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Abstract Radiation therapy (RT) has been described as the
most effective single agent in the treatment of lymphoma;
however, contemporary lymphoma treatment rarely relies on
single agents. In the modern era, the selection of appropriate
patients for combined modality therapy has become increas-
ingly complex over the last decade with the transition to
immunochemotherapy, the emergence of functional imaging
for response evaluation, and the improvement in conformal
avoidance of normal tissues when delivering RT. Recent evi-
dence demonstrates that selected patients with DLBCL have
significantly better outcomes when RT is added to
immunochemotherapy; however, there are important knowl-
edge gaps regarding the use of functional imaging to facilitate
treatment selection. This article will review the current evi-
dence regarding the optimal use of combined modality thera-
py for DLBCL.
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Introduction

Combined modality therapy has been the standard of
care in North America and the UK for many patients
with diffuse large B-cell lymphoma (DLBCL), particu-
larly those with limited stage disease or bulk. However,
the incorporation of rituximab into the standard chemo-
therapy regimen of cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (R-CHOP), and the associated
increase in progression-free and overall survival com-
pared to CHOP, has led to a reevaluation of the role
of radiation therapy (RT) in the management of
DLBCL. Moreover, the emergence of f luoro-
deoxyglucose positron emission tomography (FDG-
PET) as a means of evaluating response and a growing
body of work describing genetic signatures that may
differentiate different subtypes of DLBCL potentially
add further opportunity to individually tailor treatment
selection. Despite the complexity of the disease, there
can be a temptation to broadly apply a policy of six
cycles of R-CHOP with no additional treatment for pa-
tients with a Bnegative^ FDG-PET scan for practically
all patients with DLBCL. Available evidence, however,
suggests that such an approach likely compromises the
chance of cure for some patients. The aim of this paper
is to review the evidence regarding selection of DLBCL
patients for RT and some technical aspects of RT
delivery.

Late Effects of RT: Distinct Considerations
for DLBCL

Much of the recent clinical concern regarding the use of RT in
hematologic malignancies has revolved around the recognized
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risk of late toxicity among survivors, typically young HL pa-
tients, treated with RT. While risk of late toxicity among
young patients should always be a consideration, direct ex-
trapolation of HL survivorship studies to patients with
DLBCL is misguided.

At least two factors critically distinguish RT-related late
toxicity considerations for DLBCL patients from those for
HL patients. Firstly, despite the improvement in outcome with
R-CHOP, DLBCL remains a much more lethal disease than
HL. For example, in a population-based analysis of DLBCL
patients treated in the R-CHOP era, 2-year progression-free
and overall survival rates were 69 and 78 %, respectively [1],
illustrating that there is still considerable scope for improving
initial lymphoma cure and this, rather than reduction in treat-
ment intensity, should remain the primary concern for most
DBLCL patients.

Secondly, the RT-related risk of second malignancy is age-
dependent, and even most studies of HL survivors find the
excess risk among patients receiving RT after the age of 45
to be small [2]. This is relevant given that the median age of
DLBCL diagnosis is 60–65 years. As a result, DLBCL pa-
tients are more likely than HL patients to die from their lym-
phoma, and moreover, other age-related competing causes of
mortality attenuate the risk of late effects compared to HL
patients.

These factors likely explain why RT has not been associat-
ed with increased risks of second cancer in population-based
studies of DLBCL survivors. The British National Lymphoma
Investigation study, for example, reported the outcome of
2465 patients treated for NHL before age 60 years, including
1219 patients receiving CHOP (average age at first treatment,
46.5 years) [3]. Relative risks were increased for all second
cancers combined (SIR=1.3; 95 % CI=1.1 to 1.6) and leuke-
mia (SIR=8.8; 95 % CI 5.1–14.1). Examining individual sec-
ond cancers, CHOP chemotherapy was associated with signif-
icantly increased risks of lung cancer (SIR=2.1), colorectal
cancer (SIR=2.4), and leukemia (SIR=14.2), whereas com-
bined modality therapy was associated with increased risks of
cancers of the mouth and pharynx (SIR=5.7) and leukemia
(SIR=13.0) [3]. Similarly, in a European study of 748
aggressive-histology NHL treated in four consecutive trials
(1980–1999), RT was not associated with an increased risk
of second cancer even after adjusting for patient age, whereas
salvage therapy did increase this risk [4]. Another study of
1280 patients with diffuse large B-cell lymphoma diagnosed
1988–2003 also found that RTwas not associated with the risk
of second cancer [5].

This is not to say that the potential toxicity of RT in the
treatment of DLBCL is not a consideration. However, sophis-
ticated judgments regarding the optimal use of RT should not
conflate the late toxicity considerations facing young HL sur-
vivors with challenges facing DLBCL patients, which primar-
ily relate to disease control.

The Role of Consolidative RT: Lessons
from the Pre-Rituxumab Era

The SouthWest Oncology Group (SWOG) 8736 study report-
ed on 442 patients with stage I/II nonbulky disease random-
ized between 8 cycles of CHOP chemotherapy or 3 cycles of
CHOP plus 40–55 Gy IFRT [6]. Patients receiving combined
modality therapy had 5-year progression-free (PFS) of 77 %,
compared to 64 % among those treated with chemotherapy
alone (P<0.03), and overall survival (OS) of 82 versus 72 %,
respectively (P<0.02) [6]. An update reported that the differ-
ences in PFS and OS had diminished with longer follow-up
[7]. Life-threatening toxicity occurred in 40 % of patients
treated with chemotherapy alone and 30 % of patients treated
with abbreviated chemotherapy and RT (P=0.06), and evi-
dence of cardiac toxicity was significantly higher among pa-
tients treated with 8 cycles of CHOP (P=0.02) [6].

The ECOG 1484 trial included 399 patients with stages I–II
aggressive histology NHL. All patients received 8 cycles of
CHOP chemotherapy, and patients achieving complete re-
sponse (CR) to chemotherapy were randomized to 30Gy IFRT
or no further therapy. Among 172 CR patients, the 6-year
disease-free survival (DFS) was 73 % following RT versus
56 % for chemotherapy alone (P=.05), and OS was 82 % for
those treated with combined modality therapy and 71 % for
those treated with chemotherapy alone (P=0.24), although the
study was only powered to detect a 20% difference in PFS [8].

Despite other studies finding no benefit to RT in young
patients treated with dose-intense chemotherapy, or elderly
patients treated with CHOP [3, 5, 9–11], combined modality
therapy remained the standard of care for patients with local-
ized DLBCL in many institutions in North America and the
UK.

The major limitation of these trials is that they do not ac-
count for the superior outcome seen when rituximab is added
to CHOP. In both elderly [12••] and young [13••] patients with
aggressive histology NHL, rituximab significantly reduces re-
lapse rates and improves overall survival compared to CHOP
alone. Consequently, these trials left open the possibility that
improved systemic therapy employing R-CHOP negated the
benefit of consolidative RT. Only recently are data emerging
that can address this issue.

Indications for Consolidative RTAfter R-CHOP

Disease bulk has been recognized as a poor prognostic factor
although it is not part of the International Prognostic Index
(IPI). The RICOVER-60 trial compared R-CHOP to CHOP
among patients 61–80 years old with aggressive B-cell NHL
of any stage or IPI risk group [12••]. Involved-field RT (IFRT)
36 Gy was given to patients with bulk (defined as conglom-
erate mass ≥7.5 cm in diameter) or extranodal involvement,
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and approximately 54 % of patients received combined mo-
dality therapy. Three-year progression-free and overall surviv-
al were significantly improved by the addition of rituximab to
CHOP (e.g., PFS 73.4 vs. 56.9 %; P<0.001) [12••].

Subsequently, an extended single arm companion study,
RICOVER-noRTh, treated elderly patients with the 6 cycles
of R-CHOP–14 and two additional cycles of rituximab, but
without RT. Notably, 60 % of patients in this study had stage
III/IV disease, 63 % had extranodal sites, and 29 % had bulky
disease [14•]. One hundred and sixty-four patients were eligi-
ble for evaluation and were compared with 306 patients from
RICOVER-60 who had received 6× R-CHOP–14-2R plus
36 Gy IFRT [14•]. Among patients with bulky disease, the
omission of RT was associated with a significant reduction
in 3-year EFS (54 vs. 80 %; P=0.001), PFS (62 vs. 88 %
P=0.001), and OS (65 vs. 90 % P=001) (Fig. 1). In multivar-
iable analysis adjusting for relevant prognostic factors, the
hazards of progression (HR=4.4) and death (HR=4.3) were
both significantly increased among patients with bulk who did
not receive RT [14•].

The MabThera International Trial (MInT) randomized 824
patients aged 18–60 years with 0–1 age-adjusted IPI factors to
six cycles of CHOP-like chemotherapy and rituximab (n=
413) or to six cycles of CHOP-like chemotherapy alone (N=
411) [13••]. A subset analysis among 824 patients on this trial
concluded that rituximab decreased but did not eliminate the
adverse prognostic effect of bulk and that the effect of maxi-
mum tumor dimension on prognosis was linear, although the
effect of RTcould not be effectively evaluated due to selection
bias for RT use in the protocol [15].

The impact of consolidative RTwas subsequently evaluat-
ed in the UNFOLDER tr ia l (DSHNHL 2004-3 ;
ClinicalTrials.gov identifier NCT00278408), which enrolled
patients aged 18 to 60 with an age-adjusted IPI score of 1, or
an IPI score of 0 with bulky tumor (≥7.5 cm). This trial in-
volved a four-way randomization to compare 14- versus 21-
day cycles of R-CHOP and consolidative RT versus observa-
tion after chemotherapy. The no-RT arms were closed when
interim analysis revealed significantly worse EFS with the
omission of RT. Taken together, these results provide the best
available evidence demonstrating that even following 6 cycles
of R-CHOP, patients with aggregate masses ≥7.5 cm derive
significant benefit from 36 Gy IFRT, with a substantial reduc-
tion in relapse rate and potentially superior overall survival.

Limited Stage Favorable Risk Disease

Abbreviated Chemotherapy and RT

Given the increased cardiac toxicity in the elderly associated
with ≥6 cycles of CHOP, in some circumstances, it is prefer-
able to give 3–4 cycles followed by RT in order to reduce

anthracycline exposure. Nonrandomized trials have shown
that with appropriate selection of patients, the combination
of abbreviated chemotherapy and IFRT is very effective. The
Southwest Oncology Group (SWOG) S0014 study reported
on 60 patients with limited-stage disease and at least one IPI
risk factor. Patients received 3 cycles of R-CHOP and an ad-
ditional dose of rituximab, followed by 40 to 46 Gy IFRT.

Fig. 1 a Event-free, b progression-free, and c overall survival of patients
with bulky disease in RICOVER-60 (6 vs. 8 cycles of biweekly CHOP-
14 with or without rituximab in elderly patients with aggressive CD20+
B-cell lymphomas) and RICOVER-noRTh (no radiotherapy) cohorts.
From Held et al. [14]
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Four-year progression-free survival (PFS) was 88 %, and
overall survival (OS) was 92 % [16]. Similar findings have
been reported by others [17].

Careful selection of patients for abbreviated chemotherapy is
important, as poor EFS has been reported for patients withmore
than two IPI risk factors when only 3–4 cycles of chemotherapy
are given [18]. However, for patients with limited volume dis-
ease (commonly in the head and neck), especially if older age is
the only IPI factor, abbreviated chemotherapy with 30–36 Gy
IFRT can produce good PFS while limiting acute side effects
and reducing the risk of anthracycline-induced cardiac toxicity.

Chemotherapy Alone

Data are emerging that for early stage, favorable risk patients
who can tolerate 6 cycles of R-CHOP, RT may be omitted
without significant loss of disease control [19]. The Lysa/
Goelams Group reported preliminary results of a randomized
trial including 301 evaluable DLBCL patients without bulk,
most of whom had modified IPI scores of 0 (n=170) or 1 (n=
113). Patients with complete response after 4–6 cycles of R-
CHOP (defined as PET-negative and >50 % reduction in CT
volume) were randomized to 40 Gy IFRT or no further treat-
ment. With a median follow-up of 51 months, the intent to
treat analysis revealed 5y-EFS of 87 % in the R-CHOP alone
arm versus 91 % in the R-CHOP+RT arm (HR=0.55; P=
0.13), and 5-year OS is 90 % in the R-CHOP arm versus
95 % in the R-CHOP+RT arm (HR=0.60, P=0.32). Results
were equally good for the patients receiving 4 cycles of R-
CHOP [20].

So, for patients with limited stage and favorable risk dis-
ease, reasonable treatment options include three cycles of R-
CHOP chemotherapy followed by 30–36 Gy IFRT, or 4–6 cy-
cles of R-CHOPwith RTonly used if patients do not achieve a
CR. Notably, the Lysa/Golems trial had both CT and PET
response criteria for achieving CR, not PETalone (see below),
and the Bas treated^ analysis has not yet been published . The
relative merits of these different approaches will depend on
whether reducing anthracycline exposure seems desirable
(e.g., in an elderly patient with heart disease), how patients
tolerate the acute toxicity of R-CHOP, and whether IFRT
might be expected to produce clinically significant toxicity
(e.g., pelvic involvement in a young women wanting to pre-
serve fertility).

Advanced Stage Disease

Given that RT is a local treatment, defining its appropriate use
in advanced stage disease is challenging. Marcheselli et al.
reported outcomes of 216 patients with DLBCL treated in
two Italian Lymphoma Study Group trials with six R-CHOP
cycles and involved-field radiotherapy (IFRT) [21]. Most

patients (65 %) had stage III/IV disease. The protocols did
not specify which patients should receive RT, although pa-
tients with stage I/II disease or bulky disease were more likely
to receive IFRT. Response to chemotheraphy was evaluated
without PET. Among patients achieving a CR, IFRT was as-
sociated with significantly better 5-year EFS (88 vs. 59 %
without IFRT; P=0.035) and a trend toward better 5-year
OS of (91 vs. 79 %; P=0.141). In multivariable analysis ad-
justed for stage, lactate dehydrogenase (LDH) level, age, and
performance status, IFRT had a significant favorable effect on
EFS among patients in CR or partial response (PR) (HR 0.33;
P=0.044), or CR alone (HR 0.24; P=0.037) [21].

Shi et al. reported a retrospective study of 110 patients with
stage III/IV DLBCL who achieved a CR to R-CHOP [22].
Fourteen patients received consolidative RT (median dose=
30.6 Gy); seven of these to all initial sites and seven to sites of
initial bulk only. Among all patients, the 5-year PFS and OS
were 50.5 and 72.9 %, respectively. Consolidative RT was
associated with significantly improved 5-year PFS (85.1 vs.
44.2 %, P<.0001) and OS (92.3 vs. 68.5 %, P<.0001) com-
pared with patients who received R-CHOP alone. On multi-
variate analysis, after adjusting other prognostic factors,
consolidative RT was predictive of superior PFS (HR 9.64,
P=0.028) and a trend toward better OS (HR=5.905, P=
0.083) [22]. Although these results suggest a benefit to RT,
it is notable that the 5-year PFS among patients treated with
chemotherapy alone is quite poor, possibly suggesting an im-
balance in risk factors not completely accounted for by the
multivariable analysis.

Phan et al. reported a single institution retrospective eval-
uation of 469 patients with DLBCL treated with R-CHOP
chemotherapy [23]. All stages of disease were included al-
though 59 % had stage III/IV and 37 % had bulky disease
(>5 cm). Thirty-nine patients (14 %) were treated with con-
solidation RT based on clinician preference. Among complete
responders to R-CHOP, patients getting RT had better OS
(89 % with RT added vs. 66 % with R-CHOP alone;
P=.0008) and PFS (76 % vs. 55 %; P=.003). Notably, when
the analysis was limited to patients with stage III/IV disease,
IFRT was still associated with significantly better 5-year PFS
(76 vs. 55 %; P=0.003) and OS (89 vs. 66 %; P=0.008) [23].

Similarly, a multi-institutional study evaluated the impact
of RT on 841 patients with advanced stage disease, 84 % of
whom had received 6 to 8 cycles of R-CHOP [24]. An anal-
ysis of 76 stage patient pairs with stage III/IV disease matched
by age, stage, IPI score, B symptoms, disease bulk, and re-
sponse to chemotherapy indicated that RTwas associated with
improved FFS (HR=0.77, P=0.34) and OS (HR=0.53, P=
0.07), although these associations did not meet statistical sig-
nificance [24].

Skeletal involvement is occasionally a manifestation of ad-
vanced stage disease. Held et al. evaluated the outcome of 292
patients with skeletal involvement treated on German High-
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Grade Non-Hodgkin Lymphoma Study Group (DSHNHL)
trials (total sample size 3840). Among 161 patients who
a c h i e v e d a CR , CR u n c o n f i r m e d , o r PR t o
immunochemotherapy, patients who received RT to sites of
skeletal involvement had a better 3-year EFS (75 vs. 36 %;
P<0.001) and OS (86 vs. 71 %; P=0.064) than those treated
with systemic therapy alone (Fig. 2) [25•]. Notably, the benefit
of RT for patients with skeletal involvement remained after
adjusting for IPI score and disease bulk, and was seen for both
patients with advanced stages (HR for EFS=0.3, P=0.001)
and limited stages (HR for EFS=0.4; P=0.146) [25•].

These studies suggest that some patients with advanced
stage disease benefit from adjuvant RT, although they have
several limitations relating to the uncertainty about the criteria
for selecting patients for RT. The first of these is that nonran-
dom treatment selection and incomplete accounting for prog-
nostic factors may bias the apparent benefit of RT in these
retrospective studies (although it is not obvious in what direc-
tion this bias would operate). Moreover, clinical application of
the results is challenging because it is not clear which
advanced-stage patients benefitted from RT and what the ap-
propriate RT target volume for advanced stage patients should
be. The DSHNHL data supports treating sites of initial bulk
and skeletal involvement, and many oncologists would also
include sites of incomplete anatomic response. An additional
source of controversy is whether metabolic response should
also be used to select patients for RT.

Use of FDG-PET to Guide Selection of Patients
for RT

In recent years, FDG-PET/CT has been shown to be useful for
response assessment after treatment. PET/CT became the
standard method to assess remission in the 2007 international
workshop criteria [26] and subsequently in 2014 Lugano
criteria [27, 28]. Additionally, an early PET scan during a
course of chemotherapy (commonly known as interim PET,

iPET) can show response early and predict prognosis, leading
to several studies testing the change of treatment on the basis
of early PET response. As a result, there has been an interest in
exploring whether PET/CT at the end of chemotherapy
(ePET) or interim PET (iPET) can be used to select patients
who are likely to benefit from RTand those who may have RT
omitted without a detrimental effect on their chance of cure.

Complete Metabolic Response (CMR) Following
R-CHOP

In the Emory University study of 110 DLBCL patients
discussed previously, 86 % of CRs were confirmed with both
PET/CT (14 % were assessed by CT alone) [22]. Despite
achieving metabolic CR, RT was still associated with signifi-
cantly better PFS after adjustment for conventional prognostic
factors.

In another study from Duke University [29], 79 patients
with stage III/IV DLBCL 65 % of whom were treated with
R-CHOP achieved a CR on PET after chemotherapy (13 %
had CR on CT alone and 14 % had Gallium-67 scans). RT to
all or selected sites of disease was given to 38/79 (48 %)
patients. RT was associated with superior EFS and a trend
toward improved OS. Among 13 relapses in the no RT group,
ten involved previous sites and 3 were isolated distant failures.
Multivariable analyses supported the finding that RT im-
proved PFS (HR=4.3, P=0.014) [29].

Similarly, in the study of 469 patients from the MDACC
[30•], RTwas given to patients with CR on PET/CT, whereas
PR were treated with salvage chemotherapy. Again, despite
good metabolic response, RT improved PFS and OS, and RT
was associated with significantly better PFS and OS after ad-
justment for chemotherapy response and other prognostic fac-
tors, including bulk and IPI score [30•].

Despite their retrospective nature and the heterogeneous
patient populations, in the absence of prospective trials, these
studies provide the best available information about whether
CMR at the end of R-CHOP therapy can be used to select

Fig. 2 a Event-free and b overall survival of patients with diffuse large
B-cell lymphoma with skeletal involvement treated with and without
radiotherapy to sites of skeletal involvement. Gold lines represent

patients treated with (n=133), and blue lines represent patients treated
without (n=28) radiotherapy to skeletal sites. From Held et al. [25•]
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patients to be treated without RT, and all suggest that RT after
CMR results in significantly better PFS and potentially supe-
rior OS. Further evidence from prospective studies is required,
and the ongoing German OPTIMAL > 60 study
(ClinicalTrials.gov Identifier NCT01478542) is adopting a
PET-guided strategy for consolidation RT, where PET-
negative patients will not receive RTand PET-positive patients
will. The UK-NCRI is planning a randomized study to test the
benefit of RT after complete metabolic response to full course
chemotherapy.

Consolidation/Salvage RT for Patients with Residual FDG
Uptake

Another related controversy is whether RTalone can effective-
ly eradicate disease that remains PET-avid following R-
CHOP. Dorth et al. reported on 99 patients who had post-
chemotherapy PET (80 %) or Gallium-67 scans (20 %) and
received consolidation RT [31]. Although patients with nega-
tive metabolic imaging had a better outcome, two thirds of
patients with residual activity remained in long-term remis-
sion after RT. Among the 21 patients who had residual meta-
bolic activity, 5y-infield control, EFS and OS were 71 %,
65 %, and 73 %, respectively. Another small study reported
similar results in 59 patients, of whom 22 patients had a post-
chemotherapy-positive PET scan and achieved 90 % 3y-PFS
following 36 Gy (range 28.8–50 Gy) [32]. Investigators from
BCCCA reported on their policy of PET-guided RT [33]. Pa-
tients who had a residual >2-cm mass after R-CHOP (n=262)
underwent PET, and PET-negative patients received no further
treatment, while those with a positive PET received RT. The
authors reported that the outcome for PET-positive patients
who had RT (n=60) was as favorable as those with negative
PET (n=167) (4-year time to progression and OS 81 and 85
versus 74 and 83 % for PET-positive and negative-patients,
respectively) and was better than PET-positive patients who
did not receive RT (n=22, TTP 33 %, OS 30 %) [33].

Although these studies are not randomized, they demon-
strate that consolidation radiotherapy may be an adequate
treatment for selected cases with localized residual PET pos-
itivity after chemotherapy especially in patients who may not
be candidates for salvage chemotherapy and autologous stem
cell transplant.

iPET for Selection of Patients for RT

Early response to chemotherapy is evident on interim PET/
CT, with many patients achieving CMR after 2–4 cycles. Fur-
thermore, patients with early response on iPET seem to have a
better prognosis than those who still have residual activity,
although results have not been consistent in all studies. This
raises two questions in the management of DLBCL; is early
CMR enough to omit consolidation RT? And is the lack of

early CMR an indication for adding RT at the end even if
ePET is negative?

With regard to omitting RT in patients with early CMR, a
phase 2 study by BCCCAwas reported in abstract and includ-
ed 155 patients with stages 1–2 with B symptoms or bulky
disease (≥10 cm) or advanced stages [34]. After 4 cycles of R-
CHOP, patients had an iPET scan, and those with negative
iPET (defined according to IHP criteria, equivalent to Deau-
ville score 1–2) received two further R-CHOP and no RT,
while iPET-positive patients were switched to RICE chemo-
therapy for 4 cycles with additional RT if they remained PET-
positive. The 4-year PFSwas 91% and 59% for PET-negative
and PET-positive groups, respectively. Corresponding OSwas
96 % and 73 %. Despite switching chemotherapy, only 22 %
converted to PET-negative. In the iPET-negative group, the
omission of RT did not seem to have a negative effect on
outcome, although there was no control group for comparison,
and the outcome for patients with initial bulk is not described
[34].

There are no studies directly examining the outcome of
consolidation RT in those patients with positive iPET who
convert eventually to a negative ePET. Whether the addition
of RT to slow responders could improve outcome is unknown.
More data is required to establish whether iPETcan be used to
guide RT.

RT Dose and Volume

RT doses for DLBCL have typically been in the range of 30–
40 Gy, although until recently, the evidence regarding any
potential dose–response was limited largely to institutional
case series. More recently, however, Lowry et al. reported
the results of a randomized study that provides some of the
best available data regarding whether doses >30 Gy are re-
quired in the adjuvant treatment of DLBCL. The study report-
ed 602 patients with aggressive histology NHL (approximate-
ly 82%with DLBCL)who received either 40–45Gy in 20–23
fractions or 30 Gy in 15 fractions [35]. Most patients (86 %)
received RT as part of their initial treatment, and the majority
of these had limited stage disease. There was no difference in
overall response rate (91 % in both arms), complete response
rate (83 % vs. 82 % in the high-dose and low-dose arms,
respectively), or 5-year freedom from local progression
(83.5 % vs. 82.2 %) [35]. Among the 469 patients given RT
as part of first-line therapy, there was no difference in the crude
rate of PFS (67 % vs. 64 % in the high- and low-dose arms,
respectively; P=0.43). Notably, this pragmatic trial has some
important limitations: Only 12 % of the first-line combined
modality regimens included rituximab, results could not be
analyzed according to the presence of initial bulk, and the
impact of metabolic response as seen on FDG-PET imaging
on RT dose–response could not be assessed. Nevertheless,
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the results are supported by prior nonrandomized studies
that have found local control rates >90 % among patients
with nonbulky disease (i.e., <5 cm in diameter) in anatomic
CR after 30 Gy, suggesting that higher doses are not need-
ed for these patients [36].

Less is known about the optimal adjuvant RT dose for
patients with bulk disease. The UK study of 30 Gy versus
40–45 Gy included patients with bulk disease but did not
report these patients separately [35]. The RICOVER-NoRTh
study found a significant reduction in the risk of relapse
among patients with disease bulk >7.5 cm with the use of
36 Gy in 1.8–2-Gy fractions after R-CHOP chemotherapy,
demonstrating this to be an effective dose [14•]. The reported
local control rates after lower doses are variable, and most
reports precede the use of rituximab, which in one recent study
was associated with improved local control compared to
CHOP [37]. Local control in some series is excellent with
30 Gy or less even for patients with initial bulk [36, 38];
however, others report loss of disease control with doses
<36 Gy [39, 40]. Among patients with initial bulk achieving
both anatomic and metabolic CR/CRu, 36 Gy is appropriate,
and lower doses are also likely to be effective. In our view, it is
unlikely that doses >36 Gy are required unless a CR is not
achieved.

The management of a localized mass of DLBCLwhich has
had a suboptimal response to chemotherapy is challenging.
For patients achieving only a PR, particularly in the context
of initial bulk, doses 36–40 Gy are appropriate, and some may
recommend doses up to 45 Gy, although the evidence

supporting doses >40 Gy is very limited. For patients with
clearly chemo-refractory disease, single arm studies have
shown that RT dose of 39.6–40.5 Gy can produce a 2-year
local control rate of 70 % [41, 42].

Recent guidelines have described the utilization of
CT and FDG/PET imaging to delineate the clinical tar-
get volume (CTV) for non-Hodgkin lymphoma. The
CTV should encompass the original lymphoma volume,
but typically, it is not necessary to treat the axial width
of the pre-chemotherapy volume of the nodal mass. An
internal target volume (ITV) should be added to the
CTV in situations in which internal organ movement is
likely, and this volume can be expanded further to cre-
ate a planning target volume (PTV) that accounts for
other setup and geometric uncertainties. These margins
are typically 5–15 mm depending on the anatomic loca-
tion (Fig. 3). More detailed descriptions of the appro-
priate ITV and PTV expansions and other methods for
managing organ motion are described in detail else-
where [43, 44].

Meticulous attention to the initially involved sites and
appropriate CTV contouring can influence toxicity, inso-
far as intensity modulated RT (IMRT) can often be
employed to limit the dose to the salivary glands, heart,
or other critical structures to doses associated with mini-
mal risks of toxici ty. However, inadequate pre-
chemotherapy imaging can necessitate enlargement of
the irradiated volume if the initial locations of disease
cannot be identified accurately.

Fig. 3 a Staging FDG-PET/CT scan of a 35-year old female with diffuse
large B-cell lymphoma presenting as a bulky mediastinal mass. Axial
view (left), sagittal view (middle), and coronal view (right). b
Radiotherapy plan using butterfly-VMAT (Volumetric Modulated Arc
Therapy) technique with two 60° anterior and posterior arcs and a non-
co-planar cranio-caudal anterior arc. Axial dose distribution (upper).

Coronal dose distribution (lower left). Sagittal dose distribution (lower
right). CTV (clinical target volume) (orange line). PTV (planning target
volume) (red line). Note sparing of breasts, relative sparing of heart, and
avoidance of low-dose bath to lungs. Treatment was delivered with daily
IGRT (image-guided radiotherapy) using cone-beam CT
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Conclusion

The treatment of patients with DLBCL requires multidisci-
plinary collaboration to ensure optimal outcome. Following
R-CHOP, RT is an important contributor to cure for patients
with bulk disease and skeletal involvement. Current data do
not clearly support the use of FDG-PET response to determine
whether patients should receive RT following chemotherapy:
One nonrandomized prospective study reported early favor-
able outcomes using interim PET to assign RT (but did not
report on those with bulk disease), whereas three retrospective
studies suggest that RT improves EFS and possibly OS even
among those with complete metabolic response to 6 cycles of
R-CHOP. This issue should be clarified with the results on the
ongoing OPTIMAL >60 trial. It is, for example, in circum-
stances of complete metabolic response in patients with bor-
derline bulk that multidisciplinary evaluation of factors such
as the expected RT toxicity and patient eligibility for salvage
therapy is particularly valuable.

For early-stage patients with 0–1 IPI risk factors, 3–4 cycles
of R-CHOP with 30 Gy RT is effective, and recent random-
ized data suggest that 4–6 cycles of R-CHOP alone is equiv-
alent provided that patients achieve a significant anatomic and
complete metabolic response. Again, the choice between che-
motherapy alone or combined modality therapy cannot be
determined from the outset in these cases but requires re-
sponse evaluation, and further, given the potential increase
in cardiac toxicity in some patients with a ≥300 mg/m2 of
doxorubicin, balancing this with relative toxicities of an indi-
vidual’s RT volume warrants multidisciplinary care. Factors
that influence eligibility for autologous stem cell transplant—
most notably age—are also important to consider since some
patients will have only one curative chance and initial treat-
ment should be maximized accordingly.

In the RiCOVER study, approximately 50 % of patients
were treated with RT based on simple criteria (initial bulk or
extranodal involvement), and ongoing studies will further re-
fine disease and patient characteristics that could improve se-
lection for RT. Future work can improve the outcome of pa-
tients by evaluating functional imaging and ideally the biolog-
ic characterization of the disease to allow more sophisticated
judgments regarding the optimal use of RT for DLBCL.
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