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abstract

PURPOSE Bone marrow biopsies (BMB) are performed before/after therapy to confirm complete response (CR)
in patients with lymphoma on clinical trials. We sought to establish whether BMB add value in assessing
response or predict progression-free survival (PFS) or overall survival (OS) outcomes in follicular lymphoma (FL)
subjects in a large, multicenter, multitrial cohort.

METHODS Data were pooled from seven trials of 580 subjects with previously untreated FL through Alliance for
Clinical Trials in Oncology (Alliance) and SWOG Cancer Research Network (SWOG) completing enrollment from
2008 to 2016.

RESULTS Only 5/580 (0.9%) had positive baseline BMB, CR on imaging, and subsequent positive BMB
(P , .0001). Therefore, BMB were irrelevant to response in 99% of subjects. A sensitivity analysis of 385 FL
subjects treated on an Eastern Cooperative Oncology Group study was included. In the Eastern Cooperative
Oncology Group cohort, 5/385 (1.3%) had BMB that affected response assessment. Since some subjects do not
undergo confirmatory BMB, we performed a landmark survival analysis from first radiologic CR with data from
580 subjects from Alliance and SWOG. Of subjects with CR on imaging (n 5 187), PFS and OS were not
significantly different among those with negative BMB to confirm CR (n5 47) versus those without repeat BMB
(n 5 140; PFS: adjusted hazard ratio, 1.10, 95% CI, 0.62 to 1.94, log-rank P 5 .686; OS: hazard ratio, 0.59,
95% CI, 0.23 to 1.53, log-rank P 5 .276).

CONCLUSION We conclude that BMB add little value to response assessment in subjects with FL treated on
clinical trials and we recommend eliminating BMB from clinical trial requirements. BMB should also be removed
from diagnostic guidelines for FL except in scenarios in which it may change management including confir-
mation of limited stage and assessment of cytopenias. This would reduce cost, patient discomfort, resource
utilization, and potentially remove a barrier to trial enrollment.

J Clin Oncol 41:336-342. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Clinical trial requirements can be burdensome and deter
patients from participation. Initiatives through ASCO
focus on simplifying such protocols in a patient-centered
approach to encourage enrollment.1-3 In clinical practice
of follicular lymphoma (FL), utility of bone marrow bi-
opsies (BMB) is controversial. The National Compre-
hensive Cancer Network (NCCN) guidelines for FL
recommend BMB and aspiration in certain circum-
stances including to confirm stage I-II disease in patients
being considered for radiotherapy or in those who re-
quire investigation of cytopenias. They note that BMB
can be omitted for patients being observed without

treatment.4 The European Society for Medical Oncology
Clinical Practice Guidelines advise that BMB and as-
piration should be done in all patients with newly di-
agnosed FL, particularly those with suspected early-
stage disease.5 Response criteria for clinical trials in
lymphoma require that BMB be performed at baseline
and then repeated to confirm complete response (CR) in
those with positive baseline BMB.6-8

We hypothesized that only rarely do subjects have a
positive baseline BMB, CR on imaging, and then a
positive subsequent BMB—the only scenario in which
BM assessment could change response determina-
tion. We then investigated 99 subjects with FL treated
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on clinical trials at a single institution and found that 1.0%
had a BMB that could have affected response assess-
ment.9 We performed a similar analysis of the randomized
GALLIUM clinical trial, which enrolled untreated subjects
with FL to obinutuzumab plus chemotherapy versus rit-
uximab plus chemotherapy followed by obinutuzumab
or rituximab maintenance.10 We found that only 5/1,202
subjects (0.4%) had BMB that affected response
assessment when computed tomography (CT)–based
International Working Group (IWG) 2007 response
criteria were used.11 The GALLIUM trial required
fluorodeoxyglucose-positron emission tomography (PET)
imaging in the first 170 enrolled subjects, and PET was
optional in subsequent subjects. PET was performed in
282 patients with positive/indeterminate baseline BMB.
Two hundred thirteen of these patients underwent con-
firmatory BMB. Of 213 subjects with positive or inde-
terminate baseline BMB who underwent PET and repeat
BMB after treatment, BMB were relevant for response
assessment in a maximum of 10 (4.7%, five positive BMB
and five indeterminate). We sought to confirm these re-
sults in subjects with untreated FL enrolled on National
Cancer Institute National Clinical Trials Network (NCTN)
trials. Our goals were to validate findings of preliminary
studies to foster efforts to simplify future clinical trial
requirements for subjects who may be discouraged from
participation in clinical trials, and to change practice
guidelines requiring BMB in the majority of patients with
FL. In addition to encouraging patient participation in
clinical trials and minimizing patient discomfort, this effort
would also decrease cost and utilization of resources.

METHODS

We identified all clinical trials completing enrollment in the
modern therapeutic era from 2008 to 2016 by the Alliance
for Clinical Trials (Alliance and legacy Cancer and Leu-
kemia Group B [CALGB]) and SWOG Cancer Research
Network (SWOG) of subjects with untreated FL for which
BMB results at baseline and during response assessment,

and best response by imaging, were available. All studies
were approved by the institutional review board at each
participating site, and informed consent forms were signed
by all subjects enrolled on the trials. For each study, and for
all studies combined, we calculated the proportion of
subjects with positive baseline BMB, CR on imaging after
treatment, and positive repeat BMB using the total number
of subjects enrolled as the denominator. These are the only
subjects in whom BMB would affect response assessment.
The majority of studies used IWG 2007 guidelines with five
of eight protocols stating that BMB morphology and im-
munohistochemistry were required to be negative (with
goal. 20 mm core) but that bone marrow aspirate was not
required to be negative to confirm CR. Those five protocols
indicated that a small population of clonal lymphocytes by
flow cytometry in the bone marrow aspirate was considered
a CR until data became available demonstrating a clear
difference in patient outcome. Similarly, IWG 2007
guidelines indicate that histologically normal bone marrows
with a small (, 2%) B-cell population detected by flow
cytometry should be considered normal.7 The SWOG and
Eastern Cooperative Oncology Group (ECOG) studies did
require both biopsies and aspirates to be negative to
confirm CR.

Statistical analysis was conducted by the Alliance Statistics
and Data Center. We tested against the null hypothesis that
this proportion was $ 10%, versus the alternative hy-
pothesis that this proportion was , 10% (the threshold
below which BMBwould be considered inconsequential for
response assessment), using a one-sided exact binomial
test. With 500 subjects, we would have 99% power to reject
that this proportion is . 10% when the true proportion is
5% using a binary test of a single proportion with one-sided
alpha 5 .025. The power calculation was not a design
feature of the study. This is a secondary analysis using
existing data from completed NCTN clinical trials. Re-
sponse criteria were CT-based. Imaging was not used to
assess for BM involvement. BMB were unilateral in six
clinical trials and bilateral in two.

CONTEXT

Key Objective
Are bone marrow biopsies (BMB) relevant for response assessment in follicular lymphoma (FL) clinical trials?
Knowledge Generated
In 99% of subjects with FL enrolled on National Clinical Trials Network clinical trials, response is unchanged on the basis of

BMB results. Among subjects with complete response on imaging, there is no progression-free survival or overall survival
difference in those with negative confirmatory BMB versus those who do not undergo the procedure.

Relevance (S. Lentzsch)
BMB should be removed from diagnostic guidelines for FL except in scenarios in which it may change management

including confirmation of limited stage and assessment of cytopenias.*

*Relevance section written by JCO Associate Editor Suzanne Lentzsch, MD, PhD.
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Because confirmatory BMB were not completed in all indi-
cated subjects, landmark survival analyses compared
progression-free survival (PFS) and overall survival (OS) of
subjects with CR on imaging and negative BMB versus
subjects with CRon imagingwithout repeat BMB. This analysis
was performed in subjects with a positive baseline BMB.
Subjects with CR on imaging were categorized as having
negative repeat BMB or no repeat BMB within 60 days of the
first CR on imaging. PFS was defined from time of CR to
progression or death. OS was defined as time of first CR to
death. The time-to-event end points were calculated using a
landmark analysis approach from first radiologic CR and es-
timated using Kaplan-Meier, and compared using log-rank
tests, as well as univariate and multivariate Cox models ad-
justed for age, sex, stage, and Follicular Lymphoma Interna-
tional Prognostic Index (FLIPI) score, and stratified by
treatment arm within study. An ECOG trial was analyzed
separately as a sensitivity analysis, as it included only one time
point for follow-up bone marrow assessment (13 weeks), in
contrast to the Alliance and SWOG studies with repeated
evaluations of response by imaging and BMB.

To investigate whether cytopenias were associated with
positive findings of FL on initial BMB, we identified subjects
enrolled on the five Alliance clinical trials whose baseline
blood counts were available and met any of the following
criteria: absolute neutrophil count , 1.0 3 109/L, hemo-
globin , 12 g/dL, or platelet count , 100 3 109/L. We
compared baseline BMB results of subjects with and without
one or more cytopenias by these criteria.

RESULTS

We identified seven studies meeting inclusion criteria that
completed enrollment of a total of 580 subjects with FL, the
majority of whom had advanced stage disease, from 2008

to 2016 through Alliance and SWOG (Table 1). One patient
with no baseline BMB result was excluded. Five studies
were phase II and one each were phase I and phase III. Six
of the studies used IWG 2007 criteria for response as-
sessment and one used study-defined criteria. Subject
characteristics are listed in Table 2. Median age was
55 years (51% male, 96% stage III-IV, and 88% grade I-II).
FLIPI scores were low in 20%, intermediate in 46%, and
high risk in 35%. Chemotherapy-based regimens were
administered to 67% of subjects. Baseline BMB were
positive in 55%. Of subjects enrolled on Alliance clinical
trials with available information (n 5 191), there was no
association between subjects with one or more cytopenia at
baseline and positive initial BMB results (P 5 .8465; Ap-
pendix Table A1 [online only]).

Only 5/580 (0.8%) FL subjects in Alliance and SWOG trials
had positive baseline BMB, CR on imaging, and subse-
quent positive BMB (P, .0001; Appendix Table A2, online
only). Of 344 subjects with a CR on imaging after treatment,
1.5% (5/344) had BMB that altered response assessment.
See Appendix Figures A1A and A1B (online only) for
CONSORT diagrams for Alliance and SWOG, and ECOG
trials.

The landmark survival analysis from time of first radiologic
CR was performed in subjects with previously untreated FL
enrolled on Alliance and SWOG trials. Of subjects with CR
on imaging (n 5 187), PFS and OS were not different
among subjects with negative BMBwithin 60 days of CR on
imaging (n 5 47) versus subjects without repeat BMB
within 60 days of imaging (n 5 140; PFS: HRadj 5 1.10,
95% CI, 0.62 to 1.94, log-rank P 5 .686; OS: HR 5 0.59,
95% CI, 0.23 to 1.53, log-rank P 5 .276; Fig 1 and Ap-
pendix Table A2).

TABLE 1. Summary of Studies
Trial Years of Enrollment Treatment No. of Subjects Response Criteria

CALGB50701 2008-2009 Phase II: epratuzumab/rituximab in FL 59 IWG 2007

CALGBA50803 2010-2011 Phase II: lenalidomide/rituximab in FL 64 IWG 2007

CALGBA50901 2012-2014 Phase II: ofatumumab (500 or 1,000 mg) in FL 46 IWG 2007

CALGBA50904 2011-2016 Phase II: ofatumumab/bendamustine
v ofatumumab/bendamustine/bortezomib in FL

130 IWG 2007

A51103 2013-2014 Phase I: rituximab/lenalidomide/ibrutinib in FL 22 IWG 2007

S0016 2002-2008 Phase III: R-CHOP v I-131 tositumomab-CHOP in FL 175 Study defined

S0801 2009-2010 Phase II: I-131 tositumomab-CHOP in FL 84 IWG 2007

Total for Alliance and SWOG trials 580

E4402 2003-2008 Phase III: rituximab extended schedule or
retreatment trial for low-tumor-burden FL

385 IWG 1999

Total for ECOG trial 385

Total for all trials 965

Abbreviations: CALGB, part of the Alliance for Clinical Trials in Oncology; ECOG, Eastern Cooperative Oncology Group; FL, follicular lymphoma; IWG,
International Working Group; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone.
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Two clinical trials conducted by ECOG that met inclusion
criteria were identified (E4402 and E2408). E2408 was ex-
cluded because the data were not available at the time of our
data collection. A sensitivity analysis was conducted on the
385 subjects with untreated FL onRESORT (E4402), a phase

III trial of rituximab extended schedule versus retreatment at
progression. Because imaging results were mandated only at
an interim point (and therefore the results are not necessarily
reflective of best response), we were unable to combine the
analysis with that from the Alliance and SWOG trials. Char-
acteristics of subjects on the ECOG trial were similar to those
enrolled on Alliance and SWOG trials (Appendix Tables A3
and A4, online only). Of 385 subjects enrolled on the ECOG
trial, only five (1.3%) had BMB that affected response as-
sessment (Appendix Fig A1B).

DISCUSSION

In conclusion, we establish that BMB do not affect re-
sponse assessment in NCTN clinical trials enrolling sub-
jects with untreated FL. We analyzed two different data sets
with close to 1,000 total subjects, and the results of BMB
changed response assessment in only 10 subjects (about
1%). On average, in the primary data set, one subject’s
response assessment was altered for every 116 subjects
required to undergo BMB. A significant percentage of
subjects with CR on imaging did not undergo confirmatory
BMB (99/198, 50% in Alliance/SWOG trials; and 22/47,
47% in the ECOG trial). Although reasons for the omissions
were not recorded, we presume that both patient and
physician preference may have been the primary con-
tributing factors (Appendix Tables A5 and A6, online only).

The landmark survival analysis was performed to compare
outcomes in subjects who did not undergo BMB with those
who did have confirmatory BMB, and we found no dif-
ference in PFS and OS. Therefore, BMB do not enable
identification of distinct PFS/OS outcomes in FL patients
with positive findings at baseline.

In another subtype of lymphoma, classical Hodgkin lymphoma,
BMB were formerly required as part of diagnostic workup
beginning with the guidelines established by the Committee on
Hodgkin’s Disease Staging Classification in 1971.12 With in-
corporation of CT imaging into practice guidelines, recom-
mendations were changed in 1989 to include BMB as a
requirement in only those HL patients with stage III-IV disease
or stage II diseasewith high-risk features inwhombonemarrow
involvement would change management.13 When PET-CT
became routinely used in staging of HL, this modality was
established to accurately assess for bone marrow involvement
in that disease.14 A retrospective study of 454 patients with HL
concluded that BMB do not alter risk assessment or treatment
decisions in these patients, and the procedures were subse-
quently eliminated from staging requirements.8,15-17 In diffuse
large B-cell lymphoma (DLBCL), multiple studies have deter-
mined that PET-CT accurately reveals bone marrow
involvement.18-20 Therefore, NCCN guidelines state that BMB
are not necessary in DLBCL if PET-CT detects bone disease.4

Our findings from a retrospective review of the GOYA study
indicate that BMB have minimal impact on response as-
sessment in patients with DLBCL as well.11

TABLE 2. Subject Characteristics
Characteristic Alliance and SWOG (N 5 580)

Age at diagnosis, years

No. 532

Mean (SD) 54.9 (11.49)

Median 55.0

Range 25.0-90.0

Missing 48

Age at registration, years

No. 579

Mean (SD) 55.8 (11.44)

Median 55.4

Range 25.0-90.0

Missing 1

Sex, No. (%)

Male 297 (51.2)

Female 283 (48.8)

Ann Arbor stage, No. (%)

II 23 (4.0)

III 211 (36.4)

IV 346 (59.7)

FL grade, No. (%)

I 128 (27.2)

I/II 150 (31.8)

II 136 (28.9)

III 11 (2.3)

IIIa 46 (9.8)

Missing 109

FLIPI risk group, No. (%)

Low risk 113 (19.6)

Intermediate risk 265 (45.9)

High risk 199 (34.5)

Missing 3

Treatment type, No. (%)

Chemotherapy plus targeted therapy 388 (67.0)

Targeted therapy 191 (33.0)

Missing 1

Baseline BM result, No. (%)

Negative 259 (44.7)

Positive 321 (55.3)

Abbreviations: BM, bone marrow; FL, follicular lymphoma; FLIPI, Follicular
Lymphoma International Prognostic Index; SD, standard deviation.
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Guidelines for FL still require routine staging BMB, al-
though the procedures are inconsistently done in clinical
practice.4,5 NCCN guidelines do specifically note that the
procedures can be eliminated in those who are being
followed without treatment.4 Our study indicates that BMB
are unnecessary for response assessment and do not affect
PFS or OS.

BMB in FL are still useful in select circumstances including
for confirmation of stage I disease in which radiotherapy
can be administered with curative intent. The stage I FL

patient population was studied prospectively in the National
LymphoCare Study, and those who underwent rigorous
staging including imaging and BMB had longer PFS
compared with those who did not.21 In addition, in FL
patients with significant cytopenias, BMB can help de-
termine the etiology. Interestingly, in our study, there was
no association found between baseline cytopenias and
positive findings on BMB.

Limitations of our study include its retrospective nature and
response criteria variation in NCTN FL clinical trials. The
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FIG 1. Landmark survival analysis. For subjects with positive BMB at baseline and subsequent CR on imaging, (A)
progression-free survival and (B) overall survival were not different between those patients who had negative BMB
within 60 days of the first CR on imaging (n 5 47) and those who did not undergo repeat BMB within 60 days
(n 5 140). BM, bone marrow; BMB, bone marrow biopsy; CR, complete response; KM, Kaplan-Meier; NE, not
evaluable.
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CT-based IWG 2007 criteria were the response criteria in
place at the time when the trials included in our study were
performed. Current clinical trials primarily use the PET-
based Lugano criteria. The two do not differ with respect to
BMB recommendations; therefore, we expect our findings
and conclusions to also apply when Lugano criteria are
used to determine response. Our prior investigation of the
GALLIUM data set found that a minimal number of subjects
with FL who underwent PET imaging had alteration in
response assessment on the basis of BMB. Because of
differences in timing of BMB requirements, we were unable
to include FL subjects from the ECOG trial in the primary
analysis; however, findings with this cohort were similar to
those in the primary group. We cannot rule out the influ-
ence of tumor bulk in the patient population studied in our
analysis, but we think it is unlikely that this would affect our
findings. The broad inclusion criteria are an advantage of
our study, which make our conclusions applicable to the
wide variety of patients with FL receiving frontline therapy.
We note that bone marrow assessments may have been
limited by technical issues including size of core, as well as
lack of central review. In addition, a significant number of
subjects did not undergo confirmatory BMB. This may
indicate the hesitancy of both patients and physicians
regarding invasive procedures, especially when the results
would not change management. The landmark survival
analysis confirms there is no difference in PFS or OS in
subjects with CR on imaging regardless of BMB results.

Less invasive diagnostic tests including liquid biopsies are
currently being investigated in lymphomas. Circulating
tumor DNA levels of BCL2/IgH rearrangement and V(D)J
immunoglobulin sequences correlate with PFS in FL.22-25 In
mantle cell lymphoma, higher levels of circulating tumor
DNA are associated with bone marrow involvement.26

These types of assays may eventually provide a surro-
gate for bone marrow involvement in lymphomas and
become part of standard staging and monitoring of lym-
phomas including FL.

BMB requirements may discourage participation in clinical
trials and add pain, expense, and time without providing
necessary information in enrolled FL subjects. Further-
more, for 99% of patients with FL (including 96% with
advanced stage disease), we show no benefit to marrow
assessment on either prognosis or response assessment,
validating previously published smaller experiences. Based
upon these results, BMB should be eliminated from di-
agnostic guidelines in FL, and no longer incorporated as
response assessments in clinical trials for patients with FL.
This strategy is consistent with initiatives including the
American Board of Internal Medicine Foundation’s
Choosing Wisely Campaign, as well as joint efforts by ASCO
and Friends of Cancer Research to maximize value of
medical interventions and modernize eligibility criteria and
therefore make clinical care and trial enrollment more
patient-focused.1-3,27
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APPENDIX
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FIG A1. (A) Flow diagram for Alliance and SWOG trials. (B) Flow diagram for the ECOG trial. BMB, bone marrow biopsy; CR, complete response; ECOG,
Eastern Cooperative Oncology Group.

TABLE A1. Baseline BMB Results in Patients With Normal Versus Decreased Blood Counts in Alliance Studies With Data Available (N 5 191)

Blood Count

Baseline BMB Result

PPositive (n 5 99) Negative (n 5 91) Missing (n 5 1) Total (N 5 191)

Baseline blood counts, No. (%) .8465a

Normal 76 (76.8) 69 (75.8) 1 (100.0) 146 (76.4)

Decreasedb 23 (23.2) 22 (24.2) 0 (0.0) 45 (23.6)

Abbreviation: BMB, bone marrow biopsy.
aChi-square P value.
bAbsolute neutrophil count , 1.0 3 109/L, hemoglobin , 12 g/dL, or platelet count , 100 3 109/L.

TABLE A2. Proportion of Subjects With Positive BMB at Baseline, CR on Post-Therapy Imaging, and Positive Repeat BMB
Subject Population Events (No. of subjects) Binomial Proportion (95% CI) One-Sided P

All studies (Alliance and SWOG) 5 (580) 0.0086 (0.0028 to 0.0200) , .0001

Phase I studies 0 (22) Not evaluable 1.0000

Phase II studies 2 (383) 0.0052 (0.0006 to 0.0187) , .0001

Phase III studies 3 (175) 0.0171 (0.0035 to 0.0493) , .0001

CALGB 50904 0 (130) Not evaluable 1.0000

CALGB 50901 1 (46) 0.0217 (0.0006 to 0.1153) .0480

A51103 0 (22) Not evaluable 1.0000

CALGB 50701 0 (59) Not evaluable 1.0000

CALBG 50803 1 (64) 0.0156 (0.0004 to 0.0840) .0096

S0016 3 (175) 0.0171 (0.0035 to 0.0493) , .0001

S0801 0 (84) Not evaluable 1.0000

Abbreviations: BMB, Bone marrow biopsy; CALGB, Alliance and legacy Cancer and Leukemia Group B; CR, complete response.
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TABLE A3. Subject Characteristics (Alliance and SWOG v ECOG studies)

Characteristic

Alliance and SWOG ECOG

Total (N 5 580) Total (N 5 385)

Age at diagnosis, years

No. 532 384

Mean (SD) 54.9 (11.49) 59.0 (11.67)

Median 55.0 58.2

Range 25.0-90.0 25.1-86.2

Missing 48 1

Age at registration, years

No. 579 384

Mean (SD) 55.8 (11.44) 59.4 (11.66)

Median 55.4 58.8

Range 25.0-90.0 25.2-86.4

Missing 1 1

Sex, No. (%)

Male 297 (51.2) 185 (48.1)

Female 283 (48.8) 200 (51.9)

Ann Arbor stage, No. (%)

I 0 (0.0) 2 (0.5)

II 23 (4.0) 1 (0.3)

III 211 (36.4) 184 (47.9)

IV 346 (59.7) 197 (51.3)

Missing 0 1

FL grade, No. (%)

I 128 (27.2) 0 (0.0)

I/II 150 (31.8) 0 (0.0)

II 136 (28.9) 0 (0.0)

III 11 (2.3) 0 (0.0)

IIIa 46 (9.8) 0 (0.0)

Missing 109 385

FLIPI risk group, No. (%)

Low risk 113 (19.6) 67 (17.4)

Intermediate risk 265 (45.9) 179 (46.5)

High risk 199 (34.5) 139 (36.1)

Missing 3 0

Treatment type, No. (%)

Chemotherapy plus targeted therapy 388 (67.0) 0 (0.0)

Targeted therapy 191 (33.0) 385 (100.0)

Missing 1 0

Baseline BM result, No. (%)

Negative 259 (44.7) 199 (51.7)

Positive 321 (55.3) 186 (48.3)

Abbreviations: BM, bone marrow; ECOG, Eastern Cooperative Oncology Group; FL, follicular lymphoma; FLIPI, Follicular Lymphoma
International Prognostic Index; SD, standard deviation.
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TABLE A4. Subject Characteristics by Study

Characteristic

Study

50904 (N 5 130) 50901 (N 5 46) A051103 (N 5 22) 50701 (N 5 59) 50803 (N 5 64) S0016 (N 5 175) S0801 (N 5 84) E4402 (N 5 385)

Age at diagnosis, years

No. 130 NA 21 59 64 174 84 384

Mean (SD) 59.7 (11.78) NA 54.9 (12.17) 54.3 (12.28) 52.5 (10.06) 53.4 (10.73) 53.0 (11.02) 59.0 (11.67)

Median 61.0 NA 54.0 53.0 53.0 53.9 51.8 58.2

Range 25.0-87.0 NA 36.0-80.0 32.0-90.0 30.0-79.0 28.8-77.8 28.6-79.8 25.1-86.2

Age at registration, years

No. 130 45 22 59 64 175 84 384

Mean (SD) 60.2 (11.84) 60.2 (10.46) 55.0 (12.14) 54.9 (12.37) 53.3 (9.99) 53.9 (10.60) 53.3 (10.97) 59.4 (11.66)

Median 62.0 59.0 53.5 54.0 53.0 54.0 52.3 58.8

Range 25.0-88.0 40.0-85.0 36.0-81.0 32.0-90.0 32.0-79.0 28.9-77.9 28.9-79.9 25.2-86.4

Sex, No. (%)

Male 70 (53.8) 25 (54.3) 15 (68.2) 24 (40.7) 31 (48.4) 92 (52.6) 40 (47.6) 185 (48.1)

Female 60 (46.2) 21 (45.7) 7 (31.8) 35 (59.3) 33 (51.6) 83 (47.4) 44 (52.4) 200 (51.9)

Ann Arbor stage, No. (%)

I 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.5)

II 2 (1.5) 1 (2.2) 1 (4.5) 2 (3.4) 5 (7.8) 9 (5.1) 3 (3.6) 1 (0.3)

III 42 (32.3) 26 (56.5) 4 (18.2) 19 (32.2) 26 (40.6) 61 (34.9) 33 (39.3) 184 (47.9)

IV 86 (66.2) 19 (41.3) 17 (77.3) 38 (64.4) 33 (51.6) 105 (60.0) 48 (57.1) 197 (51.3)

Missing 0 0 0 0 0 0 0 1

FL grade, No. (%)

I 33 (26.8) 22 (47.8) 2 (9.1) 32 (56.1) 39 (62.9) 0 (0.0) NA NA

I/II 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 150 (93.2) NA NA

II 63 (51.2) 18 (39.1) 14 (63.6) 22 (38.6) 19 (30.6) 0 (0.0) NA NA

III 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 11 (6.8) NA NA

IIIa 27 (22.0) 6 (13.0) 6 (27.3) 3 (5.3) 4 (6.5) 0 (0.0) NA NA

Missing 7 0 0 2 2 14 84 385

FLIPI risk group, No. (%)

Low risk 0 (0.0) 10 (22.2) 3 (13.6) 12 (20.7) 21 (32.8) 52 (29.7) 15 (17.9) 67 (17.4)

Intermediate risk 38 (29.5) 35 (77.8) 11 (50.0) 28 (48.3) 41 (64.1) 77 (44.0) 35 (41.7) 179 (46.5)

High risk 91 (70.5) 0 (0.0) 8 (36.4) 18 (31.0) 2 (3.1) 46 (26.3) 34 (40.5) 139 (36.1)

Missing 1 1 0 1 0 0 0 0

(continued on following page)
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TABLE A4. Subject Characteristics by Study (continued)

Characteristic

Study

50904 (N 5 130) 50901 (N 5 46) A051103 (N 5 22) 50701 (N 5 59) 50803 (N 5 64) S0016 (N 5 175) S0801 (N 5 84) E4402 (N 5 385)

Treatment type, No. (%)

Chemotherapy plus targeted
therapy

129 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 175 (100.0) 84 (100.0) 0 (0.0)

Targeted therapy 0 (0.0) 46 (100.0) 22 (100.0) 59 (100.0) 64 (100.0) 0 (0.0) 0 (0.0) 385 (100.0)

Missing 1 0 0 0 0 0 0 0

Baseline BM result, No. (%)

Negative 54 (41.5) 29 (63.0) 5 (22.7) 26 (44.1) 32 (50.0) 76 (43.4) 37 (44.0) 199 (51.7)

Positive 76 (58.5) 17 (37.0) 17 (77.3) 33 (55.9) 32 (50.0) 99 (56.6) 47 (56.0) 186 (48.3)

Abbreviations: BM, bone marrow; FL, follicular lymphoma; FLIPI, Follicular Lymphoma International Prognostic Index; NA, not available; SD, standard deviation.
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TABLE A5. Univariable and Multivariable Cox Proportional Hazards Models
PFS (from first CR by imaging) Cox PH Model Results

Category No. of Events/No. of Subjects Hazard Ratio (95% CI) P

Univariable (unstratified) population 72/187 .7155

CR and negative BMB 18/47 Reference

CR and no BMB within 60 days 54/140 1.10 (0.65 to 1.88) .7155

Univariable (stratified)a population 72/187 .7447

CR and negative BMB 18/47 Reference

CR and no BMB within 60 days 54/140 1.10 (0.62 to 1.94) .7447

Multivariable (unstratified) population 72/187 .8980

CR and negative BMB 18/47 Reference

CR and no BMB within 60 days 54/140 1.04 (0.60 to 1.79) .8980

Age at registration, years (step size: 10) 1.20 (0.93 to 1.56) .1677

Sex .4654

Male 32/83 Reference

Female 40/104 0.83 (0.51 to 1.36) .4654

FLIPI risk group .8608

Low risk 15/37 0.84 (0.41 to 1.74) .6459

Intermediate risk 30/77 0.85 (0.46 to 1.57) .6137

High risk 27/73 Reference

Treatment type .1336

Chemotherapy plus targeted therapy 50/134 0.65 (0.37 to 1.14) .1336

Targeted therapy 22/53 Reference

Multivariable (stratified)a population 72/187 .8167

CR and negative BMB 18/47 Reference

CR and no BMB within 60 days 54/140 1.07 (0.60 to 1.91) .8167

Age at registration, years (step size: 10) 1.13 (0.88 to 1.46) .3347

Sex .8685

Male 32/83 Reference

Female 40/104 0.96 (0.56 to 1.62) .8685

FLIPI risk group .4418

Low risk 15/37 0.62 (0.29 to 1.31) .2091

Intermediate risk 30/77 0.76 (0.41 to 1.40) .3720

High risk 27/73 Reference

OS (from first CR by imaging) Cox PH Model Results

Category No. of Events/No. of Subjects Hazard Ratio (95% CI) P

Univariable (unstratified) population 19/187 .2831

CR and negative BMB 8/47 Reference

CR and no BMB within 60 days 11/140 0.61 (0.24 to 1.51) .2831

Univariable (stratified)a population 19/187 .2759

CR and negative BMB 8/47 Reference

CR and no BMB within 60 days 11/140 0.59 (0.23 to 1.53) .2759

Multivariable (unstratified) population 19/187 .2832

CR and negative BMB 8/47 Reference

CR and no BMB within 60 days 11/140 0.60 (0.24 to 1.52) .2832

(continued on following page)
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TABLE A5. Univariable and Multivariable Cox Proportional Hazards Models (continued)
OS (from first CR by imaging) Cox PH Model Results

Category No. of Events/No. of Subjects Hazard Ratio (95% CI) P

Age at registration, years (step size: 10) 1.04 (0.62 to 1.74) .8736

Sex .8264

Male 9/83 Reference

Female 10/104 0.90 (0.35 to 2.29) .8264

FLIPI risk group .6130

Low risk 5/37 1.06 (0.31 to 3.55) .9276

Intermediate risk 6/77 0.62 (0.20 to 1.94) .4115

High risk 8/73 Reference

Treatment type .7770

Chemotherapy plus targeted therapy 17/134 1.26 (0.26 to 6.18) .7770

Targeted therapy 2/53 Reference

Multivariable (stratified)a population 19/187 .2155

CR and negative BMB 8/47 Reference

CR and no BMB within 60 days 11/140 0.53 (0.20 to 1.44) .2155

Age at registration, years (step size: 10) 1.03 (0.59 to 1.78) .9221

Sex .7110

Male 9/83 Reference

Female 10/104 0.83 (0.31 to 2.22) .7110

FLIPI risk group .4579

Low risk 5/37 1.27 (0.37 to 4.36) .7074

Intermediate risk 6/77 0.59 (0.19 to 1.88) .3736

High risk 8/73 Reference

Abbreviations: BMB, bone marrow biopsy; CR, complete response; FLIPI, Follicular Lymphoma International Prognostic Index; OS, overall survival; PFS,
progression-free survival; PH, proportional hazard.

aStratified by treatment arm within study.
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TABLE A6. Characteristics of Patients With Positive Baseline BMB and Complete Response on Imaging

Characteristic

BMB Completion Status

Total
(N 5 198)

Assessed
(n 5 99)

Not Assessed
(n 5 99)

Age at diagnosis, years

No. 91 99 190

Mean (SD) 52.5 (9.94) 52.2 (10.84) 52.4 (10.39)

Median 53.7 50.3 51.7

Range 33.0-77.5 30.1-82.0 30.1-82.0

Age at registration, years

No. 99 99 198

Mean (SD) 53.0 (9.72) 52.6 (10.80) 52.8 (10.25)

Median 53.8 52.0 53.0

Range 34.0-77.5 31.2-82.0 31.2-82.0

Sex, No. (%)

Male 42 (42.4) 45 (45.5) 87 (43.9)

Female 57 (57.6) 54 (54.5) 111 (56.1)

Ann Arbor stage, No. (%)

III 2 (2.0) 5 (5.1) 7 (3.5)

IV 97 (98.0) 94 (94.9) 191 (96.5)

FL grade, No. (%)

I 24 (29.3) 16 (23.9) 40 (26.8)

I/II 31 (37.8) 26 (38.8) 57 (38.3)

II 25 (30.5) 17 (25.4) 42 (28.2)

III 2 (2.4) 1 (1.5) 3 (2.0)

IIIa 0 (0.0) 7 (10.4) 7 (4.7)

Missing 17 32 49

FLIPI risk group, No. (%)

Low risk 19 (19.2) 19 (19.2) 38 (19.2)

Intermediate risk 46 (46.5) 37 (37.4) 83 (41.9)

High risk 34 (34.3) 43 (43.4) 77 (38.9)

Treatment type, No. (%)

Chemotherapy plus targeted
therapy

71 (71.7) 73 (73.7) 144 (72.7)

Targeted therapy 28 (28.3) 26 (26.3) 54 (27.3)

Abbreviations: BMB, bone marrow biopsy; FL, follicular lymphoma; FLIPI, Follicular Lymphoma International Prognostic Index.
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