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Abstract

The rarity of mixed phenotype acute leukemia (MPAL) has precluded adequate data to incorporate
minimal residual disease (MRD) monitoring into therapy. Fluidity in MPAL classification systems
further complicates understanding its biology and outcomes; this includes uncertainty surrounding
the impact of shifting diagnostic requirements even between iterations of the World Health
Organization (WHO) classification. Our primary objective was to address these knowledge gaps.
To do so, we analyzed clinicopathologic features, therapy, MRD, and survival in a centrally-
reviewed, multi-center cohort of MPAL uniformly diagnosed by the WHO classification and
treated with acute lymphoblastic leukemia (ALL) regimens. ALL induction therapy achieved an
EOI MRD negative (<0.01%) remission in most patients (70%). EOl MRD positivity was
predictive of 5-year EFS (HR=6.00, p<0.001) and OS (HR=9.57, p=0.003). Patients who cleared
MRD by EOC had worse survival compared to those EOl MRD negative. In contrast to adults with
MPAL, ALL therapy without transplantation was adequate to treat most pediatric patients. Earlier
MRD clearance was associated with better treatment success and survival. Prospective trials are
now necessary to validate and refine MRD thresholds within the pediatric MPAL population and
to identify salvage strategies for those with poor predicted survival.

Introduction

Mixed phenotype acute leukemia (MPAL) is a rare form of leukemia concurrently
expressing features of lymphoid and myeloid lineages.l: 2 While this historically resulted in
varying approaches to treatment,1* emerging data now support beginning therapy with acute
lymphoblastic leukemia (ALL) therapy and not more intensive acute myeloid leukemia
(AML) therapy.> However, major gaps in knowledge remain. While monitoring of minimal
residual disease (MRD) is standard practice for both AML and ALL to risk-stratify therapy
intensity and spare use of hematopoietic stem cell transplantation (HSCT), 6-11 the rarity of
MPAL has precluded robust MRD data to support a similar approach. The multinational
MPAL registry study AMBI2012 is the only cohort to date to report MRD-related outcomes
but includes heterogeneous patient populations, treatment regimens, use of HSCT, and
techniques for flow cytometry and MRD.12 No data for MRD from a uniform patient cohort
is available to provide a clearer understanding of its association with leukemia biology,
relapse, and survival. Interpretation of data is further complicated by differences in
international classification systems for MPAL.13 However, even within the World Health
Organization (WHO) classification, subtle differences in the criteria set forth in the most
recent 2016 iteration (in print 2017) resulted in changes to the population identified as
MPAL.14. 15 Defining distinct but overlapping MPAL populations has a profound impact on
comparing survival rates among cohorts.13: 16-18 The impact of MRD on survival for patients
diagnosed by the most recent WHO?2016 definition is therefore similarly unknown. The
objectives of this multi-institutional study was to address these knowledge gaps though
establishing a large, centrally-reviewed, uniformly diagnosed and similarly treated cohort of
children with MPAL from which to analyze biology, disease response by MRD, and
survival.
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Methods

Cohort generation

Six participating institutions from different regions in the United States identified cases
diagnosed locally as MPAL between 2008 and 2016. Data for a distinct cohort of classic
pediatric B-ALL cases diagnosed during the same study period was submitted from one
participating site to serve as a reference cohort. The study was approved by the institutional
review board at each institution. For all patients, data from medical records were obtained
for demographics (age, sex, ethnicity), disease characteristics (highest presenting white
blood cell [WBC] count, central nervous system involvement [CNS], results for fluorescence
in situ hybridization [FISH]/cytogenetics), treatment regimen, and use of HSCT. CNS status
(CNS 1, 2, or 3) and leukemia FISH/cytogenetics (adverse, favorable, neutral) were
classified using the most recent COG biology stratification AALL08B1.1° Treatment
outcomes included initial disease response (end of induction morphology, MRD), relapse,
and death.

Central Review Process

The original diagnostic flow cytometry was submitted by sites and reanalyzed by two
independent hematopathologists blinded to local diagnosis and clinical outcomes (M.J.O.,
G.W.). The cases were first evaluated as to whether they met strict criteria for the commonly
used 2008 WHO classification of MPAL (WHO2008). Cases meeting the formal definition
for WHO2008 MPAL were additionally classified by each hematopathologist for MPAL
phenotype based on represented lineages (B+myeloid [B/My], T+myeloid [T/My], B+T
[B/T], B+T+myeloid [B/T/My]) and blast population(s) (biphenotypic [Bi-P] = one blast
population expressing multiple lineages) or bi-lineal [Bi-L] = two distinct blast populations).
All WHO2008 cases were re-evaluated as to whether they met the new, additional criteria for
WHO02016 MPAL.15 Following initial review, discordant cases were reviewed by both
hematopathologists to achieve internal consensus. A third hematopathologist was available
to review cases where consensus could not be reached but was not required. Diagnostic
specimens and flow cytometry for the classic B-ALL cohort were centrally reviewed by one
hematopathologist (M.J.0.). Due to cautionary verbiage in the WHO2016 classification
regarding the adequacy of MPO flow cytometric expression alone to define a case as MPAL,
15 the classic B-ALL reference cohort excluded cases of B-ALL with MPO expression to
avoid potential overlap. MRD data was not reviewed centrally; MRD analyses were
performed either in a Children’s Oncology Group reference laboratory (41/84, 49%) or
institutional flow cytometry laboratory (43/84, 51%).

Statistical approach

All outcome analyses were restricted to patients beginning treatment with COG ALL
therapy for induction and were completed on an “intent to treat” basis. MRD positivity was
defined as MRD=0.01% at all time-points. The primary endpoints for the study were the rate
of MRD-positivity at end of induction (EOI) and end of consolidation (EOC) following ALL
therapy and their contribution to overall survival (OS) and event free survival (EFS). A
logistic regression model was constructed to evaluate demographics, disease, and treatment
predictors of EOlI MRD positivity (additionally defined as disease progression prior to EOI).
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Patients missing EOl MRD results (not performed, unavailable, or induction death) were
excluded from the analysis of EOlI MRD. Induction failure (IF) was defined as disease
progression necessitating change in therapy prior to EOl or EOl MRD= 5%. Patients with
missing FISH/cytogenetics (n=2) were omitted from the survival analyses. The survival
times for analyses of OS and EFS were defined as the minimum time between the start of
therapy and the qualifying event (all-cause mortality for OS and disease progression,
relapse, or death for EFS). Kaplan-Meier survival curves with significance by the log-rank
test (LRT) were stratified on treatment and disease characteristics. Survival estimates for
each analysis were presented at five years +standard errors (where data with longer follow-
up were sparse, 3-year estimates were substituted and as indicated). Multivariable Cox
regression models were constructed using a staged model selection for endpoint-specific
models. In this approach, a base model of traditional predictors was established (age, WBC,
FISH/cytogenetics). The contribution of other covariates indicated in Table 1 were then
assessed in that model and retained at a threshold of p=0.15. In cases when covariates were
sparsely distributed, the 95% confidence intervals were calculated using the profile log
likelihood function. To examine the effect of EOl MRD and EOC MRD, EFS and OS were
defined from time of EOI and EOC, respectively. Patients with events prior to EOI and EOC
were excluded from the corresponding analyses. A comparison analysis was also performed
incorporating data from the MPAL and B-ALL cohorts and with diagnosis/cohort retained as
a covariate in each endpoint-specific multivariable model. The comparison analysis enabled
greater statistical power to explore which covariates were potentially predictive of each
endpoint after controlling for underlying diagnosis. Unless otherwise stated, all analyses
were performed using two-sided tests, with significance level set at p<0.05, and completed
using the statistical software Stata (StataCorp 2015, Stata Statistical Software, Release 14,
College Station, Tx, USA).

Patient and disease characteristics

Participating sites diagnosed 112 cases as pediatric MPAL between 2008 and 2016. Of these,
94/112 (83.9%) were confirmed on central review to fulfill strict WHO2008 criteria for
MPAL. Presenting clinicopathologic features of MPAL are reported in Table 1. Among the
MPAL subtypes, B/myeloid was the most common and comprised 89.4% of cases (84/94).
Nine T/myeloid cases and one rare B/T MPAL phenotype were present in the cohort.
Similarly, the majority were Bi-P, with only 12 cases (12.8%) presenting as Bi-L. The
comparison cohort of routine B-ALL included 248 cases with an expected historical
distribution of clinicopathologic features (Supplemental Table 1). Except for initial WBC,
presenting features for the pediatric MPAL cohort differed significantly compared to the
classic B-ALL cohort.

Heterogeneity in therapy selection for pediatric MPAL

Among the 94 centrally confirmed MPAL patients, the majority (87/94, 92.6%) received a
COG ALL induction regimen, whereas only six received an AML induction regimen; one
patient was treated with hybrid therapy. Of note, all ten T-lineage (T/My, B/T) MPAL
patients received an ALL induction, as did all CD19-negative cases. Most patients began

Leukemia. Author manuscript; available in PMC 2020 August 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Oberley et al.

Page 5

with a COG high risk (COG HR) induction regimen inclusive of daunorubicin, although
nearly a third received standard risk (SR) induction therapy instead. Following induction,
nine patients changed from ALL therapy based on the treating physician’s decision. This
was not always response-driven as it included three patients who were changed to AML
therapy despite being MRD negative at EOI. HSCT in first complete remission (CR1) was
performed in only 12 of 87 (13.8%) ALL treated patients. A detailed summary of patient,
disease, and treatment characteristics based on initial therapy is outlined in Supplemental
Table 2.

Early disease response to ALL induction therapy

Of the 87 patients treated with a COG ALL induction, 93.1% (81/87) successfully achieved
a morphologic CR1. MRD was unknown in three patients; One patient suffered a toxic
induction death (1/87, 1.1%) and two achieved morphologic CR but did not have EOI MRD
performed. Of the 84 patients with known EOl MRD, ALL induction therapy resulted in a
MRD-negative CR in 70.2% of cases (59/84). IF was present in only 7.1% (6/84) and
consisted of disease progression prior to EOI (n=2) and EOl MRD =5% (n=4). On
multivariable analysis (Table 2), only the absence of MPO expression was associated with
reduced risk for positive MRD, (Odds Ratio [OR] 0.11, 95% confidence interval [95%CI]
0.01-0.87, p=0.036). Neither older age (OR 1.84, 95%CI 0.63-5.33, 5=0.26) or high initial
WBC (OR 2.54, 95%CI 0.79-8.16, p=0.12) reached significance. T-lineage MPAL (T/My or
B/T, n=10/84) was associated with positive EOl MRD on univariable analysis (OR= 4.34,
95%Cl 1.10-17.06, p=0.035), but not in the final multivariable model (OR=2.67, 95%Cl
0.52-13.54, p=0.237). Cytogenetic abnormalities were not associated with positive EOI
MRD. The comparison analysis including data from both MPAL and B-ALL demonstrated
similar finding as to those found in the MPAL-only model (Supplemental Table 3).

Of the 25 patients who remained MRD-positive after an ALL induction, 21 continued with
ALL therapy, 14 of whom repeated MRD testing at EOC (MRD was not performed in the
remaining seven). For those who were EOl MRD-positive but not IF (i.e. MRD 0.01%
-4.9%), 10/12 (83.3%) achieved EOC MRD negativity with ALL therapy. Among the six
patients with IF, three of four who changed to AML therapy became EOC MRD-negative;
both IF patients who continued with ALL therapy also became EOC MRD-negative. All six
EOI MRD-positive T-lineage MPAL patients successfully cleared their MRD by EOC, five
with continued ALL therapy alone, while the remaining patient was switched to myeloid
therapy at EOI. Notably, the two patients with early disease progression prior to EOI were
successfully salvaged with AML therapy without excessive toxicity (<21 days from initial
diagnosis). However, of patients receiving AML therapy at any point, 3/12 (25.0%) expired
in remission from treatment toxicity as compared to treatment mortality in only 3/81(3.7%)
patients receiving continued ALL chemotherapy alone (p=0.005).

MRD-stratified survival for pediatric MPAL

Mean follow-up time for survivors in the WHO2008 MPAL cohort was ~4.1 years (range
0.1-8.8 years). For all WHO2008-confirmed MPAL patients, 5-year EFS and OS were
66.6+5.9% and 83.0+4.3%, respectively. For those beginning with ALL therapy, 5-year EFS
and OS were 68.9+6.1% and 85.2+4.3% (Figure 1). In comparison, EFS and OS for the
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cohort of classic B-ALL were 83.5+2.7% and 93.7+1.8%. For patients surviving to EOI,
MRD was predictive of EFS and OS. Patients who were EOl MRD-negative versus EOI
MRD positive demonstrated higher 5-year EFS (81.8+6.6% versus 46.8%+12.4%, p<0.001,
Figure 2A) and OS (92.7+4.3% versus 75.74£9.5%, p=0.001, Figure 2B). On multivariable
analyses for survival (Tables 3 and 4), positive EOl MRD remained highly predictive of EFS
(Hazard ratio [HR] 6.00, 95%CI 2.20-16.37, p<0.001) and OS (HR 9.57, 95%CI 1.94—
47.20, p=0.003). Kinetics of clearance of blasts influenced survival in the cohort; MPAL
patients with delayed clearance of blasts at EOC as compared to EOI experienced poorer
EFS (57.1£14.6% versus 91.5+4.1%, p=0.002, Figure 3A) and OS (75.0+12.5% versus
96.2+4.3%, p=0.015, Figure 3B). On multivariable analysis (Tables 3 and 4), as compared to
EOI MRD-negative patients, those with delayed clearance of MRD at EOC remained at
greater risk for poorer EFS (HR 6.54, 95%CI 1.92, 22.25, global p=0.004) and for poorer
OS (HR 9.32, 95%CI 1.45, 59.85, global p=0.028). However, survival analysis for the EOI
MRD-positive/EOC MRD-negative group was limited by the unavailability of EOC MRD
status in seven EOl MRD-positive patients. Given that the EOl MRD-positive/EOC MRD-
unknown group had higher survival (3-year EFS & OS both 83.3+15.2%) than those EOC
MRD-negative, survival for EOC MRD-negative patients may be underestimated. The
addition of daunorubicin to a COG ALL induction (i.e. COG ALL HR versus SR regimen)
was not significantly associated with EFS or OS in our MPAL cohort. The comparison
analysis inclusive of MPAL and B-ALL also found an association of MRD with EFS and OS
after accounting for disease/cohort (Supplemental Tables 4 and 5).

Kaplan-Meier survival curves of EFS and OS for patients beginning with ALL therapy and
stratified based on HSCT vs no HSCT, MPAL phenotype, and MPAL lineage are included in
the supplementary material (Supplementary Figures 1-3). Although 32.0% (8/25) EOI
MRD-positive patients underwent HSCT, 6.8% (4/59) of EOl MRD-negative patients still
proceeded to HSCT. For those becoming EOC MRD negative with ALL therapy alone, most
patients completed chemotherapy without HSCT (10/14, 71.4%). Survival remained
excellent for EOl MRD-negative MPAL patients treated with ALL chemotherapy alone
without HSCT with 5-year EFS and OS from EOI of 80.1+6.8% and 92.1+4.6%.

Influence of diagnostic criteria for MPAL on survival

Insufficient flow cytometry was performed routinely by sites to fully classify all cases
diagnosed prior to publication of the WHO2016 update. Upon central review, 21/94 (22.3%)
cases were confirmed to fully meet the additional WHO2016 criteria for heterogeneity of
concurrent antigen expression. Of note, this group excluded patients defined by MPO
antigen expression alone. For those fulfilling WHO2016 criteria, 15/21 (71%) patients began
therapy with an ALL induction regimen. While limited numbers precluded analysis of
therapy type for WHO2016 MPAL, this sub-cohort meeting the WHO2016 classification
demonstrated a 3-year EFS and OS of 64.8+10.8% and 69.9+10.3% (Supplemental Figure
4). Evaluation of MRD status demonstrated 3-year EFS and OS for EOl MRD-negative
patients was 78.8+13.4% and 90.0+9.5%, as compared to those who were MRD-positive
where EFS and OS was 63.5+16.9% and 63.5£16.9%, respectively (Figure 4A and 4B).
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Discussion

Over the past two decades, MRD testing has become an integral part of risk-stratification in
both ALL and AML therapy.5-10 However, data for MRD’s predictive value in pediatric
MPAL is limited to one publication, the recently published iBFM-AMBI2012 study.12
Predictive thresholds for MRD are disease- and regimen-specific; applying MRD results
from iBFM-AMBI2012 to clinical practice is complicated by its inclusion of a myriad of
international patients and treatment regimens. In our multi-center, centrally reviewed cohort,
patients were uniformly defined using the WHO MPAL classification and treated exclusively
with COG ALL induction and consolidation therapy prior to MRD assessment. With this
approach, we found MRD to be highly predictive of relapse and death. To our knowledge,
this is also the first description for the potential impact of MRD kinetics on MPAL survival.
Our data confirmed recent reports suggesting MPAL patients respond well to ALL-directed
therapy and demonstrated a subset of early-responding patients have excellent survival from
ALL therapy alone without HSCT consolidation.

In our contemporary cohort, only a minority of MPAL patients began therapy with an AML
induction. This represents a marked shift from a historically more even selection of AML or
ALL regimens as initial therapy for MPAL.> 20. 21 Most patients in our study responded well
to ALL therapy and achieved a MRD-negative complete remission. Analysis of clinical
features at diagnosis of MPAL did not reveal a predictor of EOl MRD positivity, although
trends were present for patients at higher age, with elevated WBC, and/or T-lineage MPAL.
Interestingly, expression of MPO was significantly associated with reduced risk for EOI
MRD. Although the number of MPO-negative cases in our cohort were very few, the recent
iBFM-AMBI2012 also showed a similar trend with MPO positivity predictive of better EFS
in patients treated with ALL therapy (HR 0.27, 95% CI 0.09-0.83, p=0.022).12 Absence of
MPO likely represents monocytic differentiation of MPAL blasts and, in the context of a
common stem cell precursor in MPAL, may indicate differences in MPAL biology reflected
by this phenotype. Patients with T-lineage MPAL appear to be more likely to clear MRD by
the end of consolidation, similar to the typical pattern seen in T-ALL.22 A recent study by
Alexander et. al. characterizing the genetic basis of pediatric MPAL showed that the two
principal subtypes of MPAL, T/myeloid and B/myeloid, overlap but are genetically distinct.
23 Similar findings have been replicated in adult MPAL.24 25 Understanding the relationship
of the biology, phenotypes, clinical presentation, and chemotherapy with MPAL MRD and
survival will be crucial to refine future approaches to risk-stratification. Further study is
necessary to define clinical and biologic risk factors to provide context for MRD predictive
thresholds.

Questions also remain how best to integrate MRD into therapy. In our multicenter cohort,
treatment for several patients was decided by the treating physician irrespective of MRD
results; some EOl MRD negative patients were switched from ALL to AML therapy while a
few EOl MRD positive patients continued with ALL therapy. While we found a survival
advantage for early MRD negativity at EOI, OS for those with delayed MRD clearance by
EOC remained >70%. Most EOl MRD positive patients successfully cleared their disease
with continued ALL therapy. This raises the question as to whether a switch to AML or
other intensive therapy should be considered earlier in therapy than EOC. Similarly, the role
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for HSCT in CR1 from a first therapy attempt remains uncertain. Patients undergoing HSCT
in our cohort experienced a trend for worse survival, but this population was likely highly
selected from those with poorer disease response and/or features considered “higher risk” by
the provider. For instance, irrespective of therapy type, of the 15 cases who were MRD
negative by EOC, five nonetheless underwent HSCT, thus suggesting the treating providers
considered these cases as higher risk for relapse despite clearance of MRD. While data
supports the recommendation for HSCT in adults with MPAL, 21 26-28 we found no clear
benefit from HSCT consolidation in CR1 in our cohort even for these potentially “higher
risk” patients. The recent iBFM-AMBI2012 study had a similar conclusion regarding the
absence of a clear benefit for HSCT in CR1 for children with MPAL.12 Prospective study is
necessary to identify populations likely to be failed by frontline ALL therapy and to
conclusively determine potential benefit from HSCT in poorly responding patients.

Further complicating our understanding of MRD risk-stratification in MPAL is the
heterogeneous populations defined by different classification systems (i.e. EGIL,
WHO02008, and WHO02016). Most recently, because limited data exists on the biology and
outcomes of MPAL defined by MPO alone, the WHO2016 update excludes cases with
subjective “weak” MPO expression.}4 15 Our previous studies have examined the clinical
implications of defining MPAL by MPO expression.17: 18 |t is therefore notable that the
presenting hematopathology of the MPAL cohort, as defined by WHO2008 criteria for
MPO, differed significantly from the reference B-ALL cohort. We would also note that use
of the WHO2016 criteria for MPAL resulted in markedly fewer cases being confirmed as
MPAL from use of historical, routinely tested antibody panels. This was primarily due to the
new criterion for concurrent antigen heterogeneity in leukemia blasts. Complete and
harmonized testing panels might have resulted in more cases meeting the WHO2016 MPAL
criteria. The more comprehensive testing necessary to establish this defining characteristic
marks a change from the initial intention of the WHO2008 classification to utilize smaller,
streamlined, highly lineage -specific antibody panels. The sub-population classified by the
WHO2016 criteria appeared to have poorer survival than the parent WHO2008 cohort. It is
unclear if differences in survival were inherent to a higher-risk population defined by
WHO2016’s reliance on additional myeloid antigen expression or from more patients
receiving potentially sub-optimal non-ALL therapy. Despite small numbers, a trend
remained present for the predictive value of MRD in stratifying WHO2016-defined MPAL.

This study clearly identified MRD positivity as a poor prognostic factor specific to children
with MPAL treated with ALL regimens. However, one limitation of this study is the lack of
central review of MRD; MPAL MRD is challenging to interpret and prospective validation
with central review is an essential next step to understanding its predictive value. We must
also acknowledge the relatively small numbers of T/My MPAL cases included in the cohort.
Given the distinct clinical and biologic differences of T/My and B/My MPAL, caution
should be used before extrapolating results of this study to T/My MPAL. For B/My MPAL,
since most of the EOl MRD-positive patients continued on ALL therapy and attained MRD
negative remission by end of consolidation, it remains unclear when intensified therapy may
be beneficial to prevent relapse. Similarly, the role for HSCT in pediatric MPAL remains
unknown. It therefore remains challenging to balance intensification of therapy to potentially
prevent relapse with inherent risk for acute and long-term treatment toxicity, and even toxic
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mortality, as seen in our cohort. However, MPAL patients who remain MRD-positive at the
end of consolidation have a poorer prognosis and may warrant intensification of therapy,
HSCT, or alternative cellular, immune, or molecular-therapy approaches. Planned
prospective validation of MRD disease burden and incidence of relapse will further guide
these challenging treatment decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Event-free (A) and overall (B) survival for patients diagnosed with WHO2008 MPAL and
beginning therapy with a Children’s Oncology Group ALL induction.
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Figure 2: MRD-stratified survival for MPAL following an ALL induction
Children with WHO2008 MPAL beginning with a Children’s Oncology Group ALL

induction and achieving MRD negativity (<0.01%) experienced significantly higher event-
free (A) and overall (B) survival from end of induction than those MRD positive.
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Figure 3: MRD kineticsduring ALL therapy on survival from MPAL
For children with WHO2008 MPAL receiving a Children’s Oncology Group ALL induction

and consolidation, those achieving earlier MRD negativity (<0.01%) at end of induction
experienced higher event-free (A) and overall (B) survival from end of consolidation than
those patients becoming MRD negative only after consolidation. Patients with unknown end
consolidation MRD are not shown.
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Figure 4: Association of MRD with event free and overall survival for MPAL defined by
WHQO2016 update

Event-free (A) and overall survival (B) for the subset of MPAL patients fulfilling the
WHO2016 update with known end of induction MRD (n=19).
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Table 1.

Patient and disease characteristics of entire study cohort

Characteristic n %
Total cohort 94 | 100
Age at diagnosis <10 years 43 | 46
210 years 51| 54
Sex Male 62 | 66
Female 32| 34
Ethnicity Hispanic 52 | 55
Not Hispanic 40 | 43
Unknown 2 2
Presenting WBC (/uL) <50,000 66 | 70
>50,000 28 | 30
CNS Statusl CNSL 64 | 68
CNS2 26 | 28
CNS3 4 4
Cytogenetic classification‘Z Neutral or "
Favorable 16 | 17
Adverse 9 10
Unknown 2 2
MPAL phenotype2 B/My 841 8
TIMy 9 | 10
B/IT 1 1
B/T/My o o
MPAL population53 Biphenotypic (1 pop.) | 82 | 87
Bilineal (2 pop.) 12 | 13
MPO positive4 Yes 8 %
No 5 5
Unknown 1 1
CD19 positive4 Yes 8 | 9
No 9 10
Type of induction regimen | ALL 87 93
AML 6 6
Hybrid 1 1
HSCT in CR1 Yes 15| 16
No 79 | 84
lAs per AALLO8B1.

2Phenotype designates lineages involved, B/My = B+Myeloid, T/My = T+Myeloid, B/T= B+T, B/T/My = B+T+Myeloid.

Designates whether lineages are represented on one cell population (Biphenotypic) or two or more distinct populations (bilineal+).
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4 . . . .

Presence of myeloperoxidase (MPO) or CD19 on the MPAL blasts. MPAL = mixed phenotype acute leukemia. ALL= acute lymphoblastic
leukemia, AML = acute myeloid leukemia, “hybrid” = elements of both ALL and AML therapy. CNS = central nervous system involvement, HSCT
= hematopoietic stem cell transplantation, CR 1 = first remission.

Leukemia. Author manuscript; available in PMC 2020 August 14.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Oberley et al.

Multivariable analysis for EOI MRD positivity (=0.01%) following an ALL induction

Table 2.

Characteristicl n (%) OddsRatio 95% CI p-value

Age at diagnosis <l0years 40 (49) 1 - 0.258
>10years 42 (51) 1.84 0.63,5.33

Presenting WBC (/uL) <50,000 59 (72) 1 - 0.118
250,000 23 (28) 2.54 0.79, 8.16

Cytogenetic classification? _Neutral 60 (@9 ! _ 064
Favorable 15 (18) 0.71 0.15, 3.32
Adverse 709 0.42 0.05,3.32

Presence of MPO Negative 5 (6) 1 - 0.036
Positive 77 (94) 0.11 0.01,0.87

JAII candidate predictors in Table 1 tested in stepwise multivariable model with endpoint of EOl MRD =0.01%, see methods. Age, WBC,

cytogenetics included as a priori “base” model irrespective of significance.

Page 17

As per AALLO8BL criteria; excludes two patients with unknown cytogenetics. WBC = white blood cell count, MPO = myeloperoxidase antigen

expression.
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Table 3.

Multivariable analysis for event-free survival from EOl and EOC

) B - ) )
Characteristicl n (%) Event-freeSurvival from EOl  Event-free Survival from EOC
HR 95% ClI p-value HR 95% ClI p-value
Age at diagnosis <l0years 39 (49) 1 - 0.278 1 -- 0.346
210years 41 (51) 169  0.65,4.38 1.59 0.60, 4.22
Initial WBC (fuL) <50,000 57 (71) 1 - 0.419 1 - 0.384
250,000 23 (29) 065 0.23,1.87 0.61 0.19,1.91
Cytogenetic classification? _Neutral ) ! — 0.092 ! — 0.099
Favorable 15 (19) 0.18 0.02, 1.47 0.19 0.02, 1.48
Adverse 6 (7)) 218 042,11.22 212 0.41,10.90
EOI MRD3 Negative 57  (71) 1 - <0.001 - -- -
Positive 23 (29) 6.00 2.20,16.37 - - -
EOI/EOC MRD3 Neg/Neg 57 (71) - - - 1 -- 0.004
Pos/Neg 13 (16) - - - 6.54  1.92,22.25
Pos/Pos 3 @ - - - 9.01 1.51,53.86
Pos/Unk. 7 (9) - - - 5.06 1.45,17.70

Page 18

'ZAII candidate predictors in Table 1 tested in stepwise multivariable model with endpoint of OS, see methods. Age, WBC, cytogenetics included as

a priori “base” model irrespective of significance.

2 i . . .
As per AALLO8BL criteria; excludes two patients with unknown cytogenetics.

3MRD considered positive 20.01% at either time-point. HR = hazard ratio, EOI = end of induction, EOC = end of consolidation WBC = white

blood cell count
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Table 4.

Multivariable analysis for overall survival from EOl and EOC

) - -
Characteristicl n (%) Overall Survival from EOI Overall Survival from EOC
HR 95% CI p-value HR 95% ClI p-value

Age at diagnosis <l0years 39 (49) 1 -- 0.917 1 - 0.893
>10years 41 (51) 1.1  0.19,6.25 113 0.19,6.55

Initial WBC (fuL) <50,000 57 (71) 1 - 0.372 1 - 0.396
250,000 23 (29) 0.44 0.07,2.69 0.45 0.07,2.91

Cytogenetic classification? _Neutral 9 (4 1 — 0.163 ! — 0.165
Favorable 15 (19) 0.54 0.05,5.37 0.53 0.05,5.38
Adverse 6 (7)) 761 1.02 56.64 7.68  1.01,58.16

Induction therapy3 COGSR 26 (32) 1 - 0.561 1 - 0.567
COGHR 54 (68) 2.05 0.18,22.75 2.05 0.18,23.47

HSCT in cR1Y No 69 (89) 1 - 0.674 1 - 0.712
Yes 11 (14) 144 0.26,7.87 14 0.24,8.15

EOl MRD5 Negative 57 (71) 1 -- 0.003 - - -
Positive 23 (29) 957 1.94,47.20 - -

EOI/EOC MRD5 neg/neg 57 (71) -- -- - 1 - 0.028
pos/neg 13 (16) - -- - 9.32 1.45, 59.85
pos/pos 3 4 -- -- - 10.03 0.64,157.42
pos/unk. 7 9) - -- - 9.94 1.51, 65.47

Page 19

'ZAII candidate predictors in Table 1 tested in stepwise multivariable model with endpoint of OS, see methods. Age, WBC, cytogenetics included as

a priori “base” model irrespective of significance.

2 i . . .
As per AALLO8BL criteria; excludes two patients with unknown cytogenetics.

3COG SR/HR = Children’s Oncology Group three drug (steroid, vincristine, asparaginase) or four drug induction (+daunorubicin) for NCI/Rome
Standard Risk or High Risk ALL

4 . . g ..
Hematopoetic stem cell transplantation (HSCT) in first remission (CR1).

5MRD considered positive 20.01% at either time-point. EOI = end of induction, EOC = end of consolidation WBC = white blood cell count.
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