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Several morphology- and polymerase chain reaction (PCR)-based methods for chromosome 
1p 19q deletion status assessment are available. Important prerequisites for all molecular 
techniques concern tissue quality and selection of regions of interest. The most common 
methods for diagnostic 1p 19q assessment are fluorescence in situ hybridization and PCR-
based microsatellite analysis. While the latter requires the use of autologous blood samples, 
more advanced techniques such as array comparative genomic hybridization, multiplex 
ligation-dependent probe amplification or real-time PCR are independent from autologous 
DNA samples. However, due to high technical demand and experience required their 
applicability as diagnostic tests remains to be shown. On the other hand, chromogenic in situ 
hybridization evolves as attractive alternative to FISH. Herein, the available test methods are 
reviewed and outlined, their advantages and drawbacks being discussed in detail.

Rationale for 1p 19q testing
Technical advances in genomic, proteomic and methylation profiling have resulted in the identi-
fication of a large number of molecular markers of putative prognostic and/or predictive value in 
gliomas (see Box 1). Increasingly, clinical trials are incorporating tissue-based analyses to study the 
value of these markers aiming at the development of personalized treatment approaches. Despite 
the huge number of proposed candidate markers, only few have translated into routine clinical use, 
so far. Whether and how fast molecular markers translate from bench to bedside largely depends 
on their clinical utility comprising analytical and clinical performances (see Box 2) [1].

With regard to gliomas, prominent examples include the IDH1 mutation in diffuse glio-
mas  [2,3], BRAF gene fusion in pilocytic astrocytomas  [3], MGMT promoter methylation status 
in glioblastomas [4] and codeletion of chromosomal arms 1p 19q in oligodendroglial tumors [5,6].

Among the above-mentioned molecular markers, the 1p 19q codeletion probably constitutes 
the best characterized and most extensively studied marker, so far  [6]. The combined deletion is 
mediated by a balanced whole-arm translocation of chromosomes 1 and 19, leading to the forma-
tion of two derivative chromosomes. One of these derivative chromosomes being composed of 1p 
and 19q (der [1, 19][p10; q10]) is typically lost [7,8]. The 1p 19q deletion is the genetic hallmark of 

Practice points

●● 1p 19q testing has become diagnostic standard in diffuse gliomas.

●● For routine diagnostic assessments, FISH, PCR-based microsatellite analysis and multiplex ligation-dependent probe 
amplification are still widely used techniques with novel techniques upcoming.

●● Concordance of test results across different platforms suggest validity, but intra- and interlaboratory comparisons 
and consensus recommendations for test evaluation shall be further scrutinized.
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oligodendrogliomas with a prevalence of above 
80% among pure oligodendrogliomas and 
roughly 40% among oligoastrocytomas  [9,10]. 
Virtually all 1p 19q codeleted tumors harbor 
an accompanying IDH1/IDH2 mutation [11,12]. 
In contrast, they practically never show EGFR 
amplification and/or 10q loss, which is frequent 
in glioblastomas [13,14]. Interestingly, among 1p 
19q codeleted tumors, tumors with polysomies 
have relatively worse outcome compared with 
those without polysomy [15].

Clinical performance
Two large prospective randomized clinical tri-
als have meanwhile provided evidence for a 
strong positive prognostic value of the combined 
deletion  [16,17]. Patients with 1p 19q codeleted 
tumors show increased overall survival and are 
more likely to respond to chemotherapy  [16,17]. 
In addition to its value as prognostic and predic-
tive marker, there is also a role as a diagnostic 
aid in cases of morphologically uncharacteristic 
oligodendroglioma mimicks [18].

In summary, the clinical interest in this 
marker has increased over the last decade and 
has led to the implementation of its testing in 
the majority of neuropathology laboratories [6].

Indications for 1p 19q testing
●● Information on the 1p 19q status is of special 
relevance within the setting of clinical trials, 
where it serves as an important stratification 
factor (e.g.,  European Organization for 
Research and Treatment of Cancer (EORTC) 
trial 22033–26033, EORTC 26053–22054 
CATNON versus EORTC 26081-NCCTG 
N0577 CODEL) [6];

●● Information on the 1p 19q status is helpful in 
the routine clinical setting for prognostic 
assessment and aids in making therapeutic 
decisions [19–22];

●● 1p 19q testing is a useful diagnostic aid in 
morphologically challenging cases to substan-
tiate the diagnosis of an oligodendro-
glioma [18]. However, according to the current 
WHO 2007 consensus criteria, the neuro-
pathological diagnosis of an oligodendro-
glioma remains morphology-based irrespective 
of the deletion status [23];

●● 1p 19q testing is useful in case of pure oligo-
dendroglioma and mixed oligoastrocytoma, 
whereas it cannot be generally recommended 
in pure astrocytomas as the prevalence of the 
deletion is rare [24];

●● Repeated 1p 19q testing in case of tumor 
recurrence seems not useful as the deletion 
typically constitutes an early genetic event [25];

●● 1p 19q testing is of secondary importance in 
pediatric and adolescent oligodendroglial 
tumors as the prevalence of the deletion is rare 
in those cases [25].

Overview of available test methods
The 1p 19q deletion status can be analyzed 
with various molecular-genetic methods includ-
ing FISH, comparative genomic hybridization 
(CGH), chromogenic in situ hybridization 
(CISH), PCR-based microsatellite analysis, real-
time comparative quantitative PCR and mul-
tiplex ligation-dependent probe amplification 
(MLPA). The two most common methods for 
routine diagnostic use are FISH and PCR-based 
microsatellite analysis.

General remarks on tissue selection
Whereas fresh-frozen (FF) tissue is ideal for 
a broad spectrum of molecular analyses, its 
storage and handling are complex and cost 
intense  [26]. In contrast, formalin-fixed par-
affin-embedded (FFPE) specimens are easy to 
handle and economic to store, but their appli-
cability for molecular methods is restricted [26]. 

Box 1. Biomarker definition in the clinical context.

●● 	Biomarkers in the clinical context are defined as objectively measurable patient-
related factors which provide clinically meaningful disease-related information with 
regard to diagnosis, prognosis, therapy decisions and patient follow-up [1].

Box 2. Clinical utility of a molecular marker.

●● 	The clinical utility of a molecular marker is based on its analytical and clinical 
(prognostic/predictive) performances. Based on different levels-of-evidence the 
reliability of a marker is rated from unclear performance (suggested by small case 
series or single-center reports) to robust performance (confirmed by one or more 
adequately designed round robin tests or prospective clinical trials) [1].
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Formalin fixation inevitably leads to excessive 
molecular cross-linking compromising DNA, 
RNA and protein integrities [26]. Even though 
FF tissue warrants optimal DNA, RNA and 
protein qualities, samples are mostly used for 
research purposes. On a practical, routine 
diagnostic level the majority of tumor samples 
are only available as FFPE tissues from pathol-
ogy archives [27]. To address this issue, molec-
ular-genetic techniques including array CGH 
or MLPA have been optimized and further 
adapted for the use on FFPE tissues with prom-
ising results [28]. Novel tissue fixatives such as 
RCL2 or HOPE, which warrant better preser-
vation of DNA, RNA and protein structures, 
are thus evolving as promising alternatives and 
deserve further attention [26,29].

Irrespective of the molecular-genetic tech-
nique chosen, a high content of viable tumor 
tissue with limited areas of necrosis and low con-
tamination from non-neoplastic cells is optimal. 
Therefore, histological review of selected tissue 
areas is of high relevance. Nevertheless, some 
techniques including PCR-based approaches are 
more susceptible to contamination with normal 
tissues compared with more robust techniques 
such as FISH/CISH.

Fluorescence in situ hybridization
●● Methodological background

FISH is a general cytogenetic technique, which 
is used to detect the presence or absence of spe-
cific DNA sequences on chromosomes. FISH 
uses fluorescently labeled locus-specific probes, 
which bind to complementary DNA sequences. 
The hybridization result is then visualized by 
fluorescence microscopy and morphologically 
evaluated.

●● Material & methods
FISH is an approved method for molecular 
genetic testing on routinely available FFPE tis-
sues [30]. It can be performed on single isolated 
cells or tissue sections. It does not require refer-
ence tissues such as autologous blood samples. 
Working steps include tissue pretreatment, 
probe hybridization, washing procedures and 
morphological evaluation [6]. Many companies 
provide ready-to-use FISH kits containing all 
necessary reagents for pretreatment and wash-
ing procedures as well as locus-specific DNA 
probes, hybridization protocols and technical 
support. Recently, a consensus protocol of the 
Medical Universities of Vienna and Innsbruck 

(MUV/MUI protocol) has been made pub-
licly available  [6]. Briefly, chromosomes 1 and 
19 are tested separately using dual-color FISH 
probes combining target-specific probes hybrid-
izing to subtelomeric regions of 1p36 and 19q13 
with reference/control probes on 1q and 19p, 
respectively (see Figures 1 & 2).

●● Evaluation
The hybridization result is evaluated with the 
use of a fluorescence microscope equipped with 
appropriate filters for DAPI as well as the two 
fluorophores (dual color probes) utilized. As 
the fluorescence signals fade over time, digital 
images are necessary for documentation and 
archiving purposes. Signal ratios of 100–200 
nonoverlapping nuclei are assessed separately 
for chromosomes 1 and 19 [31]. Whereas nor-
mal nuclei show a diploid signal ratio of 2/2, 
a nucleus is considered to display a deletion if 
the target signal is 0 or 1 in relation to nor-
mal or excess control signals (e.g., 2/0, 2/1, 
3/0, 3/1) (see Figure 3). With regard to chro-
mosomal polysomies, FISH cannot resolve 
whether a relative loss of the target (4/2, 5/3) 
corresponds to a hemizygous deletion in pres-
ence of reduplication or not. The fraction of 
nuclei displaying a deletion or relative dele-
tion in presence of polysomy are summed 
and expressed as percentages. If the fraction 
of ‘deleted’ nuclei exceeds a certain cut-off, 
the tumor is considered ‘1p 19q deleted’. So 
far, there is no consensus on the exact cut-off 
levels ranging from as low as 20% to as high 
as 70% [32,33]. Empiric analysis points toward 
maximal sensitivity and specificity with cut-
offs lower than 0.75 per probe pair or at least 
40% of tumor nuclei showing relative deletion 
of both 1p36 and 19q13. In this respect, the 
presence of large necrotic areas and/or high 
contamination from non-neoplastic cells, for 
example, endothelial cells or microglia is a 
major issue and requires histological review of 
selected tissue areas [6,24,34].

●● Advantages

●● FISH allows straightforward morphological 
evaluation of numerical genomic abnormalities 
at the cytogenetic level [32];

●● As FISH preserves the architecture of fixed 
tissue sections and cytological features, the 
evaluation is morphology based, which is 
intuitive to pathologists in general;
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Figure 1. Evaluated regions on chromosome 1. 
aCGH: Array comparative genomic hybridization; 
CISH: Chromogenic in situ hybridization; 
LOH: Loss of heterozygosity; MLPA: Multiplex 
ligation-dependent probe amplification. 
For color figures, please see online at: www.
futuremedicine.com/doi/full/10.2217/CNS.15.28

PCR-LOH MLPA aCGH FISH/CISH

1p36.1 – 36.3

1q25.1 – 25.3
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●● Due to numerous FISH applications in general 
pathology, it is a widely available technique, 
which has been already implemented in many 
histology laboratories.

●● Shortcomings
●● FISH probes are typically at least 20 Kb in size 
and small intragenic events remain undetected 
by this technique [35] One probe typically targets 
telomeric regions at 1p36 and thus, in contrast 
to array CGH, are unable to discriminate 
between full-arm and partial deletions pertain-
ing to this region, which is of relevance as both 
are associated with distinct clinical outcomes [36];

●● FISH is unable to proof loss of heterozygosity 
(LOH) in presence of polysomy [6];

●● FISH requires a high labor input and the 
evaluation is time consuming;

●● FISH necessitates expensive equipment (fluo-
rescence microscope, digital camera for docu-
mentation and archival storage, reagents and 
solutions);

●● If FISH is performed on fixed sections nuclear 
truncation artifacts might occur, which can 
be avoided when using touch preparations [37] 
or isolated cell nuclei [31];

●● In a small fraction of cases hybridization fail-
ures with absent or only weak signals may 
occur [38];

●● There is no consensus on exact cut-off levels 
which define a deletion [32].

●● Analytical performance
FISH is very sensitive for detecting whole-arm 
codeletions. A number of studies indicate excel-
lent concordance of test results with PCR-based 
microsatellite analysis and CGH  [32,37,39–42]. 
However, the sensitivity is lower compared with 
PCR-based microsatellite analysis because some 
high-grade gliomas have random interstitial 
deletions on multiple chromosomes including 
1p36 and 19q13 [34,36].

Comparative genomic hybridization
●● Methodological background

Comparative genomic hybridization allows for 
analysis of copy number changes, in other words, 
losses, deletions, gains and amplifications. It is 
based on the in situ hybridization of differen-
tially labeled tumor and reference DNA to nor-
mal human metaphase chromosomes. It has a 
resolution of 5–10 megabases but requires the 
use of reference DNA. The differentially labeled 
fluorescence signals are compared along entire 
chromosomes for identification of differences 
between the two DNA sources. A higher inten-
sity of the reference DNA in a specific chromo-
somal region indicates loss of genetic material in 
the tumor DNA. The more specific form of array 
CGH uses DNA microarrays instead of meta-
phase spreads. Array CGH allows for high-res-
olution locus-specific DNA measures [43].

●● Materials & methods
CGH requires the isolation of DNA from tumor 
tissue (FF tissue preferred, but FFPE tissues also 
potentially possible) and reference tissue (mostly 
leukocytes of healthy male and female donors). 
DNA is subsequently differentially labeled with 
fluorophores and competitively cohybridized 
to metaphase spreads from phytohemaggluti-
nin-stimulated peripheral blood lymphocytes 
obtained from healthy normal male donors or 
commercial providers. Instead of metaphase 
spreads, commercially available oligonucleotide 
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Figure 2. Evaluated regions on 
chromosome 19. 
aCGH: Array comparative genomic hybridization;  
CISH: Chromogenic in situ hybridization; 
LOH: Loss of heterozygosity; MLPA: Multiplex 
ligation-dependent probe amplification.

PCR-LOH MLPA aCGH FISH/CISH

19q13.1–13.4

19p13.1–13.30
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platforms are used for array CGH. Whereas the 
majority of CGH arrays are intended for research 
purposes, first array CGH analysis are offered for 
the routine diagnostic setting [44].

●● Evaluation
The evaluation of hybridization results requires 
an adequately equipped fluorescence microscope 
(see FISH). High spatial resolution images are 
then processed by dedicated and commercially 
available CGH softwares. A ‘relative copy num-
ber karyotype’ which presents chromosomal 
areas of deletions or amplifications is generated 
by averaging the ratios of several metaphases and 
plotting them along an ideogram, a diagram 
identifying chromosomes based on banding 
patterns. Interpretation of ratio profiles depends 
on fixed or statistical thresholds. Copy number 
deviations between tumor and reference DNA 
are defined as loss with ratios <0.8 and gain >1.2.

●● Advantages

●● CGH constitutes a ‘whole-genome’ array, 
which allows for detection of DNA copy num-
ber variations simultaneously at multiple sites, 
whereas FISH is limited to a specif ic 
chromosomal locus (see Figures 1 & 2);

●● Oligonucleotide-based array CGH offers 
greatly improved resolution.

●● Shortcomings
●● CGH is labor intense and requires an expert 
person skilled in chromosome identification 
[39];

●● Care must be taken to avoid DNA 
contamination at any step;

●● Inability to detect structural chromosomal 
aberrations without copy number changes 
with CGH;

●● Inconsistencies in visualization and imaging 
softwares as well as interpretation parameters 
may compromise reproducibility and 
interlaboratory comparisons.

●● Analytical performance
Several research reports have used array CGH 
technology for the detection of 1p 19q loss in 
oligodendrogliomas  [39,45–47]. Additionally, 
high concordance rates of CGH results with 
PCR-based microsatellite analysis have been 
found [48]. Still, the feasibility of array CGH for 
diagnostic use requires further evaluation [49].

Single nucleotide polymorphism array
●● Methodological background

Single nucleotide polymorphisms (SNPs) are 
the most common types of genetic variation 
and are highly conserved within a population. 
SNP arrays have originally been designed to 
genotype human DNA at thousands of 
SNPs across the genome simultaneously  [50]. 
However, meanwhile important applications 
include not only genetic linkage studies assess-
ing individual disease susceptibility but also 
the detection and characterization of copy 
number variations including LOH [50].

●● Materials & methods
SNP arrays can be performed on FF or FFPE 
tissues  [51]. Commercially available probe-
based SNP array platforms include those of 
Affymetrix® (CA, USA) and Illumina® (CA, 
USA). Both use different chemistries, although 
they share several aspects [50]. Fluorescence sig-
nal intensity after hybridization of target DNA 
to nucleotide probe sequences depends upon the 
amount of target DNA and affinity between tar-
get and probe [50,52]. Thereby, SNP arrays allow 
for simultaneous screening of several millions 
of genetic markers with a genotyping accuracy 
of over 99.5% according to the manufacturer’s 
specifications.

●● Evaluation
Analysis of SNP array raw data necessitates the 
use of advanced software algorithms which ena-
ble the detection of copy-number variation. Loss 
of heterozygosity (LOH) is typically detected 
by comparing tumor DNA to matched normal 
DNA of the same individual.
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Figure 3. Representative 1p 19q FISH images. Target signal: red; control signal: green; DAPI 
counterstained. (A) Normal diploid signal ratio (2 controls/2 targets), magnification 63×. (B) Deletion 
status (signal ratio 2 controls/1 target), magnification 63×. (C) Imbalance with relative loss 
(4 control/2 target signals), magnification 63×. (D) FISH on a 4-micron-thick tissue section 
(magnification 40×) displaying a case with deletion status (signal ratio 2 controls/1 target) of the 
majority of nuclei.
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●● Advantages
●● Like CGH, SNP arrays constitute a genome-
wide screening method allowing for simulta-
neous detection of DNA copy number vari-
ations at multiple sites with high resolution;

●● Major advantages of SNP arrays compared 
with CGH are its ability to distinguish dele-
tions from copy-neutral LOH (uniparental 
disomy) as well as the identification of small 
segmental deletions [53].

●● Shortcomings
●● Several shortcomings that apply for other 
molecular techniques also apply for SNP 
arrays, in other words, contamination of tumor 
tissue from normal preexisting cells is a con-
cern, there is a need for autologous blood sam-
ples, and it constitutes a cost- and labor-intense 

technique that requires expertise in software 
analysis;

●● However, a major limiting factor is that com-
mercially available SNP arrays are intended 
for research use only and not yet approved for 
diagnostic procedures.

●● Analytical performance
Several studies have reported concordant or 
even superior findings for SNP arrays compared 
with microsatellites  [53–56]. With regard to 1p 
19q, few studies using SNP arrays are avail-
able including case reports [57,58] or larger case 
series [53,59,60].

Chromogenic in situ hybridization
●● Methodological background

CISH enables genetic analysis in the context of 
tissue morphology. It uses differentially labeled 
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DNA probes to localize a specific DNA or 
RNA sequence in tissue specimens.

●● Materials & methods
CISH utilizes conventional peroxidase or alka-
line phosphatase reactions visualized under 
standard bright-field microscopy, and is appli-
cable to FFPE sections, metaphase chromo-
some spreads and fixed cells. 1p 19q CISH 
probes equivalent to 1p 19q FISH probes have 
recently become commercially available.

●● Evaluation
The evaluation of signal ratios is morp
hology-based and analogous to conventional 
FISH.

●● Advantages

●● CISH warrants permanent staining results 
and, thus, does not require image documen-
tation;

●● The evaluation of the hybridization result is 
morphology-based using light microscopy 
and allows simultaneous multi-investigator 
evaluation [61];

●● Identical locus-specific hybridization probes 
exclude the possibility of discrepant test 
results due to different hybridization 
sites [42];

●● CISH uses only standard methods, which 
are already present in histology labs;

●● Minimum amount of training required and 
moderate overall costs [42].

●● Shortcomings

●● The experience with 1p 19q CISH is limited, 
so far, to a single center report [42];

●● Methodological issues in analogy to FISH 
also apply to CISH (e.g., no proof of LOH 
in presence of polysomies) [61].

●● Analytical performance
So far, experiences with CISH are limited to a 
single center report, which found high concord-
ance between FISH and CISH results (93%, 
39/42 cases). Validation of discrepant findings 
in the remaining few cases by repeated FISH 
and independent PCR-based microsatellite 
analysis further substantiated the CISH results, 
thereby suggesting superiority of CISH-based 
testing [42].

PCR–based microsatellite analysis
●● Methodological background

Polymerase chain reaction (PCR)-based LOH 
analysis is based on the amplification of multiple 
microsatellite markers composed of short tandem 
repeats on the chromosomes of interest. Based 
on the comparison with paired nontumor DNA 
(usually autologous blood leukocytes, but micro-
dissection of bordering nontumor tissue is also 
possible [49]) polymorphisms are identified and 
amplicons are scored as heterozygous (informa-
tive), homozygous or indeterminate. A deletion 
is defined as reduction from heterozygosity to 
homozygosity [27].

●● Materials & methods
Working steps include DNA extraction from 
tumor and paired nontumor tissue, DNA 
amplification, as well as a gel or CE system, 
and visual inspection using autoradiographs, 
silver stainings or fluorescent labels for auto-
mated sequencing. For PCR-based microsat-
ellite analysis FF tissue is preferred although 
it can also be performed on FFPE tissues. 
PCR-based microsatellite analysis can also be 
applied in cases, where no autologous control 
DNA is available but the technique is then less 
robust as it is more prone to contamination 
from normal tissue [39]. Microsatellite markers 
are usually selected based on amplicon size and 
high heterozygosity score (usually up to four 
or five microsatellites extending from 1p22 
to 1p36.22 and from 19q13.31 to 19q13.32, 
respectively). So far, no consensus exists with 
regard to the exact number and location of 
microsatellite markers. However, the primer 
set, which has been used by the EORTC study 
‘primary chemotherapy with temozolomide 
versus radiotherapy in patients with low-grade 
gliomas after stratification for genetic 1p 19q 
loss: a Phase II study’ and already applied to 
a large series of routine diagnostic patients 
has been published along with the detailed 
protocol [49].

●● Evaluation
The evaluation is optimally done together with 
paired normal DNA as reference in order to 
determine whether the germline is homozygous 
(noninformative) or heterozygous (informa-
tive) at a specific locus and hence, whether 
homozygous amplicons from the tumor rep-
resent LOH. Peak reductions of 50% for one 
allele can be easily detected  [49]. Data from 
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several highly polymorphic loci are combined 
to conclude that there is a high likelihood of 
loss of heterozygosity if all microsatellite loci 
show only one allele (single allele pattern) in 
tumor compared with control DNA  [41]. So 
far, there is no consensus on the exact num-
ber of microsatellite markers to use and how 
to interpret partial deletions.

●● Advantages
●● PCR-based microsatellite analysis is able to 
detect DNA loss and reduplication, whereas 
FISH/CISH and CGH cannot [39];

●● Microsatellite markers are typically distrib-
uted along the entire chromosomal arms (see 
Figures 1 & 2), whereas FISH probes hybridize 
only to specific subtelomeric loci.

●● Shortcomings
●● PCR-based microsatellite analysis requires 
autologous nontumor DNA as control; 
obtaining and storing blood samples from 
each patient imposes a logistical challenge in 
practice  [49], but more advanced techniques 
can overcome this (see the ‘More advanced 
PCR-based methods’ section);

●● There is no consensus on exact numbers of 
microsatellite markers and interpretation of 
partial deletions;

●● As for every other technique the infiltration 
zone may not yield reliable results due to high 
non-neoplastic cell load [49];

●● There may be a potential difference in hete-
rozygosity scores at tested loci across different 
ethnic populations [41];

●● There may be difficulties of extracting suffi-
cient tumor DNA from small amounts of 
FFPE tissues.

●● Analytical performance
Excellent concordance of PCR-based micro-
satellite analysis with FISH and CGH results 
has been shown by multiple works on large case 
series [32,37,39–41].

●● More advanced PCR-based methods
In order to overcome the need for autologous 
blood samples as a major limitation factor for 
PCR-based microsatellite marker analysis, more 
advanced PCR-based assays have been devel-
oped such as quantitative microsatellite analysis 
based on real-time quantitative PCR [27], multi-
plex PCR [41] and multiplex ligation-dependent 
probe amplification MLPA  [62]. All of these 
methods are independent from autologous 
blood samples.

Real-time PCR analysis is based on selected 
marker and reference genes. It uses a multi-
gene-containing recombinant DNA standard 

Table 1. Overview of common molecular techniques used to detect 1p 19q loss. 

Technique FISH CISH aCGH PCR-based LOH MLPA

Tissue FF, FFPE FF, FFPE FF (FFPE) FF, FFPE FF (FFPE)
Material/tissue Isolated nuclei or tissue 

sections
Isolated nuclei or tissue 
sections

1 μg DNA 50 ng tumor 
and control 
DNA

50 ng DNA

Tissue prerequisites Solid tumor (infiltration 
zone)†

Solid tumor (infiltration 
zone)†

Solid tumor Solid tumor Solid tumor (infiltration 
zone)

DNA resolution 100–500 bp 100–500 bp 100–200 bp 10–100 bp 1–40 bp
Number of 
investigated loci

1–3 loci 1–3 loci Up to 500,000 
loci

1–5 loci Up to 45 loci�

Amount of training 
required

High Medium High Low Low

Commercial availability Yes Yes Yes Yes Yes
Costs High Low High Medium Medium

Evaluation of results Morphology based Not morphology based

Routine diagnostic use + + ± + ±
Analytical performance High Promising High High High
†If morphologically identifiable.
aCGH: Array comparative genomic hybridization; CISH: Chromogenic in situ hybridization; FF: Fresh frozen; FFPE: Formalin-fixed paraffin embedded; LOH: Loss of heterozygosity; 
MLPA: Multiplex ligation-dependent probe amplification.
Adapted with permission from LWW [67].
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that allows quantitative analysis of absolute 
ratios of marker to reference gene copy num-
bers in sample DNA (normal ratio 1/1, dele-
tion <0.8 amplification >1.2) [63]. While real-
time PCR  (rtPCR) depends on copy number 
(reference genes compared with marker genes) 
rather than polymorphisms, theoretically all 
loci should be informative  [27]. MLPA is a 
multiplex PCR-based method which is able 
to detect changes in copy number, DNA 
methylation and point mutations simultane-
ously. It recognizes target sequences of only 
50–100 nucleotides in length (high-resolution 
gene dosage assay) thereby allowing analysis 
of highly fragmented DNA. MLPA facilitates 
the amplification process and detects multiple 
targets with a single primer pair  [64]. MLPA 
is, thus, a reliable, cost-effective and robust 
method, which can be performed using a 
standard thermocycler and CE equipment [65]. 
Primer sets containing approximately 40 
MLPA probes and nine control fragments are 
commercially available (e.g., Salsa MLPA®). 
However, the kits are distributed for research 
purposes only and, so far, not CE/US FDA 
certified for routine diagnostic use. In any 
case, intrasample and intersample normaliza-
tion need be performed.

●● Advantages

●● No need to use paired nontumoral DNA 
(blood leukocytes) from the patient;

●● Percentage of tumor cells up to at least 50% 
is sufficient;

●● Large intrageneic deletions can be identified.

●● Shortcomings

●● Like with microsatellite analysis there is no 
consensus on the definition of a deletion sta-
tus; a recent work using MLPA suggests at 
least four probes for 1p and two probes for 19q 
with normalized values under 0.75 [64];

●● Amplification products can be noisy, as mul-
tiple lengths of PCR products can be produced 
from cells even with homozygous loci [63];

●● Inherited with PCR-based molecular assays is 
the inability to detect copy neutral events such 
as chromosomal translocations [63];

●● Both, rtPCR and MLPA rely on the stability 
of reference genes – therefore the choice of 
reference genes residing on relatively stable 

areas of cancer-specif ic genomes is 
important [63].

●● Analytical performance
For both methods, rtPCR and MLPA, high 
concordance of results was found for CGH [66], 
FISH [62,63] and PCR-LOH [32,64].

Conclusion
A number of molecular genetic techniques are 
available for 1p 19q deletion status assessment. 
The most widely used techniques for routine 
diagnostic use are FISH and PCR-based micro-
satellite analysis. Both techniques are suitable 
for archival FFPE tissues and have their unique 
advantages and disadvantages. Probably, the 
most important advantage of FISH is its mor-
phology-based evaluation, which is intuitive 
to pathologists. PCR-based LOH analysis in 
contrast, is a rapid and efficient technique 
but is dependent on autologous DNA samples 
extracted from non-neoplastic tissue. Although 
both techniques show high concordance of 
results and are generally considered valid tests, 
still, important issues remain to be addressed: 
intra- and inter-laboratory comparisons have 
to be further scrutinized and consensus on 
the test evaluation need to be defined for both 
methods. The choice of which test to use also 
depends on the available laboratory infrastruc-
ture and the experience of the technical and 
academic staff. More advanced molecular-
genetic methods such as array CGH, SNP 
arrays, MLPA and rtPCR have been mostly 
used for research purposes, so far. Relevant 
issues include cost efficiency and a high level 
of training and experience for the staff. Their 
applicability as diagnostic tests will have to be 
evaluated in the future. Among the various 
test methods, CISH evolves as a potentially 
interesting alternative to FISH, as it is easy to 
implement and independent from fluorescence 
microscopy (Table 1). 
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