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Key Points

• Patients who
underwent core needle
biopsy are more likely
to have poor-risk
disease features and
inadequate tissue for
molecular analyses.

• Increasing tissue
requirements of
biomarker-driven trials
may exclude patients
with high-risk DLBCL
who need novel
agents.
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ain.pd
An enhanced understanding of the molecular heterogeneity of diffuse large B-cell

lymphoma (DLBCL) has opened the door to clinical trials evaluating novel agents with

subtype-specific activity. It is an emerging question whether core needle biopsies (CNB) can

adequately meet the increasing tissue requirements of these clinical trials. This can

potentially lead to selective enrollment of patients who can undergo excisional biopsy (EB).

It is also important to know whether patients who can undergo extensive diagnostic work

up differ in their disease characteristics and outcomes from those who cannot. In this

observational study, we describe the characteristics, outcomes, and adequacy of diagnostic

tissue in patients with newly diagnosed DLBCL and primary mediastinal large B-cell

lymphoma who underwent EB vs CNB. Of the 1061 patients, 532 (49.8%) underwent EB and

529 (50.1%) underwent CNB. A significantly higher proportion of patients with CNB had

advanced stage disease, an international prognostic index of ≥3, and inadequate tissue for

molecular analyses. Patients with CNB had significantly worse 5-year event-free survival

(67.6% vs 56.9%; hazard ratio [HR], 0.76; confidence interval [CI]95, 0.6-0.9, P < .001) and

5-year overall survival (76.4% vs 69.2%; HR, 0.8; CI95, 0.6-0.9, P < .001). Thus, patients who

underwent CNB have poor-risk features and inferior outcomes on frontline

chemoimmunotherapy, are more likely to have inadequate tissue for molecular analyses,

and might not meet the tissue requirements of biomarker-driven clinical trials. Thus, the

increasing tissue requirements of biomarker-driven clinical trials may result in the

exclusion of patients with high-risk DLBCL who need novel agents.
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Introduction

Advances in molecular profiling have remarkably improved our understanding of diffuse large B-cell
lymphoma (DLBCL) biology.1-6 Multiplatform analyses of structural genetic abnormalities and gene
expression have identified distinct genetic signatures of DLBCL with differential prognosis with frontline
chemoimmunotherapy.2,4,5 Such an enhanced understanding has opened the door to clinical trials
evaluating novel therapeutics with activities against specific molecular pathways. Ibrutinib, bortezomib,
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and lenalidomide have shown activity in relapsed non-GCB
DLBCL, but attempts to combine these agents with rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone
(RCHOP) have not improved the survival of newly diagnosed
patients in randomized controlled trials.7-10 Nonetheless, attempts
to evaluate biomarker-based targeted novel therapeutics are
increasing as our understanding of DLBCL biology expands.

In ECOG1412 trial of RCHOP with lenalidomide in newly diag-
nosed DLBCL, 53 out of 427 (12%) patients failed expert
pathology review due to inadequate tissue for confirmation of
diagnosis.11 In ROBUST trial, 8% of patients at screening and 9%
of patients after enrollment were found ineligible for the trial due to
lack of sufficient tissue.7,11 In REMoDL-B study, about 15%
patients were ineligible for randomization due to insufficient tissue.9

Thus, adequacy of diagnostic tissue material is an emerging
question for clinical trials evaluating novel therapeutics, and it is
likely to be a challenging one in the era of targeted novel
therapeutics.

Excisional biopsy (EB) is a standard recommendation for the
diagnosis of lymphoma; however, core needle biopsy (CNB) is
frequently performed because of the inaccessibility of the tumor,
urgency to begin treatment, and instability of the patient. In retro-
spective studies before 2015, image-guided CNB had obtained
tissue diagnosis in 76% to 97% of cases.12-15 Recently, a single-
center retrospective review showed that CNB was significantly
less likely to yield diagnosis compared with EB; 56.8% of patients
were able to be diagnosed with CNB alone in this study because of
lack of adequate tissue.16 French lymphopath survey of more than
32000 patients with lymphoma showed that CNB remained less
efficacious in diagnosis.17 In ECOG1412, patients who were
ineligible because of inadequate tissue were more likely to have
CNB compared with patients who had an ineligible diagnosis
(71.6% vs 24.1%, P < .05).11 Thus, the amount of tissue obtained
with CNB is limited and might not meet the tissue requirements of
biomarker-driven clinical trials can be adequately met by this
diagnostic technique.

If the tissue needs of novel clinical trials are not met by CNB,
patients who can undergo EB will be selectively enrolled. There-
fore, it is important to know whether patients who can undergo
extensive EB differ in their clinical characteristics from those who
undergo CNB. Here, we describe the characteristics, outcomes,
and adequacy of diagnostic tissue in patients with newly diagnosed
DLBCL and primary mediastinal large B-cell lymphoma (PMBL)
who underwent EB vs CNB in a prospective observational
Molecular Epidemiology Resource (MER) cohort of the Mayo
Clinic/University of Iowa Lymphoma Specialized Program of
Research Excellence.

Methods

Patients and procedures

The study cohort comprised adult patients with newly diagnosed
DLBCL and PMBL enrolled in the Mayo portion of the prospective
observational MER cohort of Mayo Clinic and University of Iowa.18

Details of this cohort have been described before.18 Briefly,
patients with lymphoma who were within 9 months from their initial
diagnosis at presentation were enrolled into the MER from 1
September 2002 to 30 June 2015. All participants provided written
27 DECEMBER 2022 • VOLUME 6, NUMBER 24
informed consent, and the cohort protocol was approved by the
institutional review boards of the Mayo Clinic and University of
Iowa. All participants were treated according to the treating phy-
sician’s choice and were systematically contacted every 6 months
(±4 weeks) from the date of the initial diagnosis for the first 3 years
and annually thereafter for follow-up. Follow-up data included dis-
ease recurrence or progression after frontline treatment and vital
status. All events were verified through a review of medical records.
For this study, we queried the MER database in September 2020
and all consecutive cases of newly diagnosed DLBCL and PMBL
were eligible. Demographic (age, sex) and clinical (stage, extra-
nodal involvement, international prognostic index (IPI), and perfor-
mance status) characteristics were recorded at baseline. Diagnosis
to treatment interval (DTI), defined as the time from the date of
diagnostic biopsy to commencement of treatment in days, was
calculated for study participants. The tissue biopsy method, either
EB or CNB, used to obtain the diagnosis was recorded in the
electronic health records. For this study, CNB included both fine
needle aspiration (FNA) and CNB. Patients who underwent
endoscopic, laparoscopic, punch, or open/incisional biopsies were
included in the EB group. Patients who required EB for diagnosis
after a nondiagnostic CNB/FNA were included in the EB group. All
biopsies were reviewed by Mayo Clinic hematopathologists and
tissue diagnosis was confirmed. After the initial tissue diagnosis, a
Mayo Clinic pathologist (RLK) reviewed the proportion of tissue
samples for adequacy of subsequent DNA extraction for whole
exome sequencing (WES) and RNA sequencing (RNAseq).

Outcomes

The primary outcome was event-free survival (EFS) according to the
tissue biopsy method, defined as the time from diagnosis to pro-
gression, relapse, unplanned re-treatment of lymphoma due to lack
of efficacy, or death from any cause. The secondary outcome was
overall survival (OS) according to the tissue biopsy method. OS was
defined as the time from diagnosis to death due to any cause.

Statistical analyses

Categorical variables were described as numbers and proportions.
Continuous variables were described using median and range. Chi
square test and Fisher exact test were used to assess the differ-
ences between categorical variables. Analysis of variance was used
to detect the differences between continuous variables. The Kaplan-
Meier method was used to calculate the time to event end points.
The univariate Cox proportional hazard model was used to calculate
the hazard ratios (HRs) and confidence intervals (CIs). All time to
event end points were described from the date of diagnostic biopsy.
The log-rank test was used to evaluate the differences in the Kaplan-
Meier curves between the EB and CNB groups.

Results

Baseline characteristics

A total of 1061 eligible patients with DLBCL and PMBL were
identified. Table 1 lists the baseline characteristics of the study
population. 1018 were DLBCL (96%) and 43 (4%) were PMBL. The
median age of the study population was 63 years (range 18-93) and
610 (58%) were male. In total, 532 (50%) patients underwent EB,
515 (48.4%) underwent CNB, and 14 underwent FNA without
CNB. Fourteen patients who underwent FNA were included in the
TISSUE BIOPSY AND OUTCOMES IN LYMPHOMA 6181



Table 1. Baseline characteristics

Baseline characteristics

EB (total 532)

N (%)

CNB (total 529)

N (%)

Total 1061

N (%) P value

Age (median, IQR) 63 (18-93) 64 (19-92) 63 (18-93) NS

Sex NS

Male 315 (59.2) 295 (55.8) 610 (57)

Female 217 (40.8) 234 (44.2) 451 (43)

Stage <.0001

I-II 252 (47) 185 (35) 437 (41)

III-IV 280 (53) 352 (65) 632 (59)

IPI <.0001

0-2 387 (73) 317 (60) 704 (66)

3-5 145 (27) 212 (40) 357 (34)

Performance status NS

<2 484 (91) 464 (88) 948 (89)

≥2 46 (9) 64 (12) 110 (11)

Histology at diagnosis NS

DLBCL 514 (97) 504 (95) 1018 (96)

PMBL 18 (3) 25 (5) 43 (4)

Elevated LDH 206 (39) 304 (58) 510 (48) <.0001

No of EN sites NS

≤1 427 (80) 420 (79) 847 (80)

>1 105 (20) 109 (21) 214 (20)

DTI in days (median, IQR) 19 (0-98) 14 (0-69) 15 (0-98) <.0001

Frontline treatment NS

RCHOP/MRCHOP 408 (77) 378 (71) 786 (74)

Other RCHOP-based regimen* 59 (11) 58 (11) 117 (11)

Other IC† 20 (4) 34 (6) 54 (5)

Non-IC‡ 39 (7) 48 (9) 87 (8)

Missing 6 (1) 11 (2) 17 (2)

Adequacy of tissue <.000001

Inadequate 78 151 223

Adequate 371 271 624

No available 83 107 205

EN, extranodal sites; IC, immunochemotherapy; IQR, interquartile range; LDH, lactate dehydrogenase; MRCHOP, methotrexate with cyclophosphamide, doxorubicin, vincristine, prednisone;
N, number of patients; NS, not significant; %, percentage.
*Other RCHOP-based regimens include RCHOP + lenalidomide, RCHOP + everolimus, RCHOP + ibritumomab tiuxetan.
†Other IC other nonanthracycline based immunochemotherapies.
‡Non-IC include rituximab and steroids based regimens without chemotherapy.
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CNB group. Furthermore, 214 (20%) patients had extranodal
involvement, 622 (59%) had advanced stage, and 357 (33%) had
IPI ≥ 3. Patients who underwent CNB had a higher likelihood of
advanced stage (odds ratio [OR], 1.7; 95% confidence interval
[CI95], 1.3-2.1, P < .0001), elevated LDH (OR, 2.3; CI95, 1.8-2.9,
P < .0001), IPI ≥ 3 (OR, 1.8; CI95, 1.4-2.3, P < .0001) and
subdiaphragmatic representation of disease (OR, 1.6; CI95, 1.2-2.0,
P < .001). Notably, patients who underwent CNB had a significantly
shorter DTI, with a median of 14 days (range: 18-93) compared with
19 days (range: 19-92, P < .0001) for patients who underwent EB
(Table 1).

Of the 1061 patients, 871 were reviewed for subsequent WES
and RNAseq. Of the 449 patients who underwent EB, 371 (83%)
6182 DESAI et al
had adequate tissue for WES and RNAseq. Of the 422 patients
who underwent CNB, 271 (64%) had adequate tissue for subse-
quent RNAseq and WES. Patients who underwent CNB were
significantly more likely to have inadequate tissue for subsequent
molecular analysis (OR, 2.6; CI95, 1.9-3.5, P < .000001).

The majority of patients in the EB and CNB groups received
RCHOP. The 2 groups did not differ significantly with respect to
frontline regimens (Table 1).

Outcomes

The median follow-up period was 95 months (range: 0.1-240). A
total of 1056 patients had EFS and OS data available. Figure 1A-B
27 DECEMBER 2022 • VOLUME 6, NUMBER 24
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Figure 1. Survival of entire population. (A) EFS of entire population. (B) OS of entire population.
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show the EFS and OS of the entire population. Five-year EFS and
OS of the entire study cohort were 62.3% (CI95, 59.9%-64.7%)
and 72.8% (CI95, 70.9%-74.7%), respectively.

Figure 2A-B show the EFS and OS according to the type of tissue
biopsy. Compared with patients who underwent CNB for the
diagnosis of lymphoma, those who underwent EB had significantly
higher EFS (HR, 0.76; CI95, 0.6-0.9, P < .001; 5-year EFS 67.6%
vs 56.9%, respectively) and OS (HR, 0.8; CI95, 0.6-0.9, P < .001;
76.4% vs 69.2%).
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In univariate analysis, advanced age, male gender, advanced stage,
IPI ≥ 3, subdiaphragmatic disease, extranodal disease, DTI,
hemoglobin of less than 12, elevated LDH, and receipt of CNB
were significantly associated with lower EFS (supplemental
Table 1). When adjusted for other adverse disease features,
CNB was no longer associated with lower EFS (Table 2).

Similarly, advanced age, advanced stage, IPI ≥ 3, sub-
diaphragmatic disease, elevated LDH, extranodal disease, and
receipt of CNB were significantly associated with lower OS
P = .036
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Table 2. Multivariable analysis for EFS

Characteristics HR P value Lower CI95 Upper CI95

CNB 1.1400 .1769 0.9400 1.3900

Gender M 1.2300 .2350 1.0100 1.5000

DTI 1.0000 .5340 0.9900 1.0000

Extranodal disease 1.1700 .1936 0.9200 1.5000

IPI ≥3 1.6800 <.001 1.3700 2.0500

Subdiaphragmatic disease 1.0800 .4474 0.8900 1.3100

Hb <12 1.4700 <.001 1.2100 1.800

Hb, hemoglobin. D
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(supplemental Table 1). When adjusted for other adverse disease
features, CNB was no longer associated with lower OS (Table 3).

Discussion

In this prospective observational study, we observed that patients
diagnosed with CNB were more likely to have high-risk disease
features, require prompt care (as suggested by the shorter DTI),
have inadequate tissue for molecular analyses, and have lower
survival rates. Increasing tissue requirements in biomarker-driven
clinical trials may lead to the selective enrollment of patients who
can undergo EB and the exclusion of patients with poor-risk fea-
tures who may require urgent treatment and might not be able to
wait for extensive tissue biopsy.

In our study, we observed that patients who underwent CNB were
more likely to have a higher IPI, elevated LDH, advanced stage, and
shorter DTI. All of these variables have been associated with infe-
rior EFS and OS in the literature.19-21 When adjusted for these
adverse-risk features, CNB is no longer associated with differences
in survival. Thus, patients who underwent CNB are more likely to
have a poor risk of disease and consequently have inferior EFS and
OS after frontline chemoimmunotherapy. Moreover, patients who
underwent CNB had adequate tissue for diagnosis but were more
likely to have inadequate tissue for subsequent molecular analyses.
Thus, CNB may not meet the increasing tissue requirements of
biomarker-driven clinical trials, necessitating the use of EB. This, in
turn, will lead to (1) unintentionally biased exclusion of poor-risk
patients who require treatment sooner, cannot wait for EB pro-
cedures, have inferior outcomes with standard-of-care treatment,
and need novel agents, and (2) increased enrollment of patients
who can undergo EB, have more favorable disease characteristics,
and better projected outcomes with standard-of-care regimens,
making it difficult to see the benefits of novel agents. Patients who
are too sick to wait for extensive tissue biopsies before the
commencement of treatment are likely to be excluded from these
biomarker-driven clinical trials.
Table 3. Multivariable analysis for OS

Characteristics HR P value Lower CI95 Upper CI95

CNB 1.0500 .6775 0.8400 1.3100

Extranodal disease 1.3100 .0619 0.9900 1.7500

Subdiaphragmatic disease 1.1000 .4872 0.8800 1.34600

IPI ≥3 1.8700 <.001 1.500 2.3400

6184 DESAI et al
Methods to compensate for tissue requirements need to be
explored to expand clinical trial access to patients with poor-risk
features who cannot wait for EB. Standardization of CNB tech-
niques, such as obtaining multiple cores and using a large gauge
needle to obtain extra material for subsequent molecular analysis,
are some of the ways to improve the efficiency of CNB. Another
way to achieve this goal is to set a time limit for DTI as one of the
eligibility criteria; this can facilitate expedition of diagnostic pro-
cedures before clinical trial enrollment and accommodate patients
who require treatment sooner rather than later.22 Caution may
need to be exercised with this strategy, as limiting DTI might impair
trial accrual. Increasing the trial sample size by expanding eligibility
criteria to include all patients with DLBCL regardless of biological
subtype and performing biomarker-based efficacy evaluation as an
exploratory analysis is another way to prevent tissue accessibility-
related bias in clinical trial enrollment. This approach was
adapted in the ECOG-1412 trial as well as in the REMoDL-B
study.8,9 Techniques that increase assay capability can be
explored so that detailed molecular analyses can be performed
using less tissue. Finally, liquid biopsy or peripheral blood circu-
lating tumor DNA (ctDNA) can potentially be utilized to expedite
some of the biological analyses.23-28 Recently, ctDNA has been
efficiently utilized for molecular characterization of DLBCL;
this strategy can compensate some of the tissue needs of clinical
trials.29 ctDNA can potentially be used as a surrogate for tumor
burden and prognosis in lymphoma. Recently, high pretreatment
ctDNA was associated with shorter DTI, inferior EFS, and OS in
newly diagnosed DLBCL.26 Decrease of ctDNA tumor burden
during therapy has been associated with outcomes in DLBCL.23

The large sample size and prospective follow-up were the 2 major
strengths of this study. The lack of a validation cohort is a signifi-
cant limitation. In our single-center cohort, a very high number of
patients who underwent CNB had inadequate materials for sub-
sequent molecular analyses. Although this finding aligns with the
evidence reported in the literature, validation in large multicenter
cohort is necessary. We were also unable to include patients who
were diagnosed and treated after 2015, as data on those patients
were not available at the time of publication. Considering
advancements in techniques of obtaining CNB over the recent
years, it might be interesting to re-assess the efficiency of CNB in
providing adequate samples in more modern era.

In conclusion, patients undergoing CNB are more likely to have
elevated LDH levels, advanced stage, high-risk IPI, shorter DTI, and
lower EFS and OS in response to frontline chemoimmunotherapy.
The findings of this study need to be validated in an independent
cohort, but they generate an interesting hypothesis. Increasing
tissue requirements of biomarker-driven clinical trials may result in
the exclusion of patients with high-risk DLBCL who have inferior
outcomes with standard treatment and need novel agents and may
result in over performance of the control arm. The need for tissues
should be carefully balanced against resulting selection bias.
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