Acute Lymphoblastic Leukemia

and Minimal Residual Disease

Acute Lymphoblastic Leukemia — Pathophysiology and Epidemiology
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Response Categories Defined by Molecular Assessment

Assessment of molecular response is conducted ~ Responses are then categorized as follows:

only after the patients attain complete cytologic Molecular CR / complete MRD response/MRD negativity:
remission with > 1 marker for MRD, and requires Defined as MRD at a specific time point with polymerase
availability of samples at various time points.'*'®  chain reaction (PCR) assay sensitivity of > 10 '

Malignant cell Mol_ecular failure /_MRD persi_s?ence:
s Defined as the persistent quantifiable presence of MRD
with a PCR assay sensitivity of = 10 4

Molecular relapse / MRD reappearance:
Defined as reappearance of MRD within the quantitative
range (= 10*) after prior achievement of molecular CR ™




The Three Main Methods for Detection of MRD

Morphologic assessment is not a very sensitive technique for measuring MRD, and has largely been replaced by more sensitive methodologies.
The three main methods have been summarized here.

Immunophenotyping using flow cytometer
Immunophenotyping is the detection of cell
surface antigens on lymphocytes using a

flow cytometer. Flow cytometry analysis
distinguishes leukemic cells from normal
lymphocytes and progenitors. Malignant cells
may be identified by their leukemia-associated
immunophenotypes, which are usually defined
at diagnosis. These cellular properties can be
evaluated at a single cell level.’> '®

Next-generation sequencing (NGS)

NGS amplifies all gene segments and identifies all clonal gene
rearrangements. This approach is very sensitive and has a limit
of detection of 106.18.20

It provides greater flexibility compared to PCR since it does not
require sequence-specific probe. The same “off-the-shelf” assay
can be used to evaluate different patients. It could potentially be
used for monitoring the clonal evolution of the disease.'

e

Polymerase chain reaction (PCR)
Real-time quantitative PCR (RQ-PCR) is
used to detect and quantify gene
rearrangements in the variable region of

the immunoglobulin (Ig) gene, as well as the
T cell receptor (TCR) in patient blast cells.™
Individual patient rearrangements have to
be characterized and primers generated.®
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Additionally, RQ-PCR can be used to analyze
fusion transcripts such as BCR-ABL, or MLL Basapats|
gene fusions.' Gene fusions tend to occur in
specific regions, not requiring primers to be : . D
generated for each patient.' b, e

Features of MRD Detection Methods in ALL
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MFC, multiparameter flow cytometry; PCR, polymerase chain reaction; NGS, next-generation sequencing; IMF, International Myeloma Foundation

MRD Summary

Morphological assessment cannot detect very low numbers of cells MRD testing may help to predict relapse and overall outcome, or may be

representing minimal residual disease in patient samples. Consequently, employed to stratify patients based on risk of relapse.* %

techniques using flow cytometry, RQ-PCR and NGS have been

developed, which allow for more sensitive detection as well as the The assessment of MRD has been incorporated as stratification in many

quantification of these residual leukemic cells. These methods are protocols.?” A consensus on the timing of assessment and the definitions

highly sensitive and can detect 1 cell in 10 to as low as 10¢,2 14.19.24.25 of common MRD terminology is becoming increasingly important when
evaluating patients. Also, the standardization of MRD methodologies is

A number of studies have shown that the detection of MRD in patients important to ensure comparability within an MRD treatment protocol, as

with ALL, both children and adults, is an independent risk parameter of well as to provide a solid basis for the comparison of MRD data between

high clinical relevance.? This applies to de novo patients with ALL who different treatment protocols.

may also undergo stem cell transplant.'

References
Chiarini F, et al. Biochimica et Biophysica Acta. 2016;1863:449-463. 14.  Gokbuget N, et al. Blood. 2012;120:1868-1876.
. Campana D. Hematology Am Soc Hematol Educ Program. 2010;2010:7-12. 15.  Bruggemann M, et al. Blood. 2012;120:4470-4481.
3. American Cancer Society. http://www.cancer.org/acs/groups/cid/documents/webcontent/003109-pdf.pdf. 16.  Coustan-Smith E, et al. Blood. 2000;96:2691-2696.
Accessed June 8, 2016. 17.  Hoelzer D, et al. Hematology Am Soc Hematol Educ Program. 2002:162-192.
4, Stock W. Hematology Am Soc Hematol Educ Program. 2010;2010:21-29. 18.  Hoelzer D. Am Soc Clin Oncol Educ Book. 2013:290-293.
5. Bassan R, et al. Crit Rev in Oncol Hematol. 2004;50:223-261. 19.  van Dongen JJ, et al. Blood. 2015;125:3996-4009.
6. Chiaretti S, et al. Mediterr J Hematol Infect Dis. 2014;6(1):e2014073. 20. Thol F, et al. Genes Chromosomes Cancer. 2012;51:689-695.
7. PuiCH, etal. J Clin Oncol. 2015;33:2938-2948. 21.  Kumar S, etal. Lancet Oncol. 2016;17:6328-346.
8 Pui CH, et al. Nat Rev Drug Discovery. 2007;6:149-165. 22.  Paiva B, et al. Blood. 2015;125:3059-3068.
9.  Pulte D, etal. PLoS ONE. 2014;9:685554. 23.  Mailankody S, et al. Nat Rev Clin Oncol. 2015;12:286-295.
10.  PuiCH, etal. N Engl J Med. 2004;350:1535-1548. 24. Campana D. Curr Hematol Malig Rep. 2012;7:170-177.
1. Hong HK. Korean J Pediatr. 2011;54:106-110. 25.  Coustan-Smith E, et al. Blood. 2002;100:52-58.
12, PuiCH, etal. N Engl J Med. 2006;354:166-178. 26. Campana D. Hematol Oncol Clin North Am. 2009;23:1083-1098.

18.  Hunger SP, etal. N Engl J Med. 2015;373:1541-1552. 27.  Borowitz MJ, et al. Blood. 2008;111:5477-5485. USA-103-034758



