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INDOLENT LYMPHOMAS

     Does MRD have a role in the man age ment 
of iNHL ?  
     Ilaria Del   Giudice ,  Irene Della   Starza , and  Robin   Fo à   
 Hematology, Department of Translational and Precision Medicine,  Sapienza University , Rome, Italy 

   Among indo lent non - Hodgkin lym pho mas (iNHLs), the anal y sis of mea sur able / min i mal resid ual dis ease (MRD) has been 
exten sively applied to fol lic u lar lym phoma (FL). Treatment com bi na tions have deeply changed over the years, as well as 
the tech niques to mea sure MRD, which is cur rently eval u ated only in the set ting of clin i cal tri als. Here, we dis cuss the evi-
dence on the role of molec u lar mon i tor ing in the man age ment of FL. Mature data sup port the quan ti fi  ca tion of molec u lar 
tumor bur den at diag no sis as a tool to strat ify patients in risk categories and of MRD eval u a tion at the end of treat ment 
to pre dict pro gres sion - free sur vival and over all sur vival. Moreover, MRD deserves fur ther stud ies as a tool to refi ne the 
clin i cal / met a bolic response and to mod u late treat ment inten sity / dura tion. Patients with a higher relapse prob a bil ity can 
be iden ti fi ed, but the rel e vance of con tin u ous molec u lar fol low - up should be clar i fi ed by kinetic mod els of MRD anal y sis. 
Being the BCL2 / heavy chain immu no glob u lin gene hybrid rearrangement detect able in about 50 %  to 60 %  of advanced FL 
and in 30 %  of pos i tron emis sion tomog ra phy / com puted tomog ra phy – staged local ized FL, tech ni cal advance ments such 
as next - gen er a tion sequenc ing / tar get locus ampli fi  ca tion may allow broad en ing the FL pop u la tion car ry ing a molec u lar 
marker. Droplet dig i tal poly mer ase chain reac tion can bet ter quan tify MRD at low lev els, and novel sources of DNA, such 
as cell - free DNA, may rep re sent a non in va sive tool to mon i tor MRD. Finally, MRD in other iNHLs, such as lymphoplasmacytic 
lym phoma / Waldenstr ö m mac ro glob u li ne mia and mar ginal zone lym phoma, is begin ning to be explored.  

   LEARNING OBJECTIVES 
   •    Describe the accu mu lat ing data on MRD mon i tor ing in patients with advanced and local ized FL in the immuno-

chemotherapy and chemo - free era 
  •    Understand how MRD might be used in the clin i cal man age ment of patients with FL 
  •    Discuss how new tech nol o gies could over come the cur rent lim i ta tions in order to widely apply MRD to patients 

with FL and to other indo lent NHLs  

  Introduction 
 Indolent non - Hodgkin lym pho mas (iNHLs) often spread to 
the bone mar row (BM) and / or periph eral blood (PB) and 
can be mon i tored through the iden ti fi  ca tion at diag no-
sis of a dis ease marker to be followed dur ing treat ment. 1

Minimal / mea sur able resid ual dis ease (MRD) anal y sis has 
been exten sively applied to fol lic u lar lym phoma (FL), which 
rep re sents the main focus of this review. 2,3  MRD in other 
 iNHLs is starting to be explored, and we briefl y  com ment 
on this at the end of the arti cle. 

 Follicular lym phoma 
 FL is the sec ond most fre quent non - Hodgkin lym phoma. 
Despite the improve ment in out come, mainly due to the 
com bi na tion of anti - CD20 mono clo nal antibodies with che-
mo ther apy, most patients relapse, and the dis ease remains 
uncurable. 4  The clin i cal course of FL is het ero ge neous, with 

some patients not requir ing treat ment for years, oth ers expe-
ri enc ing long - last ing remis sions after fi rst - line treat ment, 
and  ~ 20 %  rap idly relaps ing within 24 months from treat ment 
ini ti a tion. 5  Transformation into an aggres sive lym phoma, 
whose fre quency has decreased with the use of rituximab 
(R), strongly impairs patients ’  sur vival. 6  The cur rent prog-
nos tic scores (fol lic u lar lym phoma inter na tional prog nos tic 
index [FLIPI], FLIPI - 2,   PRIMA-prognostic index [PRIMA-PI], 
follicular lymphoma evaluation index [FLEX]), based on clin-
i cal param e ters, fail to pre dict the clin i cal course of indi vid-
ual patients. 7,8  Knowledge of FL ’ s bio log i cal het ero ge ne ity, 
which relies on the com plex inter ac tions between non ma-
lig nant immune / stro mal com po nents and tumor cells, has 
not iden ti fi ed clin i cally appli ca ble pre dic tive bio mark ers. 9,10  

 The molec u lar hall mark of FL, the t(14;18)(q32;q21) trans-
lo ca tion, resulting in the hybrid BCL2 / heavy chain immu-
no glob u lin gene (IGH) rearrangement, is the fi rst nec es sary 
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but not suf fi cient step in lymphomagenesis.11 The BCL2/IGH gene 
can be used to sup port FL diag no sis and to eval u ate treat ment 
response in terms of MRD. The first evi dence on the value of MRD 
in FL goes back to 1991.12 Thereafter, treat ment com bi na tions 
have deeply changed, as well as the tech niques to mea sure MRD, 
which is cur rently eval u ated only in the set ting of clin i cal tri als.7

Here, we dis cuss the cur rent evi dence on the role of MRD in 
the man age ment of FL, starting from 2 clin i cal cases.

CLINICAL CASES
Patient 1. A 49-year-old man with FL grade 2, Ann Arbor stage IV, 
high-risk FLIPI, high-tumor bur den and major breakpoint region 
(MBR)+ in PB/BM was treated in a clin i cal trial from July 2017 with 
R-bendamustine, followed by 3 courses of 4-weekly doses of R 
main te nance, com pleted in August 2019. At the end of induc tion 
(EOI), a pos i tron emis sion tomog ra phy (PET)−/MRD+ response 
was documented. MRD remained pos i tive through out main te-
nance and at the end of treat ment. In March 2021, 19 months after 
main te nance com ple tion, he presented with an abdom i nal bulky 
dis ease recur rence. The new biopsy spec i men showed FL grade 
3A; the BM biopsy spec i men showed no lym phoma infil tra tion.

Patient 2. Based on the biopsy spec i men of a 3-cm ingui nal 
lymph node, in May 2016, an asymp tom atic 63-year-old woman 
was diag nosed with FL grade 1 to 2, Ann Arbor stage I, MBR+ in 
PB/BM. She received involved-site radi a tion (24 Gy), followed 
by ofatumumab con sol i da tion for MRD+ response, as per clin-
i cal trial. She became MRD−, which persisted for 1.5 years at a 
6-month MRD mon i tor ing. In August 2018, she returned MRD+ in 
the BM, shortly followed by a clin i cal relapse.

Is molec u lar tumor bur den at diag no sis use ful  
to strat ify  patients in risk categories?
The tumor bur den molec u lar quan ti fi ca tion at diag no sis pre dicts 
pro gres sion-free sur vival (PFS) in patients with FL, in both ad-
vanced and local ized stages (Table 1). Rambaldi et al13 select-
ed patients with FL for the pres ence of BCL2/IGH pos i tiv ity in 
the BM and treated them with cyclo phos pha mide, doxo ru bi cin, 
vin cris tine, and pred ni sone (CHOP), followed by 4-weekly R in 
MRD+ cases, and divided them into low (43%), inter me di ate 
(34%), and high risk (23%) according to BM BCL2/IGH real-time 
quan ti ta tive (RQ )–poly mer ase chain reac tion (PCR) lev els at 
diag no sis. High BCL2/IGH+ lev els were sig nifi  cantly asso ci ated 
with a reduced event-free sur vival (EFS) and were an inde pen-
dent pre dic tor of poor clin i cal and molec u lar response in mul ti-
var i ate anal y sis (MVA). In con trast, PB BCL2/IGH lev els at diag no-
sis were not pre dic tive of EFS.

In large first-line tri als employing R-based chemoimmuno-
therapy for advanced FL, BCL2/IGH was found in 51% to 66% of 
enrolled patients.17–19,22 Conversely, in the unpub lished MRD results 
from the Gallium trial, in which obinutuzumab (G)–based che mo-
ther apy plus G-main te nance resulted supe rior to R-che mo ther apy 
plus R-main te nance, a clonal marker was detected in 88% of 1101 
patients, higher than in other stud ies, because both BCL2/IGH 
and IGH rearrangements were screened by con sen sus PCR.20,21

RQ-PCR strat i fied patients with low, inter me di ate, and high 
BM tumor bur den at diag no sis with a sig nifi  cantly dif fer ent PFS, 
both in elderly patients treated within the ML17638 trial (short 

chemoimmunotherapy followed by a con sol i da tion with R plus 
a ran dom ized main te nance) and in the FOLL05 trial, ran domly 
assigning patients to R-CHOP, R-fludarabine, and mitoxantrone 
or R-cyclo phos pha mide, vin cris tine, and pred ni sone (CVP).17,18 In 
the for mer, the molec u lar tumor bur den was cor re lated to BM 
inva sion but not with FLIPI.17 In the lat ter, high BCL2/IGH lev-
els at enroll ment, documented in patients with high FLIPI and 
FLIPI2 scores, were sig nifi  cantly asso ci ated with a lower over all 
response rate and a higher relapse rate and retained a neg a tive 
impact on 3-year PFS besides high FLIPI and lack of com plete 
response (CR), inde pen dently from the ran dom i za tion arm.18 
Likewise, in the NHL1–2003 trial, com par ing R-CHOP to R-benda-
mustine, high pre treat ment PB BLC2/IGH lev els were asso ci ated 
with BM involve ment, stage IV, high tumor bur den, and increased 
β2-microglobulin, being an inde pen dent prog nos tic marker for 
PFS and fur ther strat i fy ing patients with inter me di ate/high FLIPI.19

In the Relevance trial, com par ing the che mo ther apy-free 
reg i men lenalidomide  +  R (R2) vs R  +  che mo ther apy followed by 
main te nance, molec u lar tumor bur den at diag no sis quan ti fied 
by drop let dig i tal PCR (ddPCR) was sig nifi  cantly asso ci ated with 
the MRD sta tus at week 24 (EOI).22

In early stage FL, despite a neg a tive BM biopsy, BCL2/IGH+ 
cells spread ing from the orig i nal lymph node could be detected 
in the PB/BM at diag no sis in more than 50% of patients.24,26 The 
84-month PFS was 90.9% in patients with unde tect able/low lev-
els (<1   ×   10−5) of cir cu lat ing BCL2/IGH+ cells quan ti fied by ddPCR 
at diag no sis vs 38% in those with higher lev els (P = .015).24

Final com ment. Both in advanced and local ized FL, quan ti
fi ca tion of molec u lar tumor bur den at base line by RQPCR or 
ddPCR pre dicts PFS, being an inde pen dent prog nos tic marker. 
Circulating BCL2/IGH lev els, which may sim ply reflect not only 
tumor bur den but also the enhanced lym phoma cell migra
tion and inva sive ness, could help to refine our capac ity to risk
strat ify patients.

Is MRD use ful to refine the clin i cal response?
In the pre-R era, sev eral tri als showed that autol o gous stem cell 
trans plant induced higher rates of molec u lar remis sion (60%-70%) 
than stan dard anthracycline-based che mo ther apy (30%-50%).2,3 
In the R era, the addi tion of R induced a con ver sion to a MRD− 
sta tus in 70% of patients MRD+ after CHOP and in 70% to 84% af-
ter R-fludarabine, mitoxantrone, and dexa meth a sone (FND).13,14,17 
The com bi na tion of che mo ther apy with R  front line showed an 
 increased MRD− response rate at EOI com pared with che mo ther-
apy alone, with a pref er en tial MRD clear ance in the PB (Figure 1, 
Table 1).13–15,17–22,24,26–28 In the Gallium trial, the BM MRD− rates at EOI 
in the R-chemo arm were higher than  pre vi ously reported and in-
creased fur ther in the G-arm,  espe cially after CHOP/CVP. Indeed, 
G abro gated the com part ment- and  chemo-related  effects  obser- 
ved in the R-arm. MRD response rates in the PB were sim i lar across 
all  chemo reg i mens (96% G-bendamustine [B], 96% G-CHOP, 94% 
G-CVP), as well as in the BM (93% after G-B, 93% after G-CHOP).20,21

The impor tance of MRD was also shown in the Relevance 
trial, where MRD was quan ti fied for the first time by ddPCR. At 
EOI, 98% and 78% of patients achieved a com plete molec u lar 
response in the PB and BM. A com plete molec u lar response was 
reached more fre quently with R2 (90%) than with R-chemo (77%) 
(P    =   .022) (Figure 1, Table 1).22

In advanced stage FL, since MRD− sta tus after treat ment can be 
detected in patients in CR or partial response (PR), the molec u lar 
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Figure 1. Rates of MRD negativity after anti-CD20 based treatments in advanced FL. *Data are expressed as proportion of MRD− 
cases at EOI. gDNA, genomic DNA.

and  clin i cal/radio logic response can be com bined to refine prog-
no sis. Ladetto et al17 showed that at month +8, 69% of patients 
were CR/nested PCR−, 15% PR/PCR−, and 11% CR/PCR+, with 
a 3-year PFS of 77%, 59%, and 45%, respec tively; the 3 PR/PCR+ 
cases relapsed within 23 months. Similar results were shown in 
the FOLL05, where PFS was sig nifi  cantly lon ger in CR-PR/PCR− 
than in CR-PR/PCR+ patients.18 As in the Relevance study,22 the 
pre dic tive value of MRD was supe rior to clin i cal response in MVA.18

Luminari et al,29 in a small sub group of patients (n = 41) from 
the FOLL05 trial, suggested the com ple men tary role of MRD 
and PET at EOI in defin ing the response to treat ment, with a 
con cor dance of 76%. The 3-year PFS was 78%, 50%, and 27% 
in 28 PET−/MRD−, 8 PET  −    /MRD  +  , and 5 PET+ cases, respec-
tively (P   =   .015). The con com i tant PET/MRD neg a tiv ity was asso-
ci ated with a bet ter out come: 5-year PFS 75% PET−/MRD− vs 
35% PET+ or MRD+ (P = .012).29 The com ple men tary role of PET 
and MRD was fur ther supported in 298 patients from the Gallium 
trial: PET−/MRD+ or PET  +  /MRD− patients had a 2.1 higher risk of 
pro gres sion or death than those with both PET−/MRD−. Never-
theless, 15% of PET−/MRD− patients progressed within 2.5 years 
from EOI.30

Final com ment. The intro duc tion of chemoimmunotherapy with 
R and G has allowed an increase in the rates of MRD neg a tiv ity at 
EOI up to 70% to 80% and 90%, respec tively. MRD anal y sis is a sen
si tive tool to refine clin i cal response assess ment in FL. In addi tion, 
the com bi na tion of molec u lar and met a bolic response assess
ment is a prom is ing and valu able tool to be fur ther explored.

Is MRD use ful to pre dict PFS?
The prog nos tic impact of MRD in advanced FL has been dem on-
strated across dif fer ent treat ment strat e gies. All chemoimmuno-
therapy tri als, with or with out main te nance, are asso ci ated with 
a sig nifi  cant improve ment of PFS in molec u lar respond ers, inde-
pen dent from other prog nos tic fac tors (Table 1). Rambaldi et al13 
showed that the achieve ment of a BM PCR− sta tus was asso ci ated 
with a higher free dom-from-recur rence (FFR) (64% vs 32% for PCR+ 
patients). Interestingly, this study antic i pated later obser va tions17,18,21 
(ie, most PCR− patients after 6 cycles were already neg a tive after 3 
cycles, and a delayed MRD clear ance induced by R was pos si ble). In 
the phase 3 Gruppo Italiano Trapianto Midollo Osseo/Intergruppo 
Italiano Linfomi (GITMO/IIL) trial, com par ing high-dose sequen tial 
che mo ther apy with R and auto graft (R–high dose sequen tial che-
mo ther apy with autografting [HDS]) to R-CHOP, molec u lar remis-
sion—documented in 44% of R-CHOP–treated patients and 80% of 
R-HDS–treated patients—was the stron gest pre dic tor of PFS, EFS, 
and FFR.15 The out come of patients achiev ing an MRD− response 
was sim i lar regard less of the treat ment received, as was the out-
come of patients remaining MRD+.15 In the phase 3 ML17638 trial,17 
MRD neg a tiv ity (by PCR and RQ-PCR) at the end of con sol i da tion 
(month +8) was asso ci ated with a lon ger 3-year PFS, representing 
an inde pen dent pre dic tor of out come, besides clin i cal response 
and FLIPI.17 Galimberti et al18 showed that the BM MRD sta tus at 12 
and 24 months from EOI, but not at the EOI, predicted the 3-year 
PFS. In a MVA includ ing FLIPI, BM involve ment, qual ity of response, 
and arm of ther apy, MRD per sis tence at month +12 (besides BM 
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involve ment) and at month +24 (alone) retained a poor prog nos tic 
role. Zohren et al19 showed that a per sis tent PB BCL2/IGH pos i tiv-
ity (n = 14, 15%) after R-che mo ther apy was asso ci ated with a shorter 
PFS (8.7 months vs not reached, P = .002), despite the 2-log reduc-
tion in BCL2/IGH lev els and in both treat ment arms. By MVA, both 
pre treat ment and posttreatment BCL2/IGH lev els were sig nifi  cant 
prog nos tic fac tors, the for mer being the stron gest.

Recently, 3 stud ies pro vided the first evi dence that a MRD− 
achieve ment fol low ing treat ment is asso ci ated also with a pro-
longed OS. The long-term fol low-up of a Brit ish trial showed the 
lon ger sur vival of MRD− respond ers after 2 dif fer ent che mo ther-
apy reg i mens in the pre-R era.31 The updated results of the phase 
3 GITMO/IIL trial showed a 13-year OS of 82.1% and 51.9% for BM 
MRD− vs MRD+ patients.16 Moreover, in a sub group of molec u-
larly mon i tored patients for a median of 4 years since treat ment 
com ple tion, 20 of 24 (83%) patients alive in CR remained in first 
MRD− response, rais ing the hypoth e sis of a func tional cure also 
for FL. In the Gallium trial, at an updated median fol low-up of 
57 months, MRD− patients at EOI (n = 564) had a lon ger PFS than 
MRD+ (n = 70) (P < .0001) and a bet ter OS (P = .0027).21

The Gallium trial also opened the way to novel con cepts.21 (i) 
The role of main te nance either maintained or increased MRD− 
response rates. Indeed, two-thirds of MRD− responses were pre-
served through out main te nance (G, 67.0%; R, 63.2%) with no 
dif fer ence between the 2 arms in the rate of con ver sion to MRD+ 
(6.3% vs 6.1%, respec tively). Furthermore, within MRD+ patients 
at EOI, 92% of 24 patients in the G-chemo and 78% of 46 in the 
R-chemo arm became MRD− in the first months of main te nance; 
the few cases who were never MRD− rap idly progressed. (ii) 
For the first time, MRD was assessed not only at EOI but also 
at the mid dle of induc tion (MI). PFS was sig nifi  cantly lon ger for 
PB MRD− vs MRD+ at MI (P < .0001), with early respond ers (MI 
MRD−/EOI MRD−) hav ing the best prog no sis.

In the Relevance trial, MRD− or MRD+ patients in the PB and/or 
BM at EOI had a 3-year PFS of 84% and 55%, respec tively, being sig-
nifi  cant only in the BM and in the R-chemo but not in the R2 arm.22

Even in the relapse/refrac tory set ting, the GADOLIN trial 
showed that MI MRD in the PB and/or BM was sig nifi  cantly dif fer-
ent between the G-B and the B arm. In MVA, MRD sta tus at EOI 
(85.7% G-B vs 55% B-arm), treat ment arm and FLIPI sta tus were 
strongly pre dic tive of PFS and, to a lesser extent, of OS.23

In local ized FL, a monocentric expe ri ence dem on strated 
that after treat ment with local 24 to 30 Gy radiotherapy (RT), 
dis ap pear ance of cir cu lat ing BCL2/IGH+ cells in the PB and/or 
BM occurred in 50% (n  =  20/40) of patients.24 Additional treat-
ment with R in MRD+ patients after RT or who had molec u larly 
relapsed dur ing the fol low-up achieved a molec u lar CR in 84% of 
cases: the 82-month PFS of MRD+ R-treated patients was sig nifi -
cantly bet ter than his tor i cal con trols, and the relapse prob a bil ity 
was sig nifi  cantly lower in MRD− patients after RT or after R than 
that of patients remaining MRD+.24

Final com ment. MRD neg a tiv ity is pre dic tive of a bet ter PFS 
in all  clin i cal tri als conducted in the past 2 decades, even in 
relapsed patients, and pos si bly of a lon ger sur vival in stud ies 
with a prolonged fol lowup. Assessment of MRD at ear lier time 
points with respect to EOI can also be infor ma tive.

Is the prolonged molec u lar fol low-up of clin i cal rel e vance?
The prog nos tic value of sequen tial BCL2/IGH assess ment to pre-
dict clin i cal relapse is supported by lim ited evi dences and often 

ham pered by the lack of adher ence to long-term MRD eval u a-
tions.18,19,21,27 In FOLL05, molec u lar recur rence pre ceded clin i cal re-
lapse by a median of 5 months in 9 of 10 evaluable cases.18 Zohren 
et al19 over a 41-month fol low-up showed that 49 patients remained 
BCL2/IGH– and 43 converted to BCL2/IGH+. Qualitative molec u lar 
relapse was not indic a tive of an infe rior PFS, unless asso ci ated with 
high BCL2/IGH lev els. In 20 patients who were rig or ously sam pled, 
the inter val from BCL2/IGH redetection to clin i cal relapse was 9.5 
months. In the Gallium trial, patients fail ing to become MRD− had a 
high like li hood of expe ri enc ing early pro gres sion or death.21

More rel e vant than the MRD punc tual eval u a tion is the kinetic 
anal y sis of molec u lar results over time. So far, few data are avail -
able in FL. The first evi dence came from Ladetto et al,17 who 
showed that the accu mu la tion of MRD− results over time reduced 
the like li hood of relapse. Kinetic mod els of MRD anal y sis in FL are 
awaited.

Final com ment. Patients with FL with a higher relapse prob
a bil ity can be iden ti fied, but the tim ing of clin i cal relapse is not 
accu rately predicted by the cur rent MRD ana ly ses. Accumulating 
evi dence sug gests that a kinetic model of MRD anal y sis, more 
than a sin gle result, could help in antic i pat ing dis ease recur rence.

Can we use MRD to mod u late treat ment?
The first attempts to use MRD as a tool to guide ther a peu tic choic-
es were pro vided in advanced FL, where R could con vert MRD+ 
after CHOP to MRD−, and in local ized FL after RT.13,24 Two recent 
large pro spec tive Ital ian Fondazione Italiana Linfomi (FIL) tri als ex-
plored the use of MRD to mod u late treat ment in FL.32,33 FOLL12 
was a phase 3 trial designed to prove the fea si bil ity of a postin-
duction mod u la tion of the stan dard 2-year R main te nance accord-
ing to met a bolic response (Deauville score 1–3) and MRD response 
at EOI after chemoimmunotherapy in advanced FL. In the exper i-
men tal arm, PET−/MRD− patients (29%) under went obser va tion, 
PET−/MRD+ patients (4%) received repeated weekly R, and PET+ 
patients had 1 dose of ibritumomab tiuxetan followed by stan-
dard R main te nance. The exper i men tal arm showed a sig nifi  cantly 
infe rior PFS com pared with the stan dard 2-year R main te nance, 
par tic u larly for PET−/MRD− patients.32 It appears that a sin gle 
molec u lar response eval u a tion at EOI is prob a bly not suf fi cient to 
indi cate dis ease erad i ca tion and to deintensify treat ment. Results 
of MRD mon i tor ing will be shown at this meet ing by Ladetto et al 
(Abstract submission #146773).

The MIRO’ (Molecularly Immuno-Radio-therapy Oriented, 
EUDRACT 2012-001676-11) trial for local ized FL used MRD to 
guide post-RT treat ment.33 Thirty per cent of patients had cir-
cu lat ing BCL2/IGH+ cells,25,33 18 MRD+ patients after RT (60%) 
and 8 MRD+ dur ing fol low-up received ofatumumab. With this 
strat egy, 91.7% of patients achieved a molec u lar CR, with a sug-
gested clin i cal ben e fit after 38 months of fol low-up.

The main lim i ta tion in the intro duc tion of MRD mon i tor ing in 
the man age ment of patients with FL, espe cially if con sid er ing 
only the BCL2/IGH rearrangement, is represented by the lack of 
a molec u lar tar get in a nota ble pro por tion of cases. It is hoped 
that tech ni cal advance ments cur rently under inves ti ga tion will 
over come these lim i ta tions (Figure 2, Tables 2–3).34,35–43

Final com ment. R main te nance holds and increases the rates 
of MRD neg a tiv ity. Two recent tri als (FOLL12 and MIRO’) explored 
MRDdriven mod u la tion of the postinduction ther apy in FL, with 
treat ment inten si fi ca tion or deintensification in MRD+ and MRD− 
patients at the EOI, respec tively. Final results are awaited.
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Figure 2. Standard and new techniques to monitor MRD in FL.

Table 2. Principles of stan dard and next-gen er a tion tech nol o gies in MRD mon i tor ing

Technology References Potential advan tages and open issues

RQ-PCR 1,35 The most val i dated and stan dard ized quan ti ta tive method for MRD detec tion in FL. Despite remark able sen si tiv ity and 
spec i fic ity, RQ-PCR has nota ble lim i ta tions due to the lack of BCL2/IGH tar get in about 40% of advanced FL and 65% 
to 70% of local ized FL, cur rently not eli gi ble for MRD assess ment, and to the chal lenge of very low MRD lev els, where 
it is dif fi cult to dis sect if the sig nal observed by PCR (not quan ti fi able) is due to few resid ual leu ke mic cells or to a 
non spe cific ampli fi ca tion of nor mal DNA.

NGS 34,36 Potential deeper sen si tiv ity com pared with the clas sic meth ods.
A sen si tiv ity of 10−6 is achiev able only when high amounts of DNA are used.
Broad spec trum of iden ti fi able molec u lar tar gets: a “cap ture-based” pro to col cov er ing the cod ing V, D, J genes of the 

IGH loci was capa ble of detecting clonal rearrangements in 87% (21/24) of lymphoproliferative dis or ders.

TLA 37,38 Alternative NGS tool capa ble of sequenc ing struc tural var i ants, usu ally not detected by con ven tional PCR approaches, 
thanks to the selec tive ampli fi ca tion and sequenc ing of entire genes on the basis of the cross-linking of phys i cally 
prox i mal DNA loci.

ddPCR 39,40 A third-gen er a tion quan ti ta tive method based on the par ti tion of the tem plate DNA into water-in-oil drop lets in which 
PCR ampli fi ca tion occurs, allowing the quan ti fi ca tion of nucleic acid tar gets with out the need of the cal i bra tion 
curve.

Sensitivity, accu racy, and repro duc ibil ity at least com pa ra ble to that of RQ-PCR.
A good per for mance in the MRD quan ti fi ca tion in at least 20% to 30% of sam ples resulting pos i tive but not quan ti fi able 

by RQ-PCR.

cfDNA 41–43 Plasma is a poten tially impor tant source of DNA (ie, cfDNA), poten tially use ful to iden tify dis tinct bio log i cal sub types 
of lym pho mas and to pro vide insights into the pat terns of geno mic evo lu tion/resis tance through out treat ment in all  
com part ments, not only PB and BM.

A non in va sive tool to mon i tor MRD in non-Hodgkin lym phoma through patient-spe cific IGH rearrangements, to iden tify 
indi vid u als at an increased risk of relapse and to detect relapse before clin i cal evi dence of dis ease.

Most cfDNA orig i na tes from leu ko cytes, and only a small frac tion (<10%) is tumor derived, known as ctDNA. ctDNA 
con cen tra tion varies among patients and dif fers according to the type, loca tion, and stage of can cer, with some 
pro duc ing extremely low con cen tra tions. Thus, it is unlikely that cfDNA will reach the sen si tiv ity of MRD anal y sis on 
cir cu lat ing cells in FL. Before broad clin i cal implementation, issues on preanalytical fac tors must be addressed in 
order to achieve con sis tent and repro duc ible results.

A major stan dard i za tion effort is under way within the EuroClonality (https:  /  /www  .euroclonalityngs  .org  /usr  /pub  /pub  .php) and EuroMRD Consortium 
(www  .euromrd  .org), to estab lish guide lines for NGS and ddPCR MRD anal y sis and their future appli ca tion in stan dard clin i cal prac tice.
cfDNA, cell-free DNA; NGS, next-gen er a tion sequenc ing; TLA, tar get locus ampli fi ca tion.
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CLINICAL CASES (Con tin ued)
Patient 1. The per sis tence of MRD pos i tiv ity dur ing the 2-year 
treat ment despite a PET neg a tiv ity sug gests a resis tance 
to R-bendamustine treat ment. Indeed, the patient quickly 
relapsed. In such patients, a pos si ble inten si fi ca tion/switch of 
treat ment could be explored in clin i cal tri als.

Patient 2. Although in this local ized FL, clin i cal relapse was 
antic i pated by a molec u lar con ver sion to MRD pos i tiv ity, this is 
not always the case with the cur rent MRD mon i tor ing tim ing and 
modal i ties. The clin i cal ben e fit of adding an anti-CD20 mono clo-
nal anti body to RT in local ized FL or to treat molec u lar relapses 
needs to be addressed in well-designed clin i cal tri als.

Other iNHLs: lymphoplasmacytic lym phoma/ 
Waldenström mac ro glob u li ne mia and mar ginal  
zone lym phoma
Although the role of MRD mon i tor ing in FL is pro gres sively 
increas ing, MRD in other iNHLs, such as lymphoplasmacytic lym-
phoma/Waldenström mac ro glob u li ne mia (WM) and mar ginal 
zone lym phoma, is only recently starting to be explored.44,45 
In WM, MYD88L265P is a diag nos tic and pre dic tive bio marker of 
ther apy response. Besides allele-spe cific RQ-PCR, ddPCR has re-
cently proved to be a suit able and sen si tive tool for MYD88L265P 
screen ing and MRD mon i tor ing.44 Both unsorted BM and PB sam-
ples can be reli ably tested, as well as cir cu lat ing tumor DNA 
(ctDNA), which rep re sents an attrac tive and less inva sive alter-

na tive to BM for MYD88L265P detec tion.44 MYD88L265P detec tion 
in the cere bral spi nal fluid by ddPCR is also use ful to diag nose 
Bing-Neel syn drome.46

Promising results have been pre lim i nar ily shown in splenic mar-
ginal zone lym phoma, where MRD has been assessed in BM and 
PB by ddPCR using IGH allele-spe cific oli go nu cle o tide prim ers in 
the phase 2 BRISMA/IELSG36 (Bendamustine-rituximab as first-
line treatment of splenic marginal zone lymphoma/International 
Extranodal Lymphoma Study Group) trial.45

Concluding remarks
Despite sev eral decades of research, MRD anal y sis in FL has not 
yet entered the day-to-day clin i cal prac tice. Indeed, out side 
of clin i cal tri als, MRD results should not be used to take clin i cal 
deci sions in the real-life man age ment of patients with FL. The is-
sue of BCL2/IGH+ non ma lig nant B cells that can be found in the 
PB of healthy indi vid u als47 is mar ginal in treated patients with FL, 
because the emer gence of a BCL2/IGH clone unre lated to the 
dis ease is very unlikely and rarely requires the need of prov ing 
the sequence iden tity of the rearrangement.

To move MRD in FL from clin i cal tri als to daily prac tice, fur-
ther stud ies are needed to over come the limit represented by 
the lack of a molec u lar marker for all  patients; to estab lish an 
inte grated risk strat i fi ca tion; to dem on strate whether MRD anal-
y sis can be inte grated with PET for a refined defi  ni tion of “poor 
respond ers,” can di dates to exper i men tal approaches; to explore 
other MRD-adapted treat ment modal i ties, pos si bly with kinetic 
mod els of MRD anal y sis; and to eval u ate if chemo-free com bi-

Table 3. First appli ca tions of next-gen er a tion tech nol o gies to molec u lar mon i tor ing in FL

Study Patients Marker/tis sue/tim ing Method Potential impact

Genuardi et al38 20 FL with no MBR 
or mcr

BCL2/TLA
BM
At diag no sis and for MRD

TLA BCL2/TLA in 8 (40%) of “marker-neg a tive” cases
The new BCL2/TLA mark ers were suit able for RQ-PCR MRD 

anal y sis in 4 of 5 cases.
MRD by BCL2-TLA reached good sen si tiv ity lev els.

Cavalli et al40 67 early stage FL BCL2/IGH
PB, BM
At diag no sis and for MRD

ddPCR Concordance between ddPCR and RQ-PCR: 82%
ddPCR iden ti fied a MBR marker in 8 of 18 (44%) sam ples that 

resulted in MBR−/mcr− by qual i ta tive nested PCR.
Molecular tumor bur den at diag no sis ≥10−5 sig nifi  cantly 

predicted PFS only when quan ti fied by ddPCR but not by 
RQ-PCR.

Higher sen si tiv ity of ddPCR in RQ-PCR PNQ sam ples.

Sarkozy et al42 34 FL from PRIMA trial IGH
Tumor biopsy
Plasma
At diag no sis

NGS 29 (85%) had 1 or more tumor clonotypes in the tumor 
biopsy spec i men.

25 (74%) had 1 or more tumor clonotypes in plasma.
18 of 24 (75%) patients with an IGH clonotype had sev eral 

detect able subclones in the tumor or in the plasma.
13 of 24 (54%) showed a subclone detected in both the 

plasma and the tumor.
>50% of cases showed a dif fer ent dis tri bu tion of subclones 

between tumor and plasma.
High ctDNA lev els at diag no sis predicted short PFS in MVA.

Delfau-Larue et al43 FL PET TMTV (n = 133)
BCL2/IGH
PB CTC (n = 68)
PB cfDNA (n = 61)
At diag no sis

ddPCR 23 of 68 cfDNA were BCL2/IGH+ (ctDNA ≤10% cfDNA).
High cor re la tion between CTCs and TMTV and between 

cfDNA and TMTV
CTCs pre dic tive of out come in uni var i ate anal y sis but not in 

MVA
Total cfDNA lev els and TMTM are inde pen dent pre dic tors of 

out come.

CTC, cir cu lat ing tumor cell; PNQ , positive not quantifiable; TMTV, total met a bolic tumor vol ume.

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/320/1852135/320giudice.pdf by guest on 07 M
ay 2024



Minimal resid ual dis ease in indo lent NHL | 329

na tions have an advan tage in terms of MRD achieve ment com-
pared with chemoimmunotherapy. Results from new-gen er a tion 
clin i cal tri als (eg, FIL FOLL12 and Gallium) are eagerly awaited. 
Data are mature to design MRD-driven clin i cal tri als that incor-
po rate the molec u lar mon i tor ing in the man age ment of patients 
with FL.
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