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  Abstract 
  Background.  Recommended treatment for lymphoblastic lymphomas, a highly aggressive, relatively rare lymphoma entity 
predominantly seen in teenagers and young adults, includes acute lymphoblastic leukemia (ALL)-like induction chemo-
therapy. Whether these patients should be consolidated with maintenance chemotherapy or autologous stem cell transplan-
tation (Auto-SCT) and the use of radiotherapy are matters of debate.  Methods.  We reviewed treatment and outcome for 
25 consecutive patients above the age of 15 years with lymphoblastic lymphoma (T-lineage; T-LBL, n    �    19; B-lineage; 
B-LBL, n    �    6) seen at a single center during a 12-year period (1999 – 2011). Patients were given an ALL-like chemotherapy 
induction regimen, and responding patients were consolidated with Auto-SCT and local radiotherapy when applicable. 
 Results.  Median age at diagnosis was 33 years (range 15 – 65). Seventeen of the T-LBL patients had a mediastinal mass, 
three patients had central nervous system (CNS) involvement. Chemotherapy with intensifi ed CNS prophylaxis induced 
an overall response rate of 92% (CR 84%, PR 8%). In total 23/25 (92%) patients underwent Auto-SCT in fi rst remission 
while 13 of 14 eligible patients with mediastinal involvement received local radiotherapy. Twenty percent of the patients 
had hepatotoxicity grade 3 – 4 and 32% thromboembolic events (TE). Two patients (8%) died of treatment-related toxicity. 
One patient had progressive disease and died of lymphoma. Three patients have relapsed, but two of these (both B-LBL) 
are currently alive in second CR after Allo-SCT. With a median follow-up of 98 months (range 1 – 163) the 5- and 8-year 
PFS and OS are 76% and 84%, respectively.  Conclusions.  Combined intensive ALL-like induction and early consolidation 
chemotherapy followed by Auto-SCT and local radiation therapy resulted in high sustained cure rates.   

 Adult lymphoblastic lymphoma (LBL) is considered 
to be a rare disease entity, constituting only 2% of 
all non-Hodgkin ’ s lymphomas (NHL). The disease 
primarily affects patients in their late teens and early 
adulthood and is characterized by a rapid onset. 
Based on the extent of bone marrow (BM) involve-
ment ( �    25% infi ltration of lymphoblasts), LBL can 
be discriminated from acute lymphoblastic leukemia 
(ALL). In terms of morphology, immunophenotype 
and genetic features, these precursor B/T cell malig-
nancies are regarded as different entities but with 
similar aggressive clinical behavior [1]. B-cell lineage 
is the more frequent in ALL, while the opposite 
is the case for the LBL. Thus, T-LBL constitutes 
80 – 90% of the lymphoblastic lymphomas and is 
5 – 10 times more common than B-LBL [1,2]. 

 Treatment results were rather dismal with stan-
dard CHOP-based chemotherapy [3]. Some improve-
ments were seen when NHL induction regimens 
were followed by high dose therapy and Auto-BMT/
SCT or maintenance chemotherapy with long-term 
survival rates of 32 – 50% [4 – 10]. Results from more 
intensive ALL-like induction regimens showed even 
better outcomes [11 – 13]. Most centers agree that 
some form of late consolidation therapy is needed in 
LBL, by intensifi ed cycles of chemotherapy followed 
by either maintenance chemotherapy, Auto-SCT 
or Allo-SCT. Only one randomized phase III trial 
comparing consolidation by Auto-SCT with a 
2 ½  -year maintenance chemotherapy regimen has 
been performed [14]. Auto-SCT showed a trend for 
improved progression-free survival (PFS), whereas 
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no difference in overall survival (OS) was observed 
between the two arms. At present there is no con-
sensus as to the role of Auto-SCT in the treatment 
of LBL. 

 T-cell LBL often presents with a large mediastinal 
mass. This location is also a common site of relapse 
[15,16]. Therefore many centers recommend medi-
astinal irradiation (RT) following intensive chemo-
therapy [15 – 17]. While only 2 – 7% of patients present 
with central nervous system (CNS) involvement, one 
third of patients not given CNS prophylaxis experi-
ence a CNS relapse [18]. 

 Our institution is responsible for treatment of 
LBL in South-East Norway, covering more than 50% 
of the Norwegian population. Our strategy involves 
the use of four months of an intensive ALL chemo-
therapy regimen including systemic and intrathecal 
CNS prophylaxis, followed by Auto-SCT and medi-
astinal RT. The intent of this retrospective analysis 
was to review the treatment results from the start of 
this treatment strategy during a 12-year period, 
(1999 – 2011), for the age group 15 – 65 years as older 
patients would not tolerate the treatment. Twenty-
fi ve patients have been treated accordingly at our 
institution during this time period.  

 Patients, materials and methods  

 Study group 

 Since 1980 data from all lymphoma patients treated 
at our hospital have been registered prospectively. 
Results in this study are based on information 
retrieved from this register, supplemented with 
information from patient medical records. Patients 
aged 15 – 65 with B- or T-LBL admitted during a 
12-year period (1999 – 2011) and with less than 
25% blasts in the BM were included [1]. One 

16-year-old patient with a T-cell LBL diagnosed 
in 2007 who preferred maintenance chemotherapy 
to Auto-SCT, is in a continuous complete remis-
sion (CR), but is not included in this retrospective 
analysis.   

 Diagnostic and staging procedure, disease response 
monitoring and toxicity 

 Patients were staged according to the Ann Arbor 
system [19]. Standard work-up consisted of com-
puter tomography (CT) scans of neck, thorax, abdo-
men and pelvis, BM biopsy and cerebrospinal fl uid 
analysis by cell count, cytology and/or fl ow cytom-
etry. Disease response was monitored after six weeks 
of induction therapy, before and after Auto-SCT 
and after RT (if given) including CT scans, BM 
biopsy and cerebrospinal fl uid analysis if positive at 
diagnosis. Patients who achieved a PR or a CR at 
six weeks continued treatment according to the early 
consolidation phase of the Hammersmith regimen 
(Table I), followed by Auto-SCT as a late consolida-
tion [20]. Toxicity during treatment was assessed 
retrospectively from medical records and graded 
according to the Common Terminology Criteria for 
Adverse Events v3.0.   

 Treatment  

 Induction, early consolidation, stem cell harvest and 
Auto-SCT as late consolidation.   Patients were treated 
according to a Norwegian intensifi ed ALL regimen 
adapted from the MRC Leukemia Unit, Royal 
Postgraduate Medical School, London, UK [20,21]. 
The choice of our ALL-induction regimen was 
based on national consensus and favorable survival 
data for patients with ALL under the age of 65 
years, validated in a recent retrospective analysis 

  Table I. The intensifi ed Hammersmith regimen.  

Phase Drug Dose
Administration 

form
Day of 

administration

Induction Prednisone 40 mg/m 2 p.o. 1 – 29, taper to day 35
Vincristine 1.5 mg/m 2 , max 2.0 mg i.v. 1, 8, 15, 22, 29
L-asparaginase 10.000 IU i.v. 8 – 21
Doxorubicine 30 mg/m 2 i.v. 8, 15, 22
Cyclophosphamide 750 mg/m 2 i.v. 15, 22, 29

Early consolidation Daunorubicine 50 mg/m 2 i.v. 43, 45, 47
Cytarabine 200 mg/m 2 i.v. 43 – 47
6-thioguanine 150 mg/m 2 i.v. 43 – 47
6-mercaptopurine 35 mg/m 2 p.o. 64 – 111
Methotrexate 1500 mg/m 2 i.v. 64, 78

Intrathecal treatment Methotrexate 15 mg i.t. 15, 29, 43, 64,
Cytarabine 40 mg i.t. 78, 92, 106
Prednisone 10 mg i.t.

    i.t., intrathecal; i.v., intravenous; mg, milligram, p.o., per oral.   
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[21]. The iHammersmith (iH) regimen replaced 
other, possibly less intensive ALL regimens in use 
for LBL before 1999. Additional modifi cations 
were made to further intensify the CNS prophy-
laxis from 2005: intra-thecal MTX 15 mg, cytara-
bine 40 mg and prednisolone 10 mg was administered 
seven times, and the dose of i.v. MTX at week 10 
and 12, was increased to 1.5 g/m 2 . This regimen 
was named iH, for details see Table I. In short, the 
induction phase (day 1 – 29) consisted of oral pred-
nisolone and i.v. vincristine, L-asparaginase, doxo-
rubicin and cyclophosphamide. For patients having 
CD20    �    B-LBL (2/6), rituximab was added both 
during induction and consolidation. In one patient 
being t(9;22) positive, imatinib was given as main-
tenance therapy after Auto-SCT. The iH RAT con-
solidation course was used as mobilization regimen, 
followed by G-CSF 10  μ g/kg/day, until successful 
PBSC harvest. A minimum of 2.0    �    10 6  CD34    �    cells/
kg body weight was required for Auto-SCT. The 
standard BEAM conditioning regimen with autolo-
gous stem cell support was given for patients in CR/
CRu or PR [22]. There was no routine use of G-CSF 
after Auto-SCT.    

 Radiotherapy 

 Patients diagnosed with a mediastinal mass of any 
size, were to receive mediastinal RT, (24.0 – 32.0 Gy 
in 2 Gy fractions, 5 fractions per week), preferably 
after Auto-SCT. The radiation fi eld included the ini-
tial bulky mass with a margin of 2 – 3 cm cranially and 
caudally and with a margin from the residual mass 
or the mediastinum after chemotherapy axially of 
1 – 2 cm. The radiation fi elds were given with a weight 
of the anterior: posterior fi eld    �    2:1 or, during the 
later time period as CT-based dose planning. Other 
indications for radiotherapy were involvement of 
testes and/or skeletal lesions. Cranial (CRT) and/or 
spinal axis irradiation were not routinely used, 
neither as prophylaxis nor in patients with CNS 
involvement.    

 Statistics 

 Continuous variables such as age and observation 
time were presented as median and range. OS was 
calculated from date of diagnosis to death of any 
cause. PFS was calculated from diagnosis to progres-
sive disease, relapse or death of any cause, whichever 
occurred fi rst. Survival was analyzed with the Kaplan-
Meier method [23]. Differences between groups 
were analyzed with the LogRank method. Statistics 
were performed using the SPSS 20 software package 
(SPSS Inc., Chicago, IL, USA).    

 Results  

 Patients 

 From 1999 to 2011, 25 LBL patients aged 15 – 65 
years were registered; 15 males and 10 females. 
Median age at diagnosis was 33 years (range 15 – 65). 
Seventy-six percent had the T-LBL subtype (n    �    19) 
and 24% had B-LBL (n    �    6). Most T-LBL patients 
(89%) had a mediastinal mass. Nineteen patients 
(76%) had stage III – IV disease and three (12%) 
CNS involvement. Patient characteristics at diagno-
sis are summarized in Table II.   

 Induction, early consolidation and Auto-SCT as a late 
consolidation 

 The majority of patients in this study (23/25 pts) 
received iH for induction and consolidation (Table III). 
Two patients (one T-LBL and one B-LBL), both aged 
15 years and with CNS involvement were treated with 
other regimens including more intensive CNS treat-
ment than iH. They had no treatment delay and pro-
ceeded to Auto-SCT in fi rst remission. Two patients 
were critically ill when admitted to hospital, and 
received one course of alternative initial chemotherapy 
before iH. Most patients (19 of 23) completed induc-
tion and early consolidation therapy according to iH 

  Table II. Patient characteristics.  

Characteristics
n (%) or 

Median (range)

No. of patients 25
Patient age (years) 33 (15 – 65)
Patient sex

Female 10 (40)
Male 15 (60)

Immunophenotype
B-lymphoblastic lymphoma 6 (24)
T-lymphoblastic lymphoma 19 (76)

Ann Arbor Stage
I – II 6 (24)
III – IV 19 (76)
LDH, elevated 17 (68)

aaIPI
0 – 1 11 (44)
2 – 3 14 (56)
Mediastinal mass, (T-LBL only) 17 (89)

Bulky disease,  �    10 cm
B-lymphoblastic lymphoma 2 (8)
T-lymphoblastic lymphoma 10 (40)

Extra nodal involvement
0 – 1 16 (64)
2 – 3 9 (36)
Bone marrow involvement 5 (20)
CNS involvement 3 (12)

    aaIPI, age adjusted international prognostic index; CNS, central 
nervous system; LBL, lymphoblastic lymphoma; LDH, lactate 
dehydrogenase; No. of patients, number of patients.   
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protocol, while two patients had a delay of more than 
two weeks; one had PD and one a toxicity-related 
death. Ninety-two percent (23/25) of the patients 
underwent successful stem cell harvest and proceeded 
to Auto-SCT. Five patients had Auto-SCT postponed 
for up to 12 weeks, for different reasons, and had to 
receive maintenance chemotherapy or RT during this 
period.   

 Radiotherapy 

 Seventeen patients had mediastinal disease, two died 
of treatment-related toxicity and one experienced 
progressive disease. Thirteen of 14 eligible patients 
with mediastinal involvement received radiotherapy 
24.0 – 32.0 Gy. All 13 patients were in CR prior to 
radiotherapy. Three patients received testicular irra-
diation and three received skeletal irradiation. One of 
the three patients with CNS involvement received 
CNS axis irradiation. Both patients with bulky B-LBL 
received radiation.   

 Toxicity 

 All patients had hematological toxicity grade 4 and 
there were nine incidents of verifi ed bacteremia 
during induction and early consolidation. During 
Auto-SCT all patients had febrile neutropenia and 

six had verifi ed bacteremia. There were six cases of 
opportunistic infections; one pulmonary aspergillosis 
and two cases of hepatosplenic candidiasis prior to 
Auto-SCT, two incidents of CMV reactivations dur-
ing Auto-SCT and one  Pneumocystis jirovecii  pneu-
monia (PCP) during radiotherapy. 

 Twenty percent of the patients experienced hepa-
totoxicity grade 3 – 4 during induction chemotherapy, 
most cases in relation to L-asparaginase therapy. 
Polyneuropathy was common with grade 2 in 20% 
and grade 3 – 4 in 24% of patients, respectively. 
Thirty-two percent experienced thromboembolic 
events (TE); catheter-associated thrombosis, n    �    3, 
deep venous thrombosis or pulmonary embolism, 
n    �    4 and sinus vein thrombosis, n    �    2 (one fatal in 
a 65-year-old woman). One T-LBL patient aged 46 
years died in multiorgan failure during aplasia after 
Auto-SCT. 

 Three male patients aged 26, 30 and 32 years 
developed symptomatic osteonecrosis; one of the two 
patients with bilateral femoral head necrosis had 
both hips replaced by surgery. 

 No secondary cancers are reported. None has 
yet developed heart failure or permanent clinically 
reduced lung function. Three females got pregnant 
after treatment, one by egg donation, the two others 
were 16 years and 24 years at the time of Auto-SCT. 

  Table III. Therapy, observation time and outcome.  

Gender Age
LBL 

Subentity Auto-SCT
Observation 
time, months

Status at last 
observation

Cause of 
death

Female 15 B Y 122 CR
Female 24 B Y 113 CR
Male 26 B Y 116 CR
Male 33 B Y 47 CR2
Female 43 B Y 35 CR2
Female 60 B Y 104 CR
Male 15 T Y 122 CR
Female 16 T Y 163 CR
Male 18 T Y 43 CR
Male 18 T Y 162 CR
Male 22 T Y 147 CR
Male 27 T Y 111 CR
Male 30 T Y 153 CR
Female 31 T Y 119 CR
Male 32 T Y 82 CR
Male 34 T Y 89 CR
Male 35 T Y 114 CR
Male 36 T Y 25 CR
Female 38 T N 7 PD Lymphoma
Male 44 T Y 98 CR
Female 46 T Y 66 CR
Male 46 T Y 6 PR TRM
Male 47 T Y 35 CR
Female 60 T Y 38 Relapse Lymphoma
Female 65 T N 1 N/A TRM

    Auto-SCT, autologous stem cell transplant; CR, complete remission; LBL, lymphoblastic lymphoma; 
N, no; N/A, not applicable; PD, progressive disease; Patient No., patient number; TRM, treatment-
related mortality; Y, yes.   
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Four males have become fathers, either by cryopre-
served sperm or fresh samples.   

 Effi cacy results 

 The iH regimen for induction and early consolida-
tion resulted in an overall response rate of 92% (CR 
84%, PR 8%). One patient had progressive disease 
and one died of toxicity (sinus vein thrombosis) dur-
ing induction treatment. The two patients in PR had 
residual mediastinal disease; one was converted to a 
CR after Auto-SCT while the other patient was the 
one who died of multiorgan failure during aplasia 
after Auto-SCT. Three patients (one T-LBL and two 
B-LBL) relapsed after 24, 4.5 and 25 months, respec-
tively. Thus six patients experienced treatment fail-
ure. The patient with PD had no response to a second 
line regimen, and the T-LBL patient with relapse 
received palliative chemotherapy. The two B-LBL 
patients with relapse 7 months and 18 months after 
Auto-SCT both achieved a new remission on the 
Hyper-CVAD regimen followed by conventional 
myoablative Allo-SCT and are both in second CR 29 
and 20 months later, respectively. At present 21 of 
25 patients are alive and in CR. With a median 
follow-up of 98 months (range 1 – 163) the 5- and 
8-year PFS and OS on an intent to treat basis are 
76% (95% CI 58 – 94%) and 84% (95% CI 69 – 99%), 
respectively (Figure 1A and B). 

 Gender, T/B lineage, lactate dehydrogenase, the 
International Prognostic Index score for aggressive 
NLH or extra-nodal involvement did not affect PFS 
or OS. Age was the only factor which showed a 
signifi cant impact on outcome. All patients belong-
ing to the younger age group (below the median age 
of 33 years) are alive and disease-free at last follow-up 
compared to a PFS and OS of 54% and 69%, respec-
tively, for patients above the median age (p    �    0.005 
and p    �    0.031, Figure 2A and B).    

 Discussion 

 The present report describes a single centre experi-
ence in the treatment of adult patients diagnosed 
with T- (19 patients) and B- (6 patients) lineage LBL. 
The median age of patients in our study is somewhat 
higher than in other studies (33 vs. 25 – 28 years) 
[15 – 17, 24,25]. As expected there is a male predom-
inance of 3:2. The patient characteristics are other-
wise comparable to previous reports [14,16,17,24,25]. 
Patients received ALL-like induction an early con-
solidation chemotherapy, followed up with a late 
consolidated with Auto-SCT. The great majority of 
patients had radiotherapy after Auto-SCT to involved 
sites at diagnosis in the mediastinum, skeleton or 
testicles. The reported 5- and 8-year PFS and OS of 

76% and 84%, respectively for this relatively rare 
entity compares favorably with similar published 
data from other institutions [13,14,16,17,24 – 28] 
and contributes to the literature on this subject. Only 
one patient with T-LBL progressed during induction/
early consolidation chemotherapy while one patient 
died from TE during induction. The remaining 
patients obtained a radiological CR (21 patients) or 
a PR (2 patients) prior to Auto-SCT. One of the two 
patients in PR before Auto-SCT died from multior-
gan failure during aplasia following Auto-SCT while 
the other achieved a CR after Auto-SCT and prior 
to radiotherapy. 

 CNS prophylaxis is considered mandatory for 
LBL patients, either given as chemoprevention, as 
CNS axis irradiation or both [16]. We intensifi ed the 
CNS prophylaxis compared to the original Hammer-
smith regimen, and assumed that the BEAM regi-
men also would contribute to CNS lymphoma 
protection [20]. Whereas three patients (12%) had 
CNS involvement at diagnosis, only one of these was 

  Figure 1.     (A) Progression free survival for all patients. (B) Overall 
survival for all patients.  
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However, a report from the EBMT register showed 
a 6-year OS of 63% for patients auto-transplanted 
in fi rst remission [7]. The subsequent and only 
randomized study was conducted by the EBMT 
group, comparing Auto-SCT consolidation with 
maintenance chemotherapy. This study was termi-
nated early due to low accrual rate [14]. However, 
the results from this showed a trend for PFS 
benefi t in favor of Auto-SCT (hazards ratio    �    
0.55; 95% confi dence interval [CI], 0.29 to 1.04; 
p    �    0.065), but no difference in OS, the latter pos-
sibly explained by a cross over in the maintenance 
arm for patients achieving a second remission. The 
most recent series of patients with T-LBL treated 
with a NHL/ALL regimen with  “ fast track ”  to 
Auto-SCT consolidation was reported from Brit-
ish Columbia, showing an impressive 4-year OS 
and EFS of 72% and 68%, respectively [24]. The 
results from our T-LBL cohort compare favorably 
to this and other previous reports in regard to both 
PFS and OS. 

 Another controversy for T-LBL concerns the use 
of mediastinal RT. In our cohort of T-LBL, 93% of 
eligible patients with an initial mediastinal mass 
received RT. No local relapse was observed. In the 
above mentioned German report, 84% of patients 
underwent mediastinal RT to 24 Gy [16]. Neverthe-
less, 47% of relapses occurred in the mediastinum. 
The high number of relapses might have been due 
to less intensive consolidation therapy, and/or an 
inadequate radiation dose. As a consequence of 
these result the authors discussed whether to increase 
the dose of radiation to 36 Gy [16]. Dabaja and 
colleagues reported on 47 patients treated with dif-
ferent induction regimes. Of 43 patients in CR after 
induction, 44% (19 patients) received mediastinal 
RT, (26 – 39 Gy). There were no mediastinal relapses 
for patients receiving RT compared to 33% (8/24) 
in the group who did not receive RT. Patients who 
had been treated with more intensive chemotherapy 
seemed to benefi t more from mediastinal RT. Hence, 
patients who achieve a good remission may get addi-
tional benefi t from local RT [15]. Cortelazzo et   al. 
report on a risk-adapted strategy where RT was 
omitted for patients in CR after induction and early 
consolidation chemotherapy. Patients were further 
assessed for MRD, and MRD  pos  patients underwent 
Auto-SCT. This resulted in a disease-free survival 
and OS of 77% and 72%, respectively and only 
7% mediastinal relapses in non-irradiated patients 
(24 Gy) [17]. Mediastinal RT combined with che-
motherapy is associated with an increased risk of 
late sequelae, most notably cardiovascular disease 
and secondary malignancies [31]. Hence, it would 
be of importance to be able to select the subgroup 
of patients who would not benefi t from RT, as 

treated with CRT. No CNS relapses were observed. 
In the study by Thomas et   al., eight administrations 
of triple i.t. chemotherapy was given together with 
the hyper CVAD regimen followed by maintenance 
chemotherapy [25]. Only 3% (1/33) of the patients 
had isolated CNS relapse. We accordingly consider 
it safe to omit CRT. For patients with CNS involve-
ment at diagnosis one might consider to use a high 
dose regimen like the BU-thiothepa combination 
instead of BEAM because of reported enhanced 
CNS protection [29,30]. 

 There is no consensus whether to use mainte-
nance chemotherapy or late consolidation with 
Auto-SCT after induction chemotherapy and early 
consolidation in LBL. Maintenance chemotherapy 
for patients with T-LBL using the German Multi-
center Group for adult ALL protocol (GMALL) 
showed a 7-year OS of 51% while the MD Anderson 
group reported a 3-year OS of 70% [16,25]. 

  Figure 2.     (A) Progression free survival according to age below 
— or above ------------ median age of 33 years. (B) Overall 
survival according to age below — or above ------------ median 
age of 33 years.  
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suggested by Cortelazzo and colleagues [17]. FDG-
PET/CT might become a useful tool to identify 
patients who achieve an early FDG-PET negative 
residual lesion in the mediastinum and therefore 
might not be in need of RT. 

 We encountered a number of serious side effects 
during this intensive multimodal treatment. Alto-
gether eight patients (32%) were diagnosed with 
TE, one of them being fatal. Increased incidence 
of TE during ALL induction chemotherapy has 
been attributed to L-asparaginase [32]. One could 
consider using low molecular weight heparin for 
thrombosis-prophylaxis and possibly delay inser-
tion of central venous lines till after L-asparaginase 
therapy [32]. L-asparaginase is also known to 
cause disturbances in liver function and we did 
observe fi ve cases of transiently elevated liver 
enzymes. 

 There was a high incidence of both documented 
bacteremia and opportunistic infections during treat-
ment, but all were treated successfully. We advocate 
prophylaxis against HSV, PCP and fungal infection 
with Candida species. 

 Three patients (aged 26, 30 and 32 years) devel-
oped osteonecrosis, a side effect often observed in 
adolescents and young adults treated for LBL/ALL. 
Prolonged steroid medication is the most likely cause. 
In a recent randomized study, a statistically lower 
incidence was reported when steroids were given 
days 0 – 6 and 14 – 20 instead of continuously during 
the same time period [33]. 

 Some of the youngest female patients seemed to 
recover from a temporary drop in reproductive fer-
tility, but for most of the women in their 30s or 
older, the treatment resulted in premature meno-
pause. Maintenance therapy instead of Auto-SCT 
might be an alternative for the patients who cannot 
accept this risk. 

 In conclusion, we report a high cure rate for 
LBL patients treated with an ALL-like induction 
and early consolidation regimen followed by Auto-
SCT for responding patients and local radiother-
apy for patients with initial mediastinal mass, 
skeletal or testicular lesions. Our data support this 
treatment strategy, although the size of the study 
population is rather small. In spite of the fact that 
the majority of patients achieve permanent disease 
control and cure, the treatment-related morbidity 
is still a matter of concern. Improvements by risk-
adapted strategies may be possible by applying 
MRD testing and FDG-PET/CT in order to select 
patients who do not benefi t from RT and/or Auto-
SCT. Further studies to address these questions 
are warranted and due to the low incidence of 
these malignancies multi-center collaborations are 
needed.              
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