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Abstract

To evaluate radiological and clinical features in metastatic anaplastic lymphoma kinase+ non-small cell lung cancer patients Q
crizotinib efficacy in different lines. This national, non-interventional, multicenter, retrospective archive screening study evaluated
demographic, clinical, and radiological imaging features, and treatment approaches in patients treated between 2013-2017.
Totally 367 patients (54.8% males, median age at diagnosis 54 years) were included. Of them, 45.4% were smokers, and 8.7%
had a family history of lung cancer. On radiological findings, 55.9% of the tumors were located peripherally, 7.7% of the patients
had cavitary lesions, and 42.9% presented with pleural effusion. Pleural effusion was higher in nonsmokers than in smokers
(87.3% vs. 25.3%, P = .018). About 47.4% of cases developed distant metastases during treatment, most frequently to the brain
(26.2%). Chemotherapy was the first line treatment in 55.0%. Objective response rate was 61.9% (complete response: 7.6%;
partial response: 54.2%). The highest complete and partial response rates were observed in patients who received crizotinib
as the 2nd line treatment. The median progression-free survival was 14 months (standard error: 1.4, 95% confidence interval:
11.2-16.8 months). Crizotinib treatment lines yielded similar progression-free survival (P = .078). The most frequent treatment-
related adverse event was fatigue (14.7%). Adrenal gland metastasis was significantly higher in males and smokers, and pleural
involverment and effusion were significantly higher in nonsmokers—a novel finding that has not been reported previously. The
radiological and histological characteristics were consistent with the literature data, but several differences in clinical characteristics
might be related to population characteristics.

Abbreviations: ALK = Anaplastic lymphoma kinase, ALK+ = ALK-positive, CR = complete response, DCR = disease control
rate, NOS = not otherwise specified, NSCLC = non-small cell lung cancer, ORR = objective response rate, OS = overall survival,
PD = progressive disease, PR = partial response, SD = stable disease, SE = standard error, TKI = tyrosine kinase inhibitors.

burden makes lung cancer the leading cause of cancer deaths
globally, despite advances in diagnosis and treatment.”?! About
85% of the lung cancer cases are histologically classified as
non-small cell lung cancer (NSCLC), including adenocarci-
noma, squamous cell carcinoma, and large-cell carcinoma.P!

1. Introduction

The Global Burden of Disease study reported that more than
2.2 million new lung cancer cases were diagnosed, and 2 mil-
lion lung cancer patients lost their lives in 2019." This disease
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Advances in identifying driver mutations in NSCLC have led to
the development of novel treatments like tyrosine kinase inhib-
itors (TKI), immune checkpoint inhibitors, or antiangiogenic
molecules.

Anaplastic lymphoma kinase (ALK) is a receptor tyrosine
kinase and is found to be rearranged in about 3% to 7% of the
NSCLC cases, particularly among adenocarcinoma subgroups
of never/light young smokers.’! Current evidence suggests that
inhibition of ALK activity results in antitumoral efficiency in
advanced NSCLC.!®” However, gene rearrangement must first
be documented to make the ALK inhibitor therapy available
for these patients. Several previous studies have evaluated ALK-
positive (ALK+) NSCLC cases to predict gene rearrangement
based on clinical and radiological features of the disease and
reported several features of these tumors regarding tumor size,
appearance, and localization.'®! However, the topic still needs
further research to obtain more robust characteristics. Based on
this background, this study aimed to evaluate the radiological
and clinical features, and crizotinib efficacy in different lines in
ALK+ NSCLC patients.
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2. Patients and methods

This study was designed as a national, non-interventional,
multicenter, retrospective archive study and included ALK+
NSCLC patients treated with ALK inhibitors between January
1, 2013 and December 31, 2017, in the participating centers
in Turkiye. The inclusion criteria were being > 18 years of age,
having a diagnosis of advanced ALK+ NSCLC (confirmed by
fluorescence in situ hybridization), having been treated with
chemotherapy and/or ALK inhibitor at any stage, and having
a computed tomography and positron emission tomography at
diagnosis. Drop-outs were excluded. The protocol of the study
was approved by the Non-interventional Clinical Research
Ethics Committee of Hacettepe University (approval number:
GO 18/610; date: January 8, 2019). This study was performed
in line with the principles of the Declaration of Helsinki.
Informed consent was obtained from all individual partici-
pants included in the study.

The present study evaluated demographic (age, gender), clin-
ical (date of diagnosis, stage of cancer, pathological/histological
sub-type of cancer, metastatic sites, progression), radiological
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Baseline demographic and clinical characteristics of patients with ALK-positive non-small cell lung cancer.

All patients Gender Smoking
Male Female Absent Present
n =367 n =201 n =166 (n =185) (n =154)
Median [IQR] Median [IQR] Median [IQR] P Median [IQR] Median [IQR] P
Age at diagnosis, years 54 [46-62] 57 [48-62] 52 [43-62] .099 52 [43-62] 56 [48-62] .07
n (%) n (%) n (%) n (%) n (%)
Gender <.001
Female 166 (42.2) 130 (70.3) 24 (15.6)
Male 201 (54.8) 55(29.7) 130 (84.4)
Smoking 154 (45.4)* 130 (64.7) 24 (14.5) <.001
Asthma/COPD 19(5.2) 5(2.9) 14 (8.4) 01 13(7) 6(3.9) 21
Family history of lung cancer 32(8.7) 20 (10) 12(7.2) .36 9(4.9 23(14.9) .002
Histology 19 .07
Adenocarcinoma 357 (97.3) 193 (96) 164 (98.8) 181 (97.8) 149 (96.8)
NOS 4(1.1) 2(1) 2(1.2) 3(1.6) -
Neuroendocrine 3(0.8) 3(1.5) - 3(1.9)
Mixed 3(0.8) 3(1.5) 1(0.5) 2(1.3)
EGFR + 2(0.5) 1(0.5) 1(0.6) 1 1(0.5) 1(0.6) 1
ROS-1 + 3(0.8) 3(1.5) .26 - 3(1.9 .09
Symptoms
Cough 195 (53.1) 100 (49.8) 95 (57.2) 15 116 (62.7) 74 (48.1) .007
Dyspnea 177 (48.2) 92 (45.8) 85 (51.2) 3 100 (54.1) 73 (47.4) 22
Pain 130 (35.4) 70 (34.8) 60 (36.1) .79 71(38.4) 55 (35.7) .61
Weight loss 103 (28.1) 59 (29.4) 44 (26.5) .55 48 (25.9) 53 (34.4) .09
Hemoptysis 33(9) 21(10.4) 12(7.2) .28 11 (6.9 20 (13) 03
ECOG score at baseline .34 13
0 106 (28.9) 60 (29.9) 46 (27.7) 49 (26.5) 49 (31.8)
1 169 (46) 87 (43.3) 82 (49.4) 93 (50.3) 68 (44.2)
>2 78 (21.3) 44(21.9) 34 (20.5) 39 (21.1) 36 (23.3)

Bold values indicate statistical significance at P < .05.

COPD = chronic obstructive pulmonary disease, ECOG = Eastern Cooperative Oncology Group, EGFR = epidermal growth factor receptor, IQR = inter-quartile range, NOS = not otherwise specified.
* Because of missing data, percentages were reported over 339 patients who had complete data for smoking.

imaging characteristics at diagnosis, and treatment outcomes
in patients with ALK+ NSCLC. ALK gene rearrangement in
NSCLCs constitutes a distinct molecular phenotype that signifi-
cantly benefits from the ALK-directed TKI treatment.”’ Although
the currently available methods like next generation sequencing,
fluorescence in situ hybridization, immunohistochemistry, and
polymerase chain reaction (RT-PCR) can successfully detect
ALK gene rearrangement, factors such as availability, cost, and
accessibility can limit their use in clinical practice. Thus, the low
rates of ALK positivity in high-incidence NSCLC underlies the
importance of feasible and cost-effective methods that can be
utilized, at least to make a distinction towards possible ALK
positivity in NSCLC. With this regard, the radiographic and
clinical features of patients emerge as possible signal-creating
features.

Radiological imaging reports (such as X-ray, computed
tomography, positron emission tomography) were obtained
from hospital records of patients diagnosed with ALK+
NSCLC, and retrospectively evaluated to determine the
radiological and clinical features at diagnosis. The radiologi-
cal findings were based on the reports of the imaging studies
and not reevaluated from raw images. Treatment outcomes
were reported in terms of complete response (CR), partial
response (PR), stable disease (SD), progressive disease (PD),
objective response rate (ORR), disease control rate (DCR),
and progression-free survival (PFS). Progression was defined
by response evaluation criteria in solid tumors (RECIST
Version 1.1).1'% Any use of ALK inhibitors after radiological
progression was defined as Continuum beyond Progression
Disease, which is the time interval until the switch to the
subsequent systemic therapy, i.e. a next-generation TKI via a
clinical trial or an early access program or chemotherapy or
best supportive care.

2.1. Statistical analyses

Descriptive statistics were presented using median and inter-
quartile range (25th-75th percentiles) for continuous data and
frequency and percentage for categorical data. Continuous
variables were compared between independent groups using
the Mann—Whitney U test, and categorical variables were com-
pared using the Chi-square test (or Fischer’s exact test when
assumptions are not met). Survival analyses were done using
the Kaplan-Meier method and compared between groups using
the log-rank test. The median follow-up time was analyzed
using reverse Kaplan—Meier method. Statistical significance was
considered as a P-value <.05. All statistical analyses were per-
formed using PASW Statistics for Windows, Version 18.0 (SPSS
Inc., Chicago, IL).

3. Results

3.1. Demographic characteristics

A total of 367 patients with ALK+ NSCLC (54.8% males;
median age at diagnosis 54 years) were included in the analy-
ses. Smokers consisted 45.4% of the population, and 8.7% of
the population had a family history of lung cancer. Histological
type was adenocarcinoma in 97.3%. The epidermal growth
factor receptor and ROS-1 were positive in 0.5% and 0.8%
of the cases. The most frequent symptom was cough (53.1%)
and majority of the patients had an Eastern Cooperative
Oncology Group Performance Score of 1 (46.0%) at base-
line. At follow-up, progressive disease was observed in 272
patients (74.0%). Comparison of baseline demographic and
clinical characteristics between genders showed that smoking
rate was significantly higher among males (P <.001); however,
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the presence of asthma/chronic obstructive pulmonary disease
(P =.01) and acinar-cell carcinoma (P = .048) were significantly
higher in females. Moreover, history of lung cancer in the fam-
ily (P =.002) and hemoptysis (P = .03) was significantly higher
among current smokers, however, cough symptoms (P =.007)
were less frequent. Baseline demographic and clinical character-
istics of the patients are presented in Table 1.

3.2. Radiological characteristics

At baseline, a total of 261 patients had radiological data.
Analyses of radiological features detected that 44.1% of the
cases had centrally and 55.9% had peripherally localized
lesions. In addition, cavitary lesions were present in 7.7% and
pleural effusion in 42.9% of patients. At baseline, the most
common sites of metastatic disease were lungs (47.1%), bones
(41.1%), and pleura (34.9%). Brain metastasis was present
in 25.1% of the patients. There was no significant difference
regarding radiological features and metastatic disease between
males and females at baseline. However, comparison between
patients according to smoking status showed that nonsmokers
had a higher frequency of pleural effusion (37.3% vs 25.3%,
P =.018), and pleural involvement (41.6% vs 28.6%, P = .013)
than that of smokers, but adrenal gland metastasis was
more prevalent among smokers (22.1% vs 12.5%, P =.018)
(Table 2).

3.3. Outcomes and side effects

The median follow-up was 32.2 months. The outcomes are pre-
sented in Table 3. The number of patients received crizotinib
were 136 in the 1st line, 148 in the 2nd line, 36 in the 3rd line,
and 20 in other lines. As per the reimbursement policies at the
time, platinum-based chemotherapy was the first line treatment
in 55.0% of the patients, and crizotinib was the ALK inhibitor
given to 30.8%.

On ALK inhibitors, CR was achieved in 7.6% of patients,
PR in 54.2%, SD in 10.9%, and progressive disease in 16.9%.
The highest CR and PR rates were observed among patients
who received crizotinib as 2nd line treatment. The median PFS
was 14 months (standard error [SE]: 1.4, 95% confidence inter-
val: 11.2-16.8 months) among all patients. Comparison of PFS
between crizotinib treatment groups showed that the outcomes

Medicine

were similar (P = .078) (Fig. 1). The median overall survival (OS)
was 25.2 months (SE: 3.2, 95% confidence interval: 19-31.4
months) after crizotinib treatment.

Most frequent treatment-related adverse event was fatigue
in 14.7% of patients, followed by dyspnea and anemia (5.2%,
each) (Table 4). Distant metastasis under crizotinib treatment
was observed in 47.4% of the cases and the most common site
of progression was the brain (26.2%). Comparison of meta-
static sites between genders and according to smoking status
detected that the only significant difference was for the adrenal
gland, in which males (P =.006) and smokers (P =.046) had
significantly higher metastasis rates (Fig. 2).

4. Discussion

This present study evaluated the general characteristics of
patients with ALK+ NSCLC treated between 2013 to 2017
to identify the radiological features that might affect the diag-
nosis and the clinical features. To the best of our knowledge,
it is the largest retrospective analysis, including the highest
number of ALK+ NSCLC patients.!''-!3 To summarize the role
of radiological imaging methods in diagnosis and differential
diagnosis of patients with ALK+ NSCLC, about 44.1% of
patients had centrally, and 55.9% had peripherally localized
lesions. In addition, cavitation was reported in only 7.7%,
while effusion was present in about one-third of cases; 25.1%
of the patients had brain metastasis and the median PFS was
14 months.

Radiologic features of ALK+ lung cancer were evaluated in
several previous studies, which generally reported that these
tumors were more centrally located, absent of pleural tail, had
associated large pleural effusions, were relatively small in size,
had lower tumor disappearance rate after treatment, and may
appear as more solid masses with lobulated margins.!®!*151 Some
of those findings were also reported in different studies that
underlined that these lesions had a more solid pattern, pleural
and soft tissue metastasis, metastatic sclerotic bone lesions, and
when compared to epidermal growth factor receptor mutant
patients, had positive bronchoscopic findings suggesting a cen-
tral localization.!®!41l Qur results partly complied with these
results that the solid pattern, high-frequency of bone metastasis,
and pleural involvement were also observed in our cases, about
44% of patients had centrally located lesions, but more than

Radiological features and presence of metastatic disease at baseline.

All patients Gender Smoking
Male Female Absent Present
n = 367 n =201 n =166 n=185 n=154
n (%) n (%) n (%) P n (%) n (%) P
Radiological findings
Localization of primary 48 82
Central 115 (44.1)* 64 (31.8) 51(30.7) 59 (31.9) 48 (31.2)
Peripheral 146 (55.9)* 84 (41.8) 62 (37.3) 71 (38.4) 64 (41.6)
Cavitary lesion 20 (7.7) 10 (5) 10 (6) .66 11 (5.9) 7(4.5) 57
Effusion 112 (42.9)* 54 (26.9) 58 (34.9) 10 69 (37.3) 39 (25.3) .018
Metastatic disease
Lung 173 (47.1) 94 (46.8) 79 (47.6) .88 85 (45.9) 79 (51.3) .33
Bone 151 (41.1) 88 (43.9) 63 (38) .26 71 (38.4) 62 (40.3) 72
Pleural involvement 128 (34.9) 64 (31.8) 64 (38.6) 18 77 (41.6) 44 (28.6) .013
Distant LAP 114(31.1) 58 (28.9) 56 (33.7) 32 60 (32.4) 46 (29.9) .61
Brain 92 (25.1) 55 (27.4) 37 (22.3) 26 44 (23.8) 44 (28.6) .32
Liver 67 (18.3) 38(18.9) 29 (17.5) 72 35(18.9) 27 (17.5) 74
Adrenal gland 62 (16.9) 41 (20.4) 21 (12.7) 05 23 (12.4) 34 (22.1) .018

LAP = lymphadenopathy.

*Percentages were reported over 261 patients who had complete data for radiological characteristics.
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Crizotinib treatment outcomes.

Line of treatment

1st line 2nd line 3rd line Other
Overall (n=136) (n =148) (n = 36) (n=20)
n (%) n (%) n (%) n (%) n (%)
Complete response 28 (7.6) 8(6.2) 16(11.2) 3(9.4) 1(5.6)
Partial response 199 (54.2) 77 (59.2) 93 (65.0) 17 (63.1) 9(50.0)
Stable disease 40(10.9) 14 (10.8) 18 (12.6) 4(12.5) 3(16.7)
Progressive disease 62 (16.9) 31(23.8) 16(11.2) 8 (25) 5(27.8)
Objective response rate 227 (61.9) 85 (65.5) 109 (76.2) 20 (62.5) 10 (55.6)
Disease control rate 267 (72.8) 99 (76.3) 127 (88.8) 24 (75.0) 13(72.3)
A 100 Overai m’:: - T: :‘;m cl:‘:: B Wedian PFS =]
5 10 (month: Min Max
\ amTE o
3\ . e S I
X E ] log-rank p=0.078
D og
: AN :
g " N, g 04
g ™~ :
o o2 P ' E’ oz
0.0 00
L] 12 24 38 48 80
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Figure 1. Progression-free survival (A) in all patients and (B) crizotinib treatment groups. Cl = confidence interval; PFS = progression-free survival; Max = max-

imum; Min = minimum.

Treatment-related adverse events due to crizotinib.

All-grade adverse events n (%)
Fatigue 54 (14.7)
Dyspnea 19(5.2)
Anemia 19(.2
Peripheral edema 18 (4.9
Visual impairment 16 (4.4)
Newly developed effusion 13(3.5)
Abdominal pain 12 (3.3
Muscle cramps 10@2.7)
Stomatitis 10@2.7)
Venous thrombosis 9(2.5)
Neutropenia 6 (1.6)
Hypothyroidism 4(1.1)
Decrease in heart rate 3(0.8
Hyperlipidemia 3(0.8)
Prolongation of QT interval 1(0.3)
Thrombocytopenia 10.3

half of the patients had a peripherally located tumor. However,
tumor localization may vary between studies, i.e. Halpenny
and colleagues found no significant difference in location.?"!
The sites of distant metastasis were also similar in studies that
bone, pleura, brain, and lymph-node metastases were the most
common metastatic sites, like in our study.?!! Additionally, it is
worth mentioning that although the radiological features are
still being researched in ALK+ lung cancer, they are far from
replacing immunohistochemistry, which is the cheapest and
prevalently available method to detect ALK positivity.

Our study also evaluated the radiological findings and pres-
ence of metastatic disease according to gender and smoking

status, and found that adrenal gland metastasis was signifi-
cantly higher in males and smokers, and pleural involvement
and effusion were significantly higher in nonsmokers. This is a
novel finding that has not been reported previously but should
be interpreted cautiously. Previous studies showed that smok-
ing compounds downregulates cell cycle and inhibits apopto-
sis, while inducing inflammation and altering cell adhesion.?*
Moreover, animal models also showed that smoking-induced
inflammation might play a possible role in benign and/or malig-
nant pleural effusion in naive mice.?’! Based on these previous
reports, our results about the increased pleural involvement and
effusion among nonsmokers seems discrepant, but these com-
parisons are only primary comparisons between demographic
subgroups and lacks to suggest a causal relationship between
these conditions. However, these results might imply that gender
and smoking may be significant factors to be considered in the
clinical management of ALK+ NSCLC. Previous studies reported
that patients with ALK+ disease were younger (49-54 years old)
and never or light smokers.®41624 Nevertheless, there were
conflicting reports regarding gender predominance, in which
some studies reported a male predominance,!'**"252¢1 whereas
some studies reported higher proportions of females.!®!¢"l Our
results also related that the median age at diagnosis was 54
years, similar to the literature data. For the gender predomi-
nance, we found that more than half of the patients were males.
However, for smoking history, nearly half (45.4%) of the cases
were smokers.

The role of crizotinib for ALK+ NSCLC was first evalu-
ated in an international, multicenter Phase I study (PROFILE
1001),252°1 where ORR was 57%, with 33% achieving SD.
In 2009, a single-arm, global Phase II study of crizotinib
(PROFILE 1005) recruited 136 patients with ALK+ NSCLC
who progressed after initial chemotherapy. The ORR was
51%, and DCR at 12 weeks was 74 %, which was impressive
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A All patients
Distant metastases (+) 47 4%
Brain 26.2%
Lung 20.7%
Bone 13.1%
Liver 1.7%
Adrenal gland 7.9%
Other 8.4%
B
Gender
Distant metastases (+) 34.8% 33.1%
Brain 27.4% 253%
Lung 17.4% 247%
Bone 13.9% 12.0%
Liver 13.4% 8.4%
Adrenal gland 11.4% 3.6%
Other 55% 12.0%
Male =Female
c Smoking status
Distant metastases (+) 368%
Brain 29.7%
Lung 24.3%
Bone 13.5%
Liver 97%
Adrenal gland 54%
Other 9.2%

Smoking (-) =Smoking (+)

Figure 2. Progression of metastatic disease during crizotinib treatment (A) in all patients, (B) according to gender, and (C) according to smoking status.

in a group of pretreated patients.’% The subsequent Phase 11T
trial PROFILE 1007 demonstrated that when compared with
second-line chemotherapy, crizotinib prolonged PFS, increased
response rates, and improved the quality of life in patients with
advanced, previously treated ALK+ NSCLC.B" PFS was signifi-
cantly improved in the crizotinib arm (median PFS: 7.7 months
vs 3 months), but there was no OS benefit. The most recent
phase III PROFILE 1014 trial compared crizotinib with chemo-
therapy as first-line treatment in patients with ALK+ advanced
NSCLC, and reported that OS was not reached with crizotinib
and 47.5 months with chemotherapy, 4-year survival proba-
bility was 56.6% with crizotinib and 49.1% with chemother-
apy, and highlighted the benefit of crizotinib for prolonging
survival in this patient population.’? In another retrospective
study in a single Chinese Cancer Center, crizotinib was used as
first-line treatment in 60.6%, second-line treatment in 28.8%,
and third-line or later in 10.6% of 104 patients with ALK+
NSCLC, which reported that ORR and DCR were 82.7% and
98.1%, PFS and OS were 13.0 months and 36.0 months.?"
The outcomes in our study in terms of treatment responses:
ORR was 61.9%, while DCR was 72.8%. Median PFS was
14 months (SE: 1.4 months) in the entire study group, but
12.7 months (SE: 2 months), 15.3 months (SE: 2.1 months),
13.7 months (SE: 3.8 months), and 9.3 months (SE: 4.7
months) in patients using crizotinib as first, second, third,
and other lines of treatment, respectively. Although PFS after

2nd-line treatment was higher, comparisons showed that PFS
was similar between all lines of treatment. One reason for
this higher PFS in the 2nd-line was that at the time of data
collection the local regulations in the country allowed crizo-
tinib over chemotherapy, thus crizotinib was used for patients
following 1 or 2 cycles of chemotherapy, which might also
explain the difference with PROFILE trial. Another reason for
the PFS after 2nd-line treatment being higher might be due to
the effect of survival bias.

Crizotinib was shown to be tolerable with a good safety pro-
file, and the main adverse effects included visual disturbances,
gastrointestinal side effects, and pneumonitis. In our study, the
most common treatment-related adverse event was fatigue, fol-
lowed by dyspnea and anemia. The treatment outcomes and side
effects had a partial concordance with the available evidence in
the literature.

Besides the strengths of this study, there were also several
limitations. First, this is a retrospective study, which is a lim-
ited design regarding data collection. Second, the limited avail-
ability of the radiological and adverse event data restricted
further assessments with the related parameters. Third, radio-
logical assessments were done locally in each center. Fourth,
since the primary focus was on crizotinib treatment in this
study, other ALK inhibitors were not included, and compara-
tive analyses were not performed, which might have been of
interest to some readers. Moreover, all patients did not have
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detailed radiological reports, and the data regarding adverse
events were also limited, such as a strikingly low number of
QT prolongations, which was expected to be higher from a
clinical perspective.

5. Conclusion

The present study is the first and largest study to evaluate the
radiological and clinical characteristics in ALK+ NSCLC cases in
the Turkish population. Accordingly, the PFS data were in accor-
dance with the previous studies in the literature. Additionally,
the results suggested that the pleural effusion and involvement,
particularly in nonsmokers, and the brain metastases in radio-
logical assessments, should alert the physicians in terms of ALK
positivity in this patient group. Adrenal gland metastasis was
significantly more frequent in males and smokers, and pleural
involvement and effusion were significantly more frequent in
nonsmokers. This is a novel finding that has not been reported
previously.
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