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Opinion statement

Radiation therapy (RT) is one of the most effective agents available in the treatment of
lymphomas. However, it is a local treatment, and today, with systemic treatments
assuming a primary role for induction of response, RT is primarily used for consolidation.
For advanced stage lymphomas, the indications for the use of RT have been questioned
and debated, and proper randomized evidence is sparse. RT has significant long-term side
effects, and the very extended RT fields of the past yielded unacceptable toxicity in many
patients. Modern advanced imaging and conformal RT techniques now enable treatment of
larger and anatomically more challenging target volumes with much less radiation to
normal tissues and consequently much lower risks of long-term complications. The modern
concept of involved site radiation therapy (ISRT) has now been accepted as standard in
lymphomas. In advanced Hodgkin lymphoma (HL), RT to residual disease and/or initial
bulk benefits some patients, depending on the chemotherapy regimen used. The more
intensive the chemotherapy regimen, the fewer patients benefit from RT. In advanced
aggressive non-Hodgkin lymphoma (NHL), most of the evidence comes from the most
common type, the diffuse large B cell lymphoma (DLBCL). In patients treated with modern
immunochemotherapy, RT to initial bulky disease or extralymphatic involvement is ben-
eficial. For both HL and aggressive NHL, RT to residual masses after systemic treatment is
of benefit. The role of PET in the evaluation and indication for RT to residual masses has
not been tested in randomized trials. In advanced indolent NHL, very low dose RT offers
excellent palliation with very few side effects. Modern RT in advanced lymphomas warrants
further evaluation in randomized trials.

Lymphoma (JW Sweetenham, Section Editor)

http://crossmark.crossref.org/dialog/?doi=10.1007/s11864-015-0377-x&domain=pdf


Introduction

Lymphomas are highly radiosensitive, and radiation
therapy (RT) was the first curative treatment modality
in these diseases. However, RT is a local treatment, and
curative treatment with this modality alone is only pos-
sible if all lymphoma tissue can be included in the
volume which is irradiated to the prescribed dose.
Hence, only patients with early stage disease, with very
few exceptions, could be treated with curative intent
with radiation as single modality. Chemotherapy was
first introduced as an adjuvant to the standard RT, but
with the introduction in the 1980s of more effective
anthracycline-containing regimens, the sequence of
combined modality in Hodgkin lymphoma (HL) and
aggressive non-Hodgkin lymphoma changed, with che-
motherapy assuming a primary role for induction of
response and with RT used for consolidation [1–3].
Today, RT is used as the primary treatment in early stage
nodular lymphocyte predominant (LP) Hodgkin lym-
phoma (HL) and indolent non-Hodgkin lymphomas
(NHL), and as part of combined modality treatment in
early stage classical HL and aggressive NHL.

For patients with advanced lymphoma, the indica-
tions for the use of RT are less obvious and the evidence
may be less robust. Hence, there has been significant
variation in the use of RT in different lymphoma types
and between treating physicians.

In the past, the use of RT in advanced lymphomas
was limited by the toxicity of RT, which is a serious
concern if large volumes of normal tissues are treated
[4–23]. However, modern imaging and highly confor-
mal RT techniques now enable treatment of larger and
anatomically more challenging target volumes with
much less radiation to normal tissues [24–28]; see
Fig. 1. Moreover, radiation doses have been reduced
based on large randomized trials [29••, 30, 31, 32••].
The International Lymphoma Radiation Oncology
Group has recently published guidelines for modern

RT of lymphomas, defining the concept of involved site
radiation therapy (ISRT), and describing in detail the
ISRT concept in different clinical situations [33••,
34••, 35••]. The ISRT concept has been accepted as the
standard for modern radiation therapy for lymphomas
by most centers and collaborative groups, including the
National Comprehensive Cancer Network (NCCN)
[36]. Hence, the time is ripe for revisiting the role of RT
in advanced lymphoma.

In principle, there are two different ways of using RT
in advanced lymphoma:
1. RT may be used as an integral part of the

planned treatment approach. In this situation,
the timing, target volume, and dose of RT
have been decided up front. This strategy
should be based on knowledge of the pattern
of relapse in patients treated with systemic
treatment only, with RT administered to sites
with a high risk of recurrence.

2. RT may be used in case of insufficient response to
the systemic treatment, which is administered up
front. In this situation, the indication for RT and, if
indicated, the timing, target volume, and dose of
RT will be decided at some point during or after
systemic treatment according to criteria, which
should ideally have been decided up front.
Today, these criteria will very often rely on
fluorodeoxyglucose (FDG)-PET scans performed
either during or after treatment. However, most
of the available evidence concerning RT in this
scenario is from the pre-PET era, thus making
extrapolation to present treatments difficult.

In the following, the available data will be reviewed
for HL, aggressive NHL, and indolent NHL.

Advanced HL

Chemotherapy is always used, and the standard regimen is doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD). Unfortunately, no random-
ized trial testing RT with this regimen in advanced disease has been carried out.
The European Organization for Research and Treatment of Cancer (EORTC)
performed a study in stage III–IV HL treated with mechloretamine, vincristine,
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Fig. 1. Involved site radiation therapy (ISRT) to initially bulky disease. a–c Pre-chemotherapy CT scan (coronal, sagittal, and axial
slices) from a 52-year-old man with double-hit DLBCL stage IVB with a large mass (contoured in red) in the mesentery. d–f Post-
chemotherapy RT plan encompassing the tissue volume which contained bulky disease before chemotherapy, modified for
anatomical changes during chemotherapy (coronal, sagittal, and axial slices). The patient was PET-negative after systemic therapy
and was treated to a total dose of 30 Gy. Note that the prescribed dose (red) was delivered to a volume which conformed very
precisely to the defined target, with only small doses (blue) to the surrounding normal structures. Apart from loose stools, the
patient had few side effects during RT.
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procarbazine, prednisone, doxorubicin, bleomycin, and vinblastine (MOPP-
ABV) where patients who achieved a complete remission (CR) were random-
ized to +/− RT, 24 Gy to all initially involved nodal areas and 16–24 Gy to all
initially involved extranodal sites [37•]. No difference in outcome was found.
Responsewas evaluatedwith CT, and only 57%of patients achievedCR. Thirty-
three percent of patients achieved a partial remission (PR), and these patients
were all treated with RT, 30 Gy to all initially involved nodal areas, 18–24 Gy to
all initially involved extranodal sites, boost up to 10 Gy was given if indicated
[38•]. These patients had the same outcome as patients who achieved CR after
chemotherapy, indirectly indicating that RT is of benefit in patients achieving
only PR after chemotherapy.

The UK Lymphoma Group performed a randomized trial of ABVD versus
two other multidrug regimens [39]. The study protocol specified that RT should
be considered for original bulk disease and for residual masses (evaluated by
CT), and a dose of 30 Gy was recommended. However, the use of RT was left to
the discretion of the treating physician. RT was given to 43 % of patients, and
these patients had more adverse characteristics than the patients who did not
receive RT. Nevertheless, the patients receiving RT had significantly better
progression-free survival (PFS) and overall survival (OS), suggesting a beneficial
effect of RT. There was no suggestion of any difference in the effect between
subgroups of patients.

The German Hodgkin Study Group (GHSG) has carried out large random-
ized studies in advanced HL using a more intensive chemotherapy regimen. In
the HD12 trial [40], patients were randomized to either eight cycles of escalated
bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarba-
zine, and prednisone (BEACOPP) or four cycles of escalated followed by four
cycles of baseline BEACOPP, and patients were also randomized to +/− consol-
idation RT (30 Gy) to initial bulk (95 cm) or residual disease (≥1.5 cm) after
chemotherapy. PETwas not available at the time of the trial, and, unfortunately,
over 20 % of patients randomized to no RT were irradiated. However, the
analyses of the study showed significantly better freedom from treatment failure
(FFTF) in patients with residual disease if they were irradiated, whereas there
was no difference in patients with initial bulk if theywere in complete remission
(CR) after the chemotherapy.

These results were implemented in the HD15 trial, the next trial in advanced
disease from the GHSG, where patients were randomized between three differ-
ent variations of the BEACOPP regimen. RT (30 Gy) was given only to patients
with a residual PET-positive mass of ≥2.5 cm [41••]. Although the PET-guided
RT was not assessed in a randomized fashion, the study demonstrated that RT
could be safely omitted in patients with PET-negative partial remission (PR).
These patients had the same progression-free survival (PFS) as the patients who
achieved CR after chemotherapy. The patients who received RT for PET-positive
PR had a slightly, but significantly, poorer PFS. As there was no randomization
to +/− RT, it cannot be determined to what extent the RT improved outcome in
these patients, but with a 4-year PFS of 86 %, it seems likely to have been
substantial. By using this PET-directed RT strategy, the use of RT in advanced
disease was reduced to 11%of patients compared to 70% in the previousHD9
study [41••, 42].

It is important to keep in mind that the need for additional RT in advanced
HL is dependent on the chemotherapy regimen used. The escalated BEACOPP
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regimen is a very intensive regimen, only tolerated by young and fit patients.
Another quite intensive regimen, Stanford V, has RT as an integral component
of the treatment [43]. This regimen features an abbreviated course of chemo-
therapy, increased dose intensity of the individual drugs, and a reduction in the
cumulative doses. RT to 36 Gy is given to sites of initial bulky disease (≥5 cm)
and macroscopic splenic disease. Around 90 % of patients treated with this
regimen for advanced disease received RT, and results have been excellent in
phase II or retrospective studies [43–45]. It is evident, however, that inferior
results with this regimen are achieved if RT is not administered as intended in
the original regimen [46, 47]. Two large randomized trials have compared the
Stanford V regimen with the ABVD regimen, both given with appropriate RT
[48, 49]. Seventy-five percent and 73 % of patients received RT with the
Stanford V regimen and 41 and 53 % received RT with the ABVD regimen in
the two trials. No difference in outcomewas found except for patients with high
International Prognostic Score (IPS), where Stanford V was inferior with respect
to failure-free survival (FFS) [48, 49].

New drugs are being introduced in the primary treatment of HL, notably
brentuximab vedotin, and, reassuringly, no added toxicity was seen when
combining this drug with RT [50].

In conclusion, in advanced HL, RT to residual disease and/or initial bulk
benefits some patients, depending on the chemotherapy regimen used. The
percentage of patients needing RT varies from about 10 % with the intensive
BEACOPP regimen, to about 40 % with ABVD, and about 80 % with the
Stanford V regimen. With the additional information from PET evaluation,
the number of patients needing RTmay be smaller, but this has not been tested
in a randomized trial.

Advanced aggressive NHL

The most common type of aggressive B cell lymphoma is diffuse large B cell
lymphoma (DLBCB). In advanced DLBCL, for many years, the prevailing
opinion was that Bthese patients relapsed in multiple different areas suggesting
that adjuvant radiation therapy to the site of initial bulk disease was unlikely to
benefit patients^ [51]. However, this statement, which was repeated for de-
cades, was actually based on just ten recurrences in a retrospective series from
1976 to 1986.

The treatment of DLBCL (and other B cell lymphomas) changed with the
introduction of rituximab (R), which significantly improved outcome when
combined with cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP)-like chemotherapy [52–54]. An analysis of the pattern of failure in 96
patients with advanced DLBCL in CR after R-CHOP alone showed that 21
patients had isolated local recurrence, the majority from bulky (≥5 cm) sites
[55]. A further 21 patients failed at both initial presenting sites and distant sites,
and again the majority had initial bulky disease. Isolated distant recurrence was
rare (three patients), suggesting that local control is intimately linked with
distant control.

Another retrospective study included 279 patients with advanced DLBCL
treated with R-CHOP, in 39 patients (23 with bulky disease (95 cm)) supple-
mented by RT [56]. The authors did multivariate and matched-pair analysis in
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order to try to compensate for the retrospective nature of the study, and
demonstrated a significant benefit of RT. No detailed analysis of relapse loca-
tionwas included, but all failures in patients treated with RT occurred outside of
the radiation fields.

Another retrospective study included 79 patients with advanced DLBCL
achieving CR with chemotherapy, only 65 % with R-CHOP [57].
Consolidation RT was given to involved sites of disease in 38 patients.
Of the patients who received RT, one patient relapsed in initially involved
sites only, one at an uninvolved site, and two in both involved and
uninvolved sites. Of the patients who did not receive RT, three patients
relapsed in initially involved sites only, three in uninvolved sites only, and
seven in both. Multivariate analysis was made in order to compensate for
the retrospective nature of the study, demonstrating improved EFS with RT,
but no effect on OS. However, numbers were small.

Large, prospective, randomized trials are now appearing, providing more
solid data not only on different chemotherapy schedules, but also on the use of
RT in advanced DLBCL.

The MabThera International Trial (MInT) tested the addition of R to
CHOP-like chemotherapy in young patients with good-prognosis stage I
bulky (defined as 95 cm, 97.5 cm, or 910 cm according to the defined
cutoff points of the participating cooperative groups) or stage II–IV
disease [58]. RT was given to sites of primary bulky disease to a median
of 36 Gy, which was well adhered to. RT could also be given to primary
extranodal disease at the treating physician’s discretion, but this was
rarely done. Only 226 of the 823 patients were in stages III and IV,
and it is not possible to tease out the results for these patients from the
publication. However, the interesting point in this study from a RT
perspective is the comparison which is made with the French LNH03-
2B trial [59]. In the French study, young patients with age-adjusted
International Prognostic Index (IPI) of 1 were randomized between R-
CHOP and R plus doxorubicin, cyclophosphamide, vindesine,
bleomycin, and prednisone, with subsequent consolidation with metho-
trexate, ifosfamide, etoposide, and cytarabine (ACVBP), a dose-intense
regimen with sequential consolidation with a significantly higher rate of
toxic effects. No RT was given. In the French study, 208 out of 369
patients were in stages III and IV. Comparing patients with an age-
adjusted IPI of 1 from the MInT study and from the LNH03-2B study,
a striking difference in the outcome of patients treated with R-CHOP
was found, with clearly inferior results in the LNH03-2B study. The most
obvious difference between the two studies was the use of RT, which
was given to 49 % of the patients from the MInT trial and none of the
patients from the LNH03-2B trial. In fact, the outcome of patients
treated with the intensive R-ACVBP regimen in the LNH03-2B trial was
virtually identical to the outcome of patients treated with R-CHOP and
RT to bulky disease in the MInT trial. Comparisons of this kind between
studies are fraught with methodological problems, and the (correct)
conclusion of this comparison was that a randomized study of the role
of RT to bulky disease was needed.

In the German High-Grade Non-Hodgkin Lymphoma Study Group
(DSHNHL), RT to initial bulky disease (97.5 cm) or extralymphatic
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involvement has been recommended, although this strategy had never been
tested in a randomized trial. The RICOVER-60 trial tested the addition of R to
CHOP in patients over 60 years [60]. A total of 656 out of 1222 patients were
assigned to RT, and 417 patients received the RT according to protocol. An
exploratory subgroup analysis showed no difference in event-free survival (EFS)
in the R-treated groups between patients assigned to RT or no RT. To address the
question of the role of RT in patients treated with 6 cycles of R-CHOP-14, the
superior arm in the RICOVER-60 trial, an additional cohort of patients were
treated in an amendment to the protocol, designated as RICOVER-noRTh
[61••]. These patients were treated without RT and compared with patients
who had received the same immunochemotherapy plus RT to bulky disease or
extralymphatic involvement in the RICOVER-60 trial. A total of 164 patients
were treated in the RICOVER-noRTh trial and compared to 306 patients from
the RICOVER-60 trial. The patients in the RICOVER-noRTh trial were older,
more often had stage III or IV disease and extralymphatic involvement, and had
higher IPI-scores, but they less often had bulky disease. Only 57 % of patients
with bulky disease in the RICOVER-60 cohort received RT, and 23% of patients
with bulky disease in the RICOVER-noRTh underwent unplanned RT. In
intention-to-treat analyses, EFS was inferior in RICOVER-noRTh, but for this
analysis, unplanned (protocol-violating) RT was counted as events. There were
no significant differences in PFS and OS for patients with bulky disease, where
unplanned RT was not counted as events, but there was a strong trend for worse
outcome in RICOVER-noRTh. However, per-protocol analyses restricted to
patients with bulky disease who were treated according to protocol revealed
inferior EFS, PFS, and OS in RICOVER-noRTh compared with RICOVER-60. In
a multivariable Cox model adjusted for IPI and age, bulky disease was a
prognostic factor in RICOVER-noRTh but not in RICOVER-60. The conclusion
of this study is that RT to bulky disease is recommended in patients treated with
R-CHOP for aggressive B cell lymphomas.

The DSHNHL subsequently initiated the UNFOLDER trial to properly test in
a randomized trial the addition of RT (39.6 Gy) to initial bulky disease or
extralymphatic involvement in young patients with aggressive B cell lymphoma,
age-adjusted IPI 1 (all) or 0 (with bulky disease ≥7.5 cm), treated with 6 cycles of
R-CHOP-14 or R-CHOP-21. A planned interim analysis after 285 patients had
been randomized led to the closure of the RT randomization because the results
in the no RT arm were inferior and met the predefined stopping rules. The final
analyses and publication of this trial are eagerly awaited.

The DSHNHL has published analyses of pooled data from 11 consecutive
trials carried out both before and after the introduction of rituximab. They
analyzed the outcome of patients with aggressive B cell lymphomas with
skeletal involvement and concluded that RT to sites of skeletal involvement
had a beneficial effect, whereas rituximab did not [62]. They also analyzed the
outcome of patients with extralymphatic craniofacial involvement and con-
cluded that RT did not improve outcome in patients treatedwith rituximabwho
achieved CR (or unconfirmed CR, as most of these patients were evaluated
without PET) [63]. However, these analyses represent unplanned subgroup
analyses without any a priori hypotheses and should be viewed with some
reservation. Moreover, the group of extralymphatic craniofacial lymphomas is
quite heterogeneous, consisting of lymphomas in the orbit (presumably
extraocular, although that is not specified), paranasal sinuses, nasal cavity,
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tongue (presumably the free part, as the base of tongue is part of the Waldeyer
ring), remaining oral cavity, and salivary glands. Specifically, lymphomas in the
Waldeyer ring (consisting of the adenoid structures in the nasopharynx, the
tonsils, and the base of tongue), which ismuchmore commonly involved, were
not included since it is by definition not an extralymphatic site.

The conclusion of these studies is that with modern rituximab-containing
systemic treatment for advanced aggressive B cell lymphomas, there is an effect
of RT in the treatment of patients with bulky disease or extralymphatic involve-
ment, but whether it is true for both or just for bulky disease, and which
extralymphatic sites are important, are still unsettled issues.

In patients with advanced aggressive B cell lymphomas with insufficient
response to systemic treatment, the role of RT to residual disease has not been
examined in randomized trials in patients treated with rituximab-containing
regimens and with PET response evaluation. A study by the DSHNHL is
ongoing (the OPTIMAL 960 trial).

A retrospective analysis was published of four successive EORTC trials of a
total of 974 patients with untreated advanced aggressive lymphomas treated
with doxorubicin-based chemotherapy [64]. A total of 238 patients were in PR
after eight cycles of chemotherapy, 114 were treated with RT (median dose
40Gy), and 113 received other treatments. RT could convert a PR to a CR in half
of the patients. Survival of patients obtaining a CR by salvage treatment was
comparable to that of complete responders after first-line chemotherapy alone
(58 % at 5 years). The conclusion of the study was that PR patient with initial
low to intermediate IPI, bulky disease, or nodal disease only can be salvaged by
RT. However, the study stems from a time when rituximab had not been
introduced for the treatment of aggressive B cell lymphomas, and response
evaluation by PET was not performed in all patients.

A positive interim or postchemotherapy PET scan is a strong negative
prognostic factor in aggressive lymphomas [65, 66]. However, it is not
clear if a positive PET scan can help guide the decision to deliver RT. In
one study, 65 % of patients with positive postchemotherapy PET scans
achieved long-term EFS after RT [67], but most of the patients were
early stage. In another study, 20 patient with positive interim or
postchemotherapy PET scans had a PFS 3 years after RT (36 Gy) of
85 % [68], indicating that most patients with residual FDG avidity
during and after chemotherapy can be successfully treated with RT.
However, the majority of these patients were early stage. A third study,
on the contrary, analyzed 31 patients with mostly advanced disease who
were PET-positive after chemotherapy [69]. Over half of these patients
had a recurrence, and there was no difference in risk of recurrence
between those who did and those who did not receive RT (median dose
30.6 Gy). In conclusion, it still remains unclear if PET can identify those
who will benefit from RT.

Advanced indolent NHL

The most common type of indolent lymphoma is follicular lymphoma (FL). It
most often presents with advanced disease, and although sensitive to both
chemotherapy and immunotherapy with rituximab, it is incurable with
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systemic treatments. In selected patients, mainly those with minimal stage III
disease, total lymphoid irradiation has led to prolonged RFS in selected patients
[70–73]. However, this treatment is rarely used today. Systemic
immunochemotherapy is the mainstay of treatment for advanced indolent
lymphoma.

Indolent lymphomas are exquisitely radiosensitive, and localized RT to very
low doses can achieve excellent palliation [74, 75, 76•, 77–82]. A total dose of
just 4 Gy given in two fractions achieves response rates around 90 %, most of
them CRs, with a response duration of over 2 years. Importantly, this treatment
has very few side effects, even in situationswhere relatively large treatment fields
are necessary, e.g., whole abdominal irradiation, and can be repeated as neces-
sary. The biological basis for this extreme radiosensitivity seems to be p53
induction and apoptosis [83, 84].

Conclusion

RT is one of themost effective agents available for the treatment of lymphomas.
In advanced HL, RT to residual disease after chemotherapy and/or initial bulk
benefits some patients, depending on the chemotherapy regimen used. In
advanced aggressive NHL, most of the evidence comes from DLBCL, and in
patients treatedwithmodern immunochemotherapy, RT to initial bulky disease
or extralymphatic involvement improves outcome. For both HL and aggressive
NHL, RT to residual masses after systemic treatment is effective. In advanced
indolent NHL, low-dose RT offers excellent palliation. The role of PET in
defining patients who will benefit from the addition of RT has not been
determined and needs further investigation.
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