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Abstract

Hematopoietic Stem Cell Transplantation (HSCT) is considered a curative option for children with Acute Myeloid Leukemia
(AML). Post-HSCT relapse in pediatric AML is associated with poor outcomes. Our ability to predict this event is limited. Chime-
rism analysis can be followed sequentially to detect Mixed Chimerism (MC) trends to identify the risk of relapse. We reviewed
our data on lymphoid MC in pediatric patients with AML post-HSCT to investigate its significance as a predictor of relapse of pri-
mary disease and survival. Twenty-eight HSCT recipients fared beyond Day+120 and were the focus of this report. Post-trans-
plant ANC recovery was observed in all cases with a median of 16 days in BM/PBSC and 22 days in transplants with CB. Platelet
recovery was noted in 27 with a median of 29 days in BM/PBSC and 69 days in CB. The rate of post-HCT relapse of primary
disease or progression was 7.1%. Rate of post-HSCT MC from day+30 till day+100 was 50.0%, day+100 to last contact 28.0% and
day+30 through last contact was 53.6%. The cumulative probability of overall survival of our cohort was 78.0%+8.0%. MC was
not found to be significantly associated with post-HSCT relapse of primary disease, mortality rate, or overall survival.

Keywords: Mixed chimerism; Stem cell transplantation; Pediatric; Acute myeloid leukemia; Outcome.
Abbreviations: MC: Mixed Chimerism; HSCT: Hematopoietic Stem Cell Transplantation; PBS: Peripheral Blood Stem Cells; GVL:

Graft versus leukemia.

Introduction

Pediatric Acute Myeloid Leukemia (AML) subtype ac-
counts for 15%-20% of acute leukemias, which themselves
represent about one-third of all childhood cancers [1].
Outcomes have improved due to refined risk-adapted che-
motherapy regimens and better supportive care but still 25%
of children and adolescents with AML undergo disease relapse
[2-4]. Disease relapse remains a major cause of treatment failure
in patients receiving allogeneic HSCT for high-risk AML Clinical
prognosis for such patients remains dismal with a 2-year post
relapse survival of less than 20% [6]. Early detection of AML re-
lapse post HSCT is thus critical to ensure that disease burden is

minimal and subsequently amenable to second line interven-
tion. Posttransplant chimerism on peripheral blood samples
has been used as a surrogate for monitoring disease relapse
to initiate additional immunomodulatory therapies [7,8]. Chi-
merism can indirectly screen an impending risk of relapse while
MRD allows for confirmation of leukemia. Our ability to predict
relapse risk on Chimerism profile is still limited [9]. In this
retrospective analysis, we reviewed our Short Tandem Repeat
(STR) chimerism data to study its ability in detecting leukemia
before an overt relapse.
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Patients and methods

From January 2012 to December 2017, 53 pediatric AML
patients (age <14 years at infusion) underwentallogeneicblood
and marrow transplantation at our center. Thirty-eight (71.7%)
were transplant naive and 28 (73.7%) of them fared beyond
Day+120; who are the focus of this report. Detailed patient and
transplant related parameters are listed in Table 1. All pa-
tients were conditioned with myeloablative regimens. Radia-
tion was part of the conditioning regimen in 2 (7.1%) recipients
only. Bone marrow was the source of stem cells in 20 (71.4%)
cases. Donor was a full matched relative in 16 (57.1%),
Haploidentical family member in five (17.9%) while unre-
lated HLA 1- or 2-AG mismatched in the remaining seven
(25%) recipients who were transplanted with CB. Quantitative
increase of lymphocyte Mixed Chimerism (MC) was defined
as >5.0% of recipient’s DNA spiking any time during post-HCT
follow-up at/beyond day+30. Graft failure and death from all
causes was considered as an event. Overall survival was taken
from infusion to the expiry or the last contact date, with death
from any cause as an event. Chi square test or Fisher’s Exact
test was employed to test the significance of association be-
tween categorical variables. Kaplan-Meier curves were drawn
for survival analyses. IBM-SPSS for Windows (version 20.0) was
used for statistical analysis of the data. This study was submit-
ted to the Institutional Review Board of King Faisal Specialist
Hospital and Research Center, Riyadh, Saudi Arabia, before ini-
tiation and was approved by the Research Advisory Committee
through established procedures via Approval Number 2211058.

Results

Median age at HSCT was 6.9 years (range, 0.1-13.7 years).
Seventeen patients (60.7%) had matched donor-recipient gen-
der. Transplant related parameters for the cohort are provided
in Table 1. Median follow-up time was 67.0£2.9 months
(95% Confidence Interval: 61.2-72.8 months).

Mixed lymphocyte quantitative chimerism

Rate of lineage-specific mixed chimerism (MC) was defined
as >5.0% of recipient’s DNA spiking any time during post-HCT
follow-up at/beyond Day+30. MC was seen in 50% (14 out
of 28 recipients) till day+100, then dropped to 25% (7 out of
25 recipients) from day+100 till last follow-up. Overall MC was
53.6% (15 out of 28 recipients) throughout follow-up till 5 years
post-infusion, where applicable (Figure 1).

Graft versus Host disease

Cumulative incidence of all grade overall acute GvHD was
28.6% (n=8) whereas grade I-Il acute GvHD accounted for
21.4% (n=6) and severe acute GvHD (grade IlIl, gut) was seen
in only two cases (7.1%). All grade overall acute GvHD was
not found to be associated with MC (P=0.091). None of our
patients exhibited chronic GvHD.

Survival, mortality and causes of death

With a mortality rate of 21.4% (n=6) and a median follow-up
of 67 months (95% Cl: 61.2-72.8) all survivors were in remission
and clinically asymptomatic at the last contact. The cumula-
tive probability of five-year Overall Survival (OS) and Event-Free
Survival (EFS) was 78.0% (+8.0%). No statistically significant dif-
ference was found for OS or EFS for MC (< 5.0% vs. > 5.0%,
Table 1, P=0.361). No significant association between MC and
relapse of primary disease or mortality was found. Relapse of
primary disease was significantly associated with mortality
(33.3%, n=2, P=0.040), however.
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Figure 2:

Table 1: Patient characteristics and transplant related parameters by chimerism throughout follow-up.

Parameters of interest n (%) FC (13, 46.4%) (<5% Recipient) = MC (15, 53.6%) (25% Recipient) Total (n=28) P value
Gender 1.000
Female 6 (46.2%) 8(53.3%) 14 (50.0%)
Male 7 (53.8%) 7 (46.7%) 14 (50.0%)
Age at SCT, years, median (range) 6.4 (0.8-13.0) 7.5(0.1-13.7) 6.9(0.1-13.7) 0.717
Recipient weight (kg) at infusion, median (range) 16.2 (6.3-51.0) 21.9(8.4-76.1) 19.3(6.3-76.1) 0.108
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Source of Stem Cells 0.327
Bone marrow 8(61.5%) 12 (80.0%) 20 (71.4%)

PBSC 1(7.7%) None 1(3.6%)

Cord blood 4(30.8%) 3(20.0%) 7 (25.0%)

TNC Dose?, median (range)

Bone marrow/ PBSC 0.6 (0.2-1.5) 0.3(0.1-41.01) 0.34 (0.13-41.0) 0.041
Cord blood 0.1(0.06-0.1) 0.05 (0.04-0.1) 0.09 (0.04-0.13) 0.400
CD342, median (range)

Bone marrow/ PBSC 7.5 (4.3-10.5) 3.6(0.9-8.1) 5.15(0.85-10.5) 0.001
Cord blood 0.29 (0.05-0.5) 0.12(0.09-0.3) 0.15 (0.05-0.54) 0.629
Conditioning regimen 0.759
Busulfan, Cyclophosphamide 4(30.8%) 9 (60.0%) 13 (46.4%)

Busulfan, Cyclophosphamide, ATG 3(23.1%) 2913.3%) 5(17.9%)

Busulfan, Fludarabine, Thiotepa 2 (15.4%) 2 (13.3%) 4(14.3%)

Busulfan, Cyclophosphamide, VP-16 1(7.7%) 1(6.7%) 2(7.1%)

Busulfan, Cyclophosphamide, VP-16, ATG 1(7.7%) 1(6.7%) 2(7.1%)

Fludarabine, Cyclophosphamide, TBI 1(7.7%) None 1(3.6%)

Fludarabine, TBI 1(7.7%) None 1(3.6%)

Donor Gender 0.460
Female 4(30.8%) 7 (46.7%) 11 (39.3%)

Male 9 (69.2%) 8(53.3%) 17 (60.7%)
Donor-Recipient gender matching 0.755
Same gender 9 (69.2%) 8(53.3%) 17 (60.7%)

Female - male 1(7.7%) 3(20.0%) 4 (14.3%)

Male - female 3(23.1%) 4(26.7%) 7 (25%)

HLA Type 0.126
HLA identical siblings/other relatives 5(38.5%) 11 (73.3%) 16 (57.1%)

Haploidentical family member 4(30.8%) 1(6.7%) 5(17.9%)

Unrelated HLA 1- or 2-AG mismatch (CB) 4(30.8%) 3(20.0%) 7 (25.0%)

Days to ANC recovery (median, range) 17 (12-33) 18 (13-45) 17.5(12-45) 0.363
BM/PBSC 16 (14-33) 15 (13-21) 16 (13-33) 0.277
cB 22 (12-25) 18 (18-45) 22 (12-45) 1.000
Days to platelets recovery (median, range) 35(17-160) 38.5(17-72) 37 (17-160) 0.943
BM/PBSC 27 (17-64) 33(17-60) 29 (17-64) 0.552
cB 63.5 (48-160) 69 (63-72) 69 (48-160) 1.000
Engraftment 11 (84.6%) 15 (100.0%) 26 (92.9%) 0.206
Primary graft failure None None None

Secondary graft failure/Relapse of primary 2 (15.4%) None 2(7.1%)

Acute GvHD 0.410
Acute GvHD (-) 8(61.5%) 12 (80.0%) 20 (71.4%)

Acute GVHD (+) 5(38.5%) 3(20.0%) 8(28.6%)

Mortality rate 4(30.8%) 2(13.3%) 6(21.4%) 0.372
Cumulative probability of overall survival 68.4%+13.1% 86.7%+8.8% 78.0%+8.0% 0.361
Cumulative probability of event-free survival 68.4%+13.1% 86.7%+8.8% 78.0%+8.0% 0.328

1, 10° per kg; 2, 10° per kg.
Abbreviations: HSCT: Hematopoietic stem cell transplant; GVL: Graft versus leukemia; HLA: Human Leukocyte Antigens; OS: Overall survival;
EFS: Event free survival.
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Discussion

Mixed chimerism has been shown to occur more often in
younger patients undergoing non-myeloablative transplants
for non-malignant disorders [10-12]. These MC states do
not necessarily result in graft failure [13]. Here we show
that more than half of our patients undergoing myeloabla-
tive conditioning for malignant disease still developed MC
with mostly Busulfan based regimens. CD34 dose was sig-
nificantly associated with MC. Majority of our patients with
MC had HLA-matched sibling donors. Our patients had lower
incidence of acute- GVHD and better OS in the MC group in
keeping with published reports [14,15]. The need for predict-
ing disease relapse after HSCT is clinically significant due
to the poor prognosis of early relapse. Given the possibility of
early interventions such as rapid tapering of immunosuppres-
sion medication and/or transfusion of Donor Lymphocyte
Infusion (DLI) has highlighted the importance of monitoring
for imminent relapse. Since chimerism analysis in general
detects persisting or reappearing recipient cells hence its
can be used indirectly to identify surviving leukemia blasts
&/or surviving host hematopoiesis. Though in some instances
persistence or reappearance of recipient cells can simply
reflect survival of normal host hematopoietic cells like most
institutions we performed PCR based detection of Short Tan-
dem Repeats (STR-PCR) forchimerism analyses on Peripheral
Blood (PB) for surveillance of engraftment with lineage
specification after HSCT [16]. This has been the gold standard
for most transplant centers in the previous decades, but with a
lower Level of Detection (LOD) of 1-5% recipient cells [17,18].
New techniques such as real-time PCR, digital droplet CR and
Next Generation Sequencing (NGS) have further increased the
accuracy and sensitivity of chimerism analysis. While some
studies have shown that an increasing MC is associated with a
higher incidence of relapse some have not. A major limitation
is the lack of definitive cut-off values across studies [7,8,19,20].
In order to identify a trend in MC cut-off values that indicated
a higher risk of relapse we looked at donor T cell chimerism that
can reflect donor T cell engraftment and hence can indirectly
gauge the degree of Graft-Versus-Leukemia (GVL) effect. In
our patient cohort MC does not predict a higher risk of re-
lapse as shown by Mountjoy et. al and others [19,21,22]. Un-
like the results by Lee et al. that focused on T-cell MC in adult
patients at Days-90-120 to be predictive of relapse we showed
that MC within 6-months can be seen without overt relapse.
On the contrary in ouranalysis of 28 patients undergoing HSCT,
the only 2 relapses and mortality seen were amongstthe 13
patients who had maintained Full Chimerism (FC).

Conclusion

In summary, the role of lymphocyte MCin predicting AML re-
lapse after transplantation has been controversial. A limitation
of this study was the lack of MRD results in our patients that
could have strengthened this analysis. Integration of chimerism
data with higher sensitivity along with MRD measurements
should be studied prospectively to develop relapse risk models
for potential preemptive intervention in transplant patients
with AML.
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