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Abstract

Purpose—The role of consolidative radiotherapy (RT) for stage 111 and IV DLBCL in the era of
rituximab is not well defined. There is evidence that some patients with bulky disease may benefit,
but patient selection criteria are not well established. We sought to identify a subset of patients
who experienced a high local failure rate after receiving rituximab-based chemotherapy alone and
hence may benefit from the addition of consolidative RT.

Methods and Materials—211 stage |1l and IV DLBCL patients treated between August 1999
and January 2012 were reviewed. Of these, 89 had a complete response to systemic therapy
including rituximab and received no initial RT. Kaplan-Meier analysis and Cox proportional
hazards regression were performed with local recurrence (LR) as the primary outcome.

Results—Median follow-up was 43.9 months. 50% experienced LR at 5 years. In multivariate
analysis tumor =5 cm and stage 11 disease were associated with increased risk of LR. Five year
LR free survival for patients with > 5 cm lesions were 47.4% versus 74.7% for patients with <
5cm lesions (p = 0.01). In patients with < 5 cm tumors, SUVmax was =15 in all patients with LR.
Five year LR free survival was 100% in SUV < 15 versus 68.8% in SUV=15 (p=0.10).
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Conclusions—Advanced stage DLBCL patients who are stage |11 or with disease =5 cm appear
to be at an increased risk for LR. Patients with <5 cm disease and SUVmax=15 may be at higher
risk for LR. These patients may benefit from consolidative RT following chemoimmunotherapy.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous disease that represents the most
common subtype of non-Hodgkin lymphoma in the United States. About two thirds of these
patients present with advanced disease. The addition of rituximab to standard chemotherapy
has improved outcomes in this disease[1, 2]. However, outcomes remain poor in stage Il1
and IV disease with progression free survival (PFS) and overall survival (OS) at ten years of
37% and 44%, respectively[3].

Relapse after initial treatment typically requires high-dose therapy with autologous stem cell
transplant. Prolonged disease free survival rates are poor following relapse[4]. Radiation
therapy (RT) is often recommended in the consolidative setting following complete response
after chemotherapy, particularly for stage | and 11 DLBCL patients. Randomized evidence
has shown that RT improves the rate of recurrence and possibly survival in stage | and Il
DLBCL][5, 6]. Other studies conclude that there is no benefit from radiation in this setting[7,
8], but these were all conducted in the pre-rituximab era.

With the dramatic improvement in outcomes in the rituximab era, the question is raised
whether radiation therapy is still needed. The role of RT is especially unclear in the setting
of advanced stage disease in which systemic relapse is thought to drive outcomes and
improved local control with the addition of radiotherapy may be less of an issue. However,
there is evidence that consolidative RT can improve outcomes in advanced stage disease.
Retrospective series have shown improvement in both PFS and OS with the addition of RT
following complete response to chemotherapy[9-11]. Additionally, a recently published
prospective nonrandomized trial, including stage 111 and 1V patients, demonstrated
improvements in both PFS and OS for =70 year old patients with >7.5 cm bulky disease
with the addition of consolidative RT following R-CHOP[12].

While there may be a benefit to the addition of RT in some patients, advanced stage DLBCL
represents a heterogeneous disease. Given the preceding results, we sought to identify a
subgroup of patients with advanced stage DLBCL who could benefit from consolidative RT
in the modern treatment era. We attempted to clarify this by the identification of adverse risk
factors predicting for increased local recurrence (LR) in patients who received a complete
response (CR) with rituximab-based chemotherapy. These adverse risk factors would then
enable radiation oncologists in better identifying future stage I11/1V patients who would
likely benefit the most with the addition of consolidative radiotherapy.

Methods and Materials

After obtaining XXXX Institutional Review Board approval, we reviewed the records of 211
histologically confirmed stage 111-1V DLBCL patients treated with rituximab in addition to
CHOP or CHOP-like chemotherapy at XXXX University between 8/1999 and 1/2012.
Patients who received radiation therapy, did not achieve CR, or had involvement of the
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central nervous system were excluded from our analysis. Imaging response assessment was
based on consensus recommendations from the International Harmonization Project in
Lymphoma[13].

The diagnosis of DLBCL was confirmed by hematopathologists at XXXX University
according to World Health Organization classification. Staging was based on the Ann Arbor
classification[14]. Staging procedures were not standardized but included computed
tomography (CT) of the chest, abdomen, and pelvis, or positron emission tomography
(PET), LDH, and bone marrow biopsy. Bulky disease was defined as any presenting mass
=5 cm in CT maximum diameter, including those presenting with multiple bulky sites. We
identified and extracted characteristics previously associated with local control (LC), PFS
and OS including International Prognostic Index (IPI) score, lactate dehydrogenase (LDH),
tumor size, maximum standardized uptake value (SUVmax) on PET, and bone marrow
involvement[10, 15-17]. SUVmax determination was done at time of study acquisition by
an attending nuclear medicine physician.

Statistical Analysis

Results

Survival functions for LR and distant recurrence (DR) were estimated by the Kaplan- Meier
method. LR was defined as the presence of disease recurrence within the initially presenting
sites. DR was presence of disease recurrence at all other sites. Time to event was defined as
months from completion of chemotherapy. Patients without a LR or DR were censored at
last follow-up date. SUVmax = 13 and bulky lesion =5 cm were chosen a priori to
dichotomize patients based on prior series describing these as relevant cut points[9, 16-18].
Descriptive statistics were reported for patient and disease characteristics. Cox proportional
hazards model was used for multivariate analysis. Backward elimination was used with
significance level for removal criteria of p > 0.2. Hazard ratios and their 95% confidence
intervals were estimated to assess magnitude of risk. The SAS, version 9.3, statistical
package (SAS Institute, Cary, NC) was used for all data managements and analyses.

Clinical Characteristics

Two hundred and eleven patients with DLBCL treated with rituximab-based chemotherapy
were identified. Of these, 89 patients had a CR as determined by PET or CT and met our
inclusion criteria. The median follow-up time was 43.9 months for all patients. The median
age was 59 (range 21-81) years. The Ann Arbor stages represented were 111 (44.9%) and 1V
(55.1%). A majority had an Eastern Cooperative Oncology Group (ECOG) performance
status of either 1 or 0 (96.7%). 56.3% of patients presented with bulky =5 cm lesions. The
median SUVmax was 17.3 (range 2.3-43).

Patients received a median of six cycles of chemotherapy (range 3-8) with 87.6% receiving
R-CHOP chemotherapy. The remainder received alternative rituximab-containing regimens
at the discretion of their medical oncologist (CVP-cyclophosphamide, vincristine,
prednisone; EPOCH-etoposide, prednisone, vincristine, cyclophosphamide, and
doxorubicin; Hyper-CVAD-cyclophosphamide, vincristine, doxorubicin, dexamethasone,
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methotrexate and cytarabine were used.) See Table 1 for patient and treatment
characteristics.

Patterns of relapse

Discussion

43.8% of patients developed relapse at initially involved site after rituximab-based
chemotherapy alone. The actuarial rate of LC at 5 years was 52.2%. 19 patients (21.4%)
developed recurrence exclusively at initially involved sites, and 20 patients (22.5%)
developed recurrence both at previously involved sites and distantly. Only 3 (3.4%) patients
developed an isolated DR, suggesting that isolated distant recurrences without some form of
a local recurrence are uncommon after chemotherapy alone, even in stage I11/1V patients
with DLBCL.

In the univariate analysis, only the presence of bulky disease was associated with LR.
Variables including IPI and the presence of extranodal disease were not associated with
increased risk of LR (Table 2). There was no association with SUVmax =13 (p=0.70) or
SUVmax as a continuous variable with increased LR. Actuarial rates of local control at 5
years were 47.4% vs 74.7% (p=0.01) for bulky vs non-bulky disease, respectively (Figure
1). On multivariate analysis, the presence of bulky disease remained associated with
increased risk of developing local recurrence (p < 0.01). In addition stage 111 disease was
also associated with increased risk of local recurrence (p=0.03) (Table 3).

In an exploratory univariate analysis, the subgroup of patients with non-bulky disease
(n=28) was evaluated separately. Although, no factor was identified to be significantly
associated with LR, all events of LR occurred when SUVmax was =15 (Figure 2). This
relationship did not exist in patients with bulky lesions.

23 patients with =5 cm or SUVmax =15 lesions had evaluable pre and post-treatment
imaging. Of these patients 18 (78%) had recurrences within or directly adjacent to
previously involved sites.

The role of RT in the setting of advanced stage DLBCL following complete response to
chemotherapy remains controversial. Previous series, including one published from our own
institution show excellent rates of LC (90-100%) following RT in advanced stage
DLBCL[10, 19]. It is unclear what benefit LC provides for outcomes in this disease, but
multiple retrospective studies and a recent prospective trial support the usage of RT in this
setting[9-12]. As seen in other cancer sites, improved control of microscopic disease distally
due to improved systemic therapy such as rituximab may actually enhance the importance of
control at initially involved sites. This is especially true as patients are less likely to die of
systemic disease due to improved systemic therapy. Further clarity is needed in identifying
the patients who would benefit the most from the addition of RT.

Our results also show that patients with stage |11 disease more frequently develop relapse at
previously involved sites, despite rituximab based chemotherapy. This may reflect that
patients with stage 1V disease present with more extensive systemic disease burden thus may
less likely to have relapse at only initially involved sites. All three patients who had an
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isolated DR in our study had presented initially with stage IV disease. Additionally, our
findings indicate that lesions > 5 cm in size are associated with worse control of disease at
initially involved sites with rituximab based chemotherapy alone. 26 of the 28 patients in our
series had evaluable pretreatment imaging. Only 4 of these patients would have required two
separate radiation treatment fields to encompass areas of bulky disease, the rest would have
had their initial bulky disease encompassed in one field. Thus RT to these initially bulky
sites is a feasible intervention since a majority of these tend to have one site of bulky
involvement and very few appear to have multiple sites of bulk.

Bulky disease is generally accepted as an independent adverse prognostic factor in patients
with DLBCL. Bulky lesions may impair drug delivery by lack of vascular flow leading to
harboring of resistant clones after chemotherapy[20, 21]. While we have identified 5 cm as a
cut point, the exact definition of bulky disease remains uncertain, especially, with tumor
sizes ranging between 5-10 cm. There is some thought that rituximab may abrogate the
importance of bulky disease as a factor. However, the majority of recently published
evidence is consistent with our findings that it remains an important variable[12, 16].

Retrospective series of patients treated with CHOP chemotherapy from MD Anderson and
Milan demonstrated benefits for addition RT for tumors =4 cm and =6 cm respectively[9,
22]. An exploratory analysis of the relationship between maximum tumor diameter and
event free survival was performed on patients treated on the Mabthera International Trial
Group Study[16]. This analysis demonstrated a stronger association between bulky disease
and event free survival in the setting of CHOP chemotherapy rather than with R-CHOP.
However, a significant difference in OS was noted with 6 cm as a cut point with patients
receiving R-CHOP. A recent large series form MD Anderson did not show association
between bulky disease =5 cm and PFS or OS[10]. However, a recently published non-
randomized prospective trial showed improved PFS and OS in elderly patients with =7.5 cm
lesions when analyzed per protocol treatment design[11, 12].

18F-fluorodeoxyglucose (FDG) PET metabolic imaging is a standard method for initial
staging and assessment of treatment response in DLBCL. The value of initial SUVmax on
disease outcomes has not been widely reported. SUVmax offers a quantitative representation
of glucose utilization. This can be a proxy for proliferative rate in DLBCL in vivo23]. Our
study is the first to identify SUVmax =15 as a potential predictor of LR in patients with non-
bulky disease. There was no association between SUVmax and LR in patients with bulky
disease. Prior studies have shown association with both SUVmax = 15 and SUVmax = 30
with PFS and OS respectively[24, 25]. While our conclusions regarding this are limited due
to small numbers, the association specifically with LR is important because of the potential
implication on RT field design. It is unclear from our study how this correlates with
molecular proliferative indices or molecular subtypes of DLBCL. These data provide
provocative findings that support future investigation in these areas.

Limitations in our study primarily arise from the retrospective nature and the limited
numbers in examining subgroups. Additionally, not all patients underwent cytogenetic
analysis regarding c-MYC, BCL2 or BCL6 rearrangement. Thus, we were not able to
correlate their presence with difference in outcomes. Our study is unique in that it examines
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a uniform cohort of advanced stage patients, all, who received CR to standard
immunochemotherapy, in order to identify factors leading to poor LC. This is a population
that has not previously been examined with this question and impacts optimal patient
selection for radiation oncologists. Additional risk factors need to be identified that reflect
the heterogeneity of this disease to appropriately risk stratify patients needing RT. Well
designed randomized trials are needed to provide further clarity to this disease. The ongoing
Unfavorable Low-Risk Patients Treated with Densification of R-Chemo Regimens
(UNFOLDER) trial (clinical trial registry: NCT00278408) featuring a 2x2 randomization
comparing R-CHOP -21 and 14 as well as RT or no RT to =7.5 cm bulky disease will
eventually help guide decisions on RT. The arms without RT were recently closed on
interim analysis suggesting some benefit to RT[26]. Results from this study will further shed
light on management of DLBCL patients.

Conclusions

About 50% of patients with advanced stage DLBCL will experience local relapse. Only
3.4% of patients in our study had isolated distant relapse with no component of LR. In
advanced stage DLBCL, increased LR is associated with the presence of bulky > 5cm
disease and stage Il disease. In patients with non-bulky disease, there appears to be an
association with SUVmax =15 and LR. Identification of these risk factors may aid in the
decisions regarding optimal selection of patients for RT after CR to R-CHOP based
chemotherapy.
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Bulky Disease and Local Control
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SUVmax in Non-bulky Disease and Local Control
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Table 1

Patient, Tumor and Treatment Characteristics

Characteristic n=89 (%)
Median follow-up time in months 459
Age

<60 years 47 (53%)

>60 years 42 (47%)
Gender

Male 48 (54%)

Female 41 (46%)
Stage

11 40 (45%)

v 49 (55%)
ECOG PS

0 45 (51%)

1 41 (46%)

2+ 3(3%)
B Symptoms

Negative 61 (69%)

Positive 28 (31%)
Extranodal Sites

0-1 44 (49%)

2-5 45 (51%)
Bone Marrow Involvement

No 69 (77%)

Yes 20 (23%)
Bulky =5 cm

No 28 (44%)

Yes 36 (56%)

Missing 25
LDH

Normal 24 (35%)

Elevated 44 (65%)
SUVmax = 13

No 15 (26%)

Yes 42 (74%)

Missing 32
SUVmax = 15

No 19 (33%)

Yes 38 (66%)

Missing 32
Chemotherapy Received

R-CHOP 78 (88%)

R+Other 11 (12%)
Chemotherapy Cycles

3-5 7 (8%)

6-8 82 (92%)

Abbreviations: ECOG PS - Eastern Cooperative Oncology Group Performance Status; LDH — lactate dehydrogenase; SUV - standardized uptake
value.
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Table 2

Univariate Association of Local Recurrence

Comparison HR (95% CI) p Value
Age <60 vs =60 0.98 (0.52-1.84) | 0.94
Gender Male vs Female 1.13 (0.60-2.11) 0.71
ECOG PS Ovs 1+ 0.84 (0.45-1.58) 0.59
B Symptoms Absent vs Present 0.85 (0.43-1.68) 0.64
Number Extranodal Sites 0-1vs 2-5 0.86 (0.45-1.63) 0.64
Bone Marrow Involvement No vs Yes 1.23 (0.54-2.79) 0.62
Stage 1l vs IV 1.21(0.65-2.28) | 0.54
Bulky =5 cm No vs Yes 0.31 (0.12-0.79) 0.01
SUVmax 215 No vs Yes 0.67 (0.27-1.68) 0.40
LDH Normal vs Elevated | 0.64 (0.26-1.54) 0.32
IP1 <2vs >2 1.20 (0.63-2.27) 0.58
Chemotherapy R-CHOP vs R+Other | 0.61 (0.19-2.00) 0.42
Chemotherapy Cycles <6 vs 26 1.29 (0.54-3.10) 0.57

Abbreviations: ECOG PS — Eastern Cooperative Oncology Group Performance Status; LDH — lactate dehydrogenase; SUV — standardized uptake

value.
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Table 3
Multivariate Association of Local Recurrence
Comparison HR (95% CI) p Value
ECOG PS Ovs 1+ 0.32 (0.09-1.15) 0.08
Stage s IV 4.45(1.13-17.49( | 0.03
Bulky =5 cm No vs Yes 0.13(0.03-0.51) <0.01
SUVmax =15 No vs Yes 2.47 (0.72-8.53) 0.15
Chemotherapy Cycles <6 vs 26 5.50 (0.60-50.24) 0.13

Abbreviations: ECOG PS - Eastern Cooperative Oncology Group Performance Status; SUV — standardized uptake value.
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