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Consolidative radiation therapy (RT) for advanced-stage diffuse large B-cell lymphoma
(DLBCL) remains controversial, with routine practice continuing to include RT in patients
with initial bulky disease or residual masses. Positron emission tomography (PET)-
computed tomography is a sensitive modality for detecting the presence of residual
disease at the end of treatment (EOT). A PET-guided approach to selectively administering
RT has been the policy in British Columbia since 2005. Patients with advanced-stage DLBCL
diagnosed from 1 January 2005 to 1 March 2017 and treated with at least 6 cycles of
R-CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisolone plus rituximab),
who underwent EOT PET, were included in this analysis. Those with complete metabolic
response (PET-negative [PET-NEG]) were observed; those with PET-positive (PET-POS)
scans were offered consolidative RT, when feasible. Of the patient records reviewed, 723
were identified, with median follow-up of 4.3 years: 517 (72%) were PET-NEG; 206 (28%)
) were PET-POS. Time to progression (TTP) and overall survival (OS) at 3 years were 83% vs

56% and 87% vs 64%, in patients with PET-NEG and PET-POS scans, respectively. PET-POS
patients with nonprogressing disease treated with consolidative RT (109 and 206; 53%) had outcomes approaching
those of PET-NEG patients, with 3-year estimates of 76% and 80% for TTP and OS. PET-NEG patients who had bulky
disease (210 cm) at diagnosis had outcomes indistinguishable from those without bulk, despite the omission of RT.
These data suggest that patients with advanced-stage DLBCL who are PET-NEG at EOT and receive no RT have
excellent outcomes. '®F-fluorodeoxyglucose-PET can reliably guide selective administration of consolidative RT, even in
patients with initially bulky disease. (Blood. 2021;137(7):929-938)

® Patients with
advanced DLBCL who
have a negative EOT
PET scan have an
excellent prognosis
without RT.

® PET-POS patients with
nonprogressing
disease given RT at
EOT have better-than-
expected outcomes,
providing rationale for
this approach.
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Positron emission tomography (PET) with "®F-fluorodeoxyglucose
(FDG) is highly sensitive for the detection of DLBCL and is rec-
ommended for staging and remission assessment in international
guidelines.’”?° Prospective studies have confirmed the prognostic
utility of an end-of-treatment (EOT) PET scan to distinguish be-
tween patients with excellent clinical outcomes and those with
higher likelihood of relapse, with 2-year progression-free survival
(PFS) estimates for those who achieve a complete metabolic re-
sponse at completion of R-CHOP of 72% to 86% compared with
24% to 64% for those with persistent sites of PET positivity.?"° As
a result, using an EOT PET scan to identify patients in need of
consolidative RT is an attractive option, sparing low-risk patients

Introduction

Despite advances in the diagnosis and treatment of diffuse large
B-cell lymphoma (DLBCL), outcomes remain variable, with du-
rable remissions achieved in 60% to 70% of all patients treated
with immunochemotherapy.'* Patients with advanced-stage
disease are typically treated with 6 to 8 cycles of R-CHOP
(rituximab with cyclophosphamide, doxorubicin, vincristine, and
prednisolone), and consolidative radiation therapy (RT) is often
considered for those presenting with bulky disease or residual
masses after completion of immunochemotherapy.®’ In addi-
tion, consolidative RT is often recommended for certain extra-
nodal sites, such as craniofacial or isolated bone.” " Although RT

is often administered in these settings, practices are variable and
its use remains controversial.'2-18
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from potentially unnecessary RT and selectively using radiation
only in those at high risk. More evidence is needed in the era of

€ blood® 18 FEBRUARY 2021 | VOLUME 137, NUMBER 7 929


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2020005846&domain=pdf&date_stamp=2021-02-18

contemporary R-CHOP and modern PET imaging to more ac-
curately select patients for optimized therapy.”™ No published
prospective randomized trials have been performed in this patient
population, where the decision to proceed to RT has been based
on the findings of the EOT PET scan.

In British Columbia (BC), since 2005, 6 cycles of R-CHOP (up to
8 before the publication of the RICOVER study?®), followed by an
EOT-PET scan, have been recommended for patients with newly
diagnosed, advanced-stage DLBCL. Initially, this recommen-
dation was for those with residual sites of disease (=2 cm) on
EOT computed tomographic (CT) scans, but in practice, patients
frequently underwent an outcome PET scan irrespective of the
CT findings. Patients achieving a negative EOT PET (PET-NEG)
were observed, regardless of initial bulk or site of disease,
whereas those with residual FDG-accumulation (PET-POS), in the
absence of overt disease progression, were referred for con-
solidative RT to residual FDG-avid areas, if feasible. We report on
the 14-year experience of this risk-adapted RT approach in
patients with advanced-stage DLBCL in BC.

Methods

This retrospective study was approved by the University of British
Columbia-BC Cancer Research Ethics Board and was conducted
in accordance with the Declaration of Helsinki. The BC Cancer
Lymphoid Cancer Database was used to identify all consecutive
patients with newly diagnosed DLBCL from 1 January 2005 to
1 March 2017. Diagnostic biopsies were reviewed by an expert
BC Cancer hematopathologist and categorized according to the
World Health Organization classification that was current at the
time of diagnosis.?’-?2¢ Assessment for MYC and BCL2/BCLé
translocations by fluorescence in situ hybridization was not
routinely performed in all patients before the more recent it-
eration of the classification and thus was not available for the
whole cohort.

Patients were included for analysis if they were at least 18 years
of age, had advanced-stage disease, had been treated with
R-CHOP with curative intent, and had undergone an EOT PET
scan. Advanced stage was defined as Ann Arbor stages llI/IV or
stages I/Il with B symptoms and/or bulky disease (=10 cm).
Patients underwent 6 (or rarely, up to 8) cycles every 21 days.
Patients who had disease progression during therapy were
excluded. The BC Cancer Department of Functional Imaging
database was cross-referenced to identify all patients who un-
derwent an EOT PET. Patients without an initial pretreatment
staging PET were included in this analysis. Patients were ex-
cluded if they were HIV positive; had evidence of an underlying
indolent lymphoproliferative disorder, central nervous system
(CNS) involvement at diagnosis, or primary-mediastinal B-cell
lymphoma; were treated with <6 cycles of R-CHOP; or had RT or
additional antineoplastic agents (apart from corticosteroids)
during initial R-CHOP.

Patients were considered to have bulky disease if they had a
documented site of involvement amounting to =10 cm in any of
the longest diameters. Patients with documented cortical bone
involvement at diagnosis were categorized as having skeletal
involvement. Patients were deemed to have craniofacial in-
volvement if 1 or more of the following extranodal sites was

930 & blood® 18 FEBRUARY 2021 | VOLUME 137, NUMBER 7

involved: periorbital area (excluding intraocular), nasopharynx,
nasal or paranasal sinuses, salivary glands, or oropharynx.

Functional imaging and PET-guided algorithm
PET-CT scans were performed and reported centrally at the BC
Cancer Vancouver Centre. It was recommended that PET scans
be performed 4 to 6 weeks after completion of therapy. Between
1 July 2005 and 1 January 2014 PET scans were interpreted
according to the International Harmonization Project (IHP)
guidelines.?? This scale was subsequently replaced by the
Deauville 5-point scale’ with Deauville X, 1 to 3, considered to
be negative. As a result of the different thresholds for positivity
between these 2 criteria, all FDG-PET scans performed locally
before 2014 were reclassified, blinded to outcome, in accor-
dance with the Deauville criteria (P.T.). We also performed a
sensitivity analysis limited to those patients who had scans ini-
tially reported in accordance with Deauville only.

In the absence of overt progression, the local policy in BC is that
patients who are PET-POS at EOT are immediately referred for
RT, without confirmatory biopsy, provided the FDG-avid residual
sites can be encompassed within a reasonable volume with
acceptable anticipated toxicity. The dose administered ranged
from 30 to 40 Gy and was delivered over 15 to 20 fractions. The
treated area targeted the PET-POS residual mass plus an ad-
ditional margin of 2 to 5 cm, which was individualized according
to anatomic site.3031

Statistical analysis

Descriptive statistics were used to summarize the baseline
characteristics of the patients, and the x? test was used to
evaluate differences between patients who were PET-NEG and
PET-POS at EOT. The 2-sample Mann-Whitney U test was used
to determine significance between the medians of standardized
uptake values (SUVs) at EOT because of the nonnormally dis-
tributed data. Time to progression (TTP) was defined as time
from date of diagnosis to disease progression, relapse, or death
related to lymphoma or acute treatment toxicity. Observations
were censored on the date the patient was last known to be alive
or, for patients who died as a result of causes unrelated to
lymphoma or treatment, the date of death. The Kaplan-Meier
method was used to estimate overall survival (OS) and TTP, with
the log-rank test for comparisons between groups.323* Cox
proportional hazards regression models were used to estimate
the hazard ratios (HRs) for potential prognostic factors influ-
encing TTP.3* In the multivariate model, univariate factors with
P < .1 were included, in addition to age. A value of P < .05
(2-sided) was considered significant. Statistical analyses
were performed with STATA/IC, version 13 (StataCorp, College
Station, TX).

Results

PET-NEG vs PET-POS at completion of therapy

A total of 723 patients meeting the eligibility criteria outlined
above were included in the analysis (supplemental Figure 1,
available on the Blood Web site). Their clinical characteristics are
summarized in Table 1. The median age at diagnosis was
65 years (range, 18-89). A slight majority were male (57%), most
had Ann Arbor stage Ill/IV disease (74%), 41% had an ECOG
(European Cooperative Oncology Group) performance status
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Table 1. Comparison of baseline
characteristics by EOT PET

All
patients PET-NEG PET-POS
(n=723), (n=517), (n=206),

Characteristic n (%) n (%) n (%)

Age >60 460 (64) 333 (64) 127 (62) 49
years

Male 411 (57) 289 (56) 122 (59) 42

ECOG PS 2-4 299 (41) 203 (41) 96 (47) 15

Stage IIl/IV 534 (74) 389 (75) 145 (70) 18

B symptoms 320 (44) 207 (40) 113 (55) <.001

Marrow 77 (11) 63 (12) 14 (7) .03
involvement

Elevated 393 (54) 257 (54) 136 (69) <.001
LDH

Extranodal 221 (31) 165 (44) 56 (38) 15
sites >1

Bulky site 285 (39) 172 (33) 113 (55) <.001
=10 cm

Skeletal 142 (20) 103 (20) 39 (19) 76
involvement

Craniofacial 41 (6) 33 (6) 8(4) 19
involvement

Hemoglobin 191 (26) 124 (26) 67 (35) .02
<110 g/L

IPI 3-5 377 (52) 260 (55) 117 (59) .33

Bold P values indicate statistical significance.

ECOG, European Cooperative Oncology Group; IPI, International Performance Index; LDH,
lactate dehydrogenase.

(PS) of 2 to 4, and 285 (39%) had bulky disease (=10 cm). The
majority (94%) of patients received 6 cycles of R-CHOP, and
44 (6%) were treated with 7 or 8 cycles. At EOT, 517 (72%) had
a PET-NEG scan and 206 (28%) had a PET-POS scan. Base-
line characteristics were largely similar between both groups
(Table 1), except that PET-POS patients were more likely to have
elevated lactate dehydrogenase (LDH), B symptoms, low he-
moglobin, bone marrow (BM) involvement, and bulky disease at
presentation compared with those who became PET-NEG.

With a median duration of follow-up for living patients of 4.3 years
(range, 0.9-14.2), estimates for 3-year TTP were 83% (95% confi-
dence interval [Cl], 80-86) for PET-NEG patients and 56% (95% Cl,
49-63) for PET-POS patients (log-rank P < .001; Figure 1A). OS at
3 years was 87% (95% Cl, 84-90) for PET-NEG patients and 64%
(95% Cl, 57-70) for PET-POS patients (log-rank P < .001; Figure 1B).

Outcomes for patients with bulky disease at
presentation

Of the 285 patients with sites of bulky disease (=10 cm) at di-
agnosis, 172 (60%) became PET-NEG at EOT. Of those, only 1
was treated with RT at the discretion of the treating physician
(excluded from PET-NEG group); the rest were observed. The

PET-GUIDED RADIATION IN DLBCL

estimates for 3-year TTP of patients with bulky disease who
became PET-NEG was virtually identical with that of patients
with nonbulky disease who also became PET-NEG: 82% (95% Cl,
75-87) vs 84% (95% Cl, 80-88), respectively (log-rank P = .92;
Figure 2, top). There was no difference in these results when a
cutoff of 7.5 cm was used to define disease bulk (results not
shown). Equally, when these patients were subdivided according
to stage, the presence of bulky disease at baseline still had no
impact on the outcome of patients who had limited (log-rank
P = .56) or advanced-stage disease, once complete metabolic
response was observed on EOT PET (log-rank P = .98; supple-
mental Figure 2).

Outcomes for patients with skeletal lesions and
craniofacial sites at presentation

Of the 142 patients with documented sites of skeletal in-
volvement at diagnosis, 103 (73%) became PET-NEG and
39 (27%) remained PET-POS at EOT, proportions similar to those
of patients who did not have skeletal involvement (P = .8). Of
those, 2 were treated with consolidative RT to bony sites of
original disease at the discretion of the treating physician (ex-
cluded from PET-NEG group). The presence of skeletal disease
at diagnosis did not influence TTP in those patients who became
PET-NEG (log-rank P = .67; Figure 2, bottom). A progression
event was documented in only 20 of 103 (15%) patients who
were PET-NEG at EOT: 8 patients relapsed in the CNS,
11 progressed with multiple sites of disease, and 1 patient later
received RT on clinical suspicion arising from imaging changes at
an original bony site of disease, without histological confirmation
of relapse.

Forty-one patients had documented craniofacial sites of in-
volvement at diagnosis, and of those, 33 (80%) patients became
PET-NEG at EQT (supplemental Table 6). Of those, 1 patient
received consolidative RT to the site of original disease at the
discretion of the supervising physician (excluded from PET-NEG
group). Compared with PET-NEG patients without craniofacial
sites of involvement, there was no difference in TTP (log-rank
P = .76, supplemental Figure 3). Six (18%) PET-NEG patients
later relapsed; in 5 of 6 patients, the sites of progression were
outside of the area that may have been included in an empirical
radiation field.

Predictors of relapse in PET-NEG patients

In keeping with recommendations, 513 of 517 (99%) of the
patients with PET-NEG EOT scans were observed. For the 517
patients achieving complete metabolic response at EOT, uni-
variate analysis of baseline characteristics associated with risk of
relapse included stage Ill/IV, elevated LDH, baseline anemia
(hemoglobin <110 g/L), the presence of B symptoms, and
documented BM involvement (supplemental Table 7). An IPI
(International Performance Index) score of 3 to 5 was also as-
sociated with a higher risk of relapse. However, in multivariate
analysis, only B symptoms and the presence of BM involvement
remained significant (Table 2).

PET-POS at completion of therapy and the use of
consolidative RT

Of the 206 patients with PET-POS EOT scans, 109 (53%) re-
ceived consolidative RT. The estimates for 3-year TTP were
76% (95% Cl, 66-83) for PET-POS patients treated with RT, a result
that was not statistically different when compared to 3-year TTP
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Figure 1. TTP and OS estimates for patients by EOT PET and RT status. Shown are TTP for PET-NEG vs PET-POS (A) and for PET-NEG vs PET-POS with RT and PET-POS
without RT (C); OS for PET-NEG vs PET-POS (B) and for PET-NEG vs PET-POS with RT and PET-POS without RT (D).

for patients who were PET-NEG at EOT (log-rank P = .3;
Figure 1C). By comparison, 3-year TTP was 34% (95% Cl, 25-44)
for patients with PET-POS scans who were not treated with RT
(log-rank P < .001; Figure 1C). The estimates for 3-year OS were
87% (95% Cl, 84-90), 80% (95% Cl, 71-87), and 44% (95% Cl, 34-
54) for PET-NEG, PET-POS treated with RT, and PET-POS not
treated with RT, respectively (Figure 1D).

For a variety of reasons, the 97 patients with a PET-POS EOT
scan did not undergo RT. One patient refused RT, and 4 patients
had CNS relapse. Seven patients underwent surgical excision of
a solitary site of PET positivity (splenectomy, n = 6; mastectomy,
n = 1) with only 1 having DLBCL demonstrated in the resected
specimen (spleen). The majority (59 of 97; 57%) had disease that
could not be included in feasible RT fields, because of either
location or extent, and were referred for salvage chemotherapy
or palliation, as appropriate. In total, 15 patients ultimately
underwent autologous stem cell transplant consolidation
(ASCT). Of those, 7 were still alive at the most recent time of
follow-up, in line with expectations from this approach. For the
remaining PET-POS patients, the treating physician elected to
perform further investigation or opted for surveillance.
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Almost one-third of PET-POS patients who did not receive RT (29
of 97, 30%) did not relapse, despite having no further treatment
of lymphoma. Within this cohort of 97, median SUV .« reported
for the EOT PET differed significantly between progressors
(n = 68) and nonprogressors (n = 29): 16.3 (range, 2.3-36) vs
4.5 (range, 1.7-18.1), respectively (P < .0001; supplemental
Figure 4), albeit with notable overlap in the range of positivity.

Of the PET-POS patients who did receive consolidative RT
(N = 109), there were a total of 30 relapses. Of those, 24 (80%)
had progressive disease that developed outside of the radiated
volume (n = 11 outside only, 13 both within and outside the
radiated volume), 4 patients progressed only within the radiated
volume, and for 2 patients, the sites of relapse were unknown.

Deauville-reported analysis

Given the differences in PET reporting criteria over time in our
cohort, we reclassified all PET scans performed before 2014,
blinded to outcome, in accordance with the Deauville criteria.’®
As a result of the higher threshold for PET-POS (where a positive
scan demonstrates an area of FDG uptake measuring greater
than liver [Deauville],’ compared with the previous lower
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Figure 2. TTP estimates. TTP for PET-NEG patients with or without initial tumor bulk (=10 cm at presentation) (top) and for PET-NEG patients with or without sites of skeletal

involvement (bottom).

threshold of mediastinal blood pool [IHP]¥), 545 patients were
classified as PET-NEG and 178 patients as PET-POS at EOT.
Patients with a PET-NEG scan (in accordance with Deauville
thresholds) who received RT on the basis of their IHP-reported
scan were not included in the survival estimates. Estimates of
3-year TTP were almost identical with the findings reported above:
83% (95% Cl, 79-86) for patients who became PET-NEG, 69%
(95% Cl, 58-78) for those who were PET-POS treated with RT,
and 33% (95% Cl, 24-43) for those who were PET-POS and not
treated with RT (Figure 3, top). OS at 3 years was 87% (95% Cl,
84-90) for PET-NEG patients, 75% (95% Cl, 64-83) for PET-POS
patients treated with RT, and 52% (95% Cl, 32-53) for those who
were PET-POS and not treated with RT (Figure 3, bottom). We

PET-GUIDED RADIATION IN DLBCL

also confirmed that outcomes of patients achieving PET-NEG in
accordance with the Deauville thresholds were identical with
those of patients with bulky and nonbulky disease (81% vs 84%,
respectively; log-rank P = .99; supplemental Figure 5).

In addition, we performed a separate subgroup analysis limited
to the 345 (48%) patients who had their scans reported at the
time of imaging strictly in accordance with the Deauville crite-
ria.’? Although the median duration of follow-up was un-
derstandably shorter than that for the entire cohort (2.9 years;
range, 0.9-5.8), outcomes were again similar to those for the
group as a whole. The 3-year TTP was 81% (95% Cl, 75-86) for
patients who became PET-NEG, 71% (95% Cl, 55-83) for those
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Table 2. Multivariate analysis of baseline characteristics
associated with time-to-progression events, restricted to
those patients who became PET-NEG at EOT

Age >60 years 0.9 0.5-1.4 55
ECOG PS >1 0.9 0.5-1.5 .6
Extranodal sites >1 1.0 0.6-1.6 &
Ann Arbor stage I/IV 1.5 0.6-3.8 3
Elevated LDH 1.3 0.8-2.2 3

Hb <110 g/L 1.3 0.7-2.2 4

B symptoms 2.0 1.2-3.2 .007
Marrow involvement 2.9 1.7-5.0 <.0001

Bold P values indicates statistical significance.

IPI, International Performance Index; LDH, lactate dehydrogenase.

who were PET-POS treated with RT (supplemental Figure 6), and
41% (95% Cl, 27-55) for those who were PET-POS and not
treated with RT. OS at 3 years was 87% (95% Cl, 82-91) for PET-
NEG patients, 76% (95% Cl, 60-86) for PET-POS patients treated
with RT, and 51% (95% Cl, 36-65) for those who were PET-POS
and were not treated with RT.

Discussion

Although R-CHOP has become the standard of care for patients
with advanced-stage DLBCL, the use of consolidative RT remains
controversial, with guidelines endorsing its use in certain
situations, mainly on the basis of multicenter retrospective
analyses.*”? As ~97% of patients with DLBCL have lesions that
exhibit FDG avidity, PET is a sensitive assessment tool that has
been recommended as a key component of staging and post-
treatment evaluation for more than a decade, with numerous
studies demonstrating its strong predictive value at completion
of therapy.?*2335-3? However, no published prospective trials
evaluate the use of EOT PET in advanced stage DLBCL, to guide
the use of consolidative RT in the modern treatment era.

Since 2005, it has been standard practice in BC to tailor the use
of consolidative RT based on EOT PET scan results, regardless of
the presence of bulky disease or certain extranodal sites at
presentation. This policy has been applied consistently across
our universally treated cohort, with centralized PET imaging and
reporting. This real-world experience with very mature follow-up
is unique in its scope and should have practical value for clini-
cians, especially given the lack of prospective clinical evidence in
this patient population.

We have demonstrated that patients who achieve a PET-NEG
response at completion of therapy have excellent outcomes,
with 83% free of relapse at 3 years. Similar results were reported
in a subanalysis of the phase 3 GOYA trial, with a landmark
analysis from EOT reporting an estimated 2.5-year PFS of 86.1%
for those who became PET-NEG at treatment completion.?*
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Importantly, of the 285 patients in our analysis who had bulky
disease, 172 (60%) had a PET-NEG scan, and all but 1 was
observed without additional consolidative RT. This did not ap-
pear to compromise their outcome with virtually identical 3-year
TTP compared with those without bulky disease (82% vs 84%,
respectively).

Similar results were reported in an interim analysis of the OP-
TIMAL >60 trial of older patients with DLBCL, with a cutoff for
bulky disease of =7.5 cm. The researchers concluded that a PET-
guided approach could effectively spare 42% of patients the
toxicity of radiation without affecting outcome.*®

Previously published retrospective analyses, most performed in
the absence of functional imaging for response assessment,
have suggested benefit conferred by the use of routine con-
solidative RT in advanced DLBCL, in addition to its application to
certain extranodal sites, in particular skeletal involvement.?10.17.18:41-44
As a result, there are recommendations that continue to en-
dorse RT in these patients.” 34> We acknowledge that there are
centers that have changed their practice in the modern era and
have already adopted a similar PET-guided algorithm, omitting
RT in patients with PET-NEG scans at EOT. Our data provide
the evidence that has been lacking to date in support of this
practice, demonstrating the outcomes that can be expected by
patients who achieve PET negativity at completion of therapy,
including those with bulky, skeletal, or craniofacial sites of
disease pretreatment, without the incorporation of additional
consolidative RT.

We appreciate that in the absence of prospective data randomizing
these patients to RT vs observation alone, we cannot exclude the
possibility that there may be a proportion of patients who could
benefit from the addition of RT. There is still room for improvement
for those patients who experience relapse after R-CHOP, and the
possibility that RT as an adjuvant strategy could improve outcomes
for these patients is not disproven with these data. However, as
there are no immediate plans to undertake such a randomized trial
that we are aware of, this population-based analysis (with its limi-
tations) can serve to inform treating physicians on the outcomes that
may be anticipated by following a PET-guided approach.

For patients who are PET-POS at EOT, PFS estimates reported in
the literature are highly variable at 2 to 3 years (range, 24% to
64%).22%25 However, those patients consistently have signifi-
cantly worse outcomes than their PET-NEG counterparts. In
contrast, the outcomes for patients in our cohort with PET-POS
scans who underwent consolidative RT appeared to be con-
siderably better than expected, suggesting that select patients
benefit from this approach.

Itis important to note that the PET-POS patients who proceeded
to RT are a highly select cohort, with nonprogressive, radio-
encompassable disease. In the absence of disease progression,
patients in BC do not universally undergo biopsy, but proceed
immediately to RT if amenable. This policy has been adopted
because of the frequent challenges in obtaining reliable biopsies
from sites of concern following immunochemotherapy, the high
risk of false-negative biopsies, and the inevitable delay in
starting RT. The decision to proceed to immediate RT in these
patients is based on the statistical likelihood that these residual
PET-POS sites harbor persistent disease.
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Figure 3. TTP and OS estimates for patients by EOT PET and RT status when scans were reclassified in accordance with Deauville criteria. TTP (top); OS (bottom).

In patients for whom RT is feasible, proceeding to consolidative
radiation is believed to be a practical and well-tolerated alternative
to proceeding immediately to salvage chemotherapy and con-
solidative ASCT and may eliminate the need for further therapy.
This strategy has the potential to spare certain patients the toxicity
associated with salvage regimens and ASCT. Our outcomes
suggest benefit conferred by this algorithm when compared to
historical reports, but we acknowledge that some patients treated
with consolidative RT may not have harbored residual disease.

The outcomes observed in the heterogeneous group of patients
who remained PET-POS at EOT and did not receive RT were, not
surprisingly, poor. The majority of those patients were presumed to
have refractory disease at completion of therapy and proceeded to

PET-GUIDED RADIATION IN DLBCL

immediate salvage chemotherapy or palliation. However, ap-
proximately one-third of those patients did not relapse, despite
having no further treatment of lymphoma, consistent with reported
estimates of false positivity.* Interestingly, these patients tended
to have lower SUV,,,« reported on EOT scans compared with those
in whom the disease progressed, but there was considerable
overlap in the range of values. These findings are similar to those
reported in another study of patients with primary mediastinal
B-cell lymphoma, with higher SUV,,,., values noted on EOT PET in
treatment failures compared with patients with PET-POS scans who
did not progress with surveillance and serial imaging.*’ This ob-
servation certainly merits more detailed exploration, ideally with
PET parameters that may be less subject to site and methodo-

logical variability than the SUV .48
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Although our study was retrospective and not randomized, it has
several unique strengths. It was large in scale, included mature
follow-up, and represented real-world outcomes in a population
treated with a comprehensively applied management algorithm.
We appreciate that over the course of the reported period, PET
technology has evolved. However, as PET scanning was limited
to a single center, there was consistency in reporting among the
small number of nuclear medicine physicians who reviewed all
the images. Given the change in reporting criteria from IHP to
Deauville during the course of this study, we retrospectively
reclassified all scans in line with the Deauville criteria. Survival
estimates across the 3 groups were almost identical. In addition,
we performed a separate sensitivity analysis, limited only to scans
reported by Deauville criteria at the time of imaging, which again
demonstrated outcomes similar to those seen in the larger cohort.

Our analysis does have its limitations. Not all patients underwent
a staging PET scan, which can make the reporting of scans at
EOT more challenging. It is also possible that the few patients
with apparent limited-stage disease who may have been
upstaged by a baseline PET are not captured in our cohort,*? and
therefore our results may be conservative in the estimation of true
outcomes. Our analysis was restricted to those patients who suc-
cessfully completed a full course of R-CHOP. Therefore, the value
of PET scans in patients who received an abbreviated induction
cannot be determined. In addition, PET scans were initially rec-
ommended only for patients with residual abnormalities on EOT
CT, thus those achieving a complete radiological remission on CT
scan were most likely underrepresented in our cohort.

This mature analysis effectively demonstrates that the use of a PET-
guided approach to selectively administer consolidative RT in pa-
tients with advanced-stage DLBCL is feasible and appears to be
associated with favorable outcomes. Using this approach, the most of
our patients are not subjected to the potential toxicity and associated
costs of consolidative RT, regardless of initial bulk or select extranodal
sites of disease at presentation. The outcomes for nonprogressing
patients who remain PET-POS and undergo consolidative RT
appeared better than historical expectations. For this group of pa-
tients, our data suggest that benefit may be conferred by this
management approach and could spare some patients the toxicity of
proceeding immediately to salvage chemotherapy and ASCT.
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