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PURPOSE Patients with Diffuse Large B-cell Lymphoma (DLBCL) in need of immediate therapy are largely under-
represented in clinical trials. The diagnosis-to-treatment interval (DTI) has recently been described as a metric to
quantify such patient selection bias, with short DTI being associated with adverse risk factors and inferior
outcomes. Here, we characterized the relationships between DT, circulating tumor DNA (ctDNA), conventional
risk factors, and clinical outcomes, with the goal of defining objective disease metrics contributing to selection
bias.

PATIENTS AND METHODS We evaluated pretreatment ctDNA levels in 267 patients with DLBCL treated across
multiple centers in Europe and the United States using Cancer Personalized Profiling by Deep Sequencing.
Pretreatment ctDNA levels were correlated with DTI, total metabolic tumor volumes (TMTVs), the International
Prognostic Index (IP1), and outcome.

RESULTS Short DTI was associated with advanced-stage disease (P < .001) and higher IPI (P < .001). We also
found an inverse correlation between DTl and TMTV (Rs = —0.37; P < .001). Similarly, pretreatment ctDNA
levels were significantly associated with stage, IPI, and TMTV (all P < .001), demonstrating that both DTI and
ctDNA reflect disease burden. Notably, patients with shorter DTI had higher pretreatment ctDNA levels
(P<.001). Pretreatment ctDNA levels predicted short DTl independent of the IPI (P < .001). Although each risk
factor was significantly associated with event-free survival in univariable analysis, ctDNA level was prognostic of
event-free survival independent of DTl and IPI in multivariable Cox regression (ctDNA: hazard ratio, 1.5; 95% Cl
[1.2t0 2.0]; IPI: 1.1 [0.9 to 1.3]; —DTI: 1.1 [1.0 to 1.2]).

CONCLUSION Short DTI largely reflects baseline tumor burden, which can be objectively measured using
pretreatment ctDNA levels. Pretreatment ctDNA levels therefore have utility for quantifying and guarding against
selection biases in prospective DLBCL clinical trials.

J Clin Oncol 39:2605-2616. © 2021 by American Society of Clinical Oncology

INTRODUCTION

The diagnosis-to-treatment interval (DTI), measured
as the time between pathologic diagnosis and initiation
of immunochemotherapy, has recently been shown to
be associated with prognostic clinical factors and
outcomes in patients with diffuse large B-cell lym-
phoma (DLBCL).! Short DTI was demonstrated to be

There is evidence that DTl can confound patient se-
lection for clinical trials, because the inability to delay
therapy competes with the extensive screening and
consent processes required for trial enroliment, with
this conflict potentially leading to the exclusion of
patients with short DTl. DTl may therefore be a
valuable metric to measure the extent of selection bias

associated with adverse clinical risk factors and inferior
event-free survival (EFS). The underlying phenome-
non is that patients with short DTl are enriched for
patients with an acute clinical presentation in need of
immediate treatment initiation and aggressive disease
biology.

Intriguingly, the prognostic impact of DTI was inde-
pendent of the International Prognostic Index (IPI),
suggesting that widely applied prognostic scores do
not adequately reflect disease aggressiveness and
other factors considered for clinical decision making.

by which a clinical trial can be affected. However, DTI
may be affected not only by tumor-related biological
factors but also by unrelated factors including health
insurance type, access to care, holidays, and treat-
ment delivery logistics.?® Thus, despite the simplicity
of DTl and its ease of measurement, this lack of
objectivity limits its clinical utility for risk stratification.

Circulating tumor DNA (ctDNA) is an emerging bio-
marker in B-cell lymphoma. Pretreatment ctDNA
levels have been shown to reflect tumor burden and
predict treatment outcomes.®® In this study, we sought
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CONTEXT

Key Objective

In patients diagnosed with diffuse large B-cell lymphoma (DLBCL), is pretreatment circulating tumor DNA (ctDNA) level a
more objective measure of clinical urgency and treatment outcome than the diagnosis-to-treatment interval (DTI)?

Knowledge Generated

Both DTl and ctDNA levels were found to be associated with conventional measures of tumor burden such as stage, the
International Prognostic Index (IP1), and total metabolic tumor volume.

ctDNA levels predicted short DTI better than the [Pl and were independently prognostic of event-free and overall survival in
multivariable models also including the IPI and DTI.

Relevance

Collectively, our data suggest that ctDNA more objectively measures disease burden than DTI and could therefore have
immediate utility for quantifying and mitigating selection biases in prospective diffuse large B-cell lymphoma clinical
trials.

to analyze whether pretreatment ctDNA levels in patients
diagnosed with DLBCL may be a more objective measure of
clinical urgency than DTI.

PATIENTS AND METHODS
Patients and Sample Collection

We included 267 patients with an initial diagnosis of a
DLBCL according to the 2008 WHO classification® in-
cluding T cell/histiocyte rich large B-cell lymphoma. Pa-
tients with an antecedent low-grade lymphoma with
histologic transformation were considered eligible. All pa-
tients were treated with combination immunochemother-
apy with curative intent (rituximab plus cyclophosphamide,
adriamycin, vincristing, and prednisone [R-CHOP] [75%];
dose-adjusted etoposide, prednisone, vincristine, cyclo-
phosphamide, adriamycin, and rituximab [19%]; and
others [6%]). We separately performed subgroup analyses
for patients with de novo DLBCL (excluding transformed
lymphomas and T cell/histiocyte rich large B-cell lym-
phoma) treated with standard R-CHOP (n = 185). Patients
were treated at cancer centers across North America and
Europe (Stanford Cancer Center, CA; MD Anderson Cancer
Center, TX; Dijon, France; Novara, ltaly; National Cancer
Institute, MD, and within the phase Il multicenter PETAL
trial'®; Supplemental Fig S1 [Data Supplement, online
onlyl). One hundred sixty-three patients (61%) were
evaluable for total metabolic tumor volume (TMTV) assessed
by ®F-labeled fluorodeoxyglucose positron emission to-
mography and/or computed tomography (Supplemental Fig
S2 [Data Supplement]). Baseline and early molecular re-
sponse data from a subset of the studied patients (n = 156;
b58%) described here were reported in a previous publication
from our group.” Peripheral blood samples were collected in
KoEDTA tubes and processed according to local standards to
isolate plasma before freezing. In 17 previously reported
patients, serum samples were used for analyses after con-
firming consistency of ctDNA concentration measurements.”

2606 © 2021 by American Society of Clinical Oncology

The study was approved by the local institutional review board
of each institution, and all patients provided written informed
consent.

Sequencing and ctDNA Quantification

Somatic alterations for ctDNA quantitation were called from
cell-free  DNA (cfDNA) or tumor specimens, if
available.”***2 Hybrid capture was done using targeted
panels specifically optimized for B-cell lymphomas.
Quantitative levels of ctDNA were measured in haploid
genome equivalents per milliliter (hGE/mL), determined as
the product of total cfDNA concentration and the mean
allele fraction of somatic mutations, expressed in log scale
(log hGE/mL).” When considering ctDNA a binary variable,
we used the previously defined threshold introduced by
Kurtz et al,” which dichotomized ctDNA levels > 2.5 log
hGE/mL as high and the others as low. Cell-of-origin (COQ)
subtypes were inferred from sequencing data as previously
described.®!3

DTI

The DTl was calculated as the time between biopsy and the
initiation of immunochemotherapy. Steroid and/or other
prephase treatment before immunochemotherapy was
variably administered according to local standards. Per the
convention introduced by Maurer et al,* we considered
patients with DTl = 14 days as having short DTl in analyses
requiring binarization.

Statistical Analysis

Continuous variables were compared using Wilcoxon rank-
sum tests or one-way analysis of variance on ranks.
Pearson and nonparametric Spearman correlations were
used to correlate continuous variables as noted. Time-to-
event variables were visualized using the Kaplan-Meier
method; log-rank tests were applied to compare survival
between cohorts. We used logistic regression to model the
probability of binary variables. Cox proportional hazards
regression was used to assess the impact of risk factors on

Volume 39, Issue 23



Journal of Clinical Oncology

Pretreatment ctDNA Levels in DLBCL

DTI 100 A

60

40 A
Date of Tx
biopsy 20 A
pre-Tx

\ blood sample / 0

DTI (days)

T T T T T
~ > aQ IS O 5
s S 3 N O S
v & oo§&F T 9 &
& N
SNA Treatment Center
C
D
@ * 105 i E '
L“"-—— = 10*
cfDNA isolation E 3]
= 10
(N W)
v 2 10 *
< 10"
=2
o 100 .
Q
© P=.48
CATGTTACGTGCAGTGAC .
GITACGTGCAGTGAC ND . . .
TAISASIN P S G S
CGCAGTGAC & L .S S
& & T 9 ¢
Variant calling & S
¢ Treatment Center

Mean AF x
cfDNA conc.

ctDNA level

Count
Count

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
DTI (days) DTI (days) DTI (days)

FIG 1. Study and cohort description. (A) Study description: pretreatment levels of ctDNA from 267 patients with pathologic diagnosis of a DLBCL
were measured using CAPP-Seq and correlated with the DTI. ctDNA levels were calculated as product of total cfDNA (continued on following page)
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outcome variables. For regression analyses, units are de-
fined as follows: ctDNA: log10 hGE/mL, TMTV: loglO mL,
IPI: five-point scale, and DTI: —-weeks. EFS and overall
survival (OS) were calculated from time of treatment initi-
ation. OS events were death from any cause; EFS events
were progression or relapse, unplanned treatment of
lymphoma, and death resulting from any cause.

RESULTS
Distribution of DTl and ctDNA Levels

We measured DTl and ctDNA levels in 267 patients with a
pathologic diagnosis of DLBCL (Fig 1A, Table 1, and Sup-
plemental Tables S1 and S2 [Data Supplement]). The
median DTl in our cohort was 21 days (range, 0-154 days),
which is comparable with two previously reported cohorts
described by Maurer et al' (Fig 1B). The distribution of DTI
by treatment center varied significantly (P = .002; Fig 1C). In
contrast, no significant difference in ctDNA levels was ob-
served across treatment centers (median: 2.3 log hGE/mL;
Fig 1D), despite significant variations of the timepoint that
blood samples were taken relative to the initiation of therapy
(P = .001; Supplemental Fig S3 [Data Supplement]). Im-
portantly, 80% of pretreatment blood samples evaluated for
ctDNA were collected within 7 days of therapy, and we did
not observe a strong correlation between DTl and the
sample-to-treatment interval (Rp = 0.12).

DTI Is Associated With Tumor Burden

To validate and extend the findings of Maurer et al,* we
correlated DTl with clinical risk factors. Patients with
advanced-stage disease (Ann Arbor stage Il or IV) had
shorter DTl than patients with limited stage (median
18 days v 26 days; P < .001; Fig 2A). Similarly, higher IPI
was associated with shorter DTI (median: low, 25 days; low-
intermediate [low-int], 22 days; high-int, 21 days; high,
13 days; P < .001; Fig 2B). Higher TMTV was significantly
correlated with shorter DTI (Rs = —0.37; P < .001, Fig 2C).
No significant difference in DTl was found between GCB
and non-GCB COO subtypes (21 days v 21 days; P = .93;
Fig 2D). Similarly, we did not observe a significant asso-
ciation between mutations in individual genes and DTI
(data not shown).

Pretreatment ctDNA Levels Strongly Correlate With
Tumor Burden

We next correlated pretreatment ctDNA levels with clinical
risk factors to validate previous findings from our group’ in
this larger patient cohort. Patients with advanced-stage
disease had significantly higher ctDNA levels (median 2.5

TABLE 1. Patient Characteristics

No. of patients 267
Age, years: median (range) 60 (17-84)
Histology, n (%)
DLBCL, NOS 245 (92)
DLBCL, transformed low grade 19 (7)
DLBCL, TRHRLBCL 3 (1)
Stage, n (%)
lorll 96 (36)
Il or IV 171 (64)
IPI, n (%)
Low 105 (39)
Low-intermediate 57 (21)
High-intermediate 59 (22)
High 46 (17)
Treatment center, n (%)
PETAL trial, Germany 126 (47)
Stanford, CA 46 (17)
Novara, Italy 36 (13)
Dijon, France 23 (9)
MD Anderson, TX 19 (7)
NCI, MD 17 (6)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; IPI,
International Prognostic Index; NOS, not otherwise specified;
TRHRLBCL, T cell/histiocyte rich large B-cell lymphoma.

v 1.8 log hGE/mL; P < .001; Fig 3A). Also, IPI was strongly
associated with ctDNA levels (median log hGE/mL: low, 1.8;
low-int, 2.2; high-int, 2.5; high, 3.4; P < .001; Fig 3B).
Moreover, ctDNA levels and TMTV were highly correlated
(Rs = 0.6, P < .001; Fig 3C). In contrast, when analyzing
total cfDNA levels, wherein we did not account for which
molecules were tumor-derived as in ctDNA measurements,
we observed a weaker correlation with tumor burden (R =
0.25; P = .002; Supplemental Fig S4 [Data Supplement]).
No significant difference in ctDNA levels was observed
between COO subgroups (P = .61; Fig 3D) or individual
gene mutations (data not shown). Supplemental Figure S5
(Data Supplement) summarizes the results separating the
newly profiled patients from those previously reported.’

Pretreatment ctDNA Levels Independently Predict
Short DTI

Since our data demonstrate that both DTl and pretreatment
ctDNA levels reflect disease burden, we investigated the

FIG 1. (Continued). and mean AF of tumor-derived mutations detected in the blood. (B) Distribution of DTI in this study (green) and two previously
reported studies (MER [red] and LYSA [bluel). (C) DTl and (D) pretreatment ctDNA levels across treatment centers. Pvalues are derived from one-
way ANOVA on ranks. AF, allelic fraction; ANOVA, analysis of variance; CAPP-Seq, cancer personalized profiling by deep sequencing; cfDNA, cell-
free DNA; ctDNA, circulating tumor-derived DNA; DLBCL, diffuse large B-cell ymphoma; DTI, diagnosis-to-treatment interval; hGE, haploid genome
equivalents; LYSA, Lymphoma Study Association; MER, Molecular Epidemiology Resource; ND, not detected; Tx, treatment.
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FIG 2. Correlation of the DTI with clinical variables. DTI by (A) stage, (B) IPI, (C) TMTV, and (D) COO
subtype. COO subtype was inferred from DNA genotypes from CAPP-Seq.®'* COO subtypes were
visualized from 218 patients after exclusion of featureless specimens. P values of categorical
comparisons are derived from Mann-Whitney U test or one-way ANOVA on ranks. Spearman correlation
was used to assess association between DTl and TMTV. ANOVA, analysis of variance; CAPP-Seq, cancer
personalized profiling by deep sequencing; COO, cell-of-origin; DTI, diagnosis-to-treatment interval; GCB,
germinal center B-cell subtype; IPI, International Prognostic Index; TMTV, total metabolic tumor volume.

relationship between these two risk factors. Interestingly,
we found that short DTI was associated with higher levels of
ctDNA (median log hGE/mL: DTl = 14 days 29 v
DTl > 14 days 2.1, P< .001; Rs = —0.33, P < .001; Fig
4A). In univariable logistic regression, ctDNA and IPI in-
dividually predicted short DTI (odds ratios, OR [95% CI]
ctDNA: 1.9[1.5t02.5], P<.001;IPl: 1.4[1.2t0 1.7], P<
.001). Of note, ctDNA retained its statistical significance in
multivariable analysis (OR, 1.7 [1.3 to 2.3], P < .001; Fig
4B and Supplemental Table S3 [Data Supplement]).

Pretreatment ctDNA Levels Independently
Predict Survival

We confirmed that short DTl is associated with inferior EFS
(P = .007; Fig4C) and OS (P = .04; Fig 4D). Similarly, when
binarizing pretreatment ctDNA levels at a previously defined
threshold,” patients with high levels of ctDNA had significantly
shorter EFS (P < .001; Fig 4C) and OS (P = .002; Fig 4D).
Importantly, the threshold for ctDNA binarization validated
when restricting the analysis to patients who were not part of
the training set (Supplemental Fig S6 [Data Supplement]).

Journal of Clinical Oncology

We then investigated the impact of DTl and ctDNA as
continuous variables on treatment outcomes. In univariable
Cox regression, ctDNA levels, IPI, and DTI were individually
prognostic of EFS (hazard ratio, HR ctDNA: 1.7 [1.4 to 2.1],
P<.001;IPI: 1.3[1.1t0 1.6], P< .001; —=DTI: 1.2 [1.1 to
1.4], P = .004), whereas in multivariable analysis, only
ctDNA levels remained significantly associated with EFS (HR
ctDNA: 1.5[1.2t02.0], P< .001;IPI: 1.1 [09t0 1.3], P =
A41; -DTI:1.1[1.0t0 1.2], P= .11; Fig4E and Supplemental
Table S4 [Data Supplement]). In corresponding analyses for
OS, ctDNA, IPI, and DTI were prognostic in the univariable
setting (HR ctDNA: 1.7 [1.3t02.3], P<.001; IPI: 1.5[1.2to
1.9], P < .001; —DTI: 1.2 [1.0 to 1.4], P = .06) and again
only ctDNA level remained significant in multivariable Cox
regression (HR ctDNA: 1.4 [1.0t02.0], P=.02;IPI: 1.3[1.0
to 1.6], P=.05; =DTl: 1.1 [0.91t0 1.2], P= .47; Fig 4F and
Supplemental Table S4 [Data Supplement]). The indepen-
dent prognostic impact of ctDNA levels on EFS held up when
adding TMTV to the multivariable model in the subset of
patients evaluable for all risk factors (Supplemental Fig S7
and Tables S3-S4 [Data Supplement]).
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FIG 3. Correlation of pretreatment ctDNA levels with clinical variables. Pretreatment ctDNA level by (A)
stage, (B) IPI, (C) TMTV, and (D) COO subtype. COO subtype was inferred from DNA genotypes from CAPP-
Seq.®'3 COO subtypes were visualized from 218 patients after exclusion of featureless specimens. Pvalues
of categorical comparisons are derived from Mann-Whitney Utest or one-way ANOVA on ranks, respectively.
Spearman correlation was used to assess association between ctDNA and TMTV. ANOVA, analysis of
variance; CAPP-Seq, cancer personalized profiling by deep sequencing; COO, cell-of-origin; ctDNA, cir-
culating tumor-derived DNA; GCB, germinal center B-cell subtype; hGE, haploid genome equivalents; IPI,

International Prognostic Index; ND, not detected; TMTV, total metabolic tumor volume.

Prognostic Impact of ctDNA and DTI in De Novo DLBCL
Treated With R-CHOP

Finally, we validated key findings reported above in the subset
of patients with de novo DLBCL treated with R-CHOP. DTl and
ctDNA levels by cohort are depicted in Figures A and 5B.
Similar to the full cohort, both DTI and ctDNA were associated
with conventional measures of tumor burden, as shown for
TMTV and DTl (R = —0.37; P < .001; Fig 5C) as well as the
IPl and ctDNA (P < .001; Fig 5D). DTI was correlated with
ctDNA (Rs = —0.28; P < .001; Fig 5E), and pretreatment
ctDNA levels predicted short DTI independent of the IPI (OR,
1.8 [1.3 10 2.5], P < .001 [univariable] and OR, 1.6 [1.1 to
2.3], P= .01 [multivariable]; Fig 5F and Supplemental Table
S5 [Data Supplement]). Univariable and multivariable Cox
regressions confirmed the independent prognostic associa-
tions between pretreatment ctDNA levels and EFS (uni-
variable: HR, 1.8 [1.3t02.3], P < .001 and multivariable: HR,
1.5[1.1t02.1], P= .01; Fig 5G and Supplemental Table S6
[Data Supplement]), approaching significance in a

2610 © 2021 by American Society of Clinical Oncology

multivariable model for OS (HR, 1.4 [1.0to0 2.0], P = .08; Fig
5H and Supplemental Table S6 [Data Supplement]). Con-
sistent results from Cox regressions were obtained when
adjusting for treatment center (Supplemental Fig S8 and
Table S7 [Data Supplement]). In ROC analyses for EFS, ctDNA
had a higher area under the curve than DTI, both in the full
cohortand in the de novo DLBCL subset (0.67 v0.59; P= .049
[full cohort] and 0.70 v 0.58; P = .027 [DLBCL/R-CHOP],
respectively; Supplemental Fig SO [Data Supplement]).

DISCUSSION

The subset of patients with DLBCL with aggressive disease
in need of immediate therapy is likely under-represented in
clinical trials, especially because the urgency of acute
clinical presentations may not be compatible with the
screening and consent processes required by study pro-
tocols. The resulting selection bias can in part be captured
by the DTl metric, defined as time between diagnosis and
treatment initiation.1*15 Although the simplicity of DTI
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makes it an attractive marker, it can be confounded by a
number of clinical, biological, and logistical factors, which
limits its clinical utility for patient selection. Specifically,
although both aggressive disease burden and disease-
unrelated pattern-of-care factors can be associated with
adverse outcomes, they can have opposite relationships
with DTI, resulting in delayed versus accelerated treatment
initiation, respectively. Here, we demonstrate that both DTI
and pretreatment ctDNA levels reflect disease burden, with
short DTI being associated with higher ctDNA levels. When
correlated with treatment outcomes, ctDNA levels better
predict EFS than DTI and other clinical risk factors. In
requiring only a single assessment, pretreatment ctDNA
levels may therefore be a more objective measure of clinical
urgency and disease aggressiveness than DTI.

Improving on R-CHOP for unselected patients with newly
diagnosed DLBCL has proven to be difficult. Promising results
of phase Il trials frequently do not translate into significant
improvements of outcome in larger phase Il trials.'* One
potential explanation for this observation is that treatment
outcomes observed in the control arms of clinical trials are
often better than those expected based on historic controls,
possibly because of selection bias artificially inflating survival.
In DLBCL, recent randomized studies reported 2-year EFS
rates between 70% and 80%!%° which compares rather
favorably with historic controls.?!2® This is particularly re-
markable since two of the aforementioned trials selectively
enrolled patients with activated B-cell subtype,'®!° which is
generally associated with adverse prognosis.®* In fact, studies
requiring extensive molecular profiling before enrollment may
be particularly affected by selection bias since constraints
during the initial work up which delay therapy can inherently
result in the preferential inclusion of patients with favorable
disease biology.! Excluding patients with the highest unmet
medical needs from clinical trials impairs the power to detect
treatment benefits of novel therapeutic approaches. Hence,
to assess the degree to which trials adequately capture
representative populations of patients with DLBCL, objective
metrics of disease are required.

The association between short DTI and survival has been
demonstrated in both clinical trial cohorts and real-world
populations in a large number of patients.>**!° Patients
with short DTI have been shown to disproportionately have
adverse clinical (eg, IPI, lactate dehydrogenase; Eastern
Cooperative Oncology Group) and molecular features (eg,
double-hit status).*> Importantly, Maurer et al' found the
prognostic impact of DTI to be independent of the IPI. In

our study, we found a significant correlation between DTI
and both stage and IPI, confirming previous findings.
However, to our knowledge, our study is the first to describe
an association between DTl and TMTV. We therefore
conclude that DTI reflects tumor burden beyond factors
contributing to the IPI.

A major challenge in using DTI for between-trial compar-
isons is that DTl is not only determined by disease-related
factors but also influenced by disease-unrelated factors.
For example, in our study population, we found significant
differences in DTI between treatment centers in patients
with similar ctDNA levels, indicating that DTl is heavily
influenced by regional practice differences despite similar
levels of tumor burden. This lack of consistency potentially
hampers the clinical utility of DTI as risk factor and could
impair its use as a tool to make comparisons between
clinical trials. Moreover, since DTl is inherently affected by
subjective judgments of treating providers, it cannot be
objectively used to prospectively stratify patients. Indeed,
active decisions to delay therapy in patients with nonacute
clinical presentation can pose medical and ethical chal-
lenges for patient selection using DTI.

ctDNA is an emerging biomarker in B-cell lymphoma.
Pretreatment ctDNA levels have been shown to reflect
tumor burden and predict treatment outcomes.®®25 In this
study, we validated previous findings that ctDNA levels are
significantly correlated with stage, IPI, and TMTV, sug-
gesting that ctDNA is an objective measure of tumor
burden. Interestingly, we also demonstrated that short DTI
is associated with higher levels of ctDNA and that ctDNA
predicts short DTl independent of the IPIl. Although this
generally held true when adding TMTV to the multivariable
model, these data need to be interpreted with caution since
TMTV was only evaluable in a subset of cases.

In this study, we independently validated a previously
defined threshold to discriminate high versus low pre-
treatment ctDNA levels” with prognostic impact for both
EFSand OS. In univariate Cox regressions, ctDNA, DTI, and
IPl were each separately prognostic of EFS. Of note, in
analogy to findings from Maurer et al,! DTl retained its
prognostic impact on EFS when only adjusting for the IPI.
However, in multivariable analysis including all three in-
dices, only ctDNA retained its prognostic significance,
demonstrating its value as an independent risk factor.
Importantly, we confirmed the prognostic impact of ctDNA
on EFS in patients with de novo DLBCL treated with
standard R-CHOP.

FIG 4. (Continued). multivariable logistic regression to predict short DTI (= 14 days). (C) Kaplan-Meier curve and log-rank Pvalue for EFS in years by (left) DTI
binarized at 14 days and (right) pretreatment ctDNA level binarized at 2.5 log hGE/mL.” (D) Kaplan-Meier curve and log-rank Pvalue for OS in years by (left)
DTI binarized at 14 days and (right) pretreatment ctDNA level binarized at 2.5 log hGE/mL.” (E) (Left) Univariable and (right) multivariable Cox regression to
predict EFS. (F) (Left) Univariable and (right) multivariable Cox regression to predict OS. For regression analyses, ctDNA was used in log space, IPI as score
ranging from O to 5, and DTI per week increment. ANOVA, analysis of variance; ctDNA, circulating tumor-derived DNA; DTI, diagnosis-to-treatment interval;
EFS, event-free survival; hGE, haploid genome equivalents; HR, hazard ratio; IPI, International Prognostic Index; ND, not detected; OR, odds ratio; OS, overall
survival.
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The fact that our cohort consists of patients treated across
different centers, instead of a homogenous cohort treated
within a single prospective clinical trial, may serve as a
limitation of this study. However, this strategy also mimics
the real-world issues in the management of DLBCL,
wherein different centers have different standards for
clinical workup that can affect DTI as well as blood col-
lection and therapy. Our results therefore demonstrate the
robustness of pretreatment ctDNA levels as biomarker in
DLBCL in this context.

Based on our findings, pretreatment ctDNA levels may be
used to both detect and avoid selection biases within clinical
trials. ctDNA is a robust and objective metric using a single
assessment blinded to time-based appraisals and can
therefore be used to compare average disease burden be-
tween study arms and between populations of subjects in
different clinical trials. Moreover, ctDNA may guide patient
stratification within clinical trials, where allocation to study
arms based on high versus low ctDNA tumor burden could
be imagined. Such an approach could prevent the prefer-
ential inclusion of patients with favorable treatment out-
comes and help to make clinical trial cohorts more
representative of real-world patients. As an alternative or
complementary approach, tumor burden assessments by
positron emission tomography (TMTV) could also potentially

be used to achieve similar goals. Future clinical trials should
therefore compare, and possibly combine, both methods.*?

Although multiple independent studies have demonstrated
the promise of ctDNA detection for evaluating risk and
measuring responses in lymphoma,®®2%-2% these studies
have generally involved retrospective analyses of pro-
spectively collected specimens. Although this is useful for
assay development, the field now faces significant logistic
hurdles toward implementation of such ctDNA assays for
prospective use, including real-time sample processing
and reporting, to enable the use of standardized ctDNA
levels as integral biomarkers to address prespecified hy-
potheses.?® Furthermore, although various groups have
reported on the utility of ctDNA quantitation in B-cell
lymphomas,®825-28 existing assays have targeted different
portions of the genome using distinct methodologies and
comparisons between groups and methods remain lacking.
An important next step will involve efforts to harmonize and
standardize ctDNA profiling,*° similar to work done in
leukemias.3!32

Collectively, our data suggest that ctDNA more objectively
measures disease burden than DTl and could therefore
have immediate utility to quantify potential selection biases
in prospective DLBCL clinical trials.

FIG 5. (Continued). multivariable Cox regression to predict EFS. (H) (Left) Univariable and (right) multivariable Cox regression to predict OS. P
values of categorical comparisons are derived from one-way ANOVA on ranks. Spearman correlation was used to assess the association
between continuous variables. For regression analyses, ctDNA was used in log space, IPI as score ranging from O to 5, and DTI per week
increment. One hundred eighty-five patients with de novo DLBCL treated with R-CHOP were included in all analyses not including TMTV,
whereas TMTV was evaluable in a subset of 132 patients. ANOVA, analysis of variance; ctDNA, circulating tumor-derived DNA; DLBCL, diffuse
large B-cell ymphoma; DTI, diagnosis-to-treatment interval; EFS, event-free survival; hGE, haploid genome equivalents; HR, hazard ratio; IPI,
International Prognostic Index; ND, not detected; OR, odds ratio; OS, overall survival; R-CHOP, rituximab plus cyclophosphamide, adriamycin,
vincristine, and prednisone; TMTV, total metabolic tumor volume.
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