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Opinion statement

Indolent non-Hodgkin lymphomas (iNHL) are a heterogeneous group of pathologies
characterized by a prolonged natural history and good response to treatment. They also
have a tendency to relapse, in some cases with a worse prognosis. One of the main
objectives in the newest clinical trials is to identify patients at high risk of relapse. This
cannot be accomplished using only clinical prognostic scores. Detection of minimal
residual disease (MRD) is effective in evaluating long-term disease response, with a strong
and independent predictive value that was demonstrated in large cohorts of patients.
Analysis of MRD allows patient stratification based on the risk for relapse; therefore,
different therapeutic programs can be designed based on the response characteristics.
This tailored therapy is already happening in current clinical trials. Limits imposed by
traditional PCR-based tools are being overcome due to new molecular biology techniques
like droplet digital PCR and next generation sequencing. Although these techniques are
not yet standardized, they will likely increase the reliability and ensure broad applicability
of MRD detection in future years.
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Introduction

Indolent non-Hodgkin lymphomas (iNHL) are a het-
erogeneous group of pathologies that include follicular
lymphoma (FL), marginal zone lymphoma (MZL), and
lymphoplasmacytic lymphoma (LPL). Clinically, these
disorders are characterized by an indolent course and
good response to treatment. Nevertheless, relapses still
occur frequently and a proportion of patients die from
their disease. Therefore, the identification of patients at
high risk of relapse is a major goal of clinical and trans-
lational research in the iNHL field. Currently, clinical
scores such as FLIPI and FLIPI-2 [1, 2] and clinical-
related parameters such as POD 24 [3] can provide
important insight into the identification of high-risk
patient populations. Also, positron emission tomogra-
phy (PET) scanning (in terms of tumor metabolic vol-
ume ormetabolic response) is very important for patient
prognostication [4–6]. However, there is considerable
evidence that biological parameters might provide

critical prognostic information. In particular, bio-
markers assessed at baseline (such as mutations in the
M7 FLIPI or gene expression profiling) [7–9] and mo-
lecular monitoring of minimal residual disease (MRD)
after treatment are reliable tools to help classify patients
based on their prognosis. InMRD, a small population of
lymphoma cells remain after very effective treatment
and are not detectable with traditional laboratory or
imaging techniques. They can be detected with more
sensitive molecular biology techniques that can identify
the neoplastic clone. This review will focus on the tech-
nical features and clinical relevance of MRDmonitoring
in iNHL. Since the vast majority of results have been
generated in FL, the bulk of the review will focus on this
neoplasm, followed by a section on the findings for
other iNHL subtypes. The final section will concentrate
on the applicationMRD as a decision tool in current and
future clinical trials.

Prognostic value of MRD analysis: positive studies

Approximately 85% of FLs feature the translocation t(14, 18) that juxtaposes
the Bcl2 gene, encoding the protein involved in the anti-apoptotic pathway, to
the immunoglobulin heavy chain (IGH) gene locus. The Bcl2/IGH juxtaposi-
tion leads to malignant B cells with overexpression of proteins that escape the
physiologic apoptotic process that generally occurs in the germinal center,
giving clear advantages to the proliferation and survival of the clonal cells. The
Bcl2/IGH rearrangement was used for decades as a disease marker for MRD
using qualitative PCR techniques, and then quantitative ones [10, 11]. The first
studies focusing on the role ofMRDwere published in the early 1990s. Gribben
et al. monitored MRD to evaluate the efficacy of “purging” techniques or cell
selection using the first monoclonal antibodies on leukapheresis samples for FL
patients treated with autologous transplantation. Moreover, these studies
showed that traditional induction chemotherapy did not achieve molecular
remission (MR) [12, 13]. After a clinical follow-up of 12 years, the same cohort
of patients was reviewed by Brown et al., who observed that most patients who
had completed the therapeutic program were still alive to assess the efficacy of
this treatment regimen and the indolent course of this pathology.Moreover, the
statistical analysis showed that the bone marrow MRD status after purging was
an independent prognostic factor with significant impact on progression-free
survival (PFS) [14].

At the beginning of the year 2000, several studies showed the efficacy of
rituximab-containing therapy, both in consolidation and induction regimes, for
obtaining higher MR rates than traditional chemotherapy schemes [15, 16].
Despite these results, FL remained particularly sensitive to high-dose
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chemotherapy (HDC) compared with other lymphoproliferative diseases [17].
In the prospectivemulticenter clinical trial of the Italian Group of BoneMarrow
Transplantation (GITMO), HDCwas given followed by an autologous stem cell
transplant (ASCT) as induction therapy for 92 patients with newly diagnosed
FL. The therapy was effective and 90% of patients achieved complete remission
(CR) and 65% showed MR [18]. An update of these data, after 4 years follow-
up, showed the long-term impact of HDC in terms of survival: 80% of patients
were alive at 5.5 years and about 50% remained in CR after HDC [19].

Subsequently, the role of HDC was studied in a randomized prospective
phase 3 trial by the GITMO and Italian Lymphoma Intergroup (IIL). This study
was the first to prospectively compare R-CHOP chemo-immunotherapy with
HDC in a large cohort of patients with a new diagnosis of high-risk FL. In this
population, high-dose therapy proved to be more effective in terms of the CR
rate (85% vs. 62%) and MR rate (80% vs 44%), and was associated with better
control of long-term disease in terms of PFS and event-free survival (EFS) at
4 years. In addition, statistical analyses showed that the positive or negative
MRD status after treatment was the main predictive factor for clinical outcome
in terms of PFS, regardless of the treatment received. The best results, in terms of
MR, were observed in the patients receiving high-dose therapy who had an
increased median PFS, while the 4 year overall survival (OS) was the same for
both cohorts. However, the higher efficacy of high-dose therapy was associated
with longer bonemarrow toxicity. In fact, in the population analyzed, the onset
of secondary neoplasms (myelodysplastic syndrome and acute myeloid leuke-
mia) was greater in patients receiving high-dose therapy, with a 4-year cumu-
lative incidence of 6.6% vs. 1.7% for patients who received R-CHOP. Moreover,
patients who relapsed early post R-CHOPwere successfully treatedwith second-
line therapy withHDC and obtained response rates very similar to patients who
received HDC as a first-line therapy, without a significant increase in toxicity.
Although a number of early recurrences occurred in the R-CHOP arm, about
one third of the patients had a positive long-term course when treated with low-
toxicity therapy such as R-CHOP, suggesting that HDC may represent an
excessive first-line therapy [20]. These findings supported the role of HDC as a
highly effective therapy, applicable for patients with relapsed/refractory FL;
while, MR emerged as the best independent parameter for long-term control of
the disease.

To increase the MR rate and improve long-term control of disease in the
study by Goff et al., MRD was used to evaluate the impact of therapy that
combined radio-immunotherapy with 90Y-ibritumomab, an anti-CD20
monoclonal antibody conjugated to radioisotope Ittrium90, in patients with a
new diagnosis of FL. In the study, MRD was detected less in the combined
treatment arm than in the standard observational arm. In addition, the median
PFS was 3 years for the 90Y-ibritumomab arm and 13 months for the obser-
vational arm. Radioimmunoassay consolidation therapy seemed to play an
important role in achieving MR and, therefore, in long-term control of the
disease [21].

In the last few years, several European groups have integrated MRD studies
in phase 3 multicenter randomized clinical trials and samples were analyzed
using molecular techniques. These samples were from different laboratories
belonging to the Euro-MRD group, which previously used international stan-
dardization of MRD study techniques. In 2013, data were published on the use
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of rituximab as maintenance therapy in elderly FL patients enrolled in the
Italian Lymphoma Foundation (FIL) ML17638 study. Briefly, in this trial, FL
patients received an induction chemo-immunotherapy and then a consolida-
tion therapy with four infusions of weekly rituximab. Then, they were ran-
domized to observation or maintenance with additional cycles of rituximab
(one every 2 months for four total administrations). In this population, after
induction therapy, the bone marrow (BM) of 80% of patients was negative for
MRD, demonstrating the efficacy of an “intensive” program with rituximab.
After randomization, the maintenance arm obtained better results in terms of
MR, associating the persistence of negative MRD in the various contiguous time
points with a progressive improvement in clinical outcome, in terms of PFS
[22•].

Until 2015, few reports described MRD detection in peripheral blood (PB).
In the clinical Protocol NHL1-2003, a randomized and prospective phase 3
clinical trial, the Bcl2/IGH translocation was researched and quantified using
PB. It emerged that patients who had BM invasion, splenomegaly, or an
advanced stage had higher marker levels than the others, suggesting that the
marker level in PB could be used as an index for tumor burden. However, the
remarkable variability in the marker level among patients suggested diverse
behavior and spread of the disease. In addition, the study showed the prog-
nostic impact on outcome of Bcl2/IGH levels; in particular, high levels of
translocation were associated with low PFS, when compared with patients with
intermediate or low levels of Bcl2/IGH (high vs. intermediate: HR 4.28; IC 95%,
1.7–10.77; P. 002; High vs. Low HR 3.02, IC 95%, 1.55–5.86, p. 001). More-
over, multivariate analysis showed that the marker level at diagnosis better
stratified patients at medium and high risk according to FLIPI. Concerning the
primary objective of the study, there was no significant difference in efficacy
between the two chemotherapy regimens (R-CHOP and R-bendamustine), and
post-therapyMRD values were predictive in both induction regimes. The lack of
aMRwas associated with a worsemedian PFS (8.7months vs. not reached) and
marker reappearance was observed 9.5 months (range 0.6–20.3) before clinical
recurrence [23].

The prognostic value of MRD in the diagnosis and post-treatment was
subsequently detailed in the study by Galimberti et al. in the context of the
FOLL05. In this FIL prospective phase 3 trial, three induction chemotherapy
regimens, R-CHOP, R-FC, and R-CVP, were compared. The first scheme was the
best in terms of efficacy and toxicity. The molecular marker level was associated
with the quality of response and the risk of long-term recurrence. In fact,
patients with low tumor burden achieved CR and good outcomes with a 3-year
PFS of 80% vs. 59% for patients with a high tumor burden (P = .015). In
addition, multivariate analysis confirmed that MRDwas themost powerful and
independent predictor of outcome. In fact, PCR-negative patients with partial
remission (PR) had a better outcome, in terms of PFS, than patients who
reached CR, but remained PCR positive (3-year PFS was 32% for CR/PCR-
positive patients vs. 62% for PR/PCR negative patients [24].

Bendamustine is another drug investigated as induction therapy for FL. In
the study published by Rummel et al., the induction schedule including
bendamustine seemed to give a higher advantage in terms of PFS in patients
with indolent lymphomas [25]. Recently, an Italian retrospective study on a
small cohort of patients also described the high efficacy of induction therapy
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with R-bendamustine, obtaining a MR rate of 93% that was associated with at
least a 4-logarithm reduction in MRD levels. Nevertheless, in contrast to previ-
ously mentioned studies, the levels of the molecular target Bcl2/IGH evaluated
at diagnosis did not show a prognostic impact, suggesting the high efficacy of
bendamustine in MRD clearance [26]. The role of bendamustine was investi-
gated by two other prospective phase 3 trials: GADOLIN (NCT01059630) and
GALLIUM (NCT01332968), in which the efficacy of bendamustine was tested
in association with obinutuzumab (GA101), a new monoclonal antibody [27,
28•].

In the GALLIUM study, MRD was assessed during the induction program
(MI) and at the end of induction (EOI). In 2016, the first data analysis described
a superiority of the scheme containing obinutuzumab compared to the scheme
containing rituximab, in terms ofMR rates and reduction of the Bcl2/IGH levels
at both monitored time-points. In the rituximab arm, treatment with
bendamustine and rituximab was characterized by a higher MR rate (96% after
R-bendamustine, 93% after R-CHOP, 79% after R-CVP). The same advantage
was not observed in the obinutuzumab arm, suggesting that the antibody
activity cancels out the difference in efficacy between the different chemother-
apy regimens.

In conclusion, MRDmonitoring has been used widely to evaluate the depth
of response to treatments and to study different therapeutic strategies. Its
prognostic impact has been validated in large multicenter prospective phase 3
trials, and it emerged as the most important and independent predictor of
outcome.

Prognostic value of MRD analysis: negative studies

There are also works that negatively describe the predictive role of the MRD
in the context of the FL [29, 30]. Generally in these studies, the failure of
using MRD in prognosis prediction is due to the small number of patients
included and the heterogeneity of the tissues analyzed. In the work of Van
Oers [31], the benefits of rituximab in association with high-dose chemo-
therapy and as maintenance were evaluated in patients with FL who were
enrolled in the 20981 clinical trial of the European Organisation for Re-
search and Treatment of Cancer (EORCT). In this work, the authors con-
firmed the predictive value of the tumor burden for the diagnosis and that
the predictive value of MRD was statistically significant only in the main-
tenance phase. Contrary to the previous mentioned analyses, no clinical
impact was observed during the chemo-immunotherapy. This negative
result can be easily explained by some specific characteristics of the project
and some technical aspects of the analysis. First, all patients defined as PCR-
negative after treatment were included in the assay, independent of their
Bcl2/IGH (positive or negative) status at diagnosis. Moreover, the patient
series studied was poorly characterized in terms of the tissue analyzed (for
example, the number of BM samples evaluated after treatment is not re-
ported) and the analysis of MRD monitoring on PB is less reliable than for
BM, especially after intense exposure to rituximab. The time of collection of
the tissues is not detailed, suggesting that the lack of prognostic prediction
of the MRD could be due to a sampling very close to rituximab
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administration. Finally, the manuscript does not provide a technical defi-
nition of MR and does not discuss the results obtained from a methodo-
logical point of view. However, despite these limitations, this paper indi-
cates that MRD analysis requires a very robust interpretation setting to
provide clinically useful results.

Limits and new technical opportunities for MRD detection

PCR represents the gold standard technique for MRD monitoring in FL
patients. PCR techniques are able to identify well-described breakpoints
involved in the FL translocation. In fact, the juxtaposition between chro-
mosome 18 and chromosome 14 combines four Bcl2 genomic loci to JH
regions, identifying four different (in terms of frequency) rearranged re-
gions. The first described breakpoint, identified in at least 50% of FL
patients, was the Major Breakpoint Region (MBR); this was followed by the
Minor Cluster Region (mcr) and other two rearrangements defined as
“minor Bcl2”, located at the 3′ end of the MBR (3′ MBR) and 5′ end of the
mcr locus (5′ mcr), had a frequency of G 10% [32].

A qualitative approach was developed to detect MBR andmcr. TheMBR-mcr
nested PCR assays, using two sets of primers annealing to chromosome 18 and
14 in a two-step PCR, are able to detect one clonal cell harboring the translo-
cations out of 500,000 analyzed cells (i.e., 1 × 10−5), reaching high sensitivity
levels [33]. Although Bcl2/IGH nested PCR was applied in several studies
assessing the role of MRD in patient stratification, a quantitative PCR approach
(q-PCR) was recently developed to better monitor the disease kinetics. Techni-
cally, the qPCR approach uses two primers complementary to the rearranged
loci and a specific Bcl2 probe and it features the same high sensitivity levels of
nested PCR [34].

Qualitative and quantitative PCR approaches and Sanger sequencing deter-
mined that the Bcl2/IGH rearrangements unrelated to the original tumor clone
can lead to false positivity during the follow-up of FL patients [14]. Later, the
finding that non-lymphoma-associated Bcl2/IGH rearrangements are fre-
quently amplified in the blood of lymphoma-free subjects highlighted a long-
term clonal population that rarely changes its phenotype inmalignant indolent
lymphoma [35–37]. In the last 10 years, standardization of the Bcl2/IGH qPCR
has been one of themain goals of the EuroMRD International group, developed
within the European Scientific Foundation for Laboratory Hemato Oncology
(ESLHO) Consortium. The group, including almost 20 international laborato-
ries, organizes periodic quality control checks to obtain high levels of stan-
dardization in the interpretation of qPCR data. This has led to international
methodological harmonization of MRD monitoring and the introduction of
qPCR in several clinical trials.

Nevertheless, qPCR has some pitfalls often due to the standard curve
required for the target quantification. This is a laborious process that
requires a sufficient amount of material to carry out the different mea-
surements. To perform the reaction, it is necessary to have specific patient
reagents that increase the cost of the procedures, and in some cases the
reaction does not lead to the identification of any marker. Often this
happens because of the low tumor infiltration, which makes it impossible
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to construct the standard curve. This can also be due to the high mutation
rate of the IGH making primer pairing difficult or the quantification of the
disease is not possible due to the limits of sensitivity of the assay (not
exceeding 1 × 10−5). The MRD assay with ASO RQ-PCR is still difficult for
some tumors, such those that undergo clonal evolution, necessitating the
identification of a new specific clone primer. Some cases of FL may remain
localized in the tissue and region of origin and not spread to the PB or BM,
making it impossible to identify the disease in these samples. Due to these
technical limitations, it is not possible to identify a molecular marker in
35–40% of patients, and these patients are not eligible for MRD detection.

The newly introduced droplet digital PCR (ddPCR) assay, currently
developed to only detect the MBR rearrangement, could overcome these
disadvantages. As recently shown [38], this technology uses the same qPCR
primer and probe set but the DNA molecules are partitioned into oil
droplets and amplified; therefore, ddPCR does not need a standard curve for
Bcl2/IGH quantification. This could solve the problems of low tumor
burden or qPCR positive, but not quantifiable, samples that are amplified
in the range between the qPCR quantitative and sensitivity thresholds. As
far as we know, ddPCR sensitivity levels are perfectly comparable to qPCR
(1 × 10−5) [38]. The approach was described as a more accurate and prom-
ising method to quantify the disease at diagnosis and to monitor MRD
during the clinical follow-up, especially in those FL patients with localized
disease and low BM infiltration [39, 40].

Nevertheless, qPCR and ddPCR did not increase the number of patients
eligible for MRD studies because both are strictly dependent on qualitative
nested PCR as the Bcl2/IGHmarker screening tool. Recently, the introduction of
next generation sequencing (NGS) has expanded the techniques available for
monitoring FL. The clonal IGH rearrangements, which had no optimal marker
(by classical PCR) in FL patients due to the high rate of hyper-somatic muta-
tions in VH regions, are a new target for NGS. In fact, preliminary data dem-
onstrated the standardized IGH-NGS approach of the EuroClonality-NGS
Consortium robustly identified IGH clonotypes in FL patients andmay become
a complement to current MRD methods, allowing reliable MRD assessment in
the majority of FL patients [41, 42•]. The new Targeted Locus Amplification
(TLA) technology was used for FL patients who were positive for Bcl2/IGH by
FISH, but negative by classic PCR marker screening. The TLA identified new
breakpoints, mapping different genomic positions from those previously
mentioned in 40% of analyzed patients, highlighting new biological features of
t(14;18) [43]. Although NGS data are relevant and promising, these high-
throughput approaches are strictly dependent on gold standard PCR methods
to validate their results.

MRD in LPL and MZL

Unlike FL, there are few reports about the clinical impact of MRD in LPL and
MZL. In 2012, whole genome sequencing (WGS) identified a recurrent somatic
mutation in LPL cells: MYD88 L265P [44]. The mutation was confirmed by
Sanger sequencing in 49 of 54 patients with Waldenstrom macroglobulinemia
(WM) and in three patients with non-IgM LPL. The intracellular proteinMYD88
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mediates the intracellular signal from the cell surface through the Toll Like
Receptor (TLR) and the Interleukin 1 Receptor (IL1-R), activating the IRAK
signaling pathway converging on the nuclear factor NF-KB. Several other studies
demonstrated the MYD88 mutation was present, using Sanger sequencing and
PCR, in more than 90% of patients with WM and non-IgM LPL [45–47]. The
MYD88 L265P mutation seemed to be a good molecular marker because it is
not present in multiple myeloma cells, including those secreting IgM; thus, it
defines a distinct biologic entity. Some studies reported a low incidence of
MYD88 L265P inMZL and other lymphoproliferative disorders such as non GC
(germinal center) diffuse large B cell lymphoma and chronic lymphocytic
leukemia (CLL) [48, 49].

In addition to its potential diagnostic role in WM and potential prognostic
role inmonoclonal gammopathy of unknown significance [50, 51], theMYD88
L265P mutation could be used as an MRD marker. Although MR is less
common in this pathology, the MYD88 mutation was reduced after effective
therapy with carfilzomib, rituximab, and dexamethasone (CaRD) [52]. Based
on these preliminary data, MYD88 L265P could be used as a marker of disease
to monitor the response to therapeutic programs and to assess the long-term
impact of treatment on outcome. Initially, MYD88 detection was performed by
Allele Specific PCR (AS-PCR), based on a relative ratio between the amplifica-
tion of mutated and wild type alleles, but due to its low sensitivity, reported as
the detection of one mutation in 1000 analyzed cells, this approach is not
optimal for MRD monitoring in WM [45]. Recently, Drandi et al. developed a
new technique based on ddPCR to detect MYD88 L265P, especially in WM.
They assessed the feasibility of the approach and the limit of detection and
sensitivity, which were increased about 1.5-logaritihms compared with that of
AS-PCR. In addition, this is the first study that detected MYD88 L265P in three
different tissues: BM, peripheral blood (PB), and plasma through free circulat-
ing DNA (cfDNA), to verify the correlation between different tissues and
identify themost patient-friendly and suitablemethod forMRD detection. Data
showed that, as expected, BM is the most sensitive tissue. Moreover, there was
good correlation between BM and cfDNA, highlighting the important role of
this newly investigated tissue, which has a less invasive sampling procedure
than a BM biopsy. Finally, the PB analysis seemed less reliable with increasing
false negatives and reduced sensitivity, especially in patients who had previ-
ously received treatments based on rituximab [40].

In MZL, the detection of the clonal rearrangement of the immunoglobulin
heavy chain (IGHV) was an important tool to understand the cell of origin,
probably due to clonal B progenitor selection after super-antigen recognition in
the spleen. In this disorder, WGS identified some recurrent mutations in the
genes encoding NOTCH2 and KLF2, which are involved in cell differentiation
and splenic homing [53]. The MRD monitoring for this type of lymphoma is
still preliminary due to the low incidence of the disease and because it often
does not require treatment; thus, the enlistment in clinical trials is poor. The FIL-
IELG36 protocol (EudraCT Number 2011-000880-28) is a phase 2 prospective
clinical trial that assessed the efficacy of rituximab and bendamustine as a
frontline therapy for symptomatic MZL patients. TheMRD study detected IGHV
rearrangements at diagnosis and during follow-up. This clinical trial is not
MRD-driven, therefore MRD monitoring was for observational purposes only
and did not affect the clinical decisions.
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Conclusions and future perspectives

In recent years, molecular biology has played an important role in the biological
characterization of hematologic diseases, as well as in the evaluation of the
therapeutic response. In fact, in some diseases such as WM, the identification of
single somatic mutations by DNA sequencing contributed to the differential
diagnosis and even found targets for new drugs. In MZL patients, studying the
IGHV rearrangement improved the understanding of the probable origin of the
lymphoma cell. By evaluating the treatment response byMRD it was possible to
identify the most effective therapeutic strategy in different patient settings, and
the standard for the first line treatment for FL. The impact of MRD on outcome
has been extensively verified and validated by large prospective clinical trials
evaluating different treatment regimens for FL. From these studies, the MRD
status emerged as the main independent factor for outcome prediction in the
post-induction phase, strengthening its impact during follow-up. Its potential
role as a surrogate of tumor burden during the diagnosis was also evaluated.

Previous studies extensively reported on using rituximab along with stan-
dard chemotherapies to achieve high clinical response rates and MR in the
majority of patients, and obtained a median PFS of about 6 years and a 5-year
survival of 90% [54•]. Despite these successes, Casulo et al. identified with
POD24 that about 20%of the patients have an unfavorable course regardless of
the risk category assessed at diagnosis [3]. Although this high-risk group may
need different and probably more intensive therapeutic approaches, other
studies showed that the same induction chemo-immunotherapy was able to
control the disease for a long time in about 30% of patients, with rituximab
maintenance having a non-significant advantage on overall survival. Thus,
some patients may be eligible for a less intensive treatment regimen while
benefiting from reduced toxicities compared with prolonged pharmacological
treatments. In view of these different responses to therapy, it may be necessary
to design individual treatment strategies and use MRD monitoring and PET
scanning as fundamental tools for patient stratification.

Two current FIL “MRD driven” clinical trials, the FOLL12 (EudraCT number
2012-003170-60) and the MIRO (EudraCT number 2012-001676-11) are on-
going and requireMRDmonitoring at different time points tomake therapeutic
decisions. The FOLL12 evaluates, in low-risk patients, the impact of de-
intensification therapy (observation) vs. maintenance therapy with rituximab
and, in high-risk patients, the benefit of intensification with radio-immuno
consolidation therapy. It also assesses the impact of preemptive therapy to
induce MR and its impact on long-term clinical follow-up. The possibility to
more accurately identify patients according to the risk of relapse can help define
personalized therapeutic programs, optimizing benefits and reducing toxicity
for a better overall management of the patient.

Moreover, the development of increasingly reliable and sensitive techniques,
such as ddPCR and NGS, has made it possible to exceed the limits imposed by
standard PCR. Other tissues, such as PB and urine, have less invasive sampling
techniques than the traditional BM biopsy and are being investigated to see if
they can be used for MRD detection. Promising studies on WM are already
moving in this direction. All these new developments have made it possible to
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imagine that MRD detection will become part of the routine management of
patients with lymphoma, leading to themore andmore personalizedmedicine,
based on the biological characteristics of each patient’s disease.
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