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Abstract

AIM: To examine the status and clinical significance of
anaplastic lymphoma kinase (ALK) gene alterations in
hepatocellular carcinoma (HCC) patients.

METHODS: A total of 213 cases of HCC were exam-
ined by fluorescent /n situ hybridization using dual color
break-apart ALK probes for the detection of chromo-
somal translocation and gene copy number gain. HCC
tissue microarrays were constructed, and the correla-
tion between the ALK status and clinicopathological
variables was assessed by 4 test or Fisher’s exact test.
Survival analysis was estimated using the Kaplan-Meier
approach with a Log-rank test. Univariate and multivari-
ate analyses of clinical variables were performed using
the Cox proportional hazards regression model.
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RESULTS: ALK gene translocation was not observed
in any of the HCC cases included in the present study.
ALK gene copy number gain (ALK/CNG) (= 4 cop-
ies/cell) was detected in 28 (13.15%) of the 213 HCC
patients. The 3-year progression-free-survival (PFS)
rate for ALK/CNG-positive HCC patients was signifi-
cantly poorer than ALK/CNG-negative patients (27.3%
vs 42.5%, P = 0.048), especially for patients with ad-
vanced stage I/IV (0% vs 33.5%, P = 0.007), and
patients with grade I disease (24.8% vs 49.9%, P
= 0.023). ALK/CNG-positive HCC patients had a sig-
nificantly poorer prognosis than ALK/CNG-negative
patients in the subgroup that was negative for serum
hepatitis B virus DNA, with significantly different 3-year
overall survival rates (18.2% vs 63.6%, P = 0.021)
and PFS rates (18.2% vs 46.9%, P = 0.019). Multivari-
ate Cox proportional hazards regression analysis sug-
gested that ALK/CNG prevalence can predict death in
HCC (HR = 1.596; 95%(CI: 1.008-2.526, P = 0.046).

CONCLUSION: ALK/CNG, but not translocation of ALK,
is present in HCC and may be an unfavorable prognos-
tic predictor.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This study retrospectively analyzed the status
and clinical significance of anaplastic lymphoma kinase
(ALK) gene alterations in a relatively large number
of hepatocellular carcinoma (HCC) patients. We used
HCC tissue microarrays to detect ALK transcripts by
fluorescent /n situ hybridization. No positive cases of
ALK gene rearrangements and ALK amplification were
observed. However, we found that ALK gene copy
number gain (ALK/CNG) was common in HCC (13.15%,
28/213). Our findings suggest that ALK/CNG may serve
as a prognostic marker for HCC, especially in patients
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with advanced stage, grade II pathology.

Jia SW, Fu S, Wang F, Shao Q, Huang HB, Shao JY. ALK gene
copy number gain and its clinical significance in hepatocellular
carcinoma. World J Gastroenterol 2014; 20(1): 183-192 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i1/183.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i11.183

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common human cancers and is the third leading cause
of cancer-related death worldwide!". Only 30%-40% of
patients who present with early-stage tumors ate deemed
eligible for curative intervention'. Although a combi-
nation of surgical resection, liver transplantation, and
chemoembolization can be used to treat this disease, late-
stage HCC is almost uniformly fatal™. With growing
knowledge of the molecular pathways of carcinogenesis,
several molecular-targeting drugs have been developed.
Sorafenib, which is approved for renal cell carcinoma, is
a multikinase inhibitor that targets vascular endothelial
growth factor receptor (VEGFR)-2/3, platelet-derived
growth factor receptor (PDGFR)-f3, Raf, Flt-3 and c-Kit",
Phase II and I data have revealed improved overall
survival (OS) in patients with advanced HCC follow-
ing sorafenib treatment, establishing a new standard of
cate. The United States Food and Drug Administration
has approved sorafenib for advanced HCC™. However,
sorafenib has some limitations: the responses ate not du-
rable and its safety is questionable. Several potential novel
anticancer agents are currently under investigation for the
treatment of HCC, including bevacizumab, ramucirumab,
sunitinib, everolimus and linifanib'®.

In 2007, Soda reported another type of tyrosine
kinase with accelerated activity in a subset of patients
with non-small cell lung cancer (INSCLC) resulting from
a small inversion in chromosome 2p that created a fu-
sion gene between echinoderm microtubule-associated
protein-like 4 (EML4) and anaplastic lymphoma kinase
(ALK)m. However, the prevalence of the fusion is low,
and is present in approximately 5% of all NSCLC cases,
depending on the population studied and screening meth-
ods used”"”. Simultaneous with the discovery of ALK
translocation in NSCLC, crizotinib (PF-02341066, Pfizer,
New York, NY, United States), originally in development
as a Met inhibitor, was shown to have significant activity
against EMLA4-ALK""". Therefore, efficient screening
for the EML4-ALK fusion gene is a crucial issue in clini-
cal practice.

In addition to NSCLC, ALK gene translocations are
associated with other tumor types, including anaplastic
large-cell lymphoma, neuroblastoma, and inflaimmatory
myofibroblastic tumor”", The ALK gene copy number
is also increased in NSCLC, neuroblastoma, and esopha-
geal cancer 'Y, Activating mutations and ALK amplifi-
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cation are the underlying mechanisms in sporadic tumors
mainly of metastatic stages, and are associated with a
subgroup of high-risk neuroblastoma!”™".

In this retrospective study, in order to provide in-
formation for the first time on the association between
ALK alterations and HCC, we examined the status of
the ALK gene in 213 clinical samples using fluorescent i
situ hybridization (FISH). The relationship between ALK
status and HCC prognosis was investigated. Overall, our
findings indicate that ALK gene copy number gain (ALK/
CNG) may serve as an independent prognostic marker
for predicting poor prognosis in HCC patients.

MATERIALS AND METHODS

Patients and sample collection

Two hundred and thirteen HCC patients who underwent
surgical resection from 1999 to 2004 at Sun Yat-Sen Uni-
versity Cancer Center (Guangzhou, China) were enrolled.
All patient data were from inpatient and outpatient medi-
cal records. All samples were pathologically confirmed
by two pathologists. The cancer TNM stage was defined
according to the 1997 American Joint Committee on
Cancer staging system. Cancer histopathological classifi-
cation was defined according to World Health Organiza-
tion classification criteria. The study was approved by the
Institutional Research Ethics Committee of the Sun Yat-
Sen University Cancer Centet.

Tissue microarray construction

We collected tissues from all 213 HCC cases which were
then formalin-fixed and paraffin-embedded. Using hema-
toxylin and eosin-stained slides, a representative tumor
site was chosen for tissue microarray (TMA). Details on
TMA design and the staining procedure have been re-

ported previously”?,

ALK FISH assay

Currently, there are three methods to detect ALK rear-
rangements: immunohistochemistry, FISH and reverse-
transcriptase polymerase chain reaction (RT-PCR)***!,
FISH can be applied to formalin-fixed paraffin-embed-
ded tissues™ and was considered the gold standard for
confirmation of ALK status in recent clinical trials of
crizotinib™.

The ALK gene copy number per cell was investigated
by FISH using the Vysis ALK Break Apart FISH Probe
Kit (Abbott Laboratories, Abbott Patk, 1L, United States)
according to a published protocol with minor modifica-
tions™, Sections (4 um thick) from the recipient blocks
were mounted onto glass slides and stored at 4 'C for
FISH staining. Signals for each locus-specific FISH probe
were assessed under an Olympus BX51 TRF microscope
(Olympus, Tokyo, Japan) equipped with a triple-pass filter
(DAPI/Green/Orange; Vysis). FISH analysis was inde-
pendently performed by pathologists who were blinded
to the clinical characteristics and molecular variables of
the patients.
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Table 1 Clinicopathological characteristics of hepatocellular

carcinoma patients 7 (%)

Characteristics Patients
Total 213 (100)
Age (y1)°

<49 105 (49.3)

=49 108 (50.7)
Sex

Female 17 (8.0)

Male 196 (92.0)
Grade

I 19 (8.9)

I 97 (45.5)

I 91 (42.7)

\Y% 6(2.8)
Stage

I+1 174 (81.7)

m+ v 39 (18.3)
Relapse

No 83 (39.0)

Yes 130 (61.0)
AFP (ng/mL)

<400 125 (58.7)

= 400 88 (41.3)
Child-Pugh classification

A 195 (91.5)

B 16 (7.5)

C 2(0.9)
HBV DNA

Positive 113 (53.1)

Negative 100 (46.9)
Postoperative platelet count

<100 x 10°/L 35 (16.4)

=100 x 10°/L 178 (83.6)

*Median: 49, range: 25-75 years. AFP: Alpha fetoprotein; HBV: Hepatitis B
virus.

Break-apart FISH uses a green centromeric probe
and an orange telomeric probe on loci in chromosome
2. A fluorescence microscope equipped with appropri-
ate excitation and emission filters allows visualization of
the probes contained in the kit. Thus, if the ALK gene
is split, the orange and green signals are separated; if the
orange and green signals are adjacent or fused, yellow sig-
nals are seen under the filter. According to the manufac-
turet’s protocol, positivity consists of separation of these
orange and green signals by two or more signal diameters,
or a single orange signal without a corresponding green
signal. A minimum of 50 nuclei was scored.

The criteria for ALK/CNG have not been estab-
lished. A receiver operating characteristic (ROC) curve
based on the detection of ALK/CNG in 213 HCC pa-
tients was used. The cutoff value was determined by op-
timal Youden’s index through analyzing the survivin ROC
among patients. When ALK/CNG was 4, the sensitivity,
specificity and Youden’s index were 35.6%, 97.1% and
0.327, respectively. The survival outcome of patients with
ALK/CNG = 4 was worse than in the other groups.
Therefore, we defined ALK/CNG positivity as the pres-
ence of = 4 copies of ALK per cell in = 40 of the 100
analyzed cells.
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Patient follow-up and classification of the cause of
death

Clinical follow-up information was obtained from the
medical records of inpatients or outpatients, as well as
telephone interviews. Clinical follow-up visits with each
patient were scheduled on a semi-annual basis. Follow-up
information was complete for approximately 69% of all
treated HCC patients. For deceased patients, we classi-
fied the underlying cause of death according to the death
certificate. Local relapse was defined as the recurrence of
HCC as determined by biopsy, and distant metastasis was
defined by evidence on chest X-ray, computed tomogra-
phy, abdominal ultrasound, or bone scan. The endpoints
were OS and progression-free-survival (PFS). We calcu-
lated OS from the date of diagnosis (for non-randomized
patients) or from randomization until death, or up to the
last date of follow-up. For PES, we recorded the time
from diagnosis or randomization to the first locoregional
or distant metastasis failure. The last follow-up date was
December 6, 2012, and the median follow-up for the en-
tire series was 42.47 mo (range, 0.87-164.93 mo). In total,
147 (69.0%) deaths had occurred at the end of the last
follow-up.

Statistical analysis

The probabilities of OS and PFS were estimated using
the Kaplan-Meier method, with a Log-rank test to detect
differences. The correlation between ALK status and
clinicopathological variables was assessed by z” test or
Fisher’s exact test. The simultaneous prognostic effect of
various factors was estimated using multivariate Cox pro-
portional hazards regression models. The proportional
hazards assumption for each covariate was tested by
graphical methods, with no significant violations found.
The relationships between histological classification and
OS and PFS were estimated by hazard ratio with 95%CI.
All statistical tests were two-sided, and P < 0.05 was con-
sidered statistically significant. All statistical analyses were
performed with SPSS version 13.0 (SPSS, Chicago, 1L,
United States).

RESULTS

Patient characteristics

We retrospectively entolled 213 patients with newly di-
agnosed, histologically confirmed, previously untreated
HCC at Sun Yat-Sen University Cancer Center in Guang-
zhou, China, between January 1999 and December 2004.
Of the 213 patients, 196 (92.0%) were male and 17 (8.0%)
were female, with a median age of 49 years (range, 25-75
years). The clinicopathological characteristics of the 213
HCC cases are summarized in Table 1.

Detection of ALK gene rearrangements and lack of
association with patient characteristics

Among the 213 HCC patients, no positive cases of ALK
gene rearrangements as detected by break-apart FISH
were observed. Therefore, FISH signals were used to cal-
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Figure 1 Representative fluorescent in situ hybridization images of tumors negative for anaplastic lymphoma kinase translocation. The two tumors varied
in copy number, but both were negative for anaplastic lymphoma kinase (ALK) translocation, as indicated by the signals that neither had green and orange in close
proximity or were fused to form a yellow locus. A: ALK/copy number gain (CNG)-positive cells (= 4 copies/cell); B: ALK/ICNG-negative cells (< 4 copies/cell); C and D:

HE staining of hepatocellular carcinoma cells from A and B (x 200).

culate the copy number for determination of ALK/CNG
positivity. The criterion for ALK/CNG positivity was =
4 copies per cell in = 40 of 100 analyzed cells. Using this
cutoff, 28 cases (13.15%) showed ALK/CNG positiv-
ity (Figure 1). No statistically significant association was
obsetrved between ALK/CNG and age, sex, grade, stage,
relapse, a-fetoprotein (AFP) level, Child-Pugh classifi-
cation, hepatitis B virus (HBV) status, or postoperative
platelet count in the HCC patients (Table 2).

ALK/CNG and HCC patient survival analyses and
prognostic determinants
To determine the potential impact on survival of ALK
aberrations, we compared the ALK/CNG with the OS
and PFES rates. Among the 213 patients, the 3-year OS and
PES rates were 53.0% and 40.8%, respectively. The 3-year
OS rates did not differ significantly between subgroups
of ALK/CNG-positive and ALK/CNG-negative HCC
patients (38.1% »s 57.6%, P = 0.089) (Figure 2A). How-
ever, the 3-year PES rates showed a significant difference
between ALK/CNG-positive and ALK/CNG-negative
HCC patients (27.3% vs 42.5%, P = 0.048) (Figure 2B).
To assess the prognostic ability of ALK/CNG at
different stages of disease, we stratified the patients by
clinical stage. In advanced stage (Il and IV), the 3-year
OS and PES rates for patients were 33.3% and 27.4%,
respectively. The 3-year OS rates did not differ signifi-
cantly between subgroups of ALK/CNG-positive and
ALK/CNG-negative HCC patients (0% »s 40.6%, P =
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0.054) (Figure 3A). The 3-year PFS rates for ALK/CNG-
positive patients was significantly poorer than that of
the ALK/CNG-negative HCC patients (0% »s 33.5%,
P = 0.007) (Figure 3B). However, in early stage (I and
) cancers, the 3-year OS (56.7% »s 61.8%, P = 0.394)
and PFES rates (36.9% vs 44.4%, P = 0.314) were not sig-
nificantly different between subgroups of ALK/CNG-
positive and ALK/CNG-negative HCC patients (Figure
3C and D). These results suggest that ALIKK/CNG may
serve as a reliable predictor for advanced, but not early
stage disease.

We also assessed the prognostic ability of ALK/CNG
for different pathological grades. In grade III, the 3-year
OS and PFS rates for patients were 46.9% and 29.9%,
respectively. The 3-year OS rates for ALK/CNG-positive
patients was significantly poorer than that of ALK/
CNG-negative patients (24.8% vs 49.9%, P = 0.023) (Fig-
ure 4A). The 3-year PES rates did not differ significantly
between subgroups of ALK/CNG-positive and ALK/
CNG-negative HCC patients (0% »s 31.4%, P = 0.174)
(Figure 4B). However, the 3-year OS (45.5% vs 58.8%, P
= 0.440) and PFS rates (0% »s 43.6%, P = 0.109) did not
differ significantly between subgroups of ALK/CNG-
positive and ALK/CNG-negative HCC patients with
grade II pathology (Figure 4C and D), suggesting that
ALK/CNG status has greater prognostic ability for more
advanced histological grades.

After stratification by HBV status, ALK/CNG re-
mained a significant predictor of OS and PFS in HCC
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Progression-free-survival of difference
ALK gene copy number

ALK < 4 copies/cell (n = 185)
—— ALK = 4 copies/cell (n = 28)

Figure 2 Kaplan-Meier survival curves
of hepatocellular carcinoma patients. A:
Overall survival of hepatocellular carcinoma
(HCC) patients with = 4 anaplastic lymphoma
kinase (ALK) gene copies/cell did not differ

K

£ =0.048 significantly compared to patients with < 4 ALK

gene copies/cell; B: Progression-free survival
of HCC patients with = 4 ALK gene copies/cell
was significantly different from patients with < 4
ALK gene copies/cell.
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Table 2 Association between anaplastic lymphoma kinase

copy number gain and clinicopathological characteristics of
hepatocellular carcinoma patients 7 (%)

Characteristics Total ALK/CNG
Cases pogsitive (28 cases) Negative (185 cases)

P value

Age (yr)
<49 105 12 (11.4) 93 (88.6) 0.465
=49 108 16 (14.8) 92 (85.2)

Sex
Female 17 3 (17.6) 14 (82.4) 0.843
Male 196 25 (12.8) 171 (87.2)

Grade
I+1 116 12 (10.3) 104 (89.7) 0.186
I+ v 97 16 (16.5) 81 (83.5)

Stage
I+1 174 21 (12.1) 153 (87.9) 0.326
I+ v 39 7 (17.9) 32 (82.1)

Relapse
No 83 13 (15.7) 70 (84.3) 0.385
Yes 130 15 (11.5) 115 (88.5)

AFP (ng/mL)
<400 125 19 (15.2) 106 (84.8) 0.290
= 400 88 9(10.2) 79 (89.8)

Child-Pugh-

classification
A 195 25 (12.8) 170 (87.2) 0.922
B+C 18 3 (16.7) 15 (83.3)

HBV DNA
Positive 113 17 (15.0) 96 (85.0) 0.383
Negative 100 11 (11.0) 89 (89.0)

Postoperative

platelet count
<100x10°/L 35 2(5.7) 33 (94.3) 0.250
=>100x10°/L 178 26 (14.6) 152 (85.4)

ALK/CNG: Anaplastic lymphoma kinase copy number gain; AFP: Alpha
fetoprotein; HBV: Hepatitis B virus.

patients who were negative for HBV DNA. In the HBV-
DNA-negative group, 3-year OS and PFS rates were
58.5% and 43.6%, respectively. The 3-year OS and PFS
rates for ALK/CNG-positive patients was significantly
poorer than that of the ALK/CNG-negative HCC pa-
tients (18.2% »s 63.6%, P = 0.021 and 18.2% »s 46.9%, P
= 0.019, respectively) (Figure 5A and B). However, the
3-year OS (52.3% »s 51.0%, P = 0.977) and PFS rates
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(22.8% vs 36.3%, P = 0.813) did not differ significantly be-
tween subgroups of ALK/CNG-positive and ALK/CNG-
negative HCC patients with HBV DNA (Figure 5C and D).

When stratified by AFP level, Child-Pugh classifica-
tion and postoperative platelet count, ALK/CNG was
not related to HCC patient survival.

Univariate and multivariate Cox proportional hazard
regression analysis for OS and PFS were conducted us-
ing age, sex, AFP, grade, stage, Child-Pugh classification,
HBYV status, postoperative platelet count and ALK/CNG
as variables. Univariate analysis for OS suggested that
ALK/CNG was not a significant predictive factor for
HCC (HR = 1.479, 95%CI: 0.939-2.329, P = 0.091)
(data not shown). However, in the univariate analysis for
PFS, ALK/CNG (HR = 1.598, 95%CI: 1.001-2.552, P
= 0.049), Child-Pugh classification (HR = 2.165, 95%CI:
1.300-3.608, P = 0.002) and stage (HR = 1.926, 95%CI:
1.304-2.845, P = 0.001) were predictive factors for HCC
patients. Furthermore, multivariate analysis supported a
role for ALK/CNG (HR = 1.596, 95%CI: 1.008-2.526, P
= 0.046), Child-Pugh classification (HR = 1.744, 95%CI:
1.021-2.979, P = 0.042) and stage (HR = 1.775, 95%CI:
1.179-2.673, P = 0.006) as independent predictors for
PFS in HCC patients (Table 3).

DISCUSSION

HCC has a high therapeutic failure rate and a low me-
dian survival rate due to the aggressive nature of the
disease””. To improve patient survival, it is important to
seek new therapeutic methods. Targeted therapies pro-
vide hope for the future of cancer therapy. The key sig-
naling pathways that have been found in the pathogenesis
of HCC include those mediated by epidermal growth
factor receptor, VEGFR, PDGFR, insulin-like growth
factor receptot, and the Ras/Raf/MEK/PTEN/mTOR
pathways'. Therefore, it is important to select targeted
therapy strategies according to the specific clinicopatho-
logical features of the tumors™?. In the present study,
we investigated, for the first time, ALK gene aberrations
in a large series of HCC tissue samples.

ALK belongs to the insulin receptor superfamily of
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Figure 3 Kaplan-Meier survival curves of hepatocellular carcinoma patients classified according to stage stratum. A and B: In the advanced stage stratum (
Mand IV), overall survival (OS) (A) and progression-free survival (PFS) (B) of hepatocellular carcinoma (HCC) patients with anaplastic lymphoma kinase copy
number gain (ALK/CNG)-positivity and ALK/ICNG-negativity; C and D: In the early stage stratum (I and II), OS (C) and PFS (D) of HCC patients with ALK/CNG-
positivity and ALK/CNG-negativity.
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Figure 4 Kaplan-Meier survival curves of hepatocellular carcinoma patients classified according to pathological grade. A and B: In grade 1 disease, overall
survival (OS) (A) and progression-free survival (PFS) (B) of hepatocellular carcinoma (HCC) patients with anaplastic lymphoma kinase copy number gain (ALK/CNG)-
positivity and ALK/CNG-negativity; C and D: In grade II disease, the OS (C) and PFS (D) of HCC patients with ALK/CNG-positivity and ALK/CNG-negativity.

tyrosine kinase receptors and is activated by fusion with a
variety of other genes, such as NPM, EMI 4, TMP2 and
KIF5B™. In our study, we used TMAs to detect ALK
transcripts in a large number of clinical samples by FISH.
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TMA is a practical and valuable tool, particularly in per-
forming large-scale analyses. Compared with conven-
tional approaches, this technology can facilitate the stan-
dardization of FISH and has been proven to markedly
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Figure 5 Kaplan-Meier survival curves of hepatocellular carcinoma patients classified according to hepatitis B virus status. A and B: In hepatocellular
carcinoma (HCC) patients negative for serum hepatitis B virus (HBV) DNA, the overall survival (OS) (A) and progression-free survival (PFS) (B) of HCC patients with
anaplastic lymphoma kinase copy number gain (ALK/CNG)-positivity and ALK/CNG-negativity; C and D: The OS (C) and PFS (D) in HCC patients positive for serum

HBV DNA.

Table 3 Cox regression analysis of progression-free-survival

in hepatocellular carcinoma patients

Variables Subset HR (95%ClI) P value

Univariate analysis (n = 213)
Age (yr) <49vs =49 1.153 (0.834-1.596) 0.389
Sex Female vs male  1.464 (0.770-2.783) 0.245
AFP (ng/mL) <400vs =400  1.219 (0.879-1.690) 0.236
Grade [+Tousl+IV 1.335(0.966-1.847) 0.080
Stage I+TosM+IV 1.926(1.304-2.845) 0.001
ALK/CNG Yes vs no 1.598 (1.001 -2.552) 0.049
Child-Pugh AvsB+C 2.165 (1.300-3.608) 0.002
classification
HBV DNA Positive vs 1.067 (0.771-1.476) 0.696

negative

Postoperative <100 x10°/Lvs  1.267 (0.839-1.914) 0.260
plateletcount =100 x 10°/L

Multivariate analysis (n = 213)
Stage [+TosM+IV 1.775(1.179-2.673) 0.006
ALK/CNG Yes vs no 1.596 (1.008-2.526) 0.046
Child-Pugh AvsB+C 1.744 (1.021-2.979) 0.042
classification

ALK/CNG: Anaplastic lymphoma kinase copy number gain; AFP: Alpha
fetoprotein; HBV: Hepatitis B virus.

decrease the time and cost involved”™ . As a disadvantage,
TMA may be limited to tumor materials of sufficient size
and quality, and therefore, genetic aberrations may be
missed. In addition, samples in which the cells harboring
increased gene copy numbers are scattered on TMA sec-
tions may be difficult to detect.
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We did not detect ALK rearrangement in HCC pa-
tients. It has been reported that the EMIL4-ALK fusion
transcript is not detected in liver and gastrointestinal
cancer by RT-PCR™. Therefore, the target proportion
may be limited. However, we found that ALK/CNG was
common in HCC. This is believed to be the first study
to detect ALK/CNG using FISH in a large number of
HCC tissue samples. We used = 4 copies per cell in =
40 of 100 cells analyzed as a cut-off for ALK/CNG
positivity. Our findings showed that the survival rate
of ALK/CNG-positive patients was lower than that
of ALK/CNG-negative patients (27.3% »s 42.5%, P
= 0.048). In the present study, ALK/CNG was signifi-
cantly associated with tumor progression of HCC. After
stratification by clinical stage, ALK/CNG remained a
significant predictor of HCC prognosis in the advanced
stage (Il and IV) (0% »s 33.5%, P = 0.007), but not a sig-
nificant predictor in the early stage (I and II'). Univariate
and multivariate Cox proportional hazards survival analy-
sis suggested that ALK/CNG had a significantly worse
prognostic impact on PFS in HCC patients (HR = 1.596,
95%CI: 1.008-2.526, P = 0.0406). These results indicate
that ALK/CNG may setrve as a prognostic marker for
survival of HCC patients.

ALK amplification as an oncogenic event was re-
ported first in neuroblastoma in 2002 and subse-
quent investigations suggested that neuroblastoma may
benefit from ALK inhibitors ", Recently, ALK was
also reported to be amplified in esophageal cancer (11.1%)
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and brain metastases of NSCLC (11.0%)"*"". Addition-
ally, ALK gene amplification was recently demonstrated
in inflammatory breast cancer, and low doses of the
ALK inhibitor, ctizotinib, were shown to promote tumor
shrinkage in mouse xenograft models™. Compared with
mutation ot amplification, ALK/CNG appeats to be
more common, and in fact may occur in 15%-20% of
cases of neuroblastoma”™”. ALK gene amplifications
and copy number gains were initially reported at frequen-
cies as high as 74% in NSCLC, but there was no associ-
ated prognostic relevance''”, and the influence on the
levels of ALK protein expression for NSCLC remains
to be elucidated. Shao ez a/™" reported that expression of
ALK gene was examined in two cases of HCC by immu-
nohistochemistry, and that 41K gene may be involved in
the origin and development of HCC. Future studies will
be needed to investigate ALK expression level and cor-
relate it to ALK gene copy number in HCC. Therefore,
although this report is believed to be the first to describe
ALK/CNG in HCC, there is a basis for the prominence
and role of ALK/CNG in other cancers, which fur-
ther supports the potential use of ALK/CNG as both
a prognostic marker and therapeutic target for HCC.
Recent findings on neuroblastoma suggest that aberrant
activation of the ALK gene may contribute to tumor de-
velopment through copy number alterations, and specific
ALK-targeting drugs inhibit cell proliferation and induce
apoptosis[14’4”. We speculated that the mechanism of
ALK/CNG that affect prognosis may be associated with
tumor cell proliferation and apoptosis in HCC. Hope-
fully, this hypothesis will be studied in the future.

In conclusion, ALK/CNG, but not ALK transloca-
tion, was frequently detected in HCC patients. ALK/
CNG may be a potential prognostic marker for HCC
patients with advanced stage, grade II, tumors or serum
HBV DNA negativity. We will continue to investigate
whether patients with ALKK/CNG can be candidates for
ALK inhibitor therapy in the future.
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and is the third leading cause of cancer-related death worldwide. Targeted ther-
apies provide hope for the future of cancer therapy. The anaplastic lymphoma
kinase (ALK) inhibitor, crizotinib, has significant activity in non-small cell lung
cancer (NSCLC). ALK gene translocations are also associated with other tumor
types. Therefore, it is important to select targeted therapy strategies according
to the specific clinicopathological features of the tumors.

Research frontiers

ALK belongs to the insulin receptor superfamily of tyrosine kinase receptors.
The prevalence of the fusion was found in approximately 5% of all NSCLC cas-
es. In this study, the authors investigated the status and clinical significance of
ALK gene alterations in HCC patients by fluorescent in situ hybridization (FISH).
Innovations and breakthroughs

In addition to NSCLC, ALK gene translocations were recently demonstrated
in anaplastic large-cell lymphoma, neuroblastoma, and inflammatory myofi-
broblastic tumor. The ALK gene copy number is also increased in NSCLC,
neuroblastoma, and esophageal cancer. In the present study, the authors in-
vestigated ALK gene aberrations in a large series of HCC tissue samples using
FISH. The results suggest that ALK gene copy number gain (= 4 copies) may
serve as a potential prognostic marker for HCC patients, especially for those
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with advanced stage, grade I, tumors.

Applications

The results suggested that ALK gene copy number gain, but not ALK transloca-
tion, was frequently detected in HCC patients, and may serve as an indepen-
dent prognostic marker for predicting poor prognosis in HCC patients.
Terminology

ALK gene copy number gain (ALK/ICNG): The criteria for ALK/CNG have not
been established, and a receiver operating characteristic curve based on the
detection of ALK/ICNG in HCC patients was analyzed. Therefore, authors de-
fined ALK/CNG positivity as the presence of = 4 copies of ALK per cell in = 40
of the 100 analyzed cells.

Peer review

The authors examined the status and clinical significance of ALK gene altera-
tions in HCC patients. Unfortunately, there were no positive cases for ALK gene
rearrangements as detected by break-apart FISH. However, ALK/ICNG had a
significantly worse prognostic impact on progression-free survival of HCC pa-
tients. The findings may be relevant to clinical practice. Overall, this manuscript
is highly relevant and interesting.
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