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Minimal residual disease monitoring in early stage follicular
lymphoma can predict prognosis and drive treatment with
rituximab after radiotherapy
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Summary

Since 2000, we have investigated 67 consecutive patients with stage I/II fol-
licular lymphoma (FL) for the presence of BCL2/IGH rearrangements by
polymerase chain reaction (PCR), real time quantitative PCR (RQ-PCR)
and digital droplet PCR (ddPCR). All patients were treated with involved-
field radiotherapy (IF-RT) (24-30 Gy). From 2005, patients with minimal
residual disease (MRD) after IF-RT received rituximab (R) (375 mg/mz, 4
weekly administrations). The median follow-up is 82 months (17-196). At
diagnosis, 72% of patients were BCL2/IGH+. Progression-free survival
(PFS) was significantly better in patients with undetectable/low levels
(<107°) of circulating BCL2/IGH+ cells at diagnosis and in those who were
persistently MRD— during follow-up (P = 0-0038). IF-RT induced an
MRD-— status in 50% of cases; 16/19 (84%) MRD+ patients after I[F-RT
became MRD— after R treatment. A significantly longer PFS was observed
in MRD+ patients treated with R compared to untreated MRD+ patients
(P = 0-049). In early stage FL, both circulating levels of BCL2/IGH+ cells at
diagnosis and MRD status during follow-up bear prognostic implications.
Standard IF-RT fails to induce an MRD-negative status in half of patients.
Most patients become MRD— following treatment with R and this is asso-
ciated with a significantly better PFS.
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Follicular lymphoma (FL) is the second most common lym-
phoma in the United States and Western Europe, with a
median age at diagnosis of 60 years (Anderson et al, 1998;
Freedman, 2014; Al-Hamadani et al, 2015). About 20% of FL
patients are diagnosed in early stage (Armitage & Weisen-
burger, 1998). Radiation therapy (RT) is the treatment of
choice and results in 10-year overall survival (OS) rates of
60-80%, with a median survival of approximately 19 years
(Mac Manus & Hoppe, 1996; Campbell et al, 2010; Pugh
et al, 2010; Sancho et al, 2015). An initial observational strat-
egy has also been considered (Friedberg et al, 2012; Barzenje
et al, 2015). However, an analysis of the Surveillance, Epi-
demiology, and End Results Program registry and another
recent study of the National Cancer Data Base on a very
large number of patients have documented a significant
advantage in OS in patients with early stage FL treated with
RT compared to observation (Pugh et al, 2010; Vargo et al,
2015). Despite the impact of rituximab (R) treatment on the
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outcome of advanced stage FL, as well as on all other B-cell
lymphomas (Hiddemann et al, 2005), due to the rarity of the
disease only a few retrospective studies have suggested a role
for R in early stage FL (Janikova et al, 2015; Ruella et al,
2016). As a result, the current European Society for Medical
Oncology guidelines suggest involved field-RT (IF-RT) as the
preferred upfront treatment option in patients with early
stage FL, reserving watchful waiting and R only to selected
cases (Dreyling et al, 2016). These guidelines are however not
universally followed, because many patients are not treated
with IF-RT (Wennekes et al, 2011).

The genetic hallmark of FL is the translocation t(14;18)
(g32;q21) that causes the juxtaposition of the B-cell lym-
phoma/leukaemia 2 (BCL2) oncogene to the immunoglobu-
lin heavy chain gene (IGH) that results in an overexpression
of the BCL2 protein and, consequently, in the clonal deregu-
lation of cell cycle control and apoptosis (Klein & Dalla-Fav-
era, 2008). BCL2/IGH

To monitor the disease, the
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rearrangement is widely exploited by polymerase chain reac-
tion (PCR) amplification of the major breakpoint region
(MBR), minor cluster region (mcr) (von Neuhoff et al, 1998)
and 3’MBR/5'mcr (minor BCL2 rearrangements) (Weinberg
et al, 2007) in the peripheral blood (PB) and/or bone mar-
row (BM), providing a sensitive molecular tool for minimal
residual disease (MRD) evaluation in FL (Weinberg et al,
2007; Ladetto et al, 2013; Galimberti et al, 2014) The real
time TagMan PCR approach (RQ-PCR) is used for the
quantification of the MBR rearrangements, while no vali-
dated assay is yet available for the study of the other break-
points. A third generation quantitative PCR is represented by
droplet digital PCR (ddPCR), which seems to be a reliable
tool with a greater accuracy for the detection and quantifica-
tion of molecular targets (Drandi et al, 2015).

In localised FL, despite a negative bone marrow biopsy,
tumour cells can contaminate the PB and/or BM in about
60% of patients at diagnosis (Pulsoni et al, 2007). This is rel-
evant in terms of lymphoma physiopathology and to better
define the extent of disease dissemination at presentation
(Mamessier et al, 2014). In addition, our group has shown
that IF-RT of the primary site of the disease is capable of
clearing BCL2/IGH+ cells from the PB and BM in more than
50% of cases, when the basal level of circulating lymphoma
cells is <1 x 107> (Pulsoni et al, 2007).

In the present study, we analysed the prognostic impact of
molecular tumour burden quantification at diagnosis and of
MRD monitoring in a monocentric series of patients with
early stage FL, and explored the possibility of an MRD-
guided therapeutic approach with R. The aim was to better
identify patients failing to respond optimally to IF-RT and
who could benefit from further treatment.

Although the role of R is well established in advanced
stage FL, no data are currently available in the setting of
early stage FL.

Methods

This study is based on a retrospective series of consecutive
patients diagnosed with stage I/II FL between 2000 and 2016
at a single institution. The present cohort represents the
extension of our previously reported series (Pulsoni et al,
2007). Computed tomography (CT) or (in patients diagnosed
since 2011) positron emission tomography (PET)/CT scan
and BM biopsy were used for patients staging. Stage II
patients were only selected if the involved areas were included
in one RT field. All patients were treated with IF-RT using a
6 MeV linear accelerator (24-30 Gy) (Lowry et al, 2011);
from 2005, we introduced R consolidation (375 mg/mz, 4
weekly administrations) in patients who were persistently
MRD+ after RT, in order to reduce or eliminate MRD (Fig
1). At diagnosis, PB and/or BM samples from all patients were
analysed by nested PCR (N-PCR) to identify the presence of
the MBR and mcr rearrangements (Gribben et al, 1991). Only
in patients positive at baseline, the analysis was repeated after

IF-RT and, subsequently, every 6 months to monitor MRD
(Fig 1). Available paraffin-embedded patients’ lymph nodes
(LN) were analysed by N-PCR and Sanger sequencing to con-
firm the identity of the molecular marker detected in the PB
and/or BM, and to identify truly localised rearrangements in
cases that resulted marker negative in the PB/BM. To identify
the possible presence of rearrangements not detected by
N-PCR, the marker negative samples at baseline were retro-
spectively analysed by the minor subclusters (3’MBR and
5'mcr) by PCR (Weinberg et al, 2007). The baseline MBR-
positive (MBR+) samples available were investigated retro-
spectively by RQ-PCR as previously described (Ladetto et al,
2001; van der Velden et al, 2007), and by ddPCR (Cavalli
et al, 2017). Patients were routinely followed by clinical exam-
ination and echotomography every 3 months for the first
2 years after the end of IF-RT and, subsequently, every
6 months. CT or PET/CT scans were performed in case of
suspected disease progression or every year. The event “pro-
gression” was defined as the detection by CT of a LN enlarge-
ment suggestive of disease progression. For the most recent
patients diagnosed with PET/CT, we maintained CT scans as
the reference criteria for progression definition. The project
was approved by the Institutional Review Board. All patients
signed a written informed consent for IF-RT and R treatment.

Statistical analysis

P-values for differences in categorical variables were calcu-
lated using the Chi Squared test or the Fisher’s Exact test. Dif-
ferences in tumour burden (expressed as a continuous
variable) according to clinical and molecular parameters were
tested by the Mann-Whitney U test. The analysed endpoint for
surveillance analysis was progression-free survival (PFS),
because only 3 deaths have occurred so far. PFS was defined as
the time from the date of diagnosis to disease progression,
death from any cause or last follow-up and calculated by using
the Kaplan-Meier method (Data S1); the Log-rank test was
used to evaluate differences between factors. Regarding PFS
analysis by R administration, the Mantel-Byar test (Delgado
et al, 2014) was used; in particular, for each patient, the time
starts at diagnosis and all patients begin in the “non-R arm”;
those who eventually start R treatment enter the “R arm” and
remain there until event or censoring. Also, to evaluate the
effect of MRD positivity during sequential monitoring, Man-
tel-Byar analysis was used to account for the changes in MRD
status during follow-up (Delgado et al, 2014). All data were
analysed using the Stata Statistical Software, version 13.1 (Sta-
taCorp. LLC, College Station, TX, USA.

Results

Overall clinical results

The median age (range) at enrolment of the 67 patients was
57 years (37-84), 25 (37-3%) were male and 42 (62-7%) were
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Fig 1. Flow chart of molecular evaluation, treatment plan and patient disposition. The figure shows the presence of BCL2/IGH markers among
the 67 patients. Only patients with canonical BCL2/IGH rearrangements (n = 42) were followed by MRD. All patients were treated with IF-RT
and those who resulted MRD+ in the subsequent follow-up received R (after 2005). The figure also shows the distribution of relapses (n = 23) in
the different subgroups of patients. FL, follicular lymphoma; IFRT, involved field radiotherapy; MBR, major breakpoint region; mcr, minor clus-
ter region; MRD, minimal residual disease; PCR, polymerase chain reaction; R, rituximab.

female (Table I). According to the conventional staging pro-
cedures (Cheson et al, 2007), 52 patients were stage I
(77-6%) and 15 stage II (22-4%). Overall, 11 patients were
FL grade 1, 7 grade 1/2, 32 grade 2, 13 grade 3A and 4 were
not evaluable (Table I). The LN regions primarily involved
by the disease were inguinal in 42/67 (62-7%) patients, axil-
lary in 7 (10-4%), of the head-neck area (supraclavicular,
later cervical, occipital, retro-auricular) in 15 (22-4%), 1 epi-
trochlear and 2 extra-nodal (mammary) (4-5%).

According to the FL International Prognostic Index
(FLIPI; Solal-Céligny et al, 2004), 39 patients (58-:2%) had a
score of 0, 26 (38-8%) of 1 and 2 (3-0%) of 3.

Comparing the group of patients staged by CT alone ver-
sus PET/CT, no significant differences were observed accord-
ing to the FLIPI score, nodal site, presence of BCL2/IGH
rearrangement at diagnosis by PCR or levels by RQ-PCR and
ddPCR, and clinical outcome (data not shown).

Treatment consisted of IF-RT in all patients, followed by an
MRD-driven R consolidation in 19 (28-4%). All patients
achieved a complete clinical response after IF-RT, defined as a
reduction of the greatest LN transverse diameter to <1-5 cm.
Twenty-three (34-3%) of the 67 patients experienced a relapse,
after a median of 37 months (range 9-130) (Fig 1).

As a result of the overall treatment strategy, PFS at
84 months was 63% (95% confidence interval: 49—-75%) and
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OS 100% (Figure S1). The median follow-up was 82 months
(range 17-196). Three patients died of other causes: 1 devel-
oped a breast cancer which occurred in proximity to the
radiation field (axilla) after a latency of 7 years; the other 2
developed a gastric cancer and a breast cancer which were
outside of the RT field and were thus considered unrelated
in both cases. PFS was not significantly different according
to gender (P = 0-74), stage I and II patients (P = 0-25), his-
tological grade (P = 0-43), nodal site (P = 0-73) or FLIPI
score (P = 0-71).

Baseline molecular results and clinical correlation

At baseline, a clonal marker was found in the PB and/or BM in
48/67 cases (71-6%) by PCR: 36 were MBR+ (53-7%) and 6 mecr+
(9%), while 6 showed a minor BCL2 rearrangement (9%), retro-
spectively identified. The remaining 19 cases were negative
(28-4%). We always refer to the combination of PB/BM, because
most cases proved concordant in the two compartments. Further
details are provided in the Supplemental Material.
Paraffin-embedded LNs of 19/67 cases were analysed by
PCR and Sanger sequencing, and 13 of these were evaluable.
Eleven cases showed the same molecular marker identified in
the PB and/or BM, whilst 2 showed a BCL2 rearrangement
(one MBR and one mcr) which was not found in the PB/BM.
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Table I. Patients’ clinical features.

Baseline Baseline P-
BCL2/IGH+ BCL2/IGH— value Total

Number of 48 (71-6%) 19 (28-4%) 0-11 67
patients
Age, years; 589 (39-78) 586 (37-84) 0-9 58-6 (37-84)
mean (range)
Sex
Male 22 (88%) 3(12%) 002 25 (37:3%)
Female 26 (61-:9%) 16 (38:1%) 42 (62:7%)
Ann Arbor stage
Stage T 30 (57-7%) 22 (42:3%) 0-14 52 (77-6%)
Stage II 12 (80%) 3 (20%) 15 (22-4%)
FLIPI score
0 28 (71-8%) 11 (28:2%) 0-78 39 (58%)
1 19 (73-1%) 7 (26:9%) 26 (39%)
2 1 (50%) 1 (50%) 2 (3%)
Grade
Grade 1 8 (72:7%) 3 (27-3%) 0-6 11 (16-4%)
Grade 1/2 6 (85-7%) 1 (14-3%) 7 (10-4%)
Grade 2 25 (78-1%) 7 (21:9%) 32 (47-8%)
Grade 3A 8 (61-5%) 5 (38:5%) 13 (19-4%)
Not evaluable 1 (25%) 3 (75%) 4 (6%)
Primary location
Axillary 6 (85-7%) 1 (14-3%) 0-62 7 (10-3%)
Head-neck 12 (80%) 3 (20%) 15 (22-4%)
Inguinal 28 (66-7%) 14 (33:3%) 42 (62:6%)
Other 2 (71-:6%) 1 (28-4%) 3 (4-7%)

FLIP], follicular lymphoma international prognostic index.

Males showed a significantly higher probability of carrying
the BCL2/IGH rearrangement at baseline (P = 0-02). Stage I
FLs showed a marker in 36/52 cases (69%) and stage II in
12/15 cases (80%) (P = 0-53) (Table I). Also, there was no
statistical difference in the presence of the BCL2/IGH rear-
rangement according to grade, nodal site and FLIPI score
(Table I).

PES was not significantly longer in patients negative at
baseline for BCL2/IGH rearranged cells in the PB/BM: the
PES at 84 months was 75% (45-90%) in negative patients
versus 59% (42-73%) in BCL2/IGH positive patients
(P = 0-26).

Tumour burden quantification at diagnosis: RQ-PCR
versus ddPCR

In addition to the baseline qualitative evaluation, we also ret-
rospectively assessed the BCL2/IGH levels at diagnosis in BM
and PB samples of the MBR+ patients with available material
using RQ-PCR and the new quantitative approach, ddPCR.
The comparative analysis between ddPCR and RQ-PCR has
already been reported by our group, indicating that ddPCR
was comparable and potentially more accurate than RQ-PCR
(Cavalli et al, 2017). RQ-PCR was performed on 30/36 MBR+
patients, 17 of which (56-7%) showed a tumour burden >107°

(quantifiable), 8 (26:7%) were positive not quantifiable (PNQ,
107°) and 5 (16:6%) were negative (<107°). ddPCR was per-
formed on the same cohort of patients with available samples:
19 (63-4%) showed a tumour burden >10> (quantifiable), 10
(33-3%) were PNQ (107°) and 1 (3-3%) was negative (<1072).
Further details on the PB/BM concordance in the RQ/ddPCR
analysis are provided in the Data S1.

We then stratified patients according to disease level, i.e.
as quantifiable (>107°) or negative/PNQ (<107°): the former
group was associated (both by RQ-PCR and ddPCR) with a
significantly weaker molecular response to RT (P < 0-003
and P = 0-048, respectively) and MRD persistence during fol-
low-up (P =0-001 and P < 0-001, respectively) (Table S1).
Moreover, a quantifiable disease burden at diagnosis was
associated with a significantly worse PES if investigated by
ddPCR (84-month PFS 90-9% vs. 38:0% months, P = 0-015)
but not by RQ-PCR (84-month PFS 69-9% vs. 46-5%
months, P = 0-087) (Fig 2A, B).

Finally, considering the baseline BCL2/IGH levels by
ddPCR as a continuous variable, these were significantly
associated with the MRD clearance after both RT
(P =0-010) (Fig 2C-2) and R (P = 0-015) (Fig 2C-3), the
MRD status in the follow-up (P < 0-001) (Fig 2C-4) and the
relapse probability (P = 0-05) (Fig 2C-5). No association
with the involved nodal site was found (P = 0-08) (Fig 2C-
1), nor with stage or FLIPI score (data not shown).

Clinical and molecular results after radiotherapy

The irradiation of the involved LNs was followed by a com-
plete clinical response (CR) in all patients. Of the 42 patients
with canonical MBR and mcr BCL2/IGH rearrangements at
baseline, 40 were molecularly evaluated for MRD after RT
and in the subsequent follow-up (2 were lost because they
refused further molecular analysis). Figure 1 shows the num-
ber of patients studied at each MRD time point, the MRD
results and the distribution of clinical relapses.

IF-RT led to a disappearance of a detectable signal from the
PB/BM in half of previously positive patients: 20/40 (50%) of
patients proved MRD—, while 20 were persistently MRD+.
Regardless of the post-RT MRD status, an equal number of
clinical relapses were recorded in both groups (8 each) and the
time-to-event PFS analysis of post-RT MRD— versus MRD+
patients was not significantly different (P = 0-7). In the subse-
quent follow-up, I MRD— patient was lost (refused further
molecular analysis) and an additional group of 8 patients who
were MRD— immediately after RT became MRD+ after a med-
ian of 36-2 months (range 11-6-47-4) (Fig 1).

Effect of rituximab treatment on MRD status and on PFS

In an attempt to reduce the probability of relapse, R was
administered to MRD+ patients after IF-RT. No statistical
difference in gender, stage, FLIPI, grade and nodal site was
observed between patients who received R and those who
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MRD and Rituximab in Localised Follicular Lymphoma

(A) (B)
1-00 == <10-5 1-:001 =71 == <10-5
+ >=10-5 (- ~+ >=10-5
=
1
-1
1
075 1 075 1
1 -t
Ho— - 1
2 1 ]
3 1 o 1
—
g ! £ -
g 050 I 8 0-50 I
5 o .
e e = = 8 !
g ! o 1
5 1 —t—f— = ==
7 1 1
1 1
025 __ . 0-25 1
P=0-087 P=0015 LR
13 9 5 4 0 11 8 5 4 0
0001 17 7 2 0 0 0-001 19 8 2 0 0
0 50 100 150 200 0 50 100 150 200
Time (months) Time (months)
(©) 8 {P=01023}{ 8f--------------oo-- P=00048)] B ---------------------o--- P=0.0146]-
°le
L
T N e T L T e s R L L L P L T T ety CEEEEEE TP T TR EEEERTES
L] L]
d
O R | (| [ O B e e O e
L] [
g °
o —4 T e B — | |t — it e
)
>
o 2 *
T O ettt — ittt ettt | — B ettt
O Localization | MRD after RT | MRD after R
E Axillary Head-neck Inguinal Other MRD neg MRD pos MRD neg MRD pos
8 8 LR R EEEE [P= 00001l 8- P=0.049
o
o
= 4
0
-4
-8
MRD in follow—up | Relapse |

MRD neg MRD pos No

Fig 2. Clinical outcome according to the tumour burden at diagnosis

Yes
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different disease localization. (C2, C3, C4) Levels and MRD after RT,
minimal residual disease; R, rituximab; RT, radiotherapy.

did not (Table S2). Despite the earlier observation of the
pre-2005 untreated cohort, the observation period was super-
imposable between the two groups (68 months in the R
group vs. 60 in the untreated one, P = 0-862). This was due
to the higher proportion of relapsing cases in the untreated
patients, with a consequent stop of their observation time.

© 2019 British Society for Haematology and John Wiley & Sons Ltd

after R and during follow-up, respectively. (C5) Levels and relapse. MRD,

Nineteen MRD+ patients received R: 15/19 were persistently
MRD+ after IF-RT, whilst 4/19 received R after converting
from MRD— to MRD+ during follow-up (Fig 1). In the first
group, 12/15 patients converted to MRD— after R, while
3/15 remained MRD+; in the second group, all patients (4/4)
became MRD-—. Overall, R induced a status of MRD
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negativity in 16/19 treated patients (84%). Seven of the 16
MRD— patients (43-7%) became MRD+ after a median of
12 months (range 7-18) from R treatment and 5/7 (71%)
relapsed, whilst 9/16 remained persistently MRD— (56-3%)
and none has so far relapsed after a mean follow-up of
74 months (range 19-124) (P = 0-005).

To evaluate the impact of R on clinical outcome, we consid-
ered the series of the 19 MRD+ patients who received R com-
pared to the 9 MRD+ who did not (pre-2005) (Fig 1). Of the
former 19, only 5 have relapsed (26%), whilst of the latter 9, 7
have relapsed (78%) (P = 0-017). Considering that R was
administered to patients at different times (when they were
found MRD+ during follow-up), we performed a time-to-event
analysis (Mantel-Byar test) using R as a time-dependent covari-
ate. The difference in PFS between R-treated and R-untreated
patients was statistically significant (P = 0-049) (Fig 3A). No
grade 3—4 adverse events were recorded after the 4 weekly doses
of R. No patient required treatment delay or interruption.

MRD monitoring during follow-up predicts relapse

To define the predictive role of MRD in the entire cohort
regardless of treatment, we considered the group of 39/42
MBR/mcr+ patients with available molecular follow-up (Fig
1). Overall, 19/39 remained or became MRD+ during follow-
up and 20/39 were MRD—. Twelve of the 19 MRD+ patients
(63%) have relapsed, while this has occurred only in 3/20
MRD— patients (15%) (P =0:-002) (Fig 1). As patients
became MRD+ at different timepoints, we performed a Man-
tel-Byar estimate of PFS to take this diversity into account:
PES was significantly better for patients who remained

persistently MRD— compared to MRD+ patients (median
not reached vs. 67 months) (P = 0-0038) (Fig 3B).

Discussion

Very limited data are available on the relevance of BCL2/IGH
molecular quantification at diagnosis and of MRD monitor-
ing following treatment in early stage FL. In this study,
which expands our previous observations (Pulsoni et al,
2007), we were able to identify three different scenarios in
which a localised FL can be found according to the molecu-
lar tumour burden at diagnosis (Fig 4).

Early stage FL with undetectable circulating BCL2/IGH+
cells

We had clinical evidence of this disease confined to the LN
in 2 of the 13 cases in which a molecular study of the biop-
sied LN was possible: they were positive in the LN for the
BCL2/IGH translocation, while negative in the PB/BM. Both
patients, diagnosed in 2014, underwent IF-RT that probably
eradicated the disease since they remained MRD— and have
not yet relapsed.

Early stage FL with low circulating tumour burden

In these cases, only a small proportion of FL cells could be
found outside the LN (<1 x 107> BCL2/IGH+ cells). This
very low circulating tumour burden may still be eradicated,
because it was associated with a better molecular response to
IF-RT treatment. Moreover, these patients, together with
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Fig 3. Role of R consolidation in MRD+ patients (A) and MRD assessment in the follow-up (B). (A) (Mantel-Byar test) shows the impact of ritux-
imab (R) in the context of those patients who remained minimal residual disease-positive (MRD+) after involved field radiotherapy (IF-RT). Patients
treated with R were compared with those, observed before 2005, who did not receive it. (B) (Mantel-Byar test) shows the progression-free survival
(PES) of minimal residual disease-negative (MRD—) patients versus MRD+ patients during follow-up. The MRD— group includes patients who
became negative after IF-RT, as well as those who became MRD— after R treatment and maintained it in multiple follow-up determinations.
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cantly higher and the progression-free survival is better. Quantifiable disease levels (>107°) (C) are associated with a worse prognosis and

increased relapse probability.

those of the previous group, showed a significantly better
PFS compared to the subsequent group.

Early stage FL with intermediate-high circulating tumour
burden

In most cases, FL cells had already invaded the blood stream
and the tumour burden levels were higher than in the previ-
ous groups (=1 x 10> BCL2/IGH+ cells). This third sce-
nario may be considered as a sort of “borderline” localised
FL, because, despite a negative BM biopsy, cases where FL
cells have contaminated the PB and/or BM at the molecular
level are likely to disseminate to distant LNs and/or extra-
nodal sites, giving rise to an advanced FL.

Furthermore, a fourth group of patients is represented by
those who did not constitutively express any detectable
BCL2/IGH marker, whose tumour burden levels could not be
evaluated with any of the available molecular techniques (19/
67: 28%).

Thus, early stage FL can be considered the earliest phase of
the multistep process of FL pathogenesis (Roulland et al, 2006;
Klein & Dalla-Favera, 2008; Kluin, 2013; Mamessier et al, 2014).

In advanced stage FL, increasing evidence suggests that the
level of BCL2/IGH rearrangement in the PB and/or BM
before treatment is of prognostic relevance (Rambaldi et al,
2005; Hirt et al, 2008; Galimberti et al, 2014). In the present
study, we showed that in localised FL the BCL2/IGH pre-
treatment levels predicted patients’ outcome, whilst other
clinical markers did not. The PFS of patients with non-quan-
tifiable disease at diagnosis (<107°) by ddPCR was
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significantly better than that of patients with quantifiable
levels (>10), whilst by RQ-PCR only a trend was observed.
Moreover, lower baseline BCL2/IGH levels were significantly
associated with MRD clearance after both RT and R, and
had a higher likelihood of remaining MRD— during the clin-
ical follow-up. Accumulating evidence indicates that ddPCR
is associated with less false positive results compared to RQ-
PCR (Della Starza et al, 2018). We therefore suggest the pos-
sibility of using this new accurate approach as a prognostic
tool to better predict the clinical outcome and more precisely
define the molecular response of patients with early stage FL.
For a direct comparison between ddPCR and RQ-PCR in
this series of patients, see Cavalli et al (2017).

We also demonstrated that MRD assessment during the
clinical follow-up is a powerful prognostic tool to define the
outcome of patients affected by localised FL, regardless of the
treatment received: MRD+ patients had indeed a significantly
lower PFS compared to those who remained MRD—.

With regard to the treatment strategy for early stage FL,
the validity of the standard approach by IF-RT has been
questioned by some authors who reported similar survival
results independently of the treatment strategy employed in
early stage FL (Friedberg et al, 2012). An alternative
approach with R alone could be thus considered in selected
cases to spare radiotherapy. However, the potential role of
IF-RT as a curative solution in localised FL has to be kept in
mind, whilst no data are available in the literature on a
definitive curative role of R. Indeed, retrospective registry
studies analysing a very large number of cases documented
that upfront RT improves disease-specific survival (DSS)
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(Pugh et al, 2010) and OS (Pugh et al, 2010; Vargo et al,
2015) compared to watchful waiting, and that an inadequate
initial treatment may be associated with a more unfavourable
outcome. Very recent data have also shown that the addition
of systemic therapy with 6 cycles of R-CVP (R plus
cyclophosphamide, vincristine and prednisone) after IF-RT
reduced relapses outside the radiation fields and significantly
improved PFS compared to IR-FT alone in early stage FL
(MacManus et al, 2018). Of note, also in this prospective
trial the 10-year OS was not different when adding systemic
therapy to IF-RT. Other groups have suggested the addition
of R monotherapy to RT in early stage FL on the bases of
retrospective series (Janikova et al, 2015; Ruella et al, 2016).
None are based on a molecular tailored approach. In the pre-
sent study, which reinforces and expands our earlier observa-
tions (Pulsoni et al, 2007), we showed that IF-RT was
capable of inducing MRD negativity in 50% of baseline
BCL2/IGH-positive cases. This indicates that, although some
FL cells may circulate outside the limits of the LNs even in
patients with localised disease, early RT treatment may help
to clear them by inducing a systemic immune response
(known as abscopal effect) (Reynders et al, 2015). However,
the molecular response to IF-RT was significantly worse in
patients with quantifiable levels of BCL2/IGH rearrangement
at diagnosis, reinforcing the notion that RT is not always suf-
ficient to prevent spreading of the primary disease (Friedberg
et al, 2012; MacManus et al, 2018).

We support the idea of treating patients affected by early
stage FL with anti-CD20 monoclonal antibodies added to IF-
RT (Witzens-Harig et al, 2011), aiming to defer, and poten-
tially avoid, systemic chemotherapy. Our goal is to use MRD
evaluation to better identify the proportion of patients not
destined to be cured by RT. The addition of R to this sub-
group potentially resistant to RT could theoretically increase
the proportion of cured patients.

Despite the limits of this study, mainly residing in the
heterogeneity and complexity of our series, with different
subsets of patients, our data clearly show that the adminis-
tration of R is capable of significantly reducing the likelihood
of relapse in MRD+ patients and that the PFS of R-treated
patients is significantly better than that of untreated
patients. Moreover, if a patient achieves an MRD-negative
status after having received R the probability of relapsing is
significantly lower than that of a patient who remains MRD+
during follow-up. Finally, we could also demonstrate that the
kinetics of MRD during the follow-up is a powerful prognos-
tic tool to define the outcome of patients affected by loca-
lised FL, regardless of the treatment received: patients who
remained or became MRD+ had a significantly lower PFS
compared to those who remained MRD—. The integration of
PET/CT scan with MRD monitoring could further improve
the response assessment and outcome prediction, as sug-
gested for advanced FL (Luminari, et al, 2016).

Although a benefit of adding R could have been predicted,
given its well established role in the context of advanced stage

FL, to our best knowledge this is the first demonstration of its
potential efficacy also in early stage FL. Although an improve-
ment in PFS of R-treated patients does not necessarily imply a
benefit in OS or in subsequent PFS2, our data, together with
other preliminary experiences from other groups (Witzens-
Harig et al, 2011; Ruella et al, 2016), support the introduction
of R consolidation also in early-stage FL.

Moreover, the results of the MRD-driven strategy suggest
that persistent MRD negativity could possibly represent an
endpoint of treatment for early stage FL patients. This
approach could represent a cost and time saving strategy,
because R would be administered only to patients who
remain or become MRD+ during follow-up. The results of
this study, together with our earlier preliminary experience
(Pulsoni et al, 2007), led to the design of a prospective phase
1I Fondazione Italiana Linfomi trial (MIRO, EudraCT: 2012-
001676-11), aimed at conclusively demonstrating the benefit
of the anti-CD20 monoclonal antibody ofatumumab in treat-
ing MRD+ patients after RT.

In conclusion, the results of this study indicate that: (i)
localised FL is a rare and heterogeneous entity, associated
with different levels of disease spread from the original LN at
the time of diagnosis; (ii) the use of quantitative PCR for the
detection of BCL2/IGH circulating levels at diagnosis is a
powerful tool to quantify the disease burden; this is associ-
ated both with the degree of molecular response to treatment
(IF-RT and R) and with the probability of relapsing; (iii)
ddPCR shows a higher level of accuracy compared to con-
ventional RQ-PCR; iv) IF-RT alone is not always capable of
clearing circulating FL cells; (v) a MRD-driven consolidation
with R after standard IF-RT improves the PFS of patients
with early stage FL.
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