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Educational Goals

1. Understand how radiation therapy for Hodgkin lymphoma has 
evolved to reduce normal tissue exposure

2. Recognize that toxicity risks have declined with lower radiation 
doses and smaller fields

3. Estimate toxicity risks with today’s modern techniques
4. Discuss future areas of research to characterize radiation dose-

volume-toxicity relationships



Site of Hodgkin lymphoma
Radiation dose distribution: 36-45 Gy
Heart
Thyroid

Historic RT: Total Lymphoid Irradiation Cured HL



Ng Blood 2014

Castellino Blood 2011

Excess Mortality in 5-Year Survivors of HL in the CCSS, Treated 1970-1986 (n=2,742)

Cause-Specific Mortality in Survivors of Stage I-II HL, Treated at a Single Institution 1967-2007 (n=1,542)



RT Dose & Field are Associated with Mortality

• In a MVA, higher RT doses & larger fields were associated with a greater 
risk of all-cause mortality & death from a SMN:

HR for death from any cause 95% CI P

Castellino Blood 2011

HR for death from a SMN 95% CI P



Evolution in RT Approach

• Desire to reduce late effects  new treatment strategies that limit 
normal tissue radiation exposure

• Evolution in  
• Radiation target volumes 
• Radiation doses
• Radiation techniques
• Selection of patients & disease sites for RT
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TLI Mantle IFRT ISRT/INRT

36-45 Gy 20-36 Gy

1960’s 2000’s

2D 3D IMRT, Protons,
PET fusion, DIBH, IGRT



Evolution of RT for Lymphoma
Mean dose to normal tissue in matched patients with early-stage HL:

CCSS (1970-1986)
• 44 Gy
• Extended fields
• 2D planning

COG (2002-2009)
• 21 Gy
• IFRT
• 3D planning

↓ 83%; 
↓ 16 Gy

↓ 67%;
↓  23 Gy

↓ 61%;
↓  15 Gy

↓ 49%;
↓  21 Gy

Zhou IJROBP 2016
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• Historically, RT was used for all sites of disease, in all patients
• Recent trials have explored if radiation exposure can be further 

reduced through careful selection of patients & sites for RT
• Early-stage disease
• Sites at highest risk of relapse

• Initial bulk
• SER
• PR at the end of systemic therapy

Selection of Patients and Sites for RT



↓ field size + 
↓ dose + 

technological advances +
careful patient/site selection 

Reduction in Normal Tissue Exposure in the Population 



JCO 2021; 39(20)



Decade-Specific Trends in Therapeutic Exposures

Oeffinger JCO 2021



Risk of a Grade 3-5 Health Condition in Survivors

P = 0.002

Oeffinger JCO 2021



Risk of a Chronic Condition by Treatment Era & RT Exposure

• In MVA including sex, age, anthracycline dose, & alkylator dose:

Oeffinger JCO 2021



Conclusions

• In survivors of HL, the risk of any grade 3-5 chronic health condition 
decreased by era of treatment

• Lower radiation doses and smaller fields were associated with a lower 
risk of any grade 3-5 toxicity



BMJ 2020; 368



Survivors of HL: Treatment Exposures by Decade

1970-1979 1980-1989 1990-1999
Mean Heart RT Dose (Gy):

None
<15
15 to <35
≥35

52 (5.6%)
119 (12.8%)
202 (21.7%)
558 (59.9%)

159 (17.4%)
163 (17.8%)
264 (28.8%)
330 (36.0%)

410 (52.0%)
217 (27.5%)
140 (17.8%)
21 (2.7%)

Anthracycline Dose (mg/m2):
None
<250
≥250

824 (89.0%)
31 (3.2%)
72 (7.8%)

507 (56.3%)
263 (29.2%)
131 (14.5%)

82 (10.3%)
597 (75.2%)
115 (14.5%)

Mulrooney BMJ 2020



Survivors of HL: CAD Risk by Decade

• Incidence of CAD declined significantly with treatment era
• HR 0.44 for the ‘90s compared with the ‘70s (P = 0.01)

• Attenuated by adjustment for exposure to RT/anthracyclines  reduction 
in MHD contributed significantly to the decline in CAD incidence

Mulrooney BMJ 2020



Conclusions

• In survivors of HL, MHD declined dramatically over the study period
• The 20-year cumulative incidence of CAD in survivors treated in the 

‘90s was <1/2 that of survivors treated in the ‘70s
• Reduction in MHD contributed significantly to the decline in CAD 

incidence over successive treatment periods

Mulrooney BMJ 2020



IJROBP 2016; 97(1)



7.5%

2.0%
3.1%

Mantle RT (n=231)

Chemo only (n=318)

Small field RT (n=185)
• IFRT, ISRT, or INRT 

Conway IJROBP 2016



Conway IJROBP 2016





Conclusion

• These studies have demonstrated a lower risk of SBC in survivors of 
HL who were treated with smaller field sizes and lower radiation 
doses



Temporal Change in Secondary Breast Cancer 
• However, not all studies have shown a decreased risk of SBC according 

to era of treatment.  Why??
• Smaller RT fields may not have been adopted widely enough during the most 

recent periods to translate into a decreased risk of SBC
• Increased breast cancer screening during the more recent periods may have 

resulted in the earlier detection of more SBC cases
• Anthracyclines are used more commonly in the modern era and are associated 

with a greater risk of SBC
• Ovarian preservation, due to avoidance of high-dose procarbazine and pelvic RT, 

may increase the incidence of SBC



Reduced Late Effects with Lower Doses/Smaller Fields

• Clinical data confirm that lower doses/smaller fields are associated 
with a decreased risk of:

• Any grade 3-5 chronic health condition
• CAD
• Breast cancer

• Importantly, since the survivors reported in these studies were 
treated for HL, the treatment approach has continued to evolve to 
reduce dose to organs at risk



Pinnix JAMA Netw Open 2020



Evolution of RT for Lymphoma

(1970-1986) – 44 Gy, extended fields
(2002-2009) – 21 Gy IFRT, AP-PA

Zhou IJROBP 2016
Pinnix JAMA Netw Open 2020

Thyroid V20:
16.9%

Mean lung: 
1.3 Gy

Mean breast: 
0.1 Gy

Mean heart:
0.8 Gy total cohort
1.8 Gy mediastinal dz

above L main
4.8 Gy mediastinal dz

below L main

Pinnix (2010-2019) – 20 Gy ISRT, IMRT



Risk of Late Effects with Modern Radiation

• Doses to normal tissues are substantially lower in patients treated 
today, compared to those in survivors with available late effects data 

• Do not have long-term clinical data regarding late effects with today’s 
limited RT doses/volumes

• There is a long latency period before late effects are observed
• Can estimate the risk from available dose-toxicity data



Estimated Cardiac Toxicity Risk
Average NCCN 

Constraint
GHSG HD17 
(Oertel)

RNRT in HR-HL 
(Metzger)

ISRT in ES-Fav-HL 
(Pinnix)

Mean heart 
dose

< 8Gy (rec)
<15 Gy (accept)

13 Gy 5.29 Gy 1.8 Gy med dz above L main
4.8 Gy med dz below L main

Bates et al. JCO 2019



Estimated Breast Cancer Risk
Average dose NCCN 

Constraint
GHSG HD17 
(Oertel)

RNRT in HR-HL 
(Metzger)

ISRT in ES-Fav-HL 
(Pinnix)

Mean breast Minimize V4Gy
(ideally <10%)

3.6 Gy 3.21 Gy 0.1 Gy

of breast cancer

Veiga et al. JAMA Ped 2019

OR 1.7 (95% CI 1.0-
3.0) for survivors 
with 1-5 Gy breast 
dose compared to 0 
Gy



Estimated Thyroid Cancer Risk
Average dose NCCN Constraint RNRT in HR-HL (Metzger) ISRT in ES-Fav-HL (Pinnix)

Mean thyroid V25Gy <63.5%
Minimize V30Gy

4.46 Gy V20Gy 16.9%

of thyroid cancer

Bhatti Rad Res 2010



Conclusion

• Long-term follow-up data for patients treated with contemporary RT 
techniques will not be available for decades

• However, OAR doses are low with the small target volumes/low doses 
used for modern RT in HL 

• Known radiation dose-toxicity relationships suggest a low risk of late 
effects in patients treated today, compared to survivors treated with 
older approaches



Future Directions

• Greater insights into dose-volume-toxicity relationships
• Impact of a low dose to a large volume of healthy tissue vs. higher dose to a 

small volume?
• Critical question given the different dose distributions with newer 

technologies, such as IMRT/VMAT and proton therapy
IMRT: more low dose Protons: more high dose

Holzman Acta Oncol 2013





Dose-Volume Effect on Breast Cancer Risk

Roberti JNCI 2022
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Roberti JNCI 2022



Conclusions

• SBC risk increased with increasing mean and median breast dose
• Numerous other dose-volume metrics were associated with BC risk, 

but significance was not maintained after adjusting for mean dose
• Limitations:

• Possible uncertainty in reconstruction of historic 3D dose distributions
• Limited variability in breast doses because a limited number of RT field types 

were very common or were variations of similar fields (mantle) 

• Future study of patients treated with a larger variety of breast doses 
& accurate patient-level dosimetry may further elucidate dose-
volume-toxicity relationships



Future Directions

• Greater insights into dose-volume-toxicity relationships
• Particularly radiosensitive substructures of organs at risk?
• Critical question to guide treatment planning and predict toxicity risk

MHD: 12 Gy
Mean LAD dose: 28 Gy
Mean LV dose: 18 Gy

MHD: 12 Gy
Mean LAD dose: 3 Gy
Mean LV dose: 1 Gy

Hoppe PRO 2020





Bates JCO 2023



Conclusions

• Cardiac toxicity outcomes were associated with doses to specific 
substructures  

• Future study of patients treated with a large variety of cardiac doses 
& accurate patient-level dosimetry may further elucidate dose-
volume-toxicity relationships



Summary

• High risk of late M&M in survivors of HL after historic RT 
• Contemporary RT employs smaller target volumes, lower doses, 

advanced techniques, careful patient/site selection 
• Dose to normal tissues is lower with a modern approach 

decreased risk of treatment-related toxicity 
• Management of HL continues to evolve 
• Future study of dose-volume-toxicity relationships will inform 

radiation planning
• Overall goal: reduce the risk of late effects without compromising 

relapse-free survival



Thank you! 

Questions?

sarah.milgrom@CUAnschutz.edu
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