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Background: Pulmonary invasive mucinous adenocarcinoma (IMA) is a rare variant of lung
adenocarcinoma that rarely shows anaplastic lymphoma kinase (ALK) rearrangement.
Alectinib (tyrosine kinase inhibitors) has been listed as category 1 recommendations for
advanced ALK + NSCLC first-line therapy due to low toxicity and excellent efficacy, and its
median progression-free survival is 34.8 months. Here, we report a case of a patient with
ALK-rearranged lung IMA who showed favorable results to neoadjuvant alectinib.

Case: A 67-year-old man with no history of smoking was diagnosed with clinical stage as
I1IB invasive mucinous adenocarcinoma based on clinical symptoms, chest CT and patholo-
gical findings. The anaplastic lymphoma kinase (ALK) fusion status was assessed by real-
time PCR. After acquiring informed consent from the patient, we offered neoadjuvant
alectinib at a dosage of 150 mg twice per day for three cycles (84 days), all lesions were
undetectable on chest CT. Later, a thoracoscopic left lobectomy was performed. The post-
operative pathological showed that a small amount of tumor cells remained, and the TNM
stage was downstaged as T1aNOMO IA.

Conclusion: To our knowledge, this is the first case discussing the treatment of ALK-
rearranged IMA of the lung with neoadjuvant alectinib. Alectinib is an effective ALK
inhibitor, and in cases of lung adenocarcinoma with ALK rearrangement, alectinib treatment
is a reasonable and priority option. Neoadjuvant alectinib may be clinically feasible and well
tolerated in locally advanced NSCLC.
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Introduction
Pulmonary invasive mucinous adenocarcinoma (IMA) is a rare adenocarcinoma
variant of lung according to the new international multidisciplinary classification
system (IASLC/ATS /ERS).' This new category of adenocarcinoma, accounting for
only about 5% of lung adenocarcinomas.” Its histology is typified by goblet or
columnar tumor cells with abundant mucin.®> In addition to pathology, IMA has
unique clinical, imaging and genetic characteristics, KRAS mutation has been
reported to be the most common alteration in IMA, while ALK rearrangement is
rare.* We here report a case of ALK-rearranged in IMA of lung.

Anaplastic lymphoma kinase (ALK) rearrangement occurs in approximately 5%
of non-small cell lung cancer (NSCLC).” The echinoderm microtubule-associated
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protein-like 4 (EML4)-ALK fusion formed by the inver-
sion in chromosome 2 is the most common type in ALK
rearrangement.®’ Currently, ALK rearrangement is signif-
icant molecular target for NSCLC treatment, alectinib is an
effective and highly selective second-generation ALK
inhibitor.® Unlike crizotinib (first-generation ALK inhibi-
tor), alectinib has shown good efficacy against CNS
metastases in multiple studies.”'' According to the
updated NCCN  Guidelines and CSCO

Guidelines for Primary Lung Cancer, alectinib has been

Insights

included as a Category 1 recommendation for the first-line
treatment of advanced ALK + NSCLC.'? Based on the
Global Phase III ALEX study (BO28984, NCT02075840),
the median PFS time of alectinib was 34.8 months, which
was significantly longer than that of crizotinib (10.9
months)."* Moreover, compared with crizotinib, alectinib
can significantly improve intracranial objective response
rate (ORR).'* Alectinib is becoming increasingly impor-
tant because of low toxicity and excellent efficacy. Based
on previous studies, compared with surgery alone, neoad-
juvant therapy increased the 5-year recurrence-free survi-
val rate of operable locally advanced NSCLC by 6%."'>!¢
At present, there have been case reports of alectinib as
neoadjuvant treatment, and the safety and feasibility of the
treatment have been confirmed.'”'® However, the efficacy
of alectinib as neoadjuvant treatment in pulmonary IMA
has not been reported. Here, we report the excellent ther-
apeutic effect of neoadjuvant alectinib in IMA of lung with
ALK rearrangement.

Case Report

The patient, a 67-year-old man with no smoking history,
was referred to the hospital for hoarseness that lasted for
20 days. Laryngoscopy revealed complete paralysis of the
left vocal cord. Computed tomography (CT) of the chest
showed a lobulated mass of 3.2x2.4 cm under the pleura in
the left upper lung, with mediastinal and left hilar lympha-
denopathy (Figure 1A). A CT-guided percutaneous lung
biopsy of the lung lesion was performed, and a diagnosis
of invasive mucinous adenocarcinoma (IMA) of lung was
made by pathologists (Figure 2A and B), a lot of mucus
fills the alveolar space. In addition, brain magnetic reso-
nance imaging and whole-body bone imaging and PET-CT
scan revealed no distant metastasis. And laryngoscopy
revealed that the left vocal cord was completely paralyzed,
considering that the lesion invaded the recurrent laryngeal
nerve. A stage IIIB (T4N2MO) IMA of lung was con-
firmed by histology and imaging.

Then, the biopsied tissue was examined for EGFR, ALK
and ROS1 gene panels by real-time fluorescence polymerase
chain reaction (real-time PCR), and finally the EML4-ALK
rearrangement was detected. Subsequently, the patient began
to receive treatment with alectinib (150 mg twice daily),
a selective second-generation ALK inhibitor. After the first
cycle of treatment, the patient’s hoarseness symptoms
improved significantly. CT of the chest showed that the size
of the left upper lobe lobulated mass was 1.7x%1.4cm, which
was significantly smaller than before (Figure 1B). After
the second cycle of treatment, the chest CT showed that the
tumor lesions were further reduced (Figure 1C). After three
cycles (84 days) of neoadjuvant treatment, no solid lesions
were found on chest CT, the tumor achieved complete remis-
sion (CR) (Figure 1D), and no adverse drug reactions were
seen. Subsequently, the patient was transferred to cardiothor-
acic surgery for thoracoscopic left lobectomy and systemic
lymphadenectomy. Postoperative pathology revealed a small
amount of scattered high-grade atypical glands in the inter-
stitium, and fibrous tissue proliferation, foam cell aggrega-
tion, lymphocyte infiltration, multinucleated giant cell
reaction, necrotic hemicalcium can be seen in the remaining
lung tissue (Figure 3A and B). Then, Integrated the TNM
stage was downstaged as T1aNOMO IA. And the immuno-
histochemistry revealed that Ki61, cytokeratin 7 (CK7) and
thyroid transcription factor-1
(Figure 4).

(TTF-1) were positive

Discussion

This is the first case discussing the treatment of ALK-
rearranged IMA of the lung with alectinib, as far as
I know. The diagnosis of lung IMA was confirmed by
pathological examination, and the histological appearance
is highly specific to diagnose IMA. Generally speaking,
the histological appearance of IMA often show that tumor
cells containing goblet and/or columnar components are
abundant intracellular or extracellular mucus. According
to the difference of histology, we divide IMA into two
groups: mucous extracellular adenocarcinoma (MOCA)
(MICA).
Compared with the MOCA group, the recurrence-free
survival (RFS) and overall survival (OS) of the MICA
group were significantly longer, and the incidence of

and mucous intracellular adenocarcinoma

lymph node metastasis in MOCA group was significantly
higher."” Our patient’s pathology showed a lot of mucus
filling the alveolar space, which is MOCA type. On the
basis of high-resolution CT (HRCT) examination, IMA is
divided into the following three types: solid type, bubbling
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Figure | Computed tomography findings before and after treatment with alectinib. A computed tomography scan before treatment revealed a solitary tumor in left upper
lung (A). A computed tomography scan | months after commencing treatment with alectinib revealed that dramatic reduction in tumor size (B and C), almost no presence

of tumor lesion (D).

type and pneumonic type. In the case we reported, the
chest CT of IMA showed an isolated mass in the left
upper lung, belonging to solid type. A study suggests
that the 5-year RFS rate of IMA solid type was 87.5%.>°
According to a retrospective study, the expression rate of
TTF1 in lung IMA immunohistochemistry was 62.1%, and
the expression rate of CK7 was 100%, which means that
all tumor cells were identified as positive for CK7.%" In our
case, both CK7 and TTF-1 test results were positive,
which was consistent with this study.

Lung IMA harboring ALK rearrangement is extremely
rare. A study by Kim et al showed that in 293 lung
adenocarcinoma patients with ALK rearrangement, IMA
accounted for 3.4%.”> ALK is a transmembrane protein
receptor, and its gene is responsible for encoding
a receptor tyrosine kinase called ALK, which is
a member of the receptor tyrosine kinase family. ALK
rearrangements create an oncogenic ALK tyrosine kinase
that activates many downstream signaling pathways result-
ing in increased cell proliferation and survival.>* There are
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Figure 2 Percutaneous lung biopsy specimen from tumor lesions (A and B,
hematoxylin—eosin). Pathology showed a lot of mucus filling the alveolar space.

many fusion partners of ALK, echinoderm microtubule-
associated protein-like 4 (EML4) is the most common
fusion partner. The EML4-ALK fusion is formed by the
inversion of chromosome 2. This inversion can occur in
multiple places on the chromosome, the most common is
variant 1. EML4-ALK translocation can result in constitu-
tive ALK kinase activity and represents an oncogenic
addiction pathway in lung cancer. The EML4-ALK gene
induced tumor formation in nude mice.>**> In NSCLC,
ALK rearrangement is more common in adenocarcinoma.
These patients have unique clinical characteristics, includ-
ing a history of never smoking or light smoking, younger
age, advanced disease and frequent lymph node
metastasis.” The patient was basically consistent with
these characteristics in this case. ALK rearrangement is
associated with adenocarcinoma with solid or mucus as the
main growth pattern.’® Furthermore, morphologically,
ALK rearrangement is abundant in adenocarcinoma with
signet ring cells.”” In terms of reality, the ALK-rearranged

IMA has acinar and solid growth tumor foci, and is rich in

Figure 3 Pathological examination of tissue specimens from thoracoscopic left
lobectomy (A and B, hematoxylin—eosin). Pathology showed a small amount of
scattered high-grade atypical glands in the interstitium, and fibrous tissue prolifera-
tion, foam cell aggregation, lymphocyte infiltration, multinucleated giant cell reac-
tion, necrotic hemicalcium can be seen in the remaining lung tissue.

signet ring cells, which was consistent with the findings of
our case.

At present, ALK rearrangement has become the target
of new molecular targeted therapy. The use of ALK tyr-
osine kinase inhibitors (TKI) for genotype targeted therapy
has brought a fundamental change in the treatment of
patients with NSCLC. So far, 4 ALK TKIs, ceritinib,
crizotinib, alectinib and brigatinib, have been approved
by the European Medicines Agency (EMA) and/or US
Food and Drug Administration (FDA) for targeted therapy
of ALK rearranged patients. Alectinib is the second-
generation ALK TKI. Unlike the first-generation ALK
TKI (crizotinib),
P-glycoprotein (P-gp). It has a higher rate of passing

alectinib is not a substrate of
through the blood-brain barrier. The presence of the
brain barrier weakens the efficacy of brain metastases,
which can significantly reduce the brain metastases of

patients and reduce the risk of death. In our case, the

https://doi.org/10.2147/OTT.S334213

5110

DovePress

OncoTargets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Gu et al

Figure 4 Immunohistochemical staining (20-X) revealed Kié| positivity (A), cyto-
keratin 7 (CK7) and thyroid transcription factor-1 (TTF-1) positivity (B).

patient achieved both radiologic and pathologic regres-
sions without any adverse events after 3 cycles (84 days)
of neoadjuvant alectinib. Obviously, the therapeutic effect
of alectinib was amazing.

In a global randomized, Phase 3 ALEX trial,”® the pro-
gression-free survival rate of the alectinib group was sig-
nificantly higher than that of the crizotinib group. The ORR
of the alectinib group was higher than that of the crizotinib
group (82.9% vs 75.5%), and there was no statistical differ-
ence (P = 0.09). Recently, an ALK rearranged IV stage
(T2N2M1) lung adenocarcinoma woman was reported.
New metastatic lesions were found in the brain and
meninges by craniocerebral magnetic resonance imaging
(MRI). After alectinib treatment, the clinical symptoms of
the patient’s brain were significantly improved, and the brain
lesions almost disappeared. CNS metastases in ALK-
positive NSCLC patients, including pia mater and brain
metastases, are increasingly occurring. The J-ALEX study
in Japan suggested that compared with crizotinib, the 1-year
cumulative incidence of CNS progression of alectinib was

significantly reduced (5.9% 16.8%

(crizotinib)).>> Alectinib has been shown to have high intra-

(alectinib)  vs

cranial efficacy. Cancer patients may have various adverse
reactions (AEs) when receiving treatment, and some need to
be discontinued. A lower rate of discontinuation usually
indicates that the treatment is safer. In a meta-analysis, the
discontinuation rate of alectinib (7%) was lower than that of
ceritinib and crizotinib (8%), showing the superior safety of
alectinib.*® The patients we reported have not yet experi-
enced any adverse reactions. The above results show that
alectinib has a significant advantage over crizotinib in
advanced NSCLC patients with ALK rearrangement. The
patient we reported showed favorable results after treatment
with alectinib, confirming the superiority of alectinib.
Neoadjuvant treatment of NSCLC with novel thera-
peutic agents is an emerging field of investigation, aiming
to improve the cure rate. Although neoadjuvant therapy
may delay surgery and take risks of disease progression,
its advantages have already occupied solid foundation.
A meta-analysis of NSCLC showed that neoadjuvant che-
motherapy could absolutely improve S5-year OS, from
40% to 45%.'¢ Previous case reports of patients with
locally advanced NSCLC who received EGFR-TKIs in
neoadjuvant therapy showed favorable results and
induced tumor downstaging.>'? Outstanding activity of
alectinib has been demonstrated for the treatment of ALK
+ NSCLC. However, there are no relevant reports of
phase II/III study on the effect of neoadjuvant alectinib
treatment. Imanishi et al®> reported a case of IIIA-N2
stage lung adenocarcinoma with ALK rearrangement
after 3 months of treatment with alectinib, the tumor
was significantly reduced, followed by surgery and com-
plete resection. Pathology showed that in all excised
specimens, less than 10% of tumor cells were alive.
This suggests that neoadjuvant alectinib treatment may
be effective and safe for patients with lung adenocarci-
noma harboring ALK-rearrangements. More recently,
Zhang et al reported a clinically successful case of neoad-
juvant alectinib in the treatment of stage IIIB ALK +
NSCLC. Similar to our report, The tumor was signifi-
cantly reduced after alectinib induction, and the TNM
cT3N2MO 1IIIB to
ypT1aNOMO IB.'® Moreover, another similar clinical suc-

stage was downstaged from

cess case of alectinib neoadjuvant was reported, a patient
with stage IIIA ALK + NSCLC who received alectinib
neoadjuvant treatment with a major pathological
response, and tumor was downstaged at ypTON2. Based

on this case, Leonetti et al** further designed a Phase II
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study aimed at assessing alectinib as neoadjuvant treat-
ment in surgically resectable Stage III ALK + NSCLC
(ALNEO trial). In the clinic, neoadjuvant chemotherapy
represents the standard treatment for patients with resect-
able locally advanced NSCLC. ALK-TKIs in ALK +
NSCLC has better feasibility and safety. In particular,
giving alectinib before surgery, as in our case, can induce
extensive  tumor than  standard

more shrinkage

chemotherapy.

Conclusions

To our knowledge, this is the first case discussing the
treatment of ALK-rearranged IMA of the lung with neoad-
juvant alectinib. The patient achieved both radiologic and
pathologic regressions after three cycles of oral alectinib,
and so far, no adverse reactions have been found. The
therapeutic effect of alectinib is remarkable. This case
proves that in patients with advanced ALK-rearranged
lung adenocarcinoma, neoadjuvant alectinib can achieve
which
a reference for clinical treatment of patients.

favorable therapeutic effects, can provide
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