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Abstract
Survival rates for patients with high‐risk large B‐cell lymphoma (LBCL), particularly those with biological risk factors, remain

inadequate. We conducted a biomarker‐driven phase II trial involving 123 high‐risk patients aged 18–64 with LBCL. Based on

their biological risk profiles, patients received either R‐CHOEP‐14 (without risk factors) or DA‐EPOCH‐R‐based regimens (with

risk factors). Biological high‐risk factors included C‐MYC translocation, C‐MYC and BCL2 co‐translocation, 17p/TP53 deletion,

co‐expression of MYC and BCL2, and P53 and/or CD5 immunopositivity. Additionally, we evaluated circulating tumor DNA

(ctDNA) kinetics during therapy. Sixty‐one patients (50%) were classified into biologically high‐risk group. Three‐year failure‐free
survival and overall survival rates for the entire study population were 79% and 88%, respectively. DA‐EPOCH‐R did not

improve survival compared to our previous trial, where patients with the same biological risk factor criteria received R‐CHOEP‐
14‐based therapy. High pretreatment ctDNA levels, 17p/TP53 deletion, and TP53 mutations were associated with worse

outcomes. In contrast, ctDNA negativity at the end of therapy (EOT) was indicative of a cure and effectively addressed false

residual PET positivity. The findings demonstrate promising survival for high‐risk LBCL patients, aside from those with TP53

aberrations, high ctDNA levels, and/or EOT ctDNA positivity.

INTRODUCTION

Large B‐cell lymphomas (LBCLs) encompass a diverse group of
aggressive lymphoid cancers.1,2 The most prevalent form, com-
prising over 80% of all LBCLs, is diffuse LBCL not otherwise

specified (DLBCL NOS), which is further categorized into germinal
center B‐cell (GCB) and activated B‐cell (ABC) subtypes. Around
10% of LBCLs are high‐grade B‐cell lymphomas (HGBLs) with
MYC and BCL2 gene rearrangements, also known as double‐hit
lymphomas (DHLs).
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Primary LBCLs have the potential to be cured with rituximab,
cyclophosphamide, doxorubicin, and prednisone (R‐CHOP) or other
similar immunochemotherapy regimens, even in advanced stages and
across all age groups. However, 30%–40% of patients relapse and die
from lymphoma.3 Since the advent of rituximab, efforts to enhance
R‐CHOP immunochemotherapy through subtype‐targeted or risk‐
adapted strategies have not significantly improved overall survival (OS).
For instance, the Intergroup phase III trial showed that dose‐adjusted
etoposide, doxorubicin, cyclophosphamide, vincristine, prednisone, and
rituximab (DA‐EPOCH‐R) was not superior to R‐CHOP‐21 and was
associated with increased toxicity.4 Similarly, rituximab combined with
hyperfractionated cyclophosphamide, vincristine, doxorubicin, and
dexamethasone (R‐HCVAD) alternating with rituximab, high‐dose
methotrexate, and cytarabine (R‐MA) did not outperform R‐CHOP in
terms of survival due to high treatment‐related mortality.5 In the phase
III POLARIX study, polatuzumab vedotin, an antibody‐drug conjugate
targeting CD79b, combined with rituximab, cyclophosphamide, dox-
orubicin, and prednisone (Pola‐R‐CHP), improved progression‐free
survival (PFS) but not OS compared to R‐CHOP.6

For young, clinically high‐risk DLBCL patients, an optimal therapy
has not been established. Comparisons of high‐dose therapy and
autologous stem cell transplantation (HDT‐ASCT) with conventional
chemotherapy have not convincingly favored HDT‐ASCT.7 Likewise,
R‐Mega‐CHOEP has not been superior to R‐CHOEP‐14 and carries
significantly more toxicity.8 However, Nordic population‐based stu-
dies have suggested that adding etoposide to the R‐CHOP‐14 regi-
men improves OS among young, high‐risk patients.9,10 Additionally,
results from previous Nordic Lymphoma Group (NLG) phase II studies
targeting young, clinically high‐risk LBCL patients demonstrated
70%–90% PFS and OS in response to R‐CHOEP‐14 combined with
systemic central nervous system (CNS) targeted therapy.11,12 How-
ever, biological risk was not considered in any of these studies.

Survival among patients with biologically high‐risk LBCL, particularly
those with BCL2 and MYC translocations (DHLs), co‐expression of BCL2
and MYC, CD5 positivity, and TP53 aberrations, remains suboptimal
when treated with R‐CHOP‐like immunochemotherapy.13–23 This trial
aimed to evaluate the feasibility and effectiveness of a biologically
risk‐adapted intensified treatment strategy for young patients with
high‐risk LBCL.

METHODS

Study design and participants

We conducted an open‐label, single‐arm, phase 2 trial (NLG‐LBC‐
06; Bio‐CHIC) across 14 hospital sites in Denmark, Finland, Nor-
way, and Sweden. Eligible patients were 18–64 years old with
previously untreated, histologically confirmed CD20 + LBCL or
follicular lymphoma (FL) grade 3B based on the WHO 2016 Lym-
phoma Classification.24 The following LBCL entities or variants
were allowed: DLBCL NOS, ALK‐positive LBCL, intravascular LBCL,
T‐cell/histiocyte‐rich LBCL, HGBL without or with MYC and BCL2
or BCL6 rearrangements (double hit, DH), or with MYC and BCL2
and BCL6 rearrangements (triple hit, TH), and DLBCL with pre-
viously undiagnosed concurrent small cell infiltration in bone
marrow, lymph node, or extranodal site. Primary mediastinal B‐cell
lymphoma, post‐transplantation lymphoma, transformed lympho-
ma after previously diagnosed indolent lymphoma and primary
CNS lymphoma were ineligible.

Patients had to present WHO performance status <4 without
clinical, radiological, or cytological signs of CNS involvement, while
occult cerebrospinal fluid (CSF) involvement (flow cytometry+/cytology−)

was allowed. Patients had to present at least stage II disease with
age‐adjusted International Prognostic Index (aaIPI) of 2 or 3, and/or
specific risk factors for CNS recurrence defined by more than one
extranodal site, testicular lymphoma, stage IIE and higher, paranasal
sinus and orbital lymphoma with the destruction of bone, or large
cell infiltration of the bone marrow. Organ function had to be
adequate, allowing the planned treatment schedule. Additional de-
tails on inclusion and exclusion criteria, and study procedures are
provided in the Supporting Information.

Biological high risk was defined as the presence of at least
one of the following factors: C‐MYC translocation, DH, 17p/TP53
deletion by fluorescent in situ hybridization (FISH), or im-
munohistochemically (IHC)‐defined co‐expression of MYC and
BCL2 (double protein expression, DPE), IHC‐defined p53 and/or
CD5 positivity. The biological low‐risk group did not have any of
the above‐listed factors.

The historical comparator cohort consisted of young
(18–64 years), clinically high‐risk LBCL patients treated in the Nordic
LBC‐05 trial with similar inclusion criteria.12

This study was conducted by the Guidelines on Good Clinical
Practice from the International Conference on Harmonization and the
principles of the Declaration of Helsinki. The protocol was approved
by the medical agencies and ethics committees in Finland, Denmark,
Norway, and Sweden, and the trial was registered at ClinicalTrials.gov
(number NCT01325194). All patients signed informed consent before
study participation.

Pathology and stratification

Patients were included in the study based on a histological diag-
nosis from the local pathologists. After inclusion, diagnostic
tissue samples were forwarded to the National Pathology
Review representatives (MP, KB, M‐LK‐L) for the confirmation
of the diagnosis, further subclassification into the two im-
munohistochemically defined subgroups of germinal center B‐cell
(GCB) type and non‐germinal center B‐cell (non‐GCB) type ac-
cording to Hans algorithm,25 and stratification to biological risk
groups. IHC stainings and FISH analyses with break‐apart probes
for c‐MYC/8q24, BCL2/18q21, and BCL6/3q27 translocations, and
a probe for 17p/TP53 deletion were performed according to
routine diagnostic procedures.

In the LBC‐05 comparator cohort,12 the biological high‐risk group
was determined retrospectively.

ctDNA analysis

Plasma samples were collected at multiple time points during the
therapy and follow‐up (Figure 1A). Whole blood was used as a
matched control. Cell‐free DNA (cfDNA) extraction was performed
as previously described.26 Purified cfDNA was constructed to se-
quencing libraries using IDT xGEN Duplex Seq adapters (Integrated
DNA Technologies, Coralville, Iowa, US). Target enrichment was
performed using biotinylated probes for genomic targets covering
common lymphoma driver genes, regions of somatic hypermuta-
tions, and immunoglobulin loci, and captured libraries were se-
quenced on the Novaseq 6000 (Illumina) instrument. Diagnostic
tumor tissue‐derived DNA was used for variant calling together
with pretreatment circulating tumor DNA (ctDNA) when available.
The minimal residual disease (MRD) test was based on duplex se-
quencing and was calibrated to 95% specificity using cfDNA from
healthy donor samples (n = 10). A detailed methodology is provided
in the Supporting Information.
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Treatment

Treatment consisted of a prephase (prednisone 100mg x 1 for 3–6 days,
vincristine 1,0mg), seven chemotherapy courses, and eight doses of ri-
tuximab (Figure 1A). After a prephase, all patients received two courses
of R‐CHOP‐21 with interpolated HD‐Mtx 3000mg/m2 on day 15 with
one additional dose of rituximab on day 15 during course 1. Depending
on the biological risk factors, the treatment was continued with either
four courses of R‐CHOEP‐14 (no risk factors; R‐CHOP‐14 and etopo-
side; Table S1), or four DA‐EPOCH‐R courses in three‐week intervals
(Table S1). The rationale for selecting DA‐EPOCH‐R for patients with
biological risk factors included evidence of less tumor resistance
with prolonged exposure times, less cardiac toxicity with prolonged
doxorubicin administration, and maximization of dose intensity by

pharmacodynamic dose adjustment based on each cycle's neutrophil
nadir. Additionally, all patients received one course of R‐HD‐cytarabine
12 g/m2 (in patients aged 59 years or younger) or 8 g/m2 (in patients
60–64 years) divided into 4 separate doses during days 1 and 2.
Radiotherapy was given according to the local guidelines and was not
considered an event for failure‐free survival (FFS) or PFS.

The relative dose (RD) for each chemotherapeutic agent was the
ratio of dose received to protocol dose. The RD intensity (RDI) was
the RD times stipulated protocol time divided by elapsed time for a
given patient.

In the historical comparator group, there was no prospective
stratification according to biological risk factors, and all patients were
treated with the same systemic immunochemotherapy regimen as
the biological low‐risk group. In addition, they received liposomal

(A)

(B)

F IGURE 1 Study schema. (A) Trial profile and sampling schedule. (B) Patient disposition. CT, computer tomography; DHL, double hit lymphoma; IHC,

immunohistochemistry; OS, overall survival; P, prednisone; PD, progressive disease; PET, positron emission tomography; RT, radiotherapy; SD, stable disease;

V, vincristine.
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cytarabine intrathecally in courses 1, 3, and 5.12 Detailed information
on treatment is provided in the Supporting Information.

Outcomes

The primary endpoint was 3‐year FFS of the patients with biological risk
factors compared to a similar biological risk profile of patients from the
previous NLG‐LBC‐05 study.12 FFS was defined as an interval between
the registration date and the date of documented progression or lack of
response, first relapse, death from any reason, or discontinuation/
change of therapy because of toxicity, whichever occurred first. Sec-
ondary hematologic malignancies (leukemia and MDS) were considered
events in this category. Otherwise, patients were censored at the last
date they were known to be alive. For patients not responding at any
time point on study treatment, FFS was defined as 1 day.

Of the secondary endpoints, OS was defined as the interval between
the registration date and death from any cause, and PFS was defined as
the period between the registration date and lymphoma progression or
death from any cause. Time to CNS relapse was defined as the interval
between the registration date and the date of documented CNS pro-
gression. Other secondary endpoints were response rate, toxicity, and
molecular correlates for survival. Exploratory analyses included variables
associated with outcome, including predefined biological risk factors in the
tumor tissue and ctDNA burden at baseline and end of therapy (EOT).

Statistical analyses

The study aimed to assess FFS for all patients included in the trial and
separately for those with and without biological risk factors. Three‐
year FFS rate of the patients with biological risk factors compared to
similar patients from the previous Nordic study was a preplanned
primary objective.

At the time of study design, 3‐year FFS for biological high‐risk LBCL
patients with aaIPI ≥2 after standard therapy was estimated to be no
better than 50%, based on historical data.11 One‐third of the patients
were estimated to have biological high‐risk profiles. If a total of 120
patients were included, approximately 40 patients would be in the
biological high‐risk group. We hypothesized that 3‐year FFS for this
group is 75%, and thus the standard error of the estimate is the square
root of 0.75 × 0.25/40 = 0.068. When we further hypothesized two
groups, one with standard therapy and the other with new protocol
treatment with 40 biological high‐risk patients in each group, the
probability for detecting a difference in FFS of 0.25 (0.5 vs. 0.75) with
one‐sided alfa = 0.05 was 0.75 (=beta). It was anticipated that the pa-
tient accrual (120 eligible and evaluable patients) would require 3 years.

Descriptive statistics were used to summarize patient demographics
and baseline characteristics. Survival rates were estimated using the
Kaplan–Meier method. Clinical and tumor‐related factors were analyzed
by chi‐square tests or non‐parametric trend tests for response rates, log‐
rank tests, and the Cox proportional hazards multivariate analysis for
survival. Statistical analyses were performed with SPSS v. 25.0 (IBM,
Armonk, NY, USA) or in the R environment (version≥ 3.6.1). Probability
values below 0.05 were considered statistically significant. All compar-
isons and all comparative tests were two‐tailed.

RESULTS

Patient demographics and characteristics

We recruited 127 previously untreated patients aged 18–64 years
between August 2017 and January 2021. After a central pathology

review, four cases were excluded due to unsuccessful stratification,
leaving 123 evaluable patients in the intent‐to‐treat population
(Figure 1B). The distribution of patients according to baseline de-
mographics is presented in Table 1. The clinical characteristics were
consistent with those typical of high‐risk LBCL. The median age of the
patients was 55 years (range: 19–64). Notably, 84 patients (68%)
presented with stage IV disease, 72 patients (59%) reported
B‐symptoms, 107 patients (87%) had elevated lactate dehydrogenase
(LDH) levels, and 46 patients (37%) exhibited bulky lesions (>7.5 cm).
Twelve patients (9%) with low aaIPI were included per protocol due
to site‐specific risk factors for CNS relapse. Adverse clinical risk
factors were not more prevalent in the biological high‐risk group; in
fact, a higher proportion of patients with poor performance status
was found in the biological low‐risk group (p = 0.016). Otherwise,
there were no significant differences in baseline characteristics be-
tween the biologically low‐ and high‐risk groups (Table S2).

TABLE 1 Patient and tumor characteristics.

Baseline demographic n (%)

Age (years), median (range) 55 (19–64)

Sex

Male 70 (57)

Female 53 (43)

PS ECOG > 1 35 (28)

Stage

I–II 12 (10)

III 27 (22)

IV 84 (68)

B‐symptoms 72 (59)

LDH□ 107 (87)

aaIPI

0–1 12 (9)

2 76 (62)

3 35 (29)

Bulky disease 46 (37)

DLBCL NOS 102 (83)

GCB 47 (46)

Non‐GCB 54 (53)

Unclassified 1 (1)

DHL/THL 14 (11)

TCRBCL 4 (3.3)

FL 3B 3 (2.4)

Biol high risk+ (All) 61 (50)

MYC‐SH 20 (16)

MYC‐BCL2 DH 11 (8.9)

MYC‐BCL6 DH 1 (0.8)

MYC‐BCL2‐BCL6 TH 2 (1.6)

17p/p53 del/not available 19 (17)/4

MYC‐BCL2 DPE 39 (32)

TP53 IHC+ 17 (14)

CD5+ 8 (7)

HemaSphere | 5 of 14
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Most of the patients were diagnosed with DLBCL NOS (n =102;
83%). According to the Hans algorithm, 47 patients (46%) were classified
as germinal center B (GCB), while 54 patients (53%) were identified as
non‐GCB DLBCLs; 1 patient (1%) could not be classified. Additionally, 14
patients (11%) had HGBL with DH or TH characteristics. Translocations
involving c‐MYC on chromosome 8q24 were detected in 20 patients
(16%), and 17p/TP53 deletions were found in 19 samples (17%). p53+,
CD5+, and BCL2/MYC DPE were observed in 17 (14%), 8 (7%), and 39
(32%) samples, respectively. Overall, 61 patients (50%) exhibited biological
high‐risk profiles (Table 1). The number and distribution of biological risk
factors per patient (median 2, range 1–5) are shown in Figure S1.

Treatment outcomes

Patient disposition is shown in Figure 1B. A total of 10 patients dis-
continued treatment due to various reasons: toxicity (n=6), refractory
disease (n=2), or withdrawal of consent (n=2). Most patients (n =113;
92%) completed all treatment courses. The median duration of the first
and second cycles was 21 days. HD‐Mtx was not given to five (4.1%) and
six (4.9%) patients in the first and second cycles due to adverse events.
The second and third cycles were delayed after previous HD‐Mtx by over
7 days in four (3.4%) and 6 (5.3%) patients. The maximum dose level (DL)
achieved with DA‐EPOCH‐R was DL1 in 22 (37.3%), DL2 in 18 (30.5%),
DL3 in 13 (22%), and DL4 in 6 (10.2%) patients. The RDI based on all
courses given was high in the R‐CHOEP arm (Table 2), and the RDI
reductions were mainly due to a mean prolonged treatment duration of
6 days. The RDI was somewhat lower in the DA‐EPOCH‐R arm, mainly
due to the low proportion of patients achieving the highest DL.

Local radiotherapy was administered to 25 patients, prompted by
a bulky lesion at diagnosis (n = 7), a PET‐positive lesion at the end of
immunochemotherapy (n = 9), or unspecified reasons (n = 7).

The fraction of patients with reported grade 3–4 toxic effects
and treatment failures is summarized in Table 3. Six patients dis-
continued the study due to toxicity, which included one case of
cerebral hemorrhage and one gastric perforation. Notably, no patients
died from treatment‐related toxicities.

Fifteen patients discontinued the study due to disease progres-
sion. Five patients had primary refractory disease, while 10 experi-
enced lymphoma progression during follow‐up, including two CNS
events: one patient with isolated CNS progression and another with
combined systemic and CNS progression. Ten patients succumbed to
lymphoma, and one died from an unrelated disease.

At the time of analysis, with a median follow‐up of 37 months
(range: 1–63), the 3‐year FFS, PFS, and OS rates were 79%, 84%, and
88%, respectively (Figure 2A). Clinical risk factors, including the age‐
adjusted International Prognostic Index (aaIPI) groups 2 and 3, were
not associated with survival (Figures 2B and S2).

Impact of biological risk factors on outcome

In the biologically high‐risk group, the 3‐year FFS rate was 76%.
Based on a preplanned historical comparison and after adjusting for
age and the aaIPI, the FFS for the biological high‐risk group was
comparable to that of biological high‐risk patients treated with the R‐
CHOEP‐14 regimen in our previous LBC‐05 trial (hazard ratio [HR],
0.89; 95% confidence interval [CI], 0.38–1.71; p = 0.58; Figure 2C).12

Similarly, there was no significant difference in PFS or OS rates be-
tween the biologically high‐risk subgroups and the overall populations
of the LBC‐05 and LBC‐06 studies (Figures 2D and S3A–D). How-
ever, when biological high‐risk patients were further stratified by
aaIPI, a trend toward improved outcomes was observed in a subgroup
of patients with aaIPI 3 who were treated with the DA‐EPOCH‐R

regimen within the LBC‐06 trial (Figure 2E,F). The baseline demo-
graphics of the LBC‐05 comparator cohort are shown in Table S2.

There were no differences in survival rates between the biolo-
gical high‐ and low‐risk groups in the LBC‐06 cohort (Figure S2D,E).
Neither was the cell of origin in the DLBCL NOS patients associated
with survival (Figure S2F). When the prognostic impact of various
predefined biological risk factors was evaluated across the entire
study population, 17p/TP53 deletion emerged as the only marker
significantly associated with worse outcomes (Figure 3A). CD5 posi-
tivity, p53 positivity, DPE status, and DHL status did not show a
correlation with survival (Figures 3B and S2G–I). In Cox regression
analysis accounting for age and aaIPI, 17p/TP53 deletion remained a
significant risk factor for both progression and death (Figure 3C).

Pretreatment ctDNA uncovers hidden heterogeneity
and predicts survival

We used baseline plasma samples to investigate the association between
ctDNA burden, clinical characteristics, and survival outcomes (Figures 4
and S3). The overall landscape of mutated driver genes in plasma was
found to be heterogeneous, similar to that observed at the tissue level
(Figure 4A). Pretreatment ctDNA levels varied widely across the entire
study population and among the distinct aaIPI subgroups (Figure 4A,B).

TABLE 2 Number of treatment cycles given, relative dose (RD) and

relative dose intensity (RDI) for DA‐EPOCH and R‐CHOEP, and RD

for HD‐Mtx and HD‐Ara‐C.

Number of cycles All

Biologically
high risk

Biologically
low risk

DA‐EPOCH‐R R‐CHOEP‐14

1 0 (0) 0 (0) 0 (0)

2 4 (3.3) 2 (3.3) 2 (3.2)

3 2 (1.6) 0 (0) 2 (3.2)

4 1 (0.8) 1 (1.6) 0 (0)

5 1 (0.8) 1 (1.6) 0 (0)

6 2 (1.6) 1 (1.6) 1 (1.6)

7 113 (91.9) 56 (91.8) 57 (91.9)

RD/RDI (mean, %)

Mtx 95 95 96

Median (min–max) 100 (50–100) 100 (50–100) 100 (50–100)

Cyclophosphamide 94/89 88/85 100/93

Median (min–max) 100 (57/100)/ 87 (57/100)/ 100 (75–100)/

91 (50–109) 85 (60–109) 95 (50–105)

Doxorubicin 94/89 87/85 100/93

Median (min–max) 100 (61–100)/ 88 (61–100)/ 100 (75–100)/

91 (50–109) 85 (61–109) 95 (50–105)

Vincristine 85/81 84/82 86/80

Median (min–max) 91 (15–107)/ 91 (15–100)/ 95 (33–107)/

86 (14–105) 87 (14–103) 85 (26–105)

Etoposide 83/78 80/76 86/80

Median (min–max) 90 (0–108)/ 82 (0–104)/ 100 (0–108)/

83 (0–105) 79 (0–105) 90 (0–103)

Ara‐C 88 90 87

Median (min–max) 100 (0–100) 100 (0–100) 100 (0–100)
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Although no significant difference in ctDNA burden was
observed between the low and high biological risk groups (Figure 4C),
a high pretreatment ctDNA burden was associated with advanced
disease stage, elevated LDH levels, and high aaIPI scores (Figures 4B
and S3A,B), correlating with worse PFS and OS (Figures 4D and S3C).
Furthermore, TP53 mutations in ctDNA were associated with poor
PFS and OS (Figures 4E and S3D).

In comparing cases with distinct TP53 aberrations, 16 (84%) cases
exhibiting TP53 deletions in tumor tissue also displayed TP53mutations in
the ctDNA. In addition, there were 17 more cases withTP53 mutations in
the ctDNA, of which 10 were in the predefined low‐risk group. These
patients demonstrated worse outcomes than other low‐risk patients
(Figure S3E,F).

We identified various genetic subgroups of DLBCL from tumor
tissue and/or ctDNA (Figure S4A).27 However, in this population,
these genetic subgroups did not show any association with survival
(Figure S4B,C).

ctDNA‐based MRD test complements PET in response
evaluation

The responses are summarized in Table S3. Among the 112 patients
who underwent PET‐CT at the end of immunochemotherapy, 88 (79%)

achieved a metabolic complete remission (mCR), while 19 (17%) had a
metabolic partial remission (mPR) and 5 metabolic progression (mPD).
Notably, only 2 out of 7 tissue biopsies (27%) from PET‐positive lesions
revealed refractory lymphoma, and only 5 out of 24 (21%) cases of
PET‐positive residual disease progressed within the following 6 months
of follow‐up (Figure 5A and Table S3).

The outcomes for patients with Deauville Score (DS) 4 were
comparable to those with DS 1–3, further underscoring the necessity
of confirming refractory disease histologically by tissue biopsy.
Among the nine patients who received radiotherapy for localized
PET‐positive residual lesions, seven were classified as DS 4 and two
as DS 5, which may have contributed to more favorable outcomes.
The specificity, sensitivity, positive predictive value, and negative
predictive value of the PET imaging were 80%, 45%, 22%, and 92%,
respectively.

Early clearance of ctDNA levels to MRD negativity after two
treatment cycles was associated with favorable outcomes (Figures 5B,C
and S5A). Although this conversion to molecular remission improved in
most patients during subsequent treatment cycles, those who rema-
ined ctDNA positive at the EOT experienced very poor outcomes
(Figures 5D and S5B).

Among the 90 patients with available MRD and PET data at the
end of treatment, 6 out of 19 PET‐positive patients (32%) experi-
enced progression. In comparison, the ctDNA‐based MRD test was

TABLE 3 Toxicity and treatment failures.

Event

All Biologically high risk Biologically low risk
N = 123 (%) n = 61 (%) n = 62 (%)

Adverse event grade 3 4 3 4 3 4

Hematologicala

Anemia 58 (47) 4 (3.3) 25 (41) 1 (1.6) 33 (54) 3 (4.9)

Neutropenia 13 (11) 75 (61) 4 (6.6) 44 (72) 9 (15) 31 (50)

Trombocytopenia 17 (14) 56 (45) 11 (18) 26 (43) 6 (9.7) 30 (48)

Infection 48 (39) 2 (1.6) 26 (43) 2 (3.3) 22 (25) 0 (0.0)

Gastrointestinal 11 (8.9) 3 (2.4) 6 (9.8) 1 (1.6) 5 (8.1) 2 (3.2)

Hepatic 9 (7.3) 0 (0.0) 2 (3.3) 0 (0.0) 7 (11) 0 (0.0)

Renal 3 (2.4) 0 (0.0) 2 (3.3) 0 (0.0) 1 (1.6) 0 (0.0)

Cardiac 4b (3.3) 1 (0.8) 0 (0.0) 0 (0.0) 4b (6.5) 1 (1.6)

Tromboembolism 10 (8.1) 0 (0.0) 5 (8.1) 0 (0.0) 5 (8.1) 0 (0.0)

Treatment failure due to toxicity 6 (4.9) 2 (3.3) 4 (6.4)

Cerebral hemorrhage 1 (0.8) 0 (0.0) 1 (1.6)

Gastric perforation 1 (0.8) 0 (0.0) 1 (1.6)

Unspecified 4 (3.3) 2 (3.3) 2 (3.2)

Treatment failure due to progression 15 (12) 10 (16) 5 (8.1)

Primary refractory lymphoma 5 (4.1) 4 (6.6) 1 (1.6)

Later progression 10 (8.3) 6 (9.8) 4 (6.5)

Previous nodal site 7 (5.7) 4 (6.6) 3 (4.8)

Previous EN site 5 (4.1) 5 (8.2) 0 (0)

New EN site 1 (0.8) 0 (0) 1 (1.6)

CNS progression 1 (0.8) 1 (1.6) 0 (0)

Systemic and CNS progression 1 (0.8) 0 (0) 1 (1.6)

Death (other disease) 1 (0.8) 0 (0) 1 (1.6)

Consent withdrawn 4 (3.3) 3 (5.0) 1 (1.6)

aHematological toxicity is based on nadir values.
bAtrial fibrillation (gr 2).
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F IGURE 2 Kaplan–Meier survival estimates. (A) FFS, PFS, and OS rates in the LBC‐06 trial. (B) FFS according to aaIPI in the LBC‐06 trial. (C) Comparison of FFS

rates of biological high‐risk groups in the LBC‐06 versus LBC‐05 trials. (D) Comparison of OS rates of biological high‐risk groups in the LBC‐06 versus LBC‐05 trials.

(E) Comparison of FFS rates in patients with biological high‐risk and aaIPI3 in the LBC‐06 versus LBC‐05 trials. (F) Comparison of OS rates in patients with biological

high‐risk and aaIPI3 in the LBC‐06 versus LBC‐05 trials.
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positive for 8 out of 12 patients (67%) who progressed. Of the 71
PET‐negative patients, 6 progressed, and MRD was detectable in 3 of
these cases (50%). The specificity, sensitivity, positive predictive va-
lue, and negative predictive value of the MRD test for progression
were 98%, 56%, 82%, and 92%, respectively.

DISCUSSION

To our knowledge, this is the first LBCL trial to use a biological risk
profile to guide treatment intensity. Our findings demonstrate that
stratification based on biological risk factors is feasible in a pro-
spective, multicenter trial and that intensified DA‐EPOCH‐R‐based
immunochemotherapy shows promising efficacy and manageable
toxicity in young patients with clinical and biological high‐risk LBCL.
The 3‐year FFS rate was 79%, exceeding the 75% target, which we
had anticipated. PFS and OS rates were 84% and 90%, respectively.

In recent years, HGBL with DH or TH characteristics has
emerged as a robust adverse risk factor in patients with LBCL and
also a justification for more intensive chemotherapy. In contrast, in-
tensification based on other biological risk factors can be questioned.
However, based on available data at the time of the trial design and,
in particular, the results from the Nordic LBC‐04 trial cohort,11 where

combined genetic abnormalities in myc, bcl2, and p53 genes and their
increased protein levels translated to dismal survival in response to an
intensified immunochemotherapy,28 the selected biological factors
appeared to be a justified combination to form a biological high‐risk
group. Interestingly, we found no significant differences in outcomes
based on the predefined individual biological risk factors, except for
17p/p53 deletion. This suggests that intensified treatment may mi-
tigate the adverse impact of these factors on survival, including DH
and TH, indicating broader applicability for high‐risk patients. In ad-
dition to 17p/p53 deletion, a high ctDNA burden and TP53 mutations
in baseline plasma samples were associated with poor survival. Ad-
ditionally, TP53 mutations in ctDNA were observed in patients de-
signated as biologically low‐risk based on their tumor tissue findings,
further clarifying any potential stratification failures.

When we designed and initiated this study in 2017, the results of
the randomized Alliance study (DA‐EPOCH‐R vs. R‐CHOP) had not
yet been published. However, existing phase II studies demonstrated
high and durable responses to DA‐EPOCH‐R in patients with ag-
gressive lymphomas, including Burkitt lymphoma, MYC‐rearranged
lymphomas, and primary mediastinal B‐cell lymphomas,29–31 and a
meta‐analysis showed that DA‐EPOCH‐R reduced the risk of pro-
gression compared with R‐CHOP.32 Together, the results indicated
that DA‐EPOCH‐R was a justified immunochemotherapy backbone in

(A) (B)

(C)

F IGURE 3 Kaplan–Meier estimates of survival and Cox multivariable analysis. (A) PFS according to TP53 deletion status. (B) PFS according to HGBL‐DH status.

(C) Cox multivariable analyses on OS and PFS including age, aaIPI, and TP53 deletion as covariates.
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patients with biologically high‐risk LBCL. Our results appear to
compare favorably with other phase II studies assessing intensified
treatments in biologically high‐risk LBCL despite the inherent limita-
tions of cross‐study comparisons. In a study involving 53 patients
with MYC‐rearranged LBCL, including 24 DHLs, the 4‐year EFS and
OS rates were 71% and 77%, respectively.29 Similarly, a study

combining DA‐EPOCH‐R with HD‐Mtx in 47 patients with CD5 +
DLBCL reported 5‐year PFS and OS rates of 72% and 79%.33,34 Our
results also showed favorable outcomes compared to R‐CODOX/
IVAC and R‐ACVBP in clinically defined high‐risk patients.35,36 In a
recent retrospective study comparing R‐CHOEP‐14 with R‐pola‐CHP,
2‐year PFS was 72% for R‐CHOEP and 75% for Pola‐R‐CHP, while

(A) (B)

(C)

(D) (E)

F IGURE 4 Baseline ctDNA burden and TP53 mutations. (A) Oncoprint of the coding driver mutation landscape according to pretreatment ctDNA concentration.

Columns represent individual patients, and rows represent different clinical variables or driver genes. Genes mutated in ≥15% of the patients included, and the

percentages are indicated. (B) Pretreatment ctDNA concentrations (log hGE/mL) according to aaIPI scores. (C) Pretreatment ctDNA concentrations (log hGE/mL) in

the biological high‐ and low‐risk groups. (D) PFS of patients with high (≥3.60 hGE/mL) versus low (<3.60 hGE/mL) pretreatment ctDNA concentration. (E) PFS of

patients with or without TP53 mutations detected from ctDNA. Subclonal mutations were excluded from the analysis.
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OS was 88% for both regimens.37 While OS rates were comparable,
PFS was better in our study, suggesting the potential favorable im-
pact of HD‐Mtx and HD‐AraC on treatment outcomes.

A limitation of this trial is the absence of a randomized com-
parator, especially given the failure of DA‐EPOCH‐R and other pro-
mising regimens to demonstrate a survival benefit over R‐CHOP in
phase III trials.38–40 To contextualize our clinical findings, we per-
formed a preplanned historical comparison with a cohort of patients
exhibiting similar biological high‐risk profiles from the previous Nor-
dic LBC‐05 prospective trial. We found no significant differences in
survival rates between the two studies. Both regimens could also
overcome the adverse impact of DHL on survival. However, in a
subgroup of patients with biological risk factors and aaIPI 3, there was
a trend toward better survival following the DA‐EPOCH‐R‐based
regimen. We conclude that intensified immunochemotherapy, whe-
ther via DA‐EPOCH‐R or R‐CHOEP‐14 combined with early HD‐Mtx
and HD‐cytarabine as consolidation therapy, offers favorable out-
comes for patients with biologically high‐risk LBCL. Given that the
exploratory analyses of biological risk factors in our previous study
are constrained by small sample sizes and were performed retro-
spectively, the results also suggest that in a subgroup of ultrahigh‐risk

patients, treatment with DA‐EPOCH‐R may lead to improved out-
comes over the R‐CHOEP‐14 backbone.

The benefit of HD‐Mtx as CNS prophylaxis in LBCLs remains
controversial. While the results from several prospective trials
suggest that aggressive systemic therapies utilizing drugs that pe-
netrate the blood–brain barrier (BBB) may reduce CNS relapses in
younger high‐risk patients,11,12,41 recent large retrospective ana-
lyses have failed to confirm this benefit.42,43 There is also no con-
sensus on the optimal timing of CNS prophylaxis. In a recent large
retrospective study, end‐of‐therapy HD‐Mtx did not increase the
risk of CNS relapse compared with intercalated delivery and caused
fewer delays to R‐CHOP therapy.44 In contrast, shifting HD‐Mtx to
the beginning of the therapy in our previous trial translated to im-
proved FFS, PFS, and a lower number of CNS events.12 Consistent
with our previous trial, we observed no significant delays to treat-
ment cycles following early administered HD‐Mtx and only two CNS
events in this study, resulting in a CNS recurrence rate of 1.6% over
3 years. Together with our earlier studies,11,12 these results suggest
that young high‐risk patients may benefit from incorporating
BBB‐penetrating HD‐Mtx and HD‐cytarabine into their im-
munochemotherapy regimens.
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F IGURE 5 Prognostic impact of PET and MRD. (A) PFS according to end‐of‐therapy PET. (B) Dynamics of ctDNA burden during therapy. (C) PFS according to

ctDNA‐based molecular response after two courses of therapy. (D) PFS according to ctDNA‐based molecular response at the EOT.
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Most patients (91%) with negative PET scans (DS 1–3) achieved
long‐term remission; in contrast, only 21% of PET‐positive patients (DS
4‐5) experienced progression within the following six months of
follow‐up. The similarity in outcomes between patients with DS 4 and
those with negative PET scans underscores the importance of histo-
logically confirming residual PET‐positive lesions, as well as the po-
tentially beneficial impact of consolidative radiotherapy on survival.

When we evaluated the relationship between ctDNA clearance
(MRD negativity) and EOT PET‐based response assessments, we
found that patients who were MRD‐negative at the EOT had a
significantly lower risk of recurrence, whereas nearly all MRD‐
positive patients progressed. The high positive and negative pre-
dictive values of MRD compared to EOT PET in this and prior stu-
dies26,45 highlight the need for prospective trials to explore how
ctDNA dynamics can guide treatment decisions. While it is currently
unclear which is the best method to assess ctDNA and its in-
dependence from imaging technologies, it is clear that ctDNA offers
opportunities for better risk stratification and response evaluation.
For example, low pretreatment ctDNA burden and early MRD ne-
gativity may help to guide treatment de‐escalation. Conversely, high
pretreatment ctDNA levels and MRD positivity at later time points
could be used to guide treatment intensification, change of therapy,
or consolidation with novel agents.

In conclusion, this study demonstrates that stratifying patients
based on biological risk factors in a prospective, multicenter trial is
feasible and effective. Intensified immunochemotherapy, incorporat-
ing early administration of HD‐Mtx and R‐HD‐cytarabine consolida-
tion, is a successful regimen for biologically high‐risk LBCL. Notably,
TP53 aberrations and ctDNA burden were identified as predictors of
poor outcomes. Additionally, our findings indicate that ctDNA ana-
lysis can complement PET imaging in response evaluation. We see
this trial as an advancement in developing more effective, biomarker‐
driven treatment strategies for high‐risk LBCL. Incorporating ctDNA
analysis to assess baseline characteristics and molecular responses
throughout treatment could enhance diagnostics, offer more sensitive
methods for predicting treatment response compared to PET, and
inform necessary adjustments in therapy.
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