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Abstract
Purpose Combined radioimmunotherapy (RIT) in follicular lymphomas (FL) has shown promising treatment efficacy
in the Mabthera® and Involved field Radiation (MIR) study. Aim of this study was to analyze treatment efficacy and
recurrence patterns after RIT in early-stage nodal and extranodal FL.
Methods We reviewed 107 patients who were treated with combined RIT in two centers. Treatment consisted of
4× rituximab followed by RIT with 4× rituximab and involved field (IF) radiotherapy with 30/40Gy. Median follow-up
period was 71 months. In contrast to the MIR study, extranodal involvement and grade 3A histology were included in the
analysis.
Results Extranodal involvement and grade 3A histology were present in 21.8% and 13.1%, respectively. Overall response
rate (ORR) after 4× rituximab, after completion of RIT, and after 6 months was 78.1%, 98.8%, and 98.8%, respectively, with
increasing rates of complete remissions (CR). Predictive factors associated with superior PFS were tumor size, completely
excised lymphomas, and response to first 4× rituximab. 5-year PFS rate was 87.3%, with mostly outfield recurrences
(94.1%). Second-line treatment was effective, with 53.3% CR and 46.7% partial remissions (PR). 5-year OS was 98.1%.
RIT was tolerated well, with mainly grade 1–2 acute side effects.
Conclusion The real-world efficacy of RIT is comparable with the results of the MIR study. Additionally, this analysis
shows that extranodal involvement and grade 3A histology are not associated with inferior PFS.
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Introduction

For patients with early-stage (Ann Arbor stage I–II) fol-
licular lymphoma (FL), radiation therapy (RT) alone has
been the gold standard. Long-lasting remissions and the
potential chance of cure were the main arguments support-
ing this effective treatment. However, treatment has been
discussed for many years [1]. Under the assumption that
FL mainly spreads through the lymph nodes, patients were
treated by large-field irradiation techniques to also encom-
pass microscopic disease spread. Ten-year progression-free
survival (PFS) rates in different studies of the pre-rituximab
era, using involved field (IF), extended field (EF), and total
lymphatic irradiation (TLI), ranged from 38 to 72% [2–8].
However, extensive radiation protocols are associated with
significant toxicities, e.g., grade 3 and 4 adverse events
concerning the hematopoietic system in 22% of patients
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[7]. Therefore, the National Comprehensive Cancer Net-
work (NCCN) guidelines recommend radiation treatment of
the pathologically involved regions only (involved-site ra-
diation therapy [IS-RT]) without prophylactic treatment of
additional lymph node areas. To further eliminate the risk
of distant failure, several studies combined radiation ther-
apy with systemic chemotherapy [9–12]. With development
of the monoclonal chimeric anti-CD20 antibody rituximab,
treatment of FL has been markedly improved. A recently
published randomized trial showed a superior PFS with IF-
RT and combined immunotherapy with R-CVP compared to
IF-RT only, showing that additional rituximab-comprising
systemic therapy reduces out-of-field relapses and therefore
might be an important component [13]. Besides, rituximab
enhances radiosensitivity in vitro and may thus be an ideal
combination partner to improve the efficacy of radiotherapy
[14]. The hypothesis that rituximab in combination with IF
radiotherapy might prevent out-of-field relapses in early-
stage nodal FL was investigated in the prospective multi-
center phase II MIR study [15, 16]. The combination of lo-
calized standard-dose radiotherapy and rituximab showed
a high efficacy, with low recurrence rates and preserved
quality of life [15].

This retrospective study evaluates the effect and toxic-
ity of radioimmunotherapy (RIT) treatment analogue to the
MIR study under real-world conditions and also conducts
a detailed recurrence pattern analysis. In contrast to the MIR
study, this cohort not only includes patients with nodal but
also those with extranodal disease and histological grade 3a
(WHO grading) FL.

Materials andmethods

Patients and tumor characteristics

Patient records and follow-up (FU) imaging of 107 patients
who had been treated with combined RIT according to the
MIR concept were reviewed in two centers (University Hos-
pital Heidelberg and University Hospital Ulm). Median age
was 56 years (range: 23–82 years). All lymphomas had been
histologically confirmed and staged with CT and bone mar-
row biopsy. Except for one patient, only patients with Ann
Arbor stages I–II were treated. One patient had low-level
bone marrow infiltration but with only isolated extranodal
manifestation (intraspinal). Nineteen of the analyzed pa-
tients had been treated within the MIR study and are now
analyzed with a longer follow-up.

In 25.2% (27/107) of the patients, the lymphoma had
been excised completely, so that no macroscopic disease
was seen at the time of treatment. The response in the
remaining 80 patients was evaluated separately. Further

Table 1 Patients, tumor, and treatment characteristics

Number of patients/lesions

Total number 107

Age (years)

Median (range) 56 (23–82)

Gender

Male 52 (48.6%)

Female 55 (51.4%)

Histology Grading

Grade 1 50 (46.7%)

Grade 2 42 (39.3%)

Grade 3A 14 (13.1%)

n.a. 1 (0.9%)

Stage (Ann Arbor)

I 66 (61.7%)

II 42 (39.3%)

III 0

IV 1 (0.9%)

N/E manifestation

N 85 (79.4%)

E 22 (20.6%)

Tumor site

N Nodal 85 (79.4%)
E Total 22 (20.6%)

Salivary glands 13 (59.1%)

Bone 1 (4.5%)

Others 8 (36.4%)

Initial size

≤7cm 89 (83.2%)

>7cm 18 (16.8%)

Biopsy or excision

Biopsy 80 (74.8%)

Excision 27 (25.2%)

Pattern of involvement

Singular 60 (56.1%)

Multiple 47 (43.9%)

Full dose (8 cycles) rituximab applied

Yes 102 (95.3%)

No 5 (4.7%)

RT technique

3D-conformal 76 (71.0%)

IMRT 31 (29.0%)

RT dose

30Gy in 15 fractions 50 (47.7%)

40Gy in 20 fractions 57 (52.3%)

N nodal, E extranodal, RT radiotherapy, IMRT intensity modulated
radiotherapy, n.a. not applicable
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details of patient, tumor, and treatment characteristics are
shown in Table 1.

Treatment and follow-up

Treatment was applied according to the MIR study [15, 16].
It consisted of four once per week administrations of rit-
uximab (375mg/m2) upfront. In week 7, patients received
a restaging and radiation planning CT of the involved re-
gion. Four further weekly administrations of rituximab were
given in weeks 9–12 during the radiation treatment period.
Radiotherapy of the involved lymph node regions was initi-
ated in week 9 and applied in 2Gy single doses (five times
per week) up to a total dose of 30Gy. In case of remain-
ing lymphoma after initial rituximab therapy in week 7,
the residual region was boosted with an additional 10Gy
(5× 2Gy) in week 12 to a total dose of 40Gy.

Patients were followed up regularly with clinical ex-
aminations and CT or MR imaging. Response evaluation
was performed using the response criteria for lymphoma
[17, 18] classified into complete remission (CR), partial re-
mission (PR), stable disease (SD), and progressive disease
(PD). Relapses were classified as infield or outfield, if the
new manifestation was detected inside or outside of the ra-
diation field, respectively. Toxicity was classified according
to the Common Terminology Criteria for Adverse Events
v4.03 (CTCAE) 8–12 weeks after RIT (acute toxicity) or
3–6 months after RIT (late toxicity).

Statistical analysis and ethics

We reviewed patient records, planning documents, and
imaging scans to assess response, current status of the
disease, and following therapies. The median follow-up
was calculated using the reverse Kaplan–Meier method
[19]. Response was assessed at different timepoints: 1)
after application of four cycles rituximab and before the
start of radiotherapy (week 7); 2) at first follow-up (FU)
8–12 weeks after completion of RIT; and 3) after 6 months.
Overall survival (OS) was calculated in months from the
beginning of therapy until the last date of follow-up or
death. Progression-free survival (PFS) was calculated in
months from the beginning of therapy until the diagnosis

Table 2 Chronological re-
sponse rates after treatment

Response after
4× rituximab

Response at first follow-up after
RIT

Response after
6 months

Patients n= 80 (%)a n= 80 (%) n= 80 (%)

CR 24 (30.0) 57 (71.3) 73 (91.3)

PR 39 (48.8) 22 (27.5) 6 (7.5)

SD 17 (21.2) 1 (1.2) 1 (1.2)

CR complete remission, PR partial remission, SD stable disease, RIT radioimmunotherapy
a27 patients were not applicable, since lymphoma had been excised completely before start of treatment and
were counted as CR

of recurrent disease or death. The survival rates were dis-
played using the Kaplan–Meier method. Survival curves
and response rates were compared between groups in uni-
variate and multivariate analysis applying the log-rank test
or cox regression analysis. All statistical analyses were per-
formed using the software SPSS 24.0 (IBM Corporation,
Armonk, NY, USA). The analysis was approved by the
local ethics committee (S-106/2019).

Results

Patients and treatment

From 12/2005 until 11/2017, 107 patients (55 female/52
male) were treated with combined RIT. Localization of
lymphoma manifestations was supradiaphragmal in 41.1%
of the patients (44/107) with mainly cervical involve-
ment (72.7%) and infradiaphragmal in 58.9% (63/107) of
the patients with mainly inguinal involvement (74.6%).
Extranodal involvement was present in 20.6% of the pa-
tients, with most common manifestations in salivary glands
(13/22 patients). In 13.1%, grade 3A FL were treated,
which were excluded in the MIR study. Most of the initial
lymphoma manifestations were small, with ≤7cm (83%)
and singular nodal/extranodal manifestations (56%); see
Table 1. Ninety-five percent of the patients received all
eight planned cycles of rituximab and RT was either ap-
plied with a 3D-conformal technique (71%) or intensity-
modulated RT (IMRT; 29%). Representative RT plans are
shown in Fig 1. Median time from first diagnosis to RIT
was 4 months (0–25 months). Five patients with a longer
period until the start of RIT (>12 months) were treated
with a watch-and-wait strategy due to their own wish. Fur-
ther patient and treatment characteristics are displayed in
Table 1.

Efficacy

Overall response rate (ORR) after four applications of rit-
uximab was 78.8% (CR= 30.0%, PR= 48.8%). Seventeen
patients (21.2%) were stable after rituximab application.
At first FU 8–12 weeks after completion of RIT, ORR was
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Fig. 1 Representative RT plans of two patients treated with 40Gy IF-RT. a Patient treated with 3D-conformal RT due to FL stage I (grade 2) with
right-sided inguinal involvement. The residual lymph node can be seen as gross tumor volume in the transverse and sagittal screenshots. b Patient
treated with helical IMRT due to FL stage II (grade 3A), with involvement of the nasopharynx and cervical lymph nodes. Due to the more extensive
involvement and the necessity of sparing close organs at risk like the parotid glands, the patient was treated with IMRT

98.8% (CR= 71.3%, PR= 27.5%). ORR 6 months after RIT
remained the same but with higher CR rates (91.3%). Dur-
ing treatment and until FU at 6 months, no recurrences were
detected. Detailed and chronological information about re-
sponse rates are displayed in Table 2 and Fig. 2.

The reverse Kaplan–Meier estimate for median follow-
up was 71 months (Q1–Q3 47–109; 95% CI 54.4–87.6) for
PFS. Various patient, tumor, and treatment characteristics
(age, sex, grading, stage, extranodal manifestation, local-
ization, type of involvement, number of applied cycles of
rituximab, RT technique) were analyzed as prognostic fac-

Fig. 2 Kaplan–Meier survival curves after RIT. a overall survival (OS), b progression-free survival (PFS) in months for all lesions (n= 107)

tors for PFS. None of those factors showed a significant
correlation. Particularly nodal and extranodal manifestation
(p= 0.428; HR 1.521; CI 0.54–4.33) and grade 1–2 vs. grade
3A FL (p= 0.159; HR 0.040; CI 0–43.98), characteristics
that were excluded in the MIR trial, were not identified as
negative factors.

Treatment response to rituximab (SD vs. CR/PR) be-
fore the start of radiotherapy (p= 0.015; HR 0.307; CI
0.11–0.83) was a parameter predictive for better PFS.

Tumor burden was a predictive factor as well, since pa-
tients with a manifestation <7cm (p= 0.003; HR 0.260; CI
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0.10–0.69) and patients with completely excised lym-
phomas showed better PFS (p= 0.038; HR 0.155; CI
0.02–0.89). Furthermore, multivariate analysis identified
that tumor size <7cm (p= 0.006; HR 0.223; CI 0.08–0.62)
and response to rituximab (p= 0.041; HR 0.331; CI
0.12–0.91) were independent positive prognostic factors
for PFS.

Recurrence patterns and second-line treatments

During the whole FU, 17 patients (15.9%) suffered a re-
lapse and were assessed individually. A detailed recurrence
pattern analysis is shown in Table 3.

Most of the relapses were outfield recurrences (94.1%).
Three patients showed combined in- and outfield recur-
rences (17.6%) and only one patient developed an isolated
infield recurrence (5.9%), leading to 2- and 5-year PFS
rates of 92.9% and 87.3%. In the whole cohort, only one
patient (0.9%) suffered from histological transformation to
diffuse large B-cell lymphoma (DLBCL). Median time to
progression (TTP) was 32 months (range 8–135 months).
Regarding the patient cohort with recurrences, only two
patients showed a CR after rituximab and before RT, so
that 88% of the patients either had a PR or SD and were
therefore treated with a higher radiation dose of 40Gy.

Second-line treatment was applied in most of the cases
(88.2%) with systemic chemotherapy/immunotherapy only
(70.6%) or reirradiation (17.7%), either with a low-dose
radiotherapy (LDRT) regimen of 2× 2 Gy (11.8%) or
20× 2 Gy (5.9%). Two patients were followed up regularly
with a watch-and-wait strategy. After second-line treatment,
all patients showed a response, with 53.3% CR and 46.7%
PR to the time of this analysis (median of 67 months with
range 3–133 months).

The reverse Kaplan–Meier estimate for median follow-
up was 75 months (Q1–3 53–113; 95% CI 62.3–87.7) for
OS. In total, three patients died during follow-up, leading
to a 2- and 5-year OS of 98.1%. Cause of death was not as-
sociated with the primary oncological disease or RIT treat-
ment in any patient. One patient died due to skeptical organ
failure after stem-cell transplantation due to an aggressive
NHL (DLBCL, patient no. 2 in Table 3). Two patients died
due to chronic heart failure.

Toxicity

RIT was tolerated well, with mild (grade 1–2) acute side
effects in 85.0% of the patients and only 0.9% grade 3
toxicity (one patient with acute mucositis, which needed
temporary medical intervention). Most common acute side
effects were dermatitis (34.8%) and mucositis (16.3%).

Most of the acute side effects resolved during further
follow-up, so that 6 months after radiotherapy, 86.9% of

Table 4 Toxicity

Grade Acute toxicity
n (%)

Late toxicity
n (%)

0 15 (14.0) 93 (86.9)

1 58 (54.2) 14 (13.1)

2 33 (30.8) 0

3 1 (0.9) 0

4 0 0

5 0 0

Toxicity according to CTCAE criteria

the patients showed no further symptoms and only 13.1%
of the patients complained about grade 1 late side effects,
mainly xerostomia (40%).

Detailed toxicity criteria are shown in Table 4.

Discussion

Treatment of early-stage FL has been discussed controver-
sially over the past decades. Different treatment approaches
are possible, depending on age and general condition of the
patient. For elderly patients or patients in a reduced general
condition, active surveillance might be considered.

Upfront radiotherapy has proven to be effective and im-
proved both disease-specific and overall survival based on
a large National Cancer Data Base analysis [20]. Several
trials, among others the ARO 98-01 trial, used large treat-
ment fields and showed a higher effectiveness compared to
smaller irradiation fields, since most recurrences developed
outside of irradiated areas [3, 7, 21], implicating that oc-
cult microscopic disease might be present in early-stage FL
patients. Thus, several studies showed that combined treat-
ment comprising radiotherapy and systemic chemotherapy
and/or immunotherapy with rituximab were beneficial over
radiotherapy alone, but with high toxicity rates [9, 13, 22,
23]. MacManus et al. reported on a high grade 3 toxicity
rate after systemic therapy of 51% [13].

In the MIR study, the efficacy of combined IF-RT with
rituximab was investigated and 5-year PFS of the Mac-
Manus trial and the MIR trial were comparable at 86% and
78%, respectively, with considerably lower toxicity rates
after RIT (51% vs. 4% grade 3 toxicity) [13, 15, 16]. Al-
though the current analysis has its limitations owing to the
retrospective nature, it confirms the results of the MIR trial
with a comparable 5-year PFS of 87.6%. Inclusion of ex-
tranodal disease or grade 3A FL were not identified as neg-
ative factors in covariate analysis and were not associated
with inferior PFS. The MIR study excluded patients with
FL grade 3A. The current data strengthen the hypothesis
that patients with FL grade 3A might also benefit from the
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combined treatment approach as do patients with FL grade
1 or 2.

Furthermore, rituximab enhances radiation sensitivity in
vitro [24] and several studies proved that rituximab elimi-
nates minimal residual disease (MRD) [25, 26], underlining
an abscopal effect. A limitation of this study is that MRD
was not assessed and several studies recently emphasized
the importance of molecular disease monitoring as positive
bone marrow PCR at baseline highly correlates with poorer
outcome [15, 26].

We could identify several positive prognostic factors for
PFS in covariate analysis: response to rituximab after four
cycles and after combined RIT were both associated with
higher PFS rates. Response to rituximab might therefore
be a useful parameter for a response-adapted treatment.
Furthermore, patients with lower tumor burden (tumor size
<7cm, which was an inclusion criterion in the MIR study)
and completely excised lymphoma manifestation showed
better PFS. Considering this patient cohort, a further de-
escalation in treatment regarding dose might also be an op-
tion, which should be investigated in the future. The fact
that patients treated with 40Gy suffered from progression
more often is probably due to the fact that they showed
an inferior response to upfront immunotherapy and that the
higher tumor burden negatively affected outcome (which is
also shown in the multivariate analysis).

Nevertheless, results of univariate and multivariate anal-
ysis have to be regarded with caution, due to the small
number of events.

The recurrence pattern analysis shows that second-line
treatment remains an effective option in recurrent disease,
with a CR and PR rate of 53.3% and 46.7%, respectively. As
already shown by our group, LDRT might be an effective
and potentially curative option in recurrent disease, with
long-lasting remissions [27].

Similar to the MIR study, most of the recurrences were
detected outfield, emphasizing the importance of systemic
therapy on the one hand but also the effectiveness of lo-
cal radiotherapy on the other. Also, ORR after rituximab
increased from 78.1 to 98.7% after RIT, showing the addi-
tional effect of RT.

The pivotal question of whether a lower radiation dose
would also show the same efficacy is not yet resolved.
Based on the publication of Lowry et al. [28], many con-
sider a dose of 24Gy to be sufficient. However, the latest
prospective reports about the combination of local radio-
therapy and systemic therapy used 30–40Gy [13, 15].

Moreover, there have been several retrospective analy-
ses that evaluated low-dose radiotherapy (LDRT) regimens
with 2× 2 Gy in a retrospective manner: all publications
showed high ORR, but most of the patients were treated in
mainly a palliative setting [29, 30]. Our research group just
recently reported about the high efficacy, with a 93% ORR

for primarily treated patients with indolent lymphomas after
LDRT. In this cohort, 26% of the patients received ritux-
imab simultaneously and showed no recurrence during the
follow-up period [27]. A prospective German multicenter
study (GAZAI study) that will investigate LDRT of 4Gy
in combination with the CD20 antibody Obinutuzumab in
patients with early-stage nodal follicular lymphoma is cur-
rently ongoing [31]. This study will investigate a response-
adapted treatment approach considering response to ritux-
imab upfront, which this analysis has shown to be a prog-
nostic factor for PFS.

For certain extranodal lymphomas, e.g., orbital lym-
phomas, LDRT only is associated with excellent control
rates with very low local and distant recurrence rates [32,
33], so that additional rituximab in this patient cohort will
probably yield only small beneficial effects.

Current guidelines recommend FDG-PET for staging
purposes due to the higher sensitivity and specificity
[34–36], because a remarkable number of patients show
a stage shift when performing FDG-PET [37]. The FOLL05
trial identified an increased number of nodal involvement
in 32% of FDG-PET staged patients and the impact of
FDG-PET staging was highest with limited stages (62%
upstaging with FDG-PET) [37].

Furthermore, two recent studies emphasized the prog-
nostic role of FDG-PET-CT regarding outcome. On the
one hand, outcome appears to be better for patients having
received PET-CT compared to historical series (5-year PFS
and OS 69% and 96%) [38]. On the other hand, Batlevi
et al. evaluated 1088 patients and reported that the risk of
histologic transformation was significantly higher in CT-
staged compared to PET-CT-staged patients, with a 9.7-
fold increase of death. Furthermore, PET-staged patients
suffering from early progression had superior OS compared
to patients who were staged with CT only (5-year OS 100%
vs. 54%) [39]. The above-mentioned studies underline the
strong recommendation and the prognostic impact of PET-
CT staging in FL. Nevertheless, PET-CT staging was not
used on a standard basis in our cohort. Therefore, patients
with higher stages might have also been included and out-
come data after combined RIT may even be superior. As
a subsequent trial, the GAZAI study uses FDG-PET for
staging as well as for (metabolic) response evaluation and
therapy adaption.

The MIR study showed that combined RIT is tolerated
well, with low toxicity and without compromising quality of
life [15]. Although evaluated retrospectively, acute toxicity
rates in our analysis were low, with mostly mild (grade 1–2)
acute side effects in 84.5% of the patients and only 1.8%
grade 3 toxicity (4% grade 3 toxicity in the MIR study).

A retrospective study compared involved regional RT
to a smaller involved-site RT in 237 patients. The most
common pattern of failure was distant failure, but with no

K
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difference after 10 years between the RT volumes (regional
RT 38%, involved site 32%) and a 5-year PFS of about
65–70% [40]. Hence, reducing RT fields may not compro-
mise long-term outcomes and the International Lymphoma
Radiation Oncology Group (ILROG) also adopted this in
their current guideline [41]. The superior 5-year PFS rate
in our analysis (87.3%) might be due to the advantageous
treatment of combined RIT.

Conclusion

Combined RIT in follicular lymphoma is an effective treat-
ment option, with high response rates and long-lasting re-
missions as well as low toxicity rates. Although this is a ret-
rospective analysis, we were able to confirm the results of
the MIR study under real-world conditions and, further-
more, also investigated the efficacy of RIT in extranodal
manifestations and WHO grade 3A FL.
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