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Abstract: Lung cancer is one of the most frequent cancers worldwide and has the highest mortality among
all cancers. Over 80% of all lung cancer cases are non-small cell lung cancer (NSCLC), with adenocarcinoma
being the most frequent histological subtype. Knowledge of new molecular types of adenocarcinoma has
changed the treatment of these patients if a certain mutation is detected. NSCLC anaplastic lymphoma kinase
(ALK) positivity has been reported in 2–7% of these patients. This mutation is associated with very high
sensitivity to treatment with ALK inhibitors. Here, we report a case of a 52-year-old woman with NSCLC
ALK positivity who had received first-, second- and third-generation ALK inhibitors with good tolerance
and almost no toxicity. The current overall survival (OS) of our patient has been prolonged for more than
10 years with the optimal sequencing of next-generation ALK tyrosine kinase inhibitors (TKIs) crizotinib,
ceritinib, alectinib and lorlatinib. The patient has been receiving lorlatinib for four years, and continues to
have a very good quality of life while delaying treatment with chemotherapy. It is important to understand
the resistance mechanisms of ALK inhibitors to determine the best sequence of treatment to best benefit our
patients. Genomic studies and new diagnostic strategies are necessary to assess resistance mechanisms to ALK
inhibitors to determine the best sequence treatment and provide patients with the most effective therapy.
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Introduction: “ALK sequence treatment for
NSCLC”
Lung cancer is one of the most frequent causes of cancerrelated mortality, and most patients have metastases in
the early stages of the disease (1). Treatment for these
patients has historically consisted of systemic chemotherapy.
Knowledge of the molecular pathways involved in metastatic
non-small cell lung cancer (NSCLC) can improve our
understanding and enable the development of target-specific
agents in several subtypes of lung adenocarcinoma (2).
One of the molecular pathways involves rearrangement
of the anaplastic lymphoma kinase (ALK) gene. This gene
alteration has been reported in 2–7% (3) of patients with
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NSCLC, and the most common alteration of ALK is its
fusion with echinoderm microtubule-associated proteinlike 4 (EML4). This led to the development of specific
molecular treatments for these patients, who are usually
nonsmokers or light smokers and are younger at onset, such
as children and young adults, than those patients who do
not have this molecular alteration. Patients with NSCLCpositive ALK-EML4 gene fusion have a better response to
ALK inhibitors than other standard treatments (4).
The first of these ALK inhibitors was crizotinib, which
showed an improvement in overall survival (OS) in patients
treated first with crizotinib and then an ALK tyrosine kinase
inhibitor and adequate safety. In the final OS analysis of
the PROFILE 1014 study, these patients had a median OS
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A

B

August 2011→ Progressive brain disease
and lymphatic mediastinal involvement →
Mediastinoscopy → ALK+

February 2012:
Start CRIZOTINIB
PFS 13 months

C

March 2013→
Progressive
spinal cord D9

April 2013:
Start CERITINIB
PFS 17 months

D

October 2014→
Progressive spinal cord D10 and
brain disease

November 2014:
Start ALECTINIB
PFS 29 months

March 2017→
Progression in the
left ovary

April 2017:
Start LORLATINIB
PFS Not reached

Figure 1 The timeline of disease progression.

that was not reached (5). The benefit in OS after treatment
with an ALK inhibitor first and then others at disease
progression has been shown in other studies, as described
here and again later. In the updated OS ALEX study, the
median OS was 57.4 months in the crizotinib arm versus
not reached in the alectinib arm, possibly due to access to
pemetrexed-based chemotherapy and other ALK tyrosine
kinase inhibitors. When we analysed real-world data
(RWD), we found similar results after progression from first
TKI and subsequent treatment with other TKIs; the median
OS was 89.6 months, which was statistically significant from
the diagnosis of metastatic disease in the CLINALK study,
and the median OS was 90.3±24.4 months in the GLASS
study, which was not statistically significant in either cohort
(patients ALK+ and ROS+).
The patient described in the case report herein achieved
prolonged OS. The sequence of treatment is increasingly
important in these patients with progress in genomic studies
and resistance mechanisms.
Case presentation
We report a case of a 52-year-old woman with a previous
tobacco history of 13 pack-years. In May 2010, she was
evaluated due to cough and dyspnoea. She underwent
a chest RX, CT scan, PET-TC scan and bronchoscopy
and received a final diagnosis of locally advanced lung
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adenocarcinoma, stage IIIB (right upper lobe mass and
ipsilateral and subcarinal lymphadenopathy). All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient.
In June 2010, she received curative-intent concurrent
chemoradiation (cisplatin/paclitaxel and radiotherapy, total
dose 69.6 Gy) and achieved a partial response, but brain
progression was observed in October 2010 (three new
nodules located in the left temporal lobe, left frontal lobe
and right corpus callosum). Then, she received radiosurgery
with CyberKnife in all lesions with an adequate brain
disease response followed by six cycles of carboplatin/
pemetrexed and maintenance with pemetrexed for 9 months.
In August 2011, a PET-CT scan showed new lymphatic
mediastinal involvement and brain disease under
progression. Whole-brain radiotherapy was performed, and
mediastinoscopy showed a mutation in ALK (Figure 1A).
In February 2012, crizotinib was started, and the patient
achieved a good partial response and adequate tolerance for
13 months. In March 2013, she developed progressive bone
disease with D9 cord compression (Figure 1B). She received
radiotherapy (20 Gy) and developed residual paraplegia.
From April 2013 to September 2014, she started
treatment with ceritinib in the ASCEND-5 clinical trial,
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with poor tolerance and grade 3 hepatotoxicity, which
required two dose reductions of ceritinib. With this
treatment, she achieved stable disease for 17 months.
In October 2014, images showed a new brain and bone
disease (Figure 1C). Alectinib was started, and the patient
exhibited a partial response and excellent tolerance without
toxicities. The PFS on this second-generation ALK
inhibitor was 29 months.
Finally, during alectinib treatment in March 2017, a CT
scan revealed a new mass in the left ovary and lymph node
involvement (Figure 1D). Radical gynaecological surgery was
performed with a final pathological report consistent with
metastasis in the left ovary of lung cancer adenocarcinoma
with a new EML4-ALK (variant 3a/b) G1202R mutation
detected by NGS (Foundation One). In this patient, the
tumour mutation burden was low (2 Mut/Mb), and MLL3
I4835Fs*4 was detected. At this time, she started treatment
with lorlatinib, which is currently ongoing and has adequate
tolerance. The only side effects are occasional diplopia and
hypercholesterolemia and hypertriglyceridaemia, which are
well controlled with treatment.
The current OS of our patient has been prolonged for
more than 10 years with the optimal sequencing of nextgeneration ALK TKIs.
All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient 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.
Discussion
All patients with stage IV lung cancer adenocarcinoma
should be assessed for several molecular markers, including
ALK gene rearrangements. This alteration occurs more
frequently in younger patients and nonsmokers. ALK
translocations can be identified by next-generation
sequencing (NGS) panels, immunohistochemistry (IHC), or
fluorescence in situ hybridization (FISH) (6). In metastatic
NSCLC, the presence of an ALK gene rearrangement (ALK
positivity) strongly predicts sensitivity to ALK inhibitors, so
this treatment is the best option to prolong progression-free
survival (PFS) in these patients (7). Several clinical trials
have shown the superiority of ALK inhibitors.
The first ALK inhibitor that showed superiority
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over chemotherapy was crizotinib, both in front-line
and subsequent-line treatments. In our case report, our
patient was diagnosed with ALK-positive lung cancer
adenocarcinoma when she was receiving first-line metastatic
disease treatment with chemotherapy. The second line of
treatment was crizotinib. In the Clinical Trial PROFILE
1014, crizotinib was shown to be superior to chemotherapy.
The primary endpoint was PFS. With a follow-up of
17 months, the ORR with crizotinib was higher than that
with chemotherapy (74% versus 45%), and the median PFS
was prolonged (10.9 versus 7 months; HR 0.45) (8). In the
ASCEND-4 study that compared second-generation ALK
inhibitors versus chemotherapy, ceritinib showed a median
PFS of 16.6 months versus 8.1 months in the chemotherapy
arm with an HR of 95% CI: 0.42 to 0.73, P<0.001, with no
statistically significant differences in OS between the two
arms (9). In the global ALEX study, patients were randomly
assigned to first-line alectinib versus crizotinib. Patients
receiving alectinib had a 53% reduction in the risk of
progression or death (HR 0.47, 95% CI: 0.34–0.65). After
an additional 10 months of follow-up in an update to the
global ALEX study, the median PFS was 35 months in the
alectinib group versus 11 months in the crizotinib group
(HR 0.43). OS results are not yet mature (10). Lorlatinib
is a powerful third-generation ALK TKI that has been
approved for the treatment of patients with ALK-positive
NSCLC who have progressed on alectinib or ceritinib as
front-line ALK inhibitor therapy or crizotinib and at least
one other ALK inhibitor. Because lorlatinib has activity
against all of the known ALK inhibitor resistance mutations,
including G1202R which was detected in our patient, it is
the preferred agent in cases of alectinib resistance (11). This
mutation confers resistance to other next-generation ALK
inhibitors, including ceritinib, alectinib and brigatinib (12).
FDA approval for lorlatinib is based on the results of a phase
II study (B7461001) (13). The overall response rate with
lorlatinib among these patients was 47% (partial response
45% and complete response 2%). Efficacy according to
prior treatment was as follows: post crizotinib: ORR 73%,
median PFS 11.1 months, and median duration of response
not reached; after one or more second-generation ALK
inhibitors: ORR 40%, median PFS 6.9 months, and median
duration of response 7.1 months (14).
The updated clinical trial PROFILE 1014 was recently
published. With a median follow-up duration of 46 months,
the final analysis of this clinical trial showed that the median
OS with chemotherapy was 47.5 months versus not reached
with crizotinib. The OS rates at different time points
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(1 year, 18 months and 4 years) were higher with crizotinib
than with chemotherapy (83.5% vs. 78.4%, 71.5% vs. 66.6%
and 56.6% vs. 49.1%, respectively). The hazard ratio (HR)
was better with crizotinib (HR 0.346; 95% bootstrap CI:
0.081 to 0.718), with a median OS of 59.8 months with this
treatment (95% CI: 46.6 months to NR) and 19.2 months
with chemotherapy (95% CI: 13.6 months to NR) when OS
was adjusted for crossover. Crizotinib has a significant effect
on PFS. However, the absence of a statistically significant
difference in OS may be due to the impact of effective postprogression therapy on the outcome and crossover (5).
Depending on the type of subsequent treatment received,
OS was also analysed in four subgroups. In the group who
received crizotinib and at least one ALK inhibitor in any
line of subsequent treatment, the results showed the longest
OS, with the median OS not reached in these patients.
Our case report shows that our patient benefited from the
sequence of ALK inhibitors described herein, with an OS
duration of more than 59.8 months. In a retrospective study
in which patients received platinum pemetrexed-based
chemotherapy after progression following one or more
second-generation TKIs, there was an objective response
rate (29.7%) with this type of chemotherapy with a median
duration of response of 6.4 months (15).
When we analyse real-world databases, the benefit is
similar to that of clinical trials. In the French CLINALK
study, OS was analysed in patients with ALK-positive
NSCLC who had received crizotinib. After progression
on crizotinib, the patients who received next-generation
ALK inhibitors versus subsequent drugs other than nextgeneration ALK inhibitors or best supportive care had
better OS: 89.6 months from the diagnosis of metastatic
disease and a median post-progression disease survival of 25
months (16). In the GLASS retrospective study, the disease
control rate in ALK+ patients was 91% with lorlatinib,
with objective response rates of 60% and 62% (extracranial
and intracranial disease, respectively). The median
OS was 90.3±24.4 months, which was not statistically
significant (17). In another retrospective study of real-world
data in Canada, ALK+ patients who received crizotinib
and alectinib had median PFS and OS of 17 months and
48.5 months, respectively (18).
In NSCLC, brain disease is associated with poor
prognosis, but in patients with an ALK mutation, the
response to these treatments is better than that in patients
without an ALK mutation. The ALK inhibitors that have
shown more efficacy in brain disease are alectinib and
lorlatinib. Alectinib showed a PFS benefit over crizotinib
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irrespective of the presence or absence of CNS metastases
at baseline. For patients who had CNS metastases at the
beginning of treatment, the median PFS was higher with
alectinib (25.4 months; 95% CI: 9.2 months–NE months)
than with crizotinib (7.4 months; 95% CI: 6.6–9.6 months).
The median PFS was 38.6 months with alectinib and
14.8 months with crizotinib (HR 0.46, 95% CI: 0.31–0.68)
for patients without baseline CNS metastases. Our patient,
who had brain metastases at baseline and at the fifth line of
treatment, had a PFS duration of 29 months with alectinib,
which is longer than that reported in the global ALEX study.
In the phase II study (B7461001), lorlatinib patients were
analysed if they had progressive disease and were divided
into non-CNS or CNS progression groups. At 12 months,
the cumulative incidence rate (CIR) was higher in patients
without CNS progression who received crizotinib as their
first treatment without baseline CNS metastases than in
patients with CNS progression (43% vs. 9%, respectively).
In the patients with baseline CNS metastases, the CIR was
the same (22% for both groups). At 12 months in patients
who had been treated with ≥1 second-generation ALK
TKI, the CIR of non-CNS progression was higher than
that of CNS progression in patients both with and without
baseline CNS metastases (35% vs. 23% and 55% vs. 12%,
respectively) (19,20).
In pretreated patients with ALK-positive NSCLC with
or without baseline CNS metastases and who experienced
disease progression on crizotinib or second-generation
ALK TKIs, lorlatinib had intracranial activity. PFS on
lorlatinib in our patient was not reached because the patient
is still on this treatment. Recently, interim analysis data
from the Crown Clinical Trial have been published. It
is a phase 3 trial in patients with ALK-positive NSCLC
metastatic disease comparing lorlatinib versus crizotinib as
the first treatment. The PFS and the intracranial response
were better in those patients who were treated with
lorlatinib as the first option of treatment. The percentage
of progression-free survival at 12 months was 39% in the
crizotinib arm (95% CI: 30 to 48) and 78% in the lorlatinib
group (95% CI: 70 to 84), with an HR of 0.28, P<0.001, by
independent central review. The median PFS at the cutoff data was 9.3 months in the crizotinib arm versus not
reached in the lorlatinib arm. In those patients with all types
of CNS metastases at baseline, the intracranial response
was higher with lorlatinib, 66% (95% CI: 49% to 80%)
versus 20% (95% CI: 9% to 36%) in the crizotinib arm. In
measurable CNS metastases the intracranial response was
23% in the crizotinib arm versus 82% in the lorlatinib arm.
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At 12 months the duration of intracranial response was 0%
in the crizotinib arm versus 72% in the lorlatinib arm and
the incidence of CNS metastases as the first event was 33%
versus 3% in the crizotinib group versus lorlatinib group,
respectively, with a HR 0.06; 95% CI: 0.02 to 0.18. The
most common adverse events were hypercholesterolemia
and hyperlipidaemia, peripheral neuropathy, oedema
and cognitive effects. These data make it necessary for
other clinical trials to address second-generation to thirdgeneration ALK inhibitors to better define the first line of
treatment in our patients (21,22).
Although alectinib is currently the standard first-line
treatment in these patients, in this case report, we propose
that receiving sequential ALK inhibitors may be a treatment
strategy to improve OS in these patients. Resistance
mechanisms to ALK inhibitors necessitate new diagnostic
strategies to provide patients with the most effective
therapy. In ALK-rearranged NSCLC patients who relapse
on next-generation ALK-TKIs, single circulating tumour
cell (CTC) sequencing can be used to identify secondary
resistance mutation mechanisms (23). In patients treated
with second- and third-generation ALK TKIs, another
study analysed plasma specimens using a NGS platform.
With each successive generation of ALK TKIs, ALK
resistance mutations increase and may be underestimated by
tumour genotyping (24). Patient-derived models combined
with longitudinal tumour sampling can also contribute to
knowledge on tumour dynamics and biological processes
underlying disease progression. It is important to determine
the best sequence of next-generation ALK-TKIs for the
treatment of our patients (25).
Greater molecular knowledge of this type of tumour and
its secondary resistance mutations is needed to define the
optimal treatment for each patient with ALK-rearranged
NSCLC, making it possible to delay chemotherapy in these
patients by improving their quality of life and tolerance to
treatments.
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