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1. What is the new aspect of our work?

autologous
transplantation (ASCT) in patients with relapsed Hodgkin
lymphoma are observed relatively frequently. The quality of

Long-term remissions  after stem cell

life after such remission has been rarely addressed especially
in patients followed for up to 30 years. The data presented
here contain such details.

2. What is the central finding of our work?
The vast majority of patients with long-term remission have
a very good or favorable performance status. Secondary
malignancies are relatively frequent.

3. What is (or could be) the specific clinical relevance of our
work?
These findings may be essential for counselling patients on
their treatment options and to motivate them to undergo
regular cancer screening post-transplantation.

Abstract

Background: The optimal therapy for patients with relapsed
Hodgkin lymphoma remains controversial. In this context, the
quality of long-term remissions after high-dose therapy and
Autologous Stem Cell Transplantation (ASCT) is of special
interest, but remains insufficiently studied.

Case Presentation: To evaluate long-term outcomes, we regularly
monitored 73 patients with relapsed Hodgkin lymphoma for up to
30 years after ASCT in our outpatient department.

Results: Long-term remissions were observed frequently, with
a 10-year Progression-free survival (PFS) of 59% and a 10-year
Overall Survival (OS) of 62%. Notably, 55% of long-term survivors
had an excellent performance status (ECOG 0) while 42% had
mild complaints (ECOG 1), mostly attributed to age-related
conditions. The one-year non-relapse mortality was low (1/73,
1.4%). However, secondary invasive malignancies were relatively
common, affecting 10 patients within 2 years-19 years post-
ASCT. Multivariate analysis of OS and PFS identified the age and
the relapse type (early relapse before ASCT within <12 months
from end of induction therapy vs. late relapse) as significant
prognostic factors. Patients with advanced age and early relapses
had a more unfavorable course.

Conclusions: ASCT is an effective treatment for relapsed
Hodgkin lymphoma, offering high rates of long-term remission
with favorable performance status. However, given the risk of
secondary malignancies, systematic lifelong cancer screening
should be considered for these patients.
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Abbreviations:
High-Dose Therapy (HDT); Progression-free survival (PFS); Overall
survival (0S); Hazard ratio (HR); Confidence interval (CI)

Introduction

High-Dose Therapy (HDT)with Autologous Stem Cell Transplantation
(ASCT) is a well-established and effective treatment for lymphoma
patients, including those with relapsed Hodgkin lymphoma, offering
a significant proportion of long-term remissions [1-12]. However, a
considerable number of patients relapse after ASCT. With the advent
of new therapeutic strategies, the optimal treatment approach
remains a topic of ongoing discussions [13,74]. In this context, the
quality of long-term remissions and the long-term toxicity of ASCT
warrant closer examination. Specifically, assessing the quality
of remission in terms of performance status (ECOG score), non-
relapse mortality, and the incidence of secondary malignancies is
essential. To address this gap, we analysed data from patients with
relapsed Hodgkin lymphoma treated with ASCT at our institution
between 1994 and 2020, with a particular focus on the quality of
remission [15].

Case Presentation

Duringthestudyperiodbetween1994andMay2020,73consecutive
patients with relapsed Hodgkin lymphoma were treated with
HDT and ASCT in our institution, which is accredited by the Joint
Accreditation Committee ISCT Europe (JACIE) of the European
Society for Blood and Marrow Transplantation (EBMT). In every
case, the diagnosis was confirmed by a reference pathologist with
special experience in malignant lymphomas. Most patients were
controlled after ASCT in our outpatient department; only a smaller
part of the patients got follow-up by an oncologist close to home
(Figure). The clinical data of the patients were analysed, especially
regarding the performance status, the NRM and the occurrence of
secondary malignancies. The characteristics of these 73 patients
are shown in Table 1. One patient received two HDT courses (as
tandem transplantation within a maximum of six months after the
first transplantation). Stem cell apheresis and cryopreservation, as
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Figure: OS and PFS of 69 patients with relapsed Hodgkin lymphoma after early and
late relapse before ASCT

well as the analysis of CD34+ cells of peripheral blood and stem
cell products, were performed in the blood bank of the German Red
Cross Transfusion Service NSTOB near our hospital. After hospital
discharge following HDT and ASCT, the patients were controlled
every 4 weeks—12 weeks in the first year after ASCT and every
3 months—6 months in the 2" year after ASCT, every 6 months
from the third until the fifth year and every 12 months afterwards.
The HDT regimens that were mostly used within or according
to multicentric clinical trials are shown in Table 1. Most patients
received the BEAM regimen (with BCNU, etoposide, cytarabine
and melphalan) with two distinct variations. The patients were
treated with etoposide in a dose of either 800 mg or 1200 mg
per square meter body surface according to the protocol of a
German study [16-18]. The stem cell products always consisted
of at least 2.0 million CD34+ cells per kilogram body weight. The
following drugs were used prophylactically: acyclovir 400 mg two
times daily orally as prophylaxis against herpes simplex infection,
in the case of mucositis intravenously 250 mg three times daily,
as infection prophylaxis, additionally ciprofloxacin, fluconazole,
amphotericin B suspension and inhalation with pentamidine until
bone marrow regeneration, after regeneration, cotrimoxazole
for three months after ASCT. Granulocyte colony-stimulating
factor (G-CSF) was used from day one after autologous stem
cell reinfusion until bone marrow regeneration, usually for ten
days. The salvage chemotherapy before ASCT consisted of
the DHAP regimen (usually two cycles with dexamethasone,
high-dose cytarabine and cisplatin [16-18], n=50) or the Dexa-
BEAM regimen (usually two cycles with dexamethasone, BCNU
(carmustine), etoposide, cytarabine and melphalan [19], n=8)
or other regimens (n=4). Seven patients received an allogeneic
stem cell transplantation after relapse following ASCT. They were
censored at the allogeneic transplantation date. Excluded from

Table 1: Characteristics of patients with relapsed Hodgkin lymphoma

Patients (n) 73

Age at ASCT (years), median (range) 38 (13-68)
Male: 49

Gender (n) Female: 24

Hodgkin Lymphoma early relapse (< 12 months | 36
from end of treatment)

Hodgkin Lymphoma late relapse 37
Stage 4 at relapse before ASCT 19
2m-line ASCT (n) 62
3-line ASCT (n) 8
4/5"-line ASCT (n) 3
HDT regimens per patient (n)

BEAM 69
TEAM 2
(Etoposide dose: 1200 mg per square meter, 55
Etoposide dose: 800 mg per square meter) 16
Others 2
Tandem transplantation (n) 1
Brentuximab maintenance after ASCT (n) 1
Radiotherapy after ASCT (n) 13

Allogeneic stem cell transplantation after relapse | 7
following ASCT (n)

Abbreviations: BEAM: carmustine, etoposide, cytarabine, melphalan; TEAM:
thiotepa, etoposide, cytarabine, melphalan
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the analysis were three patients who had been treated with ASCT
in the fourth or fifth therapy line and one patient with an alternate
HDT regimen without etoposide.

Statistics: All statistical analyses were conducted in R statistical
software version 4.3.3 and R Studio version 2024.12. Time-to-
event data, including Overall Survival (OS) assessed as time from
ASCT to death from any cause) and Progression-free survival
(PFS) time from ASCT to either relapse or death from any cause),
were analysed using Kaplan-Meier (KM) estimators. Survival
curves were generated with the survival and survminer packages.

For univariate and multivariate survival analyses, a robust version
of the Cox proportional hazards model was applied using the
coxrobust package. Hazard Ratios (HR) and 95% Confidence
Intervals (Cl) were reported for all Cox regression analyses.
All statistical tests were two-sided, and a p-value < 0.05 was
considered statistically significant. Excluded from the analysis
were three patients who had been treated with ASCT in the fourth
or fifth therapy line and one patient with an alternate HDT regimen
without etoposide. These three patients had died due to relapsed
lymphoma, a secondary invasive malignancy (NSCLC), or a brain
haemorrhage (see NRM). The fourth patient also died (due to
relapse and subsequent allogeneic transplantation). Data were
analysed as of 26" January 2025.

Results

The median follow-up for the 43 surviving patients was 10 years
after ASCT, with a range of 0.1 year to 30 years. Among the 73
patients, 25 experienced a relapse between 0.1 year and 4.7
years post-ASCT (median: 0.5 years). No relapses were observed
beyond 4.7 years following ASCT. Six patients were lost to follow-
up, including one who was lost after one month due to follow-
up abroad, while the remaining five were lost later in the course
of follow-up. The OS rates at five years and ten years were 70%
and 62%, respectively. Fifteen-year and 20-year OS were 59% and
51%, respectively. The five-year and 10-year PFS were 60% and
59%, respectively. Fifteen-year and 20-year PFS were 52% and
44%, respectively. The median PFS was 17.7 years, whereas the
median OS was not reached.

Prognostic factors: Multivariate analysis of PFS identified
the age and the relapse type (early relapse before ASCT within
<12 months from end of induction therapy vs. late relapse)
as significant prognostic factors. Patients with advanced age
and early relapses had a more unfavorable course. No further
significant prognostic factors were identified regarding sex, Ann
Arbor stage IV at relapse, etoposide dose 800 mg vs. 1200 mg in
the BEAM regimen, or radiotherapy after ASCT (Table 2).

Table 2: OS and PFS predicted by variables assessed just before HDT initiation

Variable 0s PFS
levels N (%) HR (univari- HR (multivari- | HR (multivari- | HR (univari- HR (multivari- | HR (multi-
? able) able full) able red.) able) able full) variable red.)
gender: male 46 (66.7) - - - - - -
1.37 (0.55-3.4, | 0.93(0.35 ) 0.73(0.30- 0.71(0.27- )
female | 23(333) | Z559 251, p=0.89) 179,p=049) | 1.88,p=049)
| mean 1.35 (0.94- 1.65(1.11-2.5, | 1.56(1.09-2.2, | 1.18 (0.86- 1.68 (1.14- 1.53 (1.09-
age[decadel: | oy | 40014 | 170, 0 l071) | p=0.07) p=001) 163, p=031) | 2.48 p=001) | 2.2,p=001)
relapse- ) ) ) ) ) )
pre-HDT: late 35(50.7)
carl 34 (49.3) 1.90(0.74-4.9, | 3.3(0.82-13.4, | 3.3(1.1-9.9, 1.90 (0.86-4.2, | 4.0 (0.94-17, 3.6 (1.05-
y : p=0.18) p=0.09) p=0.03) p=0.11) p=0.06) 12.2, p=0.04)
[reatment= | g 61(884) |- - - - - -
ine:
3 8(11.6) 1.51(0.39-5.8, | 0.55(0.13-2.4, | 0.79(0.21-2.9; | 0.94(0.31-2.9, | 0.37 (0.08- 0.29 (0.05-
: p=0.55) p=0.44) p=0.72) p=0.92) 1.79,p=0.22) | 1.57,p=0.15)
stage IV at no 50 (72.5) } . . . . .
relapse: ’
s 19 (27.5) 1.21(0.42-35, | 1.68(0.43-6.5, | 1.38(0.51-3.7, | 1.84(0.39-8.7, | 1.73(0.47-
y ' p=0.72) p=0.45) p=0.31) p=0.44) 6.5, p=0.41)
etoposide ) . ) ) ) )
dose: 800 mg 16 (23.2)
0.56 (0.19- 1.24(0.29-49, | 0.82(0.28-2.4, | 1.26(0.33-48, | _
1200mg | 53(76.8) | 463 h-099) | p=0.80) p=073) p=074)
radiation
after ASCT: | "° 56(812) i i i i i i
o 13(18g) | 143(04843 | 073(018:30, | 0.86 (02233, | 0.56(0.14-2.2, | 0.40 (0.13-
y : p=0.52) p=0.67) p=0.73) p=0.40) 1.28,p=0.12)

HR with 95% ClI

multivariable red.: reduced multivariable regression model derived from backward elimination
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Performance status and complaints of patients with long-
term remissions: Thirty-seven of 73 patients were evaluable for
performance status (ECOG score) at last follow-up, as 30 patients
had died and 6 patients were lost to follow-up. Among these, 21
patients (56.8%) had an ECOG score of 0, with 19 reporting no
complaints and two experiencing minor polyneuropathy-related
symptoms. Fifteen patients (40.5%) had an ECOG score of 1 due to
conditions such as polyneuropathy (n=5), mild fatigue symptoms
(n=3), degenerative spine disease (n=3), degenerative joint
disease (n=2), post-zoster complaints (n=2), cardiac problems like
coronary heart disease (n=1), peripheral artery occlusive disease
(n=1), chronic obstructive lung disease (n=1), diabetes mellitus
(n=1) and post-COVID-19 fatigue (n=1). One patient (2.7%) had
an ECOG score of 3 because of cardiac and pulmonary problems
(partly due to cigarette smoking) and polyneuropathy. All these
symptoms were diagnosed after treatment.

Secondary invasive malignancies: Ten of 73 patients developed
13 secondary invasive malignancies: acute myeloid leukemia (n=2;
18 years and 19 years after ASCT, respectively), myelodysplastic
syndrome (n=1; 3 years after ASCT), Burkitt lymphoma (n=1;
15 years after ASCT), mycosis fungoides (n=2; 5 years and 6.5
years after ASCT, respectively), non-small-cell lung cancer (n=1;
2.3 years after ASCT), bladder cancer (n=1; 6 years after ASCT),
prostate cancer (n=1; 7 years after ASCT), rectal cancer (n=1; 6
years after ASCT), endometrial cancer (n=1; 19 years after ASCT),
nasopharyngeal carcinoma (n=1; 2 years after ASCT), tongue
cancer (n=1; 14 years after ASCT). Four of these 10 patients were
alive at the last follow-up, as the secondary malignancy was not
advanced in the two cases of mycosis fungoides, in the prostate
cancer, and the endometrial cancer.

Non-relapse mortality: Nine patients died due to the following
complications: acute myeloid leukemia (19 years after ASCT),
advancedtongue cancer (15 years after ASCT), brainhaemorrhage
as complication of Immune Thrombocytopenia (ITP) (5 years
after ASCT), an aggressive viral infection with multiorgan failure
(3 years after ASCT), sepsis shortly after ASCT in one patient (2.6
weeks after ASCT) and unclear causes in three further patients
(3 years, 4 years and 9 years after ASCT, respectively) which
were lost to follow-up. One female patient developed pulmonary
fibrosis (probably due to radiotherapy, bleomycin and BCNU before
ASCT), underwent lung transplantation 14 years post-ASCT, and
ultimately died at 18 years post-ASCT from complications related
toimmunosuppression, COVID-19 infection, leukoencephalopathy
and secondary acute myeloid leukemia. The 1-year non-
relapse mortality was 1/73 due to the mentioned sepsis before
engraftment.

Discussion

Our data show a relatively high proportion of long-term remissions
in patients with relapsed Hodgkin lymphoma after ASCT. The
5-year PFS is 61%, 10-year PFS 59%. The 5-year OS is 70%, the
10-year OS 62%. Our median follow-up was 10 years, maximum

30 years. For comparison: Epperla et al. [2] describe a 5-year PFS
of 49% and a 5-year OS of 76%, Stamatoullas et al. [20] a 5-year
PFS of 54% and a 5-year OS of 67%. Longer published observation
times are rare, and most available studies have a shorter follow-
up. Therefore, our results provide valuable insights.

A key finding of our analysis is the high quality of long-term
remissions in patients with relapsed Hodgkin lymphoma after
ASCT. Of the evaluable patients, 55% had an ECOG score of 0,
while 42% had a favorable ECOG score of 1 with only mild, likely
age-related complaints. Only 3% had an unfavorable ECOG score
of 3. Comparable data in the literature are scarce, as long-term
remission patients are typically followed-up by their general
practitioners. However, this information is crucial for comparing
treatment modalities and for patient counseling. Of interest is a
publication of Mounier et al. [21] describing a high proportion (37%)
of severe long-term fatigue in a cohort of 1671 different patients
with non-Hodgkin lymphomas after diverse treatments. Smeland
et al. [22] describe a cohort of 271 patients with diverse malignant
lymphomas treated with ASCT (86% BEAM regimen). After a
follow-up of eight years from ASCT they suffered with a relatively
high proportion (30%) from grade 2 chronic fatigue. Georges et al.
[23] published the results of 268 patients with different malignant
lymphomas observed for 12 years (median) after ASCT. They
observed a good performance score (Karnofsky =80) in 87% of
these patients. Also interesting is the observation of Lemieux et al.
[24] “that physical, social, and functional well-being are preserved”
in 47 fit older patients (= 60 years old) following ASCT (after BEAM
or BEAC) in patients with non-Hodgkin lymphoma. Minn et al. [25]
summarisetheiranalysis of 154 patients with refractory orrelapsed
Hodgkin lymphoma following ASCT that “overall quality of life did
not differ from the general population, but ASCT survivors did note
reduced functioning and some worse symptoms.” Ullrich et al. [26]
analysed 553 patients with diverse diagnoses treated with ASCT.
They found that 36% of non-myeloma patients suffered from
high fatigue 11 years (range 4 years—20 years) after ASCT, clearly
more than in our patient cohort. These heterogeneous findings
regarding quality of life in long-term ASCT survivors highlight
the need for standardized assessment tools. Moreover, they
may reflect differences in patients” and physicians” expectations
regarding post-ASCT recovery and well-being.

The outcome of ASCT in this patient cohort is relatively good
as expected: 10-year 0S 62% and PFS 59%. As the non-relapse
mortality within one year is low (1/73), ASCT can be assessed
as a treatment modality with high efficacy and low long-term
toxicity. This should be considered for the choice of the treatment
modeality. The fact that we identified only two prognostic factors
is probably caused by our small patient cohort and should not
be overestimated as some further prognostic factors are known
[9,12,16,17]. However,an ASCT in second remission should usually
be preferred as for ASCT in third remission worse results were
observed which were not statistically significant. A recent study
by Metzner et al. [27] highlights the relatively high incidence of
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secondary malignancies and underscores the need for systematic
lifelong cancer screening post-ASCT to improve patient outcomes.
In this context, the following statement by Goodman et al. [28]
is of special interest: “Survivors of ASCT had an elevated risk
of secondary malignancies compared with the cancer risk in
the general population, but when compared with patients with
Hodgkin lymphoma in SEER (Surveillance, Epidemiology and
End Results, a programme of the National Cancer Institute), the
risk was less pronounced”. Additionally, some of the secondary
malignancies are likely expected given the partly high patient age,
and it is a known observation that patients having cancer once are
predisposed to having more cancers.

The primary limitation of our study is the relatively small patient
cohort which is inadequate for an in-depth analysis of prognostic
factors. Additionally, we focussed solely on performance status
and patient complaints without broader quality of life assessment.
However, a strength of our study is the systematic long-term
follow-up for up to 30 years by an experienced oncologist.

In conclusion, long-term remissions, particularly after second-
line therapy, are common and frequently associated with good
performance status. Given the relatively high frequency of
secondary malignancies, systematic llifelong cancer screening
should be considered following ASCT.
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