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La radioterapia a basso dosaggio nei 
linfomi indolenti 



Indolent lymphomas 

•  Approximately 40–45 % of all NHL (follicular lymphoma 25%; SLL 
6%, Marginal zone 10%) 

•  Thorough staging with bone marrow biopsy and FDG-PET 
essential 

•  Minority of patients present with localised disease  

•  Highly radiosensitive 
 
•  Therapy guidelines 

Ø Stage I/II: radiotherapy  
Ø Stage III/IV: systemic treatment, when needed   



Follicular Lymphomas 
Treatment of stage I and II 

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

•  The shape of the survival 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, 
high efficacy  (but under-utilised) 



ESMO GUIDELINES 



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 

 
 

24Gy 
12 fractions 

40-45Gy 
20-30 fractions 

40-45Gy 
20-30 fractions 30Gy 

15 fractions 

RANDOMISE 

Lowry L et al Radiother Oncol, 100, 86-92, 2011 
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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
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45 vs 24 Gy in indolent B cell lymphoma 

Local Control Overall Survival 



 
EXTENDED FIELD VS INVOLVED FIELD VS INVOLVED SITE/NODE 

 
 

NO EFFECT OF FIELD SIZE ON PFS OR OS 
 
 

Campbell BA et al . Involved regional radiotherapy versus involved node 
radiotherapy, Cancer 116, 3797, 2010  

What Volume should be treated with 
radiotherapy? 



INVOLVED	FIELD:		
2D	PLANNING,	BASED	ON	BONY	LANDMARKS	

IFRT 

Development	of	RadiaEon	Volumes	 



ISRT 

Involved Site!
3D planning, based on lymphoma volume!



ISRT: Localized indolent lymphoma 

Illidge et al, IJROBP, 2014 

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 



Intensity modulated RT Conventional RT 

Conformal planning and precise delivery  



Outcome of curative radiotherapy for localised follicular 
lymphoma in the era of 18F-FDG PET-CT staging: an 

international collaborative study on behalf of ILROG.  
Jessica L. Brady MBBCh FRCR*1, Michael S. Binkley MD MS*2, Carla Hajj MD3, Monica Chelius MD3, Karen Chau 
BA3, Mario Levis MD4  , Seo Hee Choi MD11, Chang Ok Suh MD11, Sara Hardy MD10, Louis S Constine MD10, Anders 
Krog Vistisen MD8, Scott Bratman MD PhD2, Gabriele Reinartz MD9, Hans Eich MD9, Masahiko Oguchi MD5, Youlia 
Kirova MD6, Andrea Ng MD7, Victoria S Warbey1 Tarec El-Galaly MD8, Andrea Riccardo Filippi MD4, Umberto Ricardi 
MD4, Joachim Yahalom MD3, Richard T. Hoppe MD2, N. George Mikhaeel MBBCh, MSc, FRCR1  

Hypothesis:	more	accurate	staging	will	lead	to	be=er	pa>ents	selec>on	for	
tretament	with	ISRT,	with	consequent	improvement	in	clinical	results	
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BCL2 status Stage I vs II 

Metabolic Response CT response 

Manuscript submitted to Blood 



HYPOTHESIS: IS MORE DOSE BETTER? 
  

Can we further reduce RT Dose…? 



BOOM BOOM 

Low Dose Radiotherapy 



The discovery that small doses of 
radiotherapy could eradicate 
low-grade lymphomas was 
purely due to “serendipity” 

§  Institute Gustave Roussy (IGR): patient refused 
additional palliative WAI after receiving 4 Gy  

§  At follow-up found to be in CR 

Basis For Boom-Boom Palliation 



 Advantages of “Boom-Boom” 

•   Short treatment duration. 

•   Minimal morbidity. No myelosuppression. 

•  High response rate similar to that obtained with primary therapy. 

•  Effective and simple re-treatment 

•  Rapid response onset. 

•  Significant LPFS interval. 



“Boom-Boom” Palliation  
of Recurrent/Refractory NHL 

Study N (pts) 
N 

(sites) PR CR Overall RR Response duration Comment 

Ganem  
1994 

27 N/A 52% 37% 89% Range: 4 – 35 mo 

Sawyer 
1997 

11 16 38% 56% 94% Median: 7 mo 

Girinsky 
2001 

48 135 24% 57% 81% 2 yr actuarial: 56% 

Johannsson 2002 22 31 22% 65% 87% Median: 22 mo Prospective 
Phase II 

Haas 
2003 

109 304 31% 61% 92% Median: 25 mo Prospective 
Phase II 

Haas 
2005† 

71 177 39% 48% 87% Median: 22 mo Prospective 
Phase II 

Summary 34% 54% 88% Median: 19 mo 

†Includes 30 patients (42%) with aggressive NHL. 



Clinical Applications 

Pre-RT 

Post 2 Gy x 2 



WHOM TO BOOM-BOOM? 

§  Follicular  
§  Mantle-cell 
§  CLL/SLL 
§  Marginal zone  

§  Relapsed, refractory to systemic therapy 
§  As an alternative adequate first-line ? 



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) 

FoRT: Study design : A randomised trial of low 
dose radiotherapy for follicular lymphoma



Progression Free Survival Overall Survival 

Conclusion:  
 24 Gy in 12 fractions is more effective and remains the standard of treatment. 
 “Boom boom” RT (2 Gy x 2) achieves high response rates (ORR 74%) and is a 

 feasible option for palliation or retreatment 



Clinical Investigation: Lymphoma

Low-Dose Radiation Therapy (2 Gy 3 2) in the Treatment
of Orbital Lymphoma
Carolina E. Fasola, MD, MPH,* Jennifer C. Jones, MD, PhD,y Derek D. Huang, MD,z

Quynh-Thu Le, MD,* Richard T. Hoppe, MD,* and Sarah S. Donaldson, MD*

From the *Department of Radiation Oncology, Stanford University, Stanford, California; yVaccine Branch, Center for
Cancer Research, National Cancer Institute, Bethesda, Maryland; and zDepartment of Internal Medicine, University of
California-Los Angeles Olive View, Sylmar, California

Received Mar 4, 2013, and in revised form Apr 11, 2013. Accepted for publication Apr 16, 2013

Summary

Low-dose radiation is an
effective treatment for indo-
lent non-Hodgkin lymphoma
(NHL), but has not been
studied in NHL of the ocular
adnexa. We report our expe-
rience of 20 patients with 27
sites of orbital NHL
involvement treated with 2
Gy ! 2. Our results show
that low-dose radiation in the
treatment of orbital
lymphoma is effective and
well tolerated, with high
response rates, durable local
control, and minimal side
effects.

Purpose: Low-dose radiation has become increasingly used in the management of indolent non-
Hodgkin lymphoma (NHL), but has not been studied specifically for cases of ocular adnexal
involvement. The objective of this study is to investigate the effectiveness of low-dose radiation
in the treatment of NHL of the ocular adnexa.
Methods and Materials: We reviewed the records of 20 NHL patients with 27 sites of ocular
adnexal involvement treated with low-dose radiation consisting of 2 successive fractions of
2 Gy at our institution between 2005 and 2011. The primary endpoint of this study is freedom
from local relapse (FFLR).
Results: At a median follow-up time of 26 months (range 7-92), the overall response rate for the
27 treated sites was 96%, with a complete response (CR) rate of 85% (nZ23) and a partial
response rate of 11% (nZ3). Among all treated sites with CR, the 2-year FFLR was 100%, with
no in-treatment field relapses. The 2-year freedom from regional relapse rate was 96% with 1
case of relapse within the ipsilateral orbit (outside of the treatment field). This patient underwent
additional treatment with low-dose radiation of 4 Gy to the area of relapse achieving a CR and
no evidence of disease at an additional 42 months of follow-up. Orbital radiation was well toler-
ated with only mild acute side effects (dry eye, conjunctivitis, transient periorbital edema) in
30% of treated sites without any reports of long-term toxicity.
Conclusions: Low-dose radiation with 2 Gy ! 2 is effective and well tolerated in the treatment
of indolent NHL of the ocular adnexa with high response rates and durable local control with the
option of reirradiation in the case of locoregional relapse. ! 2013 Elsevier Inc.

Introduction

Approximately 50% of patients with non-Hodgkin lymphoma
(NHL) have extranodal disease (1). Lymphomas of the ocular
adnexa are uncommon, but comprise at least 10% of extra-
nodal NHL (1-4). The majority of lymphomas of the ocular

adnexa are indolent and radiosensitive (5, 6). Radiation
therapy is currently the standard management for patients
with stages I and II primary lymphoma of the ocular adnexa
(7). Historically, patients have received treatment with
conventional doses of 24-36 Gy with local control rates >95%
(1, 3, 5, 8-10).

Reprint requests to: Sarah S. Donaldson, MD, Department of Radiation
Oncology, Stanford Cancer Center, 875 Blake Wilbur Dr, Stanford, CA
94305-5847. Tel: (650) 723-6195; E-mail: sarah2@stanford.edu

Conflict of interest: none.

Int J Radiation Oncol Biol Phys, Vol. 86, No. 5, pp. 930e935, 2013
0360-3016/$ - see front matter ! 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ijrobp.2013.04.035
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Boom Boom RT in Orbital Lymphoma (MALT) 

therapy. We observed an overall response rate of 96% with a CR
rate of 85% and no cases of in-field relapse at a median follow-up
of 33 months.

Our results compare favorably with previously published data
using low-dose radiation for indolent NHL (11-15). In the largest
series reported to date, Haas et al reported 109 patients with
indolent NHL involving 304 symptomatic disease sites treated
with 4 Gy with an overall response rate of 92%, CR rate of 61%
and a median time to local progression of 42 months among
patients with an initial CR (13). The CR rates reported in other
series using low-dose radiation in the treatment of NHL ranged
from 37% to 84% (11, 12, 14, 15). Some of these reports included
patients with indolent or aggressive lymphomas, which may
explain the variation in response rates. Most of our patients had
indolent NHL, mostly follicular lymphoma and marginal B cell
lymphoma, which is consistent with reports in the literature
regarding ocular adnexal lymphoma (9). We did observe a CR in 1
patient with mantle cell lymphoma that has been sustained at
a follow-up of 52 months.

Local control rates in the treatment of lymphoma of the ocular
adnexa using conventional dose radiation typically range from
95% to 100% (3, 4, 9, 10), which are similar to our experience of
FFLR using a low-dose radiation regimen. Letschert et al sug-
gested treating low-grade orbital lymphoma lesions with 30 Gy to
achieve a local control rate >90% and using 40 Gy for patients

with intermediate- and high-grade lesions (10). The lower dose
limit of radiation has been a source of controversy in the literature
with regard to orbital NHL management. Minehan et al suggested
the use of at least 24 Gy for treatment of primary orbital
lymphoma based on previous studies reporting local recurrence
rates of 15% to 33% with <20 Gy (8). Hoskin et al recently
presented preliminary data from the UK phase 3 randomized trial
Follicular Radiation Therapy Trial investigating low-dose radia-
tion therapy of 4 Gy compared with 24 Gy for 548 patients with
follicular and marginal zone lymphoma (17). At a median follow-
up of 22 months, the local control rate in the group that received 4
Gy was inferior to that of the group that received 24 Gy (80.4% vs
93.7%) (17). The disease location within the orbit may have
influenced our excellent response rates as compared with other
studies investigating 2 Gy ! 2 in the general treatment of NHL.
Because of the anatomical boundaries of the orbit, the tumor
burden in these patients is likely much less than in patients with
more generalized lymphoma in other sites. In addition, patients
who present with ocular adnexal NHL often have visible disease
or present with symptoms such as mass effect or decreased visual
acuity that may prompt earlier medical attention. This may have
influenced the high response rates we observed in our patients.

Although our cohort has not experienced any in-field relapses,
there was 1 case of relapse within the ipsilateral orbit outside of
the radiation treatment field. This patient had received partial orbit

Fig. 1. Freedom from local relapse for all sites with complete response treated with low-dose radiation therapy (NZ23).

Fig. 2. Freedom from regional relapse for all sites with complete response treated with low-dose radiation therapy (NZ23).

Volume 86 " Number 5 " 2013 Treatment of orbital NHL using 2 Gy ! 2 933

LOCAL CONTROL: 100% 



Can we predict the response 
to Low dose RT…? 

The wide spectrum of RT responses* 

Imagine a 10-fold spread in RT dose for prostate cancer… 

0.1 µSv 

Lymphoma 
Breast 
Cancer 

Lung 
Cancer 

Prostate 
Cancer GBM 

4-45 Gy 50 Gy 60-70 Gy 74-80 Gy >100 Gy 

Medullo 

23.4-36 Gy 

Outliers… Outliers… 

Central Hypothesis: 
 
1. Dramatic variations in radiosensitivity can be explained by molecular differences in the tumor 
2. Do we have any signature to be used to predict RT response and to better stratify patients? 
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Can we identify these 
patients up-front? 

Our key questions: 
1. Are there molecular biomarkers that can predict these differences? 
2. What about gene expression profiles? 

Response to very low dose RT is variable 



q  RT remains treatment of choice for majority of stage I/II1 indolent lymphomas 
(PET-staged), resulting in long term progression free survival and possible “cure” 
achievable with very low morbidity

q  Intrinsic radiosensitivity exists, but molecular features may trump histology 

q  Archival FFPE tissue now can be used readily for gene expression profiling 

q  RT gene signatures could help better direct treatment choices in lymphoma 

CONCLUSIONS 


