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Abstract

The impact of physical activity (PA) on lymphoma survival is not known. The association of PA
and change in PA with overall (OS), lymphoma-specific (LSS) and event-free (EFS) survival was
evaluated in a prospective cohort of newly diagnosed lymphoma patients (2002—-2012).

We calculated Leisure Score Indexes (mLSI) from the self-reported usual adult PA (baseline) and
at 3-years post-diagnosis (FU3), grouping patients by active versus insufficiently active by the
American Cancer Society PA guidelines. Associations of PA with survival were assessed using
hazard ratios (HRs) and 95% confidence intervals (CI) from Cox models stratified by lymphoma
subtype, adjusted for age, sex, baseline BMI and comorbidity score with change scores further
adjusted for baseline PA.

3,060 participants were evaluable at baseline and 1,371 at FU3. Active patients had superior
survival from baseline [HR (ClI): OS 0.82 (0.72-0.94); LSS 0.74 (0.61-0.90); EFS 0.92 (0.82—
1.02)] and FU3 [HR (CI): OS 0.64 (0.46-0.88); LSS 0.32 (0.18-0.59); EFS 0.82 (0.61-1.10)]
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compared to insufficiently active. An increase in mLSI from baseline to FU3 (versus stable mLSI)
was associated with superior OS (HR=0.70, Cl 0.49-1.00) and LSS (HR=0.49, CI 0.26- 0.94).The
continuous change in mLSI at FU3 was significantly associated with OS, LSS and EFS;
maintained across subgroups and appeared linear.

Higher PA among lymphoma patients at diagnosis and 3-years is significantly associated with OS,
LSS and EFS. Increasing PA after diagnosis is significantly associated with improved OS and LSS
supporting an important role for PA in lymphoma survivorship and the need for intervention trials.
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Introduction

It is estimated, as of January 1, 2016, there were 219,570 Hodgkin lymphoma (HL) and
686,370 non-Hodgkin lymphoma (NHL) survivors in the United States!. With an aging
population and more effective therapies, the number of lymphoma survivors is expected to
grow. There is increasing evidence that healthy behaviors benefit cancer survivors by
improving fatigue, functioning, quality of life (QOL), risk of long-term complications and
survival. Increasing physical activity (PA) may not just increase overall survival (OS) but
also decrease risk of cancer progression or relapse in patients with cancers of the breast?3,
prostate* and colon®’. However, results from studies in solid tumor patients are difficult to
extrapolate to lymphoma patients due to differences in disease biology, disease course,
therapies utilized, and complications of treatment.

Healthy lifestyle recommendations from hematology-oncology providers can be a strong
motivation for lymphoma survivors to adopt positive lifestyle changes8. It is known from
population-based studies that pre-diagnosis smoking, alcohol use, obesity and low Vitamin
D levels adversely affect lymphoma outcomes®13, Pre-diagnosis physical activity (PA) in
diffuse large B-cell lymphoma (DLBCL) has been associated with improved survival
outcomes!4. However, it is not known whether changes in PA after diagnosis can change
lymphoma-specific outcomes in survivors.

We hypothesized that i) adults who are more physically active prior to and after lymphoma
diagnosis have better lymphoma-related outcomes and ii) increasing the level of PA after
lymphoma diagnosis can improve survival. Hence, we studied the association of self-
reported usual adult PA, PA at 3 years after diagnosis and change in PA after diagnosis on
OS, lymphoma-specific (LSS) and event-free survival (EFS) in a prospectively enrolled
cohort of newly diagnosed patients with lymphoma.

Patients and Methods:

Study Cohort:

Full details of the Lymphoma SPORE Molecular Epidemiology Resource (MER), a
prospective cohort study of newly diagnosed lymphoma patients aged 18 years and older,
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have been previously described!®. This analysis includes participants from the Mayo Clinic
in Rochester, Minnesota, who were also enrolled in a companion study of lymphoma
etiology from 9/1/2002 through 12/31/201216. At enrollment, participants completed a
baseline health and a selfadministered risk factor questionnaire (RFQ). The RFQ was part of
the etiology study and included items on usual adult exercise, smoking, alcohol use and diet
prior to the diagnosis of lymphoma. Pathology was reviewed by a hematopathologist and
classified based on the WHO criterial’-18. Study personnel abstracted baseline clinical data
and initial course of therapy. Responses from the MER cohort baseline questionnaire were
used to calculate a baseline co-morbidity score, assigning 1 point each for the following self-
reported conditions: other cancer diagnosis within 3 years of lymphoma diagnosis (except
non-melanoma skin cancer), coronary artery disease, congestive heart failure, diabetes, hip
fracture, hepatitis, autoimmune disease, and elevated creatinine.

All participants were contacted every 6 months for the first 3 years after diagnosis, and then
annually thereafter to update health status. Disease recurrence or progression, new therapies,
and new cancers were validated against medical records. For decedents, death certificates
and medical records were reviewed by study physicians to assign cause of death. At 3 years
after diagnosis, a survivorship questionnaire (FU3) that included items on PA, smoking,
alcohol, and diet was sent to all participants. This was an observational study and patients
received care at provider discretion with no specific PA intervention.

Participants were considered evaluable at baseline if they had completed baseline RFQ,
including questions on usual adult PA. They were considered evaluable at FU3 if they had
been evaluable at baseline and completed the FU3 questionnaire, including the Godin
Leisure Time Exercise Questionnaire (Godin) 2. In order to minimize the effect of occult
lymphoma recurrences on PA levels, patients who had events (disease recurrence, re-
treatment or death) 6 months before or after FU3 were excluded from the FU3 and PA
change analysis (CONSORT diagram Supplemental S1).

Assessment of physical activity

On the baseline RFQ, participants were asked “During most of your adult life, how often did
you do strenuous/moderate/light exercise?” The questions listed examples of exercise by
intensity and asked patients to exclude walking outside the home and PA associated with
jobs.Participants answered on a 6-point frequency scale ranging from “rarely or never” to “5
or more days per week”. At FU3, participants completed the Godin, a validated tool for
measuring PA in oncology patients!® (Supplemental S2). At FU3, participants also reported
their perceived change in level of PA since lymphoma diagnosis by answering “How has
your level of PA changed since your diagnosis of lymphoma or leukemia?” as no change,
decreased or increased level of activity.

Statistical Analyses

We used PA data from the questionnaires to calculate a score corresponding to the Godin
Leisure Score Index (LSI), which is a weighted summary measure of the frequency of self-
reported weekly leisure-time exercise (times/week) calculated as (9 x strenuous activity)

+ (6 x moderate activity) + (3 x light activity) expressed in arbitrary units'®. On the Godin, a
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moderate-to- strenuous LSI of =24 is used to classify cancer survivors into active and
insufficiently active categories as per the American Cancer Society guidelines (= 150
minutes of moderate to vigorous physical activity per week)20. Although the RFQ did not
have the specific Godin questions, we used the data on frequency, duration and intensity of
PA to derive a modified LSI (mLSI). mLSI was modeled as a continuous score (per 10-point
change) and by tertile. mLSI change was calculated as baseline mLSI subtracted from FU3
LSI. Survival was measured as time from diagnosis (for baseline PA) and time from FU3
(for FU3 PA and PA change from baseline to FU3 PA) until death due to any cause and due
to lymphoma. For event analysis beyond FU3, participants who had an event prior to FU3
were excluded. We evaluated the association of PA with outcome using Kaplan-Meier curves
as well as hazard ratios (HRs) and 95% confidence intervals (CI) from Cox models stratified
by lymphoma subtype. All Cox models were adjusted for age, sex, baseline BMI and
comorbidity score. The PA change models were also adjusted for baseline PA. Subset
analyses stratified on age, body mass index (BMI), histological subtype, event free survival
at 36 months (EFS36, defined as any lymphoma recurrence, complication due to lymphoma,
or death due to lymphoma) and treatment status were also assessed. All statistical analyses
were conducted using SAS 9.4 (SAS Institute, Cary, NC).

Usual PA prior to diagnosis and subsequent survival

From 2002 to 2012, 4,087 participants were enrolled in the MER at the Mayo Clinic, and of
these, 3,129 participants completed a RFQ, of which 3,060 were evaluable for usual level of
PA prior to diagnosis (baseline mLSI). The baseline characteristics of the evaluable patients
are shown in Table 1. Compared to the participants who were evaluable for mLSI

(N=3,060), the 1,027 participants enrolled but not evaluable for mLSI were more likely to be
male (65% vs. 58%), have aggressive histology (44% vs. 37%), ECOG performance status =
2 (9% vs. 5%), obesity (BMI =30, 35% vs. 29%) and missing co-morbidity data (31% vs.
20%) (Supplemental table S3). At baseline, the median mLSI was 28 (IQR 13-43); 1392
(46%) of patients could be classified as active (mLSI = 24). Correlates of level of usual adult
mLSI (active vs insufficiently active) are shown in Supplemental Table S4. Participants who
were active had a lower median BMI and sufficient Vitamin D levels than those who were
insufficiently active based on mLSlI, else were similar on other factors.

At a median follow-up of 8.9 years from diagnosis, there were 863 total deaths, 440 of
which were attributable to lymphoma. Survival curves for mLSI by active vs insufficiently
active are shown in Figure 1a. Compared to participants who were insufficiently active,
those who were active had significantly superior OS (HR=0.82, 95% CI 0.72-0.94, p=0.004)
and LSS (HR=0.74, 95% CI 0.61-0.90, p=0.003) with a trend towards better EFS (HR=0.92,
95% ClI 0.82-1.02, p=0.114). Baseline mLSI modeled as a continuous score and by tertiles
was significantly associated with OS, LSS and EFS (Supplemental figure S5a).

PA at FU3 and subsequent survival

Of 3,060 participants with a baseline LSI, 368 died prior to FU3 and 93 who had an event
within 6 months of FU3 were excluded. Baseline characteristics for those evaluable
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(N=1,371, Table 1) and not evaluable (N=1,228) for LSI at FU3 were comparable, except
that co-morbidity information was more likely to be missing (26% vs. 14%) in those not
evaluable (Supplemental Table S3). At FU3, the median LSI at FU3 was 23 (IQR 9-40); 544
(40%) of patients were classified as active (LSI= 24). Compared to the insufficiently active,
FU3 survivors who were active were more likely to be younger, male, have aggressive
lymphoma histology, lower BMI, fewer co-morbidities and higher baseline mLSI
(Supplemental Table S4). For EFS analysis beyond FU3, participants who had an event prior
to FU3 (N=267) were excluded and only participants who achieved EFS36 (N=1104) were
included.

At a median follow-up of 2.3 years from FU3, there were 225 total deaths, 84 of which were
attributable to lymphoma. Participants who were active had significantly better OS
(HR=0.64, 95% CI 0.46-0.88, p=0.006) and LSS (HR=0.32, 95% CI 0.18-0.59, p<0.001)
with a trend towards better EFS (HR=0.82, 95% CI 0.61-1.10, p=0.188) compared to those
who were insufficiently active (Figure 1b). FU3 mLSI modeled as a continuous score and by
tertiles was significantly associated with OS, LSS and EFS (Supplemental Figure 5b).

Change in PA from baseline to FU3 and subsequent survival

1,371 participants had both baseline mLSI and FU3 LSI available to assess change in PA and
subsequent survival after FU3. The median change in mLSI from baseline to FU3 was -3
(IQR - 18 to +10). After accounting for baseline mLSl, the continuous mLSI change score
(per 10-point change) was associated with significantly superior OS (HR=0.88, 95% ClI
0.82-0.95, p=0.001), LSS (HR=0.74, 95% CI 0.65-0.84, p<0.001) and EFS (HR=0.92, 95%
Cl 0.85-0.98, p=0.016). The change in mLSI had an approximately linear association with
OS, LSS and EFS, as confirmed by spline plots (Supplemental S6). Based on their change
score, participants were divided into three groups: the highest (mLSI increase>5), middle
(stable mLSI -12 to 5) and lowest (mLSI decrease < —12) tertiles. After accounting for
baseline mLSlI, category of change in mLSI was associated with OS and LSS (Figure 2a) but
not EFS. Compared to patients with stable mLSlI, patients with increased mLSI had
marginally superior OS (HR=0.70, 95% CI 0.49-1.00, p=0.09), more strikingly superior
LSS (HR=0.49, 95% CI 0.26-0.94, p=0.006) but not EFS (HR=0.79, 95% CI 0.57-1.10,
p=0.282). There was no association of decreased mLSI with OS (HR=1.05, 95% CI 0.74—
1.49), LSS (HR=1.56, 95% CI 0.90-2.71) or EFS (HR=1.04, 95% CI 0.73-1.48).

Self-perceived change in PA from diagnosis to FU3 was also associated with OS, LSS and
EFS (Figure 2b). Compared to no change, patients who perceived a reduction in their PA at
FU3 had inferior OS (HR=1.93, 95% CI 1.50-2.47, p<0.001), LSS (HR=2.58, 95% CI 1.70-
3.93, p<0.001) and EFS (HR=1.40, 95% CI 1.05-1.87, p=0.073), while a perceived increase
in PA was not associated with OS (HR=0.86, 95%CI 0.49-1.50), LSS (HR=0.68, 95%ClI
0.24-1.93) or EFS (HR=1.22, 95% CI 0.75-1.96), noting the latter estimate was based on a
small number of events leading to wide confidence intervals.

Sub-group analysis:

In order to determine if the survival benefit from increasing PA was specific to any particular
subgroup of patients, analyses by age (<60 vs. =60 years), sex (male vs. female), BMI (<30
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vs. 230), co-morbidity score (0 vs. =1 vs. missing), disease histology (aggressive vs.
indolent; individual subtypes DLBCL, CLL and FL), patients with and without events by
FU3 (EFS36 achievers vs. non-achievers), and any treatment vs. no treatment by FU3 were
performed. These results showed superior OS, LSS and EFS were consistently associated
with higher mLSI at baseline and higher LSI at FU3 among all the subgroups analyzed (not
shown). Figure 3 illustrates the subgroup analysis for change in mLSI from baseline to FU3
demonstrating a consistent survival benefit from increasing PA among all the lymphoma
survivors.

Discussion:

Our study shows that lymphoma patients with a higher level of usual PA during adult life
prior to lymphoma diagnosis had significantly better OS and LSS after diagnosis compared
to those who are less physically active. Higher level of PA in 3-year survivors was also
associated with improved survival beyond the 3-year landmark. A change in the level of PA
from baseline to FU3 had a stronger association with survival than baseline PA alone and
this association was linear. Self-perceived decrease in PA from diagnosis to FU3 was
associated with inferior survival. These associations held true irrespective of age, sex, co-
morbidities, BMI, lymphoma histology at diagnosis, disease course and treatment.

The strengths of our study include prospective enroliment and follow-up of participants;
detailed clinical data; measurement of PA at enrollment and at FU3, allowing assessment of
change; ability to adjust for important potential confounding factors including level of
comorbidity and BMI; and the length of follow-up. We do acknowledge several limitations.
PA was self-reported, and thus is susceptible to measurement error, especially reporting of
usual adult PA prior to diagnosis, which could be impacted by severity of lymphoma at
enrollment. Further, we did not have the specific Godin questions for assessment of usual
adult PA prior to diagnosis, as the Godin assesses PA in the past week; however, we were
able to use data on frequency, duration and intensity of PA to develop a surrogate of the LSI.
We also had many participants without available PA measurements at both enrollment and at
FU3. While the differences between those with and without PA data at baseline are possibly
affected by patients undergoing active work-up and management, we did not observe major
differences in those with and without PA data at FU3. The calculated mLSI and self-
perceived PA change results broadly paralleled each other even though they measured PA
differently. While the change in PA provide compelling data to increase PA to improve
outcomes in lymphoma patients, these observational data could be impacted by selection
bias and unmeasured confounding factors, and the impact of a PA intervention needs to be
addressed using a randomized clinical trial study design.

Survivorship guidelines as well as evidence for the role of health behaviors in lymphoma
survivors are limited?!. The only randomized clinical trial of exercise in lymphoma studied
122 patients in Canada22, with focus on physical functioning and QOL as study end points.
Investigators randomized lymphoma patients on or off chemotherapy to usual care vs. 12
weeks of supervised aerobic exercise training and showed that exercise improves patient
reported outcomes and objective physical functioning. A post-hoc analysis of this study did
show a non-significant trend towards progression free survival benefit23. To our knowledge,
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our study is the first to measure the effect of change in PA after lymphoma diagnosis on
subsequent OS and LSS. Recently, Boyle et al. reported that higher pre-diagnosis PA was
associated with superior OS (HR=0.59, 95% CI 0.36-0.96) as well as superior LSS
(HR=0.56, 95%CI 0.31-1.03) in 238 diffuse large B-cell lymphoma (DLBCL) patients,
while PA was not associated with LSS in 175 follicular lymphoma (FL) patients'4. Our
results show that pre-diagnosis PA is significantly associated with improved OS and LSS,
with similar results among individual subtypes (DLBCL, CLL, FL) and group (aggressive,
indolent) in a much larger cohort. More importantly, this association holds true even 3 years
after lymphoma diagnosis and PA seems to impact LSS to a greater degree than OS.

The mechanism by which PA affects OS in lymphoma patients may be explained in part by
decreased cardiovascular events as is well established in the non-cancer population?4. Jones
et. al. studied 1,187 adult survivors of pediatric HL and found that vigorous intensity
exercise was associated with a lower risk of cardiovascular events in a dose-dependent
manner independent of cardiovascular risk profile and HL treatment?®. The mechanism of
disease-specific survival benefit from PA is likely multifactorial and not well understood
26,27 One possible explanation could be that patients who are more physically active are
more likely to tolerate and complete lymphoma treatments23. Other explanations might
include changes in metabolism, sex hormones, Vitamin D levels, angiogenesis, and immune
function, although these have been mainly studied in breast or colorectal cancer patients to
date1213.28-31 \fery few studies have examined the effect of PA on lymphoma biology,
although there is a suggestion in animal models that tumor progression is retarded with PA
via immunomodulatory mechanisms 32, Further studies are needed to elucidate mechanism
of PA’s effects on prognosis for lymphoma survivors as we did see a trend towards improved
event free survival with increased PA. A deficiency in Vitamin D has been associated with
worse outcomes in certain lymphoma subtypes!2:13:31 Vitamin D status, available only for
27% of the participants at baseline in our study, was associated with baseline PA levels and
may be the biological link that warrants further investigation.

The American Cancer Society recommends at least 150 minutes per week of moderate
intensity exercise or 75 minutes per week of vigorous intensity exercise for cancer
survivors33:34, Two prior survey based observational studies, from US and Canada, studied
PA and QOL in about 300-400 NHL patients. They found a positive association between
meeting PA guidelines and QOL, but did not study survival outcomes3°-3¢ . We found that all
lymphoma patients (including CLL) meeting the exercise recommendations have an
improvement in survival. However, it is important to emphasize the linear association
between a positive change in PA and survival, indicating that any improvement in the level
of PA has the potential to lower the risk of mortality. This is similar to results in solid tumors
37.38 |t is not known if physical activity during treatment versus strictly post-treatment
differs in outcomes, and interventional studies will need to be performed in this population.

Cancer survivors commonly ask what they can do to decrease the risk of recurrence or
progression. Our study strongly suggests that providers should counsel patients on the
important role for PA in lymphoma survivorship. Many efforts have been undertaken to
improve upon the outcomes following standard chemotherapy in NHL, particularly in
DLBCL, the most common subtype. With the exception of consolidative radiotherapy in
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bulky disease, most of these efforts have proven unsuccessful3. Herein, we found that PA is
associated with improved overall and lymphoma-specific survival. These data provide a
strong rationale for further investigating the role of PA in the care of lymphoma patients
through intervention trials. Our study supports current national exercise guidelines for
lymphoma survivors and suggests a benefit with even a modest increase in PA for those who
cannot meet the guideline thresholds. Future studies are needed to elucidate the underlying
biologic mechanisms as well as overcome barriers to effective delivery of exercise
interventions to lymphoma patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Kaplan-Meier plots of Overall, Lymphoma-specific and Event-free survival by a) baseline

mLSl and b) FU3 LSI meeting versus not meeting the American Cancer Society physical
activity guideline *HRs adjusted for age, sex, baseline BMI and comorbidity score
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Kaplan-Meier plots of Overall, Lymphoma-specific and Event-free survival by a) change in
mLSI from baseline to FU3 and b) self-perceived change in physical activity from baseline
to FU3 *HRs adjusted for age, sex, baseline BMI, comorbidity score and baseline mLSI
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Overall Survival and mLSI| Change (10 pts)

Subset N Total N events HR P-value
Young, age < 60 682 50 0.83(0.71,097) 0.020 -
Old, age >= 60 689 175 0.90(0.83,098) 0.014 ——
Female 600 89 0.85(0.74,096) 0.011 B S
Male 771 136 0.90(0.82,098) 0.023 ——
BMI < 30 925 162 0.86(0.79,094) 0.001 R
BMI >= 30 420 57 092(0.79,1.08) 0.315 w
MCI 0 951 125 0.90(0.81,099) 0.040 R
MCI 1+ 230 39 0.86(0.70,1.05) 0.133 e
Missing MCI 190 61 0.87(0.76,099) 0.032 =
Aggressive Lymphoma 462 70 0.87(0.76,098) 0.027 ——
Indolent Lymphoma 894 148 0.89(0.81,098) 0.016 — &
DLBCL 235 42 090(0.77,1.08) 0.228 -
CLL 381 78 0.85(0.74,096) 0.012 o=
FLI-NI 233 25 0.85(0.67,1.09) 0.204 %
EFS36 achievers 1104 149 0.89(0.81,097) 0.010 —
EFS36 non-achievers 267 76 0.88(0.77,1.02) 0.094 -
No treatment (3+ years) 384 58 0.89(0.77,1.03) 0.128 B
Treated (within first 3 years) 987 167 0.88(0.80,096) 0.003 — R
Allcases 1371 225 0.88(082,095) 0.001 <
UJI:-' IJIB OIS
HR
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Lymphoma-Specific Survival and mLSI| Change (10 pts)

Subset N Total N events

Young, age < 60
Old, age >= 60

Female
Male

BMI < 30
BMI >= 30

MCI 0
MCl 1+

Missing MCI

Aggressive Lymphoma
Indolent Lymphoma

DLBCL
CLL
FLI-Il

EFS36 achievers
EFS36 non-achievers

No treatment (3+ years)
Treated (within first 3 years)

All cases

682
689

600
771

925
420

951
230

190

462
894

235
381
233

1104
267

384
987

1371

26
58

35
49

63
19

54
14

16

27
53

12
27
12

34
50

11
73

84

HR
0.67(0.53,0.84)
0.77(0.65,0.91)

0.67(0.53,0.84)
0.77 (0.66,0.91)

0.72 (0.62,0.84)
0.82 (0.61,1.09)

0.71 (0.60,0.84)
0.63(0.43,0.93)
0.87(0.65,1.15)

0.65 (0.51,0.84)
0.80 (0.68,0.95)

0.71 (0.50,1.00)
0.78 (0.63,0.98)
0.66 (0.43,1.01)

0.76 (0.61,0.94)
0.79 (0.66,0.94)

0.83(0.57,1.19)
0.72 (0.63,0.83)

0.74 (0.65,0.84)
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Event-Free Survival and mLSI Change (10 pts)

Subset N Total N events

Young, age < 60
Old, age >=60

Female
Male

BMI < 30
BM' >=30

MCIl 0
MCI 1+

Missing MCI

Aggressive Lymphoma
Indolent Lymphoma

DLBCL
CLL
FLI-Il

EFS36 achievers
EFS36 non-achievers

No treatment (3+ years)
Treated (within first 3 years)

Allcases

Figure 3:
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340
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149
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716

190
340
155
1104
384
720

1104

78
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94
137
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67

144
31
56

43
182

27
80
48
231
88
143

231

HR
0.96 (0.84,1.08)
0.91(0.83,0.99)

0.91 (0.81,1.02)
0.92 (0.84,1.01)

0.90 (0.83,0.98)
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0.94 (0.86,1.03)
0.91 (0.74,1.13)
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095 (0.82,1.11)
0.92 (0.85,0.98)
0.93(0.83,1.04)
0.92 (0.84,1.01)

0.92 (0.85,0.98)

P-value
0,482
0.034

0.102
0.065

0.019
0.612

0.200
0.415

0.012

0.624
0.034

0.437
0.070
0.549

0.0186
NA

0.204
0.071

0.016
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Forest plot of subgroup analyses of association of continuous change in mLSI (per 10- point
change) with a) Overall survival b) Lymphoma-specific survival and c) Event-free survival

*HRs adjusted for age, sex, baseline BMI, co-morbidity score and baseline mLSI
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Baseline characteristics of patients evaluable for mL Sl at baseline and at 3-year follow-up

Table 1.
(FU3)
Baseline cohort | FU3 cohort
N= 3060 N= 1371
Median age at diagnosis (range), years | 62 (18-92) 61(18-91)
Male 1,770 (58%) 771 (56%)

Race: Caucasian

2,973 (98%)

1339 (98%)

ECOG performance status:

Missing 12 3

<2 2,894 (95%) 1319 (96%)

>2 154 (5%) 49 (4%)

Co-morbidity score™

Missing 612 (20%) 190 (14%)

0 1962 (64%) 951 (69%)

21 486 (16%) 230 (17%)

BMI:

Missing 72 26

<185 18 (1%) 8 (1%)

18.5-24.9 868 (29%) 384 (28%)

25.0-29.9 1202 (40%) 533 (40%)

30.0-34.9 579 (19%) 277 (21%)

>/=35 318 (11%) 143 (11%)
Stage:

Missing 48 18

Rai 0 422 (14%) 211 (16%)

Rai I-11 318 (11%) 147 (11%)

Rai I1l-1V 38 (1%) 15 (1%)

Ann Arbor I-11 854 (28%) 387 (29%)

Ann Arbor 1I-1V 1380 (46%) 593 (44%)

B-symptoms:

Missing 207 105

Yes 408 (14%) 159 (12%)

No 2,445 (86%) 1107 (87%)

Histology:

Unclassified 40 15
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Baseline cohort | FU3 cohort

N= 3060 N= 1371
Aggressive® 1131 (37%) 462 (34%)
Indolent” 1889 (62%) 894 (65%)

*

MER co-morbidity score components (1 point each): other cancer diagnosis within 3 years of lymphoma diagnosis (except non-melanoma skin
cancer), coronary artery disease, congestive heart failure, diabetes, hip fracture, hepatitis, autoimmune disease, and elevated creatinine. Missing co-
morbidity score was used as a category for adjustment of Cox models.

eAggressive histologies: Diffuse large B-cell (DLBCL), Follicular (FL) grade 3, Burkitt, primary CNS, PTLD, high grade B-cell not otherwise
specified, mediastinal B-cell, classical Hodgkin, peripheral T cell, angioimmunoblastic T cell, anaplastic large cell systemic, extra nodal NK/T cell
nasal, enteropathy type T cell, Sezary syndrome, Precursor T/B lymphoblastic.

?Indolent histologies: Chronic lymphocytic leukemia/Small lymphocytic lymphoma (CLL/SLL), Follicular grade 1 and 2, marginal zone, mantle

cell, low grade lymphoma not otherwise specified, lymphoplasmacytic, mycosis fungoides, primary cutaneous B-cell, cutaneous T-cell, anaplastic
large cell, large granular T-cell.
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