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Purpose
Utility of combined-modality therapy for patients with limited-stage diffuse large B-cell lymphoma
(DLBCL) was shown in the Southwest Oncology Group (SWOG) S8736 study, where three cycles of
CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) plus radiotherapy (CHOP3RT)
improved 5-year progression-free (PFS) and overall survival (OS) compared with eight cycles of
CHOP (CHOP8). Subsequent analysis showed an unexpected overlap of the PFS curves. We aimed
to conﬁrm and investigate this observation by performing long-term analysis of SWOG S8736 and
evaluating these data alongside data from similar patients receiving rituximab and CHOP3RT (SWOG
S0014 study).
Patients and Methods
A subset of patients with limited-stage DLBCL randomly assigned to CHOP8 (n = 150) or CHOP3RT
(n = 158) in S8736 was analyzed along with a 56-patient subset treated in S0014 for long-term PFS and OS.
Results
Median follow-up in S8736 was 17.7 years. In patients receiving CHOP8 and CHOP3RT, median PFS
was 12.0 (95% CI, 8.8 to 14.3) and 11.1 years (95% CI, 8.9 to 14.4), respectively. There were no
statistically signiﬁcant differences in PFS between the groups (P = .73). Median OS was 13.0 (95%
CI, 10.4 to 15.2) and 13.7 years (95% CI, 11.1 to 19.4) for patients treated with CHOP8 and
CHOP3RT, respectively. Similarly, there were no statistically signiﬁcant differences in OS between
the groups (P = .38). With a median follow-up time 12 years in S0014, 5- and 10-year OS were 82%
and 67%, respectively, with a persistent pattern of relapse despite the addition of rituximab.
Conclusion
Although 5-year PFS and OS were improved after early analysis in patients with limited-stage DLBCL
receiving CHOP3RT versus CHOP8, extended survival data showed similar PFS and OS, with
continuous treatment failure. The addition of rituximab (S0014) to combined-modality therapy did
not mitigate the continued relapse risk, underscoring the value of prolonged clinical trial patient
observation and possible unique biology of limited-stage DLBCL.
J Clin Oncol 34. © 2016 by American Society of Clinical Oncology

INTRODUCTION
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Diffuse large B-cell lymphoma (DLBCL) is the
most common subtype of adult non-Hodgkin
lymphoma (NHL). Anthracycline-based chemoimmunotherapy will cure approximately 50% to
60% of patients with advanced-stage disease, with
a clear plateau in progression-free survival (PFS)
and rare relapses beyond 5 years.1 In contrast, less
is known about the curability of limited-stage
DLBCL (Ann Arbor stage I to II,2 conﬁned to

a single irradiation ﬁeld), which comprises approximately one third of patients with DLBCL.3
Standard treatment of limited-stage DLBCL
includes extended chemoimmunotherapy (four
to eight cycles4-7) versus abbreviated chemoimmunotherapy (three cycles) plus involvedﬁeld radiotherapy (IFRT).4,6-8 In Southwest
Oncology Group (SWOG) S8736, a landmark
study for this population, 401 patients with NHL
were randomly assigned to receive eight cycles of
chemotherapy with CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone; CHOP8;
© 2016 by American Society of Clinical Oncology
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n = 200) versus three cycles of chemotherapy with CHOP plus IFRT
(CHOP3RT; n = 201).4 After a median follow-up of 4.4 years, initial
observations included a statistically signiﬁcant improvement in 5-year
PFS (77% v 64%; P = .03) and overall survival (OS; 82% v 72%;
P = .02) for the combined-modality arm compared with the
chemotherapy-alone arm. Furthermore, the study report established
the stage-modiﬁed International Prognostic Index (IPI) and led to
widespread adoption of combined-modality therapy for patients with
limited-stage DLBCL.4
Approximately 12 years ago, the addition of rituximab to
chemotherapy in DLBCL changed the standard of care, with superior outcomes in chemoimmunotherapy-treated patients compared with chemotherapy alone. Multiple studies showed that the
addition of rituximab to CHOP-based therapy (R-CHOP) resulted
in an approximately 10% to 15% overall increase in survival for
patients with advanced-stage DLBCL.6,9-12 To evaluate the impact of
rituximab in patients with limited-stage disease, SWOG S0014 tested
R-CHOP for three cycles followed by IFRT (R-CHOP3RT; 40 to 55
Gy) in high-risk patients with at least one adverse feature of the
stage-modiﬁed IPI.8 With a median follow-up of 5.3 years, 4-year
PFS and OS were 88% and 92%, respectively.8
Although both S8736 and S0014 were important contributions to limited-stage DLBCL management, follow-up was limited
to 5 years at the times of the respective study publications. In
a subsequent analysis of S8736 with 10-year follow-up published
only in abstract form,13 the survival curves for CHOP8 and
CHOP3RT, surprisingly, began to overlap. Additionally, for both
S8736 and S0014, no plateau had been reached in the PFS curves.
These data contrasted the expected cure rates for advanced-stage
DLBCL, leading to the hypothesis that limited-stage DLBCL may
have a unique biology from its advanced-stage counterpart. This ﬁnal
and long-term analysis of S8736 was pursued to describe clinical
outcomes after an extended follow-up of almost two decades.

a two-sided .05-level stratiﬁed log-rank test and assuming exponential
distribution. PFS and OS were primary end points. In our analysis, PFS was
deﬁned as the time from random assignment to the ﬁrst observation of
progression or death resulting from any cause. Patients last known to be
alive and progression free were censored at the date of last contact. OS and
follow-up time were deﬁned as the time from random assignment to date
of death or last follow-up as recorded in the SWOG database. PFS and OS
(with 95% CIs) were determined according to the Kaplan-Meier method.
Treatment differences for PFS and OS were assessed by means of an
unstratiﬁed log-rank test at two-sided a level of 0.05. Estimates of the
cumulative incidence of progression and second primary malignancies
were calculated using a nonparametric method.14,15 The Gray competingrisk test statistics were used for comparisons.16 For these analyses, death
before disease progression or death before development of a secondary
malignancy was considered a competing risk. Patient characteristics are
described by treatment arm and compared combined S8736 and S0014
patients by x2 or Fisher’s exact test at two-sided a level of 0.05. Cause of
death was obtained via review of death certiﬁcates and medical records
submitted to the SWOG database. Time to second malignancy, as recorded
from medical records in the SWOG database, was calculated from date of
treatment initiation.

RESULTS

Patient Characteristics
Baseline characteristics of the analyzed patient subset from
S8736 and S0014 are listed in Table 1. Notably, the S0014 patients had higher-risk disease (by design), because patients with
a stage-modiﬁed score of 0 were excluded; in contrast, approximately 30% of S8736 patients had a stage-modiﬁed score of 0.
The baseline characteristics of the two arms of S8736 were
similar, with a median age of 60 years (range, 17.9 to 85.1 years),
32% (98 of 308) of patients with Ann Arbor Stage II disease, and
4% (12 of 308) of patients with ECOG performance status of 2.
Notably, the median age of S0014 patients was approximately 10
years older.

PATIENTS AND METHODS
Patients and Treatment
From 1988 to 1995, 401 patients with limited-stage NHL (including
both B- and T-cell lymphomas) were randomly assigned to CHOP8
(n = 201) or CHOP3RT (n = 200; 40 to 55 Gy, started 3 weeks after last
cycle of CHOP) in S8736, as described previously.4 For our long-term analysis,
93 patients were excluded for histologies inconsistent with DLBCL, leaving
308 patients with DLBCL-like histologies (Appendix Fig A1, online only). Of
this subset, 150 and 158 received CHOP8 and CHOP3RT, respectively.
From 2000 to 2002, 60 patients with limited-stage DLBCL received
R-CHOP3RT in S0014, as previously described.8 For our analysis, four
patients were excluded for histologies inconsistent with DLBCL (Appendix
Table A1, online only). For enrollment in S0014, all patients had a stagemodiﬁed IPI score of 1 or greater. In the stage-modiﬁed IPI, age older than
60 years, elevated lactate dehydrogenase, Ann Arbor stage II to IIE, and
Eastern Cooperative Oncology Group (ECOG) performance status of 2 or
greater are deemed adverse prognostic factors.4 Investigators at each institution obtained informed consent from each participant. The study was
approved by local institutional review boards.
Statistical Analysis
The original design of S8736 required 200 eligible patients to be
randomly assigned to each of the treatment arms to have power of 0.8 to
detect a difference in long-term survival from 75% to 85% on the basis of
2
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Survival
With a median follow-up of 18.2 years (range, 8.5 to 22.5 years)
in patients randomly assigned to CHOP8 and 17.6 years (range,
0.2 to 22.4 years) in patients randomly assigned to CHOP3RT,
median PFS was 12.0 (95% CI, 8.8 to 14.3) and 11.1 years (95% CI,
8.9 to 14.4), respectively. There were no statistically signiﬁcant
differences in PFS between the two groups, given the long-term
follow-up (two-sided log-rank test P = .73; Fig 1A). The hazard
ratio (HR) for PFS comparing the CHOP8 arm with the CHOP3RT
arm was 1.05 (95% CI, 0.79 to 1.39).
Median OS was 13.0 (95% CI, 10.4 to 15.2) and 13.7 years
(95% CI, 11.1 to 19.4) for patients who received CHOP8 and
CHOP3RT, respectively. Similarly, there were no statistically signiﬁcant differences in OS between the groups (two-sided log-rank
test P = .38; Fig 1B). The HR for OS comparing the CHOP8 arm
with the CHOP3RT arm was 1.14 (95% CI, 0.85 to 1.53). PFS by
stage-modiﬁed IPI is included in Appendix Figure A2 (online
only).
For S0014 patients receiving rituximab plus CHOP3RT,
median follow-up was 12 years (range, 4.1 to 12.9 years). Median
PFS and OS had not been reached (Figs 2A and 2B).
JOURNAL OF CLINICAL ONCOLOGY
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Table 1. Baseline Patient (subset) Characteristics in Long-Term Follow-Up
Studies S8736 and S0014
S8736
Characteristic
Age, years
Median
Range
Age . 60 years
Male sex
Histology
DLBCL
DLCL
Other‡
Ann Arbor stage II
Elevated LDH
Missing
ECOG PS 2
Stage-modiﬁed IPI
0
1
2
3
4
Unknown

CHOP8
(n = 150)

S0014

CHOP3RT
(n = 158)

R-CHOP3RT
(n = 56)

P*
, .001†

59.8
18.8-83.3
72 (48)
95 (63)

59.4
17.9-85.1
78 (49)
94 (59)

69.3
26.3-85.1
41 (73)
41 (45)

83 (55)
51 (34)

91 (58)
53 (34)

56 (100)
0

47
35
1
7

(31)
(23)
(1)
(5)

51
36
4
5

(32.2)
(23)
(3)
(3)

24 (42.8)
13 (23)
0
1 (2)

45
63
28
12
1
1

(30)
(42)
(18)
(8)
(1)
(1)

46
63
31
13
1
4

(29)
(40)
(20)
(8)
(1)
(2)

0
38 (68)
12 (21)
6 (11)
0
0

, .001
.02
, .001

.08
.97
.70
, .001§

NOTE. Data are presented as No. (%) unless otherwise indicated. Eligibility
criteria for S8736 and S0014 were different, and S0014 intentionally enrolled
higher-risk patients.
Abbreviations: CHOP3RT, three cycles of CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) plus radiotherapy; CHOP8, eight cycles of
CHOP; DLBCL, diffuse large B-cell lymphoma; DLCL, diffuse large-cell lymphoma; ECOG PS, Eastern Cooperative Oncology Group performance status;
IPI, International Prognostic Index; LDH, lactate dehydrogenase; R-CHOP3RT,
rituximab plus CHOP3RT.
*Compared combined S8736 with S0014 using x2 or Fisher’s exact test (twosided a = 0.05).
†Wilcoxon rank sum test.
‡Other includes diffuse small cleaved-cell lymphoma (n = 2), high-grade B-cell
lymphoma (n = 1), and Burkitt’s-like lymphoma (n = 27).
§Stage-modiﬁed IPI (0 v 1 to 2 v 3 to 4).

Cause of Death
Of 181 patient deaths in this S8736 subset, cause of death was
known for 139 patients (CHOP8, n = 70; CHOP3RT, n = 69; Table 2).
The most common cause of death was relapsed DLBCL, which occurred in 33 and 30 patients in the CHOP8 and CHOP3RT arms,
respectively. The next most common causes of death were cardiovascular event, infection, and second malignancy. Notably,
seven patients died as a result of congestive heart failure in the
CHOP8 arm compared with one patient in the CHOP3RT arm.
Additionally, 10 patients died as a result of second malignancy in
the CHOP3RT arm, with four patients dying as a result of second
malignancy in the CHOP8 arm.

Progressive Disease
There were 193 patients who experienced DLBCL progression
regardless of cause of death (CHOP8, n = 96; CHOP3RT, n = 97).
In the CHOP8 cohort, 5- and 10-year cumulative incidence of
progressive disease (PD) were 23% (95% CI, 16.9% to 30.4%) and
28% (95% CI, 21.1% to 35.4%), respectively. In the CHOP3RT
cohort, 5- and 10-year cumulative incidence of PD were 18%
(95% CI, 12.4% to 24.5%) and 29% (95% CI, 21.7% to 36.1%),
www.jco.org

respectively. Death before PD was considered a competing risk.
There were no signiﬁcant differences in cumulative incidence of
PD between the groups (two-sided P = .91; Fig 3A).

Second Malignancies
Fifty-four S8736 patients developed second malignancies
(Table 3). In the CHOP8 cohort, 24 patients developed a second
malignancy at a median time of 4.8 years. In this group, 5- and
10-year cumulative incidence of a second cancer were 9% (95% CI,
4.9% to 14%) and 11% (95% CI, 6.9% to 17.2%), respectively. In
the CHOP3RT cohort, 30 patients developed a second malignancy
at a median time of 7.6 years. In this group, 5- and 10-year cumulative incidence a second cancer were 6% (95% CI, 2.9% to
10.3%) and 12% (95% CI, 7.3% to 17.6%), respectively. Death
before development of a second malignancy was considered
a competing risk. There were no signiﬁcant differences in cumulative incidence of development of a second malignancy between the groups (two-sided P = .44; Fig 3B). The most common
second cancer was nonmelanoma skin cancer (CHOP8, n = 11;
CHOP3RT, n = 6). Six patients in the CHOP3RT group developed
lung cancer in comparison with two patients in the CHOP8 group.
Incidence of breast cancer was similar between the two cohorts
(CHOP8, n = 4; CHOP3RT, n = 3). Two patients in the CHOP8
arm developed bladder cancer; there were no cases of bladder
cancer in the CHOP3RT arm. There were no occurrences of
myelodysplasia or acute leukemia in either cohort of this patient
subset.

DISCUSSION

DLBCL management is based on curative intent. For limited-stage
DLBCL, accounting for nearly one third of DLBCLs, a variety of
treatment approaches have been evaluated, including abbreviated
chemotherapy with radiation therapy versus prolonged chemotherapy. The largest prospective phase III trial in this DLBCL
subset, conducted in the prerituximab era, is S8736,4 in which
patients were randomly assigned to receive either CHOP3RT or
CHOP8. Although the initial study report4 showed an advantage
for the combined-modality arm, a preliminary presentation after
10-year follow-up suggested increased late relapses and an overlap
of the PFS curves after 7 years.13 Our analysis was conducted to
evaluate this unexpected outcome and compare outcomes with
those in a modern cohort of patients treated with abbreviated
R-CHOP plus radiotherapy. With two decades of follow-up for
S8736, we found no differences in PFS or OS between patients who
received CHOP8 or CHOP3RT. Furthermore, despite the positive
impact of rituximab on overall outcomes, there was still no
suggestion of cure after abbreviated R-CHOP plus radiotherapy
with 12 years of follow-up in S0014.
A key observation in the S8736 and S0014 studies, in contrast
to mature data in advanced-stage DLBCL,1 was the pattern of
continued late relapse in patients with limited-stage disease. For
patients with advanced-stage DLBCL, relapses after 5 years from
therapy have been reported, but they are rare. The GELA (Groupe
d’Etude des Lymphomes de l’Adulte) LNH-98.5 study randomly
assigned 399 elderly patients with advanced-stage DLBCL to either
© 2016 by American Society of Clinical Oncology
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A
10-year PFS
(%; 95% CI)

5-year PFS
(%; 95% CI)

100

15-year PFS
(%; 95% CI)

CHOP8

69 (60.6 to 75.4)

55 (46.9 to 62.8)

40 (32.3 to 48.1)

CHOP3RT

76 (68.6 to 82.1)

55 (46.5 to 62.3)

41 (33.2 to 49.1)

80

PFS (%)

P = .73*

60

40

20

No. at risk
CHOP8

150

CHOP3RT

158

No. of
treatment 5-year estimate (%)
failures
96
69
97

76

0
0

5

10

15

20

25

Time Since Registration (years)
No. of patients
at risk
CHOP8
150

103

81

53

16

158

114

82

54

20

CHOP3RT

Fig 1. (A) Progression-free (PFS) and (B) overall survival
(OS) of patients receiving CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone) for eight cycles
(CHOP8) or CHOP for three cycles plus radiotherapy
(CHOP3RT) with prolonged follow-up. 5-, 10-, and 15-year
estimates are included. (*) Two-sided log-rank test.

B
10-year OS
(%; 95% CI)

5-year OS
(%; 95% CI)

100

CHOP8

76 (68.3 to 82.1)

61 (53.0 to 68.5)

43 (35.2 to 51.3)

CHOP3RT

84 (77.0 to 88.8)

63 (55.0 to 70.3)

47 (38.8 to 54.8)

P = .38*

80

OS (%)

15-year OS
(%; 95% CI)

60

40

20
No. at risk No. of deaths 5-year estimate (%)
CHOP8

150

92

76

CHOP3RT

158

89

84

0
0

5

10

15

No. of patients
at risk
CHOP8

150

114

89

57

17

CHOP3RT

158

126

95

63

21

CHOP or R-CHOP and demonstrated a plateau of the PFS curves
after 5 years, with only 7% of patients experiencing a late relapse.1
Similarly, a large analysis of almost 1,500 patients with advancedstage DLBCL showed that relapse risk beyond 24 months matched
that of age- and sex-matched controls.17 Two retrospective studies
that identiﬁed patients with DLBCL who experienced relapse after
5 years from therapy reported that approximately 70% of this
subgroup had limited-stage disease.18,19 The most common cause
4

20

25

Time Since Registration (years)
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of death in S8736 was relapsed DLBCL, constituting 45% of the
known causes of death; incidence was equally distributed between
both arms at a constant rate of approximately 15% additional cases
of PD in each ﬁve-year increment. These studies cumulatively
suggest that late relapses occur predominantly in patients who
initially present with limited-stage disease.
The cause of these distinct relapse patterns may support
underlying biologic differences between limited- and advancedJOURNAL OF CLINICAL ONCOLOGY
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A
100
R-CHOP3RT

5-year PFS
(%; 95% CI)

10-year PFS
(%; 95% CI)

77 (63.1 to 85.7)

58 (43.8 to 69.7)

80

PFS (%)

60

40

20

No. of
No. at risk treatment
failures
R-CHOP3RT

56

26

5-year estimate (%)
77

0
0

5

10

15

Time Since Registration (years)

No. of patients
at risk
R-CHOP3RT

42

56

Fig 2. (A) Progression-free (PFS) and (B) overall
survival (OS) of patients receiving three cycles of
rituximab plus CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) plus radiotherapy (R-CHOP3RT) with prolonged follow-up.
5- and 10-year estimates are included. Median
follow-up was 12 years.

29

B
100
R-CHOP3RT

5-year OS
(%; 95% CI)

10-year OS
(%; 95% CI)

82 (69.1 to 89.9)

67 (52.9 to 77.8)

OS (%)

80

60

40

20
No. at risk No. of deaths 5-year estimate (%)
R-CHOP3RT

56

22

82

0
0
No. of patients
at risk
R-CHOP3RT

5

10

56

45

34

stage disease, which is supported by early data from Roberts et al.20
This study showed that patients with limited-stage disease (n = 35)
were more likely to have a cell-of-origin (COO) gene expression
proﬁle21 consistent with germinal center origin (GCB; 77%)
compared with patients with advanced-stage DLBCL (49%;
P = .01).20 A SWOG study of abbreviated chemotherapy plus
radioimmunotherapy in patients with limited-stage disease similarly found twice as many cases of GCB using immunohistochemical algorithms for COO. Several early studies speculated that
patients with GCB-subtype DLBCL gained relatively less clinical
beneﬁt with the addition of rituximab to chemotherapy compared
with patients with non-GCB DLBCL.21,22 These speculations may
www.jco.org

15

Time Since Registration (years)

explain why R-CHOP in S00148 did not improve survival compared with CHOP therapy in S8736.4 However, conclusions are
limited, because the COO subtypes were not determined for S8736
patients; our study predated the routine determination of COO.
Since publication of the SWOG 8736 and S0014 study reports,4,8
much effort has been made in the categorization of molecular and
biologic DLBCL risk factors,23-25 but no speciﬁc data about the
biologic underpinnings of limited- and advanced-stage disease
have emerged.
The GELA LNH-936 and ECOG 14847 studies also evaluated
chemotherapy (four to eight cycles of CHOP) and radiotherapy
prospectively in similar populations of patients with limited-stage
© 2016 by American Society of Clinical Oncology
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A

CHOP3RT
(n = 89)

Total Deaths
(n = 181)

Relapsed DLBCL
Cardiovascular
Congestive heart failure
Myocardial infarction
Stroke
Cardiac arrhythmia
Abdominal aortic aneurysm rupture
Pulmonary embolism
Second malignancy
Lung
GI
Breast
Prostate
Melanoma
Infection
Miscellaneous*
Unknown

33
15
7
3
4
1
0
0
4
1
2
1
0
0
8
10
22

30
8
1
1
3
1
1
1
10
5
3
0
1
1
7
14
20

63
23
8
4
7
2
1
1
14
6
5
1
1
1
15
24
42

Abbreviations: CHOP3RT, three cycles of CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) plus radiotherapy; CHOP8, eight cycles of
CHOP; DLBCL, diffuse large B-cell lymphoma.
*Amytrophic lateral sclerosis (n = 1), Alzheimer’s (n = 2), chronic obstructive
pulmonary disease (n = 2), diabetes (n = 2), gastric outlet obstruction (n = 1),
Lewy body dementia (n = 1), liver failure (n = 1), malnutrition (n = 2), Parkinson’s
(n = 2), renal failure (n = 2), respiratory failure (n = 3), suicide (n = 1), surgical
complication (n = 1), and trauma (n = 3).

DLBCL. With respective 7- and 12-year median follow-up, the
studies found no differences in OS between those who did or did
not receive radiation therapy. Despite study differences (variations
in treatment regimen and patient population) across these three
trials, a pattern of no clear beneﬁt of combined-modality therapy
versus chemotherapy alone emerges.
Comparison of outcomes in S8736 with those in modern
studies in limited-stage DLBCL is difﬁcult, because S8736 was
completed before the approval of rituximab, and there are few
studies in the modern era speciﬁcally addressing limited-stage
disease with prolonged follow-up time. S0014 focused on highrisk patients with limited-stage DLBCL, deﬁned by having at least
one risk factor in the stage-modiﬁed IPI. Despite being a decade
older and having higher-risk disease, patients had outcomes
roughly similar to those of patients in S8736. However, relapses
continued to occur between years 5 and 10, with PFS dropping
from 77% to 58% and OS similarly dropping from 82% to 67%.
The MInT (MabThera International) trial was designed to test
R-CHOP versus CHOP. A subset of patients in the MInT trial with
stage II nonbulky disease with no age-adjusted IPI risk factors who
received R-CHOP for six cycles demonstrated 6-year event-free and
overall survival of 84% and 95%, respectively.11 These outcomes
were better than those noted for patients in both S8736 and S0014;
however, the MinT trial included a younger and lower-risk patient
population, limiting direct comparison of the studies. Several large
retrospective studies have also evaluated outcomes speciﬁcally for
patients with limited-stage DLBCL treated with R-CHOP with
or without radiotherapy.26-28 These studies were published after a
short median follow-up of 4 to 5 years, but they still demonstrated
no clear beneﬁt of combined-modality regimens versus chemoimmunotherapy alone for patients with limited-stage DLBCL.
Comparisons of these retrospective trials with our long-term
6
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Table 2. Causes of Death for Patients in S8736
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Fig 3. Cumulative incidence of (A) progression and (B) second malignancy for
patients in S8736. Death before disease progression or death before development
of a second malignancy was considered a competing risk. CHOP3RT, three cycles
of CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) plus radiotherapy; CHOP8, eight cycles of CHOP.

follow-up of S8736 are somewhat limited by the retrospective
nature of the trials, the addition of rituximab, and the short length
of follow-up. In sum, these data raise the question of whether
combined-modality therapy should be chosen over chemotherapy
alone as the standard of care in patients with limited-stage DLBCL.
One possible answer might be a risk-adapted approach and use
of positron emission tomography scans to identify those with
complete resolution of disease who could be spared additional
chemotherapy or radiation therapy and attendant toxicities. This
type of risk-adapted treatment approach for patients with limitedstage DLBCL is currently under investigation by SWOG in the
S1001 study (Clinicaltrials.gov identiﬁer NCT01359592).
Nonrelapse morbidity and mortality were primarily related to
second malignancies and cardiovascular disease. In the S8736
subset, 17.9% (n = 55) of patients reported a second malignancy
after treatment (median time to second malignancy for those
receiving CHOP8, n = 4.8 years; CHOP3RT, n = 7.6 years), which
is higher than reported in the RICOVER-60 (Rituximab With
CHOP Over Age 60 Years) trial, where the incidence of second
malignancy was approximately 5% and was not statistically different between patients assigned to R-CHOP with or without
radiotherapy (P = .65)12; this is likely related to the short median
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Table 3. Second Malignancies Developed by Patients in S8736
Second Malignancy Type
Nonmelanoma skin
Genitourinary
Prostate
Bladder
Cervical
Lung
Breast
GI
Colon
Rectum
Pancreas
Hematologic
Chronic myelomonocytic leukemia
Low-grade non-Hodgkin
lymphoma
Multiple myeloma
Myeloﬁbrosis
Melanoma

CHOP8
(n = 24)

CHOP3RT
(n = 30)

Total
(n = 54)

11
4
2
2
0
2
4
1
0
1
0
2
1
0

6
5
4
0
1
6
3
4
2
0
2
3
0
2

17
9
6
2
1
8
7
5
2
1
2
5
1
2

1
0
0

0
1
3

1
1
3

Abbreviations: CHOP3RT, three cycles of CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) plus radiotherapy; CHOP8, eight cycles of
CHOP.

follow-up of the study of only 2.9 years, in comparison with our
long-term follow up data of S8736 of nearly 20 years. In S8736,
approximately 10% of patients died as a result of second malignancies, which is comparable to what was observed in the GELA
LNH-93 study (14%).6 Since S8736 enrollment completion in
1995, there have been signiﬁcant advances in radiotherapy.
Treatment ﬁelds are smaller and more focused, which could reduce
toxicity, including second cancers. One retrospective study
reviewed patients with limited-stage DLBCL who received three
cycles of CHOP-like chemotherapy plus IFRT or involved-node
radiotherapy with margins of 5 cm or smaller and found no
difference in 10-year PFS or OS between the groups, indicating that
reducing the ﬁeld size did not affect outcome and may reduce
toxiticy.29 Another common cause of nonrelapse mortality in
S8736 was cardiovascular-related death. Patients in both groups
experienced a similar incidence of cardiovascular events of 16.5%,
with a higher rate of mortality in the chemotherapy-alone arm
(CHOP8, 21.4%; CHOP3RT, 11.6%). In a SEER analysis of
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Appendix

Table A1. Patients Excluded From Original S0014 Cohort
Non-Hodgkin Lymphoma Subtype

No. of Patients

Anaplastic large-cell lymphoma
Burkitt’s lymphoma
T-cell–rich diffuse large B-cell lymphoma
Total excluded

1
2
1
4

Patients with aggressive lymphoma in S8736

Excluded patients
T-ALCL
FL-3
Ineligible
MALT
MCL
PTL
No lymphoma identified
Unclassifiable
No slides available

(N = 401)

(n = 93)
(n = 4)
(n = 37)
(n = 1)
(n = 2)
(n = 4)
(n = 9)
(n = 1)
(n = 1)
(n = 34)

Included for long-term analysis
DLBCL
DLCL
DSCC
High-grade B cell
Burkitt's like

CHOP3RT
(n = 158)
Median follow-up, 17.6 years
Range, 0.2-22.4 years

(n = 308)
(n = 174)
(n = 104)
(n = 2)
(n = 1)
(n = 27)

CHOP8
(n = 150)
Median follow-up, 18.2 years
Range, 8.5-22.5 years

Fig A1. CONSORT diagram for S8736. CHOP3RT, three cycles of CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) plus radiotherapy; DLBCL, diffuse
large B-cell lymphoma; DLCL, diffuse large-cell lymphoma; DSCC, diffuse small cleaved-cell lymphoma; FL-3, grade 3 follicular lymphoma; MALT, mucosa-associated
lymphoid tissue lymphoma; MCL, mantle cell lymphoma; PTL, primary thyroid lymphoma; T-ALCL, T-cell anaplastic large-cell lymphoma.
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No. at risk

No. of
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Fig A2. Progression-free survival by stage-modiﬁed International Prognostic
Index (IPI). sa, stage-adjusted.
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