www.impactjournals.com/oncotarget/

Oncotarget, 2017, Vol. 8, (No. 65), pp: 108840-108847
Research Paper

Comparison of ALK status between primary and corresponding
lymph node metastatic tumors in lung cancer patients
Qiqi Gao1, Honghai Ma2, Bo Wang1, Yake Yao3, Jianya Zhou3 and Jianying Zhou3
1

Department of Pathology, The First Affiliated Hospital, Zhejiang University, Hangzhou, China

2

Department of Thoracic Surgery, The First Affiliated Hospital, Zhejiang University, Hangzhou, China

3

Department of Respiration, The First Affiliated Hospital, Zhejiang University, Hangzhou, China

Correspondence to: Jianying Zhou, email: zjyhz@zju.edu.cn
Jianya Zhou, email: zhoujy@zju.edu.cn
Keywords: ALK; metastasis; non-small-cell lung cancer; IHC; FISH
Received: February 06, 2017     Accepted: July 30, 2017     Published: November 06, 2017
Copyright: Gao et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

ABSTRACT
Background: The anaplastic lymphoma kinase (ALK) protein has recently become
a promising target in the treatment of non-small cell lung carcinomas(NSCLC) patients
with ALK translocation because of the high response rates obtained with an ALK
inhibitor. ALK translocations are present in approximately 3-5% of NSCLC patients.
According to the literature, little information about the relationship of ALK status
between the primary tumor and metastatic sites has been reported. We intended to
determine whether the ALK translocations of primary lung cancers are consistent
with those in corresponding metastatic lymph node tumors.
Materials and Methods: We analyzed ALK translocations from paired primary and
metastatic lymph node tumors in 78 lung cancer patients who had not received TKI
before the tissues were sampled.
Results: Using fluorescence in situ hybridization (FISH) and immunohistochemistry
(IHC) methods, all 45 patients with ALK translocation-positive primary lung tumors
had translocations in the metastases. For 33 patients who were ALK negative in the
primary tumors, 1 (3%) was ALK positive in their metastatic tumors.
Conclusion: According to a paired t-test, there is no significant difference
between primary lung tumors and metastatic sites. Analysis of ALK translocations in
the primary lung tumor would be suitable for planning the use of a TKI for advanced
NSCLC, but it would be better to detect metastasis specimens as ALK negative
specimens if both primary and metastatic specimens have developed.

can be classified into different subtypes according to the
oncogenic events that drive carcinogenesis at a molecular
level [5]. Epidermal growth factor receptor (EGFR) and
anaplastic lymphoma kinase (ALK) are the most common
drivers [3, 4, 6]. In 2007, scientists found that anaplastic
lymphoma kinase (ALK) gene rearrangements are present
in a small subset of non-small cell lung cancers [4]. The
overall incidence of ALK gene rearrangement in NSCLC
ranges between 0.4% and 13.4%, with no difference
between Asian and Western populations [7]. Patients
with ALK positive NSCLC tend to be younger and are

INTRODUCTION
Lung cancer is the leading cause of cancer death
throughout the developed world. Non-small cell lung
cancer (NSCLC) represents the most common histologic
subtype of lung cancer cases and is associated with poor
prognosis [1]. Almost 70% of patients with NSCLC
present with locally advanced or metastatic disease at the
time of diagnosis.
Oncogenic ‘driver mutations’ have previously been
identified in various subsets of NSCLC [2–4]. NSCLC
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Table 1: Clinicopathological features of the 78 enrolled patients
Classification
Location

Age years
Sex
Smoking

Predomina nt pattern

Characteristics

n

Alk rearrangement

P

Primary site

78

45

0.871

Paired metastatic
lymph

78

46

Median

56

53.7

Range

29-77

29-77

Male

35

19

Female

43

27

Never smoker

60

38

Former and current
smoker

18

8

Solid

29

22

Acinar

15

4

papillary

16

5

Mucinous

15

12

Micropapillary

1

1

adenosquamous
carcinoma

1

1

squamous carcinoma

1

1

more likely to be never smokers than those without ALK
rearrangement[8].
Crizotinib (an inhibitor of ALK, MET and
ROS1) is superior to standard chemotherapy in patients
with advanced/metastatic NSCLC that harbors ALK
rearrangements in terms of ORR, PFS and QOL by two
randomized trials [9, 10]. Based on these studies, crizotinib
has been approved for treating patients with NSCLC who
express the abnormal ALK gene by the US Food and
Drug Administration (FDA) and the European Medicines
Agency (EMA). The true therapeutic benefit of molecular
targeted therapy in NSCLC patients with ALK fusion
protein relies on identifying the right patient population
for treatment and detecting the emergence of tumor
resistance. ALK rearrangement can be detected by various
methods, including immunohistochemistry (IHC)[11, 12],
reverse transcriptase polymerase chain reaction (RT-PCR)
[13, 14], fluorescence in situ hybridization (FISH)[15,
16] and targeted resequencing [17]. IHC and FISH show
a good level of correlation [18], and they demonstrated
an overall accuracy, specificity and sensitivity of 93%,
95% and 90%[16]. RT-PCR has been recommended in
recent international interpretations to resolve discordant
or [12]borderline cases [19, 20]. Targeted resequencing
proved to be a promising method and means to reduce
the material and turnaround time for ALK gene fusion
detection. However, there are many challenges before
www.impactjournals.com/oncotarget

0.894
0.494
0.153

<0.05

targeted resequences become suitable for an average
pathology laboratory [17]. According the Food and Drug
Administration (FDA), FISH with the Vysis ALK Break
Apart FISH Probe Kit was approved as the gold standard
[21].

RESULTS
Clinicopathological features of the enrolled
patients
The overall clinicopathologic characteristics of
the study group are summarized in Table 1. Seventyeight patients were enrolled into this study with a median
age of 58 years old (range, 29 - 77 years). The seventyeight patients had an average age at diagnosis of their
primary lung carcinoma of 56 years. Among them,
43 (55.1%) were females, and 60 (76.9%) were nonsmokers. The primary diagnosis was made in lobectomy
(76 cases; 97.4%) and wedge resection (2 cases; 2.6%)
specimens. The histologic subtype of the primary lung
carcinomas was predominantly adenocarcinomas (76
cases, 97.4%), including solid adenocarcinoma (29 cases,
37.2%), papillary adenocarcinoma (16 cases, 20.5%),
mucinous adenocarcinoma (15 cases, 19.2%), acinar
adenocarcinoma (15 cases, 19.2%) and micropapillary
adenocarcinoma (1 case, 1.3%). The 2 other histologic
108841

Oncotarget

types of NSCLC included a case of adenosquamous
carcinoma and a case of squamous carcinoma. Forty-seven
of the primary tumors (60.3%) were located in the right
lung and 31 (39.7%) were in the left lung. The size of
the primary tumors ranged from 1.5 to 9 cm. All of the
metastatic tumors were synchronous metastases of lymph
nodes and identified in surgical pathology material.
For continued treatment after surgery of the NSCLC
patients with ALK positive primary tumors, 12 patients
received targeted agents, and all of them survived; 21
patients received chemotherapy, 4 of them died, and 17 of
them survived. For the continued treatment after surgery
of the NSCLC patients with ALK negative primary
tumors, 23 patients received further treatment (including
chemotherapy and targeted agents), and 2 patients died;
19 patients survived, including the patients with ALK
positive metastatic tumors, and 2 patients were lost to
follow up; 7 patients did not receive further treatment, 3
patients survived, and 4 patients were lost to follow up; 3
patients received unknown treatment and died.
The concordance rate of ALK rearrangement
between primary tumor and paired metastatic lymph nodes
was detected by immunohistochemistry (IHC) and FISH.

The ALK gene was evaluated using IHC and FISH in 78
paired specimens (primary tumor site and paired metastatic
lymph nodes). Of the 78 paired specimens detected by
IHC and FISH, 32 paired specimens were both IHC and
FISH negative, and 45 paired specimens were both IHC
(Figure 1) and FISH (Figure 2) positive (as shown in Table
2). One (1.3%) patient showed ALK amplification in the
metastasis but not in the primary sample. Seventy-seven
(98.7%) patients showed concordant ALK rearrangement
between primary tumors and paired metastatic lymph
nodes.

DISCUSSION
NSCLC represents the leading cause of cancer death
throughout the developed world, but the introduction of
a novel class of targeted anti-neoplastic agents, EGFR
and ALK TKI directed against EGFR and ALK, has
significantly changed the therapeutic options available
for patients with NSCLC. ALK gene rearrangements are
found in 2–7% of all NSCLC patients and are more likely
to be found in younger patients (<50 years old) and light/
never smokers and have an adenocarcinoma histology,

Figure 1: Immunohistochemistry for ALK in a NSCLC. Tumor cells show cytoplasmic expression of the protein.
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Table 2: ALK rearrangement concordance between primary tumor and paired metastatic lymph nodes by IHC and
FISH (77 of 78 cases)
Primary site (No.)

Paired metastatic lymph nodes (No.)

IHC−

33

32

IHC+

45

46

FISH-

33

32

FISH+

45

46

Methods

predominantly the signet ring cell subtype [22]. According
to the literature, ALK gene rearrangements have a
relatively higher frequency in Asian populations and were
reported as high as 5.1–10%[23–26]. The incidence of
ALK rearrangement was 19.8% in patients with wild-type
EGFR [27]. ALK translocation has become a promising
candidate for a therapeutic target as well as a diagnostic
molecular marker described for NSCLC cancer patients
[4] due to the excellent responses observed in lung tumors

with the ALK rearrangement treated with ALK inhibitors
[28].
Knowledge of the clinical implications of ALK
rearrangement has been rapidly generated; however, there
are still problems that remain unclear, such as whether
ALK translocations were concordant between primary
tumors and their associated metastases. Intratumor
heterogeneity has been recently described, and it is a major
challenge for personalized cancer medicine. Previous

Figure 2: FISH analysis. Positive cells show a fusion of the red and green signals corresponding to the intact chromosome, and the split
signals are indicative of the ALK rearrangement.
www.impactjournals.com/oncotarget
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studies have compared the molecular state between
primary tumors and corresponding metastatic tumors.
We have learned from other biomarkers that genetic
variation present in the primary tumor may not exist at the
metastatic site, and vice versa. The studies mainly focused
on EGFR and related biomarkers in lung cancers in the
studies comparing the molecular status between primary
cancers and matched metastases. KRAS mutations and
EGFR FISH results differ between primary lung tumors
and their corresponding synchronous or metachronous
metastases [29]. Low concordance of KRAS mutational
status exists between the primary tumors and paired
metastasis [30]. However, according other studies, there
was high concordance between the primary tumors and
paired metastasis. Lee WS et al. indicated that both
primary lesions and their corresponding metastases
showed the same level and pattern of HER2 expression
[31]. However, few studies about intratumor heterogeneity
of ALK rearrangement have been performed. Rossi A et al.
published a case of a lung cancer patient with pleural and
peritoneal metastasis, whose pleural metastases were ALK
negative, while their peritoneal metastases were ALK
positive [32]. However, another case report found ALK
was positive in both primary and metastatic lesions [33]
and, Likun Hou et al. demonstrates a high concordance
rate (98%) in the ALK rearrangement between primary
tumors and paired metastatic lymph nodes [27]. Our
results are consistent with this report and suggest that
cancer cells remain fairly stable in metastatic tumors.
According to previous studies, ALK rearrangement in the
primary tumor of two patients did not show ALK fusion
gene on paired metastatic lymph nodes [27]. In our study,
we found that all primary tumors with ALK rearrangement
were also positive in matched lymph node metastases,
and all primary tumors without ALK rearrangement were
negative in matched lymph node metastases, except one
patient who was ALK rearrangement negative in the
primary tumor while positive in the matched lymph node
metastases.
A true gold standard to determine ALK has not
yet been established. In previous studies, IHC technique
and various molecular techniques, including reverse
transcriptase polymerase chain reaction, direct sequencing,
and FISH, have been used. FISH was approved as a guide
diagnostic by the Food and Drug Administration. Some
studies have reported that in clinical practice, Ventana
IHC is a valuable tool for screening patients with ALK
rearrangements [16, 19, 34]. Yi ES et al suggested that all
IHC 3+ cases were FISH positive, whereas 1 of 3 IHC 2+
and 1 of 21 IHC 1+ cases were FISH positive. All 69 IHC
0+ cases were FISH negative. We screened patients with
IHC 3+ or 0+ primary lesions, removing the patients with
1+ or 2+ primary lesions. In our case, all IHC3+ lesions
were FISH positive, and IHC 0+ were FISH negative, the
same as previously reported [35].

www.impactjournals.com/oncotarget

In summary, we have shown that ALK
rearrangement in primary lung tumors always reflects the
same situation in metastases. Therefore, ALK-targeted
TKIs can be used to treat metastatic disease.

MATERIALS AND METHODS
Patient selection and tumor samples
Patients were selected from a pathological database
of lung cancer cases undergoing surgical resection of
the primary tumors and the corresponding lymph node
metastatic sites at the Pathology Department of The
First Affiliated Hospital of Zhejiang University, and the
primary and paired metastatic lymphatic section had
to contain a sufficient number of tumor cells. The cases
with inadequate tumor tissue in primary or metastatic
tumors were excluded. The enrollment criteria included
primary sections with IHC ALK 3+ from September 2013
to January 2016; only 45 patients were selected among
488 patients. Thirty-three patients with primary sections
with ALK 0+ among 128 patients were also enrolled from
January 2015 to May 2015. Consequently, a total of 78
pairs of formalin-fixed, paraffin-embedded surgically
resected lung cancer tissues and corresponding resected
metastatic tumors were analyzed.
All of the patients were examined for age, gender
and smoking status, partly for cancer stage and treatment.
Lung cancer histology was defined according to the
World Health Organization pathology classification [36].
Clinicopathologic staging was defined according to
the International Union against Cancer tumor–node–
metastasis classification of malignant tumors. Clinical
pathological characteristics of the 78 cases were listed
in Table 1. None of the patients received systemic
chemotherapy or chest radiotherapy before the operation.
None of the patients were treated with a TKI.

Tissue microarray
Tissue microarrays (TMAs) were constructed from
tissue blocks used for routine pathological evaluation.
All original archived hematoxylin-eosin–stained slides
were individually reviewed. Areas in each case with the
most representative histology were selected and marked
on individual paraffin blocks. The most representative
tissue core was obtained from each tumor specimen and
extruded into the recipient array. A section from each
microarray was stained with hematoxylin and eosin and
examined by light microscopy to assess the adequacy of
tissue sampling. Tissue microarray (TMA) specimens
were assembled by a TMA instrument (TMA Master;
Chaoyang, China), which contained thin-walled stainless
steel punches and stylets for emptying and transferring the
needle apparatus. The instrument was used to create holes
in recipient blocks with defined array cores. A fit needle
108844
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was used to deliver the tissue cores into the recipient
blocks. The percentage of tissue core taken from within
the tumor was >70%.

software (version 19.0, Chicago, IL, USA) was used for
statistical calculation.

ACKNOWLEDGMENTS

ALK protein expression

The authors thank the professors at the Department
of Pathology (The First Affiliated Hospital of Zhejiang
University, Hangzhou, China) for their consultation on
these cases.

Immunohistochemical staining was performed
on a Ventana BenchMark XT automated slideprocessing system at Ventana Medical Systems.
Immunohistochemical staining was performed using
2-μm sections of TMA blocks. All slides were stained with
ALK antibody (clone D5F3 Cell Signaling Technology)
diluted 1:50 using a Ventana Ultraview DAB detection
kit in a Ventana BenchMark XT processor (Ventana
Medical Systems, Inc, Tucson, AZ). Antigen retrieval was
a standard automated process on the Ventana BenchMark
XT at 37°C for 16 minutes. All immunohistochemical
stains were evaluated independently by two pathologists.
Specimens were scored 3+ if strong granular cytoplasmic
brown staining in tumor cells was present (excluding
non-tumor cells: alveolar macrophages, cells of neural
origin, glandular epithelial staining), and the absence of
cytoplasmic staining was classified a negative result as
described previously [37].

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

FUNDING
None.

REFERENCES
1. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA.
Non-small cell lung cancer: epidemiology, risk factors,
treatment, and survivorship. Mayo Clin Proc. 2008; 83:
584-94. https://doi.org/10.4065/83.5.584.

ALK fluorescence in situ hybridization (FISH)
analysis

2. Lira ME, Kim TM, Huang D, Deng S, Koh Y, Jang B, Go
H, Lee SH, Chung DH, Kim WH, Schoenmakers EF, Choi
YL, Park K, et al. Multiplexed gene expression and fusion
transcript analysis to detect ALK fusions in lung cancer.
J Mol Diagn. 2013; 15: 51-61. https://doi.org/10.1016/j.
jmoldx.2012.08.006.

The Break-apart Rearrangement Probe kit (Abbott
Molecular, Abbott Park, IL) was used for FISH. We
prepared 4 mm paraffin-embedded histological sections
for FISH analysis. Tissue sections were baked at 60°C and
deparaffinized, and then pretreated with protease solution
at 37°C for 20 minutes. The slides were denatured at 75°C
(±2°C) for 10 minutes. ThermoBrite (Abbott Molecular,
IL, USA) was used for hybridization at 37°C overnight
for 18 hours. Nuclear counterstaining with DAPI was
performed after stringency wash steps. Sections were
observed under a ×100 objective with a fluorescence
Leica microscope and microsystem Imaging system (Leica
Microsystems Inc., Buffalo Grove, IL) independently by
two experienced pathologists. A minimum of 100 nuclei
was scored. A FISH positive case was defined as having
more than 15% (≥15/100) tumor cells showing separated
green and red signals (at least two signal diameters apart)
or single red signals (deleted green signal) identified cells
with rearranged ALK.

3. Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel
S, Herman P, Kaye FJ, Lindeman N, Boggon TJ, Naoki K,
Sasaki H, Fujii Y, et al. EGFR mutations in lung cancer:
correlation with clinical response to gefitinib therapy.
Science. 2004; 304: 1497-500. https://doi.org/10.1126/
science.1099314.
4. Soda M, Choi YL, Enomoto M, Takada S, Yamashita
Y, Ishikawa S, Fujiwara S, Watanabe H, Kurashina
K, Hatanaka H, Bando M, Ohno S, Ishikawa Y, et al.
Identification of the transforming EML4-ALK fusion gene
in non-small-cell lung cancer. Nature. 2007; 448: 561-6.
https://doi.org/nature05945.
5. Chan BA, Hughes BG. Targeted therapy for non-small
cell lung cancer: current standards and the promise of the
future. Transl Lung Cancer Res. 2015; 4: 36-54. https://doi.
org/10.3978/j.issn.2218-6751.2014.05.01.
6. Sequist LV, Lynch TJ. EGFR tyrosine kinase inhibitors
in lung cancer: an evolving story. Annu Rev Med.
2008; 59: 429-42. https://doi.org/10.1146/annurev.
med.59.090506.202405.

Statistical analysis
The difference in demographic characteristics,
including age, gender, smoking history, pathological type,
and TNM stage between ALK positive and ALK negative
patients, were analyzed by Pearson chi square test and
Fisher test. Differences were considered statistically
significant when the two-sided P-value was ≤0.05. SPSS
www.impactjournals.com/oncotarget

7. Solomon B, Varella-Garcia M, Camidge DR. ALK
gene rearrangements: a new therapeutic target in a
molecularly defined subset of non-small cell lung cancer.

108845

Oncotarget

J Thorac Oncol. 2009; 4: 1450-4. https://doi.org/10.1097/
JTO.0b013e3181c4dedb.

between ALK IHC and ALK FISH and between evaluators.
J Thorac Oncol. 2014; 9: 631-8. https://doi.org/10.1097/
JTO.0000000000000115.

8. Steuer CE, Ramalingam SS. ALK-positive non-small
cell lung cancer: mechanisms of resistance and emerging
treatment options. Cancer. 2014; 120: 2392-402. https://doi.
org/10.1002/cncr.28597.

17. Tuononen K, Sarhadi VK, Wirtanen A, Ronty M,
Salmenkivi K, Knuuttila A, Remes S, Telaranta-Keerie
AI, Bloor S, Ellonen P, Knuutila S. Targeted resequencing
reveals ALK fusions in non-small cell lung carcinomas
detected by FISH, immunohistochemistry, and real-time
RT-PCR: a comparison of four methods. Biomed Res Int.
2013; 2013: 757490. https://doi.org/10.1155/2013/757490.

9. Shaw AT, Kim DW, Nakagawa K, Seto T, Crino L, Ahn
MJ, De Pas T, Besse B, Solomon BJ, Blackhall F, Wu
YL, Thomas M, O'Byrne KJ, et al. Crizotinib versus
chemotherapy in advanced ALK-positive lung cancer. N
Engl J Med. 2013; 368: 2385-94. https://doi.org/10.1056/
NEJMoa1214886.

18. Ying J, Guo L, Qiu T, Shan L, Ling Y, Liu X, Lu
N. Diagnostic value of a novel fully automated
immunochemistry assay for detection of ALK
rearrangement in primary lung adenocarcinoma. Ann Oncol.
2013; 24: 2589-93. https://doi.org/10.1093/annonc/mdt295.

10. Solomon BJ, Mok T, Kim DW, Wu YL, Nakagawa K,
Mekhail T, Felip E, Cappuzzo F, Paolini J, Usari T, Iyer
S, Reisman A, Wilner KD, et al. First-line crizotinib
versus chemotherapy in ALK-positive lung cancer. N
Engl J Med. 2014; 371: 2167-77. https://doi.org/10.1056/
NEJMoa1408440.

19. von Laffert M, Warth A, Penzel R, Schirmacher P, Kerr
KM, Elmberger G, Schildhaus HU, Buttner R, LopezRios F, Reu S, Kirchner T, Pauwels P, Specht K, et al.
Multicenter immunohistochemical ALK-testing of nonsmall-cell lung cancer shows high concordance after
harmonization of techniques and interpretation criteria. J
Thorac Oncol. 2014; 9: 1685-92. https://doi.org/10.1097/
JTO.0000000000000332.

11. Sholl LM, Weremowicz S, Gray SW, Wong KK,
Chirieac LR, Lindeman NI, Hornick JL. Combined use
of ALK immunohistochemistry and FISH for optimal
detection of ALK-rearranged lung adenocarcinomas. J
Thorac Oncol. 2013; 8: 322-8. https://doi.org/10.1097/
JTO.0b013e31827db604.

20. Pekar-Zlotin M, Hirsch FR, Soussan-Gutman L, Ilouze M,
Dvir A, Boyle T, Wynes M, Miller VA, Lipson D, Palmer
GA, Ali SM, Dekel S, Brenner R, et al. Fluorescence in situ
hybridization, immunohistochemistry, and next-generation
sequencing for detection of EML4-ALK rearrangement
in lung cancer. Oncologist. 2015; 20: 316-22. https://doi.
org/10.1634/theoncologist.2014-0389.

12. Savic S, Diebold J, Zimmermann AK, Jochum W, Baschiera
B, Grieshaber S, Tornillo L, Bisig B, Kerr K, Bubendorf L.
Screening for ALK in non-small cell lung carcinomas: 5A4
and D5F3 antibodies perform equally well, but combined
use with FISH is recommended. Lung Cancer. 2015; 89:
104-9. https://doi.org/10.1016/j.lungcan.2015.05.012.

21. Lindeman NI, Cagle PT, Beasley MB, Chitale DA, Dacic
S, Giaccone G, Jenkins RB, Kwiatkowski DJ, Saldivar
JS, Squire J, Thunnissen E, Ladanyi M. Molecular testing
guideline for selection of lung cancer patients for EGFR and
ALK tyrosine kinase inhibitors: guideline from the College
of American Pathologists, International Association for
the Study of Lung Cancer, and Association for Molecular
Pathology. Arch Pathol Lab Med. 2013; 137: 828-60.
https://doi.org/10.5858/arpa.2012-0720-OA.

13. Wang Y, Zhang J, Gao G, Li X, Zhao C, He Y, Su C, Zhang
S, Chen X, Li W, Li B, Zhao J, Hou L, et al. EML4-ALK
fusion detected by RT-PCR confers similar response to
crizotinib as detected by FISH in patients with advanced
non-small-cell lung cancer. J Thorac Oncol. 2015; 10: 154652. https://doi.org/10.1097/JTO.0000000000000668.
14. Wang Y, Liu Y, Zhao C, Li X, Wu C, Hou L, Zhang S, Jiang
T, Chen X, Su C, Gao G, Li W, Wu F, et al. Feasibility of
cytological specimens for ALK fusion detection in patients
with advanced NSCLC using the method of RT-PCR.
Lung Cancer. 2016; 94: 28-34. https://doi.org/10.1016/j.
lungcan.2016.01.014.

22. Shaw AT, Yeap BY, Mino-Kenudson M, Digumarthy
SR, Costa DB, Heist RS, Solomon B, Stubbs H, Admane
S, McDermott U, Settleman J, Kobayashi S, Mark EJ,
et al. Clinical features and outcome of patients with
non-small-cell lung cancer who harbor EML4-ALK. J
Clin Oncol. 2009; 27: 4247-53. https://doi.org/10.1200/
JCO.2009.22.6993.

15. Demidova I, Barinov A, Savelov N, Gagarin I, Grinevitch V,
Stroiakovaski D, Popov M, Laktionov K, Gutorov S, Smolin
A, Olshanskaya Y, Obukhova T. Immunohistochemistry,
fluorescence in situ hybridization, and reverse transcriptionpolymerase chain reaction for the detection of anaplastic
lymphoma kinase gene rearrangements in patients with
non-small cell lung cancer: potential advantages and
methodologic pitfalls. Arch Pathol Lab Med. 2014; 138:
794-802. https://doi.org/10.5858/arpa.2012-0762-OA.

23. Sun Y, Ren Y, Fang Z, Li C, Fang R, Gao B, Han X, Tian
W, Pao W, Chen H, Ji H. Lung adenocarcinoma from
East Asian never-smokers is a disease largely defined by
targetable oncogenic mutant kinases. J Clin Oncol. 2010;
28: 4616-20. https://doi.org/10.1200/JCO.2010.29.6038.
24. An SJ, Chen ZH, Su J, Zhang XC, Zhong WZ, Yang JJ,
Zhou Q, Yang XN, Huang L, Guan JL, Nie Q, Yan HH, Mok
TS, et al. Identification of enriched driver gene alterations
in subgroups of non-small cell lung cancer patients based on

16. Wynes MW, Sholl LM, Dietel M, Schuuring E, Tsao
MS, Yatabe Y, Tubbs RR, Hirsch FR. An international
interpretation study using the ALK IHC antibody D5F3 and
a sensitive detection kit demonstrates high concordance
www.impactjournals.com/oncotarget

108846

Oncotarget

histology and smoking status. PLoS One. 2012; 7: e40109.
https://doi.org/10.1371/journal.pone.0040109.

colorectal cancer and their corresponding metastases.
Cancer Med. 2014; 3: 674-80. https://doi.org/10.1002/
cam4.228.

25. Xia N, An J, Jiang QQ, Li M, Tan J, Hu CP. Analysis of
EGFR, EML4-ALK, KRAS, and c-MET mutations in
Chinese lung adenocarcinoma patients. Exp Lung Res.
2013; 39: 328-35. https://doi.org/10.3109/01902148.2013.
819535.

32. Rossi A, Galetta D, Bottiglieri L, Stufano V, Barberis
M. Evaluation of ALK gene status in primary lung
adenocarcinoma and matched metastases. J Thorac
Oncol. 2011; 6: 1146. https://doi.org/10.1097/
JTO.0b013e31821528fc.

26. Wang J, Dong Y, Cai Y, Zhou L, Wu S, Liu G, Su D,
Li X, Qin N, Nong J, Jia H, Zhang Q, Mu J, et al.
Clinicopathologic characteristics of ALK rearrangements
in primary lung adenocarcinoma with identified EGFR and
KRAS status. J Cancer Res Clin Oncol. 2014; 140: 453-60.
https://doi.org/10.1007/s00432-014-1584-8.

33. Salido M, Pijuan L, Galvan AB, Gimeno J, Canadas I,
Rodriguez-Rivera M, Rojo F, Albanell J, Sole F, Arriola E.
ALK status in a primary lung tumour and metachronous
metastases. Histopathology. 2012; 60: 843-5. https://doi.
org/10.1111/j.1365-2559.2011.04100.x.

27. Hou L Ren S, Su B, Zhang L, Wu W, Zhang W, Dong
Z, Huang Y, Wu C, Chen G. High concordance of ALK
rearrangement between primary tumor and paired metastatic
lymph node in patients with lung adenocarcinoma. J Thorac
Dis. 2016; 8: 1103-11.

34. Wang W, Tang Y, Li J, Jiang L, Jiang Y, Su X. Detection
of ALK rearrangements in malignant pleural effusion cell
blocks from patients with advanced non-small cell lung
cancer: a comparison of Ventana immunohistochemistry
and fluorescence in situ hybridization. Cancer Cytopathol.
2015; 123: 117-22. https://doi.org/10.1002/cncy.21510.

28. Kwak EL, Bang YJ, Camidge DR, Shaw AT, Solomon B,
Maki RG, Ou SH, Dezube BJ, Janne PA, Costa DB, VarellaGarcia M, Kim WH, Lynch TJ, et al. Anaplastic lymphoma
kinase inhibition in non-small-cell lung cancer. N Engl
J Med. 2010; 363: 1693-703. https://doi.org/10.1056/
NEJMoa1006448.

35. Yi ES, Boland JM, Maleszewski JJ, Roden AC, Oliveira
AM, Aubry MC, Erickson-Johnson MR, Caron BL, Li Y,
Tang H, Stoddard S, Wampfler J, Kulig K, et al. Correlation
of IHC and FISH for ALK gene rearrangement in nonsmall cell lung carcinoma: IHC score algorithm for FISH.
J Thorac Oncol. 2011; 6: 459-65. https://doi.org/10.1097/
JTO.0b013e318209edb9.

29. Monaco SE, Nikiforova MN, Cieply K, Teot LA, Khalbuss
WE, Dacic S. A comparison of EGFR and KRAS status
in primary lung carcinoma and matched metastases.
Hum Pathol. 2010; 41: 94-102. https://doi.org/10.1016/j.
humpath.2009.06.019.

36. Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG.
(2015). WHO classification of tumors of the Lung, Pleura,
Thymuus and Herat (Lyon: IARC).

30. He Q, Xu Q, Wu W, Chen L, Sun W, Ying J. Comparison
of KRAS and PIK3CA gene status between primary tumors
and paired metastases in colorectal cancer. Onco Targets
Ther. 2016; 20: 2329-35.

37. Ren S, Hirsch FR, Varella-Garcia M, Aisner DL, Boyle T,
Zhou C, Camidge DR. Atypical negative ALK break-apart
FISH harboring a crizotinib-responsive ALK rearrangement
in non-small-cell lung cancer. J Thorac Oncol. 2014; 9: e213. https://doi.org/10.1097/JTO.026903R1026903R10013.

31. Lee WS, Park YH, Lee JN, Baek JH, Lee TH, Ha SY.
Comparison of HER2 expression between primary

www.impactjournals.com/oncotarget

108847

Oncotarget

