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Summary
In allogeneic haematopoietic stem cell transplantation (HSCT), important clinical 
decisions depend upon assessment of chimerism, including immunosuppressant 
dosing and donor lymphocyte infusions (DLI), which in turn can have major impacts 
on disease control, graft- versus- host disease (GVHD), immunity and ultimately 
patient survival. There is a complex range of clinical and laboratory procedural 
considerations including methodology of testing, types of cell subset selection, 
frequency of testing, urgency of turnaround times (TATs), interplay with measurable 
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I N TRODUC TION

Allogeneic haemopoietic stem cell transplantation (HSCT) 
is a potentially curative treatment for both haematological 
malignancies and non- malignant diseases including bone 
marrow failure syndromes, haemoglobinopathies, congen-
ital immunodeficiencies, autoimmune diseases and meta-
bolic disorders.1 During the transplant course, it has become 
increasingly important to be able to track multilineage en-
graftment and monitor the relative contribution from host 
or donor stem cells to post- transplant lympho- haemopoiesis. 
The aims are to prevent rejection, unwanted autologous re-
constitution or relapse of malignant disease over time, in 
what is a complex, dynamic process. Chimerism analysis 
performs these functions utilising molecular differences 
between host and donor cells. It informs many aspects of 
post- transplant management acting as a trigger for interven-
tions including modulation of immunosuppression, CD34+ 
selected ‘top- ups’, second transplants and pre- emptive donor 
lymphocyte infusions (‘preDLI’).

Laboratory testing must be robust, reliable and respon-
sive to clinical need to facilitate decision- making according 
to the tempo of the underlying disease. A collegiate ap-
proach to the choice of tests, the schedule of testing, the re-
porting of results with clear reference to quality assurance 
parameters and their interpretation is important. Further 
standardisation should allow the effect of interventions to 
be systematically studied through clear audit and research 
strategies. Although newer technologies offer the exciting 
prospect of more sensitive and detailed dissection of these 
processes and may more effectively inform management 
decisions, careful thought is required when introducing 
these platforms. In the clinic, the optimal testing strate-
gies and thresholds for intervention need to be identified 
to allow national prospective audit of clinical outcomes. 
Recommendations should account for the spectrum of dis-
ease indications in adult and paediatric practice as well as 
the intensity of transplant conditioning and other proce-
dural aspects.

The wide variation in clinical and laboratory practices 
in this area highlights the need for evidence- based, expert- 
led consensus guidelines within UK NHS provision, with 
potential relevance to health services in other countries. To 
achieve these goals, representatives from UK transplant pro-
grammes (adult and paediatric) and associated laboratories 
participated in an online workshop followed by an iterative 
review process.

M ETHODS

This initiative was led by the British Society for Blood and 
Marrow Transplantation and Cellular Therapy (BSBMTCT) 
and included representation from the UK Cancer Genetics 
Group (UK CGG), a constituent group of the British 
Society of Genomic Medicine, NHS England Genomics 
Haematological Malignancies Working Group and UK 
NEQAS Leucocyte Immunophenotyping (UK NEQAS LI). 
First, a virtual workshop was held in March 2024 dedicated 
to discussing the place of chimerism testing in allogeneic 
HSCT—including laboratory testing considerations, the 
necessity of external quality assurance (EQA) and practical 
applications of chimerism testing in adult and paediatric 
practice. This involved key experts in HSCT, Clinical 
Genetics and Genetic testing laboratories with a UK NHS 
focus, but with relevance to HSCT programmes and health 
services in other countries. The methodology for the 
transplant- specific workshop was similar to that employed 
previously.2,3 The draft consensus document was then 
circulated to UK transplant directors, genetic laboratory 
participants and key stakeholders for additional comments 
which were included in the final manuscript.

Development of consensus recommendations

The final consensus recommendations were developed 
using:

residual disease (MRD) monitoring and duration of testing post- transplant. These 
aspects are routinely adapted according to disease indication, patient characteristics, 
donor source and intensity of transplant technique. To encourage the harmonisation 
of clinical and laboratory practice in the United Kingdom, we held a national 
workshop meeting to bring together key stakeholders to review the current literature 
with a view to producing a state- of- the- art position paper. Here, we present best 
practice consensus recommendations and identify key areas for future audit and 
research from the UK Cancer Genetics Group (UKCGG), NHS England Genomic 
Laboratory Hub (GLH) Haematological Oncology Malignancies Working Group, UK 
National External Quality Assessment Service for Leucocyte Immunophenotyping 
(UK NEQAS LI) and the British Society of Blood and Marrow Transplantation and 
Cellular Therapy (BSBMTCT).

K E Y W O R D S
allogeneic stem cell transplant, BMT, chimerism, DLI, PBSCT
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1. In- meeting polling to address targeted questions. Using 
this approach, all meeting attendees were involved in 
reaching consensus in real time.

2. In- meeting discussion following polling. These discussions 
were informed by state- of- the- art presentations on the day 
and subsequently collated. They complemented the in- 
meeting polling.

3. Further recommendations were produced with a view to 
harmonising practice in line with the targeted consensus 
statements and/or refining them in the light of published 
evidence.

4. Comments on the meeting manuscript from UK transplant 
directors, genetic or H&I laboratory participants and key 
stakeholders were used to modify the final consensus.

Individual recommendations carry superscript number-
ing to reflect these sources. Full in- meeting polling results 
are listed in Tables 1–3.

R E SU LTS

Participants

A full list of participants is given in Appendix. The 
meeting demographics included wide representation 
from all stakeholders in this area. There were 41 clinical 
geneticists, nine paediatric consultant haematologists, 21 
adult haematologists/BMT consultants, four clinical nurse 
specialists and three participants did not disclose full 
affiliations. Sixty- eight participants participated in the in- 
meeting polling.

In- meeting polls

Consensus over 80% was achieved on 16 statements 
(Table 1). One statement did not have enough respondents 
to be accepted but was strongly supported. A further seven 
statements were agreed by the majority, but this fell short of 
an 80% agreement (Table 2). In four of these, less than 15% 
of respondents disagreed, but a proportion did not know 
and voted ‘neutral’. Two statements were strongly rejected 
(Table 3).

CONSE NSUS R ECOM M E N DATIONS

Current chimerism analysis and emerging 
technologies

The optimal testing strategy used in chimerism monitor-
ing needs to be informative, sensitive, quantitatively accu-
rate, reproducible and cost- effective.4–6 Relevant technical 
guidelines have previously been published by members of 
this group.7 To help establish the best choice of technique 
used for chimerism monitoring, the meeting reviewed 

T A B L E  1  Statements on which consensus ≥80% agreement was 
reached.

1. Peripheral blood is the specimen of choice for chimerism analysis in 

most circumstances (n = 55 respondents)

(Agree/strongly agree: 88%, disagree: 7%, neutral: 5%)

2. Chimerism analysis of bone marrow may be indicated in certain 

circumstances such as mixed whole blood or myeloid chimerism (n = 50 

respondents)

(Agree/strongly agree: 80%, neutral: 12%, disagree: 8%)

3. Analysis of chimerism using FISH techniques is rarely indicated (n = 46 

respondents)

(Agree/strongly agree: 83%, neutral: 13%, disagree: 4%)

4. STR techniques currently represent standard of care for chimerism 

analysis in the United Kingdom as they are rapid, reliable, accurate and 

reproducible despite limited sensitivity of 1%–5% (n = 61 respondents)

(Agree/strongly agree: 93%, neutral: 5%, disagree: 2%)

5. Future research should be targeted to assessment of the utility of more 

sensitive molecular tests in predicting relapse early post- transplant (n = 45 

respondents)

(Agree/strongly agree: 93%, neutral: 2%, disagree: 5%)

6. Chimerism analysis and MRD monitoring using molecular methods are 

important complementary monitoring modalities post- allogeneic stem cell 

transplant and should be monitored in tandem (n = 60 respondents)

(Agree/strongly agree: 98%, neutral: 2%, disagree: 0%)

7. Laboratory reports must include the limit of detection of the assay 

utilised (n = 53 respondents)

(Agree/strongly agree: 89%, neutral: 8%, disagree: 4%)

8. Cell separation techniques and lineage- specific enrichment may be 

carried out using magnetic beads or f low cytometry- based techniques 

(n = 42 respondents)

(Agree/strongly agree: 94%, neutral: 6%, disagree: 0%)

9. Purity of the lineage- specific subsets should form part of the chimerism 

report (n = 47 respondents)

(Agree/strongly agree: 89% neutral: 9%, disagree: 2%)

10. The turnaround time for chimerism testing for routine testing should 

be <2 weeks (n = 52 respondents)

(Agree/strongly agree: 88%, neutral: 6%, disagree: 6%)

11. The turnaround time for chimerism testing for urgent testing should 

be <5 working days (n = 49 respondents)

(Agree/strongly agree: 83%, neutral: 11%, disagree: 6%)

12. It is essential to participate in an EQA scheme for chimerism testing 

to promote standardisation, allow comparison of techniques/kits and 

identify factors associated with satisfactory/unsatisfactory performance 

(n = 57 respondents)

(Agree/strongly agree: 99%, neutral: 1%, disagree: 0%)

13. The EQA scheme should ideally include cell lineage selection 

when technical issues allowing this to be possible are resolved (n = 47 

respondents)

(Agree/strongly agree: 94%; neutral: 6%; disagree: 0%)

14. Depending on transplant indication, the schedule and type of 

chimerism testing (rate/duration of testing, analysis of cell subsets) should 

be standardised considering also intensity of transplant conditioning 

(n = 48 respondents)

(Agree/strongly agree: 81%, neutral: 13%, disagree: 6%)

15. Whole blood chimerism should be performed at day 30 using STR 

technology and can yield useful information regarding engraftment or 

incipient relapse (n = 46 respondents)

(Agree/strongly agree: 80%, neutral: 12%, disagree: 8%)

16. Assessment of myeloid or whole blood chimerism at day 30 using more 

sensitive techniques may improve detection of patients at risk of relapse 

and should be assessed in clinical trials (n = 48 respondents)

(Agree/strongly agree: 80%, neutral: 20%, disagree: 0%)

Abbreviations: ALD, adrenoleukodystrophy; CGD, chronic granulmatous disease; 

DBA, diamond blackfan anaemia; FA, fanconi anaemia; HLH, haemophagocytic 

lymphohistiocytosis; SCID, severe combined immunodeficiency; SCN, severe congeital 

neutropenia; SDS, schwachman diamond syndrome; WAS, wiskott- aldrich syndrome.
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data collected by UK NEQAS LI within their Post- Stem 
Cell Transplant Chimerism Monitoring EQA programme. 
Approximately two- thirds (66%) of participants, including 
all those based in the United Kingdom, currently assess chi-
merism via analysis of short tandem repeats (STRs). This is 
a well- established, rapid and robust approach with a limit 
of detection in the region of 1%–5%. The number of partici-
pants adopting alternative technologies, including real- time 
quantitative polymerase chain reaction (PCR) (qPCR, 14%), 
next- generation sequencing (NGS, 13%) and digital PCR 
(dPCR, 7%), is increasing globally, and the greater sensitiv-
ity of these approaches, particularly qPCR and dPCR, offers 
the potential to investigate microchimerism and intervene 
earlier.8–10

There are some practical difficulties in introducing 
more sensitive molecular testing. In the laboratory, these 
include a reduced ability to accurately quantify signif-
icant mixed chimerism (qPCR), increased costs and po-
tentially limited access to specialist equipment (NGS 
and dPCR), as well as increased processing time (NGS). 
While in the clinic, the interpretation of these results is 
challenging. So far, there is a paucity of published data 

establishing meaningful levels of mixed chimerism that 
predict relapse or survival parameters associated with the 
degree of microchimerism that these methods can detect. 
Similarly, it is not known whether earlier intervention 
using such highly sensitive techniques inf luences out-
comes. Currently, the well- established STR approach pro-
vides a cost- effective, pragmatic compromise that largely 
continues to inform clinical decisions across the United 
Kingdom. The limitations associated with more sensitive 
molecular techniques in relation to laboratory testing and 
clinical utility mean these newer technologies have yet 
to be widely adopted. Robust change control policies and 
validation strategies with parallel testing of new technol-
ogies alongside established tests, especially with regard to 
defining threshold levels of mixed chimerism that dictate 
treatment, are strongly suggested. Clinical reports must 
include the assay's limit of detection (LoD) to allow correct 
interpretation of the result: for example, there is a funda-
mental difference in the significance of 98% donor chime-
rism when generated by an assay with an LoD of 3% versus 
an assay with an LoD of 0.5%.

There is clinical utility, in certain situations, for examin-
ing chimerism in specific lineages, including T cells (CD3+), 
B cells (CD19+), myeloid lineages (e.g. CD15+) and stem 
cells (CD34+). For lineage- specific chimerism, cell separa-
tion techniques include the use of immunomagnetic beads 
and cell sorting using a flow cytometer. Sorting is carried 
out prior to DNA extraction. UK NEQAS LI data show that, 
of 15 UK respondents, 13 provide lineage- specific chime-
rism. All 13 offered T- cell chimerism, while seven offered 
B- cell chimerism, 11 offered myeloid chimerism and two of-
fered chimerism for any cell type requested by the referring 
clinician.

Knowing the percentage of the target cell in the selected 
population from which the DNA was extracted is crucial. 
Many of the informative cell subsets, for instance CD3+ T 
lymphocytes following a T- depleted transplant, are present 
in very small numbers, especially early post- transplant, and 
contamination from other lineages can lead to spurious re-
sults. Practice here is variable. Nine laboratories assess the 
purity of the separated cells (eight by flow cytometry, one by 
PCR); two laboratories do not provide a purity assessment; 
and two laboratories stated ‘not applicable’ as the separation 
is performed in an alternative centre. Of the nine respon-
dents assessing purity, three did not have a minimum purity 
for reporting. Minimum purities for the other six laborato-
ries range from 60% to 95%.

T A B L E  3  Statements on which no consensus was reached and no 
majority opinion was recorded.

1. Mixed myeloid chimerism at any time point post- transplant is 
always a concern and should trigger further investigations (n = 47 
respondents)
(Strongly agree/agree: 36%, neutral: 20%, disagree: 46%)

2. MRD techniques are often more sensitive than assessment of 
chimerism using STR platforms and in proven relapse will often 
render chimerism analysis unnecessary (n = 49 respondents)
(Strongly agree/agree: 38%, neutral: 14%, disagree: 48%)

T A B L E  2  Statements on which the majority of participants agreed 
(60%–80% ‘agreement/strong agreement’ or fewer than 40 respondents).

1. In malignant diseases, mixed T- cell chimerism <90% requires 
clinical intervention with tapering of immunosuppression ± DLI 
(n = 20 respondents)
(Agree/strongly agree: 85%, neutral: 4%, disagree: 11%)

2. Chimerism analysis using more sensitive molecular techniques 
such as qPCR, dPCR and NGS does not yet offer enough additional 
benefit to become standard of care (n = 61 respondents)
(Agree/strongly agree: 65%, neutral: 20%, disagree: 15%)

3. Reports should include the minimum value of % donor chimerism 
compatible with full donor chimerism for any given assay (n = 51 
respondents)
(Agree/strongly agree: 69%, neutral: 17%, disagree: 14%)

4. In malignant diseases in adults, assessment of split chimerism in 
both the T- cell fraction (CD3) and myeloid fraction (CD15) at day 60, 
day 100 and 3 monthly to 1 or 2 years should be regarded as a standard 
of care (n = 41 respondents)
(Agree/strongly agree: 65%%, neutral: 17%, disagree: 18%)

5. In malignant diseases in children, assessment of split chimerism in 
both the T- cell fraction (CD3) and myeloid fraction (CD15) at day 60, 
day 100 and 3 monthly to 1 or 2 years should be regarded as a standard 
of care (n = 29 respondents)
(Agree/strongly agree: 76%, neutral: 15%, disagree: 9%)

6. For patients undergoing transplant for non- malignant conditions 
(predominantly in children) where mixed chimerism is observed, 
long- term follow- up to 5 years is needed to assess for clonal evolution 
or other disease manifestations (n = 30 respondents)
(Agree/strongly agree: 70%, neutral: 19%, disagree: 11%)

7. Patients undergoing transplant for malignant disease 
demonstrating 100% donor chimerism in all lineages for 2 years do 
not need any further chimerism follow- up (n = 30 respondents)
(Strongly agree/agree: 63%, neutral: 9%, disagree: 28%)

8. In malignant diseases, mixed T- cell chimerism >90% is concerning 
but given the sensitivity of current techniques requires only ongoing 
monitoring without other intervention (n = 33 respondents)
(Strongly agree/agree: 60%, neutral: 3%, disagree: 36%)

 1
3
6
5
2
1
4
1
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/b

jh
.7

0
0
6
1
 b

y
 N

IC
E

, N
atio

n
al In

stitu
te fo

r H
ealth

 an
d
 C

are E
x

cellen
ce, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

0
/0

9
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se



   | 5CLARK et al.

External quality assessment in post- transplant 
chimerism monitoring

A well- established external quality assessment programme 
for chimerism analysis has been provided by UK NEQAS 
LI since 2008. This programme is accredited by the United 
Kingdom Accreditation Service (UKAS) and currently has 
113 participating centres, of which 20 are in the United 
Kingdom. Five trials are issued per annum, each requiring 
assessment of the % donor chimerism in two post- 
transplant samples. Trial submissions capture the range 
of methodologies in use, and performance monitoring is 
based on robust statistics and z- scores.11,12 Participation in 
EQA is an essential requirement for successful laboratory 
accreditation by accreditation bodies such as the European 
Federation for Immunogenetics (EFI) and UKAS. Ideally, 
chimerism programmes would encompass lineage- 
specific chimerism analysis; however, such EQA provision 
is technically challenging and currently remains under 
development.

Recommendations for laboratory assessment of 
chimerism

• Peripheral blood is the specimen of choice for chime-
rism analysis in most circumstances.1

• Chimerism analysis of bone marrow may be indicated 
in certain circumstances such as mixed whole blood or 
myeloid chimerism.1,2

• Analysis of chimerism using FISH techniques is rarely 
indicated unless molecular genetic testing (e.g. STR 
analysis) is not suitable.1,2

• STR techniques currently represent standard of care for 
chimerism analysis in the UK as they are rapid, reliable, 
accurate and reproducible despite limited sensitivity of 
1%–5%.1

• Chimerism analysis using more sensitive molecular 
techniques such as qPCR, dPCR and NGS does not yet 
offer enough additional benefit to become standard of 
care.1,2

• Future research should be targeted to assessment 
of the utility of more sensitive molecular tests in 
defining chimerism and predicting relapse early 
post- transplant.1,2

• Cell separation techniques and lineage- specific enrich-
ment may be carried out using magnetic beads or flow 
cytometry- based techniques.1

• Repeat testing and confirmation of abnormal results is 
usually necessary prior to clinical intervention.3

• Laboratory reports should include the limit of detection 
of the assay utilised.1

• Reports should include the minimum value of percent-
age donor chimerism compatible with full donor chime-
rism for any given assay.1

• The turnaround time for chimerism testing for routine 
testing should be <2 weeks.1

• The turnaround time for chimerism testing for urgent 
testing should be <5 working days.1

• Purity of any lineage- specific subsets should form part 
of the chimerism report.1

• It is essential to participate in an EQA scheme for chime-
rism testing to promote standardisation, allow compar-
ison of techniques/kits and identify factors associated 
with satisfactory/unsatisfactory performance.1

• The EQA scheme should ideally include cell lineage se-
lection when technical issues allowing this to be possi-
ble are resolved.1

Post- transplant chimerism testing, 
monitoring and clinical utility in adult BMT 
practice

Malignant disease

In adults, most allogeneic transplants are performed for 
malignant disease where chimerism results, often in tandem 
with MRD assessments, are used to determine the timing 
and speed of the withdrawal of immunosuppression (IS) and 
administration of ‘preDLI’.13

The predictive value of mixed chimerism on outcomes may 
be influenced by the cell subset analysed, intensity of condition-
ing and T depletion. Myeloablative transplantation is usually 
associated with sustained full donor chimerism14 and falling 
levels of whole blood donor chimerism of >5% in sequential 
testing have been associated with a significant increase in re-
lapse in both the T- replete and T- depleted settings.15,16 In T- 
replete reduced intensity conditioned (RIC) transplants, mixed 
chimerism with <95% donor cells in unfractionated peripheral 
blood (PB) or a delay in achieving donor T- cell chimerism have 
been associated with poorer PFS and increased relapse. While 
in RIC transplants including anti thymocyte globulin (ATG) in 
conditioning, mixed T- cell chimerism of <95% donor at D + 30 
and D + 100 has been associated with increased relapse rates 
(HR = 0.90, p < 0.001), reduced relapse- free (HR = 0.89, p < 0.001) 
and overall survival (HR = 0.94, p = 0.01).17–20 If alemtuzumab 
is used in conditioning, worsening mixed chimerism after 
cessation of immunosuppression clearly increases the relapse 
risk21 and, while it was initially unclear if stable mixed donor 
chimerism in the T- cell lineage constituted a risk factor for re-
lapse, most subsequent studies have suggested that conversion 
to full donor chimerism, either spontaneously or after DLI, 
did reduce relapse risk.13,22–24 Retrospective studies, the largest 
published by EBMT, have also shown that DLI are an effective 
treatment for strengthening the GvL effect if mixed chime-
rism is detected.25–28 The EBMT study included 169 with acute 
leukaemia who received ‘preDLI’ for mixed chimerism alone. 
Efficacy of ‘preDLI’ was demonstrated by decreasing MRD/
increasing blood counts in 71% and increasing chimerism in 
70%. Five- year OS after ‘preDLI’ for MRD/MC was 51%/68% 
among responders and 37% among non- responders.25 UK 
studies have used CD3+ T lymphoid chimerism <95% as a trig-
ger for DLI in T- depleted RIC transplants with good efficacy 
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and low rates of graft- versus- host disease (GVHD), especially 
if DLI administration is fractionated.13,22,23,29

UK adult practice in acute lymphoblastic leukaemia 
(ALL) is that fit young adults most often receive a myeloab-
lative conditioning regimen including total body irradiation 
(TBI). In this group, chimerism is usually fully donor in all 
compartments from early time points14–16 and any emerging 
mixed chimerism, especially early post- transplant is always 
a cause for concern. Older patients or those with comorbid-
ities routinely receive a T- depleted RIC regimen as per the 
UKALL14 trial protocol.29 In UKALL14, following fludar-
abine, melphalan and alemtuzumab (FMA) conditioning 
multilineage chimerism was assessed in the peripheral blood 
every 3 months for 2 years. Mixed chimerism <95% donor 
in T cells at 6 months occurred in half the patients and was 
managed by escalating donor lymphocyte infusion doses 
starting at 1 × 106 cells per kg, increasing by half a log every 
3 months if there was no GVHD. 90% of these patients, when 
subsequently assessed, had developed full donor chimerism 
in the T- cell lineage at a median of 5.5 months. Using this ap-
proach, 4- year event free survival (EFS) and OS were 46.7% 
and 54.8% respectively.29 The dynamics of mixed T lympho-
cyte (CD3) chimerism in this trial and response to ‘preDLI’ 
support routine use of DLI in this context in tandem with 
IgH/TCR molecular MRD monitoring. If MRD is negative, 
DLI can usually be delayed until after 6 months.

In AML, younger adults usually receive myeloablative 
transplants and those aged over 55 or with comorbidities re-
ceive RIC conditioning, a large proportion of whom receive 
T- depleting serotherapy or PTCy. Mixed T- cell chimerism is 
more commonly seen if full- dose TBI does not form part of the 
conditioning regimen, and when T- cell depletion is used. It has 
been hypothesised to reflect bidirectional tolerance30 which 
might plausibly affect the graft- versus- leukaemia effect. UK 
practice using chimerism to alter management in T- depleted 
RIC allografts has been influenced by the FIGARO study. This 
randomised controlled trial was a prospective analysis of post- 
transplant mixed T- cell chimerism and measurable residual 
disease (MRD), alongside other peri- transplant factors affect-
ing outcomes and was designed to compare the relative efficacy 
of the FLAMSA- Bu with standard reduced intensity condition-
ing regimens that employed in vivo T- cell depletion. Patients 
who were alive and relapse free were assessed for chimerism 
and flow cytometric MRD on day +42, months +3/+6/+9/+12. 
Patients with full donor T- cell chimerism (FDTC) at 3 months 
had an improved OS as compared with patients with mixed 
donor T- cell chimerism (MDTC) and had a reduced incidence 
of post- transplant MRD positivity. In patients with MDTC 
(months +3 or +6), MRD positivity was associated with a de-
creased 2- year OS; in contrast, in the group with FDTC, MRD 
was infrequent and did not affect the outcome.31 This has led to 
judicious tapering of IS and ‘preDLI’ being advocated for AML 
patients with MDTC when using flow MRD or in those with 
AML at high risk of relapse. However, if highly sensitive mo-
lecular monitoring is available such as NPM1, then an alterna-
tive approach is to use MRD as the trigger for DLI and tolerate 
mixed chimerism.

Adult patients undergoing an allogeneic HSCT for mature 
lymphoid malignancies have peripheral blood chimerism 
routinely monitored, and mixed chimerism in the T- cell 
lineage (CD3) is considered informative with DLI being ad-
ministered for persistent MDTC <95% donor. In this setting, 
pre- DLI is often delayed until after 6 months post- transplant 
in the absence of disease recurrence.22–24

In myelofibrosis, finding mixed myeloid or unfraction-
ated chimerism <95% donor or T lymphoid chimerism <90% 
donor alone does not lead to early ‘preDLI’, but mandates 
careful evaluation of molecular MRD. Donor lymphocyte 
infusions given for molecular relapse induced a higher rate 
of molecular remission (88%) than DLI for haematologi-
cal relapse (60%), with a corresponding lower incidence of 
GVHD. In about half of patients, molecular remission can 
be achieved without causing GVHD.32

Non- malignant diseases

In non- malignant diseases, adult practice closely follows 
that discussed in detail in the paediatric section. In aplas-
tic anaemia in the United Kingdom, the use of f ludara-
bine, cyclophosphamide and alemtuzumab has become 
standard practice. Mixed T- cell chimerism is frequent 
and persists after cessation of immunosuppression.33 The 
regimen leads to successful treatment of aplastic anaemia 
with low rates of GvHD and long- term mixed T- cell chi-
merism indicating the establishment of mutual tolerance. 
No intervention is necessary for stable mixed T lymphoid 
chimerism. Mixed myeloid chimerism can be associated 
with recurrent cytopenias or occur with a stable full blood 
count. If the blood count remains stable, then no inter-
vention for mixed myeloid chimerism is required. Falling 
myeloid chimerism in the presence of clinically significant 
cytopenias may be restored by re- institution of immuno-
suppressive therapy. If that fails, then second allogeneic 
HSCT may be required.

In haemoglobinopathies, adult HSCT practice is evolv-
ing. Traditionally, when full intensity myeloablative con-
ditioning regimens were used, less monitoring of mixed 
chimerism was practised. The feasibility and availability of 
HSCT in adult sickle cell disorders have been transformed 
by the introduction of significantly reduced intensity con-
ditioning for sibling HSCT using alemtuzumab and low- 
dose TBI,34,35 which fosters early mixed CD3+ chimerism, 
and reduced intensity haploidentical HSCT with PTCy,36 
but these approaches have a risk of secondary graft failure. 
The early promise of relatively low donor myeloid fraction 
always being sufficient to correct erythropoiesis37 was not 
sustained in the face of high risk of secondary graft failure 
and clonal evolution.38 Unlike aplastic anaemia, there is 
intense competition from the host myeloid compartment, 
and frequent monitoring of chimerism in myeloid and 
lymphoid lineages is essential to guide the management of 
immunosuppression in the post- transplant with the aim to 
minimise mixed chimerism.39
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   | 7CLARK et al.

In any allogeneic HSCT, chimerism analysis early after 
HSCT can be used to separate poor graft function, where a 
CD34+ ‘top- up’ may be indicated, and rejection where more 
aggressive immunosuppressive therapy or a second HSCT 
will be required.5 Whole blood and surprisingly given the 
degree of lymphopenia often present, CD3 T- cell chimerism 
can both be informative.

• Whole blood chimerism (unfractionated PB/BM) per-
formed at day 30 using STR technology is recommended 
as it can yield useful information regarding engraft-
ment or incipient relapse.1

• In malignant disease, assessment of cell subsets or unfrac-
tionated whole blood chimerism at day 30 using more sen-
sitive techniques may improve the detection of patients at 
risk of relapse and should be assessed in clinical trials.1,2

• In malignant disease, mixed myeloid chimerism is always 
a concern and should trigger further investigation.3,4

• Patients undergoing transplant for malignant disease 
demonstrating full donor chimerism for 2 years from 
the time point of last intervention do not need any fur-
ther chimerism follow- up.1,2

• Recommendations for the use of DLI in response to 
mixed chimerism have recently been published by EBMT 
and should be referenced in institutional policies.3

• In haemoglobinopathies, assessment of whole blood 
and lineage- specific chimerism in, for example, T- cell 
fraction (CD3), myeloid fraction (CD15) at day 28, 60, 
100 and at least 3 monthly to cessation of immunosup-
pression is standard of care to guide the management of 
immunosuppression.1,2

• In malignant diseases in adults assessment of whole 
blood and lineage- specific chimerism in the T- cell frac-
tion (CD3) and myeloid fraction (CD15) at day 60, 100 
and 3 monthly to 2 years is a standard of care.1,2

• In malignant diseases in adults, persistent mixed T- cell 
chimerism <95% by STR testing or falling donor T cells 
(>20%) dictates clinical intervention with tapering of 
immunosuppression ± preDLI.3,4

• Chimerism analysis and MRD monitoring using molec-
ular methods are important complementary monitor-
ing modalities post- allogeneic stem cell transplant and 
should be monitored in tandem.1,2

Post- transplant chimerism testing, 
monitoring and clinical utility in children

Malignant disease indications

In malignant diseases in children, there is no consensus 
internationally on whether mixed chimerism post- HSCT 
predicts an increased relapse risk although some studies 
have shown a correlation between serial mixed chimerism 
and relapse risk.16 Most transplants are myeloablative. The 
withdrawal of IS on the detection of mixed chimerism in 
any lineage is common practice, but DLI is less frequently 

used than in adult practice. The co- relation with MRD is 
recognised, and the combination of MRD positivity and 
mixed chimerism may trigger the decision to implement DLI. 
The practical difficulties in obtaining DLI from paediatric 
age donors are another reason for the infrequent use of DLI 
in children. Overall, DLI, if used, is more commonly used 
after HSCT for AML than ALL.

In ALL, most centres monitor monthly whole blood chi-
merism in the first 6 months. Lineage- specific (T and my-
eloid) chimerism is checked if there is any evidence of mixed 
unfractionated chimerism. BMA is performed if mixed chi-
merism is co- related with MRD. In the United Kingdom, 
especially since the availability of CAR- T- cell therapy, it is 
uncommon to administer DLI to correct mixed chimerism 
post- HSCT for ALL, as significant GVHD post- DLI could 
preclude future CAR- T therapy. Although if a transplant has 
been performed after failed CAR- T- cell therapy, then DLI is 
a more attractive clinical option. Recently, an increased in-
cidence of early and significant mixed chimerism has been 
noted after TBI conditioned transplants for ALL in those 
children who were bridged to transplant with blinatum-
omab, compared to standard chemotherapy. As of now, with 
a median follow- up of 2 years, there does not seem to be an 
increased incidence of relapse in this group (personal com-
munication K Rao). Withdrawal of IS or DLI did not change 
chimerism in this group. Most centres monitor chimerism 
4–12 weekly in the second 6 months post- HSCT and every 
3 months in the second year. Most stop monitoring at 2 years 
post- HSCT.

In AML, any mixed chimerism post- HSCT is a concern.28 
Early withdrawal of IS with or without DLI is common prac-
tice. There is an increasing trend, in the United Kingdom, 
to use umbilical cord blood transplantation (UCBT) with-
out serotherapy in high- risk AML. Compared with other 
cell sources, T cell- replete cord blood transplant results in 
improved disease- free survival and relapse risk in paediat-
ric AML/MDS and the incidence of mixed chimerism is low 
after such transplants,40 DLI is usually not an option. The 
same schedule of chimerism monitoring is used as in ALL 
and co- relation with MRD remains a vital component of op-
timal care.

Juvenile myelomonocytic leukaemia (JMML) is a rare and 
aggressive myeloproliferative neoplasm of childhood. Nearly 
all patients have a mutation detected in the RAS pathway, and 
the majority need HSCT with a myeloablative conditioning 
regimen. The role of pretransplant chemotherapy is debat-
able, and many children will not be in a CR at HSCT. There 
is a very high incidence of relapse post- transplant (nearly 
50%). It is recognised that GVL plays a very strong role in 
cure and early withdrawal of IS is crucial.41 BMA every 
90 days for the first 18 months, when most relapses occur, 
has been suggested, although this is not performed routinely 
in the United Kingdom.42 In some institutions, there is mon-
itoring of PB lineage- specific chimerism every 2 weeks until 
off IS. Monocyte (CD14+) chimerism is checked in the event 
of mixed chimerism in whole (unfractionated) PB samples. 
There is a role for post- transplant DLI ± azacitidine, although 
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most relapses occur aggressively and early after BMT, which 
does not allow time to engineer immunomodulation.43 The 
success of DLI is variable and is often not effective as may 
be predicted for this disease. For this reason, and because a 
second BMT can often salvage patients with JMML, there is 
an argument for not administering DLI and proceeding to a 
second transplant if the child is fit.43,44

Non- malignant disease indications

This encompasses inborn errors of immunity, acquired bone 
marrow failure (BMF), inherited BMF syndromes, meta-
bolic disorders and haemoglobinopathies. Lineage- specific 
chimerism monitoring is mandatory. Different diseases re-
quire different levels of chimerism in the diseased lineage 
(Table  4).45 Clinicians should have an awareness of when 
mixed chimerism is of no consequence. In different diseases, 
other functional testing may be used alongside the results of 
chimerism to determine the significance of MC, for example, 
dihydrorhodamine (DHR test) in chronic Granulomatous 
Disease or enzyme levels in Hurler's syndrome.

Acquired aplastic anaemia

Clinical outcomes are excellent using alemtuzumab- 
containing regimens, and MC in T- cell lineage is very com-
mon. Recipient- derived CD8 T cells shape persistent T- cell 
MC3133 and this is of no consequence to disease cure. A high 
level of myeloid engraftment is desirable. Attempts should 

not be made to improve T- cell chimerism by reducing IS 
as any significant GVHD would be deleterious to patient 
outcome.

Inborn errors of immunity

Intensity of conditioning depends on the underlying disor-
der. The choice of conditioning regimen is an evolving field 
as novel genetic defects are discovered.46 Lineage- specific 
chimerism is crucial and full donor chimerism is not needed 
for disease cure. There are differing levels of desired chimer-
ism in different diseases and low- level chimerism in the non- 
disease lineage is acceptable. Partial disease correction may 
occur in the presence of mixed chimerism.

BM failure syndromes

Most require RIC depending on the underlying disorder. Full 
donor chimerism (FDC) in myeloid lineage is desirable due 
to the risk of future myeloid malignancies. Mixed chimerism 
in lymphoid lineage is acceptable but long- term follow- up is 
essential to evaluate the risk of clonal haematopoiesis.

Haemoglobinopathies

Haemoglobinopathies are an increasingly common indica-
tion for HSCT in children and adults. Mixed chimerism is 
common even with myeloablative conditioning. Myeloid lin-
eage chimerism is a good surrogate for erythropoiesis in the 
absence of red cell chimerism (CD71) evaluation. Younger 
age is the main factor in determining mixed chimerism in-
dependent of the degree of matching and is a risk for rejec-
tion.47,48 Graft rejection is not related to the time of onset of 
mixed chimerism, but to a donor fraction of <90% in whole 
blood; strategies to address lymphoid engraftment are suc-
cessful in reversing the risk.49–51 As seen in the adult popula-
tion, unstable mixed chimerism can lead to clonal evolution.52 
Therefore, assessment of whole blood and T- cell fraction is 
required at day +28, +60, +100 and continued according to 
results until cessation of IS. If chimerism drops below 90%, 
there should be an assessment of BM cellularity and chimer-
ism, and if interventions are instituted, surveillance may be 
increased to 2 weekly. Overall, there is an acceptance of sta-
ble mixed chimerism, but there is a need to monitor this for 
at least 2–3 years as a quarter of all rejections occur >1 year 
post- transplantation.53

The current UK practice for chimerism monitoring in 
other non- malignant disorders includes WB chimerism at 
engraftment, with lineage- specific chimerism if any evi-
dence of MC except in haemoglobinopathies where lineage- 
specific chimerism monitoring is necessary. Monthly 
chimerism for the first 6 months; 2–3 monthly until a year 
post- HSCT; 3 monthly in the second year; and then annually 
to 5 years.

T A B L E  4  Lineage- specific chimerism requirements and necessary 
levels of donor chimerism for successful transplant outcomes in non- 
malignant disorders.

Non- malignant 
disorder

Lineage 
specificity

Minimal level of donor 
chimerism for cure

Inherited immunodeficiencies

HLH NK/T cell >30%

SCID T/B/NK T cell −100%

CGD Myeloid >50%

WAS Lymphoid/
myeloid

>50%

Haemoglobinopathies

Sickle cell disorders Erythroid/
myeloid

>20%–25%

Thalassaemia Erythroid/
myeloid

>20%–25%

Metabolic diseases

ALD, Hurler's Myeloid 70%–100%

Osteopetrosis Myeloid >10%

Bone marrow failure syndromes

SCN, DBA, FA, SDS Myeloid 100%

Lymphoid >50%

Note: From Zimmerman and Shenoy.45
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• Disease- specific schedules for chimerism testing of un-
fractionated or specific lineage samples are often indi-
cated in both malignant and non- malignant conditions 
in children.2,3

• Clinicians should be aware that individual non- 
malignant conditions require disease- specific levels of 
chimerism in the affected lineage and know when mixed 
chimerism is of no consequence.2,3

• In haemoglobinopathies, assessment of whole blood and 
lineage- specific chimerism in, for example, T- cell frac-
tion (CD3), myeloid fraction (CD15) at day +28, +60, 
+100 and at least 3 monthly to cessation of immunosup-
pression is standard of care to guide the management of 
immunosuppression.1,2

• For patients undergoing transplant for non- malignant 
conditions (predominantly in children) where mixed 
chimerism is observed long- term, follow- up to 5 years 
is needed to assess for clonal evolution or other disease 
manifestations.1,2

• In acute leukaemia in children, whole blood chime-
rism is recommended monthly in the first 6 months, 
2 monthly to 1 year and 3 monthly in the second year. 
Lineage- specific (T and myeloid) chimerism should be 
checked if there is any evidence of mixed unfractionated 
chimerism.2,3

• In children with leukaemia, MRD should be correlated 
with chimerism results to guide treatment decisions.2,3

• In JMML fortnightly whole blood and CD14 lineage- 
specific chimerism is a clinical option to help optimise 
GvL.2,3

DISCUSSION

There are currently significant variations in chimerism 
testing across the UK community at both clinical and 
laboratory levels. While some of this variation may relate 
to specialist transplant practice, other aspects may be more 
a historical ‘convention’ that centres and their associated 
laboratories have arrived at over the years. The lack of robust 
prospective evidence potentially explains why centres arrive 
at their own policies through local expertise, experience and 
financial resources. In recent years, however, there have also 
been changes in the NHS provision of laboratory testing 
with greater centralisation of molecular genetic services, 
which has affected the provision of chimerism testing in 
many UK transplant centres. There is a need to ensure this 
testing reflects clinical priorities.

Although there have been some previous laboratory 
(EQA- based) recommendations,7 there have never been 
published guidelines from the UK clinical transplant com-
munity on chimerism testing. Internationally, in recent 
years, other than some broad guidance from EBMT, there 
has been relatively little published aimed at harmonisation 
of best practice in this area. We have attempted to address 
some of these important questions using the approaches 
discussed.

In terms of laboratory testing, we were able to generate 
recommendations with a high degree of consensus. There 
was agreement regarding TATs and the need to report both 
sensitivity and purity values on laboratory reports. Support 
for participation in EQA programmes was 100%. The use of 
STR- based testing is standard practice in the United Kingdom 
and it is informative, rapid, reliable, accurate and reproduc-
ible, despite limited sensitivity of 1%–5%, with almost all the 
predictive value of mixed chimerism on transplant outcomes 
and the thresholds used in studies of intervention using chi-
merism as a trigger for DLI being based on this technology. 
Newer techniques, for example, q- PCR, dPCR or NGS, are 
more sensitive and detect the lower levels of residual or re-
current host haemopoiesis, termed microchimerism, but un-
answered questions remain in relation to clinical relapse rates 
and survival and the levels of chimerism triggering interven-
tions in various clinical contexts.

Arriving at consensus to guide clinical practice is more 
challenging, especially in malignant diseases, because using 
mixed chimerism alone to trigger intervention with DLI 
remains contentious. Simply detecting recipient cells in an 
individual patient does not necessarily mean the patient will 
relapse if left untreated. As a result, it remains unknown 
when, if at all, individual patients treated pre- emptively 
would have relapsed had they not been given DLI infusions, 
leading to both lead time and selection biases in the pub-
lished literature.54 Conversely, the proven activity of DLI in 
strengthening the GvL effect is undoubted, and clinicians 
believe to varying degrees that there is a place for such inter-
ventions, explaining variability in clinical practice between 
centres and on an individual patient basis.

These problems were particularly pronounced in adult 
clinical practice, where transplants are more commonly 
performed for malignant disease using reduced intensity 
T- depleted conditioning and necessitating therapeutic deci-
sions based on chimerism testing as triggers for tapering of 
IS and ‘pre- DLI’. We were able to gain consensus to recom-
mend whole blood chimerism (unfractionated PB/BM) being 
performed at day +30 using STR technology for malignant 
diseases, with persistent or rapidly worsening mixed chime-
rism <95% donor in either whole blood or T- cell fractions, 
requiring intervention with tapering of IS ± DLI. However, 
individual decisions should be made depending on the clin-
ical context. In paediatric practice, there is more widespread 
consensus. DLI are used less frequently given and other op-
tions such as CAR- T are used more often. Practical thresh-
olds for intervention do exist in many diseases, including 
in non- malignant conditions testing schedules (Table 4). In 
both adult and paediatric practice, chimerism analysis and 
MRD monitoring are important complementary monitoring 
modalities post allogeneic stem cell transplant and should be 
monitored in tandem.

In 2016, the EBMT reviewed methods of monitoring for 
relapse in AML post- BMT with specific emphasis on MRD 
and chimerism, and our UK recommendations broadly 
agree.55,56 They were not proscriptive in terms of timings or 
thresholds and have suggested that chimeric abnormalities 
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should be interpreted in the context of the patients' clinical 
and laboratory results without providing detailed guidance 
for intervention. The EBMT recommendations have subse-
quently been updated in 2024 with more general disease ap-
plicability, including proposals for starting doses of DLI and 
criteria for safe delivery of these cells, giving general support 
for the role of ‘preDLI’ in the context of mixed chimerism, as 
well as for persistent or emergent MRD but without specified 
threshold values of mixed chimerism or mandatory testing 
strategy.57 They do highlight the need to standardise clinical 
testing schedules, laboratory procedures and data registry 
reporting to promote a fuller understanding of and harmon-
ise current practices. We have, therefore, recommended that 
the EBMT guidelines are routinely consulted and included 
in institutional protocols.

In summary, the multidisciplinary meeting and con-
sultation exercise brought together clinical and laboratory 
expertise to appraise and develop UK NHS practice and col-
laborative working. BSBMTCT aims to maintain this net-
work to exchange information, facilitate research and data 
collection in a coordinated manner in association with novel 
technologies and evolving therapeutic strategies.

AU T HOR C ON T R I BU T IONS
All authors contributed to the writing of this manuscript. AC, 
HC, KR, NF, JDF, JL, TM, JS wrote sections within the first 
draft of the paper. AH, EO, DR, PT, VP reviewed and contrib-
uted substantial contributions to the final manuscript.

ORCI D
Andrew Clark   https://orcid.org/0000-0001-9593-9528 
John Snowden   https://orcid.org/0000-0001-6819-3476 

R E F E R E N C E S
 1. Snowden JA, Sánchez- Ortega I, Corbacioglu S, Basak GW, 

Chabannon C, de la Camara R, et al. Indications for haematopoietic 
cell transplantation for haematological diseases, solid tumours and 
immune disorders: current practice in Europe, 2022. Bone Marrow 
Transplant. 2022;57(8):1217–39.

 2. Clark A, Thomas S, Hamblin A, Talley P, Kulasekararaj A, Grinfeld 
J, et al. Management of patients with germline predisposition to hae-
matological malignancies considered for allogeneic blood and marrow 
transplantation: Best practice consensus guidelines from the UK Cancer 
Genetics Group (UKCGG), CanGene- CanVar, NHS England Genomic 
Laboratory Hub (GLH) Haematological Malignancies Working Group 
and the British Society of Blood and Marrow Transplantation and cel-
lular therapy (BSBMTCT). Br J Haematol. 2023;201(1):35–44.

 3. Speight B, Hanson H, Turnbull C, Hardy S, Drummond J, Khorashad 
J, et al. Germline predisposition to haematological malignancies: Best 
practice consensus guidelines from the UK Cancer Genetics Group 
(UKCGG), CanGene- CanVar and the NHS England Haematological 
Oncology Working Group. Br J Haematol. 2023;201(1):25–34.

 4. Blouin A, Ye F, Williams J, Askar M. A practical guide to chimerism 
analysis: review of the literature and testing practices worldwide. 
Hum Immunol. 2021;82(11):838–49.

 5. Blouin AG, Askar M. Chimerism analysis for clinicians: a review of 
the literature and worldwide practices. Bone Marrow Transplant. 
2022;57(3):347–59.

 6. Miura S, Ueda K, Minakawa K, Nollet KE, Ikeda K. Prospects and 
potential for chimerism analysis after allogeneic hematopoietic stem 
cell transplantation. Cells. 2024;13(11):993.

 7. Clark JR, Scott SD, Jack AL, Lee H, Mason J, Carter GI, et  al. 
Monitoring of chimerism following allogeneic haematopoietic stem 
cell transplantation (HSCT): technical recommendations for the 
use of short tandem repeat (STR) based techniques, on behalf of the 
United Kingdom National External Quality Assessment Service for 
Leucocyte Immunophenotyping Chimerism Working Group. Br J 
Haematol. 2015;168(1):26–37.

 8. Picard C, Frassati C, Cherouat N, Maioli S, Moskovtchenko P, Cherel 

M, et al. New methods for the quantification of mixed chimerism in 

transplantation. Front Immunol. 2023;14:1023116.

 9. Lee H, Chae SW, Cho SI, Lee JS, Kim MJ, Seong MW. Utility of next- 

generation sequencing- based chimerism analysis for early relapse 

prediction following allogenic hematopoietic cell transplantation. Int 

J Mol Sci. 2024;25(5):2811.

 10. Stadler M, Venturini L, Bünting I, Dammann E, Weissinger EM, 

Schwarzer A, et  al. Navigating preemptive and therapeutic donor 

lymphocyte infusions in advanced myeloid malignancies by high- 

sensitivity chimerism analysis. Front Oncol. 2022;12:867356.

 11. International Organization for Standardization. Conformity assess-

ment—General requirements for proficiency testing. 2023. BS EN 

ISO/IEC 17043:2023.

 12. International Organization for Standardization. Statistical methods 

for use in proficiency testing by interlaboratory comparison. 2022. BS 

ISO 13528:2022.

 13. Krishnamurthy P, Potter VT, Barber LD, Kulasekararaj AG, Lim ZY, 

Pearce RM, et al. Outcome of donor lymphocyte infusion after T cell- 

depleted allogeneic hematopoietic stem cell transplantation for acute 

myelogenous leukemia and myelodysplastic syndromes. Biol Blood 

Marrow Transplant. 2013;19(4):562–8.

 14. Antin JH, Childs R, Filipovich AH, Giralt S, Mackinnon S, Spitzer T, 

et  al. Establishment of complete and mixed donor chimerism after 

allogeneic lymphohematopoietic transplantation: recommendations 

from a workshop at the 2001 tandem meetings of the International 

Bone Marrow Transplant Registry and the American Society of 

Blood and Marrow Transplantation. Biol Blood Marrow Transplant. 

2001;7(9):473–85.

 15. Barrios M, Jimenez- Velasco A, Roman- Gomez J, Madrigal M, 

Castillejo J, Torres A, et al. Chimerism status is a useful predictor of 

relapse after allogeneic stem cell transplantation for acute leukemia. 

Haematologica. 2003;88(7):801–10.

 16. Bader P, Beck J, Frey A, Schlegel PG, Hebarth H, Handgretinger R, 

et  al. Serial and quantitative analysis of mixed hematopoietic chi-

merism by PCR in patients with acute leukemias allows the pre-

diction of relapse after allogeneic BMT. Bone Marrow Transplant. 

1998;21(5):487–95.

 17. Holtan SG, Hogan WJ, Elliott MA, Ansell SM, Inwards DJ, Porrata 

LF, et al. CD34+ cell dose and establishment of full donor chimerism 

at day +100 are important factors for survival with reduced- intensity 

conditioning with fludarabine and melphalan before allogeneic 

hematopoietic SCT for hematologic malignancies. Bone Marrow 

Transplant. 2010;45(12):1699–703.

 18. Mohty M, Avinens O, Faucher C, Viens P, Blaise D, Eliaou JF. 

Predictive factors and impact of full donor T- cell chimerism after 

reduced intensity conditioning allogeneic stem cell transplantation. 

Haematologica. 2007;92:1004–6.

 19. Koreth J, Kim HT, Nikiforow S, Milford EL, Armand P, Cutler C, 

et al. Donor chimerism early after reduced- intensity conditioning he-

matopoietic stem cell transplantation predicts relapse and survival. 

Biol Blood Marrow Transplant. 2014;20(10):1516–21.

 20. Reshef R, Hexner EO, Loren AW, Frey NV, Stadtmauer EA, Luger SM, 

et al. Early donor chimerism levels predict relapse and survival after 

allogeneic stem cell transplantation with reduced- intensity condi-

tioning. Biol Blood Marrow Transplant. 2014;20(11):1758–66.

 21. van Besien K, Dew A, Lin S, Joseph L, Godley LA, Larson RA, et al. 

Patterns and kinetics of T- cell chimerism after allo transplant with 

alemtuzumab- based conditioning: mixed chimerism protects from 

GVHD, but does not portend disease recurrence. Leuk Lymphoma. 

2009;50(11):1809–17.

 1
3
6
5
2
1
4
1
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/b

jh
.7

0
0
6
1
 b

y
 N

IC
E

, N
atio

n
al In

stitu
te fo

r H
ealth

 an
d
 C

are E
x

cellen
ce, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

0
/0

9
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se

https://orcid.org/0000-0001-9593-9528
https://orcid.org/0000-0001-9593-9528
https://orcid.org/0000-0001-6819-3476
https://orcid.org/0000-0001-6819-3476


   | 11CLARK et al.

 22. Thomson KJ, Morris EC, Milligan D, Parker AN, Hunter AE, 
Cook G, et  al. T- cell- depleted reduced- intensity transplantation 
followed by donor leukocyte infusions to promote graft- versus- 
lymphoma activity results in excellent long- term survival in pa-
tients with multiply relapsed follicular lymphoma. J Clin Oncol. 
2010;28(23):3695–700.

 23. Peggs KS, Kayani I, Edwards N, Kottaridis P, Goldstone AH, Linch 
DC, et  al. Donor lymphocyte infusions modulate relapse risk in 
mixed chimeras and induce durable salvage in relapsed patients after 
T- cell- depleted allogeneic transplantation for Hodgkin's lymphoma. J 
Clin Oncol. 2011;29(8):971–8.

 24. Burney C, Wadhera K, Breslin P, Pearce R, Wells M, Alajangi R, et al. 
BEAM- Campath allogeneic stem cell transplant for patients with 
relapsed/refractory lymphoma: high incidence of long- term mixed 
donor- recipient chimerism and the response to donor lymphocyte 
infusions. Biol Blood Marrow Transplant. 2020;26(12):2271–8.

 25. Schmid C, Labopin M, Schaap, Veelken H, Brecht A, Stadler M, 
et  al. Long- term results and GvHD after prophylactic and pre-
emptive donor lymphocyte infusion after allogeneic stem cell 
transplantation for acute leukemia. Bone Marrow Transplant. 
2022;57:215–23.

 26. Caldemeyer L, Akard L, Edwards J, Tandra A, Wagenknecht D, 
Dugan M. Donor lymphocyte infusions used to treat mixed- chimeric 
and high- risk patient populations in the relapsed and nonrelapsed 
settings after allogeneic transplantation for hematologic malignan-
cies are associated with high five- year survival if persistent full donor 
chimerism is obtained or maintained. Biol Blood Marrow Transplant. 
2017;23:1989–97.

 27. Rettig AR, Ihorst G, Bertz H, Lübbert M, Marks R, Waterhouse 
M, et  al. Donor lymphocyte infusions after first allogeneic he-
matopoietic stem- cell transplantation in adults with acute my-
eloid leukemia: a single- center landmark analysis. Ann Hematol. 
2021;100(9):2339–50.

 28. Bader P, Kreyenberg H, Hoelle W, Dueckers G, Kremens B, Dilloo D, 
et al. Increasing mixed chimerism defines a high- risk group of child-
hood acute myelogenous leukemia patients after allogeneic stem cell 
transplantation where pre- emptive immunotherapy may be effective. 
Bone Marrow Transplant. 2004;33(8):815–21.

 29. Marks DI, Clifton- Hadley L, Copland M, Hussain J, Menne TF, 
McMillan A, et  al. In- vivo T- cell depleted reduced- intensity condi-
tioned allogeneic haematopoietic stem- cell transplantation for pa-
tients with acute lymphoblastic leukaemia in first remission: results 
from the prospective, single- arm evaluation of the UKALL14 trial. 
Lancet Haematol. 2022;9(4):e276–e288.

 30. Kinsella FAM, Zuo J, Inman CF, Pearce H, Maggs L, Eldershaw SE, 
et al. Mixed chimerism established by hematopoietic stem cell trans-
plantation is maintained by host and donor T regulatory cells. Blood 
Adv. 2019;3(5):734–43.

 31. Loke J, McCarthy N, Jackson A, Siddique S, Hodgkinson A, Mason J, 
et al. Posttransplant MRD and T- cell chimerism status predict out-
comes in patients who received allografts for AML/MDS. Blood Adv. 
2023;7(14):3666–76.

 32. Kröger N, Bacigalupo A, Barbui T, Ditschkowski M, Gagelmann N, 
Griesshammer M, et  al. Indication and management of allogeneic 
haematopoietic stem- cell transplantation in myelofibrosis: updated 
recommendations by the EBMT/ELN International Working Group. 
Lancet Haematol. 2024;11(1):e62–e74.

 33. Grimaldi F, Potter V, Perez- Abellan P, Veluchamy JP, Atif M, Grain R, 
et al. Mixed T cell chimerism after allogeneic hematopoietic stem cell 
transplantation for severe aplastic anemia using an alemtuzumab- 
containing regimen is shaped by persistence of recipient CD8 T cells. 
Biol Blood Marrow Transplant. 2017;23(2):293–9.

 34. Hsieh MM, Kang EM, Fitzhugh CD, Link MB, Bolan CD, Kurlander 
R, et al. Allogeneic hematopoietic stem- cell transplantation for sickle 
cell disease. N Engl J Med. 2009;361(24):2309–17.

 35. Damlaj M, Alahmari B, Alaskar A, Alhejazi A, Alsadi H, 
Ahmed M, et  al. Favorable outcome of non- myeloablative 

allogeneic transplantation in adult patients with severe sickle cell 
disease: a single center experience of 200 patients. Am J Hematol. 
2024;99(6):1023–30.

 36. de la Fuente J, Dhedin N, Koyama T, Bernaudin F, Kuentz M, Karnik 
L, et  al. Haploidentical bone marrow transplantation with post- 
transplantation cyclophosphamide plus thiotepa improves donor 
engraftment in patients with sickle cell anemia: results of an inter-
national learning collaborative. Biol Blood Marrow Transplant. 
2019;25(6):1197–209.

 37. Fitzhugh CD, Cordes S, Taylor T, Coles W, Roskom K, Link M, et al. 
At least 20% donor myeloid chimerism is necessary to reverse the 
sickle phenotype after allogeneic HSCT. Blood. 2017;130(17):1946–8.

 38. Hsieh MM, Bonner M, Pierciey FJ, Uchida N, Rottman J, Demopoulos 
L, et al. Myelodysplastic syndrome unrelated to lentiviral vector in a 
patient treated with gene therapy for sickle cell disease. Blood Adv. 
2020;4(9):2058–63.

 39. Dovern E, Aydin M, Hazenberg MD, Tang MW, Suijk EM, 
Hoogendoorn GM, et al. Azathioprine/hydroxyurea preconditioning 
prior to nonmyeloablative matched sibling donor hematopoietic stem 
cell transplantation in adults with sickle cell disease: a prospective 
observational cohort study. Am J Hematol. 2024;99(8):1523–31.

 40. Horgan C, Mullanfiroze K, Rauthan A, Patrick K, Butt NA, Mirci- 
Danicar O, et al. T- cell replete cord transplants give superior outcomes 
in high- risk and relapsed/refractory pediatric myeloid malignancy. 
Blood Adv. 2023;7(10):2155–65.

 41. Mayerhofer C, Niemeyer CM, Flotho C. Current treatment of juvenile 
myelomonocytic leukemia. J Clin Med. 2021;10(14):3084.

 42. Wintering A, Dvorak CC, Stieglitz E, Loh ML. Juvenile myelomono-
cytic leukemia in the molecular era: a clinician's guide to diagnosis, 
risk stratification, and treatment. Blood Adv. 2021;5(22):4783–93.

 43. Yoshimi A, Bader P, Matthes- Martin S, Starý J, Sedlacek P, Duffner 
U, et al. European Working Group of MDS in Childhood (EWOG- 
MDS). Donor leukocyte infusion after hematopoietic stem cell 
transplantation in patients with juvenile myelomonocytic leukemia. 
Leukemia. 2005;19(6):971–7.

 44. Locatelli F, Niemeyer CM. How I treat juvenile myelomonocytic leu-
kemia. Blood. 2015;125(7):1083–90.

 45. Zimmerman C, Shenoy S. Chimerism in the realm of hematopoietic 
stem cell transplantation for non- malignant disorders- a perspective. 
Front Immunol. 2020;11:1791.

 46. Lankester AC, Albert MH, Booth C, Gennery AR, Güngör T, Hönig 
M, et al. EBMT/ESID inborn errors working party guidelines for he-
matopoietic stem cell transplantation for inborn errors of immunity. 
Bone Marrow Transplant. 2021;56(9):2052–62.

 47. Walters MC, Patience M, Leisenring W, Rogers ZR, Aquino VM, 
Buchanan GR, et  al. Stable mixed hematopoietic chimerism after 
bone marrow transplantation for sickle cell anemia. Biol Blood 
Marrow Transplant. 2001;7(12):665–73.

 48. Kassim AA, de la Fuente J, Nur E, Wilkerson KL, Alahmari AD, 
Seber A, et al. An international learning collaborative phase 2 trial for 
haploidentical bone marrow transplant in sickle cell disease. Blood. 
2024;143(25):2654–65.

 49. Frugnoli I, Cappelli B, Chiesa R, Biral E, Noè A, Evangelio C, et al. 
Escalating doses of donor lymphocytes for incipient graft rejec-
tion following SCT for thalassemia. Bone Marrow Transplant. 
2010;45(6):1047–51.

 50. Bernardo ME, Piras E, Vacca A, Giorgiani G, Zecca M, Bertaina A, 
et  al. Allogeneic hematopoietic stem cell transplantation in thalas-
semia major: results of a reduced- toxicity conditioning regimen based 
on the use of treosulfan. Blood. 2012;120(2):473–6.

 51. Mehta P, Singh A, Halder R, Verma M, Agrawal N, Ahmed R, 
et  al. Immunosuppression boost with mycophenolate mofetil for 
mixed chimerism in thalassemia transplants. Transplant Cell Ther. 
2023;29(2):122.e1–122.e6.

 52. Gassas A, O'Boyle F, Chaudhury S, Petterson T, Lund K, Karnik L, 
et  al. Complex clonal evolution can occur following transplanta-
tion for transfusion dependent thalassaemia in the context of mixed 

 1
3
6
5
2
1
4
1
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/b

jh
.7

0
0
6
1
 b

y
 N

IC
E

, N
atio

n
al In

stitu
te fo

r H
ealth

 an
d
 C

are E
x

cellen
ce, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

0
/0

9
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se



12 |   RECOMMENDATIONS FOR THE MANAGEMENT OF CHIMERISM PERI- TRANSPLANT

A PPE N DI X 

List of attendees

Dr. Adele Timbs Oxford University NHS Foundation Trust

Professor Adrian Bloor The Christie NHS Foundation Trust

ms Agie Fogarty CHI Crumlin

Dr Ailsa Holroyd Queen Elizabeth University Hospital

Dr Andrew Clark Queen Elizabeth University Hospital, Glasgow

Dr Andy Peniket Oxford University Hospitals

Dr Angela Hamblin Oxford University Hospitals NHS Foundation Trust

Mr Angus Haines The Royal Marsden

Dr Anjum Khan St James' Hospital Leeds

Dr Anna De Palma Cambridge University Hospitals

Dr Anoop Cherungonath Birmingham children's hospital

Dr Anthony Poles NHSBT—Bristol

Dr Antony Cousins Sheffield Children's Hospital

Dr Arthi Anand Imperial College NHS trust

Mrs Charlotte uddin NUH NHS trust

MR David Fishwick UHS NHS FT

Dr David Irvine QEUH GGC Scotland

Dr Deborah Richardson University Hospital Southampton

Dr Deborah Sage NHS Blood and Transplant

Dr Deniz Ucanok Nottingham University Hospital

Dr Dimitris Galopoulos Queen Elizabeth University Hospital

Dr Dorte Wren Great Ormond Street Hospital/NT- GLH

Professor Eduardo Olavarria Imperial College—Hammersmith Hospital

Dr Emma Nicholson RMH

Dr Erin Hurst Newcastle upon Tyne NHS Foundation Trust

Dr Fotini Partheniou Royal Liverpool Hospital—LUHFT

Dr Grant McQuaker Queen Elizabeth University Hospital, Glasgow

Dr Harpreet Kaur Sheffield Teaching Hospitals NHSFT

Dr Hazel Clouston UK NEQAS LI

myeloid chimerism and reduced intensity conditioning regimens. 
Blood. 2021;138(Supplement 1):2906.

 53. Chaudhury S, Ayas M, Rosen C, Ma M, Viqaruddin M, Parikh S, et al. 
A multicenter retrospective analysis stressing the importance of 
long- term follow- up after hematopoietic cell transplantation for β- 
thalassemia. Biol Blood Marrow Transplant. 2017;23(10):1695–700.

 54. Biederstädt A, Rezvani K. How I treat high- risk acute myeloid leu-
kemia using preemptive adoptive cellular immunotherapy. Blood. 
2023;141(1):22–38.

 55. Tsirigotis P, Byrne M, Schmid C, Baron F, Ciceri F, Esteve J, et  al. 
Relapse of AML after hematopoietic stem cell transplantation: meth-
ods of monitoring and preventive strategies. A review from the ALWP 
of the EBMT. Bone Marrow Transplant. 2016;51(11):1431–8.

 56. Sureda A, Corbacioglu S, Greco R, Kroger N Carreras E, editors. The 
EBMT Handbook: Haemopoietic Cell Transplantation and Cellular 
Therapies (Internet). 8th Ed. Cham: Springer; 2024.

 57. Pagliuca S, Schmid C, Santoro N, Simonetta F, Battipaglia G, 
Guillaume T, et al. Donor lymphocyte infusion after allogeneic hae-
matopoietic cell transplantation for haematological malignancies: 
basic considerations and best practice recommendations from the 
EBMT. Lancet Haematol. 2024;11(6):e448–e458.

How to cite this article: Clark A, Clouston H, Rao K, 
Folarin N, De la Fuente J, Hamblin A, et al. UK 
recommendations for chimerism testing and 
monitoring following allogeneic haematopoietic stem 
cell transplantation (HSCT): Best practice consensus 
guidelines from the British Society for Blood and 
Marrow Transplant and Cellular Therapies 
(BSBMTCT), NHS England Genomic Laboratory Hub 
(GLH) Haematological Malignancies Working Group, 
UK Cancer Genetics Group (UKCGG) and the UK 
National External Quality Assessment Service for 
Leucocyte Immunophenotyping (UK NEQAS LI). Br J 
Haematol. 2025;00:1–13. https://doi.org/10.1111/
bjh.70061

 1
3
6
5
2
1
4
1
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/b

jh
.7

0
0
6
1
 b

y
 N

IC
E

, N
atio

n
al In

stitu
te fo

r H
ealth

 an
d
 C

are E
x

cellen
ce, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

0
/0

9
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se

https://doi.org/10.1111/bjh.70061
https://doi.org/10.1111/bjh.70061


   | 13CLARK et al.

Dr Helena Lee Manchester Royal Infirmary

Dr Jennifer Clay Leeds teaching hospitals NHS trust

Dr Jennifer Edwards Nottingham University Hospitals

Mrs Jennifer Jones CUH—Addenbrookes Hospital

MIss Jennifer Stevens UHS

Ms Jianne Miran King's College Hospital

Ms Joanne Mason Birmingham

PROF JOHN SNOWDEN Sheffield Hospitals NHS Trust

Professor Josu de la Fuente Imperial College Healthcare NHS Trust

Dr Justin Loke University of Birmingham

Dr Kanchan Rao GOSH

Mrs Kathryn Turner Leeds Teaching Hospitals Trust

Dr Katy Latham NHSBT

Mr King Hei Lai University Hospital Southampton NHS

Dr Kirsty Sharplin Oxford University Hospital

Miss Lauryn Wills Synnovis

Dr Leigh Keen NHSBT—Filton

Ms Lorna welsh Queen Elizabeth University Hospital

Miss Maia Hickin The Royal Marsden

Dr Manoj Raghavan University Hospitals Birmingham

Mrs Maria Azucena Losa Queen Elizabeth Hospital, Birmingham

Mrs Marianne Grantham Barts Health NHS Trust

Miss Megan Mitchell The Royal Marsden

Mrs Michele Barrett NHSGGC

Ms Michelle Kenyon King's College Hospital NHS Foundation Trust

Dr Najeem Folarin King's College Hospital, Synnovis

Mrs Nancy Atieno University Hospital Southampton

Dr Natalia Brodaczewska Imperial College Healthcare NHS Trust

Ms Nicola Meakin University Hospital Southampton

Dr. Noora Buti Imperial college NHS trust

Dr Oluwatosin Taiwo The Royal Marsden NHS Foundation Trust

Dr Pamela Evans CHI at Crumlin

Dr Patrick Medd University Hospitals Plymouth NHS Trust

Mrs Polly Talley St James, Hospital, Leeds

Dr Prudence Hardefeldt Kings College Hospital

Dr Renuka Palanicawandar Hammersmith Hospital

Dr SAMAH LAMBURNE Southampton University Hospital

Dr Sandeep Potluri Birmingham Children's Hospital

Mrs Sanna Hulkki Wilson The Royal Marsden Hospital

Mrs Sarah Darko Oxford University Hospitals NHS Foundation Trust

Dr Sarah Lawson Birmingham Children's Hospital

Dr Sharon Vivers Anthony Nolan

Dr Shaun Bevan Barts Health

Professor Stuart Adams Great Ormond Street Hospital for Children NHS 
Foundation Trust

Miss Susanne Kricke Great Ormond Street Hospital

Ms Tasmiya Wahed Kings College London

Dr Terri McVeigh Royal Marsden

Dr Valerie Broderick CHI at Crumlin

Dr Wendy Ingram University Hospital of Wales

 1
3
6
5
2
1
4
1
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/b

jh
.7

0
0
6
1
 b

y
 N

IC
E

, N
atio

n
al In

stitu
te fo

r H
ealth

 an
d
 C

are E
x

cellen
ce, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

0
/0

9
/2

0
2

5
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se


	UK recommendations for chimerism testing and monitoring following allogeneic haematopoietic stem cell transplantation (HSCT): Best practice consensus guidelines from the British Society for Blood and Marrow Transplant and Cellular Therapies (BSBMTCT), NHS
	Summary
	INTRODUCTION
	METHODS
	Development of consensus recommendations

	RESULTS
	Participants
	In-meeting polls

	CONSENSUS RECOMMENDATIONS
	Current chimerism analysis and emerging technologies
	External quality assessment in post-transplant chimerism monitoring
	Recommendations for laboratory assessment of chimerism
	Post-transplant chimerism testing, monitoring and clinical utility in adult BMT practice
	Malignant disease
	Non-malignant diseases

	Post-transplant chimerism testing, monitoring and clinical utility in children
	Malignant disease indications
	Non-malignant disease indications
	Acquired aplastic anaemia
	Inborn errors of immunity
	BM failure syndromes
	Haemoglobinopathies


	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES
	APPENDIX 


