted.
After 3 months treatment of ceritinib, the primary PC
tumor exhibited a durable response. Unexpectedly, after
3 months of following further administration of ceritinib,
the patient exhibited progressively worsening neurological
symptoms (severe disturbance of consciousness amnesia,
apathy, and mood disorders). Brain MRI indicated the
appearance of new lesions. After a multidisciplinary team
discussion, samples of cerebrospinal fluid (CSF) and blood
were collected for examination of the antibodies to exclude
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paraneoplastic syndrome; the results were negative. In
addition, CSF and blood were also tested for ctDNA by
NGS (168 cancer gene panel; Burning Rock, China). We
found a high allelic frequency of EML4-ALK (36.26%) as
well as KRAS amplification in CSFE, while only a very low
allelic frequency (0.05%) of EML4-ALK was detected in
blood. The patient died of sudden apnea before the genetic
testing results were available. The progression free survival
(PES) of this patient for alectinib and ceritinib was 6 and
4 months, respectively.

Case 2

A 49-year-old non-smoking married female with the history
of no previous diseases was admitted to Tianjin Medical
University Cancer Institute and Hospital due to severe
stomachache lasting 1 week; no treatment had been given
from onset to admission. Abdominal CT indicated multiple
masses in the liver. A chest CT scan showed a 21-mm nodule
in the right upper lobe (Figure 2A4). Enhanced MRI showed
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Figure 2 Treatment timeline of case 2 and staining for the biopsy specimen. (A) Primary tumor in the left lung; (B) metastases in the brain
before taking alectinib; (C) PET-CT image; HE staining (D), immunohistochemistry staining of Syn (E) and CgA (F), and Ki-67 index
(G) for case 2; (H) primary tumor disappeared after taking alectinib for 9 months; (I) brain metastases disappeared. The white arrows in

the images indicate the primary tumors and metastases, while the black arrows on the timeline indicate recording time. PET-CT, positron

emission tomography/computed tomography; HE, hematoxylin and eosin; CR, complete response.

multiple masses in the brain (Figure 2B). Positron emission
tomography-CT (PET-CT) examination exhibited highly
F"*-fluorodeoxyglucose (FDG) uptake in the lung nodule,
liver mass, right adrenal gland, and the bones (Figure 2C).
The patient underwent CT guided lung biopsy, and
pulmonary AC was diagnosed according to the hematoxylin
and eosin (HE) staining, positive immunoreactivity to
cytokeratin (CK), CEA, epithelial membrane antigen
(EMA), TTF-1, CK7, Synaptophysin, and CgA, as well as
the ki-67 index of 30% (Figure 2D-2G). The patient was
confirmed as metastatic PC (stage IV). Massive parallel
sequencing (654 cancer gene panel; Berry Oncology,
Fuzhou, China) indicated that EML4-ALK rearrangement
(E13:A20) was present with an allelic frequency of 5.23%,
accompanied with TP53 and DOTIL (allelic frequency:
19.68% and 1.01%, respectively). Alectinib at 600 mg twice
daily was prescribed after receiving patients’ informed
consent. Radiological examinations showed that the patient
had significant remission of primary lung tumor (Figure 2H)
and brain metastatic lesions (Figure 2I) 9 months after
initiation of alectinib. Alectinib treatment was being well
tolerated and the treatment is currently ongoing. No severe
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adverse events have been reported. The PES is 13 months
at present.

Ethical consideration

All procedures performed in this study were in accordance
with the ethical standards of Ethics Committee of
Tianjin Medical University General Hospital and with
the Declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from the patients for
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

Several issues regarding the diagnosis and
treatment of this patient for further discussion

Question 1: What is the best treatment method for PC
patients with ALK rearrangement, in particular for those
with progression of intracranial disease?

Eric H. Bernicker: Still too early to state definitively but
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if ALK translocation is detected then strong consideration
should be given to treatment with alectinib.

Justyna Chalubinska-Fendler: There is no standard
treatment, however very scarce but yet promising case
presentations showing some data. The debate what kind
of ALK inhibitor to use exists, even in patients presenting
NSCLC. Crizotinib could be considered but as it did not
respond well in patients with NSCLC presenting brain
metastases the use of alectinib seems to be the first option.
Alectinib is currently widely use in NSCLC patients due to
its lower toxicity profile and prevention of brain metastases
and progression of existing ones. In case of disease in
brain tissue a second-line especially in patients may have
a progression in brain the further ALK rearrangement
studies should be performed to tailor the treatment in
individual way and other treatment such as whole brain
radiotherapy or stereotactic surgery for brain lesions should
be considered, also for blood-brain barrier “disruption” that
may improve drug penetration to brain lesions.

Marc G. Denis: Several inhibitors are now approved
in many countries as monotherapy for the treatment
of patients with ALK-positive advanced non-small cell
lung cancer (NSCLC). Crizotinib was the first-in-class
ALK tyrosine kinase inhibitor approved. Due to higher
systemic and intracranial efficacy, the second-generation
ALK inhibitors alectinib and brigatinib have now replaced
crizotinib as standard first-line treatment. A similar
approach for PC patients remains to be evaluated.

Question 2: Is ALK inbibitor monotherapy enough for
the first-line treatment of advanced PC patient with ALK
rearvangement? Which generation ALK inbibitor should
be considered as the first choice?

Eric H. Bernicker: Unknown. Trials looking at a
combination of sandostatin LAR plus ALK TKI should be
looked at.

Marc G. Denis: At present the different ALK inhibitors
are indicated as monotherapy in NSCLC. Combination
with chemotherapy in PC remains to be evaluated. Based on
the different trials performed, there are several possibilities
of sequencing ALK inhibitors in NSCLC. But second-
generation drugs are the preferred option for most NSCLC
patients. Therefore, it is tempting to extrapolate these
findings to PC.

Justyna Chalubinska-Fendler: There is no good evidence
for it and there is no answer for that question up till now.
Apart from standard treatment, where usually due to
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progression the therapy option is changed one to another
after a NET medical board decision, the further trial or
therapy with other regimens such as ALK inhibitors—
as mentioned in the ANSWER 1 should probably be on
the same way as with NSCLC tumors harboring ALK
rearrangements so single-agent therapy. There are no
robust supportive data both for ALK inhibitor monotherapy
as a first line treatment, nor any combination of ALK
inhibitors with themselves or with chemotherapy in PC.

Question 3: Is detection of ctDNA necessary for all
advanced PC patients to monitor the progression of disease?
If not, for which kind of patients should perform detection
ctDNA?

Eric H. Bernicker: Again, I don’t think we have enough
data to conclusively state that ctDNA should be followed
as a routine measure of response. I think baseline ctDINA
should be obtained and follow up testing should be done if
the radiographic imaging is equivocal or if there is obvious
progression and acquired resistance mutations need to be
sought.

Marc G. Denis: ctDNA is very useful to detect molecular
alterations at diagnosis when tissue sample is not available.
At progression on targeted treatment, ctDNA testing may
allow to identify resistance mechanisms. Acquired resistance
mechanisms to various ALK inhibitors have been described.
ALK mutation has been associated with different affinities
to ALK inhibitors (4,5). Therefore, it is tempting to identify
a specific ALK gene mutation in ctDNA at progression, in
order to select the most appropriate subsequent inhibitor to
use. This strategy is being evaluated in the NCI-NRG ALK
Protocol clinical trial (NCT03737994) On the other hand,
since third-generation ALK inhibitors (such as lorlatinib),
have been demonstrated, in in vitro models, to be active
even in the presence of most resistance mutations, they
could also be used without identification of ALK mutation.
But ctDNA analysis could also identify “off-target”
mechanisms, involving alteration of other genes (HER2,
MET, ...), that could be targeted by other drugs in the
future.

Vincent Thomas de Montpréville: Due to the rarity of
advanced PC with ALK rearrangement, I think that each
case must presently be considered individually.

Justyna Chalubinska-Fendler: In terms of further
ALK rearrangement assessment: ALK inhibitors, acquire
resistance frequently which is mostly due to ALK
amplification and/or mutation. Diagnostics of these
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secondary ALK gene alterations must be done from
recurrent tumors or circulating nucleic acids.

Discussion

Despite better prognosis of PC than high-grade NETs,
including large cell carcinoma (LCNEC) and small cell
carcinoma (SCLC), they are still fatal diseases. Little is
known of the molecular biological mechanism leading to
PC and the treatment strategy for advanced stage PC is
not well established. In our case reports, 2 metastatic PC
with ALK rearrangement were described and prescribed
with ALK inhibitor alectinib. From the literature review,
there were 14 lung NETs with ALK arrangement, including
5 AC, 7 LCNEC, and 2 SCLC cases (6-17). We have
summarized the clinical features of these cases in the Table I:
there were 11 females and 3 male patients of ages ranging
from 32 to 75 years old. Of these 14 patients, 5 cases had
a definite smoking history. With the exception of 1 patient
with SMC5-ALK and 7 patients without specific variation
type due to the detection method used, other patients
exhibited EML4-ALK arrangements. The average PFS
was 6.9 months for these lung NETs patients receiving
ALK inhibitors. PC have a relatively shorter PFS after
treatment of ALK inhibitors (7.4 vs. 6.6 months on average)
in contrast to LCNEC and SCLC. Shorter PFS may be
related to the higher aggressive biological behavior.

In the 14 cases (summarized in Table 1), we found
that 8 patients were given crizotinib as the first choice of
ALK inhibitor, but the results were not very satisfactory.
4 patients showed intracranial metastases after taking
crizotinib while the other 2 showed liver metastases and
abdominal metastases respectively. A patient underwent
disease progression after only 5 weeks of crizotinib
treatment. The best response for the fourth patient was
only stable disease. As shown in Tuble 1, the patient who
took alectinib with SMC5-ALK variation had significant
tumor shrinkage in both the lung and brain, and showed a
durable regression until case publication. As we know, the
advanced ALK-positive NSCLC patients who took alectinib
had a longer (3 times) PFS compared to crizotinib in the
ALEX study (18), and particularly showed a greatly reduced
rate of brain metastases. As shown in the 7Table 1, there were
3 AC cases with EML4-ALK fusion and good effectiveness
of ALK inhibitors was demonstrated. But the first-line
treatment was not alectinib in these 3 AC cases, which was
different from us. In future, more cases need to be collected
to compare whether the second-generation ALK inhibitor

© Translational Lung Cancer Research. All rights reserved.

1181

alectinib has a better effect on advanced ALK-positive PC
patients compared to crizotinib. Third generation inhibitors
must also be evaluated.

Although our cases exhibited a good response to ALK
inhibitors, the first female patient only had a 6-month PFS
for alectinib, which was much shorter than the median PFS
of 38.6 months for alectinib in patients with NSCLC in
ALEX study. After the patient exhibited resistance against
alectinib, we performed another targeted massive parallel
sequencing, and ALK gene exon 22 p.I1171N missense
variant as well as BIM deletion polymorphism was revealed.
Alectinib treatment was terminated and replaced by
ceritinib. The primary lung tumor shrunk again, however
brain metastatic disease had significantly progressed
according to the brain MRI and NGS results of CSF and
blood. It was not immediately obvious why this female had
only a 6-month PFS for alectinib treatment and exhibited
rapid progression of brain metastases. In a previous study,
Christopoulos et #/. demonstrated that stage-IV ALK-
positive NSCLC patients with 7P53 mutations at baseline
had a worse overall survival (OS) compared to those with
initially TP53 wild-type (44 vs. 62 months in median,
P=0.018) (19). Moreover, Christopoulos ez /. and Costa
et al. also reported that concurrent TP53 variations was
associated with a shorter PFS in ALK rearranged NSCLC
treated with ALK TKIs (19,20). However, in our study,
we did not find a TP53 alteration in case 1. We speculate
that the intrinsic histologic feature of PC determined the
poor prognosis to ALK inhibitors. In addition, it is possible
that BIM deletion polymorphism was involved in the poor
PFS. A previous report showed that BCL2L11 was vital to
regulate cell apoptosis (21). It was also reported that due to
the germline deletion polymorphism of BIM, the expression
of the pro-apoptotic BCL2 homology domain 3 (BH3)
is impaired, which can be considered a possible factor
leading to epidermal growth factor receptor (EGFR) TKI
resistance in NSCLC patients with EGFR mutations (22).
Moreover, a study has shown that the germline BIM
deletion may be related to poor efficacy of TKIs such as
crizotinib and imatinib (23). We proposed that the BIM
deletion polymorphism may have led to the shorter PFS of
the first female patient treated with alectinib, however this
warrants further investigations in larger cohorts.

As the first report documenting the missense variation
of ALK gene p.I1171N in exon 22 in a PC patient with
EML4-ALK after alectinib resistance, we used ceritinib
which was sensitive to exon 22 p.I1171N missense variation
to achieve a patient benefit of 4-month PFS, indicating
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ceritinib was still effective after drug resistance due to
p-I1171IN in PC patients. Our report has provided not
only feasible treatment for advanced PC patients with ALK
rearrangement, but also a strategy after ALK inhibitor
resistance due to p.I1171IN in PC patients with ALK
rearrangement. This led to administration of ceritinib.
Unfortunately, the first patient performed a 4-month PFS
only after taking ceritinib and then intracranial disease
progressed and resulted in death. That situation indicates
that ceritinib response to the primary tumor may differ
from response of metastatic, especially intracranial disease.
The additional detection through ctDNA in blood or CSF
may help to differ the progression from pseudoprogression
or paraneoplastic syndrome.

In conclusion, lung NETs with ALK rearrangement
are extremely rare and there is no standard treatment for
advanced patients so far. Based on our literature review and
case reports we have presented that there may be a room for
diagnosing ALK rearrangements in PC. Even if those are
rare in this rare group of lung tumors, ALK inhibitors could
be an effective treatment strategy for some patients, leading
to at least a partial response. Moreover, we present the first
in the literature missense variant of ALK gene p.I1171N in
exon 22 which was diagnosed in one of the patients with PC
presented in this manuscript.
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