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Double-hit (DHL) and double expressor (DEL) DLBCL have poor prognosis with standard therapy but CART may overcome this poor
prognostic impact. In this multicenter retrospective study, we sought to confirm this observation by evaluating survival outcomes
among patients with relapsed/refractory DHL and DEL treated with CART and evaluate outcomes of relapse post-CART. A total of
408 adult patients with relapsed/refractory DLBCL from 13 academic centers were included based on the availability of DHL and
DEL. All 408 patients were included in the DHL (n = 80) vs non-DHL (n = 328) analysis, while 333 patients were included in the
analysis of DHL (n =80) vs DEL (n = 74) vs non (n = 179). On MVA, there were no differences for PFS for DHL vs non-DHL (HR 0.8,
95%Cl 0.5-1.3, p =0.35) or DHL vs DEL vs other (three-way p value, p = 0.5). Response rates and toxicities were similar among
groups. Patients with DEL had the highest relapse rates post-CART, while DHL had the worst overall survival after CART relapse. In
sum, our data support the notion that CART cell therapy can overcome the poor prognostic impact of DHL and DEL DLBCL in the
relapsed/refractory setting. Additionally, patients with DHL that relapse after CART have a very poor prognosis.
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INTRODUCTION

Diffuse Large B Cell Lymphoma (DLBCL) is an aggressive subtype of
non-Hodgkin lymphoma (NHL), making up about 25-30% of NHL
cases worldwide. Treatment with anthracycline-based therapy can
cure the majority of patients. However, ~30% of patients will have
relapsed or refractory disease [1, 2]. Patients with DLBCL with dual
expression of MYC and BCL-2 proteins not related to underlying
chromosomal rearrangements, termed double expressor lymphoma
(DEL), or high-grade B-cell ymphoma with dual rearrangements of
MYC and BCL-2 or/and BCL-6, synonymous with “double-hit” (DHL)
and “triple-hit” (THL) lymphoma respectively according to the World
Health Organization (WHO) 2016 classification [3], are more likely to
relapse after standard frontline chemo-immunotherapy [4-6]. This is
despite the recent reclassification of high-grade B-cell lymphomas
(HGBCL), use of novel therapeutics, and/or dose intensification of
frontline chemo-immunotherapy [7-10]. Moreover, relapses in
these subsets of patients tend to be early, within 12 months of
frontline therapy [5]. Consequently, there is an urgent need to
identify effective treatments for these subgroups.

Several studies have demonstrated high efficacy with CD19-
directed autologous chimeric antigen receptor T-cell (CART)
therapy for DHL/THL patients as defined by WHO 2016. In the
third-line setting, axicabtagene ciloleucel (axi-cel), lisocabtagene
maraleucel (liso-cel) and tisagenlecleucel (tisa-cel), all demon-
strated similar overall response rates (ORR) for DHL and non-DHL
patients [11-13]. In the second line setting, both axi-cel and liso-
cel showed improvements in EFS for DHL patients compared to
standard-of-care high-dose chemotherapy (HR 0.28 95% (|,
0.14-0.59 and HR 0.456 95%Cl:0.226-0.921, respectively) [14, 15]
In addition, axi-cel showed a similar improvement for a small
cohort of DEL patients (HR 0.42 95% Cl 0.27-0.67) [16, 17].

However, for the aforementioned CART trials collectively, there
are obvious limitations to the generalizability of CART efficacy in
patients with DHL/THL or DEL. One limitation is that these cohorts
were small in number, and subset analyses evaluating outcomes
were, in some cases, ad hoc and/or not powered to provide clear
direction on the efficacy of CART [11-17]. It is also unclear whether
the durability of responses and survival outcomes in DHL/THL and
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DEL truly mirror those of patients with DLBCL without these high-
risk features. Additionally, with the increasing employment of
CART in second-line therapy, it is imperative to better estimate
expected survival with CART and establish a benchmark for future
studies targeting these high-risk patient populations.

Thus, we performed a multicenter retrospective analysis to
address these gaps in knowledge. Specifically, we evaluated the
efficacy of CART and practice patterns post-CART relapse in large
cohorts of DHL and DEL patients to better characterize the
outcomes for these high-risk subsets treated with CART.

MATERIALS/SUBJECTS AND METHODS

Study design and participants

Data were collected from adult patients with R/R aggressive B-NHL
treated with CART from 2015-2021 across 13 academic institu-
tions in the United States (n=536). We excluded histologic
subtypes other than de novo DLBCL and transformed follicular
lymphoma (n=59) and patients with missing MYC status by
fluorescence in situ hybridization (FISH; n=69); accordingly, a
total of 408 patients were analyzed. Two separate comparative
analyses were performed. First, DHL was compared to non-DHL.
Second, a three-way comparison was made between DHL, DEL,
and others. Due to limitations from missing data, separate
analyses allowed more robust evaluation of DHL, which is thought
to have a more significant prognostic impact on DLBCL outcomes.
DHL was defined as patients with rearrangements of MYC and
BCL-2 and/or BCL-6 irrespective of MYC or BCL-2 expression [3].
Patients with DEL were defined as having increased expression of
MYC (>40%) and BCL-2 (>70%) by immunohistochemistry without
chromosomal rearrangements involving MYC or BCL-2 by FISH.
Patients with missing DEL status were excluded only from the DHL
vs DEL vs other analysis (n =75).

Statistical analysis

Baseline characteristics were compared between cohorts with
Pearson Chi-squared test and included: age, gender, histology, cell
of origin (COO), international prognostic index score (IPl), LDH
level at apheresis, prior autoHCT, presence of bulky disease,
number of lines of therapy prior to apheresis, use of bridging
therapy (BT), time from diagnosis to CART infusion, time from
apheresis to CART infusion, rates of utilization of CART on the
clinical trial, type of CART product utilized, rates and grades of
cytokine release syndrome (CRS) and immune effector cell
associated neurotoxicity syndrome (ICANS). Median progression-
free survival (mPFS) and median overall survival (mOS) were
estimated via the Kaplan—-Meier method. PFS was defined as time
from CART infusion to date of progression or death, while OS was
defined as time from CART infusion to date of death from any
cause. Clinical variables associated with PFS on univariate analysis
were incorporated into the Cox multivariable regression analysis
(MVA) to determine the impact of clinical variables on CART PFS. A
p value <0.05 was significant.

RESULTS

Patient characteristics

A total of 408 patients were included in the DHL vs non-DHL
analysis. There were 80 patients with DHL and 328 patients with
non-DHL. The DHL group included a small subset of six patients
with MYC/BCL-6 rearrangements. Patients with DHL had similar
rates of BT use, time from apheresis to CART, CART utilization on
clinical trials, and CAR-T product compared to non-DHL. Not
surprisingly, DHL were enriched for germinal center COO (GCB;
87.2 vs 44.5%, p < 0.001), elevated LDH (80.4 vs 62.8%, p <0.02),
and CART as second-line therapy rather than later line therapy
(20.0 vs 10.4%, p <0.02) compared to non-DHL, in keeping with
the known pathobiology of DHL.

SPRINGER NATURE

For DHL vs DEL vs other, a total of 333 patients were included in
this analysis. There were 80 patients with DHL, 74 patients with
DEL, and 179 non-DHL/DEL patients (patients with missing DEL
status were excluded, n = 75; Table 1). All groups had similar time
from apheresis to CART infusion, rates of utilization of CART on
clinical trials, and type of CART product. As expected, patients with
DHL were more likely to have GCB COO (87.2 vs 58.1% vs 54.7%,
p<0.001). DHL and DEL appeared to have more frequent
elevations of LDH (80.4 vs 74.6 vs 58.4%, p <0.006). This trend
was correlated to some degree with tumor bulk as patients with
DEL and DHL were more likely to have bulky disease at diagnosis
(39.7% with DEL vs 31.2% with DHL and 21.2% with other,
p<0.01), although DEL had the highest proportion of bulky
disease overall. Patients with DEL also had the highest use of
BT (60.6%), while DHL surprisingly had the lowest rate of BT
utilization at 34.2 and 44.7% in others (p <0.02).

Toxicity

Rates of CRS overall were numerically higher among patients in
the DEL group (72.7%) compared to the DHL group (66.3%) and
the non-DHL group (68.3%), although this did not approach
statistical significance (p = 0.664). Rates of high-grade CRS (grade
3 or 4), on the other hand, were highest among the DHL group
(17.5%) vs 13.0% in DEL and 10.0% in the non-DHL group
(p=0.192). As a surrogate for tumor burden, which can be
predictive of toxicities, groups were well balanced for high LDH
with 66.7, 66.7, and 68.0% of patients having elevated LDH,
respectively. Rates of any grade ICANS (53.2%) and severe ICANS
(22.1%) were slightly higher among patients in the DEL group
compared to DHL (46.8% any grade, 18.8% high-grade) and non-
DHL (45.9% any grade, 17.8% high grade), without reaching
significance (p =0.526 for any grade ICANS and p=0.696 for
high-grade). This trend was not explained by high LDH, as only
43.8% of DEL patients with high-grade ICANS had an elevated LDH
compared to 71.4% of DHL patients and 60% of non-DHL patients
(p = 0.295).

Response rates
Although not statistically significant, there was a trend toward an
improved response to CART for DHL vs non-DHL (ORR 69 vs 66%,
p=07; CR 49 vs 48%, p=0.8). This difference was more
pronounced when we evaluated response rates separately for
de novo HGBCL and for transformed follicular lymphoma (tFL). In
the de novo HGBCL subgroup, the trend toward improved
response rates for DHL (n=51 DHL vs n=266 for non-DHL)
was still present with ORR rates of 64 vs 53% (p = 0.2) and CR rates
of 48 vs 35% (p =0.1). In the tFL subgroup, the same trend was
preserved as well for ORR [tFL DHL (n=19) vs tFL non-DHL
(n = 62)] with 84% for DHL vs 74% for non-DHL (p = 0.5) while the
CR rates were equal at 53% (p > 0.99).

CART response rates were similar for DHL vs DEL vs other (ORR
69 vs 64 vs 66%, p = 0.8; CR rate 49 vs 42 vs 48%, p = 0.6), with a
non-significant trend toward DEL having the poorest response.

Progression-free and overall survival

The median follow-up post-CART infusion was 17.7 months. The
mPFS was similar for DHL vs non-DHL (mPFS 7.5 vs 6.2 months,
p=0.2 [Fig. 1A]). The mOS, on the other hand, numerically
trended in favor of non-DHL with mOS 21 months for DHL vs NR
for others, but this did not reach statistical significance (p =0.6
[Fig. 1C]). Interestingly, the trend shifted toward improved
survival in favor of DHL when evaluating mOS in the tFL
subgroup (NR vs 29 months, p = 0.07). When comparing DHL vs
DEL vs other, the median follow-up time post-CART was
18.7 months in surviving patients. The mPFS and mOS were
similar (mPFS 7.5 vs 6.2 vs 9.0 months, p = 0.35; Fig. 1B; mOS NR
vs 19.1 vs 25.7 months, p = 0.8, Fig. 1D). Of note, patients with CR
post-CART had similar PFS and OS regardless of DHL vs DEL vs
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Table 1.
DHL n (%)

Number® 80
Age at CAR-T, median 58
Female sex 1 (40.8)
De novo DLBCL 1(76.3)
GCB COO 41 (87.2)
IPI >4 at diagnosis 2 (21.1)
Elevated LDH at diagnosis 41 (80.4)
LDH elevated at apheresis 4 (61.1)
Stage >3 at diagnosis 8 (89.5)
Bulky disease at diagnosis 24 (31.2)
CAR-T given second line 6 (20.0)
AutoHCT prior to CART 5(19.7)
Bridging therapy 9 (38.2)
R/R within 12 mon of initial CIT 9 (74.7)
Time apheresis to CAR-T, mon, median 1.1
CAR-T on clinical trial 25 (31.3)
CAR-T product

Axi-cel 54 (67.5)

Tisa-cel 21 (26.3)

Liso-cel 5 (6.3)
Grade 23 CRS 14 (23.0)
Grade 23 ICANS 15 (30.6)

Demographic and clinical characteristics for patients with DHL vs DEL vs other (non-DHL and non-DEL).

DEL n (%) Other n (%) P value
74 179 =
60 59 0.6
28 (39.4) 59 (34.7) 0.6
56 (75.7) 146 (81.6) 0.5
36 (58.1) 82 (54.7) <0.001
13 (21.0) 27 (18.6) 0.9
44 (74.6) 80 (58.4) 0.006
32 (45.1) 90 (53.9) 0.2
61 (87.1) 135 (80.4) 0.1
27 (39.7) 36 (21.2) 0.01
9 (12.2) 19 (10.6) 0.1
22 (31.0) 48 (28.2) 03
43 (60.6) 76 (44.7) 0.02
46 (62.2) 116 (66.3) 0.2
0.9 1.1 0.9
11 (15.1) 46 (25.7) 0.06
0.3
51 (69.9) 112 (62.9) =
16 (21.9) 40 (22.5) -
6 (8.2) 26 (14.6) -
10 (17.9) 19 (14.1) 0.3
17 (38.6) 34 (34.0) 0.7

#Exclusion reasons: histology, n = 59; missing DHL status, n = 69; missing DEL status, n = 75.

***|P] at collection.

other status (Fig. 2). The same was true for patients with PR;
however, outcomes in patients with PR in response to CART were
poor across all cohorts (Fig. 2).

On multivariate analysis (MVA) for PFS and OS, variables
included elevated LDH, COO, number of prior lines of therapy,
treatment with CART on a clinical trial, use of BT, and time from
apheresis to CART infusion. On MVA for PFS for DHL vs non-DHL
(n = 408), there was a non-significant PFS advantage for the DHL
group (HR 0.8, 95% Cl 0.5-1.3, p =0.35). However, greater than
two lines of therapy pre-apheresis (HR 1.6, 95% Cl 1.2-2.2,
p =0.003), use of BT (HR 1.7, 95% Cl 1.3-2.4, p<0.001), and
elevated LDH at time of apheresis (HR 1.5, 95% ClI 1.1-2.1,
p = 0.009) were predictive of inferior PFS on MVA for all patients
regardless of DHL status. On MVA for OS in these cohorts, these
variables also predicted reliably for inferior OS, each with an HR
1.7 (95% Cl 1.2-2.4, p = 0.003-0.008). Of note, when we excluded
DHL patients with MYC and BCL-6 translocations to match the
WHO 2022 reclassification of HGBCL, there were no significant
differences in the MVA results (Supplementary Tables 2 PFS, 3 OS).

When comparing DHL vs DEL vs other on MVA (n = 333), there
was no difference in CART PFS between cohorts (three-way
p value, p=0.5). However, once again, two lines of therapy pre-
apheresis was predictive for PFS (HR 1.6, 95% Cl 1.2-2.2, p = 0.003)
and OS (HR 1.7, 95% Cl 1.2-2.4, p = 0.003), and use of BT impacted
PFS (HR 1.7, 95% Cl 1.2-2.3, p=10.001) and OS (HR 1.7, 95% CI
1.2-2.4, p =0.004) for all patients. Elevated LDH at the time of
apheresis also predicted for inferior PFS (HR 1.5, 95% ClI 1.1-2.0,
p=0.01) and OS (HR 1.7, 95% Cl 1.2-2.5, p = 0.003) for all patients.

Practice patterns and outcomes post-CART failure

For DHL vs non-DHL analyses: Patients with non-DHL were more
likely to relapse after CART at 58.3% compared to DHL with only
50% relapse with a trend nearly reaching statistical significance

Blood Cancer Journal (2025)15:43

(p = 0.083) Median time to progression post-CART was 89 days in
both DHL and non-DHL groups. Rates of receipt of lymphoma-
directed therapy after progression were numerically higher in the
non-DHL group (54% in DHL vs 67% in non-DHL; p=10.2). As
the first-subsequent treatment after CART progression/relapse,
patients with DHL were more likely to receive radiation alone
(37%) as compared to patients with non-DHL (15%; p = 0.045) and
less likely to be enrolled on a clinical trial (0 vs 26%; p = 0.007).
Radiation was utilized most commonly (n=7) followed by
lenalidomide based therapy (n=6 including two patients who
received tafasitamab and lenalidomide), and ibrutinib (n = 2).

Patients with DHL had inferior response rates with first-
subsequent therapy post-CART with ORR of 11% and CR of 0%
compared to 43% (p =0.01) and 19% (p = 0.04) for non-DHL. In
addition to inferior response rates, patients in the DHL group had
inferior progression-free survival with subsequent therapy post-
CART failure (mPFS was 21 vs 70 days for DHL vs non-DHL patients
who received post-CART failure therapy, p <0.0001). The DHL
group had an inferior OS post-CART progression as compared to
non-DHL (2.7 vs 6.0 months; p = 0.02).

For DHL vs DEL vs other analyses: Relapse rates were highest
among those with DEL (67.5%) compared to DHL (50%) and non-
DHL patients (58.3%). After CART relapse, patients had similar rates
of receiving further treatment regardless of subgroup (54.2 vs 72.7
vs 67.4%, p = 0.2) with a non-significant trend for less utilization in
DHL. Although there were no differences noted in rates of relapse
post-CART, patients with DHL had significantly inferior mOS
(2.7 months) after progression vs 6 months for DEL and 5.8 months
for other (DHL n = 35; DEL n = 46; other n =92, p = 0.04; Fig. 3).
The difference in mOS post-CAR-T progression for DEL and other
was not significant (p =0.99). Although the cause of death was
not consistently collected in all patients, all but three patients had
disease progression at last follow-up in the DHL cohort.

SPRINGER NATURE
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No.atrisk  Time from CAR-T infusion (days)
DHL 80 50 37 26 20
DEL 74 56 44 27 19
other 178 17 86 57 39

Fig. 1 Survival after CART exposure. PFS after CART exposure in DHL vs non-DHL (A) and DHL vs DEL vs other (B). OS after CART exposure in
DHL vs non-DHL (€) and DHL vs DEL vs other (D). CART chimeric antigen receptor T-cell therapy, DEL double expressor lymphoma, DHL
double hit lymphoma, Mon months, No number, OS overall survival, PFS progression- free survival.

DISCUSSION

CD19-directed CART therapy has been a groundbreaking advance
in the management of aggressive large B-cell lymphoma (LBCL). It
is curative in 30-40% of patients based on long-term follow-up of
prospective trials evaluating CART in the second and third line and
beyond [11-13, 15, 16]. However, whether this benefit extends to
patients with high-risk features such as DHL/THL and DEL was not
clear, given the small numbers of such patients included in these
trials.

In our large multicenter retrospective study of patients with
LBCL undergoing CD19-directed autologous CART, we identified
sizeable cohorts of patients with DHL/THL and DEL. Our real-world
dataset across 13 academic institutions included a higher
incidence of patients with DHL than historically included on any
prospective CART trial and highlighted the ability of CART to level
the playing field regardless of DHL or DEL status. In particular,
patients with DHL arising from the transformation of FL derived
substantial benefits.

In addition, our study describes and compares outcomes for
these subgroups after CART failure. In our cohort as a whole, we
previously reported mPFS and mOS of 7.6 months and
25.6 months, respectively, post-CAR T failure, consistent with
results seen in prospective studies [18]. In this analysis, however,
we demonstrate that patients with DHL have dismal outcomes
with a mOS of less than 3 months following CART progression.
Although cause of death was not collected, all but 3 patients who
died had disease progression at last follow-up. Since mPFS for
DHL/THL vs DEL vs other were comparable with CART, the poor OS
outcomes in DHL are likely secondary to a shorter mPFS2 after
CART failure. Non-responders with DHL were more likely to be

SPRINGER NATURE

salvaged with radiation rather than systemic therapy, which may
have led to inadequate systemic control. Reasons for these
practices are unclear and may reflect concern for patient frailty
and/or cytopenias post-CART progression.

In 2023, two CD20-CD3 bispecific antibodies—epcoritamab
and glofitamab were granted accelerated approval by the United
States Food and Drug Administration (FDA) for treatment of LBCL
in the third line and beyond. However, it is important to note
that fewer than 15% of patients enrolled in prospective trials for
these agents had DHL/THL. Our dataset is limited in providing
further information on bispecific antibodies efficacy post-CART
failure as it predates approval of these agents. Thus, it remains
ambiguous whether these agents offer benefits in DHL/THL as
salvage after CART failure. Additionally, since early relapse
appears to predict poor response to bispecifics, it is possible
these agents will offer less benefit to patients with DHL, as the
majority of DHL patients in our study relapsed within 90 days of
CART infusion [19-22]. As DHL remains a population of high
unmet need and should be targeted for the investigation of
novel therapies post-CART failure.

Despite the promising findings in terms of CART efficacy in
patients with DHL and DEL, our study does come with the
inherent biases of retrospective studies, including selection bias. In
addition, although the current WHO classification has removed
patients with MYC and BCL-6 translocations from the DHL
category, we included them in our analyses as the pivotal CD19
CART trials included these patients and were the foundation of our
study. Of note, the MVA analysis for survival outcomes was not
influenced by the removal of this subgroup (Supplementary
Tables 2, 3). Finally, there were a large number of patients that
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were excluded from our analysis due to missing data on DHL and
DEL status. Survival outcomes of this group of patients with
missing data were not different from the other groups analyzed
suggesting that exclusion of these patients did likely not introduce
significant bias in the survival analyses (Supplementary Fig. 1).
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Despite these limitations, we present the largest analysis
characterizing CART survival outcomes in R/R DHL and DEL to
date and demonstrate that mPFS and mOS mirrors that of DLBCL
patients without these high-risk features. In fact, there were non-
significant trends toward improved outcomes in the DHL group,
which in other treatment settings is considered the highest risk.
This trend appeared most significant for DHL arising in tFL
patients. Overall, our data support the use of CART in these high-
risk patients. Patients with DHL progressing after CART have the
most dismal survival, reflecting an urgent need for effective
therapies post-CART failure. Trials exploring novel therapies post-
CART could be specifically designed to enrich this population with
more directed inclusion criteria to address this unmet need in the
future.
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