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Abstract
Proper qualification of patients with cancer for an effective treatment regiment is essential to rationalize therapy 
benefit and costs. The early detection of genetic disorders that are responsible for the stimulation of uncontrolled 
cancer cells proliferation makes it possible to select a group of patients with a high probability of response to molec-
ularly-targeted therapy. Data has shown that careful analysis of genes mutation using different PCR and sequenc-
ing techniques or chromosomal aberrations using in situ hybridization (ISH) techniques have a predictive value for 
drug targeted therapy. Overexpression of receptors and gene amplification has been reported in various cancers. 
Their detection is still a considerable challenge, which is connected with the unsatisfactory quality of DNA and low 
mutated cells percentage compared to cells with no genetic abnormalities in tested material. Different techniques 
of standardization were performed to prevent false negative results and to increase the sensitivity of qualitative and 
quantitative evaluation of chromosomal abnormalities. Immunohistochemistry (IHC) technique is useful in the 
screening of receptor expression in paraffin-embedded tissue samples in different malignant diseases. Whereas ISH 
techniques, especially fluorescence in situ hybridization (FISH), are now considered the diagnostic gold standard 
method in detection chromosomal aberrations. Moreover, molecular biology techniques, which are using molecu-
lar probes and real-time PCR and quantitative PCR techniques, were also applied for the detection of chromosomal 
changes. In order to identify the best genetic marker for treatment regiment, it is important to compare results of 
different studies, which are evaluating the sensitivity of diagnostic techniques and treatment response after a suit-
able selection factors based on genetic aberrations profile (Adv Clin Exp Med 2015, 24, 4, 715–723).
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Molecular studies reported that genetic and 
epigenetic disorders cause neoplasm transforma-
tions with rapid proliferation, differentiation and 
inhibition of cells apoptosis. These processes com-
bined with uncontrolled angiogenesis lead to clon-
al tumor growth. Until now, it has been reported 
that only some mutations in DNA are able to stim-
ulate uncontrolled expansion of cancer cells. Cur-
rently, also chromosomal aberrations (aneuploidy 

Cancer diseases are one of the leading causes of 
death worldwide. According to the geographical lo-
cation, epidemiological observations show various 
cancer morbidity and mortality, which are caused 
by different risk factors and differences in diagnos-
tic or therapeutic procedures. Late diagnosis and 
limited access to appropriate therapy, including 
molecularly-targeted therapy, significantly reduces 
a cancer patient’s chances of survival [1–3].
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and deletion/inversion/translocation) are consid-
ered as new therapeutic targets that lead to the de-
velopment of molecularly-targeted therapies. In 
recent years, it was proven that treatment selection 
based on the individual patient’s  genetic profile 
brings spectacular benefits. Currently, many sen-
sitive and specific laboratory tests for genes and 
chromosomal abnormalities as well as gene ex-
pression provide the ability to detect genetic disor-
ders even in low-cellularity materials [2–5].

All available methods that are used to search 
for chromosome aberrations or receptor overex-
pression present the same advantages and disad-
vantages (Table 1). Among others, immunohisto-
chemical staining (IHC) is used for the evaluation 
of protein expression in gastric or breast cancers as 
well as in metastatic colorectal cancer, but in other 
diseases there are no standardized IHC protocols 
(e.g. in lung cancer patients). However, the deci-
sion to start molecularly-targeted therapy cannot 
be undertaken if the IHC results are uncertain. Pa-
tients with metastatic colorectal cancer may bene-
fit from anti-EGFR treatment even if cancer cells 
do not express EGFR protein in the IHC meth-
od. Moreover, this technique was not used in clin-
ical trials to qualify lung cancer patients for mo-
lecularly-targeted therapies, so there is little data 
about the efficiency of this treatment in lung can-
cer patients with an expression of abnormal pro-
teins (EML4-ALK and therapy with ALK inhibi-
tors) [6–11].

In situ hybridization (ISH) is a technique that 
allows the precise localization of a specific segment 
of nucleic acid on histological section. The under-
lying basis of ISH is that nucleic acids, if preserved 
adequately on a histological specimen, can be de-
tected through the application of complementary 
probes. Visualization of the probes allows us to lo-
cate DNA or RNA sequences in a  heterogeneous 
cell population, including tissue samples or cell-
block samples. In chromogenic in situ hybridiza-
tion (CISH) probes are labeled with an antigen-
ic moiety and detected via antibodies conjugated 
to an enzyme, typically horseradish peroxidase 
(HRP) or alkaline phosphatase (AP), which cata-
lyzes reactions of chromogenic substrates and can 
be detected under a  standard bright-field micro-
scope. An increasingly popular variation of in situ 
hybridization techniques employs metallographic 
detection. Here, the hybridization probe is linked 
to an enzyme that elicits the neutralization and de-
position of metal – most commonly silver – out 
of a  solution and onto the probe target site (sil-
ver-enhanced in situ hybridization, SISH). While 
the resulting stain has only a single color; black, it 
is generally dense, fine-grained and absolutely sta-
ble. Fluorescence in situ hybridization (FISH) uses 

fluorescent probes that bind to only those parts of 
the chromosome with which they show a complete 
sequence of complementarities. Fluorescence mi-
croscopy can be used to find out where the fluo-
rescent probe is bound to the chromosomes and 
probes labeled with different fluorochromes could 
be used in one assay [8, 11, 12].

Currently, fluorescence in situ hybridiza-
tion (FISH) is considered a  gold standard in the 
diagnostic process of genetic aberrations in vari-
ous cancers (lung cancer – ALK gene rearrange-
ments, breast cancer and gastric cancer – HER2 
gene amplification in the case of unreliable results 
of IHC examination). Although 100% correlation 
between the negative results of FISH and IHC tests 
has been demonstrated, most guidelines recom-
mend the confirmation of IHC positive results by 
the FISH technique. CISH and dual-color in situ 
hybridization (DISH) can be used as an alternative 
to the FISH technique. However, it is necessary to 
compare the results of different analyses in order 
to properly select the appropriate method for de-
termination and classification of patients for effec-
tive therapy [6–11].

The technique based on reverse transcription 
(polymerase chain reaction – RT-PCR) enables de-
tection of a very low copy number of RNA mole-
cules and makes it possible to avoid discrepancies 
connected with visual evaluation and interpreta-
tion of IHC or FISH results. Unfortunately, in-
sufficient sensitivity of RT-PCR, arising from the 
low quality of genetic material and low propor-
tion of mutant cells isolated from paraffin-embed-
ded tissue samples, significantly reduces the use-
fulness of this method for determining genomic 
or receptor aberrations. In addition, using sever-
al molecular probes, RT-PCR allows the detection 
of only well-known abnormalities. For this rea-
son, most authors use proven FISH and IHC tech-
niques to qualify the patients for appropriate ther-
apies [11–17].

The Significance  
of the FISH Technique  
in Qualification  
of Non-Small Cell  
Lung Cancer Patients  
for Molecularly-  
-Targeted Therapy

Genetic research identified many driver muta-
tions which are significant for the qualification of 
non-small cell lung cancer (NSCLC) patients for 



The Usefulness of ISH Techniques 717

molecularly-targeted therapies. There are many re-
ports that activation of somatic epidermal growth 
factor receptor (EGFR) gene mutations lead to the 
stimulation of oncogenic pathways, which are de-
pendent on tyrosine kinase phosphorylation. Pre-
vious studies indicated that EGFR tyrosine kinase 
inhibitors (EGFR TKIs) offer patients with EGFR 
gene abnormalities significant benefits as com-
pared to standard chemotherapy [2, 15, 18].

Early observations reported that increased 
EGFR gene copy number (GCN) was strongly cor-
related with the prolongation of both progression-
free survival (PFS) and overall survival (OS) after 
EGFR TKIs treatment. These results suggested that 
EGFR GCN may be a good indicator of treatment 
sensitivity. Until now, it has not yet been clarified 
whether the high EGFR GCN may be the effective 
targeted therapy predictor [18, 19].

Wang et al. retrospectively evaluated the EGFR 
GCN and EGFR gene mutations status in 499 
NSCLC patients treated with EGFR TKIs. Based on 
the positive results of FISH assays, they observed 
the presence of EGFR gene amplification (FISH+) 
in 45% of patients, whereas 50.5% of patients had 
activated EGFR gene mutations (Asian population). 
The data comparison showed that 64.7% of pa-
tients with EGFR gene mutations had also expressed 
EGFR gene amplification, while only 25.1% of wild-
type EGFR gene patients showed FISH positive re-
sults. More therapy benefits, PFS of 12.9  months  
(vs. 7.9) and OS of 35.9 months (vs. 25.7), were ob-
served in a group of double-positive patients (EGFR 
mutations and amplification). Nevertheless, the au-
thors conclude that EGFR mutations are the most 
objective biomarker of response to EGFR TKIs ther-
apy. Although, the sensitivity to the targeted treat-
ment in patients with the EGFR gene amplification 
(FISH indicated) is often due to the coexistence with 
EGFR mutations in these patients [18].

Liang et al. retrospectively evaluated 133 
NSCLC patients and reported the presence of acti-
vating EGFR gene mutations in 63.9% of the stud-
ied group. What is more, in 80.4% of patients the 
EGFR gene amplification and in 68% EGFR pro-
tein overexpression determined by the IHC tech-
nique was detected. A  summary of the results 
showed a  significantly higher frequency of EGFR 
gene mutations in IHC positive patients (65/91). 
Moreover, the overexpression of the EGFR protein 
correlated with the EGFR gene amplification [19].

In the Scholl et al. study, 38 patients treated 
with EGFR TKIs (19 of them had EGFR gene muta-
tion, 20 patients – FISH+ and 14 patients – IHC+) 
were qualified for the determination of which ab-
normalities in EGFR signaling pathway predict the 
probability of response to EGFR TKIs. Correlations 
of molecular results with therapeutic effects indicat-
ed that the status of EGFR gene mutations shows the 
best response rate to EGFR TKIs therapy. A bene-
ficial treatment result was also observed in 8 wild- 
-type EGFR gene patients (2  patients were FISH- 
-positive and 6  patients IHC-positive). Further-
more, the analysis of the IHC results allowed 
showed some trends indicating that the EGFR over-
expression (IHC+) may suggest a higher probabili-
ty of disease stabilization, but these outcomes have 
not yet been confirmed in a larger study group [13].

Brugger et al., based on the observation of 
889 patients (438 of them received erlotinib), al-
so stated that positive EGFR gene mutations status 
had the best response rate to molecularly-targeted 
therapy. Although in a studied group, EGFR TKIs 
prolonged PFS both in patients with the EGFR  
overexpression and with EGFR gene amplifica-
tion (without statistical significances). Only pa-
tients with EGFR gene activating mutations (11% 
of treated group) had a  significant PFS increase 
during the treatment [20].

Table 1. Summary of the techniques advantages and disadvantages in determination of chromosomal aberrations and gene 
expression [12]

FISH IHC RT-PCR

Advantages availability (and reliability) of 
validated kit with standard pro-
cedures used in clinical trials

user and costs friendly high specificity, not require avail-
ability of homogenous nuclei or 
cells

Disadvantages technically challenging and 
costly, access to non-damaged 
material, experience of the staff, 
laboratory equipped with fluo-
rescent microscope

necessity access to meaningful 
tissue material, access to non-
damaged material, unreliabil-
ity of borderline results

high quality of mRNA obtained 
from frozen samples and FFPE is 
required, only known variants can 
be identified, laboratory equipped 
with real-time PCR instrument

In terms of insufficient sensitivity of RT-PCR in low quality of DNA and RNA isolated from paraffin-embedded tissue 
samples, the FISH and the IHC techniques are considered to be proper tests to diagnose chromosomal and genes aberration. 
However, the FISH technique is considered a gold standard in the diagnostic process and most guidelines recommend con-
firmation of all IHC positive results by the FISH technique.
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In the Iressa Pan-Asia Study (IPASS) prolon-
gation of PFS was observed in patients with EGFR 
gene amplification treated by gefitinib. Further-
more, it was indicated that 78% of FISH+ patients 
were simultaneously carriers of activating EGFR 
gene mutations and it was considered as a  ma-
jor cause of treatment efficiency. In order to con-
firm these suspicions, they demonstrated that the 
PFS was significantly shorter in FISH-positive pa-
tients with a  wild-type EGFR gene. Based on the 
IPASS study, gefitinib had been approved for the 
first-line treatment of patients with EGFR gene 
mutation, regardless of the EGFR gene GCN. Like-
wise, the effectiveness of gefitinib in patients with 
EGFR GCN was also not proven in INTEREST tri-
al [17, 21]. 

On the other hand, according to results of 
the BR.21 study erlotinib had been approved for 
the 2nd and 3rd lines treatment irrespectively of 
EGFR gene status. However, a  higher response 
rate to erlotinib was observed among patients both 
with high EGFR GCN and EGFR gene mutations, 
but a  significance was reported only for GCN  
(p  = 0.008). The EURTAC study demonstrated 
that the presence of EGFR gene mutations in only 
one predictive factor for the erlotinib in first-line 
therapy [3, 17, 21].

Also, anaplastic lymphoma kinase (ALK) gene 
fusion with echinoderm microtubule-associat-
ed protein-like 4  (EML4) gene, detected in 3% to 
7% of adenocarcinoma NSCLC patients (mostly 
young and non-smokers), leads to constitutive ac-
tivation of MAP, PI3K and STAT oncogenic sig-
nalling pathways. According to previous data ALK 
gene rearrangement detection in NSCLC patients 
is used in the qualification for molecularly-target-
ed therapy (crizotinib phase II/III clinical trials –  
– PROFILE 1005 PROFILE 1007 PROFILE 1014). 
In Marchetti et al. 61% of patients with ALK gene 
rearrangement had responded to molecularly-tar-
geted agents and had reached PFS of 10 months. 
Moreover, 1- and 2-year-OS were at 74% and 54% 
level [2, 11–13].

Thus far, studies have not shown the useful-
ness of RT-PCR in ALK gene rearrangement diag-
nosis; therefore, FISH is the only technique recom-
mended for this aberration determination. What 
is more, recommendations suggest that the IHC 
technique can be used as a  screening method to 
reduce study costs, although some positive IHC re-
sults should be confirmed by the FISH technique. 
Kim et al. had compared the presence of ALK pro-
tein overexpression and ALK gene rearrangement 
and they observed 92.4% concordance between the 
positive results of IHC and CISH analysis. Chen 
et al. had reported ALK gene rearrangement in 
64 patients (detected by RT-PCR); however, only 

2 patients showed strong overexpression of ALK 
protein (IHC3+) and 46 of them showed ALK ex-
pression on IHC1+. Zhang et al. had observed the 
concordance between positive results of RT-PCR, 
IHC and FISH analysis only in 15.3% (20/130) of 
screened patients. Furthermore, in this study the 
authors noticed 100% comparable of IHC and 
FISH results. Wu et al. had concluded that only 
IHC3-positive and FISH+ results are in some mea-
sure comparable to RT-PCR [11, 12, 22–26].

Rare ROS1 gene rearrangement, which is ob-
served in 1.2–1.7% of NSCLC patients, in the near 
future can be a potential target for drugs with an-
ti-ROS1 activity. Bergethon et al. had report-
ed moderate inhibition of proliferation of tumor 
cell line (HCC78) by ALK kinase inhibitor (NVP-
TAE684). On the other hand, Davies et al. had 
observed a  higher effectiveness of ROS1 recep-
tor phosphorylation inhibition by a dual ALK and 
MET inhibitor (crizotinib). Moreover, they no-
ticed 57% of tumor size reduction in ROS1-posi-
tive patients (determined by FISH analysis) after  
2 cycles of treatment [27, 28].

The Significance of HER2 
Status in Breast Cancer 
Patients Qualifications 
for Molecularly-Targeted 
Therapies

HER2 gene amplification and overexpression 
of HER2 have been reported in 20–50% of breast 
cancer patients. These genetic targets are consid-
ered as prognostic factors which are able to define 
the aggressiveness of the disease and the sensitiv-
ity to trastuzumab and lapatinib treatment. Gullo 
et al. had observed that HER2 gene amplification 
is higher in primary tumors rather than in metas-
tases. Moreover, the presence of HER2 abnormal-
ities is associated with the shortening of OS and 
has no effect on the advancement of disease at the 
time of diagnosis, advancement of tumor differen-
tiation and expression of estrogen and progester-
one receptors [29, 30]. 

IHC or FISH validated tests can be used to esti-
mate HER2 receptor status. In the IHC technique, 
positive results are defined by IHC3+ whereas 
IHC2+ expression is referred as inconclusive and 
needs assessment of HER2 GCN in FISH. Only 
FISH results with exhibiting > 2  ratio signals are 
defined as amplified and < 1.8  as non-amplified. 
Borderline HER2 FISH results (1.8–2.0  ratio or 
4–6 HER2 GCN) should be assessed using reverse 
transcriptase PCR methodology. Moreover, in the 
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near future automated nuclei-sampling analysis 
can also be recommended to avoid uncertain re-
sults [14, 31].

Except trastuzumab, other HER2 inhibitors 
have been tested in clinical trials: pertuzumab, 
ado-trastuzumab emtansinse and lapatinib show 
effectiveness in breast cancer patients with ampli-
fication of HER2 gene or high expression of HER2 
protein. The Clinical Evaluation of Pertuzum-
ab and Trastuzumab (CLEOPARA) research rat-
ed the effectiveness of petruzumab in a multidrug 
pattern combined with trastuzumab and docetax-
el in FISH+ patients with breast cancer metastat-
ic tumors. On the other hand, the EMILIA study 
evaluated the effectiveness of trastuzumab emtan-
sine (T-DM1) antibody in second-line treatment 
after acquired resistance to trastuzumab and tax-
anes in primary breast cancer. The clinical trials 
results were presented in Table 2 [32, 33]. In case 
of resistance or insensitivity to trastuzumab, pertu-
zumab is able to provide new possibilities for treat-
ing breast cancer patients. Cortes et al. had eval-
uated the efficacy of petruzumab monotherapy in 
29 HER2-positive patients and compared this re-
sult with combined therapy (pertuzumab with 
trastuzumab). They found the prolongation of PFS 
by week 7.1 in patients treated with combined ther-
apy. This effect could result from the mechanism 
of both drugs – they are bound by different epi-
topes in the HER2 receptor. For this reason they 
show complementary action with a more efficient 
blockade of the HER2 signaling pathways, which 
resulted in increasing antitumor activity [10, 32].

Lapatinib – tyrosine kinase inhibitor, which 
interrupts the HER2 and EGFR pathways, showed 
a rate of 12.4–25% clinical benefit in HER2-posi-
tive breast cancer patients pretreated with trastu-
zumab. On the other hand, the EGF100151 study 
estimated the effectiveness of lapatinib in combi-
nation with capecitabine in such a  group of pa-
tients, prolonged median time to progression 

(TTP) for 8.4 months. Moreover, improvement of 
the overall response rate (22%) and clinical benefit 
rate (27%), without increase in serious toxic effects 
was achieved [16, 34, 35].

Advanced clinical trials suggest that the FISH 
technique is the most useful in qualification of breast 
cancer patients for molecularly-targeted therapy. Ho-
rii et al. had obtained 98.5% concordance (p = 0.005) 
between FISH and DISH results. The study also 
proved that the DISH technique, due to simultane-
ous observation of signals from HER2 receptor and 
chromosome 17, may be more useful in evaluation of 
HER2 gene status in the qualification of breast cancer 
patients for appropriate therapy [33].

Likewise Jacquemier et al. had demonstrated 
98% concordance between CISH and FISH results. 
Moreover, the authors observed 95% compatibili-
ty between FISH and quantitative PCR (qPCR) re-
sults carried out in DNA isolated from paraffin-
embedded tissue samples. The outcomes are more 
promising than the results of analyses performed 
by RT-PCR that RNA is more sensitive to degrada-
tion during the paraffining process [29].

The Significance of FISH 
Analysis in Qualification 
for Anti-HER2 Targeted 
Therapy in Gastric Cancer
The HER2 gene disorders are detected not on-

ly in breast cancer patients, but also in 15–20% of 
gastric cancer patients. Luis et al. suggested that the 
IHC technique should be used as a screening test 
for HER2 status diagnosis, wherein patients with 
high expression of HER2 protein (IHC3+) are the 
major candidates for molecularly-targeted ther-
apy. However, IHC2+ results must be confirmed 
by more sensitive in situ hybridization methods 
[34–37].

Table 2. Results summary of anti-HER2 clinical trials in HER2-positive patients

Clinical trial Treatment PFS 
[months]

OS
[months]

ORR  
[%]

1 and 2-year survival 
[%]

CLEOPATRA [32] placebo/trastuzumab/docetaxel (n = 406) 12.4 – 69.3 –

pertuzumab/trastuzumab/docetaxel (n = 402) 18.5 – 80.2 –

EMILIA [33] ado-trastuzumab emtansinse (n = 495)  9.4 30.9 43.6 85.2 vs. 64.7

lapatynib + capacitabina (n = 496)  5.6 25.1 30.8 78.4 vs. 51.8

HER2 inhibitors have shown effectiveness in breast cancer patients with amplification of HER2 gene or high expression 
of HER2 protein. A multidrug pattern based on petruzumab tested in CLEOPARA research indicated prolongation both 
PFS and OS time in FISH+ breast cancer patients with metastatic tumors. On the other hand, the EMILIA study also indi-
cated the prolongation of PFS and OS time after treatment with trastuzumab emtansine (T-DM1) in primary breast cancer 
patients after acquired resistance to trastuzumab and taxanes.
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Until now, it has been proven that standard 
chemotherapy prolongs survival in gastric can-
cer patients for 8–10 months. Furthermore, the 
use of targeted drugs that inhibit abnormal sig-
naling HER2 pathways provides an opportuni-
ty to individualize treatment and to obtain more 
effective therapy results. The ToGA (trastuzumab 
for gastric cancer) randomized trial demonstrated 
a  higher response rate (13–8  months) in a  group 
of advanced gastric cancer patients with HER2- 
-positive that received trastuzumab in combina-
tion with chemotherapy vs. chemotherapy alone 
(11–1  months). Other studies confirm that the 
combination of trastuzumab or pertuzumab with 
standard chemotherapy prolongs PFS and OS in 
HER2-positive patients [36–39]. 

The mechanism of resistance to trastuzumab 
is still unknown. It may be caused by the coexis-
tence of mutations or the amplification of differ-
ent genes (MUC4, HGF, c-MET, EGFR and IGF-1) 
and it gives the possibility to attain a  stable dis-
ease (SD) by using other inhibitors (crizotinib, 
foretinib). SWOG S413 study showed the effective-
ness of lapatinib in a combination of chemother-
apy in metastatic breast cancer. Moreover, it has 
been reported that dacomitinib – pan-HER inhibi-
tor can be used in the effective treatment of gastric 
cancer. Till now, it has not been strictly defined 
which method of HER2 disorder determination 
should be carried out in the correct qualification 
of patients for trastuzumab therapy [34, 36–39]. 

Hoffman et al. had found 93.5% concordance 
between IHC and FISH positive results in 168 pa-
tients. On the other hand, Grin et al. had also ob-
served HER2 gene amplification detected by the 
FISH technique in 71% of patients with high HER2 
receptor expression (IHC3+). Scarcely 10–20% of 
patients with low HER2 expression (IHC1+/2+) al-
so had positive FISH outcomes. Furthermore, the 

authors demonstrate 98% compatibility (p = 0.001)  
between FISH and DISH results in 50 patients with 
gastric cancer and oesophagus adenocarcinoma. 
The concordance between IHC and ISH results 
was summarized in Table 3 [34, 40].

Lee et al. had found ROS1 gene rearrangement 
in 4% of gastric cancer patients (23/495) with high 
positive IHC outcomes (3+). Only 3 of them were 
FISH positive, whereas positive RT-PCR results in 
2 patients were observed. Although no differences 
in OS between patients with ROS1 gene rearrange-
ment and without this rearrangement were shown, 
ROS1 gene analysis is recommended. Moreover, the 
coexistence of abnormalities in ROS1 and c-MET  
signaling pathways were also determined. There-
fore, these disorders may be important in future 
planning of molecularly-targeted therapies [41].

The Significance of FISH 
Analysis in Qualifications 
for Anti-EGFR Targeted 
Therapy in Colorectal Cancer
Previous studies in colorectal cancer have 

shown that the sensitivity of monoclonal antibod-
ies (cetuximab, panitumumab) is determined by 
the activation of different signal pathways: EGFR- 
-RAS-RAF-MAPK or EGFR-PI3K-PTEN-AKT. 
It has also been observed that the EGFR expression 
does not correlate with the efficiency of anti-EGFR 
therapy. A  response to cetuximab is observed in 
patients with overexpression or low expression 
of the EGFR receptor and with the wild-type of 
KRAS, NRAS and BRAF genes, whereas cetuximab 
shows a  significantly higher response rate in pa-
tients with increased EGFR GCN [6, 7, 9, 42].

Table 3. Summary of HER2 status analysis by IHC and FISH/DISH

Hoffman et al. [40] IHC3+ IHC2+ IHC1+ IHC0

FISH+ (n = 30) 18 5  2   4

FISH– (n = 140)  0 9 22 109

Grin et al. [36] FISH+ (n = 6)  5 1  0   0

FISH– (n = 44)  2 9 12  21

DISH+ (n = 7)  5 2  0   0

DISH– (n = 43)  2 8 12  21

Hoffman et al. and Grin et al. analysis had shown a high concordance between IHC and FISH results in gastric cancer 
patients. The results had coincided especially for IHC3+ and IHC0. The discrepancy in IHC2, IHC1 and FISH results sug-
gests that these results are uncertain and they always require confirmation by the FISH technique. Moreover, Grin et al. had 
indicated a significant compatibility (p = 0.001) between FISH and DISH results that suggests that both of them can be used 
as reference method. 
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Jiang et al., based on the positive FISH re-
sults in 39% (302/776) of patients, had shown an 
increase in EGFR GCN. It was significantly asso-
ciated with OS and PFS improvement in patients 
treated with anti-EGFR monoclonal antibodies. 
Moreover, it was found that in the treated popula-
tion with increased EGFR GCN, KRAS gene muta-
tions were not found [7].

Campanella et al. had evaluated the expression 
of an EGFR receptor in 101 patients. They found 
89% positive IHC results, whereas the EGFR gene 
amplification (FISH+) was observed in 59% of 
them. There was no correlation between the pos-
itive IHC and FISH results. The 43/101 patients 
were qualified for first line treatment (chemo-
therapy with cetuximab or with placebo), where-
as cetuximab monotherapy in second-line was ap-
plied to 56 patients. They had observed 12 months 
PFS (vs. 6 months) and a 70% response rate (RR)  
(vs. 18%) in the first line of treatment containing 
cetuximab. On the other hand, RR in patients with 
EGFR gene amplification was 48% vs. 21% in neg-
ative FISH group received cetuximab. The analy-
sis also showed that overexpression of an EGFR 
receptor evaluated at 2+/3+ in the IHC technique 
had a  significant impact on PFS prolongation in 
cetuximab-treated patients [43].

Algars et al. had observed stable disease (SD) 
or partial response (PR) in 84% of patients, who 

had high EGFR GCN (FISH+). Furthermore, an-
ti-EGFR therapy allowed us to prolong PFS in this 
group for 35 weeks (Table 4). Yang et al. had al-
so reported that the high EGFR GCN had a posi-
tive impact on the overall response rate (ORR) in 
84% of treated patients. These studies demonstrate 
that a thorough analysis of EGFR GCN has indis-
putable predictive value for molecularly-targeted 
agents in patients with colorectal cancer [44, 45].

Conclusion
The application of in situ hybridisation meth-

ods for the detection of molecular aberrations has 
a high diagnostic value in the qualification of can-
cer patients for molecularly-targeted therapies 
(predictive factors). The availability of different 
diagnostic techniques allows for the accurate eval-
uation of patients’ genetic status. Unfortunately, 
inconveniences resulting from the low quality of 
paraffin-embedded tissue samples significantly re-
duce the usefulness of ISH techniques, which of-
ten do not show sufficient sensitivity. However, 
the FISH technique is still recommended as a reli-
able method in the precise determination of chro-
mosomal aberrations. Moreover, FISH assessment 
provides not only a  correct qualification of pa-
tients to appropriate treatment regimen but is also 
essential in the rationalization of treatment costs.

Table 4. Summary of correlation between clinical benefits from anti-EGFR treatment and EGFR GCN detected by the FISH 
method in colorectal cancer patients [44]

Disease control 
(PR + SD)

1st line chemotherapy 3rd line chemotherapy

PFS (weeks) OS (weeks) PFS (weeks) OS (weeks)

FISH + (high GCN) 73% 35 85 35 74

FISH – (low GCN) 20% 12 19 10 16

Algars et al. had observed a clinical benefit in 73% of patients with high EGFR GCN. On the other hand, only 20% of 
patients with low EGFR GCN responded to therapy. Moreover, a high EGFR GCN in comparison to a low EGFR GCN also 
was associated with significantly longer PFS (p = 0.0001) and OS (p = 0.004) both in first and more lines of treatment. 
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