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Non Hodgkin B cell Lymphoma:
a heterogeneous disease

DLBCL (31%)





Early Stage Follicular Lymphomas

• Standard treatment:  Involved Field Radiotherapy (IFRT), historically 36-40 Gy

• The shape of OS curve suggests a possible plateau in the potential for a cure

• Most relapses occur outside the radiation field

Results of radiotherapy in stage I/II (Stanford, 177 pts):

           5 years     10 years        15 years     20 years
          Survival             82%              64%             44%               35%
   Relapse-free        55%              44%             40%               37%

Ref.: MacManus,MP et al.; JCO 14: 1282-90 (1996)



Radiation Therapy has low toxicity and high efficacy





Vargo et al. Cancer 2015 CONCLUSIONS: RT is an increasingly underused  treatment approach in the 
era of modern therapy for patients with early-stage follicular lymphoma 





Follicular lymphoma: what staging?  

Thorough staging with bone marrow biopsy
and FDG-PET essential



PFS @ 5 years: 69%

Local control rate of 97.6%



Combined Modality Therapy in Stage I-II FL?



10 Yrs 59% 

10 Yrs 41% 

Median age: 57 yrs



MacManus et al. JCO 2018



PFS @ 10 yrs 50.7% OS @ 10 yrs 83.6%

PFS @ 10 yrs 64.6%
OS @ 10 yrs 94.4%

4 rituximab courses (375 
mg/m2 , days 1, 8, 15, 22) 
before RT 36 Gy (Rit-RT)

Ruella et al. IJROBP 2015



Standard RT +/- Rituximab



Molecular status at baseline impacts on prognosis
(bcl-2/IgH rearrangement)

Ruella et al. IJROBP 2015 Brady et al. Blood 2019





GAZEBO trial (Fondazione Italiana Linfomi study)

Ongoing study – Combination of RT + immunotherapy



IFRT

Volumes (IFRT vs ISRT/INRT)

ISRT

Involved Field (IFRT)
2D planning, based on bony landmark

Involved Site (ISRT)
3D planning, based on lymphoma volume



Campbell et al. Cancer 2010 

ü Retrospective study

ü British of Columbia

ü 237 patients

ü Grade 1-3A

ü Timing: 1986-2006

Progression Free Survival



The CTV must be designed to encompass suspected subclinical disease based on the pre intervention GTV imaging
The CTV should incorporate GTV and include adjacent lymph nodes in that site and margin dictated by the clinical situation

Illidge T, et l. IJROBP 2014

Principles of ISRT
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Reducing doses for FL: background

• Early series: doses often >40 Gy
• PMH Toronto series: no dose response above 30 Gy
• Toronto data: plateau in FL after 20 Gy
• EORTC: no improvement in control of FL >25 Gy
• Girinsky/Haas:  High response rates with 2 Gy x 2 (ORR 92%) 

• Informative RCTs needed to answer dose question



Reduced dose radiotherapy for NHL : A randomised phase III trial
360 indolent NHL (mostly follicular and MZL) randomized

PATIENT ELIGIBLE

RANDOMISE

LOW GRADE LYMPHOMA INTERMEDIATE OR HIGH GRADE 
LYMPHOMA

24 Gy
12 fractions

40-45Gy
20-30 fractions

40-45Gy
20-30 fractions30 Gy

15 fractions

RANDOMISE

Doses (24 vs 40-45 Gy) Lowry L et al Radiother Oncol, 100, 86-92, 2011



Phase III randomised trial

Reduced dose radiotherapy for local control in non-Hodgkin lymphoma:
A randomised phase III trial q,qq
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a b s t r a c t

Purpose: This multicentre, prospective, randomised-controlled trial compared efficacy and toxicity of dif-
fering radiotherapy doses in non-Hodgkin lymphoma (NHL).
Patients and methods: Patients with any histological subtype of NHL, requiring radiotherapy for local dis-
ease control, whether radical, consolidative or palliative, were included. Three hundred and sixty one
sites of indolent NHL (predominantly follicular NHL and marginal zone lymphoma) were randomised
to receive 40–45 Gy in 20–23 fractions or 24 Gy in 12 fractions. Six hundred and forty sites of aggressive
NHL (predominantly diffuse large B cell lymphoma as part of combined-modality therapy) were random-
ised to receive 40–45 Gy in 20–23 fractions or 30 Gy in 15 fractions. Patients with all stages of disease,
having first-line and subsequent therapies were included; first presentations of early-stage disease pre-
dominated.
Results: There was no difference in overall response rate (ORR) between standard and lower-dose arms.
In the indolent group, ORR was 93% and 92%, respectively, (p = 0.72); in the aggressive group, ORR was
91% in both arms (p = 0.87). With a median follow-up of 5.6 years, there was no significant difference
detected in the rate of within-radiation field progression (HR = 1.09, 95%CI = 0.76–1.56, p = 0.64 in the
indolent group; HR = 0.98, 95%CI = 0.68–1.4, p = 0.89 in the aggressive group). There was also no signifi-
cant difference detected in the progression free or overall survival. There was a trend for reduced toxic-
ities in the low-dose arms; only the reduction in reported erythema reached significance.
Conclusion: In a large, randomised trial, there was no loss of efficacy associated with radiotherapy doses
of 24 Gy in indolent NHL and 30 Gy in aggressive NHL, compared with previous standard doses of 40–
45 Gy.

! 2011 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 100 (2011) 86–92

Radiotherapy is well-established in the management of non-
Hodgkin lymphoma (NHL), used across histological and clinical
sub-types. In indolent NHL, radiotherapy may cure early stage dis-
ease [1,2], and has a valuable palliative role in more advanced dis-
eases [3–7]. In aggressive NHL, radiotherapy is used with curative
intent in stage I disease after short course chemotherapy [8,9] and
may also be given to consolidate chemotherapy response in sites of
disease perceived to be high risk by nature of bulk or extra-nodal
location [10,11]. Radiotherapy has a major palliative role for

aggressive lymphoma causing local symptoms in patients intoler-
ant to chemotherapy or with chemo-resistant disease. A recent
study has defined the optimal utilisation rate for palliative radio-
therapy in lymphoma at 6% of all newly diagnosed cases of which
88% will receive treatment to nodes and 12% to a primary extran-
odal site [12].

NHLs are known to be radiosensitive tumours requiring lower
doses of radiation than epithelial malignancies. However, uncer-
tainty remains regarding the optimal radiation dose required. Sev-
eral studies have indicated a difference in sensitivity between
indolent and aggressive lymphomas [1,8,13–15]. In aggressive
NHL (histologically high-grade) no dose–response across a range
20–50 Gy was seen in a series from Stanford (1960–1970), with a
recurrence rate of 30% [1]. In a British National Lymphoma Inves-
tigation (BNLI) series of 82 patients with stage I/II disease, treated
with radiotherapy alone (1974–1981), the response was depen-
dent on the radiotherapy dose, reaching 100% for doses of 45 Gy

0167-8140/$ - see front matter ! 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.radonc.2011.05.013

q This was a British National Lymphoma Investigation randomised trial,
ISRCTN71826974 and was funded by the Lymphoma Research Trust.
qq Preliminary results previously reported orally at the 9th International Confer-
ence on Malignant Lymphoma (Annals of Oncology 2005; 16 supp 5:abstract 59).
⇑ Corresponding author. Address: Mount Vernon Cancer Centre, Mount Vernon

Hospital, Rickmansworth Road, Northwood, Middlesex HA6 2RN, United Kingdom.
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Local Control Overall Survival

Lowry et al. Radiother Oncol, 2011

No loss of efficacy associated with radiotherapy doses of 24 Gy in indolent NHL



FoRT: A randomised trial of low dose 
radiotherapy for indolent lymphomas

Histologically proven follicular NHL requiring radiotherapy for definitive treatment of stage 
IA or IIA disease or for palliation by virtue of tumour bulk or anatomical position

Randomisation

Arm A (Control)
24Gy in 12 fractions

Arm B (Experimental)
4Gy in 2 fractions

Follow up for 5 years
(4 weeks, 12 weeks, 6 months, 12 months, 18 months, 24 months and annually thereafter)



Progression Free Survival Overall Survival

o  24 Gy in 12 fractions is more effective and remains the standard of treatment.
 
o 4 Gy achieves high response rates (ORR 74%) and is a valid alternative for palliation or retreatment



Local Progression Free Survival
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group (nine grade 2, two grade 3 [both fatigue]; p=0·0029 
for difference between groups in grade 2 and 3 events). 
The most common events at week 12 were alopecia 
(19 [7%] of 287 sites with 24 Gy vs six [2%] of 301 sites with 
4 Gy), dry mouth (11 [4%] vs five [2%]), fatigue (seven [2%] 
vs five [2%]), mucositis (seven [2%] vs three [1%]), and 
pain (seven [2%] vs two [1%]). At later timepoints (from 
week 12 up to 5 years), event rates decreased further, with 
one grade 3 event in the 24 Gy group (musculoskeletal 
pain) and no grade 4 events. No differences in the 
frequency of adverse events of grade 2 or worse were 

recorded between treatment groups during the study 
period (5% [13 of 248] vs 2% [five of 215] at 1 year; 2% 
[three of 170] vs 0% [none of 144] at 3 years, and 1% [one of 
134] vs 0% [none of 102] at 5 years). No treatment-related 
deaths were reported.

Discussion
This long-term follow-up analysis of FoRT confirms the 
previously published results7 showing that 4 Gy is inferior 
to 24 Gy in terms of duration of local control. With 
mature follow-up (median 73·8 months), a continuous 
reduction in local control was noted with 4 Gy, with the 
rate of freedom from local progression falling from 
79·8% at 2 years to 70·4% at 5 years. By contrast, the rate 
of freedom from local progression after 24 Gy only fell 
from 94·1% to 89·9%. This finding suggests that lymph-
oma cells are surviving with 4 Gy radiotherapy, and these 
cells are either viable or able to repair damage and sub se-
quently manifest as local recurrence, which accords with 
the difference in complete response rate seen between 
the two dose levels.

However, it is remarkable that durable control is 
achieved in two-thirds of patients with such small doses of 
radiotherapy. Findings of the TROG study of combination 
treatment for stage I–II follicular lymphoma,16 delivering 
rituximab, cyclophosphamide, and vincristine after 30 Gy 
radiotherapy (median follow-up 9·6 years), showed an 
improvement in progression-free survival with use of 
adjuvant chemo therapy (HR 0·57, 95% CI 0·34–0·95; 
p=0·033). 10-year progression-free survival was only 41% 
in the control group after 30 Gy radiotherapy, but local 
control was high, with only 11 relapses in the radiation 
volume of 148 target sites. It is feasible that, when using 
combined modality treatment, lower doses of radiation 
could be equally effective as higher doses, but this idea 
requires formal testing. It has also been suggested that, 
since many patients have adequate response with 4 Gy, 
this dose should be given initially and retreatment offered 
for limited response or later relapse. However, it should be 
noted that patients treated with 4 Gy with a complete 
response still have more than double the risk of relapse. 
This approach requires closer surveillance, increases 
anxiety for patients, and assumes salvage has a high 
success rate. On balance, in view of the low toxicity of 
24 Gy, this dose should remain the preferred option for 
radical local treatment, and 4 Gy should be restricted to 
the palliative setting. Even in this setting, in view of the 
long and unpredictable natural history of indolent 
lymphoma, and with a median time to relapse after 4 Gy 
of only 11 months, this low dose should be used only in 
conjunction with other potentially effective systemic 
treatments or when the outlook is for no more than a few 
months of life.

Findings of cohort studies have suggested that orbital 
follicular lymphoma could be adequately controlled 
using 4 Gy.8,9 However, in our study, two of 13 orbital sites 
treated with 4 Gy had local progression. Of the 11 sites 
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Figure 2: Time-to-event plots
Time to local progression (A), and time to local progression with censoring for additional to-target or systemic 
therapy given before local progression (B).

www.thelancet.com/oncology   Published online February 1, 2021   https://doi.org/10.1016/S1470-2045(20)30686-0 1

Articles

Lancet Oncol 2021

Published Online 
February 1, 2021 
https://doi.org/10.1016/ 
S1470-2045(20)30686-0

Mount Vernon Cancer Centre, 
Northwood, UK 
(Prof P Hoskin MD); Division of 
Cancer Sciences, University of 
Manchester, Manchester, UK 
(Prof P Hoskin); Cancer Research 
UK & UCL Cancer Trials Centre, 
University College London, 
London, UK (B Popova MSc, 
O Schofield MA, 
L Clifton-Hadley PhD, 
A A Kirkwood MSc); 
Clatterbridge Cancer Centre, 
Wirral, UK (I Syndikus MD, 
C Brammer FRCR); Weston Park 
Hospital, Sheffield, UK 
(M Robinson MD); University 
Hospitals of North Midland & 
Keele University, Stoke-on-
Trent, UK (Prof A M Brunt FRCR); 
Southend University Hospital, 
Westcliff-on-Sea, UK 
(K Madhavan FRCR); National 
Institute of Health Research 
Biomedical Research Centre, 
University of Manchester, 
Christie Hospital, Manchester, 
UK (Prof T Illidge PhD); Velindre 
Cancer Centre, Cardiff, UK 
(E Gallop-Evans FRCR)

Correspondence to: 
Prof Peter Hoskin, 
Mount Vernon Cancer Centre, 
Northwood HA6 2RN, UK 
peterhoskin@nhs.net

Introduction
Current guidelines1,2 for radiotherapy of indolent 
lymphoma recommend a dose of 24 Gy in 12 fractions, 
which was defined in a randomised trial3 comparing 
40 Gy with 24 Gy and showing no difference between the 
two doses. Subsequently, based on findings of several 
small cohort studies4,5 and a phase 2 study showing 
durable response to only 4 Gy,6 FoRT (Follicular 
Radiotherapy Trial) was initiated to compare 24 Gy in 
12 fractions with 4 Gy in two fractions in a multicentre, 
randomised, phase 3, non-inferiority study. The initial 
analysis of FoRT,7 with a median follow-up of 26 (range 

0·4–75·4) months, showed that time to local progression 
with 4 Gy was not non-inferior to 24 Gy (hazard ratio 
[HR] 3·42, 95% CI 2·09–5·55, p<0·0001). Thus, 24 Gy 
remains the standard of care in this setting, although in 
the palliative setting (in which durable control might not 
be paramount), 4 Gy offers a simple short option for local 
control and symptom relief. Based on findings of cohort 
studies,8,9 it has been proposed that orbital indolent 
lymphoma might need no more than 4 Gy, and despite 
evidence supporting use of 24 Gy, sporadic series using 
4 Gy continue to be reported.10–14 Here, we report the long-
term follow-up results of FoRT.

4 Gy versus 24 Gy radiotherapy for follicular and marginal 
zone lymphoma (FoRT): long-term follow-up of a 
multicentre, randomised, phase 3, non-inferiority trial
Peter Hoskin, Biliana Popova, Oliver Schofield, Caroline Brammer, Martin Robinson, A Murray Brunt, Krishnaswamy Madhavan, Tim Illidge, 
Eve Gallop-Evans, Isabel Syndikus, Laura Clifton-Hadley, Amy A Kirkwood

Summary
Background The optimal radiotherapy dose for indolent non-Hodgkin lymphoma is uncertain. We aimed to compare 
24 Gy in 12 fractions (representing the standard of care) with 4 Gy in two fractions (low-dose radiation).

Methods FoRT (Follicular Radiotherapy Trial) is a randomised, multicentre, phase 3, non-inferiority trial at 43 study 
centres in the UK. We enrolled patients (aged >18 years) with indolent non-Hodgkin lymphoma who had 
histological confirmation of follicular lymphoma or marginal zone lymphoma requiring radical or palliative 
radiotherapy. No limit on performance status was stipulated, and previous chemotherapy or radiotherapy to 
another site was permitted. Radiotherapy target sites were randomly allocated (1:1) either 24 Gy in 12 fractions or 
4 Gy in two fractions using minimisation and stratified by histology, treatment intent, and study centre. 
Randomisation was centralised through the Cancer Research UK and University College London Cancer Trials 
Centre. Patients, treating clinicians, and investigators were not masked to random assignments. The primary 
endpoint was time to local progression in the irradiated volume based on clinical and radiological evaluation and 
analysed on an intention-to-treat basis. The non-inferiority threshold aimed to exclude the chance that 4 Gy was 
more than 10% inferior to 24 Gy in terms of local control at 2 years (HR 1·37). Safety (in terms of adverse events) 
was analysed in patients who received any radiotherapy and who returned an adverse event form. FoRT is 
registered with ClinicalTrials.gov, NCT00310167, and the ISRCTN Registry, ISRCTN65687530, and this report 
represents the long-term follow-up.

Findings Between April 7, 2006, and June 8, 2011, 614 target sites in 548 patients were randomly assigned either 24 Gy 
in 12 fractions (n=299) or 4 Gy in two fractions (n=315). At a median follow-up of 73·8 months (IQR 61·9–88·0), 
117 local progression events were recorded, 27 in the 24 Gy group and 90 in the 4 Gy group. The 2-year local 
progression-free rate was 94·1% (95% CI 90·6–96·4) after 24 Gy and 79·8% (74·8–83·9) after 4 Gy; corresponding 
rates at 5 years were 89·9% (85·5–93·1) after 24 Gy and 70·4% (64·7–75·4) after 4 Gy (hazard ratio 3·46, 95% CI 
2·25–5·33; p<0·0001). The difference at 2 years remains outside the non-inferiority margin of 10% at –13·0% (95% CI 
–21·7 to –6·9). The most common events at week 12 were alopecia (19 [7%] of 287 sites with 24 Gy vs six [2%] 
of 301 sites with 4 Gy), dry mouth (11 [4%] vs five [2%]), fatigue (seven [2%] vs five [2%]), mucositis (seven [2%] vs 
three [1%]), and pain (seven [2%] vs two [1%]). No treatment-related deaths were reported.

Interpretation Our findings at 5 years show that the optimal radiotherapy dose for indolent lymphoma is 24 Gy in 
12 fractions when durable local control is the aim of treatment.

Funding Cancer Research UK.

Copyright © 2021 Elsevier Ltd. All rights reserved.

4 Gy is inferior to 24 Gy in indolent lymphomas

Hoskin et al. Lancet Oncol 2021
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ORR: 90% vs 80%, p < 0.01

ORR: 92% vs 87%, p = 0.71

FORT trial (UK) 4 Gy vs 24 Gy
Response rate according to histology



















Before infusion, 44 patients (45%) received optional antineoplastic bridging chemotherapy for stabilization. The most commonly
used agents (in ≥5% of patients) were rituximab (22%), dexamethasone (11%), gemcitabine (10%), oxaliplatin (7%), prednisolone (7%), 

etoposide (6%), cyclophosphamide (5%) and vincristine (5%). One patientreceived bendamustine and two received radiotherapy alone







Conclusions

q ISRT/INRT remains treatment of choice for majority of stage I/II1 FL 

(PET-staged), resulting in long term progression free survival and 

possible “cure”, achievable with very low morbidity

q LDRT (4 Gy) seems to be a very safe and interesting alternative for 

indolent lymphoma

qFrom cell killing to immune cell priming 


