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o In most HL patients, RT is used in combination with 
chemotherapy

o Chemotherapy has evolved with increasing efficacy to play a 
major role in the management of HL

o RT continues to have an important place in ensuring 
locoregional control and improving overall outcome in the 
combined modality treatment programs for HL 

RT in classical Hodgkin Lymphoma



Classical Hodgkin Lymphoma

 Early stages:

Without risk factors (Favourable) 

With risk factors (Unfavourable)

 Advanced stages (bulky sites, residual disease)



Overall results of therapy for early disease

• Up to 90% cures with first line therapy

• About 95% alive at 5 years

• Primary focus of research is to 

• maintain (? improve) this result 

• minimise toxicity



The price of success 
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Results



399 patients with early stage disease

Favourable: 

STNI vs ABVD 4-6 cycles

Unfavourable: 

2 ABVD + STNI vs ABVD 6 cycles

Inferior EFS, FFP with ABVD alone

NCIC/ECOG HD6 study: Omitting radiation completely 

might be detrimental for disease control…

Meyer, R. M. et al. J Clin Oncol; 23:4634-4642 2005



Omitting RT safer in the long run ?
Meyer et al., N Engl J Med 2012; 366:399-408

Median 11.3 yrs follow-up.

OS at 12 yrs 94 vs 87% EFS 85 vs 80%

Deaths: RT arm: 4 HL  (9  2nd cancer, 2 cardiac, 3 infection, 5 other)  

ABVD arm: 5 HL  (4  2nd cancer, 2 cardiac)



NCIC CTG ECOG HD.6 Trial
Unfavorable Cohort-Causes of Death

From Meyer R et al. NEJM 2012;366:399-408

*Alzheimer disease, drowning, suicide, resp failure, unknown

Cause of Death ABVD alone
(137)

ABVD+STNI 
(139)

Hodgkin Lymphoma 5 4

Cardiac 2 2

Second CA 4 9

Infection 0 3

Other 0 *5

TOTAL 11 23



What do we learn from NCIC/ECOG HD6 ?

• Improving long term OS depends on :

– Effective initial therapy. RT leads to better disease 
control

– Developing treatment approaches with less late 
toxicity  (second cancers, lung injury, cardiac 
toxicity, infertility) is important to improving long 
term survival



What don’t we learn from HD6  ?

• How does full course (4-6) ABVD compare with 2 x ABVD and 
modern small RT field : PFS and OS,  patient tolerability and 
quality of life

• What are the acute and late consequences of replacing 2 x 
ABVD and modern small RT field versus more cycles of 
chemotherapy ? 

No RCT to address questions



o Combined modality treatment

o Chemo followed by “modern” radiotherapy

Early Stage classical Hodgkin Lymphoma



Hypothesis: Is more dose better?



German HD 10 study:  reducing therapy in early 

favourable disease

1370 pts  1998-2003

Early Favourable disease: 

IA/IIA

ABVD

2 cycles 4 cycles

Involved field RT

20 Gy 30 Gy

Engert A et al. N Engl J Med 2010;363:640-652.

Results equivalent for all 4 

arms: 5yr FFTF 92%  OS 97%



Eich H T et al. J Clin Oncol 2010;28:4199-4206

German HD 11 Study:
Lower threshold of therapy

for early unfavourable disease

1395 pts  1998-2003

Early Unfavourable disease

Chemotherapy

4 ABVD      4 BEACOPP

20 Gy 30 Gy

Involved field RT

ABVD + 20 Gy inferior on FFTF 



There was more acute toxicity associated with 2+2 than with ABVD, but there were no 
overall differences in treatment-related mortality or secondary malignancies



1970 1995-2008 2008-2016
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Hodgkin Lymphoma 
Evolution of Radiotherapy: Volumes





Gross tumor volume (GTV) (ICRU 83)

• Gross demonstrable extent and location of the tumor 

(lymphoma)

• Original (before any treatment) lymphoma: pre-chemo GTV

– Seen on CT: pre-chemo GTV(CT)

– Seen on FDG-PET: pre-chemo GTV(PET)

• Residual (after systemic treatment) lymphoma: post-chemo

GTV

– Seen on CT: post-chemo GTV(CT)

– Seen on FDG-PET: postchemo GTV(PET)



Clinical target volume (CTV) (ICRU 83)

• Volume of tissue that contains a demonstrable GTV 

and/or subclinical malignant disease with a certain

probability of occurrence considered relevant for 

therapy

• Encompasses the original (before any treatment) 

lymphoma (pre-chemo GTV), modified to account

for anatomic changes if treated with chemotherapy

up front

• Normal structures (e.g., lungs, kidneys, muscles) 

that were clearly uninvolved should be excluded

• Residual lymphoma (post-chemo GTV) is always

part of the CTV



Defining CTV relies upon 

the quality and accuracy of imaging; 

knowledge of the spread patterns of the 

disease, as well as potential subclinical extent 

of involvement, and adjacent organ at risk 

constraints 

all of which depend on clinical judgment and 

experience





The concepts of INRT and ISRT





GTV on pre-chemotherapy CT



GTV on pre-chemotherapy PET



GTVCT and GTVPET import on planning CT CTV definition by modifying 

GTVs according to response and normal tissues displacement  INRT



GHSG HD15 - Final analysisSpecht et al, IJROBP 2013





Responsibilities of the radiation oncologist

• Ensure that the advantages that can be 

obtained with modern radiotherapy are used to 

the benefit of the patient:

– Optimal target coverage

– Lowest target dose necessary for the highest 

chance of local lymphoma control

– Lowest possible risk of significant long-term side 

effects



3D-CRT

IMRT

Modern RT in lymphoma 
and treatment planning



Highly conformal RT

o Only the target volume is
treated to the full dose

o Better sparing of normal
tissues

o Low-dose bath to the 
surrounding normal tissues

3D-CRT

IMRT (VMAT)



IMRT in lymphoma RT

IMRT has been thought to be less useful and still not regarded 
as a standard option in hematological malignancies because:

o Lower prescribed doses, generally well below tolerance 
dose of normal tissues

o Fear of late effects secondary to low-dose exposure of 
larger volumes of healthy tissues 

o Theoretical increased risk of geographic miss, as the dose 
gradients are steeper around the target volumes



Modern RT in lymphoma

o Specific constraints in lymphoma RT 

o Do even lower radiation doses, which would be 
considered safe by conventional criteria (QUANTEC), carry
the risk of significant long-term toxicity? 





LINEAR “NO-THRESHOLD” CORRELATION BETWEEN MEAN 

HEART DOSE AND DEVELOPMENT OF CAD 

J Clin Oncol 2016



Cardiac substructures sparing with IMRT

2 coplanar arcs + 1 non-coplanar

Filippi et al. IRJOBP 2015; 92: 161-8



Big Data: National Cancer Database



Hoppe BS et al, IJROBP 2014;89(5):1053-1059 



Early stage disease

• Reducing size of the radiation field is 
safe 

• Reducing the radiation dose is possible 
for good prognosis disease, or after 
adequate chemotherapy

• Omitting radiotherapy altogether ? 



Progression-free survival

Overall survival

Chemotherapy alone versus chemotherapy plus radiotherapy for early stage HL: 
Herbst C et al, Cochrane Database Syst Rev 2011
Systematic review with meta analysis of RCT, Five RCTs involving 1245 patients. 
 Adding radiotherapy to chemotherapy improves tumour control and OS



To irradiate or not to irradiate ? 

PET-ORIENTED 

RADIOTHERAPY ?



The Challenge of 18FDG PET CT in HL : Converting large SUV 

numbers into Binary (Positive / Negative) and making sense of it

• Can we use FDG-PET to select patients who can be 
cured with less chemotherapy and no RT  ?

• Primary objective UK NCRI RAPID and EORTC 
H10 trials

– Is chemotherapy alone as effective - but less toxic to 

combined modality treatment in patients with CS I/II 

HL in terms of PFS in patients who are FDG-PET 

scan negative* after  3 cycles (UK NCRI) or two 

cycles (EORTC H10) of ABVD? (non-inferiority)



J Clin Oncol. 2014 Apr 20;32(12):1188-94



Hodgkin - CS I/II – untreated - 15-70 yrs – supradiaphragmatic - no NLPHL 

*PET-/+ according to protocol criteria
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EORTC/GELA/IIL H10 Study
For early favorable and unfavorable HL

H10 (#20051): study design



Favorable: PET-negativity 85.8%

Unfavorable: PET-negativity 74.8%



Initial treatment: 3xABVD 

Re-assessment: if response, PET scan performed

4th cycle ABVD then IFRT Randomisation

30 Gy IFRT No further 

treatment

PET +ve PET -ve

UK NCRI RAPID trial
In early stage HL (70% of patients: favorable by GHSG)



UK NCRI RAPID study 
PET scores after 3 cycles ABVD 

• After 3 cycles ABVD - 571 pts had FDG PET CT scan : 

• Deauville  5 point score : 

– Score 1 : 301 (52.7%)        74.7% PET NEGATIVE
– Score 2 : 125 (22.0%)

– Score 3 : 90 (15.7%) 25.3% PET POSTIVE
– Score 4 : 32 (5.6%)

– Score 5 : 23 (4.0%)

• 420 of 426 PET –ve pts randomised to IFRT (209) or NFT (211)

• 6 not randomised; pt choice 3, clinician choice 2, error 1



UK NCRI RAPID trial
Early stage HL

Radford J et al NEJM (2015) 372;17:1598-1605 

3 year PFS 97.0% 
IFRT vs 90.7% NFT 







Interim-PET studies confirmed that even PET-negative 

patients are more likely to fail without RT (yet this group 

may be smaller) 



If chemotherapy alone is considered, the patient should 

also have a discussion with a radiation oncologist to hear 

about PROS and CONS of RT in her/his particular case

This is how a lymphoma team should approach an 

individually tailored curative treatment in 2016, being 

generalizations, dogma and scare the ways of the past



CMT or chemo alone in early cHL?
Data from USA indicate a decrease in the use of RT and worse OS for 
patients receiving chemo alone

alysis in 20.600 US patients

Olszewski et al. JCO 2015;33:625-633



• In early favorable, 2xABVD+20Gy IFRT; more chemo not 

better

• In early unfavorable, 2+2+IFRT or 4xABVD+IFRT; 6x 

chemo not better (H8U) 

• CMT standard of care in early stage HL (OS better!)

• RAPID and H10 gave conflicting results; PET+ pts in H10 

benefit from dose escalation with Besc.

• Need to develop less toxic regimen; BV and anti-PD1 

might at least in part replace chemo- and radiotherapy in 

HL

Combined Modality Treatment of Lymphoma 



Pilot study of brentuximab vedotin plus AVD/ISRT in previously 

untreated early-stage, unfavorable-risk HL

Objectives: Primary: safety, pulmonary toxicity; Secondary: prognostic significance of 

interim PET (Deauville criteria), preliminary efficacy

Dose and schedule:

Kumar A et al. ICML 2015, Oral presentation from Abstract #88* >7 cm in MTD or >7 cm in MCD

31

Pt Characteristics, N=30

Median age, yrs (range) 31 (18–59)

CD30+ HL, % 100

CD20+ 13

EBV +, n=27 11

Stage II, % 100

Unfavorable risk features, ≥1 (%) 100

B symptoms, % 47

ESR >50 or ESR >39 with B-

symptoms, %

67

Nodal sites >2, % 67

Extranodal involvement, % 47

Bulk ≥10 cm, % 47

Anterior mediastinal mass >10 cm, 

n=14; median size, cm (range)

13 (10–16.9)

Bulky by MSK definition*, n=28 (%) 86





• Radiotherapy in advanced stage HL



Advanced stage 
Hodgkin lymphoma

IIL-HD0801 protocol

+

RT bulky No RT

stage IIB-IV

Staging including CT and 
PET scan or CT-PET

2 ABVD

2 ABVD

salvage2 ABVD

CT scan optional

PET-

CT + PET -+-

random



CT-PET

+ -
ABVD x 4

HL IIB-IV B. IPS 0-7 

Assess response on 
completion of treatment

No

Follow up 

FIL-GITIL   
HD0607 Trial

Consolidation 
Rx therapy

CT-PET 

+ -

Salvage treatment R

No Consolidation 
Rx therapy

R

R-BEACOPP-esc.  x 4BEACOPP-esc.  x 4

R-BEACOPP-bas.  x 4BEACOPP-bas.  x 4

(Biopsy +)

CT-PET

Gallamini, Lugano 2015

Assessment: Failure (< PR) ?

No Yes

ABVD x 2



RATHL (all)

3 year PFS: 82.6% (80.2 – 84.8)

HD18 (PET+ only): 

3 year PFS 91.4% – 93.0%

Comparing RATHL and HD18
PFS at 3 years





Modern RT in lymphoma

Radiation therapy has changed dramatically over the last 
few decades in terms of both irradiated volumes and 
dose

Smaller treatment volumes, lower radiation dose  and 
advanced conformal radiotherapy can certainly allow a 
safer radiation delivery, when/if needed (!!!)



”There is no doubt that radiation remains the 

most active single modality in the treatment of 

most types of lymphoma”
James O. Armitage


