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Pediatric ALL
a Success Story
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Kaplan-Meier analysis of survival for 2852 children with newly diagnosed acute lymphoblastic leukemia who were enrolled in 15 consecutive
Total Therapy studies at St. Jude Children’s Research Hospital from 1962 to 2007. Ten-year survival estimates are shown. The results
demonstrate steady improvement in outcome over the past half century.



IMPROVEMENT IN THERAPY RESULTS

BIOLOGICALLY DERIVED INFORMATION

A well defined and profound diagnostic approach
eRisk classification obtained from biological factors

eDevelopment of tailored therapies based on individual therapy

response; MRD

*New therapeutic approaches(BMT, biological drugs...)




MRD
a long story
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Background

PCR-based MRD measurement has prognostic
implications in childhood

I[-BFM-SG, Van Donghen JJ,....., Lancet 1998




I-BFM-SG ALL-MRD-Study: Update 2002, Sy-pEFS (fromw12)
Outcome by MRD detection levels at w5 (tp 1) and wi2 (tp 2)
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AIEOP-BFM-ALL 2000 trial demonstrated that PCR-MRD
stratification is feasible on a large scale (3184 patients)
and allows identification of different patient subgroups.

IBFM-SG, Conter V, Blood 2010
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€ ASH Clinical News’

Monitoring minimal residual disease (MRD) has become the
standard of care in pediatric patients with acute lymphocytic
leukemia (ALL) based on evidence that it is a strong prognostic
factor for patient outcomes — patients who test negative for
MRD have better outcomes than those who test positive.
However, MRD isn’t a panacea. There are still many
unanswered questions about what MRD is able to tell us, and
what it isn’t — especially in adult patients with ALL. The use of
MRD monitoring in adult patients is much less prevalent due
to a lack of clear evidence and inconsistencies among the
labs that conduct the tests.

By Jill Sederstrom; Minimal Residual Disease: ALL It’s Cracked Up to Be?



In the United States, the most common method for
detecting MRD is flow cytometry: leukemia-associated
immunophenotypes.......

In Europe, the common approach is using polymerase
chain reaction (PCR) to screen and amplify a DNA in the
immuglobulin gene or T-cell receptor to identify a clone
associated with leukemia.

Each method has its own set of advantages and
disadvantages. Flow cytometry, for instance, is less
expensive, can often report quantitative results within a
day, and has a larger evidence base (having been used in
most U.S.-based trials).

By Jill Sederstrom




The perfect MRD methodology

High sensitivity and high specificity

Fast

Cheap

Easy in standardization

Utilized routinely in the majority of patients

Quantification of positive cells




Practice points

o Immunologic testing of MRD relies on “leukemia-associated” immunophenotypes which can
be identified in 95% or more of ALL cases.

e The sensitivity of MRD detection that can be achieved in routine assays by flow cytometry is
0.01%. The development of more powerful flow cytometric methods may extend the sensi-
tivity to 0.001% for most cases.

e Molecular methods for MRD detection rely on PCR amplification of antigen-receptor gene
rearrangements (present in approximately 95% of cases) and fusion transcripts (present in
approximately 40% of cases). The sensitivity is typically 0.01%-0.001%.

e Both immunologic and molecular MRD assays have relative advantages and disadvantages
but yield generally concordant results in samples with MRD 0.01% or higher.

e Results of MRD testing provide unique and clinically important information, and are now
used in clinical protocols for risk assignment.

Research agenda

1. The identification of new markers of MRD should increase the sensitivity of MRD testing by
flow cytometry.

2. The development of simpler and less expensive flow cytometric and molecular methods is
required to widen the applicability of MRD studies.

Coustan-Smith E and Campana D, 2013




Evolution in MRD Technologies

Molecular
NGS application increase the ability in multiclones identification and quantification

(standardization on going..). False negative.

Digital PCR and absolute quantification.

FCM

The number of antigens simultaneously tested are increasing (sensitivity and specificity are

improving);

quality reagents
new generation instrumentations.




Background

Is it possible to further refine the use of MRD measurements for
treatement of childhood ALL?




POTENTIAL TREATMENT DECISIONS BASED ON MRD

DIAGNOSIS FOLLOW UP INDUCTION
FRONT LINE TREATMENT RELAPSE

)

INDUCTION STOP THERAPY FOLLOW UP



Clinical relevance of MRD

* ALL patients who don’t have MRD at earlier points in
their therapy tend to have the best prognosis,
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MRD as “surrogate” marker to assess heterogeneity

Relative frequency of leukaemic cells

in response to treatment
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DAY 15 TECHNICAL ADVANTAGES

Very early in vivo response to drugs (PDN, VCR, DN, L-ASP)

Optimal time point for evaluation of residual disease by flow
cytometry:

- Easy blast cells enumeration
- No regenerating B cells in BM (avoid bias in dot
plots evaluation)

Easy apoptotic cells enumeration




AIEOP-BFM ALL 2009
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(A) Event-free survival (EFS) and (B) cumulative incidence of relapse in 815 patients treated in the AIEOP-
BFM-ALL 2000 trial, stratified into three risk groups according to minimal residual disease on day 15
marrow as detected by flow cytometry.
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Leukemia Is Predicted By Flow Cytometric Measurement
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HEMATOLOGY

HIGHLIGHTS

Early disease predictor for ALL relapse

While most childhood acute lymphoblastic
leukemia is cured with modern

treatments, relapse is the main cause of
treatment failure. Therefore, determining
early response to therapy is a primary
prognostic goal. Assessment of blast counts
in the bone marrow on day 15 is often used
to guide therapy. Patients with insufficient
response by day 15 have an unfavorable
outcome due to leukemia relapse. As part

of a clinical trial, investigators have now
demonstrated that measurement of flow
cytometry minimal residual disease at a
single early time point in the bone marrow
on day 15 following treatment represents a
feasible and appropriate prognostic factor.

T DUIC Al TOW SaIipies were assessed

for 815 patients who were 18 years or
younger with newly diagnosed ALL. The
samples were collected on day 15 after
14 days of steroid treatment and single
chemotherapy dose. Three groups were

identified by flow cytometry: standard
(<0.1 blast cells); intermediate (0.1 to
<10 blast cells) and high (=10 blast cells).
The 5-year cumulative incidence of
relapse was 7.5%, 17.5% and 47.2% for
the standard, intermediate and high-risk
groups, respectively. Flow cytometry was
the most important prognostic factor.
Flow cytometry was able to detect relapses
in patients according to their bone marrow
blast cell counts on day 15. In total, 5.5% of
patients with blast counts lower than 0.1%
had a relapse compared with 36.8% in
patients with blast counts of =10.
“Measurement of flow cytometry blast |
counts on day 15 bone marrow samples
was the most powerful early predictor of
relapse” conclude the researchers. Patients
with a high flow cytometry minimal
residual disease score at day 15 had a

“partcuiarly poot progiosis, mdependent

of all other clinical and biologic features.

Nature Reviews Clinical Oncology Volume 7, January 2010
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While this technology has yet to be
standardized, it represents an important
additional tool to assess ALL as it is rapid
and relatively cheap. The authors plan to
use this parameter in all patients in whom
PCR may be informative, thus allowing to
select patients for treatment tailoring.

Lisa Hutchinson

Original article Basso, G. et al. Risk of relapse of childhood
acute lymphoblastic leukemia is predicted by flow
cytometric measurement of residual disease on day 15
bone marrow. J. Clin. Oncol. 27,5168-5174 (2009)



Open question

While we do know that ALL patients who don’t have MRD
at earlier points in their therapy tend to have the best
prognosis, researchers are still trying to determine the
best way to treat patients who appear to be in remission
based on morphologic examinations but who still have
MRD. Consensus about whether MRD can be used as an
endpoint in clinical trials, or whether oncologists should be
monitoring MRD to signal relapse, have yet to be reached.

By Jill Sederstrom




MRD as “surrogate” marker to assess heterogeneity
in response to treatment
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Clinical relevance of MRD

* During therapy, to evaluate etfectiveness and to choose
the most appropriate therapeutic strategies




In a retrospective study (AIEOP-BFM 2000), during postinduction treatment
110 patients were categorized as negative, low positive (< 5 x 104), or high
positive (= 5 x 104). Patients with at least one low-positive or high-positive
result were assigned to the corresponding subgroup.

RESULTS:

Patients who tested during postinduction therapy high positive, low positive, or
negative had significantly different cumulative incidences of leukemia relapse:
83.3%, 34.8%, and 8.6%, respectively (P <.001).




Cumulative incidence of relapse (Cum Inc Rel) in 110 children with acute lymphoblastic
leukemia, according to the results of minimal residual disease during postinduction

treatment.
N pts N rel 5-yr Cum Inc Rel
1.0 - Neg 81 9 8.6% (3.1)
' == |_ow Pos 23 9 34.8% (9.9)
== Pos 6 5 83.3% (15.2)
0.8 - oo T T TTEEEET
i
- i
D)
& 0.6
o
R
£ 0.4-
o |
0.2 1
]
i
i
- I 1
0 4 5
Time From Diagnosis (years)

Maddalena Paganin et al. JCO 2014;32:3553-3558

©2014 by American Society of Clinical Oncology



... Two thirds of positive cases were identified within 4 months after induction-
consolidation therapy, suggesting that this time frame may be most suitable for
cost-effective MRD monitoring, particularly in patients who did not clear their
disease at the end of consolidation.

CONCLUSION:

These findings provide further insights into the dynamic of MRD and the
ongoing effort to define mrd relapse in childhood ALL.
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Postinduction Minimal Residual Disease Monitoring by
Polymerase Chain Reaction in Children With Acute

Lymphoblastic Leukemia
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POTENTIAL TREATMENT DECISIONS BASED ON MRD

DIAGNOSIS FOLLOW UP

FRONT LINE TREATMENT

INDUCTION

STOP THERAPY




MRD
During the follow up/ Stop Therapy

1. The suspect cells are blast cells?




Follow up




Although he still performs morphologic bone marrow
tests, Dr. Pui no longer depends on them. MRD
monitoring is able to provide greater sensitivity and
identify disease not found on bone marrow tests,
without adding significant costs.

By Jill Sederstrom
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FLOW CYTOMETRIC DETECTION OF
MINIMAL RESIDUAL DISEASE
PITFALLS



While the data on the prognostic value of MRD are strong in
pediatric ALL, the research in the adult setting is less
extensive, and the knowledge of MRD’s role in care is more
fragmented. .....................

Compared with pediatrics, the testing process in adult ALL is
not as structured or streamlined. With recent comparative
analyses of ALL MRD testing laboratories, the National Cancer
Institute (NCI) discovered that, although there was high
concordance between two primary reference laboratories
used by the Children’s Oncology Group (COG), the adult
reference labs that participated in the pilot study were not at
all concordant............ “As a result, there was enthusiasm among
the aadult rejerence iaboratories to participate in a voluntary
standardization approach and adopt the COG six-color panel as
the starting point for that standardization,”

By Jill Sederstrom




FLOW CYTOMETRIC DETECTION OF
MINIMAL RESIDUAL DISEASE
PITFALLS

* Highly specialized skills and extensive
database of reference samples, which only a

few laboratories have (Coustan-Smith E, and
Campana D, 2013)




The pitfalls are depending from

Sample quality ...
*Technology; the iBFM twinning program........



Possible Technical Pitfalls in MRD FCM

* Reagents standardization
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Possible Technical Pitfalls in MRD FCM

e Shiftimmunophenotyping




Possible Technical Pitfalls in MRD FCM

* Antigen modulation




FLOW CYTOMETRIC DETECTION OF
MINIMAL RESIDUAL DISEASE
PITFALLS

* Highly specialized skills and extensive
database of reference samples, which only a

few laboratories have (Coustan-Smith E, and
Campana D, 2013)




The pitfalls are depending from

«Sample quality ...2 or more different aspirations
*Reagent quality..”Duraclone custom tubes...”
*Technology; the twinning program.......

Skill and training; Flow in Lab, iIBFM....



While the data on the prognostic value of MRD are strong in
pediatric ALL, the research in the adult setting is less
extensive, and the knowledge of MRD’s role in care is more
fragmented. .....................

Compared with pediatrics, the testing process in adult ALL is

not as structured or streamlined. With recent comparative
analyses of ALL MRD testing laboratories, the National Cancer
Institute (NCI) discovered that, although there was high
concordance between two primary reference laboratories
used by the Children’s Oncology Group (COG), the adult
reference labs that participated in the pilot study were not at
all concordant............ “As a result, there was enthusiasm among
the adult reference laboratories to participate in a voluntary
standardization approach and adopt the COG six-color panel as
the starting point for that standardization,”

By Jill Sederstrom
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FlowlnLabCategories
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FlowlnLabFeatures
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600/ 700 new diagnosis
3000 Flow MRD per year
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