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cute myeloid leukemia (AML) is a heterogeneous dis-

ease both in terms of genetics and clinical outcome.!

Patients can be subdivided into 3 risk groups using the

European LeukemiaNet (ELN) prognostic risk clas-
sification with significantly different cumulative incidence of
relapse (CIR) and overall survival (OS) rates.? Induction ther-
apy for patients considered fit for intensive therapy commonly
starts with 2 cycles of high-dose chemotherapy. The choice of
postremission therapy is based on the risk classification and
measurable residual disease (MRD) status.>* It consists of con-
solidation with nonmyeloablative chemotherapy, myeloablative
chemotherapy followed by an autologous hematopoietic cell
transplantation (auto-SCT), or allogeneic hematopoietic cell
transplantation (allo-SCT).* Due to good tolerability, myeloab-
lative chemotherapy (busulfan and cyclophosphamide) followed
by an auto-SCT can be considered as a consolidation therapy
for ELN favorable- and intermediate-risk patients who are in
first complete remission and MRD negative in bone marrow
(BM).” While MRD assessment in BM is the standard prac-
tice, alternative sources such as autologous hematopoietic cell
apheresis products (ASCAPs) are of interest, particularly when
BM samples are unavailable. Studies have explored the use of
MRD in ASCAP enriched with hematopoietic stem and progeni-
tor cells (HSPCs), and possibly malignant cells, in hematological
diseases like acute lymphocytic leukemia and multiple myeloma
(MM),1%1! but large studies on AML are lacking.!>** Here, we
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retrospectively investigated the prognostic impact of MRD
detection in ASCAP on outcome in a cohort of 229 patients
with newly diagnosed AML enrolled in various multicenter
prospective phase III Dutch-Belgian Cooperative Trial Group
for Hematology—Oncology (HOVON) and the Swiss Group for
Clinical Cancer Research (SAKK) clinical trials.”"*-'® For details
of MRD detection and methods, we refer to our previous pub-
lications and supplemental materials.’” To quantify MRD in
ASCAP, we first verified the background events in ASCAP from
10 healthy donors and 4 pathological controls (MM patients),
resulting in a total of 14 measurements for 25 leukemia-asso-
ciated immunophenotypes (LAIPs). An overview of the results
can be found in Suppl. Table S1. In 7 healthy donor control
samples and 2 MM control samples, a phenotype mimicking an
LAIP was detected above the 0.1% cutoff. In 1 sample, this was
the expression of CD13+CD33- on primitive cells (both CD34+
and CD117+), with otherwise normal myeloid CD33 expres-
sion. The other 8 samples showed a phenotype mimicking the
mature LAIP CD14+HLA-DR-. These 2 LAIPs were considered
related to granulocyte colony-stimulating factor (G-CSF) expo-
sure as it can promote proliferation and differentiation of hema-
topoietic progenitor cells, potentially affecting the reliability of
mature LAIPs.?° Therefore, ASCAP samples from patients with
AML who showed these LAIPs were considered MRD negative
unless an alternative LAIP was also present. The G-CSF-related
LAIPs were found in 8 AML specimen, for which in 3 specimen,
an alternative LAIP was measured. This influence of G-CSF
stimulation was not detected in BM control samples, suggesting
that these LAIPs may be specific to ASCAP specimens.?!
ASCAP-MRD was measured in 229 de novo AML patients of
whom the sample quality was adequate to measure ASCAP-MRD
in 223 specimen. According to MaxStat, the optimal cutoff was
found at 0.1% LAIP of total white blood cells (Figure 1A). Using
this cutoff, 29 of 223 (13%) patients were considered ASCAP-
MRD positive. There were no statistically significant differences
in baseline characteristics between the ASCAP-MRD-positive
and ASCAP-MRD-negative patients, as can be seen in Suppl.
Table S2. As expected, a substantial percentage of the patients
had a favorable risk profile (55%) according to the ELN-2017
definition, as these patients are primarily selected for consolida-
tion with auto-SCT. Moreover, patients with a positive MRD
resulting in ASCAP showed a significantly higher frequency of
MRD-positive BM sample (P<0.001). ASCAP-MRD-positive
patients had a statistically significant worse outcome in terms
of 3-year event-free survival (EFS; ASCAP-MRD positive, 41%
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Figure 1. Optimal cutoff and subsequent survival differences for MRD acquired from ASCAP. (A) Cutoff determination by using maximally selected
rank statistics with the highest log-rank for MRD in ASCAP measured at 0.1% LAIP cells of total white blood cells. The graph shows the density and distribution
of MRD-negative patients (in blue) and MRD-positive patients (in red) according to the cutoff. (B) Using the 0.1% cutoff, 29 of 223 patients were MRD positive.
These patients had a statistically significant worse 3-y event-free survival (EFS) compared to MRD-negative patients (41% vs ASCAP-MRD negative, 58%;
P=0.003). (C) Three-year difference in CIR for MRD-positive patients was 45% compared to 32% for MRD-negative patients (P=0.108). (D) Difference in 5-y OS
between ASCAP-MRD-positive and MRD-negative patients (49% vs 67%, respectively; P=0.005). ASCAP = autologous stem cell apheresis products; CIR = cumulative
incidence of relapse; EFS = event-free survival; LAIP = leukemia-associated immunophenotype; MRD = measurable residual disease; OS = overall survival.

versus ASCAP-MRD negative, 58%; P=0.003; Figure 1B). The
3-year CIR was 45% for ASCAP-MRD—positive patients com-
pared to 32% for ASCAP-MRD-negative patients (P=0.108;
Figure 1C). In addition to EFS difference, ASCAP-MRD-posi-
tive patients had a significant worse 5-year OS (ASCAP-MRD
positive, 49% versus ASCAP-MRD negative, 67%; P=0.005;
Figure 1D). Univariate and multivariate Cox regression analyses
confirmed ASCAP-MRD as an independent prognostic factor
for EFS, along with the ELN-2017 risk score and type of con-
solidation therapy (Suppl. Tables S3 and S4). When the MRD
groups were stratified for ELN risk classification, the subgroups
became small, and in general, no statistically significant differ-
ences were found (Suppl. Figure S1).

To exclude the type of consolidation therapy as a potential
confounding factor, we performed a subgroup analysis of only
patients undergoing auto-SCT. Of all patients, 84% (188/223)

received an auto-SCT as first consolidation therapy, with a list
of reasons for abstaining from auto-SCT provided in Suppl.
Table SS. In the auto-SCT subgroup, 13% (24/188) of patients
were identified as ASCAP-MRD positive, and there were no
statistically significant differences at baseline characteristics
between the MRD-positive and MRD-negative patients (Suppl.
Table S6). The survival outcomes showed consistent results,
with ASCAP-MRD positivity associated with worse EFS (46%
versus 61%; P=0.012), CIR (51% versus 33%; P=0.028), and
OS (58% versus 68%; P=0.029), as visualized in Suppl. Figure
S2.The ASCAP-MRD status remained an independent prognos-
tic factor in multivariate analysis, together with ELN-2017 risk
classification (Suppl. Table S7).

In addition, we evaluated the concordance between MRD
detection in ASCAP and BM to determine whether MRD in
ASCAP offers additional prognostic value independent from
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MRD in BM. A paired BM specimen was acquired for MRD
analysis in 185 of 223 (83 %) patients, with a median time inter-
val of 6 days (range, 0-57 days) after the ASCAP-MRD sample.
As depicted in Suppl. Figure S3, BM-MRD-positive patients
had statistically significant worse EFS and CIR and a trend
toward worse OS compared to MRD-negative patients. This
was confirmed in a multivariate model, including ELN-2017
risk classification and FLT3-ITD/NPM1 status (Suppl. Table
S$8). ASCAP-MRD and BM-MRD results were concordant for
172 of 185 (93%) patients, of whom 154 (83%) patients were
double MRD negative, with a moderate correlation (r=0.488;
P<0.001). The nonconcordant group of 13 (7%) patients con-
sisted of 8 patients who were BM-MRD positive/ASCAP-MRD
negative, with no clear cause for the discrepancy. When the
double-positive, double-negative, and discrepant groups were
compared based on survival, there was a statistically significant
difference in EFS, CIR, and OS (Suppl. Figure S4). In a pairwise
comparison, a significant difference was only found between
the double-positive group and patients who were MRD nega-
tive in both specimen, for both 3-year EFS (33% versus 60%;
P=0.021), CIR (50% versus 30%; P=0.041), and S-year OS
(43% versus 64%; P=0.016).

In this relatively homogeneous group of predominantly
favorable-risk AML patients, MRD above 0.1% in ASCAP was
associated with a worse EFS and OS. In the subgroup of patients
who actually received an auto-SCT as consolidation therapy,
CIR was also statistically significantly worse for ASCAP-MRD-
positive patients in addition to EFS and OS. The presence of leu-
kemic contamination in the auto-SCT graft of the 24 patients,
who underwent an auto-SCT despite the presence of MRD,
may have a contributory effect on the statistically higher CIR
observed in comparison to ASCAP-MRD-negative patients.
However, previous studies evaluating the ex vivo purging of
autologous products have not shown any beneficial impact on
the risk of relapse or OS, which explains the limited adoption
of this approach in routine clinical practice.?? In addition, from
20 of 24 patients, also a paired BM sample was present, and 15
of 20 of these were also MRD positive. Consequently, it is more
likely that a significant portion of residual disease persisted in
these patients, although this remains speculative. During data
collection, it was not common practice to base clinical deci-
sions on the MRD result. However, with current knowledge,
we would escalate consolidation therapy to an allo-SCT in
fit MRD-positive patients, similar to the approach currently
applied to ELN intermediate-risk patients.®”-**

It is noteworthy that there was a 93% concordance between
the ASCAP-MRD and BM-MRD results. This suggests that
MRD assessed in ASCAP could be regarded as an alternative
specimen when BM is not available. However, this has not pro-
spectively been assessed, much like the exploration of MRD
measured in peripheral blood as a possible alternative to BM.
The high degree of concordance makes it difficult to interpret
the discrepant MRD results (n=13), which may be attributed
to various factors, including the time between the collection of
ASCAP-MRD and BM-MRD.

Contrary to expectations, our data indicate that the sensitiv-
ity of MRD in ASCAP based on the relapse rate is comparable
to that observed in BM, rather than being enhanced, despite
the increased mobilization of leukemic cells and enrichment of
HSPC through G-CSF stimulation.** The impact of G-CSF
on MRD reliability seems to be minimal, although healthy and
nonleukemic control ASCAP samples showed higher back-
ground events compared to NBM samples.?!

Limitations of our study include its retrospective nature and
the lack of a universally accepted ASCAP-MRD cutoff.'* The
study population predominantly consisted of patients with
favorable- and intermediate-risk AML who were consolidated
with an auto-SCT, limiting the generalizability of the findings to
patients with unfavorable risk profiles. This study demonstrates

www.hemaspherejournal.com

that MRD detected above 0.1% in ASCAP is significantly asso-
ciated with poorer outcomes. While ASCAP shows promise as
an alternative source for MRD detection, it does not appear to
enhance sensitivity compared to BM, as it yields similar results in
93% of cases. Nonetheless, when the preferred BM samples are
unavailable, ASCAP may be considered for MRD assessment.
Further validation studies are needed to confirm these findings
and establish standardized cutoff for ASCAP-MRD positivity.
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