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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 

E4.11.1 Standards E4.5.1.1, E4.5.1.3, E4.5.2, E4.5.3.1 
and E4.5.3.2 also apply
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E4.5.1 Nucleic acid extraction 
E4.5.1.1 The method used for nucleic acid extraction: 
E4.5.1.1.1 Must be published and documented 
E4.5.1.1.2 Must be validated in the laboratory 
E4.5.1.2 Purity and concentration of Nucleic Acids: 
E4.5.1.2.1 Must be sufficient to ensure reliable test results 
E4.5.1.2.2 Should be determined for each sample, or 
E4.5.1.2.3 If not determined for each sample, the laboratory must have 

tested and validated this policy 

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 



8Laboratorio d’Immunogenetica dei Trapianti - Polo di Ricerca di San Paolo
Dipartimento di Oncoematologia e Terapia Cellulare e Genica

IRCCS Ospedale Pediatrico Bambino Gesù

E4.5.1.3 If the DNA is not used immediately after purification, 
suitable methods of storage must be available that will 
protect the integrity of the material 

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.5.2 Electrophoresis 
E4.5.2.1 Optimal electrophoretic conditions must be documented 
E4.5.2.2 The laboratory must establish criteria for accepting each slab 

or capillary gel migration, and each lane of a gel or capillary 
injection 

E4.5.2.3 When the size of an amplicon is a critical factor in the 
analysis of data, size markers that produce discrete 
electrophoretic bands spanning and flanking the entire range 
of expected fragment sizes must be included in each gel 

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.5.3 Analysis
E4.5.3.1 Signal intensity
E4.5.3.1.1 Acceptable limits of signal intensity must be specified for 

positive and negative results
E4.5.3.1.1 If these are not achieved, acceptance of the results must be 

justified and documented
E4.5.3.2 The method of allele assignment must be designated
E4.5.3.3 The allele database must be: 
E4.5.3.3.1 Documented
E4.5.3.3.2 Updated at least once a year with the most current version of 

the IPD-IMGT/HLA database 
E4.5.3.4 If a manual allele call or interpretation of positive/negative 

reactions is performed for SSOP or SSP, two independent
interpretations of primary data must be performed, except
under justified special emergency situations

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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Version 7.0 
STANDARDS FOR HISTOCOMPATIBILITY 

& IMMUNOGENETICS TESTING

…gran parte degli standard relativi a section B, C, D ed F 
devono essere comunque rispettati…… 
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E4.11.2 The polymorphic gene system(s) used for HCE
monitoring must be identified and documented with regards to
allelic variability

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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Sensibilità crescente

- NGS (?)
- Real Time PCR  
- STR 
- VNTR
- FISH analysis (sex mismatched)
- HLA

Markers comunemente utilizzati per studiare il chimerismo
emopoietico nelle cellule nucleate

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.11.3 The sensitivity of the HCE assay must be validated
using DNA mixtures from two individuals at defined
ratios/concentrations, before implementation into clinical use

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 

E4.11.5 Donor and patient specific allele profiles must be:
E4.11.5.1 Determined using appropriate reference material
E4.11.5.2 Documented
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 

E4.11.6 Optimal ranges of DNA quantity and purity must be:
E4.11.6.1 Defined
E4.11.6.2 Documented
E4.11.6.3 If a sample falls outside these optimal ranges, a statement 

must be included in the report
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 

E4.11.7 Criteria for assignment of HCE results, on a qualitative or
quantitative basis, must be defined
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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E4.11 - Haemopoietic Chimaerism and 
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Interpretazione di profili STR 
misti 
Distinguere tra extrabande e alleli:
infatti a volte è possibile trovare
nell’elettroferogramma di un
sistema 3 o più alleli in un locus.

Questo non necessariamente
significa che ci si trovi di fronte ad
un campione misto, ma gli
extrapicchi possono essere
causati per esempio dalle “stutter
bands”, da artefatti non specifici o
da errori del software.
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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Cycle NumberCycle Number
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E4.11 - Haemopoietic Chimaerism and 
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 

E4.11.8 When multiple PCR primers are used in the same 
tube (multiplex PCR), results must take into account 
possible amplification bias
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 

Vanno eseguiti dei test
che tengano conto della
possibile amplificazione
preferenziale di alcuni
alleli rispetto ad altri. Le
possibili distorsioni (bias)
dovranno essere tenuti in
considerazione quando si
esegue la quantificazione
del chimerismo.



42

Version 7.0 - STANDARDS FOR 
HISTOCOMPATIBILITY & IMMUNOGENETICS TESTING



43Laboratorio d’Immunogenetica dei Trapianti - Polo di Ricerca di San Paolo
Dipartimento di Oncoematologia e Terapia Cellulare e Genica

IRCCS Ospedale Pediatrico Bambino Gesù

E4.11.9 When HCE testing is performed on cellular subsets
isolated by cell sorting, the purity of the sorted

population:
E4.11.9.1 Must be documented and
E4.11.9.2 Taken into account in the analysis of the results
E4.11.9.3 If this is not possible it must be clearly stated in the
report

E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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Il monitoraggio dell'attecchimento dopo il 
trapianto di cellule staminali emopoietiche: 

tra standard EFI e rilevanza clinica

E4.11.10 For quantitative HCE monitoring by quantitative PCR 
(Q-PCR), the following must be defined

E4.11.10.1 Chemistry used
E4.11.10.2 Internal control gene
E4.11.10.3 Thresholds for positive and negative results of each 

reaction
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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Il monitoraggio dell'attecchimento dopo il 
trapianto di cellule staminali emopoietiche: 

tra standard EFI e rilevanza clinica

E4.11.12 In addition to the requirements from standard F3.5.7, the 
report must contain 

F3.5.7 Information regarding the condition and disposition of 
specimen that did not meet the laboratory’s criteria for 
acceptability
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Il monitoraggio dell'attecchimento dopo il 
trapianto di cellule staminali emopoietiche: 

tra standard EFI e rilevanza clinica

E4.11.12.1 A description of the specimen used for testing (bone 
marrow, peripheral blood, cellular subsets isolated by 
cell sorting etc.)

E4.11.12.2 The date of transplant
E4.11.12.3 Other information if deemed relevant for HCE 

interpretation (i.e. limited informative markers or clinical 
condition of the patient)
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E4.11 - Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 

A description of the
specimen used for
testing (bone marrow,
peripheral blood,
cellular subsets
isolated by cell
sorting etc.)

The date of transplant

Other information if
deemed relevant for
HCE interpretation
(i.e. limited
informative markers
or clinical condition
of the patient)
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Rispetto degli standard EFI

Ricadute cliniche legate allo status dell’attecchimento dopo HSCT
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Il monitoraggio dell'attecchimento dopo il 
trapianto di cellule staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Huisman C et al. Bone Marrow Transplant. 2007 

Il monitoraggio dell'attecchimento dopo il trapianto 
di cellule staminali emopoietiche: 
tra standard EFI e rilevanza clinica
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Huisman C et al. Bone Marrow 
Transplant. 2007 

In campioni biologici
prelevati ad 1 e 6 months
dopo HSCT, la presenza di
CC/decreasing MC era
significativamente correlata
ad un ridotto rischio di
realapse e di mortalità
rispetto a pazienti con
MC/increasing MC.
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tra standard EFI e rilevanza clinica
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Bader P et al. Bone Marrow 
Transplant. 2004 Apr;33(8):815-21.
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Overall survival probability (a)
and relapse probability (b) in
the complete donor chimerism
(CC), increasimg mixed
chimerism (IMC), stable mixed
chimerism (SMC), and
decreasing mixed chimerism
groups (DMC),
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Il monitoraggio dell'attecchimento dopo il 
trapianto di cellule staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Koldehoff M et al. Am J Hematol.. 2006 
Oct;81(10):735-46.

Subsequently, the higher
sensitivity of SNP-PCR resulted
in an earlier detection of MC in
42 patients (P < 0.0001), many
of whom relapsed to a later
point in this study. Using
realtime SNP-PCR we detected
a MC in patients 119.6 days
(mean) prior to the occurrence
of relapse compared to 29.6
days prior to the time point of
relapse by STR-PCR using
agarose or polyacrylamide gel
resolution.
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Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Biol Blood Marrow Transplant 
23 (2017) 1658–1668

They retrospectively studied commercial qPCR and STR chimerism with respective
positivity thresholds of .1% and 1% in 359 peripheral blood (PB) and 95 bone
marrow (BM) samples from 30 adult patients after first HLA-matched SCT for
myeloid malignancies or acute lymphatic leukemia.

qPCR predicted all 8/8 relapses with samples in the 6 months before onset by
sustained positivity in both PB and BM compared with 1/8 relapses predicted by
STR mainly in BM.
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Vago et al. The New England Journal of Medicine, 2009

Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Mixed Chimerism

Rejection

Complete 
Chimerism

Persistent Mixed  Chimerism

In Haemoglobinopathies

Tollerance

Over the time after HSCT

Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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At least 20% donor myeloid 
chimerism is necessary to 

reverse the sickle phenotype 
after allogeneic HSCT

Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica
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Il monitoraggio dell'attecchimento dopo il trapianto di cellule 
staminali emopoietiche: 

tra standard EFI e rilevanza clinica

Laboratorio d’Immunogenetica dei Trapianti - Polo di Ricerca di San Paolo
Dipartimento di Oncoematologia e Terapia Cellulare e Genica

IRCCS Ospedale Pediatrico Bambino Gesù



71

Controlli di qualità ISS
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Haemopoietic Chimaerism and 
Engraftment (HCE) Monitoring 
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