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ABSTRACT

Background: Consolidation radiotherapy for advanced Hodgkin lymphoma (AHL) is controversial.
Precise knowledge of the most likely relapse location is crucial for radiotherapy planning. We per-
formed detailed patterns of relapse analyses and evaluated if initial bulky disease, initial 18F-fluoro-
deoxy-glucose (FDG)-avidity and/or a residual mass on computed tomography (CT)-scan after chemo-
therapy are sites with a high risk of relapse. This information could provide guidance for optimal use
of radiotherapy in AHL.

Material and methods: We included 133 patients treated with curatively intended chemotherapy for
AHL. 23 patients received consolidation radiotherapy. For relapsed patients, imaging from diagnosis,
response evaluation, relapse, and any radiotherapy planning, were retrieved and co-registered to
determine the exact site(s) of relapse relative to initial site(s), residual mass(es) and to any irradiated
volumes. Size and FDG-avidity of initial sites with later relapse, and residual CT-abnormalities after
chemotherapy in these sites were registered. Survival analyses were done using the
Kaplan-Meier method.

Results: Nine (6.8%) patients relapsed, eight in initially involved sites. One relapse was in an initially
irradiated site (as well as other sites). Initial bulky disease, high initial FDG-uptake, and/or residual
masses on CT-scan after chemotherapy did not predict sites with a high risk of relapse. Overall survival
was 79.6% (95% Cl, 72.7-86.5%) and 70.6% (95% Cl, 62.4-78.8%) at 5 and 10 years, respectively. Time
to progression analysis showed 91.8% (95% Cl, 86.9-96.7%) and 90.7% (95% Cl, 85.4-96.0%) without
progression at 5 and 10 years, respectively.

Conclusion: Current treatment strategies for AHL provide excellent disease control. Neither initial bulk,
high initial FDG-uptake, nor a residual CT-abnormality post-chemotherapy seem to indicate sites with
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a high risk of relapse.

Introduction

In patients with advanced Hodgkin lymphoma (AHL) radio-
therapy is used as a consolidation after effective systemic
treatment. Currently, consolidation radiotherapy is used in
two clinical scenarios: for residual positron emission tomog-
raphy (PET) positive lymphoma masses and/or for initial
bulky disease, under the assumption that these volumes are
at a high risk of relapse.

From randomized studies, it is documented that patients
with interim or residual PET positive lymphoma and/or bulky
disease have a higher risk of relapse [1-4]. However, it is not
known in which exact site(s) they relapse, nor if it is possible
to predict upfront which parts of the lymphoma volume
have the highest risk of relapse after chemotherapy alone. As
the aim of consolidation radiotherapy is to secure local

disease control, defining which sites are at the highest risk of
relapse is essential in order to determine which volumes
may benefit from radiotherapy, thereby guiding a more
rational use of radiotherapy for AHL.

Here, we present patterns of relapse analyses at the indi-
vidual patient level, in an unselected 10-year cohort of
patients treated according to modern guidelines with effect-
ive systemic therapy with or without radiotherapy. We per-
formed a detailed analysis of the exact anatomical site(s) of
relapse and evaluated if initial disease characteristics such as
bulk or 18F-fluoro-deoxy-glucose (FDG)-avidity, or a residual
mass on computed tomography (CT)-scan after chemother-
apy indicate specific sites with a high risk of relapse that
could possibly be prevented by radiotherapy. Additionally,
we analyzed the long-term outcome of this patient cohort.
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Material and methods
Patients

We included patients with stage lll and IV classical Hodgkin
lymphoma (HL) treated at Rigshospitalet, University of
Copenhagen, in a 10-year period from 2005 to 2014. Patients
were identified through the Danish National Lymphoma
Registry (LYFO) [5]. Patient characteristics, treatment details
and follow-up information were retrieved from LYFO and veri-
fied through review of individual medical records. Patients
with primary refractory disease (progression of initially
involved sites or new sites during or just after chemotherapy),
patients who received no treatment or palliative treatment
only, and patients treated according to pediatric regimens
were not included (see Figure S1 in Supplementary material).

Permits

Permission to collect patient data was obtained from the
Danish Patient Safety Authority and from the Danish Data
Protection Agency. Permission from the Ethics Committee
was not required for this retrospective study according to
Danish law.

Staging, treatment, response assessment, and follow-up

Initial workup included physical examination, blood tests, and
a CT- or whole-body PET/CT-scan. Patients were staged using
the Ann Arbor staging classification [6], and the International
Prognostic Score (IPS) was used for risk stratification [7].

Chemotherapy regimens consisted of adriamycin, bleo-
mycin, vinblastine, dacarbazine (ABVD) or bleomycin, etopo-
side, adriamycin, cyclophosphamide, oncovin, procabazine,
prednisone (escalated BEACOPP), exceptions were patients
enrolled in study protocols.

Radiotherapy was delivered to patients who did not
achieve complete response (CR) after chemotherapy (eval-
uated either by PET/CT-scan or CT-scan alone) and in some
cases also to patients with initial bulky disease (>10cm in the
largest diameter [8]). All patients who had PET positive
(defined according to the consensus recommendations of the
International Harmonization Project [9] (before 2009), and
according to the Deauville score >4 [10] (after 2009)) residual
masses were irradiated. The target volume encompassed the
residual lymphoma after chemotherapy (including both PET
positive and PET negative parts of the lymphoma mass) and/
or the initial bulky disease modified to account for anatomical
changes after chemotherapy according to the involved site
radiotherapy (ISRT) principles [11]. Doses were 30-36 Gray
(Gy), delivered in 1.8 Gy fractions, 5 fractions per week.

Response assessment with physical examination, blood
tests, and CT- or PET/CT-scan (virtually all patients had a
PET/CT) was done two months after the end of treatment.

During follow-up, a PET/CT-scan was only performed if a
relapse was suspected. Patients were followed clinically for a
total of five years. Thereafter follow-up information was
obtained via registry data. Patients treated on protocol were
followed accordingly.
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Patterns of relapse analysis

For patients who relapsed, the staging CT- or PET/CT-scan,
the post-chemotherapy CT- or PET/CT-scan and the PET/CT-
scan at relapse were retrieved. For patients who had radio-
therapy, the planning CT-scan and treatment plan were also
retrieved. The initially involved sites, both metabolically
active sites (PET positive) and anatomically involved sites
(seen on CT), were delineated on the staging scan, and the
relapse sites were delineated on the relapse scan. Rigid co-
registration of the staging scan with the relapse scan was
done to assess the exact location of the relapse site(s) rela-
tive to the initially involved site(s) (see Figure 1). For the
patient who received radiotherapy, co-registration with the
planning CT-scan and treatment plan was also done, to
assess if the relapse was located anatomically in a previously
irradiated site. Sometimes more than one co-registration was
necessary to achieve satisfactory soft tissue fit in each
involved area.

For patients with a relapse in an initially involved site(s),
the largest diameter of the initially involved site (measured
in three planes) was registered to evaluate if a relapse prefer-
entially occurred in initial bulky sites. Also, the maximum
Standardized Uptake Value (SUV,,,,) of the initially involved
site(s) with a later relapse was measured to evaluate if relap-
ses occurred preferentially in sites with a high initial FDG-
uptake. Finally, registration of any residual mass on CT-scan
post-chemotherapy was done to evaluate if relapses
occurred primarily in sites that did not achieve complete
structural remission (see Table 1).

Statistical analyses

The close-out date for follow-up was 31 December 2019.
Overall survival (OS) and time to progression (TTP) were cal-
culated using the Kaplan-Meier method [12]. OS was defined
as time from the date of diagnosis until the date of death
from any cause. TTP was defined as time from the date of
diagnosis until the date of relapse or the date of death due
to HL. TTP was chosen as the relevant measure of disease
control, as progression free survival (PFS) includes patients
dying from other causes, and therefore not contributing with
information on relapse localization. Differences in OS and
TTP between IPS risk groups were tested with the log-rank
test [13]. Multivariate analysis was performed according to
the Cox regression model [14]. Analyses were performed in
IBM® SPSS® statistical software (version 25) and R® (SPSS Inc.,
Chicago, IL, USA).

Results
Patient and treatment characteristics

Of 175 patients identified from LYFO, a total of 133 patients
were included. Forty-two patients were excluded due to:
early-stage disease (1), uncertainty as to whether the patient
was treated for primary or relapsed disease (1), palliative
intent (3), no treatment (5), treatment according to a pediatric
regimen (22) or primary refractory disease (10) (see Figure S1
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Figure 1. Rigid co-registration of the staging- and relapse scans for two patients (a—e and f-h). (a) Staging PET/CT-scan. Arrow pointing to an initially involved PET
positive supraclavicular lymph node. (b) CT part of the staging PET/CT-scan. Delineation of the PET positive (cyan) and the anatomically involved volume (red). (c)
Relapse PET/CT-scan. Arrow pointing to a PET positive relapsed supraclavicular lymph node. (d) CT part of the relapse PET/CT-scan. Delineation of the PET positive
(yellow) and the anatomically involved volume (blue). (e) Fusion of the staging- and the relapse PET/CT-scans. The relapse is in the exact same lymph node as ini-
tially involved. (f) CT part of the staging PET/CT-scan. Delineation of a PET positive (cyan) and two anatomically involved mediastinal lymph nodes (red). (g) CT part
of the relapse PET/CT-scan. Delineation of a PET positive (yellow) and anatomically involved (blue) mediastinal lymph node. (h) Fusion of the staging- and the
relapse scans. The relapse is in the exact same lymph node as initially involved.CT: computed tomography; PET: positron emission tomography.

in Supplementary material). Patient and treatment characteris-
tics are shown in Tables 2 and 3.

Twenty-three (17.3%) patients received radiotherapy to a
residual lymphoma volume following chemotherapy, nine
(39.1%) patients due to residual PET positive lymphoma and
14 (60.9%) due to residual lymphoma on CT-scans (nine of
these had a PET negative interim scan). Seven (30.4%) irradi-
ated patients also had initial bulky disease.

Patterns of relapse

A total of nine (6.8%) patients relapsed. The median time
from diagnosis to relapse was 25months (range: 9-82).
Eight patients relapsed in initially involved sites. Of these,
five relapsed in both previously involved and uninvolved
sites. One patient relapsed in an initially uninvolved
site only.

One patient relapsed in an initial bulky site which had not
been irradiated. The remaining seven patients relapsed in

initially involved non-bulky sites, and four of these patients
had other initially involved sites larger than the one(s) with a
later relapse.

Initial SUV.y of the sites with a later relapse varied in
and between relapsed patients, and only one patient
relapsed in the site with the highest initial SUV,,,. All other
relapsed patients had initially involved sites with a higher
SUVhax than in the one(s) with a later relapse.

Three patients relapsed in a site with a residual mass on
CT-scan after chemotherapy; none of them had any other
post-chemotherapy masses on CT-scans (see Table 1).

Only one of the relapsed patients had received consolida-
tion radiotherapy. For this patient, the relapse occurred in
two initially involved sites as well as in previously uninvolved
sites. However, only one of the initially involved sites with a
later relapse received the full dose of radiotherapy (36 Gy).
The other initially involved site was at the margin of the
treatment field, in an area that received at most a total dose
of 4Gy (see Table 1).
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Table 1. Details of relapse locations.
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Patient Relapse in Relapse in Relapse in Dose to Largest size  Largest size SUVmax in Highest Largest size  Largest size
initially other than initially initially of initially of any initially SUVax in of residual of any
involved initially irradiated involved involved initially involved any initially T residual CT

site(s) involved site(s) site(s) with site with involved site(s) with involved abnormality  abnormality
site(s) later later site (cm) later site after after
relapse (Gy) relapse relapse chemo- chemo-
(cm) (range) therapy in therapy
initially (cm)
involved
site with
later
relapse
(cm)

1 Yes Yes Yes 36/4° 25 52 19.6 234 1.0 1.0°

2 Yes Yes No RT N/A 3.1 135 2.5-54 124 N/A* 2.0

3 Yes Yes No RT N/A 1.4 6.6 74 225 N/A** N/A**

4 Yes Yes No RT N/A 75 75 1.8-12.8 14.8 N/AFH* N/AFH*

5 Yes Yes No RT N/A 29 5.2 6.7 234 N/A** N/A**

6 Yes No No RT N/A 84 84 2.7-7.0 15.9 N/A** N/A**

7 Yes No No RT N/A 4.8 4.8 4.4-13.6 16.7 27 27

8 Yes No No RT N/A 16.5 16.5 15.5-20.9 209 9.1 9.1

9 No Yes No RT N/A N/A N/A N/A N/A N/A N/A

CT: computed tomography; Gy: Gray; N/A: not applicable; RT: radiotherapy; SUV . maximum Standardized Uptake Value.
?One of two initially involved sites with a later relapse, was at the margin of the treatment field, in an area that received at most at total dose of 4 Gy.
POnly CT thorax available post chemotherapy.
*Relapse not in residual disease.

**No residual disease on CT-scan.
***Evaluation of residual disease on CT not possible due to scan without contrast.

Table 2. Baseline characteristics.

All patients Irradiated patients
Total Total
N % N %
No. of patients 133 100.0 23 100.0
Relapse 9 6.8 1 43
Sex
Male 87 65.4 13 56.5
Female 46 34.6 10 435
Age, year, median, range 44 16-81 39 17-75
Histology
NS 73 549 18 783
McC 31 233 2 8.7
LR 3 23 1 43
LD 1 0.8 - -
cHL, NOS 25 18.8 2 8.7
Clinical stage
1] 53 39.8 10 43.5
v 80 60.2 13 56.5
B-symptoms
No 44 33.1 9 39.1
Yes 88 66.2 14 60.1
Unknown 1 0.8 - -
Performance status
0 69 51.9 1 47.8
1 51 383 1 47.8
2 7 53 1 43
3 3 23 - -
4 3 23 - -
Bulky disease
>10cm 14 10.5 7 304
Risk stratification
IPS group
0-3 81 60.9 17 739
4-7 48 36.1 6 26.1
Unknown?® 4 3.0 - -

cHL, NOS: classical Hodgkin lymphoma not otherwise specified; IPS: International Prognostic Score; LD: lymphocyte depletion; LR: lymphocyte rich; MC: mixed
cellularity; NS: nodular sclerosis.
“Patients scoring 3 but with one missing value, why they could be either group had the value been known.
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Table 3. Treatment characteristics.

All patients Irradiated patients
Total Total
N % N %
No. of patients 133 100.0 23 100.0
Chemotherapy
ABVD? 76 57.1 1 47.8
A-AVD® 1 0.8 - -
BEACOPP 51 383 1 47.8
ABVD/BEACOPP 3 23 - -
PVAG 2 1.5 1 43
No. of cycles
1-5 13 9.8 - -
>6 120 90.2 23 100.0
Radiation therapy
No 110 82.7 - -
Yes 23 17.3 23 100.0
Dose, Gy, median, range - - 36.0 18°-36
3D-CRT - - 22 95.7
VMAT - - 1 43

A-AVD: brentuximab vedotin, adriamycin, vinblastine, dacarbazine; ABVD:
adriamycin, bleomycin, vinblastine, dacarbazine; BEACOPP: bleomycin, etopo-
side, adriamycin, cyclophosphamide, oncovin, procabazine, prednisone; PVAG:
prednisone, vinblastine, adriamycin, gemcitabine; 3D-CRT: three-dimensional
conformal radiotherapy; VMAT: volumetric modulated arc therapy.

“One patient received rituximab in addition to ABVD due to transformation
from chronic lymphatic leukemia and CD20 antigens.

PPatient treated in the ECHELON-1 protocol.

“One patient died (unknown reason) during radiotherapy and did not receive
the fully planned dose.

Survival

A total of 38 patients died at a median age of 61 years
(range: 18-85), three from HL (two during treatment, one
from relapsed disease). Two patients were lost to follow-up.

The median follow-up time for all patients was
112months (range: 0-179) and the median follow-up time
for patients still alive was 121 months (range: 31-179). For
the whole group, the OS was 79.6% (95% Cl, 72.7-86.5%)
and 70.6% (95% Cl, 62.4-78.8%) at five and ten years,
respectively, with a significantly better OS for patients with
IPS 0-3 compared to patients with IPS 4-7 (p =0.00017) (see
Figure 2). Multivariate analyses of the seven individual factors
in IPS showed that only age had independent significance
(see Table S1 in Supplementary material).

TTP analyses showed 91.8% (95% Cl, 86.9-96.7%) and
90.7% (95% Cl, 85.4-96.0%) without progression at 5 and 10
years, respectively. Median time of follow-up for all patients
and for patients without an event was 108 months (range:
0-179) and 113 months (range: 0-179), respectively. No sig-
nificant difference (p=0.89) in TTP between the two IPS
groups was seen (see Figure 2). Multivariate analyses were
not possible due to the low number of events in TTP.

Discussion

Knowledge of the exact site(s) of relapse in relation to ini-
tially involved sites is important for determining the target
volume for radiation therapy in order to prevent relapses
while irradiating the smallest possible volume. If we can pre-
dict upfront which anatomical sites are at a high risk of
relapse, a more rational and limited radiotherapy can be
planned. Hence, a pattern of relapse study as we performed

could be informative in designing the optimal radiotherapy
for AHL patients. This study is, to our knowledge, the first to
perform a detailed analysis of the patterns of relapse follow-
ing modern imaging and treatment protocols in AHL [11,15].
We found that for the (few) patients who later relapsed nei-
ther initial bulky disease, initial FDG-avidity, nor residual
lymphoma on CT-scan after chemotherapy predicted sites
with a high risk of later relapse. Hence, these factors did not
seem useful in determining which volumes should be irradi-
ated in AHL.

The disease control was excellent with a relapse rate at 5
and 10 years, respectively of only of 6.6% and 7.7% in
patients who achieved CR with first line treatment including
radiotherapy (if given). This was lower than relapse rates
reported in earlier studies [1,16,17], and comparable to
recent randomized studies [4,18,19]. In accordance with other
studies [1,20,21], eight (89%) of nine relapses were confined
to initially involved sites. Importantly, there was no indication
of relapses being more common in sites of initial bulky dis-
ease. Moreover, patients did not necessarily relapse in the
largest — albeit non-bulky - site. Likewise, there was no indi-
cation that a high initial SUV,, was associated with a prefer-
ential site of relapse. Relapses, except for one, did not occur
in the sites with the highest initial SUV,,. Finally, a residual
mass on CT-scan after chemotherapy also did not indicate a
preferential site of relapse. However, relapses were few and
conclusions should be made with caution.

Radiotherapy for patients with AHL remains controversial.
Restricting consolidation radiotherapy to patients with
residual masses/PET positive masses after effective chemo-
therapy seems efficient [2,18,22-24]. In the European
Organization for Research and Treatment of Cancer (EORTC)
H34 study [1], involved field radiotherapy (IFRT) to all initial
disease did not improve outcome in patients who achieved
CR (evaluated on CT-scan) after MOPP-ABV chemotherapy
(mechlorethamine, vincristine, procarbazine, prednisone,
doxorubicin, bleomycin, vinblastine). However, all patients
with a partial response (PR) after chemotherapy received
IFRT and had outcomes similar to patients in CR. This was
interpreted as an indirect indication of benefit from radio-
therapy to residual masses. The EORTC H34 also demon-
strated that non-irradiated patients most often relapsed in
initially involved sites. A subsequent relapse analysis in
patients with PR who received IFRT [22] demonstrated that
most patients had only one nodal area with residual disease,
suggesting that radiotherapy for lymphoma remnants only
could be relevant. However, these patients were not eval-
uated with PET scans. Our results demonstrate that a residual
mass on CT scan did not indicate a preferential site
of relapse.

The German Hodgkin Study Group (GHSG) studies HD 6, 9,
12 and 15 [2, 16, 18, 25] administered radiotherapy as consoli-
dation to residual masses, hence the irradiated volumes were
reduced compared to the EORTC H34. In the GHSG HD6 [16]
and HD9 [25] studies, consolidation radiotherapy was given to
all patients to sites of residual disease (sites >2 cm in HD6,
any residual tumor in HD9). However, none of the studies
were designed to evaluate the effect of radiotherapy. The
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Figure 2. Overall survival (a) and time to progression (b) for all patients. Overall survival (c) and time to progression (d) stratified on IPS groups. Four patients
could not be stratified to a group due to missing values in the IPS and were left out of the stratified analyses. IPS: International Prognostic Score.

GHSG HD12 [18] study evaluated the impact of consolidation
radiotherapy to sites of residual disease (>1.5cm) in patients
responding to intensive BEACOPP chemotherapy and con-
firmed that consolidation radiotherapy could not be omitted
in patients with residual disease (evaluated on CT-scan). The
GHSG HD15 and HD18 studies [2,4,23] delivered consolidation
radiotherapy after intensive BEACOPP chemotherapy to
patients with PET positive residual lymphoma >2.5cm with
excellent results. However, patients with residual masses
<2.5cm did not have a PET-scan; hence it is not known if
some patients with smaller residual disease on CT-scan had
PET positive residual masses. Generally, none of the studies
evaluated the exact patterns of relapse. Hence, it is not known
if relapses occurred exactly in the sites of residual disease, and
it is therefore difficult to assess the actual contribution of
radiotherapy in relation to the site of relapse.

Findings from our study support the current approach of
restricting radiotherapy to PET positive residual lymphoma.
In our cohort, nine patients had radiotherapy for residual PET

positive lymphoma, only one of these patients relapsed. The
relapse was in a residual PET positive site as well as other
sites. Of the remaining eight patients who relapsed none
had residual PET positive lymphoma after chemotherapy. We
did not have data on the results of the non-relapsing
patients’ post-chemotherapy scans. However, the policy
throughout the period was to irradiate PET-positive residual
disease, so they are unlikely to have been positive.
Consolidation radiotherapy to sites of initial bulky disease
is continually debated. The FIL HD0801 study [26] random-
ized patients (n=116) with initial bulky disease and com-
plete metabolic response (CMR) after ABVD to either
consolidation radiotherapy to initial bulky sites or no further
treatment. Per protocol analyses showed a PFS benefit of
10.3% and 7.5% at 3 and 5 years, respectively, for patients
treated with consolidation radiotherapy. However, the differ-
ence was insignificant, probably due to small sample size
and few events. In the GHSG HD 6, 9, and 12 studies
[16,18,25], consolidation radiotherapy was also administered
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to sites of initial bulky disease (>5cm). However, only the
HD12 allowed an evaluation of the effect of radiotherapy.
Subgroup analyses showed that radiotherapy did not
improve freedom from treatment failure in patients with ini-
tial bulky disease and CR (evaluated on CT-scan), suggesting
that radiotherapy could be safely omitted in these patients.
Likewise, the GITIL/FIL HD0706 Trial [27] showed no differ-
ence in PFS between patients treated with or without con-
solidation radiotherapy to initial bulky sites following CMR
after ABVD chemotherapy. These findings are in accordance
with our results demonstrating that relapses did not prefer-
entially occur in initial bulky sites. In our material, 14 patients
had bulky disease, seven of these patients were irradiated
and did not relapse. Two patients with initial bulky disease
and not treated with radiotherapy relapsed (only one of
them in the initial bulky site). Hence, there might be some
benefit from radiotherapy, but the numbers are small and no
definitive conclusions can be made. As stated previously,
relapse does not seem to happen more often in bulky sites.

Few studies evaluated the patterns of relapse. In the
GHSG HD15 study [3], relapses were analyzed, but only in
irradiated patients and with the aim of determining whether
relapses occurred in the irradiated target volume and if the
definition of local radiotherapy used by the GHSG was
adequate. In order to define which sites need to be irradi-
ated patterns of relapse analyses in patients who did not
receive radiotherapy are more relevant. In the SWOG S0816
study [17], no radiotherapy was administered. Patterns of
relapse analysis showed 32% of relapses in initially involved
sites, 6% in initially involved and new sites and 53% in new
sites only. Furthermore, only two patients relapsed in initial
bulky sites (>10cm). The authors concluded that the omis-
sion of radiotherapy contributed little to relapses, as sites of
initial bulk, the most obvious target for radiotherapy, were
rarely sites of relapse. This is in accordance with our study.

The current treatment strategies control the disease very
well, reflected by the high TTP. The IPS was not significant
for TTP, likely because treatment was tailored according to
the IPS. The IPS was significantly associated with OS, which
was lower than in the randomized studies [1,2,4]. The low OS
is related to the fact that our study is a population based
study of an unselected cohort of patients with a higher
median age at diagnosis (44 years, range 16-81 years) than in
the randomized studies [1,2,4,18,25]. Also, median age at
death was 61years (range: 18-85) and only three patients
died from HL, the remaining from causes not related to their
lymphoma. Hence, the OS primarily reflects a population of
older people not dying from HL.

The interpretation of our study is limited by the low num-
ber of relapses, which is always a problem in studies of the pri-
mary treatment of HL, due to the excellent prognosis. The
retrospective design and the variation in chemotherapy regi-
mens are also limitations, although all patients received anthra-
cycline  containing chemotherapy. The heterogeneity,
nevertheless, reflects the daily clinical reality. The strengths are
that it is a study of a real life cohort with long follow-up time
and detailed analyses of the patterns of relapse in unselected
patients treated according to modern principles with effective

chemotherapy with or without limited radiotherapy. These
very detailed patterns of relapse analyses provide an opportun-
ity to guide an even more rational use of radiotherapy for
AHL. However, further studies, ideally international multicenter
studies with inclusion of more patients are needed.

Conclusion

Patients with AHL treated according to modern principles
have a high chance of permanent cure. Neither initial bulk,
high initial FDG-uptake, nor a residual mass on CT-scan after
chemotherapy seem to be sites with a high risk of relapse
and therefore cannot guide the use of radiotherapy for AHL.
Residual PET positive lymphoma in AHL remains the only tar-
get for radiotherapy supported by the clinical data.
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