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verification cannot be done in clinical trials of Adj.C, as
“surgery alone” can no longer be set as a reference due to
ethical concerns.
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LUNG CANCER

Appropriate Sublobar Resection Choice
for Ground Glass Opacity-Dominant
Clinical Stage IA Lung Adenocarcinoma

Wedge Resection or Segmentectomy

Yasuhiro Tsutani, MD, PhD; Yoshihiro Miyata, MD, PhD; Haruhiko Nakayama, MD, PhD;
Sakae Okumura, MD, PhD; Shuji Adachi, MD, PhD; Masahiro Yoshimura, MD, PhD;
and Morihito Okada, MD, PhD

Background: The purpose of this multicenter study was to characterize ground glass opacity
(GGO)-dominant clinical stage IA lung adenocarcinomas and evaluate prognosis of these tumors
after sublobar resection, such as segmentectomy and wedge resection.

Methods: We evaluated 610 consecutive patients with clinical stage 1A lung adenocarcinoma who under-
went complete resection after preoperative high-resolution CT scanning and *F-fluorodeoxyglucose
PET/CT scanning and revealed 239 (39.2%) that had a >50% GGO component.

Results: GGO-dominant tumors rarely exhibited pathologic invasiveness, including lymphatic,
vascular, or pleural invasion and lymph node metastasis. There was ne significant difference in
3-year recuwrrence-free survival (RFS) among patients who underwent lobectomy (96.4%), segmen-
tectomy (96.1%), and wedge resection (98.7%) of GGO-dominant tumors (P = .44). Furthermore,
for GGO-dominant T1b tumors, 3-year RFS was similar in patients who underwent lobectomy
(93.7%), segmentectomy (92.9%), and wedge resection (100%, P = .66). Two of 84 patients (2.4%)
with GGO-dominant T1b tumors had lymph node metastasis. Multivariate Cox analysis showed
that tumor size, maximum standardized uptake value on ¥F-fluorodeoxyglucose PET/CT scan,
and surgical procedure did not affect RFS in GGO-dominant tumors.

Conclusions: GGO-dominant clinical stage IA lung adenocarcinomas are a uniform group of tumors
that exhibit low-grade malignancy and have an extremely favorable prognosis. Patients with GGO-
dominant clinical stage IA adenocarcinomas can be successfully treated with wedge resection of
a Tla tumor and segmentectomy of a T1lb tumor. CHEST 2014; 145(1):66-71

Abbreviations: FDG = BF-fluorodeoxyglucose; FOV = field of view; GGO = ground glass opacity; HRCT = high-resolution
CT; HU = Hounsfield units; IRB = institutional review board; NSCLC = non-small cell lung cancer; OS = overall survival;
RFS = recurrence-free survival; SUVmax = maximum standardized uptake value

Advances in radiologic techniques, such as high-
resolution CT (HRCT) scanning and the widespread
use of low-dose helical CT screening, have enabled
frequent detection of early lung adenocarcinoma.!
On HRCT scan, early lung adenocarcinoma often con-
tains a nonsolid component, such as ground glass opacity
(GGO), that is closely associated with a pathologic
lepidic growth component.+5 Patients with GGO-
dominant small lung adenocarcinoma are believed
to have a good prognosis.® A recent study also dem-
onstrated that patients with GGO-dominant clinical
T1NOMO lung adenocarcinoma (consolidation/tumor
ratio = 0.5 on thin-section CT scan) have an excellent
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prognosis after lobectomy.” Although patients with
GGO-dominant tumors may be candidates for sublo-
bar resection, there is no clear evidence to support
this hypothesis.

For editorial comment see page 9

A prospective study that compared sublobar resec-
tion (wedge resection or segmentectomy) concomi-
tant with lobectomy for clinical TINOMO non-small
cell lung cancer (NSCLC) concluded that sublobar
resection resulted in a high local recurrence and a low
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survival rate.8 However, sublobar resection for early
lung cancer has been debated for a considerable amount
of time. Several studies have demonstrated the use-
fulness of sublobar resection for peripheral small-sized
NSCLC.3%12 However, there currently is little evi-
dence in patients who are optimal candidates for sub-
lobar resection. Therefore, the present study aimed to
characterize GGO-dominant clinical stage IA lung ade-
nocarcinomas and to evaluate the prognosis of patients
with these tumors after sublobar resection.

MATERIALS AND METHODS

Patients

We evaluated the results of ¥F-fluorodeoxyglucose (FDG)
PET/CT scans of 610 patients with clinical TINOMO stage IA lung
adenocarcinoma from four institutions (Hiroshima University,
Kanagawa Cancer Center, Cancer Institute Hospital, and Hyogo
Cancer Center, Japan) between August 1, 2005, and June 30, 2010.
Patients with incompletely resected tumors (R1 or R2) and those
with multiple tumors or who had previously undergone lung sur-
geries were not included in our prospectively maintained data-
base. Patient data obtained from this multicenter database were
retrospectively analyzed for this study.

Patients underwent HRCT scanning and FDG-PET/CT scan-
ning followed by curative RO resection, and their tumors were
staged according to the seventh edition of the TNM Classification
of Malignant Tumors.!s Mediastinoscopy or endobronchial ultra-
sonography was not routinely performed because all patients had
undergone preoperative HRCT scanning and FDG-PET/CT scan-
ning. HRCT scanning and FDG-PET/CT scanning revealed an
absence of a > 1 ¢m enlargement in mediastinal or hilar lymph
nodes and an absence of > 1.5 accumulation for the maximum
standardized uptake value (SUVmax) in these lymph nodes, respec-
tively. Sublobar resection was allowed in patients with complete
disease removal as an optional procedure for a peripheral clinical
T1NOMO tumor that was intraoperatively assessed as NO by fro-
zen section evaluation of enlarged lymph nodes or by ensuring
that there was no obvious enlargement of lymph nodes in the tho-
racic cavity. Systematic lymph node dissection, such as that of
hilar and mediastinal nodes, was performed during segmentectomy
but not during wedge resection. All patients showing pathologic
lymph node metastasis received four cycles of platinum-based che-
motherapy after surgery.

Manuscript received May 6, 2013; revision accepted July 12, 2013.
Affiliations: From the Department of Surgical Oncology (Drs Tsutani,
Miyata, and Okada), Hiroshima University, Hiroshima; Department
of Thoracic Surgery (Dr Nakayama), Kanagawa Cancer Center,
Yokohama; Department of Thoracic Surgery (Dr Okumura),
Cancer Institute Hospital, Tokyo; and Department of Radiology
(Dr Adachi) and Department of Thoracic Surgery (Dr Yoshimura),
Hyogo Cancer Center, Akashi, ]aﬁan.

Funding/Support: The authors have reported to CHEST that no
funding was received for this study.

Correspondence to: Morihito Okada, MD, PhD, Department
of Surgical Oncology, Research Institute for Radiation Biology
and Medicine, Hiroshima University, 1-2-3-Kasumi, Minami-ku,
Hiroshima City, Hiroshima 734-0037, Japan; e-mail: morihito@
hiroshima-u.ac.jp

© 2014 American College of Chest Physicians. Reproduction
of this article is prohibited without written permission from the
American College of Chest Physicians. See online for more details.
DOI: 10.1378/chest.13-1094

journal.publications.chestnet.org

294

The inclusion criteria were preoperative staging determined
through HRCT scan and FDG-PET/CT scan, curative surgery
without neoadjuvant chemotherapy or radiotherapy, and a defin-
itive histopathologic diagnosis of lung adenocarcinoma. This
study was approved by the institutional review boards (IRBs) of
the participating institutions (Hiroshima University Hospital IRB,
No. EKI-644; Kanagawa Cancer Center IRB, No. KEN-31; Can-
cer Institute Hospital IRB, No. 2008-1018; Hyogo Cancer Center
IRB, No. H20-RK-15). The requirement of informed consent from
individual patients was waived because this study was a retrospec-
tive review of a patient database.

HRCT Scanning

Sixteen-row multidetector CT scanning was used to indepen-
dently acquire chest images of subsequent FDG-PET/CT image
examinations. The following parameters were used to acquire
high-resolution tumor images: 120 kVp, 200 mA, 1- to 2-mm sec-
tion thickness, 512 X 512-pixel resolution, 0.5- to 1.0-s scanning
time, high-spatial reconstruction algorithm with a 20-cm field of
view (FOV), and mediastinal (level, 40 Hounsfield units [HU];
width, 400 HU) and lung (level, —600 HU; width, 1,600 HU) win-
dow settings. GGO was defined as a misty increase in lung atten-
uation without obscuring the underlying vascular markings. A
GGO-dominant tumor was defined as having a >50% GGO com-
ponent. We defined a solid tumor size as the maximum dimension
of the solid component measured on lung window settings, exclud-
ing GGO." CT scans were reviewed and tumor sizes determined
by radiologists from each institution.

FDG-PET/CT Scanning

Patients were instructed to fast for =4 h before IV injection
of 74 to 370 MBq FDG and were subsequently advised to rest
for =1 h before FDG-PET/CT scanning. Blood glucose levels were
determined before tracer injection to confirm a <150 mg/dL
level. Patients with blood glucose levels of = 150 mg/dL were
excluded from imaging, For imaging, a Discovery ST (GE Health-
care), an Aquiduo (Toshiba Medical Systems Corporation), or a
Biograph Sensation 16 (Siemens AG) integrated three-dimensional
PET/CT scanner was used. Low-dose, nonenhanced CT images
of 2- to 4-mm section thickness for attenuation correction and
localization of lesions identified with PET scan were acquired from
head to pelvic floor in each patient by standard protocol.

Immediately after CT imaging, PET scanning was performed
with an identical axial FOV for 2 to 4 min/table position, depend-
ing on condition of the patient and scanner performance. An iter-
ative algorithm with CT scan-derived attenuation correction was
used to reconstruct all PET images with a 50-cm FOV. We used
an anthropomorphic body phantom (NEMA PET Sensitivity Phan-
tom [NU2-2001]; Data Spectrum Corporation) to minimize varia-
tions in SUV among the institutions.! To decrease interinstitution
SUV inconsistencies, a calibration factor was determined by divid-
ing the actual SUV by the gauged mean SUV in the phantom back-
ground. The final SUV used in this study was referred to as the
revised SUVmax.'617 The original SUVmax values were determined
by radiologists from each institution.

Follow-up Evaluations

All patients who underwent lung resection were followed up
from their day of surgery. For the first 2 years, postoperative
follow-up procedures included a physical examination and chest
roentgenogram every 3 months and chest and abdominal CT scan
examinations every 6 months. Subsequently, a physical examina-
tion and chest roentgenogram were performed every 6 months,
and a chest CT scan examination was performed each year.
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Statistical Analysis

Results are presented as counts and percentages or as medians,
unless stated otherwise. A X test was used to compare categorical
variable frequencies. Fisher exact test was used when sample sizes
were small. Recurrence-free survival (RI'S) was defined as the
time from the date of surgery until the first event (relapse or death
from any cause) or the last follow-up. Overall survival (OS) was
defined as the time from the date of surgery until death from any
cause or the last follow-up. The Kaplan-Meier method was used
to assess RFS and OS durations, and these were compared by log-
rank test. To assess the potential independent effects of the sur-
gical procedure on RFS, we used multivariate analyses with a Cox
proportional hazards model. SPSS, version 10.5 (IBM Corpora-
tion) software was used for statistical analysis. The level of signifi-
cance was set at P <.05,

RESULTS

Table 1 shows the characteristics of patients with
GGO-dominant tumors. Two hundred thirty-nine of
610 patients (39.2%) had GGO-dominant tumors that
had a >50% GGO component. No 30-day postopera-
tive mortality was observed for this population. The
median follow-up period after surgery was 42.2 months.
Patients with GGO-dominant tumors rarely had patho-
logically invasive tumors and lymph node metastases.
Table 2 shows the distribution of operative procedures
for each tumor size (clinical Tla and T1b). Sublobar
resections, such as wedge resection and segmentectomy,
were more likely performed in T1a tumors, whereas
lobectomy was more likely performed in T1b tumors.

Recurrences developed in two patients with GGO-
dominant tumors during the follow-up period (Table 3).
One patient was an 82-year-old man with a 1.0-cm solid
tumor size and with an SUVmax of 1.5 T1b (2.6 cm); peri-
toneal recurrence developed in this patient 23 months

Table 1—Clinicopathologic Features of Patients With
GGO-Dominant Tumors

Variable GGO-Dominant Tumors (n = 239)
Age,y 65 (31-89)
Male sex 94 (39.3)
Whole tumor size, cm 1.8 (0.7-3.0)
Solid tumor size, cm 0.2 (0-1.2)
SUVmax 0.9 (0-9.8)
Clinical T descriptor

la 155 (64.9)

1b 84 (35.1)
Procedure

Lobectomy 90 (37.7)

Segmentectomy 56 (23.4)

Wedge resection 93 (38.9)
Positive invasion

Lymphatic 3(1.3)

Vascular 2(0.8)

Pleural 1(0.4)
Positive lymph node metastasis 2(0.8)

Data are presented as median (range) or No. (%). GGO= ground glass
opacity; SUVmax = maximum standardized uptake value.
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Table 2—Distribution of Operative Procedures in
Patients With GGO-Dominant Clinical Tla and T1b

Lung Adenocarcinoma
Tla Tumor T1b Tumor
Procedure (n=155) (n=84) P Value
Wedge resection 79 (50.9) 14 (16.7) .
Segmentectomy 37 (23.9) 19 (22.6) <.001
Lobectomy 39 (25.2) 51 (60.7)

Data are presented as No. (%). See Table 1 legend for expansion of
abbreviation.

after left-sided S6 segmentectomy. The other patient
was a 61-year-old woman with a 1.2-cm solid tumor
size and a tumor SUVmax of 1.8 T1b (3.0 cm); brain
metastasis developed in this patient 24 months after
right-sided middle lobectomy.

There was no significant difference in 3-year RFS
among patients with GGO-dominant tumors who under-
went lobectomy (96.4%), segmentectomy (96.1%), and
wedge resection (98.7%, P = .44) (Fig 1A). Three-year
OS also was not significantly different among patients
with GGO-dominant tumors who underwent lobec-
tomy (97.6%), segmentectomy (98.2%), and wedge
resection (98.7%, P = .66) (Fig 1B).

There was no difference in pathologic invasive-
ness, including lymphatic, vascular, or pleural, between
patients with Tla GGO-dominant tumors and those
with T1b tumors (Table 4). For patients with T1b
GGO-dominant tumors, there was no significant dif-
ference in 3-year RFS among those who underwent
lobectomy (93.7%), segmentectomy (92.9%), and wedge
resection (100%, P = .66) (Fig 1C). Likewise, there
was no difference in 3-year OS among patients with
T1b GGO-dominant tumors who underwent lobec-
tomy (95.9%), segmentectomy (100%), and wedge
resection (100%, P = .56) (Fig 1D).

A multivariate Cox proportional hazards model for
RF'S included the preoperative variables of age, sex,
clinical T descriptor, solid tumor size, SUVmax, and
surgical procedure. However, none of these variables
were independent prognostic factors (Table 5).

DiscuUssioN

The results of this study showed that patients with
GGO-dominant clinical stage IA lung adenocarcinomas
rarely had pathologically invasive tumors and had an
excellent prognosis. These findings were consistent
with previous reports showing that GGO-dominant
lung adenocarcinoma had low malignant potential and
good prognosis.57 In addition, the current study showed
that 3-year RFS and OS after sublobar resection were
similar to those after lobectomy, without significant
differences in GGO-dominant clinical stage IA lung
adenocarcinoma.
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Table 3—Recurrences in Patients With GGO-Dominant Tumors

Whole Tumor  Solid Tumor
Patient Age,y  Sex Size, cm Size, cm SUVmax Procedure v pI Recurrence Site Outcome
1 82 M 2.6 1.0 1.5 Segmentectomy 0 0 Peritoneum 25 mo, alive
2 61 F 3.0 1.2 18 Lobectomy 0 Brain 67 mo, alive

F = female; ly = lymphatic invasion; M = male; n = lymph node metastasis; pl = pleural invasion; v = vascular invasion. See Table 1 legend for
expansion of other abbreviations.

Sublobar resection generally is indicated for a small
lung cancer, such as those =2 cm 31819 However, in
the current study, GGO-dominant T1b tumors rarely

Recurrence-free survival
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showed pathologic invasiveness or lymph node metas-
tasis. Moreover, there were no differences in 3-year
RFS and OS between patients with GGO-dominant
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FIGURE 1. Recurrence-free survival (RFS) and overall survival (OS) curves for patients with ground-glass opacity (GGO) tumors who
underwent lobectomy and sublobar resection. A, Three-year RFS rate for patients with GGO-dominant tumors who underwent wedge
resection (98.7%; mean RFS, 69.8 mo; 95% CI, 68.6-70.9 mo), segmentectomy (96.1%; mean RFS, 70.3 mo; 95% CI, 67.3-73.4 mo), and
lobectomy (96.4%; mean RF'S, 71.4 mo; 95% CI, 61.9-73.7 mo; P = 44). B, Three-year OS rate for patients with GGO-dominant tumors
who underwent wedge resection (98.7%; mean OS, 69.8 mo; 95% CI, 68.6-70.6 mo), segmentectomy (98.2%; mean OS, 71.4 mo; 95% CI,
69.0-73.7 mo), and lobectomy (97.6%; mean OS, 72.0 mo; 95% CI, 70.0-74.0 mo; P = .66). C, Three-year RFS rate for patients with GGO-
dominant T1b tumors who underwent wedge resection (100%; mean RFS, not determined), segmentectomy (92.9%; mean RF'S, 66.7 mo;
95% CI, 60.3-73.1 mo), and lobectomy (93.7%; mean RFS, 70.3 mo; 95% CI, 66.7-73.9 mo; P = 66). D, Three-year OS rate for patients
with GGO-dominant T1b tumors who underwent wedge resection (100%; mean OS, not determined), segmentectomy (100%; mean OS,
not determined), and lobectomy (95.9%; mean OS, 71.3 mo; 95% CI, 68.3-74.3 mo; P = .56).
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Table 4—Pathologic Findings for GGO-Dominant Tla
and T1b Tumors

Tla Tumors T1b Tumors
Variable (n=155) (n=84) P Value
Lymphatic invasion 1(0.6) 2(24) 28
Vascular invasion 1(0.6) 1(1.2) 1.0
Pleural invasion 0(0) 1(1.2) 35
Lymph node metastasis 0(0) 2(2.4) 12

Data are presented as No. (%). See Table 1 legend for expansion of
abbreviation.

T1b tumors who underwent lobectomy and those
who underwent sublobar resection. Therefore, GGO-
dominant T1b tumors could also be candidates for
sublobar resection. We recommend segmentectomy
and not wedge resection for sublobar resection of a
GGO-dominant T1b tumor because these tumors could
involve lymph node metastasis, and taking a sufficient
surgical margin by wedge resection often is difficult
in a T1b tumor.

In the current study, we found that two of 84 patients
(2.4%) with GGO-dominant T1b tumors had lymph
node metastases. No lymph node metastases were
found for those with GGO-dominant T1a tumors. How-
ever, segmentectomy can approach hilar lymph nodes,
whereas wedge resection cannot; thus, we should choose
an optimal surgical procedure to avoid local recurrence
in hilar lymph nodes, surgical stump, or residual lung.
Segmentectomy would be superior to wedge resection
for taking a sufficient surgical margin and for assessing
hilar lymph nodes. Because sublobar resection includes
both wedge resection and segmentectomy, it is neces-
sary to distinguish between wedge resection and seg-
mentectomy to clarify which procedure was used.

We encountered two distant recurrences with GGO-
dominant T1b tumors: a brain metastasis after lobec-
tomy and a peritoneal metastasis after segmentectomy,
which could not be avoided even by standard lobec-
tomy. One of the most important issues with sublobar
resection is local control. Sublobar resection would be
suitable for a GGO-dominant tumor because in this
study, no intrathoracic local recurrence was observed,
although a longer follow-up will be necessary before

Table 5—Multivariate Analysis for Recurrence-Free
Survival for Patients With GGO-Dominant Tumors

Variable HR (95% CI) P Value
Age 1.08 (0.97-1.20) 15
Male vs female sex 0.85 (0.18-3.91) .83
T1b vs Tla descriptor 1.17 (0.20-6.70) .86
Solid tumor size 6.37 (0.45-89.9) 17
SUVmax 0.99 (0.52-1.90) .99
Lobectomy vs sublobar resection 1.27 (0.20-7.93) .82

HR = hazard ratio. See Table 1 legend for expansion of other abbre-
viations.
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arriving at a definitive conclusion because of the indo-
lent nature of GGO-dominant tumors.

In the current study, the surgical procedure used
and T descriptors were not independent prognostic
factors of RFS in patients with GGO-dominant tumors,
which also supports that a sublobar resection, such as
awedge resection or a segmentectomy, is suitable for
GGO-dominant clinical stage IA lung adenocarci-
nomas, even for T1b tumors. In addition, solid tumor
size and SUVmax were not independent prognostic
factors of RFS. We previously reported that solid
tumor size on HRCT scan and SUVmax on FDG-
PET/CT scan were independent prognostic factors
for lung adenocarcinoma.2022 However, patients with
GGO-dominant lung adenocarcinomas have an excel-
lent prognosis regardless of solid tumor size or SUVmax.

We speculate that GGO-dominant tumors indicate
a uniform group exhibiting less tumor invasiveness
and a favorable prognosis. In the current study, GGO-
dominant tumors had small solid tumor sizes (median,
0.2 c¢m) and low SUVmax (median, 0.9). Prognosis
based on solid tumor size and SUVmax may be useful,
particularly for solid-dominant lung adenocarcinomas.
In a previous study, we proposed NO criteria that use
a solid tumor size of <0.8 cm or SUVmax of < 1.5 for
predicting true NO in clinical stage IA lung adenocar-
cinoma; patients who met these NO criteria could be
candidates for sublobar resection, such as wedge resec-
tion and segmentectomy.!! Furthermore, patients with
GGO-dominant tumors as well as those who meet the
NO criteria can be good candidates for wedge resec-
tion or segmentectomy.

Because this was a retrospective study, it is possible
that patients who underwent sublobar resection were
highly selective. Clinical trials comparing surgical results
between lobectomy and sublobar resection (segmen-
tectomy or wedge resection) for clinical TLlaNOMO
NSCLC are currently being conducted by the Cancer
and Leukemia Group B (CALGB 140503) and the
Japan Clinical Oncology Group/West Japan Oncology
Group (JCOG0802/WJOG4607L). These study results
should indicate the significance of sublobar resection
for small NSCLCs.? Regarding T1b tumors, a pro-
spective study of segmentectomy for GGO-dominant
tumors is warranted.

In conclusion, GGO-dominant clinical stage IA lung
adenocarcinomas are a uniform group of tumors that
exhibit low-grade malignancy and have a favorable
prognosis. Patients with GGO-dominant tumors can
be treated with wedge resection for Tla tumors and
segmentectomy for T1b tumors.
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" ABSTRACT —— Objective In the treatment of advanced ALK-posxtxve lung cancer, it is 1mportant to establxsh 'a'
_ robust system for ALK testing that is both accurate and rapid. In this study, we compared the duratlon of examx~
* nation and rate of concordance between an in-house and outsourced ALK test. Methods. We performed in-house

ALK tests of 43 specimens (including samples for immunohistochemistry (IHC) and fluorescene in situ hybnd17a—
tion (FISH)) on which outsourced ALK tests had been conducted between May 2012 and May 2013 and compared
the results of the two tests. The EnVision FLEX+ method and iAEP method were used for outsourced and n-

- house IHC, respectively. In cases in which THC was determmed to be positive, FISH was conducted usmg the spht,
~assay method at cach institution. Results The specimens under investigation included 20 opcratlve specxmens .20

| biopsy specimens and three cytologlcal exammatlon specimens. The average duration of examination was 6.2 and,,

- 12.3 days for the outsourced IHC and FISH analyses and 3.0 and 8. 0 days for the in-house IIIC and FISH analyses 3

respectively. Among the cases in which both outsourced and in-house IHC was performed, the posmve and nega-

tive conformity rates for the in-house IHC versus the outsourced IHC were 100% and 86.5%, respectwely The re-

sults of ITHC were discordant in five cases, all of which included operative spemmens that were negatlve on out-

sourced IHC and positive on in-house IHC. One of these five cases was also positive on FISH. ’I‘he findings of the

~ in-house and outsourced FISH analyses were concordant in all cases. Conclusions. The in-house ALK test ‘was as-

sociated with a shortened duration of examination compared with that observed for the: outsourced ALK test,

with a high rate of conformity between the two assays. However, there were several discordant cases on IHC due .

to differences in the detection reagents used at each institution. In addition, an iScore value of 1 or hlgher was.

classified as ALK-positive on the in-house IHC assay, and the technicians may have re\newed dlfferent regxons m
the same operatlve specunen ‘ ,

KEY WORDS s Lung cancer, ALK FISH THC, 1AEP method 2

4 (yz,c. 2014;54:173»’1_79)’ :

Reprmts Tetsuya Isaka, Department of Thoracic Surgery. Kanagawa Cancer Center, 2-3-2 Nakao, Asahx—ku Yokohama Kanagawa "
- 241-8515, Japan (e-mail: 1401092k@yahoo.co.jp). : g ! A EN Y :

Received February 23, 2014; accepted June 30, 2014. ’

By — B8y, T ALK BB ITEIERE S D B ##&E (IHC - FISH) #=H#iqT LA 43 #112% LEEMA ALK
72 ALK #2523 5. BEM ALK A AT LA A % 4T o 7=, BEHLIHC 1 EnVision FLEX + &, XA
R TR (BeAt) & BRI ALK MRS & ) 5 1 [HC IZJAEP &2 A v, BHBIC & ME T FISH (split
B % HeeaREt L -, ik 2012/5~2013/5 12 FBEdt ALK assay %) ®1To /. BE. FHBRMEIZ 208, #HRHE

2o

Japanese Journal of Lung Cancer—V ol 54, No 4, Aug 20, 2014—www.haigan.gr.jp

BN ASA & ¥ 7 — WHILSWORN, ATURSRAEE, SRR T241-8515 i 2= JII UL #8877 0 X op /2 2-3-2 (e-mail: 1401092k @

ARIHETIT SR ZE I IR 95 e AV R IR yahoo.cojp).
SRS SR © YT, SIS A & o & — ISR 4LF, S D 20144E 2 1 23 H, BRI : 2014 456 S 30 H.

299

173



Comparison of In-house and Outsourcing ALK Test in Lung Cancer—Isaka et al

A 1X BE4 IHC/FISH 6.2/12.3 H, A IHC/FISH 3.0/
80 H. B4t B WIHC @ B %/ # — 3 = 12 100/
86.5%, ITHC ~—Z Bl (5 6) 13 & TR AR A& Thesl ket -

BEABE 5 b 1FIIZFISHB®TH -7z, —7F FISH
BEfI—F L7z &R BN ALK RETHEM 8
L7z A - BEAOBRE—HRITE VY, [HCHA—K

RSz, BEE L CIHEECERT 2 RIBRIEIGE
5T &, BN TIXiScore 1 L EFBHEEHELLZ &,
Wk TR — FAIRARDOH EERALAER 2 Z U REME 22 &A°
Ez Hhi.

F5|HEE —— B8, ALK, FISH, IHC, iAEP &

B &

EML4-ALK Rl & 38 {2 T 5 PR Bl % 1%, 2007 4 1< Soda
S5k WMo THEE SN ! EML4-ALK B & &IZF 1
IEMHIRLRTRE D 2~6% ICRRD 61, 12 ALK EHDOF 1
TUFEF—EFAAL VOFGENEERESIEREIL, &
PEIEREICB S | Ty 5.3 Crizotinib i ALK Fu ¥ v %
F—EERMETLERTHY, ALK fEICH LTHV S
NTV5%. 45 T ALK BB ICH § 5 —REFRITB W T
crizotinib & {bZ2##E (pemetrexed B X U7 5 F F 8l
#) % iR L 245 11T #H38& (PROFILE 1014) T, cri-
zotinib Z£4F progression-free survival (PFS)109 + A,
overall response rate (ORR)74%, {bZEBREHASPFS70
B (¥ — F 10454, p<0.0001), ORR45% (p<
0.0001) Td Y, crizotinib ¥ ALK W& I L &V IEELD
WA B Z AR/, 72 PROFILE 1007 Tk, 7
SFTHAEZECHRBENH LEFZHFRELT, 2K
(BT crizotinib & BR#EALZEFRE & DA T L. 6
F DR crizotinib D PFS X 7.7 » BT, bkl
D305 ALY HHFEFEICPFSHERLZ (M — Nl
049, p<0.001).

ALK ffidfi~o> ALK iR oZGHEESEZ R L 2w
DITITEEI» DR R LW 2 FE T 5. Crizotinib (& fluo-
rescence in situ hybridization (FISH) (2 X b ilE /i
H#4T ALK B HEIE/ AR 2% L, United States Food
and Drug Administration (FDA) THREEIN TV 5.7 I
FEO ALK Wi O EER 7 VY X A%, immunohisto-
chemistry (IHC) BHEHIIHT L FISH #1795 OAZE# T
HBH.1

WEECIX ALK 4 (THC B X U FISH) =4t As
| FEHERE (BiAY) THT o T &7z LA L ALK BEE BT
TH L0 BRERCTIT AP HRERR T COHME»E
HEINBHEPH B EEZ, THC EMENBIL» ALY
& —HIBEIRI T, TAFISHZMENEILIA LY
7 —ARCHAT L, ALK A Z 25 B &0
BRifx T ALK IREXZBATDICHD, BA - BEHo
IHC, FISH O#FEH EHMB L U2 0BEREICOWT
Wi - R &7 7.

-~

201245 A ~20134E5 B O MICH# B & L7z EGFR
BIZFEERDPBEMETH 5 FSIEMRE O FHRME - EBR
% - HRZHEEDS b, BEATALKKRE (HCBLU
FISH) S T s /- 43 M5 % e Lz, HMERCEHE
ALK EZHBITL, B/ ALK RELO—HIZEHL
7.

BE P9 - BE AL THC T id & 3 12 4 um O formalin fixed
paraffin embedded (FFPE) ##&IF % Hvs, —kiifk
L LTH5A4E/ 7 u—F kg v/ BRAIHC T
% intercalated antibody-enhanced polymer (iAEP) @&
(Nichirei Biosciences Inc., Tokyo, Japan) %, Bg4} IHC
T X EnVision FLEX + # (Dako Denmark A/S, Den-
mark) %MvCIHC 25647 L7z, FFEERIEBRA IHC ©
13 iScore x AWV T4 R O=BHEESEMHERZL, 1=
50% = [y M HT 355 4 K 32 >0%, 2= 80% =B 4 T 455 0 la
>50%, 3= IEE M R>80%) TEFAE L, 89
iScorel Llb#% ALK Bt & ¥E L7, Bedt THC T3k
PEIBE AR = 0% », F 72 1XBHEEMALE >0% 20
BB TATY, HEE ALK BELHEL /2.

BB X OB WTFRIZB VT, THC BESIC
L 4 um o FFPE # &40 & A>T, split assay 12 &
% FISH (Vysis LSI ALK (2p23) Dual Color, Break Apart
; Abbott Molecular Inc., Chi-
cago, IL, USA) #1To7:. 3 fll GR&a) & 5 fil ()
A Z v 2 AU LEERR L7236 % “split signal & 9 "
L L7z, FISH BHESE (%) & 20 oo RS A A I
H® 5 splitsignal * E T 2EHMHER T IIE—RE
signal # B3 2 EEMBROZEIE R, BEE15% Ll b
% ALK Bt & HE L 7.

ALK RO M & &, A CERERET» 5%
WEERA YIS T TOMME L. —FHBRATIE
ALK BEARIRE 2 SR B IR C THC O RIM|E ST
el %2 o7:H, L I FISH OFERFMENRIZIA
Yy —RAER L DHFABHRICE T ToOMBE L
7.

Rearrangement Probe
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B R

Table 1 {2 ALK M2 9T o 72 43 Bl BEHE R AR L
7z, RAES RN AR 20 B, AEBORME 20 B, MRS
BRI BITH -7z, FElprPULiilE 65 (38—~82) fTHME
1326 B0 (605%), BifawE 37 1 (86.0%) Tdh - 7z. Pist
THC oo# 4L se W 354 6.2 (4~12) H, THC & FISH
DEEFH EN R 123(9~16) H T - 7. Bep THC
ORE R EMHIEFE 30 (1~8) H, IHC & FISH &
FHHENIRNIEAR 80 HTH o 72,

ALK A % HidT L 72 43 BI O PR % Figure 1 IZf2 L
7z BE - BEALIHC & LB THh oA 6 BRI L, BE

Table 1. Patient Characteristics Among the
Cases in Which ALK Tests Were Performed

N=43
Median age (years) 65 (38-82)
Male (%) 26 (60.5)
Histopathological diagnosis
Adenocarcinoma 37
LCNEC 1
Pleomorphic carcinoma 1
SCLC 1
NSCLC 3
Samples under examination
Operative specimen 20
Biopsy specimen 20
Cytology specimen 3

LCNEC, large-cell neuroendocrine carcinoma;
SCLC, small-cell lung carcinoma; NSCLC, non-
small cell lung carcinoma.

P - BEAh FISH % 5647 U7z, BEP9 THC Bk, Bedd IHC
[ Cdh o 72 5 Bh, HEdtale b o 2o 1 Bl R BRV
7o 4 Bk LCBEA FISH % JifT L 7=,

Table 2 (2 BN - BEd THC % 1647 L7 43 Bl oo #s &
Zan L7z BEALTHC By 6 Bk & TR M IHC B T
sz (BE—BCE 100%). F 7o Besk THC Bt 37 Bk
32 PN RN THC 2Bt Tdh o 7o (BatE—BE 865%).
A—Fux 56 (11.6%) 8o, @Ik THC B, BRkR
THC kT Y, WwIh b FMRETH - 7.

Table 3 {ZIEBEM THC B3t Cdb o 72 11 B, MR
D7z FISH 54T C & fe o 72 1 Bl % Brva 72 10 B
9 iScore, FISH D#54:, B & UTest IHC mfER =R L
7z. iScore3, 2, 1 TH-oEMITZZE 461, 35
3BTRS, =S B FISHE M 1346 (100%), 26
(66.7%), 1#1(333%), K4t IHC Bytkid 4 51(100%),
201 (667%), 01 (0%) Tdh-o7:.

Table 4 (213 5 PIOF—IHY (Bedt THC B, Bepy IHC
FtE) @ iScore 3 & BRI FISH o RE R L7z, ~—
FHE V9D iScore X 1 HF /X2 THo%A5, 5
iR 1 1 (Case 4) 2BV THMA FISH #BiETH - 7.
AAEF (Case4) O IHC B L U FISH @ #% F % Figure
21K L7z, IHC Tk iScore 1 Tdh o /b Btk & ¥ &
L., FISH Tt split signal * &&n 17% GRILER) 2D
7z72@ FISH Bl & ¥ & L7z,

Table 5 T X THC B I x L B2 - B4} FISH %
Tore 6 PIOMBREER LA, BN - BES FISH 2w h
LB CTET—H L (BHE—BEE 100%).

¥ O

BMiRt C ALK REZ T T 5 L TRAL D LR

43 cases: conducted both

outsourcing and in-house THC.

N=6
Outsourcing THC (+)
In-house THC (+)

N=5
Outsourcing THC (-)
In-house THC (+)

6 cases: conducted both

outsourcing and in-house FISH.

4 cases: conducted in-house

FISH. *

* FISH was not conducted in one case due to the small sample.

Figure 1. Breakdown of the patients who underwent in-house and outsourced ALK tests.
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HEMHEZEHTL LB TEL Z0oHAD1IDLL
T, AREIIREFBHOREN LI LAEEIToh
5. b b ENRE TIIBEREAIREE T 223 BRER
KHEZELAH I VIREDELICBRITE 5FHITE T
Wh., —HENBRETIIEIREOEIE B X ) BREL RS
ENDbITTiE iz, ZO5# R s R 0B EA
HLBEEZ LN FLEANBEREZIHRET ZDI
E3 LMD, BRUEOBEOCREEZR i,
ARET L D BER THC & BESIHC & DG —2EE, &
H—HEIXE <, RN IHC & ALK iERENz 71 —
S EBEELTHWS I IIRMLEZ N LAL
—75 TheAV THC Bk, BRI THC B & 2 5 A —EFIH5

Table 2. Results of the In-house and Outsourced THC As-
says

In-house THC In-house IHC

positive negative Total
Out.sgurcing IHC 6+ 0 6
positive
Outsoprcing IHC 5t 30 37
negative
Total 11 32 43

* Among the 43 cases in which both outsourced and in-house
IHC was conducted, the positive and negative conformity rales
for in-house IHC versus outsourced THC were 100% (6/6) and
86.5% (32/37). respectively, with five cases in which the resulls
of IHC were discordant.

tAll five cases of discordant results included operative speci-
mens.

THC, immunohistochemistry.

Bl (116%) L7z, 20 5B3ETRFRETHD, >
+ 1 Bl FBEN FISH 25814 CTad - 7= (Table 4, Figure 2).
B - BEAt ALKTHC HIZE D A—EAE U s B LT
WBUTD3oEZ o2, OQIHCIZHWA ALK B
#3E GAEP ¥ & EnVision FLEX + &) "M <& S =
&, @REM IHC Tt iScore 1 BA % ALK Rt ¥ L
TwaZ L, QiFk CH—FMERDHEIRMCAE L
A REME.

IHC TH v 5 1 % IAEP i £ EnVision FLEX + #1132
WD GIEEBLERRNARE L &R L LFETH
5. iAEP &30 ALK (clone : 5A4) <7 R - &/ ZO—
F AR RIS S, 7Y v VIRETH B intercalating
reagent * —R¥MEEL VT I/ RV Y (DAB) K1
T—RELOMIIATESELIEIZL D ALKBIEHEH
DHEEREBLIUKREBRES LIF25ETH b8 —%
EnVision FLEX + T iAEP E & RIS —RitfE & L
THL ALK (clone : 5A4) ¥ X - £ 7 u—F L iifk%

Table 3. Results of the In-house FISH Analyses for Each
iScore Among the In-house IHC-positive Cases

In-house
FISH positive
cases (%)

Outsourcing
IHC positive
cases (%)

iScore of in-house

THC positive cases N (total 10)

iScore 1 3 1(333) 0(©)
iScore 2 3 2 (66.7) 2 (66.7)
iScore 3 4 4 (100) 4 (100)

IHC, immunohistochemistry, FISH, fluorescence in situ hy-
bridization.

Table 4. iScore and FISH Results in the Five Cases with Discordant In-house and

Outsourced IHC Findings

. In-house THC In-house FISH
Case Specimen OutsIcI)_Iuécmg
(+/-) iScore (+/-) Positive rate (%)
1 operative (=) 1 could not evaluate™*
2 operative (=) 1 (-) 8
3 operative (—-) 2 () 6
41 operative (=) 1 (+) 17
5 operative (=) 1 (=) 6

*FISH was not conducted in Case 1 due to the small sample.
TAll five cases of discordant findings included operative specimens that were negative
on outsourced IHC and positive on in-house IHC, with one cases (Case 4) that was positive

on in-house FISH.

IHC, immunohistochemistry; FISH, fluorescence in situ hybridization.
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Figure 2. Among the five cases with discordant IHC findings (all of which were negative on out-
sourced THC and positive on in-house THC), one case (Case 4) was found to be FISH-positive. The
sample was considered to be IHC-positive (iScore 1+) because 37% of the tumor cells exhibited a
cytoplasmic reaction (left) and FISH-positive because 17% of the tumor cells demonstrated splitting
of red and green signals (red circle) (right).

Table 5. Results of the In-house and Outsourced FISH
Assays

In-house FISH  In-house FISH

positive negative Total
Outsourcing FISH 6* 0 6
positive
Outsourcing FISH 0 0 0
negative
Total 6 0 6

*The results of the in-house and outsourced FISH analyses
were concordant in all six cases.
FISH, fluorescence in situ hybridization.

BIc&€s. TLT—RMFELEEETFERVE £
¥ — YRS L EREY Il X)) A -
BARSSE, vt F vy —YOELER TDAB %
O EST ALK #HEEZME T 5. — KBNS ALK
253813, ALK B % % 9 5 anaplastic lymphoma & b
LTk 728, 10 JAEP ¥, EnVision FLEX + % v
JoiEEE A EY S, MEOFEBIZEML TWE2, &F
HEO—KRE ST R — L 2NEITLHEEB L
¥ v PADZRIBOURIE e ED 2 5.

THC THW 55 —RPUARIZIE, ALKL, 5A4, D5F3,
SP8 R &hdH b, FHHH ALKL & 5A4 Pk & reverse
transcription-polymerase chain reaction (RT-PCR) B &
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U FISH & oI BIF 2 4B AR S L Twn 5. 1118
L LSS o— SRR T2 AR B o8 v & Fhiik
L7z A e v 805 S E DI X B & DSF3#T
TR ALKl Hifh & # g L, Bi# A7 & » RT-PCR %
FISH D58 & O AH B A5 ¥ A » 7215 F 7z Takeuchi
SE5A4 D= R - B 7 a—F ik E BT IAEP
HBETH LT, ho—kPifke L < RT-PCR 0%
REMHMEELEP o EMEL TV H.8 5A4P1KE
FISH & OHIMMEIZ D W T, Paik 513 5A4 HRIZ X 5
THC DRREEVE 100%, 4FFEEIE 958% LME L, 16 2=
Paik & 13 31 @ ¥R 45 12 38 v» TR L X 100%, 45 RS 1
96.2% & #4 L T 5,19 {AEP % & EnVision FLEX +
Fidvdh b FISH & MBI <, ALK EB O
JEATEI N & BN TV B, TH % MRS L 725 C
&, A2 HRD k% v, BAE FISH & IHC & OF—
HPIHs ALK FBHEHNC X 2B EFRCHEICL > Tnd
A%, HUKEDOHEP AR —H 2L L S ETWHHREEL D 5
Jo®, MRAETO FISH OMBE %, F—EfHEE Hv
THETRELEZ 5N

IHC R—%m 2> HDEHIE, B IHC Tl iScore
1% ALK BHEHELTWSLEZ ETHhL. HEAT
IR THC OFFEfids L U E e 7E L, 1791718
BE o 7 FHEEDR . iSocre # AV HHE, iScore 3 # [
PE3 5L TFISHOBREERZII—HTHLEINT
VB 19 AR T iScore 3 D HE BT BEAHTHC L2
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WZ—Z L7225, iScore 1, 2 DFEFNLEES THC LE£ITIE
—F LA o7z (Table 3). LA LEEW IHC B (iScore
1), 4L THC &4, BN FISH B & 72 5 ALK BEMIE
(Table 4, Case 4) S E N7z Z L H 5, iScore 1 TH o
THFISH*HRTLI2EZREIHL2ELHN1 5. [HC
G5~ EBHERESICEB W T FISH L OF—HASHE L
T2 o TWBHA, 20 JAEP iEICB VT iScore 1 BLE % ALK
B EHET S &A% EnVision FLEX +EIC X 2 HE
BREAR—BDELHERD 1 DIC7% > T 5 A FEEEDS
HbH. FTREFNOEBEICBWT, BHELZ IHCHEEE
FRITAZEDVBLELER ST

3OoHDHEEE LTCE, A—DOFHNERTH-Th, I
BIL THESEICE o THET LR L L RetEds
BIFoh b, TR TEFRREME TOARL—HHE
U7z, AERRECHIZRR CIIRERI D2 VI DHER
EHE AT VDS, FMRETIIBREHANE WD, H
FEFIT X D HEIALE X U2 OFFHEiANIE 5D MBS
5. FISH & OAHBEM % B % 70121, FWigas £
T THC O FFE AL oA Bl & [/ U & sk - 55
TRVWAEHRHETL2LEND D LEZ O

LALINLDERICE > TAHELS IHCHAT—HD
FEGIAS, FEBIZ ALK EERNICET 5 O»HKEM 2
WA Z 2 5h 5. 201345 A 27 BICBARMGESN
AdA~v—H—FEEIV/EEINAL [FISH E L EHERE
HC EDOA—FIZDOWTHOBHMLBE L WG] 2BV,
A—FT 21% (48/2337 ) ICRH LN, A—BUEHIT
crizotinib ~DEHEIMER T ERMEARIR S /o, S E,
B2 - Bedh THC A—Fu#l (5 #1) 12%t L T crizotinib (& fE
ALTWAWZOFMIZTELdroik. FHMREBIY
M EEREIZ X B HC O RS, ALK HEF O
ICEDEHIY T E2HhERFATILENHDEERL
b gWAN

4-[@] fl \» 7z Vysis break-apart FISH probe kit 1 & &
BB REE S ALK rearrangement SR T H 1,
FDAIZX VIRERBEINTWS.7 XHRETClx FISH ¥
EAXEEA - BEAL TSI — L (Table5), BEA FISH
FEBEOB WV ALK ERBETH B Z EHREN
2. L2 L&SERERIHC B - BRSVIHC BHEE o725
B, B FISH BtE% 3 FliR & 7 (Table 4). BEPy IHC
L BEN FISH O —F0#EHB L LTiiEk ALK =B
& LR, MEAOEOMME, BEEMRIREFICE
FNTH Do ZHEERZENEZLNDS. Y S5FIEC
DL RERICK LB E FISH %2179 », 72 & RT-
PCR CHiET HLENH L LEZ LN

ARET L D BEN ALK EE ALKHIEE CoM %
HMTERLI LIRS, TBEA - B ALK #8E
(THC, FISH) »—#FII® <, BENT ALK AL T

WHEL E X S/, 41 PROFILE1014 D#R % ZTT
crizotinib 25 ALK fifE D —REF| L L THV LN BT
BEESH Y, BMATHEHPKICHEEOE V ALK BREINE
BTE5Z Lid, ALK BB OBRRBEBETUCB W THIE
NS BZEeAELZLND. LA LEBERNIHC &k
IHC DI —#A—F P 2 BOZ. COA—HOHEA%E
SRS LIEPIER LA L TR 5 EFEBIC, A%
Bl ALK FRER OB LT 2 Z L PLERTR
LEzohi.

ARERSCAEIC S 2 % B OFIZEAER - 2 L

WEE - AFRAERICH -0, ALVEERR K EE LR 7 o >~
7 1 7T REBEA OEARBFELE, BITHRINRILTA
S —RAFOMOERE ) THHEwALET LS
EE, LEDEBRL LFET.

REFERENCES
1. Takamochi K, Takeuchi K, Hayashi T, Oh S, Suzuki K. A
rational diagnostic algorithm for the identification of
ALK rearrangement in lung cancer: a comprehensive
study of surgically treated Japanese patients. PLoS One.
2013;8:69794.

2. Inamura K, Takeuchi K, Togashi Y, Hatano S, Ninomiya
H. Motoi N, et al. EML4-ALK lung cancers are character-
ized by rare other mutations, a TTF-1 cell lineage, an ac-
inar histology, and young onset. Mod Pathol. 2009;22:508-
515.

3. Martinez P, Hernandez-Losa ], Montero MA, Cedrés S,
Castellvi J, Martinez-Marti A, et al. Fluorescence in situ

hybridization and immunohistochemistry as diagnostic
methods for ALK positive non-small cell lung cancer pa-
tients. PLoS One. 2013:8:52261.
4. Tuononen K, Sarhadi VK, Wirtanen A, Rénty M,
' Salmenkivi K, Knuuttila A, et al. 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.

5. Takeuchi K, Soda M, Togashi Y, Suzuki R, Sakata S,
Hatano S, et al. RET, ROS1 and ALK fusions in lung can-
cer. Nat Med. 2012;18:378-381.

6. Shaw AT, Kim DW, Nakagawa K, Seto T, Criné L, Ahn
M], et al. Crizotinib versus chemotherapy in advanced
ALK-positive lung cancer. N Engl ] Med. 2013;368:2385-
2394.

7. Shaw AT, Solomon B, Kenudson MM. Crizotinib and
testing for ALK. J Natl Compr Canc Netw. 2011;9:1335-1341.

8. Takeuchi K, Choi YL, Togashi Y, Soda M, Hatano S.
Inamura K, et al. KIF5B-ALK, a novel fusion oncokinase
identified by an immunohistochemistry-based diagnostic
system for ALK-positive lung cancer. Clin Cancer Res.
2009;15:3143-3149.

9. MrNEE. ALK [iFE#RA. 2013,57:271-276.

178 Japanese Journal of Lung Cancer—Vol 54, No 4, Aug 20, 2014—www.haigan.gr.jp

304



10.

11.

12.

13.

14.

15.

Japanese Journal of Lung Cancer—V ol 54, No 4, Aug 20, 2014—www.haigan.gr.jp

Comparison of In-house and Qutsourcing ALK Test in Lung Cancer—Isaka et al

Kutok JL, Aster JC. Molecular biology of anaplastic lym-
phoma kinase-positive anaplastic large-cell lymphoma. J
Clin Oncol. 2002;20:3691-3702.

Zhang YG, Jin ML, LiL, Zhao HY, Zeng X, Jiang L, et al.
Evaluation of ALK rearrangement in Chinese non-small
cell lung cancer using FISH, immunohistochemistry, and
real-time quantitative RT- PCR on paraffin-embedded
tissues. PLoS One. 2013;8:¢64821.

Takeuchi K, Choi YL, Soda M, Inamura K, Togashi Y,
Hatano S, et al. Multiplex reverse transcription-PCR
screening for EMLA4-ALK fusion transcripts. Clin Cancer
Res. 2008;14:6618-6624.

Boland JM, Erdogan S, Vasmatzis G, Yang P, Tillmans
LS, Johnson MR, et al. Anaplastic lymphoma kinase im-
munoreactivity correlates with ALK gene rearrange-
ment and transcriptional up-regulation in non-small cell
lung carcinomas. Hum Pathol 2009;40:1152-1158.

Hofman P, Ilie M. Hofrman V, Roux S, Valent A,
Bernheim A, et al. Immunohistochemistry to identify
EGFR mutations or ALK rearrangements in patients
with lung adenocarcinoma. Ann Oncol. 2012;23:1738-1743.
Mino-Kenudson M, Chirieac LR, Law K, Hornick JL,
Lindeman N, Mark EJ, et al. A novel, highly sensitive an-
tibody allows for the routine detection of ALK-
rearranged lung adenocarcinomas by standard immuno-
histochemistry. Clin Cancer Res. 2010;16:1561-1571.

305

16.

17.

18.

19.

20.

Paik JH, Choe G, Kim H, Choe JY, Lee HJ, Lee CT, et al.
Screening of anaplastic lymphoma kinase rearrange-
ment by immunohistochemistry in non-small cell lung
cancer: correlation with fluorescence in situ hybridiza-
tion. J Thorac Oncol. 2011;6:466-472.

Yi ES, Boland JM, Maleszewski JJ, Roden AC, Oliveira
AM, Aubry MC, et al. Correlation of IHC and FISH for
ALK gene rearrangement in non-small cell lung carci-
noma: IHC score algorithm for FISH. J Thorac Oncol. 2011;
6:459-465.

Kim I, Yoo SB, Choe JY, Paik JH, Xu X, Nitta H, et al.
Detection of ALK gene rearrangement in non-small cell
lung cancer: a comparison of fluorescence in situ hybridi-
zation and chromogenic in situ hybridization with corre-
lation of ALK protein expression. J Thorac Oncol 2011;6:
1359-1366.

Paik JH, Choi CM, Kim H, Jang SJ, Choe G, Kim DX, et al.
Clinicopathologic implication of ALK rearrangement in
surgically resected lung cancer: a proposal of diagnostic
algorithm for ALX-rearranged adenocarcinoma. Lung
Cancer. 2012;76:403-409.

Thunnissen E, Bubendorf L, Dietel M, Elmberger G,
Kerr K, Lopez-Rios F, et al. EML4-ALK testing in non-
small cell carcinomas of the lung: a review with recom-
mendations. Virchows Arch. 2012;461:245-257.

179






