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1 INTRODUCTION 

Professional guidelines for Cytogenetics laboratories incorporate the standards imposed by 

regulatory bodies (Clinical Pathology Accreditation (CPA) [1] and by statute (Clinical 

Governance), while taking into account current practice in the UK. Elements of the service 

not subject to statute may be varied according to local constraints and agreements. It must 

be noted that these guidelines are minimum requirements and that professional judgement 

is of paramount importance for many circumstances. 

It is important that laboratories are aware of, and comply with, any additional requirements 

relating to cytogenetic analyses which may be set by national clinical trials. 

Cytogenetic laboratories should provide onward referral to specialist laboratories when 

necessary, or advice on where appropriate further testing may be performed. 

The use of ‘must’ in this document indicates a requirement and the use of ‘should’ indicates 

a recommendation. Where there appears to be contradiction between available guidelines, 

the most recently published should be taken to apply to all. 

All cytogenetic laboratories must be accredited to nationally or internationally accepted 

standards. Laboratories must participate in an External Quality Assessment Scheme for all 

aspects of their service for which a scheme is available [2]. 

These guidelines relate to acute myeloid leukaemia (AML) and myelodysplastic syndromes 

(MDS) and make up part of the Haemato-Oncology Best Practice Guidelines. They should be 

used in conjunction with the following documents; Professional Guidelines for Clinical 

Cytogenetics: General Best Practice Guidelines (2007) [3], Professional Guidelines for 

Clinical Cytogenetics: Haemato-oncology (2007) [4]. 

In addition to Cytogenetic laboratories, a range of other Pathology or University groups may 

be involved in genetic testing of myeloid malignancies, and provision of specific assays may 

vary between different regions.  These guidelines are aimed principally at Association for 

Clinical Cytogenetics (ACC) laboratories offering, as a minimum, chromosome and FISH 

analysis. 
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2 ACUTE MYELOID LEUKAEMIA and MYELODYSPLASTIC 

SYNDROMES 

2.1 Background 

Cytogenetic analysis is integral to the diagnosis and/or classification of both AML and MDS, 

and is recommended in clinical guidelines [5,6].  Detection of  disease-specific abnormalities 

can allow the correct diagnosis to be reached, provide information on prognosis and allow a 

risk classification to be made.  It can also be useful in assessing disease progression or 

response to treatment. This information can be used by the clinician to counsel the patient 

and to select the appropriate mode of treatment. 

2.1.1 AML 

Clonal karyotype abnormalities are found in leukaemic cells in approximately 55% of adult 

AML cases and 78% of childhood  AML [5-7]:  detection of these abnormalities can aid the 

diagnosis by demonstration of clonality    Many abnormalities are not specific to AML and 

general markers of myeloid neoplasia are common. Within the World Health Organisation 

Classification of Tumours of Haematopoietic & Lymphoid Tissues 2008 [8], a number of 

diagnoses within AML are now defined by specific cytogenetic abnormalities. 

Therapy-related AML is a recognized entity occurring as a complication after cytotoxic 

and/or radiation therapy. Two main groups have been described;  (i) leukaemias arising 5-7 

years after therapy with alkylating agents or irradiation, and associated with abnormalities 

of chromosome arms 5q and/or 7q, and (ii) occurring with a shorter latency of 2-3 years, 

following treatment with agents targeting topoisomerase II:  these are often associated with 

translocations involving 11q23 (MLL gene) or 21q22 (RUNX1 gene) [5].   

2.1.2 MDS 

Approximately 40% of adult MDS cases show clonal karyotype abnormalities in bone 

marrow cells [9]; detection of these can aid the diagnosis of MDS by demonstration of 

clonality, although few of the abnormalities are specific to MDS or to any subtype.   

Importantly, MDS can be diagnosed in cases of persistent cytopaenia, without signs of 

myelodysplasia, if a recognised cytogenetic abnormality is present:  see appendix 1.    

Guidance on those abnormalities defining cytogenetic risk groups in adult MDS (>16 years)  

can be found in the International Prognostic Scoring System IPSS [9], see appendix 6. 

It is likely that the identification of specific cytogenetic abnormalities will increasingly be 

used in the selection of specific therapies, e.g. the use of lenalidomide in MDS with del(5q) 
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as the sole abnormality [10] and azacitidine in patients with chromosome 7 abnormalities 

[11].   

2.2 Diagnostic testing 

2.2.1  Sample requirements 

The preferred sample for chromosome analysis is bone marrow taken into a heparinised 

container and transported promptly to the laboratory. Many laboratories provide culture 

medium to local Haematology / Oncology units for transport of samples. 

In AML, if bone marrow is not available, e.g. unsuccessful aspiration, then blood samples 

can be used for cytogenetic analysis provided circulating blasts cells are present. Blood 

samples are not appropriate for the assessment of MDS. 

For cases requiring urgent or specific FISH analyses - e.g. APML at presentation, or 

confirmation of relapse – bone marrow smear slides may be useful. 

2.2.2 Cultures 

It is recommended that a method of cell counting is used, so that final culture densities can 

be optimised to approximately 1x106/ml.  

When there is sufficient sample, at least two culture types should be initiated to increase the 

chance of obtaining analysable abnormal metaphase preparations and detecting the 

abnormal clone. Standard one and/or two day cultures are appropriate for all myeloid 

disorders.  

It has been reported that growth factor supplements, such as granulocyte colony stimulating 

factor, granulocyte macrophage colony stimulating factor and interleukin-3, may improve 

the quality of cytogenetic preparations and facilitate chromosome analysis in myeloid 

malignancies [12]. 

Occasionally, AML may present as a solid, extra-medullary granulocytic sarcoma  either with 

or without concurrent bone marrow infiltration.  Cytogenetically, t(8;21)(q22;q22) or 

inv(16)(p13q22) are frequent findings.  Tissue samples should be disaggregated to produce 

a cell suspension; this may then be cultured, processed and analysed in the same way as 

bone marrow. 
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2.2.3 Analysis 

2.2.3.1 G-banded analysis for AML and MDS at diagnosis 

 

For all diagnostic cases, if no clonal abnormality is detected by G-banding, a minimum of 20 

metaphases must be examined, with at least 10 of these being fully analysed. If fewer than 

20 suitable metaphases are available, the result must be reported with a ‘partial analysis’ 

caveat.  

If 10 cells cannot be fully analysed in a case with normal cytogenetics then this must be 

considered a failed analysis. 

Where an abnormal clone is detected, examination of 10 metaphases is recommended, with 

at least five of these being fully analysed.  Abnormal results may, if necessary, be reported 

on fewer metaphases, provided that the ISCN criteria for a clone are fulfilled (i.e. two or 

more cells with same extra chromosomes or structural rearrangements, or three or more 

with the same chromosome loss). FISH may be useful to corroborate the presence of 

abnormalities tentatively identified in such restricted analyses. 

In the case of finding a single cell with a potentially significant abnormality, such as loss of 

chromosome 7, it is recommended that a minimum of 10 additional cells are scored in order 

to exclude this, or that FISH analysis is considered. 

Liaison with referring clinicians is especially important in the MDS referral category, since 

the clinical presentation of MDS may overlap with many non-clonal disorders.   Unnecessary 

cytogenetic analyses may be avoided in many cases if a ‘gatekeeping’ review is incorporated 

after the examination of bone marrow morphology. 

2.2.3.2 FISH/RT-PCR analyses at diagnosis 

acute promyelocytic leukaemia (APL).  If APL is suspected at presentation, rapid 

analysis of RARA rearrangement status may be necessary and this may be best achieved by 

FISH or  RT- PCR.   

It is important to distinguish between t(15;17)(q24;q21) PML-RARA  and t(11;17)(q23;q21) 

ZBTB16(PLZF)-RARA in APL since these have differing responses to ATRA [13].  In the 

situation where metaphase chromosomes are unavailable and FISH indicates RARA 

rearrangement but not PML-RARA fusion, then analysis should be undertaken to rule out 

ZBTB16(PLZF) involvement.  Since there are currently no commercial FISH probes for 

ZBTB16(PLZF)-RARA,  this may require referral to another laboratory. 
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It is important to note that variant rearrangements can occur which are both chromosomally 

cryptic and also normal by FISH analysis using both PML-RARA dual fusion and RARA 

breakapart probes. RT-PCR analysis must be performed in such cases; this may require 

referral to another laboratory. 

 NB/ the recently redefined location for PML is 15q24;  this should be used in the 

translocation ISCN. 

inv(16)(p13q22).  This subtle rearrangement may be overlooked in poor quality 

preparations. In cases where G-banding shows  apparently normal chromosomes 16, FISH 

or RT-PCR analyses must be carried out if (i) the haematologist reports bone marrow 

morphology consistent with inv(16), or (ii) secondary abnormalities associated with inv(16), 

such as deletion of 9q or trisomy 22, are identified in the karyotype.  Even if an inv(16) is 

detected by G banding, it is recommended that FISH or RT-PCR be used to confirm the 

interpretation. 

bi-phenotypic leukaemia / leukaemia in infants (<12 months).  Since 11q23 

rearrangements can be subtle or cryptic, FISH using probes for MLL gene rearrangements 

must be carried out unless an 11q23 rearrangement is unequivocally identified by G-

banding. 

Fanconi Anaemia (FA).  It is recommended that loss or deletion of chromosome 7 is 

excluded in all children for whom Fanconi anaemia is a possible diagnosis. In confirmed FA, 

it is recomended to use FISH to screen for loss/deletion of chromosome 7 and duplication of 

3q (using MECOM probe) [14] 

Shwachman-Diamond syndrome.    Clonal karyotype aberrations are common, most 

frequently  i(7)(q10) and del(20q), but these may be transient and do not necessarily 

indicate MDS or imminent transformation to AML [15]. 

double minutes or homogenously staining regions.  In AML, these most commonly 

represent amplifications of MYC or MLL.  This may be confirmed by FISH analysis. 

2.2.3.3 Karyotype unsuccessful – FISH panels 

When chromosome analysis is unsuccessful due to lack of metaphases or poor quality 

preparations, interphase FISH and/or RT-PCR should be considered to investigate 

abnormalities of established prognostic importance.  The need for such studies will vary 

from case to case, and is best assessed by liaison with the referring clinician, taking into 

account the potential impact on clinical management approaches.. 
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If interphase FISH is required, then - in AML - it may be appropriate to include the following 

genes and rearrangements in the investigation:  inv(16), t(15;17), t(8;21), MLL, 5q, 7q, 

TP53, 3q26.  Fusion genes may be assessed also by RT-PCR analysis. 

In MDS, the case for extended FISH panels is not as strong as in AML, but investigation of 

5q and 7q may be helpful in individual cases.  If an abnormal population is detected, it may 

be necessary to undertake a series of further FISH tests to investigate the possibility of 

karyotype complexity. 

2.2.4 Interpretation and Reporting (AML and MDS) 

Abnormal results must be linked where possible to WHO classification subtypes [8]. 

If a patient is known to be entered onto a particular trial, then the appropriate risk 

stratification should be given according to the trial classification. If there is a discrepancy 

with more recent data, then this should be highlighted (e.g. AML17 relates to Grimwade et 

al. 1998 data [16] and not to the more recent Grimwade et al. 2010 [17]). 

Importantly, MDS can be diagnosed in cases of persistent cytopaenia without signs of 

myelodysplasia if a recognised cytogenetic abnormality is present. A number of 

abnormalities are specified in appendix 1, although this excludes +8, del(20q) and –Y which 

are not considered sufficient evidence to diagnose MDS in the absence of morphological 

features. 

2.2.4.1 Karyotype complexity 

Historically, the criteria used to classify karyotype complexity have not been clearly or 

consistently defined. The number of abnormalities used to define complexity differs in AML 

and MDS, and so reports must refer to a particular prognostic scheme; this can be 

problematic since a diagnosis is often not confirmed at the time of requesting cytogenetics, 

and AML and MDS are on the same disease spectrum.  For AML, it is recommended to use 

the classification of complexity described in Grimwade et al. 2010 [17] (see appendix 2), 

which stipulates ≥ 4 abnormalities.  The classification of Chun et al. (2009) [18] is 

recommended for scoring the number of cytogenetic abnormalities in MDS (see appendices 

3 and 6).   

2.2.4.2 Prognosis 

Many cytogenetic abnormalities in AML and MDS carry a prognostic association. Information 

regarding prognosis may be derived from WHO [8], or where a specific prognosis is based 

on multiple publications or inclusion on national or international trials. In such cases, 

prognostic associations must be reported.   
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2.2.4.3 AML 

The prevailing system of cytogenetic risk classification for adult AML (age16-59) in the UK is 

given in Grimwade et al.2010 [17]; see appendix 4.  

Recently,  ‘monosomal karyotype’ has been proposed as a marker of adverse prognosis in 

AML [19]. 

For paediatric AML, the cytogenetic risk classification recommended is given in Harrison et 

al.2010 [20];  see appendix 5. 

2.2.4.4 MDS 

The international prognostic scoring system (IPSS) for primary MDS in adults is in common 

use [9]:  this includes cytogenetic findings – see appendix 6.   While karyotype findings in 

childhood MDS are reported to be prognostically important [21], the IPSS scoring system is 

not used. 

2.2.4.5 Special considerations 

-Y and +15 

The interpretation and reporting of loss of the Y chromosome or trisomy 15 is problematic.  

Both features are seen in bone marrow cells of elderly patients with no haematological 

disease, but may also occur as markers of neoplastic myeloid clones  [22]. 

Secondary abnormalities 

When seen with the favourable risk rearrangements t(8;21), inv(16) and t(15;17), these 

are held to have no additional prognostic significance [13]. 

2.3 Follow up testing 

2.3.1.1 Monitoring response to treatment or remission in AML and 

MDS 

Chromosome analysis, FISH or RQ-PCR targeted at clonal abnormalities identified at 

diagnosis can be useful in monitoring response to treatment. This applies especially to APL, 

where the morphological distinction between residual leukaemic cells (PML-RARA fusion-

positive) and normal promyelocytes can be problematic. 

If only a normal karyotype was recorded at diagnosis, then cytogenetic analysis is not 

appropriate unless relapse or persistent disease is suspected. 
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2.3.1.2 Relapse or Progression 

At relapse or progression of disease, chromosome analysis can be valuable to confirm the 

clonal provenance of the disease, identify karyotype evolution, or indicate a secondary 

malignancy.  Analytical requirements at relapse or apparent relapse are the same as at 

diagnosis. 

2.4 Reporting times 

Provisional reports on rapid tests 

 95% should be reported within 3 working days. 

Urgent referrals (new cases of AML and suspected relapse cases) 

 95% should be reported within 14 calendar days. 

Routine referrals (including follow up samples)  

 95% should be reported within 21 calendar days. 
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3 Appendices 

3.1 Appendix 1 – Recurring abnormalities in MDS 

Taken from p93 of the WHO classification, 2008 [7]. 

In bold:  abnormalities indicative of MDS independent of morphological features. 

+8 

-7 or del(7q) 

-5 or del(5q) 

del(20q) 

-Y 

i(17p) or t(17p) 

-13 or del(13q) 

del(11q) 

del(12p) or t(12p) 

del(9q) 

idic(X)(q13) 

t(11;16)q23;p13.3) 

t(3;21)(q26.2;q22.1) 

t(1;3)(p36.3;q21.2) 

t(2;11)(p21;q23) 

inv(3)(q21q26.2) 

t(6;9)(p23;q34) 

 

3.2 Appendix 2 - Definition of complexity for AML 

according to Grimwade et al, 2010 [13] 

Complexity is defined by the number of unrelated abnormalities present. 

Single abnormality: balanced translocation, trisomy, monosomy 

Two abnormalities:  gain of two chromosomes (including tetrasomy), gain of a derivative 

chromosome, unbalanced translocations leading to gain and loss of chromosomal material 

e.g. der(7)t(1;7)(q21;q22)  
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3.3 Appendix 3 - Counting the number of karyotype 

aberrations  in MDS  

(according to Chun et al. 2009 [18]) 

General rule: count one aberration for each item between commas in the nomenclature 

string.  More specifically: 

• count 1 aberration for each numerical change (including -Y), balanced translocation 
and simple structural change; 

• count 1 aberration for each complex structural change; 

• count 0 for a constitutional aberration, but if in doubt, count 1 aberration; 

• when multiple clones are present, add all independent aberrations, but count a single 
(specific) change only once; 

• count 1 aberration for tetraploidy; 

• for the IPSS cytogenetic risk, until it is revised, all chromosome 7 abnormalities are 
considered “poor”  

3.4 Appendix 4 - Cytogenetic risk groups in AML (aged 

16-59) 

Cytogenetic risk groups for AML patients aged 16-59 at diagnosis (Grimwade et al. 2010) 

Risk Group Abnormality Comment 

Favourable 
t(8;21)(q22;q22) 

inv(16)(p13q22)/t(16;16)(p13;q22) 

t(15;17)(q21;q24) 

Irrespective of 

additional 

cytogenetics 

abnormalities 

Intermediate Entities not classified as favorable or 

adverse 
 

Adverse 

abnormal 3q [excluding 

t(3;5)(q21~25;q31~35)] 

inv(3)(q21q26)/t(3;3)(q21;q26) 

add(5q), del(5q), -5, 

-7, add(7q)/del(7q) 

t(6;11)(q27;q23) 

t(10;11)(p11~13;q23) 

t(11q23) [excluding 

t(9;11)(p21~22;q23), 

t(11;19)(q23;p13)] 

t(9;22)(q34;q11) 

-17/abn(17p) 

Complex (≥4 unrelated abnormalities) 

Excluding cases with 

a favourable 

karyotype 
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3.5 Appendix 5 - Risk definition for children with AML 

 (Harrison et al. 2010) 

Risk Group Abnormality 

Favourable t(8;21)(q22;q22) 

inv(16)(p13q22) 

Intermediate all other karyotypes 

Adverse 

5q abnormalities 

-7 

t(6;9)(p23;q34) 

t(9;22)(q34;q11) 

12p abnormalities 

 

3.6 Appendix 6 - Cytogenetic subgroups in MDS 

Cytogenetic subgroups within the International Prognostic Scoring System (IPSS)  for adult 

MDS (Greenberg et al., 1997) 

Subgroup Abnormality 

Good 

Normal karyotype 

–Y   as sole abnormality 

del (5q)   as sole abnormality 

del (20q)   as sole abnormality 

Intermediate + 8 and others 

Poor 
Complex karyotype (≥ 3 abnormalities) 

chromosome 7 abnormalities 
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