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ABSTRACT

Background: Minimal Residual Disease (MRD) assessment is crucial for directing treatment decisions in Acute
Lymphoblastic Leukemia (ALL). In low- and middle-income countries, limited resources can present challenges
to implementing MRD-guided therapy intensification for ALL. The study attempted to assess the relationship
between MRD and other prognostic factors in ALL, focusing on treatment outcomes and disease progression.
Materials and Methods: A retrospective observational study was conducted at Ramaiah Medical College and
Hospital in Bengaluru, examining patient data from January 2021 to December 2021. MRD status was
determined post-induction using flow cytometry. Patients were classified into various groups based on factors
such as type of ALL (B-cell or T-cell), NCI risk status (standard or high), cytogenetic risk (favorable, poor, or
intermediate), CNS status, prednisone response, and MRD levels at the end of induction.

Results: Out of 72 patients, 25% were MRD-positive, with a male: female ratio of 2.13:1. B-ALL was diagnosed
in 49 patients and T-ALL in 23, with 75% categorized as high-risk by NCI criteria. Cytogenetic analysis revealed
a diverse profile (23.61% PR, 48.61% IR, 27.78% FR), and 58.33% exhibited a good prednisone response
(GPR). At the end of the induction phase, 25% tested positive for MRD, with B-ALL showing a lower MRD rate
at 15.2%. Age and NCI risk status significantly influenced MRD outcomes, with 75% of participants classified as
high-risk.

Conclusion: This study demonstrates a significant association between MRD positivity and factors such as age,
NCI risk status, and B-ALL diagnosis, underscoring the complex interaction of these variables in predicting
treatment outcomes for ALL patients.
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INTRODUCTION

Acute Lymphoblastic Leukemia (ALL) originates
from Iymphoid precursor cells and remains a
significant clinical challenge due to its diverse
presentations and treatment outcomes?.
Encouragingly, advancements in diagnostic and
therapeutic techniques have led to improved
prognosis for patients. Pulte et al. in 2020 found that
the 5-year survival rate for ALL patients has
increased to 75%. Among these advancements, the

role of Minimal Residual Disease (MRD) assessment
has been pivotal?.

MRD refers to the residual leukemic cells
undetectable by traditional microscopic methods.
Advanced techniques, such as PCR amplification of
specific fusion genes and flow cytometry, have made
detecting these cells post-treatment possible3. The
study conducted by Heuser et al. in 2021
underscored the significance of MRD detection,
demonstrating that patients with undetected MRD
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had a 15% lower risk compared to those in whom
MRD was detected. This information is crucial for
clinicians to assess treatment efficacy, anticipate
disease progression, and make informed patient care
decisions®.

The progression of ALL is influenced by a range of
prognostic factors, including age,
immunophenotype, cytogenetic abnormalities, early
treatment response, and risk stratification.
Collectively, these factors determine the disease's
trajectory. The dynamic relationship between MRD
and these factors is crucial for understanding disease
progression and outcomes®. Research conducted by
Kayser et al. in 2019 indicated that patients with
certain cytogenetic abnormalities who also tested
positive for MRD had a relapse rate nearly twice as
high as those without these abnormalities®.
However, there is a disparity in the availability of
MRD detection across different regions. In areas with
limited resources, the absence of MRD detection can
lead to compromised treatment outcomes. Munshi
et al. in 2020 found that regions without access to
MRD detection had a 20% lower survival rate in ALL
patients than those with comprehensive healthcare
infrastructure’. Given these findings, the present
study intends to further explore the relationship
between MRD and established prognostic factors in
ALL. By elucidating how MRD interacts with
determinants like age, immunophenotype, and early
treatment response, the study aims to refine the
predictive framework for ALL outcomes, especially in
under-resourced settings.

MATERIALS AND METHODS

The current study is a retrospective observational
investigation conducted at Ramaiah Medical College
and Hospital in Bengaluru. It reviewed patient data
from January 2021 to December 2021, which
included records from September 2015 to December
2021. Data were extracted from the haematology
unit, both from digital case records and physical files
stored in the medical record section. Ethical approval
was obtained from the Institutional Review Board of
Ramaiah Teaching and Memorial Hospital
(registration number: DRP/IFP828/2022, issued on
Descriptive statistics were used for categorical
variables, presented as percentages and
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03/02/2022), ensuring the study's compliance with
the Declaration of Helsinki, and informed consent
was obtained from study participants.

Based on incidence rates from previous studies on
ALL, the required sample size was calculated at 72
patients, accounting for a 95% confidence level and
an 11% absolute precision®. The included patients
were diagnosed with ALL and had undergone
immunophenotyping, cytogenetic studies, and CSF
analysis at diagnosis. Additionally, these patients
completed BFM-based induction chemotherapy and
had bone marrow analysis at the end of induction.
Three patients given mini-hyper CVAD due to
advanced age were also included. Patients excluded
were those who did not receive induction
chemotherapy at the center. The status of MRD was
determined at the end of induction using flow
cytometry. MRD was conducted using 12-color flow
cytometry on a FACS lyric machine.

Patients were then classified based on the following
criteria: (i) ALL subtype (B or T cell ALL); (ii) NCI risk
group (standard or high risk); (iii) cytogenetic risk
(favorable risk like t(12;21) or hyperdiploidy, poor
risk factors like hypodiploidy, t(9;22), MLL
translocation, t(1;19), iAMP21, IKZF1 deletion, and
intermediate risk which is neither favorable nor
poor); (iv) CNS involvement (positive or negative); (v)
prednisone response (good or poor); (vi) MRD status
at the end of induction (either less than 0.01% or
more than 0.01%).

The data were collected using Microsoft Excel.
Baseline characteristics, demographic details, and
treatment information were recorded. This included
variables such as age, gender, ALL subtype, NCI risk
group, cytogenetic risk, CNS involvement,
prednisone response, and MRD status at the end of
induction. The data cleaning was done before
statistical analysis to ensure accuracy and
completeness.

For statistical analysis, SPSS version 21 was used. Chi-
square tests compared the "Achieved Remission"
group with the "No Remission" group, focusing on
variables such as age, ALL subtype, NCI risk group,
cytogenetics, and prednisone response. A p-value of
less than 0.05 was considered statistically significant.
frequencies, and for continuous variables, described
as means with standard deviations or medians with
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ranges. The relationship between post-induction
chemotherapy results and patient categories was
also assessed.

RESULT

In  this study, the effects of induction
chemotherapy on the disease status in patients with
B and T cell ALL were evaluated, focusing on bone
marrow morphology and MRD results. The analysis
included a cohort of 72 patients with a median age
of 13 years. Specifically, 40.28% (29 patients) were
10 years old or younger, and 59.72% (43 patients)
were older than 10 years. The gender distribution
was skewed toward males, as indicated by a male-to-
female ratio of 2.13:1, suggesting a higher
prevalence of the disease in male patients (Table 1).
In the immunological subtypes of ALL, 49 patients
(68.05%) were identified with B-ALL, while 23
patients (31.95%) had T-ALL. Per NCI criteria, 54
patients (75%) were marked as high-risk. In
cytogenetic analysis, 17 patients (23.61%) fell into

Table 1: Patient Characteristics

MRD in ALL: Correlations with Prognostic Factors

the poor risk category, 35 patients (48.61%) were
assigned to the intermediate risk group, and 20
patients (27.78%) emerged as good risk (Table 1).
Additionally, 54 patients (75%) showed a positive
response to prednisone.

Out of the group, 18 patients (25%) had positive
MRD. The analysis revealed that B-ALL patients had
a lower MRD positivity rate of 15.27%. Patients with
NCI standard risk showed even lower MRD positivity
at 1.38% (p=0.03*), those with favorable
cytogenetics at 5.55%, and those with a good
response to prednisone at 13.88%. Age (p=0.03%*)
and NClI risk status were significant factors affecting
MRD positivity, with odds ratios of 0.34 and 0.10,
respectively (Table 2). The subtype (B cell vs. T cell)
and cytogenetics did not show statistically significant
differences in MRD positivity (p=0.45 and p=0.77,
respectively). Prednisone response approached
statistical significance (p=0.06), suggesting a
potential trend.

Parameters

Values

Total Patients (N)

Age (Median, years)
Gender
Male
Female
Subtype
B-ALL
T-ALL
NCI Risk
Standard Risk (SR)

High Risk (HR)

Cytogenetics
Poor Risk (PR)
Intermediate Risk (IR)
Good Risk (GR)
Day 8 Peripheral Blood Blast
Present
Absent

72
13 (Range: 1-58 years)
49 (68.5%)
23 (31.95%)

49 (68.5%)
23 (31.95%)

18 (25%)
54 (75%)

17 (23.61%)

35 (48.61%)
20 (27.78%)

18 (25%)
54 (75%)
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Table 2: Parameters Affecting MRD Outcomes
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Parameters Categories MRD Positive MRD Negative Not Available Chi-square
() (n) () P)
Age <10 years 5 22 2 0.03862*
>10 years 13 20 10
Subtype B Cell 11 31 7 0.458256
T Cell 11 5
NCI-Risk Group Standard Risk 15 2 0.036054*
High Risk 17 27 10
Cytogenetics Poor Risk 5 9 3 0.778758
Intermediate Risk 9 19
Good Risk 4 14
Prednisone Response Good Response 10 32 12 0.062402
Poor Response 8 10
P <0.05*
DISCUSSION higher than the 20% reported by Borowitz et al.,

Many studies have underscored the clinical
importance of MRD in ALL%'%!, Campana et al.
found that MRD status following induction therapy is
a key predictor of outcomes, especially in children
and adolescents with ALL'2. Similarly, Gajjar et al.
observed a significant association between MRD
positivity and treatment outcomes!®. These
consistent findings emphasize the critical role of
achieving MRD negativity after the initial treatment
phase, as it is often linked to better long-term
prognoses for patients.

MRD-guided therapy has become a fundamental
approach in ALL management. The detection of MRD
at different stages of treatment, such as during
induction and consolidation, enables clinicians to
tailor treatment strategies accordingly. Patients with
persistent MRD positivity might require more
intensive treatments, like stem cell transplantation,
to improve treatment effectiveness. On the other
hand, those who clear MRD quickly might benefit
from reduced treatment to minimize long-term side
effects. This approach is especially relevant in light of
Malard et al.'s findings that ALL is more prevalent in
young children, typically between ages 1 and 4**. The
current study presents similar trends, with 40.28% of
patients being 10 years or younger and an average
age of 13. Additionally, the study observed a slightly
higher prevalence in male patients, with a ratio of
2.13:1.

In the present study, the MRD positivity rate was
25% at the end of the induction phase, indicating a
significant remaining disease burden. This rate is
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suggesting a potentially higher risk in the patient
study group®. Age and NCI risk status significantly
influenced MRD positivity, with patients aged 10
years or younger and those classified under standard
NCI risk showing a lower likelihood of MRD. These
findings are in line with Vora et al.,, who noted
improved outcomes in  younger patients,
underscoring the importance of considering age and
NClI risk status in treatment planning?®.

The findings of the present study regarding the
distribution of B-cell precursor ALL (B-ALL) and T-cell
ALL (T-ALL) align with established trends and mirror
the results reported by Dunwell et al. The findings of
the current study state that B-ALL accounted for
approximately 68.5% of cases, while T-ALL made up
31.95%. This distribution reflects the generally
higher prevalence of B-ALL compared to T-ALL.
Distinguishing between these subtypes is crucial, as
they possess different genetic and clinical features
that significantly influence treatment approaches
and patient outcomes. This concurs with the
emphasis in Dunwell et al.'s study on the importance
of identifying these subtypes for the development of
appropriate therapeutic strategies?®.

The findings of the current study show that 75% of
patients meet the NCI high-risk criteria, highlighting
the aggressive nature of the disease and the need for
personalized treatment based on individual genetic
profiles. Furthermore, 48.61% of patients fall into
the intermediate-risk category, while 27.78% are
classified as good risk in terms of cytogenetics,
emphasizing the variety of cytogenetic abnormalities
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in ALL and the necessity for tailored treatment
strategies. In contrast, a study by Winick et al.
reported that 64.1% of cases were classified as
standard risk, with 35.9% in the high-risk category?’.
When examining outcomes by NCI risk group,
patients with NCl-categorized standard-risk or high-
risk CNS1 disease demonstrated significantly better
outcomes. Notably, a subset of patients with NCI-
categorized standard-risk disease, characterized by
favorable blast cell genetics and a positive response
to initial treatment, showed favorable outcomes.
These findings reinforce the importance of risk-
based treatment approaches in the management of
ALL.

MRD assessment has revolutionized the
management of ALL by offering precise measures of
treatment response and associated risks. Integrating
MRD monitoring into treatment plans potentially
optimizes therapeutic approaches and enhances
patient outcomes. With technological advances and
better standardization, MRD detection is becoming a
crucial part of ALL treatment protocols, significantly
contributing to more effective disease control and
improved patient survival'®, However, it's important
to note the limitations of our study, especially the
lack of sufficient baseline data on cytogenetics and
MRD testing at the end of induction for some
patients, mainly due to logistical constraints.

CONCLUSION

MRD assessment at the end of induction was
identified as a crucial factor in guiding treatment
decisions. This study observed a distribution of ALL
subtypes consistent with established patterns, with
B-ALL (68.5%) being more common than T-ALL
(31.95%). A significant majority of patients (75%)
were classified under the NCI high-risk criteria,
underscoring the necessity for personalized
treatment based on genetic profiles. Additionally,
younger age, with patients aged 10 years or younger,
and those classified under standard NCI risk
correlated with a lower likelihood of MRD positivity.
The study recognizes the challenges in the
widespread adoption of MRD but emphasizes its
potential in optimizing treatment strategies and
improving patient outcomes

MRD in ALL: Correlations with Prognostic Factors
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