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Abstract: This study aimed to determine the imaging characteristics of patients with advanced lung adenocarci-
noma who harbor anaplastic lymphoma kinase gene mutation (ALK+) and to explore the follow-up value of radio-
logical examination of these patients. Forty patients with stage IV lung adenocarcinoma were enrolled, including
20 ALK+ patients (study group) and 20 patients with no ALK mutation (ALK-) (control group). In the study group,
20 patients were treated with crizotinib or chemotherapy randomly. All patients underwent serial enhanced neck-
thoracic computed tomography (CT), abdominal-pelvic CT, and enhanced brain magnetic resonance imaging (MRI)
during treatment. Compared to ALK- patients, ALK+ patients were significantly more likely to have advanced N stage
disease, a larger short diameter of metastasizing lymph nodes (ND), and a higher ratio of ND/TD (long diameter
of the primary tumor) (P = 0.002, 0.044 and 0.002, respectively). A cut-off value of ND/TD > 0.84 was useful for
identifying ALK+ patients, with a specificity of 100% and a sensitivity of 50%. Brain metastasis, as detected by brain
MRI, was the most common cause of progression in patients treated with crizotinib. Thus, the ND/TD ratio may be
of value in selecting candidates for ALK mutation screening, and enhanced MRI of the brain is necessary during

crizotinib treatment of ALK+ patients.
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Introduction

Lung cancer is the most common cause of can-
cer-related death worldwide. The prognosis is
poor, especially in patients with advanced-
stage disease, and many Chinese patients
have an initial diagnosis of advanced-stage
lung cancer. Lung cancer is considered a het-
erogeneous disease with regard to not only his-
tological subtype but also molecular features
[1, 2]. Accurate diagnosis of lung cancer sub-
types is determined on both a histological and
a genetic level, which is critical to providing per-
sonalized precision therapy on the basis of
driver oncogenes.

The most important and well-studied oncogene
as a therapeutic target is epidermal growth fac-
tor receptor (EGFR), as patients positive for
EGFR mutations show better response rates
and prolonged progression-free survival upon

treatment with EGFR tyrosine kinase inhibitors
(EGFR-TKIs) compared to those treated with
standard platinum-based chemotherapy [3, 4].
Anaplastic lymphoma kinase (ALK) is another
emerging oncogene [5, 6] that is attracting
increasing attention. Lung cancer with ALK
rearrangement (ALK+), which is commonly
reported as an echinoderm microtubule-associ-
ated protein-like 4 (EML4)-ALK translocation, is
a subgroup that exhibits a striking response to
specific targeted drugs such as crizotinib, an
oral small-molecule inhibitor of ALK [7, 8].
Crizotinib was approved by the US FDA in 2011
for the treatment of advanced or metastatic
non-small cell lung cancers that are ALK+ and
was approved by the China Food and Drug
Administration (CFDA) in 2013 [9, 10]. Although
ALK+ lung cancer only occurs in approximately
4-5% of patients with non-small cell lung can-
cer (NSCLC) [5, 11-13], there are approximately
35,000 new ALK+ lung cancer cases per year in
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China, which is a sizeable population of lung
cancer patients.

The most common histological subtype of ALK+
lung cancer is adenocarcinoma. Personalized
targeted therapy for ALK+ tumors has become
a revolutionary strategy for treating advanced
lung adenocarcinoma, which is commonly
observed upon initial diagnosis in Chinese
patients, and it is vital to select and identify
patients with this ALK mutation to ensure that
appropriate treatment is instituted. Fluorescent
in situ hybridization (FISH) analysis is the stan-
dard method for determining a patient’'s ALK
mutation status. However, FISH is invasive,
expensive, time-consuming, and not universally
available. Because of the relatively low frequen-
cy of ALK rearrangement, another useful
screening method for determine how to best
identify the ALK+ population is needed. Medical
imaging, especially computed tomography (CT),
is an essential non-invasive procedure for diag-
nosing and staging lung cancer and for assess-
ing treatment effectiveness, though it is sel-
dom related to a specific oncogene. During our
clinical work, we found that ALK+ advanced
lung adenocarcinoma maybe correlated with
certain imaging characteristics. The present
study aimed to determine the imaging charac-
teristics that would be helpful for predicting
ALK+ advanced lung adenocarcinoma.

Material and methods

All clinical studies were conducted at Cancer
Hospital, Chinese Academy of Medical Sci-
ences. The study was approved by the Ethics
in Research Committee of Cancer Hospital,
Chinese Academy of Medical Sciences. Patient
informed consent was waived for this retro-
spective study, and the methods were per-
formed in accordance with approved guide-
lines.

Patient enrollment/study population

Patients with advanced lung adenocarcinoma
(stage IV) whose tumor specimens were exam-
ined for ALK mutation status to identify poten-
tial candidates for crizotinib treatment at our
institution between 2011 and 2014 were
included. Patients were eligible for inclusion if
they were 18 years of age or older, if they had
histologically confirmed advanced (stage IV)
lung adenocarcinoma, and if their tumor speci-
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mens were examined for ALK mutation status
to identify potential candidates for crizotinib
treatment. Based on an initial screen, 20 pa-
tients satisfied the inclusion criteria. A cohort
of 20 patients with advanced (stage IV) lung
adenocarcinoma and no ALK rearrangement
(ALK-) were randomly selected from our institu-
tion and used as a control group. All patients
had more than two metastasis-involved organs,
were classified as stage M, according to the
2015 World Health Organization (WHO) system,
and had enhanced CT (neck-thoracic and
abdominal-pelvic) and enhanced MRI (brain) to
confirm the diagnosis of stage IV lung ade-
nocarcinoma.

Histopathology and detection of ALK rear-
rangement

All histological and oncogene mutation analy-
ses were performed on biopsy specimens. For
histological evaluation, tumors were classified
on the basis of standard WHO criteria [14].
Molecular analysis of patients’ ALK status was
performed on formalin-fixed paraffin-embed-
ded (FFPE) tumor samples by means of FISH
with the use of an ALK break-apart (or split-sig-
nal) probe, as previously described [15]. ALK
FISH was considered positive when more than
15% of the tumor cells showed split red and
green signals and/or single red signals; other-
wise, the specimen was classified as ALK FISH
negative. A sample was defined as ALK+ only
when the FISH result was positive.

CT/MRI image acquisition and interpretation

All patients enrolled in this study underwent
evaluable pretreatment neck-thoracic and
abdominal-pelvic enhanced CT as well as en-
hanced brain MRI of either the primary tu-
mor or dominant metastasis. The following CT
equipment was used: a Toshiba Aquilion
64-MDCT (pitch, 0.828; thickness, 5 mm; 120
kV; 380 mA; scan time, 0.5 s per rotation;
reconstruction thickness, 1 mm; and spacing,
0.8 mm) and a GE LightSpeed 64-VCT (pitch,
0.984; thickness, 5 mm; 120 kV; 450 mA; scan
time, 0.5 s per rotation; reconstruction thick-
ness, 1.25 mm; and spacing, 0.8 mm).
Contrast-enhanced scanning was performed
30-35 seconds after intravenous injection of
iodine contrast (300 mg/ml). Brain MR images
were obtained with 1.5 or 3.0 T GE MRI scan-
ners and included axial T,WI/FLAIR (TR, 8000

Int J Clin Exp Med 2017;10(8):12782-12789



Radiological examination in advanced lung adenocarcinoma with ALK mutation

Table 1. Clinical characteristics of enrolled
patients with different ALK mutation

Eﬁ;g::tteristics ALK+ ALK- Pvalue
Number 20 20
Age (y) 49 (24-82) 53(39-81) 0.398
Sex
Male 8 9 0.749
Female 12 11
Treatment
Crizotinib 10 0
Chemotherapy 10 20
Tstage 0.020
T1 7 0
T2 6 13
T3 5 4
T4 2 3
N stage 0.002
N1 1 3
N2 1 7
N3 18 5
M stage
MO 0 0
Mia 0 0
M1b 20 20

Note: ALK+, patients with anaplastic lymphoma kinase
gene mutation; ALK-, patients with no anaplastic lym-
phoma kinase gene mutation.

ms; TE, 130 ms; NEX, 1; slice thickness, 5 mm
and slice space, 1 mm) and an axial and sagit-
tal enhancement scan with intravenous injec-
tion of Gd-DTPA contrast (TR, 420 ms; TE, 20
ms; NEX, 1; slice thickness, 5 mm and slice
space, 1 mm).

Two independent radiologists evaluated the
main tumor in each patient and determined the
tumor size, type, margins, lymph node metasta-
sis, and distant metastasis site (lung or lym-
phangitic, pleural or pericardial, brain, liver,
adrenal gland, bone). Decisions regarding the
CT findings were reached by consensus. The
following CT features were assessed: the size
and location of thoracic lymphadenopathy; the
size, contour, consistency and location of the
primary tumor; the presence/absence of pleu-
ral effusion, pleural metastasis or lymphangitic
carcinomatosis; and the presence and location
of metastasis. Clinical TNM stages were classi-
fied according to the 2015 WHO system.
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Treatment and imaging follow-up

Of the 20 study patients with ALK+ advanced
lung adenocarcinoma, 10 were randomly treat-
ed with crizotinib and the other 10 with stan-
dard chemotherapy. To evaluate the curative
effect, follow-up enhanced neck-thoracic CT,
abdominal-pelvic CT and enhanced brain MRI
studies were performed at 6-week intervals
according to the treatment period. RECIST 1.1
(Response Evaluation Criteria in Solid Tumors)
was adopted for curative evaluation [16]. The
progression-free survival (PFS) of each patient
was monitored.

Statistical analysis

All values are reported as the mean + standard
deviation for continuous variables or as fre-
quencies or percentages for categorical vari-
ables. To explore discriminating factors of imag-
ing between the two groups, we used the X2
test, Fisher’s exact test, Student’s t-test or the
Wilcoxon rank-sum test. PFS curves were calcu-
lated using the Kaplan-Meier method. A proba-
bility (P) value of P < 0.05 indicated statistically
significant differences. Statistical analyses
were performed using Statistical Package for
the Social Sciences (SPSS) software (SPSS,
Inc., an IBM Company, Chicago, IL, USA).

Results
Clinical characteristics

The mean overall age of the patients at the
time of diagnosis was 51 years (range, 24-82
years). The mean age of the patients in the
ALK+ group was 49 years (range, 24-82 years),
and that in the ALK- group was 53 years (range,
39-81 years). The detailed clinical and patho-
logical characteristics of the study and control
group patients are summarized in Table 1.

CT characteristics of ALK+ advanced lung
adenocarcinoma

The CT features of advanced lung adenocarci-
noma according to ALK mutation status are
listed in Table 2. Compared with the ALK-
patients, the ALK+ patients were significantly
more likely to have an advanced N stage (P =
0.002). The average short diameter of metasta-
sizing lymph nodes (ND) for the ALK+ patients
was significantly higher than that for the ALK-
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Table 2. CT characteristics of enrolled patients with different

(0.83 vs. 0.38, P < 0.001) (Table 2;

ALK mutation Figure 1).
CT characteristics ALK+ ALK- P value Diagnostic role of CT in ALK+ ad-
Type 0.091 vanced lung adenocarcinoma
Mass (> 30 mm) 11 16
Nodule (< 30 mm) 9 4 Receiver operating characteristic
CT density 0.147 (ROQ) analysis was conducted to
Solid 20 18 pred_|ct ALK+ advanced lung adeno-
Part solid o 5 carcinoma, and the area under the
ROC curve (AUC) for the ND/TD ra-
GGO 0 0 tio as a predictive marker for ALK
Location 0.327 mutation status was 0.785 (P =
Central 9 6 0.002; 95% confidence interval [CI],
Peripheral 11 14 0.64-0.93). The optimal cutoff value
TD (mm) 33.90+£21.48 46.95+21.27 0.061 of ND/TD for identifying ALK+ ad-
ND (mm) 20.10+7.93 15.40+6.25 0.044 vanced lung adenocarcinoma was
TD/ND 200+168 3.53+219 0.018 greater than or equal to 0.84 (sensi-
ND/TD 0.83+0.54 038020 0002  tvity, 50.0% specificity, 100.0%),
Pleura metastasis 0.749 aﬁd_ the positive and negative pre-
Negative 8 9 dictive values for ALK+ status.we—
" re 100% and 66.7%, respectively
Positive 12 11 (Figure 2).
Lung metastasis 0.342
Negative 12 9 Role of follow-up imaging for ALK+
Positive 8 11 advanced lung adenocarcinoma
Lymphangitic metastasis 0.077 In the study group, all 20 patients
Negative 12 17 were followed up until May 26,
Positive 8 3 2016, with a median follow-up time
Liver metastasis 0.677 of 20.5 weeks (range, 6-104 weeks).
Negative 17 16 The median time to recurrence for
Positive 3 4 the ALK+ patients treated with cri-
Bone metastasis 0.752 zotinib or treated with chemothera-
Negative 10 11 py was 60 weeks (range, 12-104
Positive 10 9 weeks) and 18 yveeks (range-, 6-54
Brain metastasis 0.292 weeks), respectively. At the-tlme of
Negative 17 19 the last foI.Iow-up, progression had
occurred in 90% of the ALK+
Positive 3 1 patients receiving crizotinib (9/10).
Adrenal gland metastasis 0.077 In the patients with new lesions
Negative 15 19 from disease progression (PD), the
Positive 5 1 brain was the most common site of

Note: ALK+, patients with anaplastic lymphoma kinase gene mutation; ALK-,
patients with no anaplastic lymphoma kinase gene mutation; TD, long diam-

metastasis, occurring in 88.9%

(8/9) of these patients.

eter of primary tumor; ND, short diameter of metastasizing lymph nodes.

patients (20.10 + 7.93 mm vs. 15.40 + 6.25
mm, P = 0.044). The average long diameter of
the primary tumors (TD) for the ALK+ patients
was smaller than that for the ALK- patients,
though with no significant difference (33.90 +
21.48 mm vs. 46.95 + 21.27 mm, P = 0.061).
In addition, the difference in ND/TD ratios of
the two groups was statistically significant
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Discussion

Recently, it has been shown that for patients
with ALK+ NSCLC, crizotinib leads to improved
outcomes when compared with conventional
chemotherapy. In our study, the PFS of ALK+
advanced lung adenocarcinoma patients treat-
ed with crizotinib was 60 weeks, which is longer
than that of patients treated with standardized
chemotherapy, whose PFS was 18 weeks. The
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Figure 1. Male, 59 years old, adenocarcinoma in the inferior lobe of the right lung. CT (A-D) showed the primary
tumor with a long diameter of 20 mm; CT (E-H) showed neck, mediastinal, and abdominal lymph nodal metastases
with the largest lymph nodal short diameter of 24 mm. The ND/TD is 2.4. Molecular pathological results after cervi-
cal lymph node biopsy showed ALK rearrangement.
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Figure 2. Receiver operating characteristic (ROC)
curve for predicting advanced lung adenocarcinoma
with ALK rearrangements; the area under the ROC
curve (AUC) for ND/TD is 0.785.

clinical benefit gained by using ALK-targeted
therapies has led to a transition in current clini-
cal practice based on determination of a
patient’s ALK rearrangement status [17].

There are three primary methods for ALK muta-
tion detection. FISH is currently the only
approved standard technique for assessing
ALK mutation status, even though this tech-
nique has a relatively high cost and a long test-
ing time and is not universally available [18,
19]. Immunohistochemistry (IHC) has been
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intensely investigated as a screening tool for
detecting ALK mutation status because it is
affordable for most patients and is easier to
implement. However, the specificity of IHC for
ALK mutation testing is not as robust as that of
FISH, and sensitivity varies with the specific
antibodies used [20]. Although reverse tran-
scription-polymerase chain reaction (RT-PCR) is
a highly sensitive test for detecting ALK muta-
tion, high-quality RNA is required, which is often
difficult to obtain. In our study, we used FISH as
a standard technique for assessing ALK muta-
tion status.

ALK rearrangement-positive lung cancer is
reported to be more common in younger
patients, men, and non-smokers or light smok-
ers [21-23]. However, in our study, there was no
statistically significant difference between the
study group and the control group when analyz-
ing these demographics. The reason for this
finding may be the relatively small sample size
and the extremely advanced stage of the popu-
lation selected, which may have resulted in out-
come bias. Although there are several reported
clinical characteristics of ALK+ NSCLC patients,
these characteristics have a limited role in opti-
mizing patient selection to screen for ALK
mutation status.

In the current study, we provide a more compre-
hensive radiological overview of ALK+ advanced
lung adenocarcinoma. The results demonstrate
that compared to ALK- advanced lung adeno-

Int J Clin Exp Med 2017:10(8):12782-12789



Radiological examination in advanced lung adenocarcinoma with ALK mutation

carcinomas, ALK+ advanced lung adenocarci-
nomas are more likely to be associated with
larger volume lymphadenopathy compared with
the primary tumor as well as more advanced
and multifocal lymphadenopathy, such as
extensive mediastinal, supraclavicular, or axil-
lary lymphadenopathy, upon CT evaluation.
However, in our study, ALK+ advanced adeno-
carcinoma showed no tendency toward other
lymphangitic spread, such as lymphangitic car-
cinomatosis, compared to the control group. In
the correct clinical context, these radiological
presentations could help to identify patients
with ALK rearrangements. It is important to
note that these CT characteristics of ALK+
advanced lung adenocarcinoma can mimic the
CT imaging characteristics of small cell lung
cancer (SCLC) or even lymphomas.

Because of the high incidence of EGFR muta-
tions in lung adenocarcinoma in the eastern
Asian population, a screening method for the
detection of EGFR mutations has been estab-
lished and commercially applied in clinical
practice. However, detection of EML4-ALK gene
translocation in lung cancer patients remains
rare and is considered impractical because of
the low incidence and because of financial and
technical limitations. The novelty of our study is
that we identified a new method for predicting
high-risk ALK+ lung adenocarcinoma popula-
tions using CT imaging. Our study suggests that
the new radio-parameter of the ND/TD ratio
may be a potential marker for selecting candi-
dates for ALK mutation screening. Concerning
pathologically confirmed advanced lung adeno-
carcinoma patients, when CT imaging shows a
relatively small primary tumor volume with a
relatively large lymphadenopathy volume-that
is, when the ratio of ND/TD is high (especially >
0.84)-these patients can be classified as high
risk and are strongly recommended to undergo
ALK testing, as they may greatly benefit from
crizotinib treatment.

In our study, none of the primary tumor features
observed by CT correlated with the presence of
ALK rearrangement when compared to ALK-
lesions. All primary tumors in the study group
were solid, whereas the control group consist-
ed of 18 solid cases and 2 partially solid cases.
No significant difference was detected between
the two groups in this regard. In a previous
study, when correlating molecular genetic
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results with imaging findings, EGFR mutations
correlated positively with the ground-glass
opacity (GGO) ratio and ALK rearrangement
with solid nodules in thin-section CT scans of
lung adenocarcinomas. However, this differ-
ence may be negligible in instances of advanced
adenocarcinoma. There was also no statisti-
cally significant difference between the study
group and the control group with regard to dis-
tant metastasis.

In our study, brain metastasis as detected by
enhanced MRI was the most common cause of
progression in patients treated with crizotinib.
Most cytotoxic systemic chemotherapies and
some TKls appear to inefficiently cross the
intact blood-brain barrier. Enhanced MRI of the
brain is the best method for diagnosing brain
metastasis, and brain MRI is necessary during
crizotinib treatment because brain metastasis
is the most common cause of disease progres-
sion. Measurement of crizotinib levels in plas-
ma and cerebrospinal fluid (CSF) have indicat-
ed poor penetration of the drug into the brain,
thus potentially hindering the efficacy of crizo-
tinib for metastatic brain tumors [24].

Our study had several limitations. First, the
cohort was relatively small, which could be
overcome by performing larger prospective
multi-institutional studies. Second, as we only
investigated highly advanced ALK+ lung adeno-
carcinoma, the results are not applicable to all
ALK+ lung adenocarcinomas. Third, to investi-
gate the CT features of ALK+ lung adenocarci-
noma, we should further analyze lung cancers
with mutations in other commonly mutated
oncogenes such as EGFR and K-RAS. Indeed,
lung adenocarcinomas with K-RAS mutations
are prevalent in mucinous adenocarcinoma
and have invasive behaviors based on our clini-
cal experience.

In summary, ALK+ advanced lung adenocarci-
noma commonly appears as solid masses on
CT images and is more likely to be associated
with advanced lymph node metastasis and
large volume lymphadenopathy than a primary
tumor. An ND/TD ratio greater than or equal
to 0.84 may be of value in recommending
ALK-rearrangement testing for patients with
advanced lung adenocarcinoma. Enhanced
MRI of the brain is also necessary during treat-
ment with crizotinib because brain metastasis

Int J Clin Exp Med 2017:10(8):12782-12789
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is the most common cause of disease pro-
gression.
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