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Clinical Case
• Female patient
• 38 years
• December 2019: diagnosis of cHL, stage IIB (X?)
• Therapy program: ABVD x 6 (with PET evaluation after 2 cycles)
• PET2: PR (focal residual uptake in the mediastinum ), DS4 à continued with ABVD
• PET6: SD, DS4

Baseline PET2 and PET6



• July 2020: salvage chemotherapy with BEGEV
• PET after 2 BEGEV: PR, with residual uptake in the mediastinum (SUVmax 2.8, liver uptake 2.3, DS 4)
• Interruption of BEGEV à start of Brentuximab Vedotin (September 2020)
• PET after 4 BV: SD (DS4)

Clinical Case

Before BEGEV After 2 BEGEV and 4 BV



Clinical Case
• Contrast Enhanced CT scan: residual mediastinal mass, located in close proximity to the right atrium in the same region 

of baseline disease à radiological finding highly suspicious for residual disease. 



What to do now ?

• Continue BV

• Involved Site RT followed by ASCT

• PD-1 inhibitor

• ASCT (eventually followed by ISRT or by BV) 



Clinical Case
• January/February 2021: The patient was referred for ISRT with 30 Gy in 15 fractions with the aim of achieving a better 

response before ASCT 



Clinical Case

• Restaging with CT scan 1 month after ISRT: reduction of the mediastinal mass

Before ISRT1 month after ISRT



Clinical Case

• June 2021: FEAM + ASCT

• Complication after ASCT: bilateral pneumonia complicated by septic shock (G4), requiring CPAP and adrenaline.

• Complete pulmonary recovery after 6 months and several lines of antibiotic therapy

• PET scan (January 2022): CMR

• Last follow up visit: November 2022: complete remission



q The role of radiotherapy (RT) is controversial in this setting.

q Unfortunately, the role of RT before or after ASCT has never been addressed by prospective
randomized trials, due to the heterogeneity of presentations, salvage programs and uncertainties in
selection criteria

Role of Peritransplant (pre/post ASCT) Radiotherapy in R/R HL



Retrospective studies focusing on peritransplant RT in R/R HL

Study N° pts 
N° receiving RT (%) RT timing RT dose Results

Mundt et al.
(IJROBP 1995)

54 pts
20 received RT (37%)

7 pre-ASCT
13 post-ASCT

Median 36 Gy
(range 19.8 - 45.6 Gy)

3 years PFS in post-HDCT SD or PR
NO-RT: 12.1%
IFRT:     40%           p = 0.04

Poen et al.
(IJROBP 1996)

100 pts
24 received RT (24%)

18 pre-ASCT
6 post-ASCT

Median 30 Gy
(range 12.5 - 45 Gy)

3 years OS in Stage I-III pts:
NO-RT: 60%
IFRT:    85%            p = 0.16

Wendland et al.
(AJCO 2006)

65 pts
21 received RT (32%)

6 pre-ASCT
15 post-ASCT

Median 28.8 Gy
(range 21 – 43.2 Gy)

5 years OS:
NO-RT: 55.6%
IFRT:    73.3%         p = 0.16

Kahn et al.
(IJROBP 2011)

92 pts
46 received RT (50%)

38 pre-ASCT
8 post-ASCT

Median 30 Gy
(range 21 - 45 Gy) DFS benefit for patients receiving IFRT to bulky sites

Biswas et al.
(Radiother Oncol 2012)

62 pts
32 received RT (52%)

32 post-ASCT Median 30.6 Gy
(range 6.0 – 44.2 Gy)

3 years OS:
NO-RT: 40%
IFRT:    69.6%         p = 0.05

Eroglu et al.
(AJCO 2015)

45 pts
20 received RT (44%)

16 pre-ASCT
4 post-ASCT

Median 30 Gy
(range 25 - 44 Gy)

5 years OS in Stage I-II pts:
NO-RT: 48%
IFRT:    81%            p = 0.045

Milgrom et al.
(Cancer 2016)

189 pts
22 received RT (12%)

1 pre-ASCT
21 post-ASCT

Median 36 Gy
(range 25.2 – 41.4 Gy)

NO PFS/OS differences
IFRT provided higher LC rates

Levis et al.
(CLML 2017)

73 pts
21 received RT (29%)

6 pre-ASCT
15 post-ASCT

Median 30 Gy
(range 25.2 – 43.2 Gy)

3 years OS in PET+/Stage I-II pts
NO-RT: 62.3%
IFRT:    91.7%          p = 0.14





Variable Patients (131) 
N (%)

Gender male
female

68 (52%)
63 (48%)

Age Median (range) 32 (18-70)
ECOG PS 0

≥1
N.A.

87 (66%)
35 (27%)

9   (7%)
Relapse Interval after 1st line Early (≤ 6 months)

Late  (> 6months)
52 (40%)
79 (60%)

Stage at relapse Stage I-II
Stage III-IV
N.A.

92 (72%)
36 (28%)

3   
Bulky at relapse NO

YES
118 (92%)

10   (8%)
3

Site of relapse Same site(s)
Different site(s)
Both
N.A.

96 (75%)
11   (9%)
21 (16%)

3
PET status before ASCT CR

PR/SD
PD
N.A.

50 (42%)
53 (44%)
17 (14%)

11
RT timing before ASCT

after ASCT
32 (24%)
99 (76%)

Number of irradiated sites 1
2
3
4
5
N.A.

60 (47%)
35 (27%)
26 (20%)

5 (4%)
2 (2%)

3
Follow up time (median) Median (in months) 60

54%
did not achieve CMR before ASCT

40%
Had an early relapse/refractory disease

76%
Received IFRT after ASCT

Levis M. et al. IJROBP 2023

Table 1 - Patients characteristics

72%
Had limited stage disease (Stage I-II) at relapse
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77% @ 5 years
72% @ 5 years
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Stage I-II

Stage III-IV

Stage I-II

Stage III-IVp=0.009 p=0.05

Treated sites ≤3

Treated sites >3 p=0.002 p=0.006
Treated sites ≤3

Treated sites >3

A B

C D
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Overall survival according to PET status
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Which is the best timing for peritransplant RT ? 

• Before ASCT

• After ASCT

• The timing of RT is not relevant as it does not affect the final outcome

• It depends on several clinical factors
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After ASCT

Before ASCT p=0.55
After ASCT

Before ASCT p=0.46

Timing of peritransplant RT has no impact on the outcomes
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Comparison with literature data

Chemo + RT Chemo alone

OS @ 3 years
Study N° pts receiving RT Best arm

Stanford (1996) 24 85%

MDACC (2016) 22 78%

Duke/Rochester (2012) 32 82%

Utah (2006) 21 73%

FIL study (2023) * 131 83%

OS @ 3 years
Study N° pts Best arm

GHSG (2002) 161 68%

IIL/FIL (2003) 102 64% (5 years)

Aethera (2015) 329 84%

BEGEV (2016) 59 78%
* single arm



What is the rate of complete metabolic response (CMR) achieved by RT in 
patients with incomplete metabolic response before radiation? 

• <5%

• 10-15%

• 25%

• 50%



RT timing Overall improvement in Metabolic response (ORR) after RT Complete metabolic response (CMR) after RT

Before ASCT 9/14 (64%) 6/14 (43%)

After ASCT 16/24 (67%) 12/24 (50%)

Metabolic response to peri-transplant RT

Metabolic response to “modern” drugs

Drug Overall Response Rate (ORR) Complete Metabolic Response (CMR)

Brentuximab Vedotin
(Younes et al 2012) 76/102 (75%) 35/102 (34%)

Nivolumab 
(CheckMate 205) 168/243 (69%) 40/243 (16%)

Pembrolizumab 
(Keynote 087) 145/210 (69%) 47/210 (22%)
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PET-adapted sequential salvage therapy with brentuximab 
vedotin followed by augmented ifosamide, carboplatin, and 
etoposide for patients with relapsed and refractory 
Hodgkin’s lymphoma: a non-randomised, open-label, 
single-centre, phase 2 study
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Summary
Background Pre-transplantation ¹⁸F-fl uorodeoxyglucose (FDG) PET-negativity is one of the strongest predictors of 
outcome after high-dose therapy and autologous stem-cell transplant (HDT/ASCT) for patients with relapsed or 
refractory Hodgkin’s lymphoma. In this study, we assessed the feasibility and activity of PET-adapted salvage therapy 
with brentuximab vedotin, followed by augmented ifosfamide, carboplatin, and etoposide (ICE).

Methods In this non-randomised, open-label, single-centre, phase 2 trial, we enrolled patients with relapsed or 
refractory Hodgkin’s lymphoma who had failed one previous doxorubicin-containing chemotherapy regimen. All 
patients received weekly infusions of 1·2 mg/kg brentuximab vedotin on days 1, 8, and 15 for two 28 day cycles. After 
completion of brentuximab vedotin treatment, patients received a PET scan. Patients who achieved PET-negative 
status (a Deauville score of 1 or 2) proceeded directly to HDT/ASCT; those with persistent abnormalities on PET 
received two cycles of augmented ICE (augICE; two doses of ifosfamide 5000 mg/m² in combination with mesna 
5000 mg/m² continuous infusion over 24 h, days 1 and 2; one dose of carboplatin AUC 5, day 3; three doses of 
etoposide 200 mg/m² every 12 h, day 1) before consideration for HDT/ASCT. Only patients with persistent 
abnormalities on PET after brentuximab vedotin received augICE; however, all patients in the intention-to-treat 
population were assessed for the primary outcome, which was the proportion of patients who were PET-negative after 
brentuximab vedotin alone or brentuximab vedotin followed by augICE. This study is registered with ClinicalTrials.
gov, number NCT01508312, and is no longer accruing patients.

Findings Between Jan 5, 2012, and Oct 4, 2013, we enrolled 46 patients. One patient was deemed ineligible, and not 
evaluable, before treatment initiation owing to having nodular, lymphocyte-predominant Hodgkin’s lymphoma and 
thus 45 patients received treatment. After brentuximab vedotin, 12 patients (27%, 95% CI 13–40) were PET-negative 
and proceeded to HDT/ASCT. 33 (73%, 95% CI 60–86) patients were PET-positive after brentuximab vedotin; one 
PET-positive patient withdrew consent, therefore 32 PET-positive patients received augICE, 22 (69%, 95% CI 53–85) 
of whom were PET-negative. Overall, 34 patients (76%, 95% CI 62–89) achieved PET-negativity. All 44 patients who 
completed treatment as per protocol proceeded to receive HDT/ASCT. Brentuximab vedotin was well tolerated and 
associated with few grade 3–4 adverse events including hyperglycaemia (two [4%] patients, grade 3), nausea (one 
[2%], grade 3), hypoglycaemia (one [2%], grade 3 and one [2%], grade 4), and hypocalcaemia (one [2%], grade 3 and 
one [2%], grade 4).

Interpretation PET-adapted sequential salvage therapy with brentuximab vedotin followed by augICE resulted in a 
high proportion of patients with relapsed or refractory Hodgkin’s lymphoma achieving PET-negativity, and therefore 
could optimise the chance of cure after HDT/ASCT.

Funding Seattle Genetics.

Introduction
Up to 30% of patients with Hodgkin’s lymphoma relapse 
after, or do not respond to, fi rst-line therapy.1 Randomised 
studies have established that the standard therapy for 
these patients is salvage chemotherapy followed by 
consolidation with high-dose therapy and autologous 
stem-cell transplantation (HDT/ASCT)—around 50% of 

patients with relapsed or refractory Hodgkin’s lymphoma 
are cured with this regimen.2,3 The choice of salvage 
chemotherapy for Hodgkin’s lymphoma depends on the 
centre or investigator, and options include platinum-
based combination regimens such as ifosfamide, 
carboplatin, and etoposide (ICE), or dexamethasone, 
cytarabine, and cisplatin (DHAP), or gemcitabine-based 
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being PET-negative at the end of the study was deemed to 
be unacceptable. With the acceptance of type I and II 
error rates of 0·10, we planned to enrol 18 patients in 
stage 1, of whom at least eight patients were required to 
achieve PET-negative status following brentuximab 
vedotin alone or brentuximab vedotin plus augICE to 
proceed to stage 2. In stage 2, we planned to enrol an 
additional 28 patients, for a total of 46 patients.

We analysed associations between patient charac teristics 
and PET status for the secondary endpoints with Fisher’s 
exact test. We estimated event-free survival and overall 
survival using the Kaplan-Meier method, and assessed the 
signifi cance of potential prognostic factors using log-rank 
tests. Factors that were signifi cant by univariate analysis 
(p≤0·05) were assessed by multivariate analysis using Cox 
regression models. All statistical analyses were done with 
SPSS, version 22, and all participants were included in the 
intention-to-treat analyses.

This trial is registered at ClinicalTrials.gov, number 
NCT01508312.

Role of the funding source
The funder had no role in the study design, data collection, 
data analysis, data interpretation, or writing of the report. 
The corresponding author had full access to all the data 
and had fi nal responsibility to submit for publication.

Results
Between Jan 5, 2012, and Oct 4, 2013, we enrolled 
46 patients. One patient had nodular, lymphocyte-
predominant Hodgkin’s lymphoma at the fi nal 
pathological review after enrolment and was therefore 
deemed ineligible and not evaluable. 45 patients therefore 
remained in the study and were assessed for the primary 
endpoint (fi gure 1, table 1). One PET-positive patient 
withdrew consent after receiving brentuximab vedotin but 
before receiving augICE. The median number of previous 
cycles of therapy was six (IQR 6–6), and the most common 
reason for only four cycles of previous treatment was 
primary refractory disease. Eight (18%) patients had 
received radiation with initial therapy, of whom six 
relapsed within previously radiated fi elds.

Table 2 shows patients’ response according to the fi ve-
point Deauville score after brentuximab vedotin and 
augICE. 12 (27%, 95% CI 13–40) of 45 patients were PET-
negative, and 43 (96%, 90–100) of 45 patients  achieved 
tumour reduction after brentuximab vedotin treatment 
(fi gure 2). 33 (73%, 60–86) patients were eligible to receive 
augICE; however, one withdrew consent. 22 (69%, 
95% CI 53–85) of the remaining 32 patients who received 

Figure 3: Kaplan-Meier plot for overall survival (A), event-free survival (B), 
and event-free survival for patients who received transplantation, 
according to their PET status and treatment group (C)
BV=brentuximab vedotin. AugICE=augmented ifosamide, carboplatin, and 
etoposide. Note that all patients received high-dose therapy and autologous 
stem-cell transplantation, irrespective of their PET status and treatment group.
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q Pre-transplant RT given to 38% patients

4out of 5 patients in remission received RT

Novel Agents… Integration with RT Might Be 
Effective For Selected Patients



Ø RT can enhance TIL repertoir

Ø RT can lead to adaptive 
upregulation of PD-L1

Ø RT upregulates MHC 
expression and may increase 
neoantigen repertoire

Ø RT modifies tumour metabolism 
and may synergise with ICIs 
and metabolic inhibitors

Future perspectives: Combination of PD-1 inhibitors and RT
The potential effect of RT on the Tumor Micro Environment

De Maria & Formenti, Front Oncol 2012
Kordbacheh T et al, Annals Oncol 2018
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RT demand in the treatment of Hodgkin lymphoma

RT as “single agent” 
has the potential to 

cure lymphomas

The combination of 
Chemotherapy with (less) RT, 
increases the chances for a 

lymphoma patient to get cured

RT Is the most effective single 
agent in the treatment of most 

type of lymphomas

RT Is the main cause of long 
term complication in lymphoma 
survivors and should be omitted 

whenever possible

Novel agents will more and more 
often replace RT, without 

compromising patients outcomes

Radiation has the potential 
to cure selected R/R 

patients in combination 
with novel agents



Let’s fight together against…

RADIOPHOBIA VULGARIS !


