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Abstract

Measurable (“minimal”) residual disease (MRD) before or after hematopoietic cell transplantation
(HCT) identifies adults with AML at risk of poor outcomes. Here, we studied whether peri-
transplant MRD dynamics can refine risk assessment. We analyzed 279 adults receiving
myeloablative allogeneic HCT in first or second remission who survived at least 35 days and
underwent 10-color multiparametric flow cytometry (MFC) analyses of marrow aspirates before
and 28+7 days after transplantation. MFC-detectable MRD before (n=63) or after (n=16)
transplantation identified patients with high relapse risk and poor survival. Forty-nine patients
cleared MRD with HCT conditioning, whereas 2 patients developed new evidence of disease. The
214 MRD"™9/MRD"9 patients had excellent outcomes, whereas both MRD"®9/MRDPOS patients
died within 100 days following transplantation. For patients with pre-HCT MRD, outcomes were
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poor regardless of post-HCT MRD status, although survival beyond 3 years was observed among
the 58 patients with decreasing but not the 7 patients with increasing peri-HCT MRD levels. In
multivariable models, pre-HCT but not post-HCT MRD was independently associated with OS
and RR. These data indicate that MRDPS patients before transplantation have a high relapse risk
regardless of whether or not they clear MFC-detectable disease with conditioning and should be
considered for pre-emptive therapeutic strategies.

INTRODUCTION

For many adults with acute myeloid leukemia (AML), allogeneic hematopoietic cell
transplantation (HCT) is an integral component of curative-intent therapy.1=* A large
number of prospective studies, primarily using donor vs. no-donor comparisons, indicate
that allogeneic HCT leads to better disease control and superior long-term outcomes than
alternative treatments for several categories of AML patients transplanted in morphologic
complete remission (CR).3 However, outcomes vary considerably among such patients, with
the depth of remission at the time of transplantation being a critical determinant for the risk
of post-transplant disease recurrence. Specifically, investigations from others and our
institution have demonstrated that the presence of submicroscopic amounts of “minimal” (or,
perhaps more appropriately coined, “measurable™) residual disease (MRD) before HCT is
strongly and independently associated with increased relapse risk and shorter survival in
AML patients undergoing allogeneic HCT in morphologic CR.6-8

Several studies have also shown that post-HCT MRD, detected by polymerase chain reaction
(PCR), multiparameter flow cytometry (MFC), or (as a surrogate) levels of mixed
chimerisms identify patients at high risk of relapse and poor outcome.5-8 In contrast, very
little information is available regarding the prognostic significance of peri-transplant MRD
dynamics in these patients. Since bone marrow staging studies with MFC assessment for
MRD are routinely obtained not only before but also at approximately day +28 following
transplantation at our institution, we had the opportunity to study the relationship between
peri-HCT MRD dynamics and post-transplant outcomes in a large patient cohort of
consecutive patients who underwent myeloablative allogeneic HCT from a peripheral blood
or bone marrow donor between 2006 and 2014. We asked whether persistence or
disappearance of MRD might identify cohorts of patients in whom post-transplant therapy
was particularly indicated or unnecessary.

PATIENTS AND METHODS

Study cohort

Adults 18 years of age or older with AML were included in this retrospective study if they
underwent their first allogeneic HCT after myeloablative conditioning with peripheral blood
or bone marrow as a stem cell source while in first or second morphologic CR or CR with
incomplete blood count recovery (CRi)%? irrespective of MFC-detectable MRD. We
included all such patients if they underwent pre-HCT work up from April 2006 (when a
refined ten-color MFC-based MRD detection method was first introduced in the clinical
hematopathology service at our institution and utilized routinely in all patients) until
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October 2014, an 8.5 year time period over which only minor changes were made to the
MFC MRD detection panel. Information on post-transplant outcomes was captured via the
Long-Term Follow-Up Program through medical records from our outpatient clinic and local
clinics that provided primary care for patients in addition to records obtained on patients on
research studies. All patients were treated on Institutional Review Board-approved protocols
or standard treatment protocols and gave consent in accordance with the Declaration of
Helsinki. Follow-up was current as of April 24, 2015.

Classification of disease risk and treatment response

We used the 2008 WHO criteria to define AML20 and the refined United Kingdom Medical
Research Council/National Cancer Research Institute (MRC/NCRI) criteria to assign
cytogenetic risk.11 We did not include molecular data to refine disease risk. Data on the
mutational status of APV at initial diagnosis were only available on 103 patients (19
mutated, 84 wild-type), while information on the presence of FL73internal tandem
duplication (ITD) at initial diagnosis was only available for 114 patients (41 FLT3*ITD, 73
wild-type). The persistence of previously documented mutations in NPMIand FLT73, as well
as other genes, was not part of the routine MRD assessment in our clinical hematopathology
laboratory and was only inconsistently determined in bone marrow aspirates obtained before
HCT as well as around 28 days after transplantation, which precluded inclusion in our
analyses. Secondary leukemia was defined as AML following a history of antecedent
hematologic disorder (i.e. myelodysplastic syndrome or myeloproliferative neoplasm) or
prior treatment with systemic chemotherapy and/or radiotherapy.12:13 Treatment responses
were categorized as proposed by international expert panels.1:?

MFC detection of MRD

Ten-color MFC was performed in all patients as a routine clinical test on bone marrow
aspirates obtained as baseline assessment before HCT as well as around 28 days after
transplantation. As described previously, a panel consisting of three antibody combinations
recognizing CD4, CD5, CD7, CD13, CD14, CD15, CD16, CD19, CD33, CD34, CD38,
CD45, CD56, CD64, CD71, CD117, CD123, and HLA-DR was used for MRD
detection,12-15 and up to 1 million events per tube were acquired on a custom-built LSRII.
Data compensation and analysis was subsequently performed using software developed in
our laboratory (WoodL.ist). MRD was identified by visual inspection as a cell population
showing deviation (typically seen in more than one antigen) from the normal patterns of
antigen expression found on specific cell lineages at specific stages of maturation as
compared with either normal or regenerating marrow based on the tested antibody
panel.12-15 This approach was required due to the predominance of referred patients in our
study cohort for whom the abnormal immunophenotype was not available or useful.
Specifically in this cohort, only 137 of 279 patients (49%) had one or more positive flow
cytometric studies in our laboratory prior to the pre-transplant sample evaluation. In these
patients, abnormalities observed in the pre- and post-HCT bone marrow specimen were
compared those seen in prior studies. This MRD detection approach is estimated to be
applicable to roughly 90% of AML patients, as assessed previously by concordance of
concurrent FISH and flow cytometric assay results.18 The sensitivity of the MFC MRD
assay varies with the type of phenotypic aberrancy and immunophenotypes of normal cells
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in the background populations. Therefore, the assay does not have uniform sensitivity across
all cases but is able to detect MRD when present in the large majority of cases down to a
level of 0.1% and in progressively smaller subsets of patients as the level of MRD decreases
below that level. When identified, the abnormal population was quantified as a percentage of
the total CD45* white cell events. Any measurable level of MRD was considered
positive.12-15 The results from MFC assessments of MRD were available to the transplant
teams.

Statistical analysis

Unadjusted probabilities of overall survival (OS) and relapse-free survival (RFS) were
estimated using the Kaplan-Meier method, and probabilities of NRM and relapse were
summarized using cumulative incidence estimates. NRM was defined as death without prior
relapse and was considered a competing risk for relapse, while relapse was a competing risk
for NRM. Cox regression and competing risk regression models were used to assess
covariate associations with outcomes. Multivariable models included the following factors:
age at the time of HCT, cytogenetic risk group at time of AML diagnosis (unfavorable vs.
favorable/intermediate), type of AML at diagnosis (secondary vs. de novo), number of
chemotherapy cycles, karyotype at time of HCT (normalized vs. not normalized for patients
presenting with abnormal karyotypes), and peripheral blood counts at the time of HCT
(recovered vs. not recovered). Missing cytogenetic risk and karyotype were accounted for as
separate categories. Categorical patient characteristics were compared between individual
patient groups using Fisher’s exact tests, and continuous characteristics were compared with
Kruskal-Wallis tests. Statistical analyses were performed using STATA (StataCorp LP,
College Station, TX) and R (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Characteristics of study cohort

We identified 311 adults undergoing myeloablative HCT in first or second morphologic
remission between May 2006 and October 2012 who had detailed pre-transplant
pathological studies available for retrospective analysis. Two patients died within the first 35
days after transplantation. Among the remaining 309 patients, 279 (90.3%) underwent
protocol-driven early bone marrow staging studies between post-transplant days +21 and
+35. Of these 279 patients, 63 (23%) had MRD by MFC (i.e. were MRDP%) at the pre-
transplant baseline disease assessment, whereas 216 (77%) had no flow cytometric evidence
of MRD (i.e. were MRD"®9) before transplantation. As we have shown in previous

studies, 1315 the outcomes for patients in first and second CR are similar at our institution
(Figure 1), and these patients were therefore combined for subsequent analyses. The
characteristics of these 279 patients and details of their transplants stratified by pre-HCT
MRD status are summarized in Table 1. There were several statistically significant
differences between patients who were in MRD™9 CR at the time of transplantation and
those who were in MRDP% CR. Specifically, MRD"9 patients were younger (P=0.031), less
likely were male (P=0.031), less likely had adverse-risk cytogenetics rather than
intermediate-or favorable-risk cytogenetics (P<0.001), less likely had secondary leukemias
(P=0.009), had a longer remission duration before transplantation (£=0.004), and less likely
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had persistently abnormal cytogenetic studies in the pre-transplant evaluation compared to
MRDPOS patients (£<0.001).

Relationship between pre- or post-HCT MRD status and outcome

For the first set of analyses, we assessed the relationship between disease status and post-
HCT outcome by using either the pre-HCT or the post-HCT MRD status in an isolated
fashion, i.e. by not taking peri-HCT MRD dynamics into account. At the early post-HCT
disease reassessment between day +21 and day +35, 263 patients were MRD"®9. Only 16
patients had MFC-detectable evidence of MRD; of these, 5 patients had morphologic and/or
cytogenetic evidence of disease recurrence, whereas in the other 11 patients, patients had
MRD by MFC but met morphologic and cytogenetic criteria for remission. By the day of
data cut-off, 94 of the 279 patients have relapsed of whom 79 have died. Twenty-nine
patients experienced NRM, for a total of 108 deaths. The median follow-up time after HCT
in the 171 patients alive at last contact was 36 (range 3—99) months (for MRD™®9 patients
before HCT [n=160]: 36 [3-99] months; for MRDPOS patients before HCT [n=11]: 36 [78-
97] months). Consistent with our previous analyses, the 63 patients with MRD before HCT
had significantly shorter OS and RFS and higher risk of relapse than the 216 MRD"®d
patients (A<0.001, Figure 2A, B and Table 2). Likewise, the 16 patients with MRD at the
early post-HCT disease reassessment between day +21 and day +35 had significantly shorter
OS and RFS and higher risk of relapse than the 263 MRD"®9 patients (£<0.001, Figure 2C,
D and Table 2).

Relationship between peri-HCT MRD dynamics and post-HCT outcome

In a second set of analyses, we then assessed the relationship between peri-HCT disease
burden dynamics and post-HCT outcome. In our cohort of 279 patients, 49 patients cleared
MRD-level disease between the pre- and post-HCT disease assessment, whereas 2 patients
developed new evidence of disease; both of these patients had morphologic evidence of
disease recurrence. This resulted in 214 patients (77%) who had no MFC evidence of MRD
before and after HCT (i.e. were MRD"9/MRD"9), 2 patients (0.7%) who were
MRD"€9/MRDPOS, 49 patients (18%) who were MRDP%S/MRD"9, and 14 patients (5%) who
were MRDPOS/MRDPOS, Of the 65 patients with detectable MRD before and/or after
transplantation, 58 had decreasing levels of MRD (“MRDY€c"™) over the peri-HCT period,
whereas 7 patients had increasing MRD levels (“MRD!"™) around the time of
transplantation. As depicted in Figure 3 and Table 2, the 214 MRD"9/MRD"®9 patients had
the best long-term outcomes, with 3-year OS and RFS estimates of 76% (69-82%) and 71%
(65-78%), respectively, and a cumulative incidence of relapse of 22% (16-28%) at 3-years.
In contrast, both MRD"®9/MRDP%S patients died within 100 days transplant.

For patients who were MRDP%S before transplantation, outcomes were relatively poor
regardless of whether or not they had persistent MRD around day +28 after transplantation.
Specifically, at 3 years, MRDPPS/MRD"®Y patients had an estimated OS and RFS of 29%
(18-45%) and 18% (10-34%), and a relapse risk of 65% (51-79%), whereas these 3-year
estimates were 19% (6-60%) for OS, 14% (4-52%) for RFS, and 79% (55-100%) for
relapse risk for MRDPOS/MRDPOS patients, respectively. However, long-term survival was
only observed among MRDYeC" patients (at 3 years: 29% [19-44%] for OS, 19% [10-33%]
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for RFS, and 66% [53—79%] for relapse risk), whereas all MRDINC" patients died, with a
median of 125 (range: 43-836) days following transplant (Figure 4).

Pre-HCT and post-HCT MRD status as independent prognostic factors

Lastly, we fit regression models to assess the effect of pre- and post-HCT MRD status after
accounting for the covariates noted in Patients & Methods, we developed multivariable
models for OS, RFS, relapse, and NRM. These models indicated that independent of these
covariates being MRD"®9 before transplantation was associated with better outcomes (longer
OS and PFS as well as lower risk of relapse) than being MRDP®S pre-HCT, whereas there
were no significant associations between pre-HCT MRD status and NRM (Table 3). On the
other hand, there were no statistically significant associations between post-HCT MRD
status and OS, RFS, relapse, or NRM.

DISCUSSION

Approximately 20-25% of adults with AML who present for allogeneic HCT while in first
or second morphologic remission have flow cytometric evidence of MRD at the time of pre-
transplant disease staging.12-15 Consistent with our previous reports!2-14.15 and data from
other investigators,17-21 MRDPOS patients in the current study were found to have a
substantially increased risk of post-HCT relapse (cumulatively approaching 65-70% after 3
years) and lower survival (3-year estimate of about 25%) compared to patients who
underwent transplantation in MRD"9 remission (at 3 years: relapse risk of 20-25% and
survival of about 75%). Hence, our current results confirm the value of pre-HCT MRD
detection as a means of identifying a subset of patients with AML who are at high risk of
poor outcome following myeloablative allogeneic HCT.

As a novel finding, the data from this study indicate that myeloablative conditioning is able
to suppress the burden of leukemia cells below the current level of MRD detection in the
majority of patients who present with MRDPOS remission at the time of transplantation.
Specifically, in our cohort, 49 out of the 63 patients (78%) who were MRDP®S during the
pre-HCT disease staging examination had no MFC evidence of MRD 28+7 days after
transplantation. Yet, while this conversion from MRDP® to MRD"®9 may be reassuring to
treating physicians and patients alike, our data suggest that such patients nevertheless have
poor outcomes. Indeed, the cumulative incidence of relapse of 65% at 3 years in these
MRDP/MRD"®Y patients appears very similar to the approximately 80% relapse risk in the
14 patients who were MRDPOS hoth before and after transplantation, although the power to
detect any statistically significant difference in outcomes between these two groups is very
low given the small sample sizes of these patient subsets.

Our data also show that an increase in MRD burden over the peri-transplant period is
uncommon in AML patients undergoing myeloablative allogeneic HCT in morphologic
remission. In our cohort of 279, we observed increasing MRD levels only in 7 (3%) patients,
including 2 patients who converted from MRD™9 to MRDP®S over the transplant period,
limiting our abilities to obtain precise outcome estimates. Nevertheless, these 7 patients had
particularly adverse outcomes, with a 100% risk of relapse by 3 years and a 3-year survival
of 0% in our cohort.
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From a practical perspective, an important question to address is what the relative value is of
pre- and post-HCT MRD assessments by flow cytometry? The data from this study suggest
that pre-HCT MRD assessments may be the most helpful for risk stratification as they
identify a larger proportion of patients at high risk of post-HCT relapse (in our cohort:
63/279 [23%] were MRDPOS before transplantation but only 16/279 [6%] on day 28+7 after
transplantation). If MRD information were only obtained after transplantation, a large
portion of the high-risk patients would be missed. The notion that pre-HCT MRD
assessments are more helpful for risk stratification than post-HCT MRD assessments is
supported by our multivariable analyses, in which only pre-HCT MRD status but not post-
HCT MRD status was independently associated with OS, RFS, and RR if both MRD
determinations and several other potential risk factors were included in the models.
Nevertheless, our data also suggest that the risk-assessment of AML patients undergoing
HCT in morphologic remission can be refined if both pre- and post-HCT MRD
measurements are considered, although this refinement will affect only a small number of
patients. Specifically, if a patient is MRD"®9 before transplantation, the likelihood of
remaining MRD"®d over the transplant period is very high. In our cohort, only 2 out of 216
patients (1%) showed new evidence of leukemia on day 28+7 after transplantation. One
might argue that this very low chance of conversion to an MRDPOS status may not justify the
repetition of MRD testing early after transplantation. Likewise, for patients who are MRDP©S
before transplantation, peri-HCT MRD dynamics would allow the identification of a
relatively small subset of patients (in our cohort: 14/63 [22%]) who remain MRD positive.
However, their outcomes overall appear only slightly worse than those for patients who
convert to a MRD"®9 state (thus, post-transplant MRD assessment provides little disease risk
refinement) after transplantation except in the small fraction of patients (in our cohort: 5/63
[8%]) who experience an increase of MRD levels over the transplant period and have
particularly poor survival expectations.

At our institution, patients with AML in CR are routinely assigned to myeloablative
conditioning unless significant comorbidities are present, patients are otherwise ineligible to
undergo fully ablative HCT, or they were entered in a randomized study comparing
conditioning intensity. Although perceived as indicator of high relapse risk, the presence of
MRD typically plays no major role in the selection of the type of preparative regimen and/or
immunosuppression. When residual disease was detected at the submicroscopic or
microscopic level, no uniform treatment approach was pursued. Strategies employed
included expedited withdrawal of immunosuppressive agents with or without use of donor
lymphocyte infusions, treatment with hypomethylating and other molecularly targeted
agents, or administration of intensive chemotherapy. The fact that the pre- and post-HCT
MRD status of all patients was known to the transplant physicians offers the possibility of
bias in our study results if treatment protocols were modified as a result of positive pre-
and/or post-HCT MRD measurements. If effective, however, such maneuvers would be
expected to decrease (rather than increase) the magnitude of difference in relapse risk and
survival between MRDP®S and MRD"9 patients while potentially increasing the NRM risk
for MRDPOS patients.

MRD detection in AML is complicated by the genetic and molecular disease heterogeneity,
disease evolution over the course of the illness, and the possible emergence of minor
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subclones at the time of recurrence.22:23 So far, no single approach has emerged as clearly
superior, and uncertainties persist in terms of optimal targets, assay platform, monitoring
scheme, thresholds to declare MRD positivity, and data analysis.?4:25 In the current as well
as several previous investigations,12-15 we an MFC-based approach served to detect and
quantify MRD that relies on the identification of a cell population showing a deviation from
antigen expression patterns seen on hematopoietic cells in normal or regenerating marrow.
As an advantage, this approach does not require the availability of a previously determined
leukemia-associated immunophenotype and is applicable to approximately 90% of AML
patients. As a potential disadvantage, the assay does not have a uniform sensitivity across all
cases, and the sensitivity may not reach that obtained with optimized polymerase-chain
reaction (PCR)-based methods. If individual fusion genes or mutations are measured,
however, the latter methods may either fail to accurately measure clearance of AML cells or
only be useful for defined, small subsets of patients. Clearance of molecular abnormalities in
assays that are based on whole-genome or exome sequencing may provide an approach that
can measure MRD more universally in AML patients with high sensitivity.25 It is likely that
such assays will soon be tested for the monitoring of MRD of AML patients undergoing
allogeneic transplantation, and future studies will need to assess to what degree, if any, they
provide clinically more useful information than MFC-based MRD assays. Likewise, flow
cytometric methods have been developed that, rather than quantifying bulk cells with
abnormal immunophenotype, quantify immature cell populations that are enriched for
putative leukemic stem cells (LSCs).2’-31 A recent study has indicated that MFC detection
of LSC populations is less frequent than MFC detection of MRD in AML patients
undergoing allogeneic HCT but is sometimes identified in patients who could not be
monitored by a conventional MFC-based MRD assay.3! In this study of a relatively small set
of adults undergoing either myeloablative or reduced-intensity conditioning, MFC-based
LSC detection provided more robust prognostic information than a conventional flow
cytometric MRD assay.3! It is therefore conceivable that LSC detection assays could further
refine (or replace) peri-HCT MRD assays to risk stratify AML patients undergoing
myeloablative HCT.

In summary, our data confirm that adult AML patients who are in morphologic remission
and have no MFC evidence of MRD at the time of myeloablative allogeneic HCT are at very
low risk of early post-HCT emergence of MRD and have an expected cure rate of
approximately 75%. In contrast, patients who have MRD before transplantation have
significantly worse survival expectations regardless of whether or not they clear MFC-
measurable disease within the first 28 days after transplantation, and in addition, long-term
survival is only found among those patients with decreasing MRD levels over the peri-
transplant period. Together, these data suggest that all patients with pre-HCT MRD should
be considered for pre-emptive therapeutic strategies given their high risk of disease
recurrence regardless of the early post-HCT MRD information. Such strategies could
include the administration of additional pre-transplant chemotherapy, intensified
conditioning regimens, reduced use of immunosuppressive medications, and/or
administration of post-transplant chemo- or immunotherapeutics, ideally in the setting of
controlled clinical trials of sufficient power and adequate follow-up time. One important
goal of these investigations should be to establish (or refute) the value of MRD-directed
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therapy in AML patients undergoing myeloablative HCT. Efforts to harmonize MRD assays
across institutions will hopefully facilitate such investigations and implementation of
findings in clinical practice.
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Figure 1. Association between pre-transplant disease status and outcome for 279 AML patients
undergoing myeloablative HCT while in morphologic remission

Estimates of (A) overall survival, (B) relapse-free survival, (C) cumulative risk of relapse,
and (D) cumulative risk of non-relapse mortality following myeloablative allogeneic HCT
for adults with AML who underwent bone marrow assessments with MFC before as well as
on day +28 (z 7 days) after transplantation. Outcome estimates are shown individually for
patients in MRD"€9 remission 1 (n=167), MRD"® remission 2 (n=49), MRDPOS remission 1
(n=43), and MRDP°S remission 2 (n=20) at the time of transplantation, respectively.
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Figure 2. Association between pre-HCT or post-HCT MRD status and outcome following

my

eloablative HCT

Kaplan-Meier estimates of (A) overall survival (OS) and relapse-free survival (RFS) as well
as (B) cumulative incidences of relapse and non-relapse mortality (NRM), shown
individually for patients with (n=63) or without (n=216) MFC-evidence of MRD in the pre-
HCT bone marrow examination. Kaplan-Meier estimates of (C) OS and RFS as well as (D)
cumulative incidences of relapse and NRM, shown individually for patients with (n=16) or
without (n=263) MFC-evidence of MRD on day +28 (+ 7 days) after transplantation.
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Figure 3. Association between peri-HCT MRD dynamics and outcome for AML patients
following myeloablative HCT, stratified by positive/negative MRD status

Kaplan-Meier estimates of (A) overall survival and (B) relapse-free survival as well as
cumulative incidences of (C) relapse, and (D) non-relapse mortality following myeloablative
allogeneic HCT for adults with AML, shown individually for patients with MRD"€9/
MRD"€9 (n=214), MRD"€9/MRDP% (n=2), MRDP%/MRD"® (n=49) and MRDP%/MRDP©s
(n=14) disease status in the pre/post-HCT bone marrow assessment.
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Figure 4. Association between peri-HCT MRD dynamics and outcome for AML patients
following myeloablative HCT, stratified by increasing/decreasing MRD levels

Kaplan-Meier estimates of (A) overall survival and (B) relapse-free survival as well as

cumulative incidences of (C) relapse, and (D) non-relapse mortality following myeloablative

allogeneic HCT for adults with AML, shown individually for patients with MRD"€9/
MRDM9 (n=214), MRDYr (n=58), and MRDINC" (n=7) disease status in the pre/post-HCT

bone marrow assessment.
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Outcome probabilities stratified by pre- or peri-HCT MRD status

TABLE 2

Page 18

OS at 3 years

RFS at 3 years

ClI of relapse at 3 years

Cl of NRM at 3 years

Pre-HCT MRD information only

Pre-HCT MRD" (n=216)

75% (69-81%)

70% (64-77%)

23% (17-29%)

7% (4-10%)

Pre-HCT MRDP®s (n=63)

27% (17-41%)

17% (10-30%)

69% (56-81%)

14% (5-22%)

Post-HCT MRD information only

Post-HCT MRD"™ (n=263)

67% (61-73%)

61% (55-67%)

31% (25-37%)

9% (6-12%)

Post-HCT MRDP* (n=16)

17% (5-54%)

13% (3-46%)

81% (60-100%)

6% (0-18%)

Pre- and post-HCT MRD information

MRD"9/MRD" (n=214)

76% (69-82%)

71% (65-78%)

22% (16-28%)

7% (4-10%)

MRD"9/MRDP® (n=2)

0%

0%

100%

0%

MRDP/MRD™ (n=49)

29% (18-45%)

18% (10-34%)

65% (51-79%)

16% (5-27%)

MRDP/MRDP% (n=14)

19% (6-60%)

14% (4-52%)

79% (55-100%)

7% (0-21%)

MRDer (n=58)

29% (19-44%)

19% (10-33%)

66% (53-79%)

16% (7-25%)

MRDIr (n=7)

0%

0%

100%

0%
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