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Abstract

Purpose The aim of this study was to prospectively compare the MIFAP protocol, which had been shown to be effective
in patients with relapsed and refractory Hodgkin’s lymphoma (HL) or aggressive non-Hodgkin’s lymphoma (NHL), to an
established regimen like Dexa-BEAM.

Methods Seventy-three adult patients with HL (N=25) or aggressive NHL (N =48) suffering from relapse or refractory
disease were randomly allocated to receive two cycles of Dexa-BEAM (dexamethasone, carmustine, etoposide, cytarabine,
melphalan; N=37) or MIFAP (mitoxantrone, fludarabine, cytarabine, cisplatin; N=36) prior to a consolidating high-dose
therapy and hematopoietic cell transplantation (HCT). Primary endpoint was the overall response rate (ORR) [complete
response (CR) and partial response (PR)] after two courses of salvage chemotherapy.

Results The ORR was 51% (CR 38%) and 53% (CR 36%) in the Dexa-BEAM arm and in the MIFAP arm (both not signifi-
cant), respectively. There was a significantly higher grade 3—4 toxicity after MIFAP compared to Dexa-BEAM. Thirty-five
patients were consolidated by autologous (N=29), allogeneic (N=1) or sequential autologous/allogeneic (N=5) HCT. No
significant differences were found in progression-free survival (PFS) and overall survival (OS) between the Dexa-BEAM
and the MIFAP arms.

Conclusion Compared to Dexa-BEAM, MIFAP is associated with a higher toxicity and does not improve the outcome of
patients with recurrent HL or aggressive NHL. For those patients, innovative treatment concepts like recently developed
immunotherapies are necessary.

Trial registration number EudraCT number 2021-001937-38.

Date of registration 7 April 2021, retrospectively registered.
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Introduction

Over the past 20-25 years, outcome of patients with newly
diagnosed Hodgkin’s lymphoma (HL) and aggressive non-
Hodgkin’s lymphoma (NHL) has significantly improved.
Contributing factors have been risk-adapted treatment
strategies using prognostic indices (Diehl and Fuchs 2007;
Hasenclever and Diehl 1998; International Non-Hodgkin’s
Lymphoma Prognostic Factors Project 1993; Sehn et al.
2007), the assessment of metabolic responses by positron
emission tomography (PET) using fluorodeoxyglucose
(['8F] FDG) (Borchmann et al. 2017; Borchmann 2020)
and the application of different dose-escalated or dose-
dense protocols (Pfreundschuh et al. 2004, 2008; Schmitz
et al. 2012; Tresckow et al. 2018). In addition, the use of
the anti-CD20 monoclonal antibody rituximab (Coiffier
et al. 2002; Pfreundschuh et al. 2006) or the anti-CD30
antibody—-drug conjugate (ADC) brentuximab vedotin
(Connors et al. 2018) have improved the treatment results.
However, the prognosis of patients with recurrent lympho-
mas is still poor. Especially primary refractory diseases
or early relapses are associated with a worse outcome
(Gisselbrecht et al. 2010; Josting et al. 2002, 2010). Since
several studies investigating different platinum-contain-
ing protocols such as DHAP, ESHAP and ASHAP had
shown encouraging results with response rates of 60-70%
(Hinel et al. 2000; Rodriguez et al. 1999; Velasquez et al.
1988, 1993, 1994), the MIFAP regimen was developed.
In a non-randomized phase II trial, 46 patients with very
poor-risk recurrent lymphoma achieved results compara-
ble to patients with prognostically more favorable diseases
(Hénel et al. 2001). However, a comparison with an estab-
lished protocol like Dexa-BEAM was still pending. There-
fore, this prospective randomized trial was performed.

Patients and methods
Patient enroliment/course of study

Patients aged 18-65 years with HL or aggressive NHL
suffering from up to three relapses, primary refractory dis-
eases or refractory relapses were included. After randomi-
zation, all patients received the salvage therapy with either
Dexa-BEAM or MIFAP. Restaging was performed after
one cycle and patients with complete response (CR), par-
tial response (PR) or minor response (MR) received a sec-
ond course of Dexa-BEAM or MIFAP. Patients reaching at
least PR after two chemotherapy cycles were consolidated
by either high-dose chemotherapy (HDT) with autologous
hematopoietic cell transplantation (HCT), allogeneic HCT
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or autologous HCT with subsequent allogeneic HCT after
reduced intensity conditioning. Non-responders (less than
MR after the first course or less than PR after the second
course) dropped out from the trial. The applied remission
criteria were in accordance with the recommendations
valid at the time the study was initiated (Cheson et al.
1999); after the first course, MR was defined as a tumor
size reduction between 25 and 49%.

Treatment plan

Enrolled patients were randomly assigned at a 1:1 alloca-
tion ratio to receive either two cycles Dexa-BEAM (stand-
ard arm (Table 1a) or two cycles MIFAP (experimental arm
(Table 1b) as salvage therapy. In responding patients (at least
PR after the second course), a subsequent consolidation by
HCT (autologous, allogeneic or autologous-allogeneic) was
planned, as shown in Fig. 1.

Statistical analysis

The study design aimed at the detection of a promising
response rate of 60%, in contrast to 40% considered to be
futile with regard to data on several existing salvage thera-
pies for the treatment of relapsed/refractory NHL/HL.
According to a one-stage phase II design by Fleming (1982),
the recruitment of 38 patients for the experimental arm was
required to achieve 80% power with a one-sided type-I error
of 0.05. A similar number was allocated to a randomized
reference group, to verify the historical assumptions, and
thus, control for selection bias.

The statistical survival analyses and multivariate Cox Pro-
portional Hazard Models were performed using R version
3.1.3 (R Core Team 2020), including the packages ggplot2
1.0.1 (Wickham 2016), Hmisc 3.15-0 (Harrell Jr et al. 2015)
and survival 2.38-1 (Therneau 2015; Therneau and Gramb-
sch 2000). Overall survival (OS) and progression-free sur-
vival (PFS) were analyzed using the Kaplan—-Meier method
(KM estimator). Overall survival time was calculated from
the first day of first cycle (Dexa-BEAM or MIFAP) until
death from any cause or last contact (=censored observa-
tion). Patients were counted as events in case of relapse,
disease progression, or death from any cause (PFES), or
were censored with their last observation date. P values
were calculated using two-sided Log-rank tests. The statis-
tical analysis of the response rates, the toxicities according
World Health Organization (WHO) as well as the supportive
therapy were performed using R version 4.0.3 (R Core Team
2020) and the packages exactRankTests 0.8-31 (Hothorn and
Hornik 2019), MASS 7.3.53 (Venables and Ripley 2002),
car 3.0.10 (Fox and Weisberg 2019), DescTools 0.99.38
(Signorell et al. 2020), lubridate 1.7.9.2 (Grolemund and
Wickham 2011), and binom 1.1.1 (Dorai-Raj 2014). The
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Table 1 Treatment regimens (a) Dexa-BEAM and (b) MIFAP

Drug Dose Schedule Application/duration

(a) Dexa-BEAM regimen. (p.o. oral administration, i.v. intravenously, s.c. subcutaneously)

Dexamethasone 3x8 mg Days 1-6 p.o.

Carmustine (BCNU) 60 mg/rn2 Day 1 i.v. (0.5 h)

Etoposide 75 mg/m? Days 3-6 i.v. (0.5 h)

Cytarabine 2 100 mg/m? Days 3-6 i.v. (0.5 h, 12-h intervals)
Melphalan 20 mg/m? Day 2 1.v. (5 min)

G-CSF 5 pg/kg/day s.c. or i.v. from day 7 on until granulocytes were >2.0 Gpt/l on 3 consecutive days

(b) MIFAP regimen. (CI continuous infusion, i.v. intravenously, s.c. subcutaneously)

Fludarabine 2x 15 mg/m? Days 1-3 [8 am/8 pm] iv. (0.5 h)

Cytarabine 50 mg/m2 [total 150 mg/mz] Days 1-3 [12 am] i.v. (22 h, CI)

Cisplatin* 40 mg/m? [total 120 mg/m?] Days 1-3 [12 am] i.v. (24 h, CI)
Mitoxantrone 5 mg/m? Days 2-4 [11 am] iv. (1 h)

G-CSF 5 pg/kg/day s.c. or i.v. from day 7 [12 am] on until granulocytes were >2.0 Gpt/l on 3 consecutive days

G-CSF granulocyte-colony stimulating factor

*Hydration with 750 ml/m* with 1:1 glucose 5% and NaCl 0.9% 6 h before starting cisplatin infusion and hydration in parallel to cisplatin
administration with 2.5 1/m? per day with 1:1 glucose 5% and NaCl 0.9% supplemented with 20 mval/l KCI

overall response rate (ORR) was calculated on the square
matrix of patients’ best response after every stage including
both induction cycles as well as the HCT. CR and PR were
classified as response, whereas MR, stable disease (SD),
progressive disease (PD), and death from any cause were
summarized to non-response (NR). Fisher’s exact test was
used to determine the P value. All P values are two-sided
and considered explorative. Explorative multivariate analy-
sis was performed with all factors listed in Table 3 using
generalized linear models for overall and complete response
rates after two cycles Dexa-BEAM or MIFAP (logit transfor-
mation). Toxicities were analyzed using two-sided Fisher’s
exact tests on categorical variables and Welch tests or Wil-
coxon rank sum tests on continuous variables if prior Shap-
iro-Wilk tests pointed to other than normal data distribution.
P values were adjusted for multiple comparisons by calcula-
tion of false discovery rates (FDR). The treatment-related
toxicities were compared using Fisher’s exact tests (WHO
toxicity grades 0-2 and 3—4 were subsumed, respectively).

Results
Patient characteristics

Between 2000 and 2006, 76 patients from 10 institu-
tions were screened for the study. Table 2 displays the
patients’ characteristics and the trial course is depicted in
Fig. 1. Out of 76 patients assessed for eligibility, 73 were
assigned either to the Dexa-BEAM standard arm (N =37)
or the MIFAP experimental arm (N=36). Overall, the
patients included in this study comprised a population with

a very unfavorable prognosis. Fifty-eight patients (79%)
had early and/or multiple relapses or had been refractory
to the previous therapy. In patients with relapsed diseases,
the median duration of the last remission (before study
entry) was only 8 months.

Treatment response

After the first course, 26 patients (70%) of the stand-
ard arm and 23 patients of the experimental arm (64%)
achieved at least MR. Non-responders were assigned to
crossover to the other treatment regime or to leave the
study. Table 3 shows the response rates after the second
treatment course for each treatment arm. The ORR was
51% in the Dexa-BEAM group and 53% in the MIFAP
arm and the CR rate was 38% in the Dexa-BEAM arm and
36% in the MIFAP arm (both not significant). Patients with
refractory diseases had a significant higher risk for non-
response than patients with relapse (P <0.001, OR=14.1,
95% CI 4.0-69.1). In addition, elevated lactate dehydro-
genase (LDH) levels increased the risk for not reaching
a CR (P=0.064, OR=2.9, 95% CI 1.0-9.5). Successful
mobilization and harvesting of autologous stem cells was
observed in 65 (89%) patients. A poor mobilization was
documented in only three cases (two patients in the Dexa-
BEAM and one patient in the MIFAP group). Stem cell
collection was not performed in five patients due to tox-
icity (n=1) or disease progression (n=4). With regard
to stem cell harvest, there were no significant differences
between the two treatment arms (Table 1S).
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| Assessedfor eligibility (N = 76) |

—-{ Not eligible (N = 3) |

l Enrolled andrandomised (N=73) |

standard arm

‘ Assigned Dexa-BEAM (N = 37) }-

experimental arm

’{ Assigned MIFAP (N = 36) |

| Received course 1 of Dexa-BEAM (N = 37) |

‘ Received course 1 of MIFAP (N = 36) ‘

11 NR | 13NR
10NR | 1ED 13 NR
26 Responder 23 Responder
12CR|TPR|7TMR 1MMCR|9PR|3MR
Received course 2 of Dexa-BEAM (N = 26) | ’ Received course 2 of MIFAP (N =23)
7MNR L | 4NR
TNR 4NR
19 Responder 19 Responder
14CR|SPR 13CR|6PR
Received only auto SCT Received only auto SCT
— (N=14) — (N=15)
10CR|4PR 10CR|5PR
Received only allo SCT
- (N=1)
1CR
Received auto-allo SCT Received auto-allo SCT
" (N=2) > (N=3)
2CR 2CR|1PR
Receivedno SCT (N=2) Receivedno SCT (N=1)
1CR|1FR 1CR

Fig.1 Trial course. Out of 76 patients assessed for eligibility, 73
were assigned to the Dexa-BEAM arm (N=37) or the MIFAP arm
(N=36). After the first course 26 patients of the Dexa-BEAM arm
and 23 patients of the MIFAP arm were classified as responders (CR
complete response, PR partial response, MR minor response). Non-

Toxicity

After the first treatment course, only the median dura-
tion of G-CSF support (12 days MIFAP vs. 9 days Dexa-
BEAM, P=0.016) was of significance. After the second
course, however, the increased hematological toxicity
observed in the MIFAP arm was much more pronounced.
This included both the duration of grade 4 leukocytope-
nia (P <0.001) or thrombocytopenia (P <0.001) as well
as of febrile neutropenia (P =0.004). In addition, signifi-
cantly more transfusions of red blood cells (P <0.001) or
platelets (P <0.001) were necessary. Patients treated in the
MIFAP arm needed more G-CSF support (P=0.021), their
hospitalization lasted longer (P =0.002). Table 2S sum-
marizes hematological toxicities and supportive therapy.
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responders (NR) were assigned to crossover or leave the study. After
the second course, both treatment arms had 19 responders each.
Thereafter, the patients received autologous (auto-HCT), allogeneic
(allo-HCT), autologous and allogeneic (auto-allo-HCT), or no hemat-
opoietic cell transplantation (no-HCT)

Regarding the non-hematological toxicities, no major dif-
ferences were observed between both groups after the first
treatment course. After the second treatment cycle infec-
tions (P=0.001), performance status (P =0.007), and pain
(P=0.018) were significantly shifted towards higher WHO
toxicity grades in the experimental MIFAP arm (Table 3S).

Survival

After a median follow-up of 14.4 years (inverse
Kaplan—Meier method), the 15-year rates of PFS and OS
of the entire group are 26% and 29% (median 5.6 and
26.6 months), respectively. There were no significant dif-
ferences between Dexa-BEAM and MIFAP in PFS (median
5.6 vs. 5.4 months, P=0.812) and OS (median 25.5 vs.
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Table 2 P?‘tie?t characteristics Characteristic Subclass Dexa-BEAM MIFAP
at randomization
N 37 36
Age [years] Median (range) 52 (19-65) 45 (23-65)
Gender Male 16 43% 21 58%
Female 21 57% 15 42%
Lymphoma subtype HL 13 35% 12 33%
Aggressive B cell lymphoma® 23 62% 23 64%
PTCL 1 3% 1 3%
Ann Arbor stage I-1I 13 35% 10 28%
-1v 24 65% 26 72%
Extranodal involvement No localization 16 43% 14 39%
1 localization 11 30% 14 39%
>2 localizations 10 27% 8 22%
Serum LDH level Normal 13 35% 15 42%
Elevated 24 65% 21 58%
ECOG score 0-1 18 49% 22 61%
2-4 19 51% 14 39%
saalPI® 0-1 6 25% 12 50%
2-3 18 75% 12 50%
Disease status Relapse 27 73% 24 67%
Refractory disease 10 27% 12 33%
Relapsed lymphomas® Ist ER (remission < 12 months) 17 63% 13 54%
Ist LR (remission> 12 months) 7 26% 8 33%
2nd or 3rd ER 2 7% 2 8%
2nd or 3rd LR 1 4% 1 4%
Last remission duration [months] Median (range) 6 (2-240) 9 (1-98)
Refractory lymphomas? Primary refractory 7 70% 11 92%
Refractory relapse 3 30% 1 8%
Rituximab pre-treatment® Yes 7 30% 3 13%
No 16 70% 20 87%

ECOG Eastern Cooperative Oncology Group, ER early relapse, HL Hodgkin lymphoma, LDH lactate dehy-
drogenase, LR late relapse, PTCL peripheral T cell lymphoma, saalPI secondary age-adjusted international

prognostic index

“Diffuse large B cell lymphoma (DLBCL), follicular lymphoma (FL) grade 3, primary mediastinal B cell
lymphoma (PMBCL), and blastic marginal zone lymphoma (BMZL)

PPercentages of aggressive non-Hodgkin’s lymphoma

“Percentages of relapsed lymphomas

dPercentages of refractory lymphomas

®Percentages of aggressive B cell lymphoma

26.6 months, P=0.440). In addition, in patients with
relapsed or with refractory disease, no significant differ-
ences for PFS and OS were found between both regimens.
Thirty-five of the 38 responders (with at least a PR after
two courses) were consolidated by autologous (N=29), allo-
geneic (N=1) or sequential autologous/allogeneic (N=5)
HCT. Responding patients with subsequent autologous
HCT achieved 15-year rates in PFS and OS of 59% and
50% (median not available and 121.8 months, respectively).
Survival curves for patients suffering from HL or NHL are
presented in Fig. 2, and the outcome of responders with sub-
sequent autologous HCT is shown in Fig. 1S. In a univariate

as well as in a multivariate analysis including treatment arm,
lymphoma subtype, disease status, Ann Arbor stage as well
as LDH level at randomization, we found no influence of
treatment regimens (Dexa-BEAM vs. MIFAP) on PFS and
OS (Table 4S).

Discussion
Although the benefit of consolidating high-dose therapy fol-

lowed by autologous HCT has been demonstrated in patients
with recurrent lymphomas (Philip et al. 1995; Schmitz et al.

@ Springer
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Table 3 Response rates dependent on risk factors

CR OR (95% CI) P Overall OR (95% CI) P
responder

All patients N="73 27 37% - - 38 52% - -
Dexa-BEAM arm N=37 14 38% 1.2 (0.4-3.3) 0.738 19 51% 0.8 (0.3-2.3) 0.641
MIFAP arm N=36 13 36% 19 53%
HL N=25 12 48% 2.0 (0.7-5.7) 0.209 15 60% 1.4 (0.4-4.5) 0.615
NHL N=48 15 31% 23 48%
Relapsed lymphomas N=51 27 53% NA NA 35 69% 14.1 (4.0-69.1) <0.001%**
Refractory lymphomas N=22 3 14%
Stage [-II N=23 8 35% 0.6 (0.2-1.9) 0.388 12 52% 1.0 (0.3-3.8) 0.980
Stage III-IV N=50 19 38% 26 52%
No B-symptoms N =45 17 38% 1.0 (0.3-3.0) 0.998 24 53% 1.2 (0.4-3.8) 0.813
B-symptoms N=28 10 36% 14 50%
Normal LDH levels N =28 14 50% 2.9 (1.0-9.5) 0.064 17 61% 1.5(0.4-5.1) 0.537
Elevated LDH levels N=45 13 29% 21 47%
<2 extranodal localizations N=55 20 36% 0.7 (0.2-2.4) 0.589 30 55% 1.3 (0.3-4.9) 0.701
>2 extranodal localizations N=18 7 39% 8 44%

CR complete responder, HL Hodgkin lymphoma, LDH lactate dehydrogenase, NA not available, NHL non-Hodgkin lymphoma, OR odds ratio

*P < 0.05; #P < 0.01; ***P < 0.001

2002), this option is typically limited to patients having che-
mosensitive disease. Therefore, it is very important to induce
at least a partial remission by an effective salvage regimen.
In this trial report, the platinum-containing MIFAP protocol,
which had shown encouraging results in a phase II study
(Hinel et al. 2001), was tested within a randomized phase
IT trial against the Dexa-BEAM regimen. No significant dif-
ferences between the two treatment arms regarding response
and survival were documented. In general, the achieved
response rates were about 10—15% lower than reported in
other trials (Gisselbrecht et al. 2010; Josting et al. 2010;
Schmitz et al. 2002). However, the extremely high pro-
portion (79%) of prognostically unfavorable patients with
refractory disease or early and/or multiple relapses in our
study must be considered. For comparison, the proportion
of these patients in the HDR2 study (Josting et al. 2010) and
the CORAL study (Gisselbrecht et al. 2010) was only 43%
(1207279 patients) and 54% (228/396 patients), respectively.
Since no superiority of the experimental arm was observed
in response and survival, but the MIFAP regimen was signif-
icantly more toxic than Dexa-BEAM (particularly after the
second course of treatment), the primary hypothesis of the
study could not be confirmed. Still, the results for responders
with autologous HCT are comparable to that of other stud-
ies (Gisselbrecht et al. 2010; Josting et al. 2010; Schmitz
et al. 2002). The main problem remains the achievement of
confirmed remission (at least PR) as a prerequisite to per-
form autologous HCT, especially in patients with refractory
or early relapsed diseases (Gisselbrecht et al. 2010; Josting
et al. 2010; Schmitz et al. 2002). So far, there is no optimal
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and favorable salvage protocol available. The DHAP regi-
men is routinely used as the standard salvage protocol for
recurrent HL and aggressive NHL, although—to our best
knowledge—its superiority to other protocols has not been
demonstrated in a prospective randomized study. Further-
more, allogeneic HCT has not become a standard option
for the treatment of Hodgkin’s lymphomas, and remains
under debate in non-Hodgkin lymphomas (Shanbhag et al.
2019; Sureda et al. 2014). Nevertheless, allogeneic HCT
for high-risk patients (defined as primary refractory/refrac-
tory relapse/recurrence after autologous HCT) is still a
treatment option for non-Hodgkin lymphoma (Glass et al.
2014). For Hodgkin’s lymphomas, brentuximab vedotin is
administered for maintenance therapy in high-risk patients
after autologous HCT (Moskowitz et al. 2019). Polatuzumab
vedotin (Sehn et al. 2020) has recently demonstrated very
good results as salvage therapy without autologous HCT
in DLBCL patients and could possibly be investigated as
maintenance therapy in high-risk patients after autologous
HCT. In addition, the checkpoint inhibitors nivolumab and
pembrolizumab are options in the treatment of relapsed or
refractory Hodgkin’s lymphoma (Chen et al. 2017; Younes
et al. 2016) and are also intensively investigated for the treat-
ment of NHL (Merryman et al. 2017).

Autologous genetically modified T cells, expressing
chimeric antigen receptors (CARs, CAR T cells) directed
against CD19 are a novel innovative treatment modality for
patients with relapsed or refractory DLBCL and PMBCL
from the 3rd line onwards. The ZUMA-1 study investigat-
ing the efficacy of axicabtagene ciloleucel demonstrated an
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overall response rate of 83% and a CR rate of 58% (Locke
et al. 2019). Subsequently, a 4-year overall survival rate
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HR (95% Cl) (compared with DexaBEAM)
Pvalue

Survival at 5 years, % (95% Cl)

Survival at 10 years, % (95% Cl)

Survival at 15 years, % (95% Cl)

235 (8.61-78.0)
0.85 (0.45 — 1.59)
P=061
27.5(14.1-53.6)
16.5 (6.2 - 43.9)
8.2 (1.5-45.0)

103 (5.62-29.1)

22.0(10.2 -47.6)
22.0(10.2-47.6)
22.0(10.2 -47.6)

BEAM for HL (N=13) vs. MIFAP (N=12) for HL (c) and OS from
Dexa-BEAM (N =24) for NHL vs. MIFAP (N=24) for NHL (d)

responded to treatment with tisagenlecleucel and 40%
achieved CR (Schuster et al. 2019b). After a median fol-
low-up of 40.3 months, a 3-year overall survival rate of
36% was reported (Jaeger et al. 2020). Recently, a 5-year
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progression-free survival of 31% at a median follow-up
of 60.7 months has been described (Chong et al. 2021).
In clinical practice, the survival outcomes were consist-
ent with the ZUMA-1 results (Nastoupil et al. 2020). In
addition, Neelapu et al. showed that axicabtagene ciloleu-
cel improved survival to conventional treatment based on
standardized analyses. In the ZUMA-1 study, over 50%
of the patients were alive at 2 years (Neelapu et al. 2019),
compared to 12% of the SCHOLAR-1 study, the largest
patient-level pooled retrospective analysis to characterize
response rates and survival for a population of patients
with refractory DLBCL (Crump et al. 2017).

Bispecific antibodies and T cell engagers (BiTE) bind
both the target antigen of malignant lymphoma cells and
that of CD3-positive T cells. On one hand, this leads to
cell-mediated cytotoxicity, and on the other hand to the
activation of various cellular and humoral immune reac-
tions (Huehls et al. 2015). In heavily pretreated patients,
various anti-CD3/anti-CD20 bispecific antibodies lead to
overall response rates of up to 60% (Bannerji et al. 2020;
Coyle et al. 2020; Lugtenburg et al. 2019; Schuster et al.
2019a). In patients after previous CAR T cell therapy, an
overall response rate of up to 39% was reported (Bannerji
et al. 2020; Schuster et al. 2019a).

In summary, treatment results of patients with recurrent
lymphomas have been stagnant for about 20-25 years. This
is especially true for unfavorable refractory diseases and
early relapses. Despite different salvage regimes, autolo-
gous and allogeneic HCT, the results have not significantly
improved. In the future, new treatment strategies using
CAR T cells, BiTE and ADC may improve the outcome
of patients with recurrent lymphomas.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00432-021-03702-7.
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