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Abstract 1 
In this retrospective multicentre study, we investigated the outcome of elderly PCNSL 2 
patients (≥ 65 years) who underwent HDT-ASCT at eleven centres between 2003 3 
and 2016. Endpoints included remission, progression free survival, overall survival 4 
and treatment-related mortality. 5 
We identified 52 patients (median age 68.5 years, median KPS before HDT-ASCT 6 
80%) who all underwent thiotepa-based HDT-ASCT. Fifteen patients (28.8%) 7 
received HDT-ASCT as first-line treatment and 37 (71.2%) received it as second or 8 
subsequent line. Remission status before HDT-ASCT was: complete remission (CR) 9 
34.6%, partial remission (PR) 51.9%, stable disease 3.8%, and progressive disease 10 
9.6%. Following completion of HDT-ASCT, 36 patients (69.2%) achieved CR (21.2% 11 
first line setting, 48.1% second or subsequent line setting) and 9 (17.3%) PR (5.8% 12 
first line setting, 11.5% second or subsequent line setting). With a median follow up 13 
of 22 months after HDT-ASCT, median PFS and OS were reached after 51.1 and 14 
122.3 months, respectively. 2-year PFS and OS rates were 62.0% and 70.8%, 15 
respectively. We observed two HDT-ASCT associated deaths (3.8%).  16 
In selected elderly PCNSL patients, HDT-ASCT, using thiotepa-based conditioning 17 
regimes, is feasible and effective. Further prospective and comparative studies are 18 
warranted to further evaluate the role of HDT-ASCT in elderly PCNSL patients. 19 
 20 
 21 
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Introduction 22 
Primary central nervous system lymphoma (PCNSL) is an aggressive Non-Hodgkin 23 
Lymphoma, typically diffuse large B cell lymphoma (DLBCL), which exclusively involves the 24 
central nervous system at diagnosis. It accounts for 3% to 4% of all primary brain tumours 25 
and 4% to 6% of extra-nodal lymphomas (1). The incidence of PCNSL in immunocompetent 26 
patients has been steadily increasing over the last 30 years (2, 3). However, notwithstanding 27 
progress over the last decade with improved immunochemotherapy approaches, PCNSL 28 
remains a challenging disease. 29 
Patients older than 65 years account for 50% of all PCNSL cases (4). Although some elderly 30 
patients may tolerate intensive systemic chemotherapy, they typically experience an inferior 31 
prognosis as compared to younger patients with PCNSL. Moreover, elderly patients are 32 
vulnerable to iatrogenic toxicity, especially neurotoxicity following whole brain radiation 33 
therapy (WBRT) (4); thus they represent a unique treatment subgroup (5, 6). An US registry 34 
study of 579 elderly patients diagnosed with PCNSL in the 1990s described a median 35 
survival of only 7 months and that WBRT alone was the most common treatment modality 36 
(46%) (7). Even with modern conventional chemotherapy protocols, most patients will 37 
experience a short progression free survival (PFS) (<12months) and die from disease (8, 9). 38 
For younger patients, thiotepa-containing high-dose chemotherapy followed by autologous 39 
stem cell transplantation (HDT-ASCT) has been shown to be feasible and effective in both 40 
newly diagnosed and relapsed patients with PCNSL (10-15). Due to toxicity and tolerability 41 
concerns, this intensive CNS-directed treatment has typically been restricted to patients 42 
younger than 65 years of age. However, age alone may not be the appropriate criterion to 43 
select patients for this effective treatment approach.  44 
We undertook this retrospective, international study to investigate outcome after HDT-ASCT 45 
in elderly PCNSL (≥ 65 years) from eleven centres with experienced physicians, who have 46 
been treating PCNSL patients and performing clinical trials in PCNSL for many years. 47 
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Methods 48 
Patient selection criteria and data collection 49 
Eligibility criteria for this retrospective multicentre analysis were i) age ≥ 65 years at the time 50 
of HDT-ASCT; ii) histologically-proven PCNSL (at first diagnosis, no repeat biopsy required 51 
at relapse) without systemic lymphoma manifestation at any time; iii) no evidence of 52 
immunodeficiency; iv) completed thiotepa-based HDT-ASCT. All centres screened their 53 
databases for PCNSL patients ≥ 65 years, excluding patients not treated with HDT-ASCT. 54 
Data from all study-eligible patients of the eleven cooperating centres were collected using a 55 
pre-specified, anonymised case report form, including: patient and tumour characteristics at 56 
baseline, treatment, transplantation specific data, main reported toxicities, objective 57 
response, site and date of relapse or progression, and survival. Data were checked by the 58 
coordinating investigators for consistency and, if necessary, queries resolved with sites 59 
before entering data into the central database. All patients provided informed consent for the 60 
documentation of anonymised clinical data and the use for scientific publication. The ethics 61 
committee of Freiburg University approved the study protocol. 62 
 63 
Statistical analysis 64 
The principal outcomes of interest were remission status before and after HDT-ASCT 65 
(complete remission [CR], partial remission [PR], stable disease [SD], progressive disease 66 
[PD]) as reported by the respective centres, PFS (defined as time from HDT-ASCT to 67 
progression, relapse or death; whichever occurred first) and overall survival (OS, defined as 68 
time from HDT-ASCT to death due to any cause). PFS and OS were estimated using the 69 
Kaplan-Meier method including 95% confidence interval (CIs). We additionally stratified 70 
response and survival outcomes by line of treatment in which HDT-ASCT was undertaken 71 
(first line versus second or subsequent line), and by remission status before HDT-ASCT. The 72 
follow-up time was estimated using the inverse Kaplan-Meier method. All analyses are 73 
considered exploratory in nature and were conducted using the software package R version 74 
3.2.4 (www.r-project.org). 75 
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Results 76 
Patient characteristics  77 
Fifty-two eligible PCNSL patients who were treated with HDT-ASCT between 2004 and 2016 78 
were included. Patients' baseline characteristics at time of diagnosis and before HDT-ASCT 79 
are summarized in Table 1. Fourty-eight patients had parenchymal disease manifestation 80 
(with or without involvement of deep brain lesions) and four patients had primary vitroretinal 81 
lymphoma without parenchymal manifestations. Prior to HDT-ASCT, most patients had a 82 
good clinical performance status (median Karnofsky performance status 80%, range 30% to 83 
100%). Eighteen of 52 patients (34.6%) were in CR, 27 of 52 (51.9%) in PR, 2 of 52 (3.8%) 84 
had SD, and 5 of 52 (9.6%) had experienced PD following induction treatment.  85 
The majority of patients had previously received a HD-MTX-based protocol (98.1%) as first 86 
line therapy with 38 of 52 patients (73.1%) having received MTX-AraC-based 87 
polychemotherapy, 12 of 52 patients (23.1%) MTX-based polychemotherapy, one patient 88 
MTX-monotherapy and another patient MTX-free polychemotherapy. Rituximab was added 89 
in 33 of 52 patients (63.5%). Most of the 37 patients with relapsed or refractory disease after 90 
first-line therapy received a polychemotherapy of carboplatin, ifosfamide and etoposide with 91 
or without rituximab or a AraC - and thiotepa-based salvage regimen. None of the patients 92 
had received WBRT before HDT-ASCT; one patient received WBRT as salvage therapy after 93 
HDT-ASCT. Five patients received intrathecal therapy with liposomal cytarabine. None of the 94 
patients received intraventricular therapy.  95 
 96 
Conditioning regimen and ASCT-specific data 97 
The majority of patients was conditioned with TT 10-20 mg/kg + carmustine 320-400 mg/m2 98 
(61.5%). Remaining patients received TT 10-20 mg/kg + busulfan 3.2-6.4 mg/kg (13.5%), TT 99 
250-750 mg/m² + busulfan 2.4–8.0 mg/kg + cyclophosphamide 60-120 mg/kg (13.5%) or TT 100 
10 mg/kg as single agent (11.5%). Rituximab was additionally given in 2 patients (3.8%). The 101 
median number of reinfused CD34+ hematopoietic stem cells was 5.29 x 106/Kg (range 2.24 102 
to 35). Median time to neutrophil engraftment was 10 days (range 6 to 34). We observed two 103 
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(3.8%) treatment related deaths within 15 days after HDT-ASCT. One patient suffered from 104 
sudden death attributed to an acute cardiovascular event whilst the second patient died from 105 
infectious complications.  106 
 107 
Treatment response and survival 108 
Table 2 summarizes the response status after HDT-ASCT, stratified by line of therapy and 109 
remission status prior to HDT-ASCT. Following HDT-ASCT, 45 of 52 patients (86.5%) 110 
achieved an objective response (36 CR and 7 PR). One patient (1,9%) experienced SD 111 
whilst 5 (9.6%) had PD one month after HDT-ASCT.  112 
Of the 15 patients undergoing HDT-ASCT as first-line treatment, 14 patients (93%) achieved 113 
an objective response (11 CR and 1 PR). Of the 37 patients undergoing HDT-ASCT as 114 
second or subsequent line of treatment 31 patients (83.8%) achieved an objective response. 115 
One of five patients with PD before HDT-ASCT achieved ongoing CR (PFS 50 months) 116 
without further consolidating treatment. Three of the other four patients achieved partial 117 
remission and one patient had stable disease, although all four subsequently experienced 118 
PD. 119 
After a median follow up of 22.1 months, 36 of 52 patients (69.2%) were still alive with 31 120 
free of disease progression after HDT-ASCT. For one patient who experienced PD, the exact 121 
date of death was not known, therefore the patient was censored at the date of progression 122 
for the OS analysis. Apart from the two patients suffering from treatment related deaths 123 
thirteen patients died from progressive disease whereas one patient was lost of follow up 124 
after experiencing progressive disease with the exact cause of death being unknown.  125 
For the entire cohort, median PFS and OS were reached after 51.1 and 122.3 months, 126 
respectively. 2-year PFS and OS probabilities were 62.0% (95% CI 48.4% to 79.6%) and 127 
70.8% (95% CI 58.3% to 85.9%), respectively (Figure 1 and 2). For the patients undergoing 128 
HDT-ASCT as first-line treatment 2-year PFS and OS probabilities were 80% (95% CI 51.6% 129 
to 100%) and 80.0% (95% CI 51.6% to 100%), respectively (Figure 3). For the patients 130 
undergoing HDT-ASCT at second or subsequent line of treatment 2-year PFS and OS 131 
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probabilities were 54.0% (95% CI 39.1% to 74.4%) and 65.6% (95% CI 51.5% to 83.6%) 132 
respectively (Figure 4). The PFS and OS rates by remission status before HDT-ASCT are 133 
shown in online figures 1 and 2 suggesting that patients with chemosensitive disease have 134 
a better prognosis. Because of the limited patient numbers and events, we did not conduct 135 
any statistical testing.  136 
 137 
  138 
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Discussion 139 
We herein describe outcomes of elderly PCNSL patients who underwent thiotepa-based 140 
HDT-ASCT. The overall response rate after HDT-ASCT was 86.5%, with 2-year PFS and OS 141 
rates of 62.0% and 70.8%, respectively. Two patients (3.8%) died early of HDT-ASCT-142 
related causes. 143 
Strengths and limitations 144 
To the best of our knowledge, this is the first cohort reporting data on elderly patients who 145 
underwent HDT-ASCT for PCNSL. Considering the rarity of the disease, the cohort size is 146 
relatively large. Moreover, the dataset has a very low number of missing values and all 147 
patients underwent relatively homogenous conditioning with thiotepa-based HDT-ASCT 148 
protocols.  149 
We recognise that our study has limitations, the first of which is inherent to any transplant 150 
analysis; patients were only included if they underwent HDT-ASCT and we are not able to 151 
report outcomes on an intent-to-treat basis. Thus, one can only use these outcome data to 152 
inform patients about prognosis following HDT-ASCT. Second, we do not have detailed 153 
information on relevant co-morbidities that would allow calculation of specific indices that 154 
may help to standardise selection of older patients for HDT-ASCT.  155 
Comparison to other studies 156 
WBRT is still employed as a common treatment modality in some countries (7) for elderly 157 
PCNSL patients, even though such patients are particularly vulnerable to iatrogenic toxicity, 158 
especially neuro-cognitive dysfunction following WBRT (4). Addition of WBRT after 159 
methotrexate-based chemotherapy is known to increase the risk of treatment-related 160 
neurotoxicity (16). Importantly, in our cohort, none of the patients received consolidating 161 
WBRT after HDT-ASCT. Although neurocognitive function was not formally assessed in our 162 
cohort, the merits of avoiding WBRT in older PCNSL patients is absolutely clear, particularly 163 
given these promising outcomes following HDT-ASCT. 164 
Based on a recent systematic review (9), a limited number of prospective multicentre studies 165 
focusing on elderly PCNSL patients have been reported (8, 17-21). Most of the studies 166 
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included HD-MTX in combination with partner chemotherapy agents, but to-date no standard 167 
protocol has been defined. Acknowledging the limitations of inter-trial comparison, the best 168 
reported response rate was 79% but the corresponding 1-year PFS was only 36% (8). With 169 
an overall response rate of 86.5% and a 2-year-PFS of 62% the outcome of our reported 170 
population compares favourably with all other trials conducted in this unique subgroup of 171 
PCNSL patients. This is even more significant as only less than one third of the present 172 
cohort underwent HDT-ASCT in CR. Remarkably, even some patients with chemotherapy-173 
refractory disease achieved sustained objective responses after HDT-ASCT although we 174 
acknowledge inherent selection bias within our cohort, likely to be related to favourable 175 
performance status and limited co-morbidities.  176 
Although experience with HDT-ASCT in PCNSL is limited to prospective non-randomised 177 
studies in consolidation of first line therapy or for relapsed patients < 65 years, the results are 178 
encouraging; particularly when TT-containing conditioning regimens are used (10-12, 19, 179 
22). In a multi-centre retrospective analysis investigating patients with a median age of 52.4 180 
years undergoing HDT-ASCT as salvage therapy, 5-year survival rates of patients with 181 
chemosensitive relapse was 62% (13). In another large retrospective analysis investigating 182 
patients with a median age of 54 years undergoing HDT-ASCT as first line treatment, the 183 
reported 2- and 5-year survival rates were 82% and 79%, respectively. Notably, of the 184 
reported patients with PD before HDT-ASCT, 7/20 achieved ongoing CR without further 185 
treatment suggesting efficacy of HDT-ASCT even in disease refractory to conventionally 186 
dosed chemotherapy (23). The thus far published studies on ASCT as first-line treatment or 187 
at relapse are summarized in Table 3. Acknowledging the limitations of inter-trial 188 
comparisons, survival rates of the herein reported elderly population seem to be comparable 189 
to those of younger patients. 190 
Patients with newly diagnosed PCNSL, aged between 65 and 70 years with ECOG 191 
performance status 0-2 have been included in the international, randomised, phase II 192 
IELSG32 trial (24), but evidence from prospective clinical trials specifically designed for 193 
elderly patients are still lacking.  194 
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All patients in our cohort received thiotepa-based regimens incorporating a total thiotepa 195 
dose of 10-20 mg/kg. In an ongoing German pilot study investigating feasibility of HDT-ASCT 196 
in elderly patients, the conditioning regimen comprises busulfan 3.2 mg/kg and thiotepa 10 197 
mg/kg (half of the dose routinely administered to younger patients) (DRKS-ID 00008900). 198 
Importantly, even for younger patient cohorts, randomised comparisons of different 199 
myeloablative combinations and doses have not been conducted; for elderly PCNSL 200 
patients, no such data is available. 201 
For systemic diffuse large B-cell lymphoma (DLBCL), the current role of HDT-ASCT is 202 
restricted to relapsed patients responding to salvage therapy. Notably, the majority of HDT-203 
ASCT studies in this context include younger patients with a median age of 54 years (25). 204 
Notwithstanding increasing clinical experience of undertaking HDT-ASCT for older patients 205 
with systemic DLBCL, there remains no clear standard for the selection of, or conditioning 206 
for, elderly patients undergoing HDT-ASCT.  207 
Few data on feasibility and efficacy of HDT-ASCT in elderly patients are available in multiple 208 
myeloma (MM), lymphoma and acute leukaemia (26-28). The reported non relapse mortality 209 
rates in lymphoma patients older than 70 years who underwent HDT-ASCT differ strongly 210 
from 5.2% up to 19% (29-31). In our cohort, only two patients (3.8%) died from treatment 211 
related mortality, both within 15 days after HDT-ASCT due to a cardiovascular event and 212 
infectious complications.  213 
The definition of an elderly patient with regard to therapeutic stratification is unclear; 214 
determined by multiple patient- and disease-related parameters. Thus, ‘elderly’ patients 215 
comprise a markedly heterogeneous group and it is unclear how to optimally define the frailty 216 
profile in this context. Comorbidity risk scoring, assessment of instrumental activities of daily 217 
living, and comprehensive geriatric assessments are likely to be important tools to define 218 
treatment-related mortality and overall treatment risk (32-35). To-date, treatment decisions 219 
have been largely based on chronological age and performance status. Although 220 
standardized assessment scores, especially for cancer patients, are available (36), these are 221 
infrequently used because of their complexity. Recently, a score for the quantitation of frailty 222 
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in designing future clinical MM trials was proposed (37). There is a clear need for a simple 223 
and validated tool to inform treatment decisions in elderly PCNSL. 224 
Conclusions 225 
In selected elderly PCNSL patients, HDT-ASCT, using thiotepa-based conditioning regimens, 226 
is an effective and safe treatment if conducted at experienced centers, both in first-line and 227 
second or subsequent line of treatment. A pilot study investigating feasibility and efficacy of 228 
HDT-SCT in PCNSL patients > 65 years is currently recruiting (DRKS-ID 00008900). 229 
Prospective trials are needed to better define eligibility for this approach and to further 230 
improve therapeutic approaches in this unique and challenging subgroup of patients. 231 
 232 
Acknowledgements 233 
The authors would like to acknowledge with thanks the contributions of all participating 234 
centres. 235 
 236 
Conflict of Interest 237 
The authors declare no conflict of interest. 238 
 239 
  240 



12  

References 1. Panageas KS, Elkin EB, DeAngelis LM, Ben-Porat L, Abrey LE. Trends in survival from primary central nervous system lymphoma, 1975-1999: a population-based analysis. Cancer. 2005;104(11):2466-72. 2. Olson JE, Janney CA, Rao RD, Cerhan JR, Kurtin PJ, Schiff D, et al. The continuing increase in the incidence of primary central nervous system non-Hodgkin lymphoma: a surveillance, epidemiology, and end results analysis. Cancer. 2002;95(7):1504-10. 3. Makino K, Nakamura H, Kino T, Takeshima H, Kuratsu J. Rising incidence of primary central nervous system lymphoma in Kumamoto, Japan. Surgical neurology. 2006;66(5):503-6. 4. Abrey LE, Yahalom J, DeAngelis LM. Treatment for primary CNS lymphoma: the next step. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2000;18(17):3144-50. 5. Sierra del Rio M, Rousseau A, Soussain C, Ricard D, Hoang-Xuan K. Primary CNS lymphoma in immunocompetent patients. The oncologist. 2009;14(5):526-39. 6. Jahnke K, Korfel A, Martus P, Weller M, Herrlinger U, Schmittel A, et al. High-dose methotrexate toxicity in elderly patients with primary central nervous system lymphoma. Annals of oncology : official journal of the European Society for Medical Oncology / ESMO. 2005;16(3):445-9. 7. Panageas KS, Elkin EB, Ben-Porat L, Deangelis LM, Abrey LE. Patterns of treatment in older adults with primary central nervous system lymphoma. Cancer. 2007;110(6):1338-44. 8. Omuro A, Chinot O, Taillandier L, Ghesquieres H, Soussain C, Delwail V, et al. Methotrexate and temozolomide versus methotrexate, procarbazine, vincristine, and cytarabine for primary CNS lymphoma in an elderly population: an intergroup ANOCEF-GOELAMS randomised phase 2 trial. The Lancet Haematology. 2015;2(6):e251-9. 9. Kasenda B, Ferreri AJ, Marturano E, Forst D, Bromberg J, Ghesquieres H, et al. First-line treatment and outcome of elderly patients with primary central nervous system lymphoma (PCNSL)-a systematic review and individual patient data meta-analysis. Annals of oncology : official journal of the European Society for Medical Oncology / ESMO. 2015;26(7):1305-13. 10. Illerhaus G, Marks R, Ihorst G, Guttenberger R, Ostertag C, Derigs G, et al. High-dose chemotherapy with autologous stem-cell transplantation and hyperfractionated radiotherapy as first-line treatment of primary CNS lymphoma. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2006;24(24):3865-70. 11. Illerhaus G, Muller F, Feuerhake F, Schafer AO, Ostertag C, Finke J. High-dose chemotherapy and autologous stem-cell transplantation without consolidating radiotherapy as first-line treatment for primary lymphoma of the central nervous system. Haematologica. 2008;93(1):147-8. 12. Omuro A, Correa DD, DeAngelis LM, Moskowitz CH, Matasar MJ, Kaley TJ, et al. R-MPV followed by high-dose chemotherapy with TBC and autologous stem-cell transplant for newly diagnosed primary CNS lymphoma. Blood. 2015;125(9):1403-10. 13. Soussain C, Choquet S, Fourme E, Delgadillo D, Bouabdallah K, Ghesquieres H, et al. Intensive chemotherapy with thiotepa, busulfan and cyclophosphamide and hematopoietic stem cell rescue in relapsed or refractory primary central nervous system lymphoma and intraocular lymphoma: a retrospective study of 79 cases. Haematologica. 2012;97(11):1751-6. 



13  

14. Soussain C, Hoang-Xuan K, Taillandier L, Fourme E, Choquet S, Witz F, et al. Intensive chemotherapy followed by hematopoietic stem-cell rescue for refractory and recurrent primary CNS and intraocular lymphoma: Societe Francaise de Greffe de Moelle Osseuse-Therapie Cellulaire. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2008;26(15):2512-8. 15. Illerhaus G KB, Ihorst G, Egerer G, Lamprecht M, Keller U, et al. High-dose chemotherapy with autologous haemopoietic stem cell transplantation for newly diagnosed primary CNS lymphoma: a prospective, single-arm, phase 2 trial. The Lancet Haematology. 2016;in press. 16. Doolittle ND, Korfel A, Lubow MA, Schorb E, Schlegel U, Rogowski S, et al. Long-term cognitive function, neuroimaging, and quality of life in primary CNS lymphoma. Neurology. 2013;81(1):84-92. 17. Ghesquieres H, Ferlay C, Sebban C, Perol D, Bosly A, Casasnovas O, et al. Long-term follow-up of an age-adapted C5R protocol followed by radiotherapy in 99 newly diagnosed primary CNS lymphomas: a prospective multicentric phase II study of the Groupe d'Etude des Lymphomes de l'Adulte (GELA). Annals of oncology : official journal of the European Society for Medical Oncology / ESMO. 2010;21(4):842-50. 18. Hoang-Xuan K, Taillandier L, Chinot O, Soubeyran P, Bogdhan U, Hildebrand J, et al. Chemotherapy alone as initial treatment for primary CNS lymphoma in patients older than 60 years: a multicenter phase II study (26952) of the European Organization for Research and Treatment of Cancer Brain Tumor Group. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2003;21(14):2726-31. 19. Pulczynski EJ, Kuittinen O, Erlanson M, Hagberg H, Fossa A, Eriksson M, et al. Successful change of treatment strategy in elderly patients with primary central nervous system lymphoma by de-escalating induction and introducing temozolomide maintenance: results from a phase II study by the Nordic Lymphoma Group. Haematologica. 2015;100(4):534-40. 20. Laack NN, Ballman KV, Brown PB, O'Neill BP, North Central Cancer Treatment G. Whole-brain radiotherapy and high-dose methylprednisolone for elderly patients with primary central nervous system lymphoma: Results of North Central Cancer Treatment Group (NCCTG) 96-73-51. International journal of radiation oncology, biology, physics. 2006;65(5):1429-39. 21. Olivier G, Clavert A, Lacotte-Thierry L, Gardembas M, Escoffre-Barbe M, Brion A, et al. A phase 1 dose escalation study of idarubicin combined with methotrexate, vindesine, and prednisolone for untreated elderly patients with primary central nervous system lymphoma. The GOELAMS LCP 99 trial. American journal of hematology. 2014;89(11):1024-9. 22. Kasenda B, Schorb E, Fritsch K, Finke J, Illerhaus G. Prognosis after high-dose chemotherapy followed by autologous stem-cell transplantation as first-line treatment in primary CNS lymphoma--a long-term follow-up study. Annals of oncology : official journal of the European Society for Medical Oncology / ESMO. 2015;26(3):608-11. 23. Schorb E, Kasenda B, Atta J, Kaun S, Morgner A, Hess G, et al. Prognosis of patients with primary central nervous system lymphoma after high-dose chemotherapy followed by autologous stem cell transplantation. Haematologica. 2013;98(5):765-70. 24. Ferreri AJ, Cwynarski K, Pulczynski E, Ponzoni M, Deckert M, Politi LS, et al. Chemoimmunotherapy with methotrexate, cytarabine, thiotepa, and rituximab (MATRix regimen) in patients with primary CNS lymphoma: results of the first randomisation of the International Extranodal Lymphoma Study Group-32 (IELSG32) phase 2 trial. The Lancet Haematology. 2016;3(5):e217-27. 



14  

25. Gisselbrecht C, Glass B, Mounier N, Singh Gill D, Linch DC, Trneny M, et al. Salvage regimens with autologous transplantation for relapsed large B-cell lymphoma in the rituximab era. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2010;28(27):4184-90. 26. Auner HW, Szydlo R, Hoek J, Goldschmidt H, Stoppa AM, Morgan GJ, et al. Trends in autologous hematopoietic cell transplantation for multiple myeloma in Europe: increased use and improved outcomes in elderly patients in recent years. Bone marrow transplantation. 2015;50(2):209-15. 27. Jantunen E, Canals C, Rambaldi A, Ossenkoppele G, Allione B, Blaise D, et al. Autologous stem cell transplantation in elderly patients (> or =60 years) with diffuse large B-cell lymphoma: an analysis based on data in the European Blood and Marrow Transplantation registry. Haematologica. 2008;93(12):1837-42. 28. Thomas X, Suciu S, Rio B, Leone G, Broccia G, Fillet G, et al. Autologous stem cell transplantation after complete remission and first consolidation in acute myeloid leukemia patients aged 61-70 years: results of the prospective EORTC-GIMEMA AML-13 study. Haematologica. 2007;92(3):389-96. 29. Andorsky DJ, Cohen M, Naeim A, Pinter-Brown L. Outcomes of auto-SCT for lymphoma in subjects aged 70 years and over. Bone marrow transplantation. 2011;46(9):1219-25. 30. Elstrom RL, Martin P, Hurtado Rua S, Shore TB, Furman RR, Ruan J, et al. Autologous stem cell transplant is feasible in very elderly patients with lymphoma and limited comorbidity. American journal of hematology. 2012;87(4):433-5. 31. Chihara D, Izutsu K, Kondo E, Sakai R, Mizuta S, Yokoyama K, et al. High-dose chemotherapy with autologous stem cell transplantation for elderly patients with relapsed/refractory diffuse large B cell lymphoma: a nationwide retrospective study. Biology of blood and marrow transplantation : journal of the American Society for Blood and Marrow Transplantation. 2014;20(5):684-9. 32. Morrison VA, Hamlin P, Soubeyran P, Stauder R, Wadhwa P, Aapro M, et al. Approach to therapy of diffuse large B-cell lymphoma in the elderly: the International Society of Geriatric Oncology (SIOG) expert position commentary. Annals of Oncology. 2015. 33. Wildes TM, Augustin KM, Sempek D, Zhang QJ, Vij R, Dipersio JF, et al. Comorbidities, not age, impact outcomes in autologous stem cell transplant for relapsed non-Hodgkin lymphoma. Biology of blood and marrow transplantation : journal of the American Society for Blood and Marrow Transplantation. 2008;14(7):840-6. 34. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. Journal of clinical epidemiology. 1994;47(11):1245-51. 35. Hurria A, Togawa K, Mohile SG, Owusu C, Klepin HD, Gross CP, et al. Predicting chemotherapy toxicity in older adults with cancer: a prospective multicenter study. Journal of clinical oncology : official journal of the American Society of Clinical Oncology. 2011;29(25):3457-65. 36. Hamaker ME, Jonker JM, de Rooij SE, Vos AG, Smorenburg CH, van Munster BC. Frailty screening methods for predicting outcome of a comprehensive geriatric assessment in elderly patients with cancer: a systematic review. The Lancet Oncology. 2012;13(10):e437-44. 37. Palumbo A, Bringhen S, Mateos M-V, Larocca A, Facon T, Kumar SK, et al. Geriatric assessment predicts survival and toxicities in elderly myeloma: an International Myeloma Working Group report. Blood. 2015. 38. Abrey LE, Moskowitz CH, Mason WP, Crump M, Stewart D, Forsyth P, et al. Intensive methotrexate and cytarabine followed by high-dose chemotherapy with 



15  

autologous stem-cell rescue in patients with newly diagnosed primary CNS lymphoma: An intent-to-treat analysis. Journal of Clinical Oncology. 2003;21(22):4151-6. 39. Colombat P, Lemevel A, Bertrand P, Delwail V, Rachieru P, Brion A, et al. High-dose chemotherapy with autologous stem cell transplantation as first-line therapy for primary CNS lymphoma in patients younger than 60 years: a multicenter phase II study ofthe GOELAMS group. Bone marrow transplantation. 2006;38(6):417-20. 40. Montemurro M, Kiefer T, Schuler F, Al-Ali HK, Wolf HH, Herbst R, et al. Primary central nervous system lymphoma treated with high-dose methotrexate, high-dose busulfan/thiotepa, autologous stem-cell transplantation and response-adapted whole-brain radiotherapy: results of the multicenter Ostdeutsche Studiengruppe Hamato-Onkologie OSHO-53 phase II study. Annals of Oncology. 2007;18(4):665-71. 41. Miyao K, Sakemura R, Imai K, Sakai T, Tsushita N, Kato T, et al. Upfront autologous stem-cell transplantation with melphalan, cyclophosphamide, etoposide, and dexamethasone (LEED) in patients with newly diagnosed primary central nervous system lymphoma. Int J Hematol. 2014;100(2):152-8. 42. Kasenda B, Schorb E, Fritsch K, Finke J, Illerhaus G. Prognosis after high-dose chemotherapy followed by autologous stem-cell transplantation as first-line treatment in primary CNS lymphoma--a long-term follow-up study. Annals of oncology : official journal of the European Society for Medical Oncology / ESMO. 2012;23(10):2670-5. 43. Yoon DH, Lee DH, Choi DR, Sohn BS, Kim S, Kim SW, et al. Feasibility of BU, CY and etoposide (BUCYE), and auto-SCT in patients with newly diagnosed primary CNS lymphoma: a single-center experience. Bone marrow transplantation. 2011;46(1):105-9. 44. Brevet M, Garidi R, Gruson B, Royer B, Vaida I, Damaj G. First-line autologous transplantation in stem cell primary CNS lymphoma. European journal of haematology. 2005;75(4):288-92. 45. Alimohamed N, Daly A, Owen C, Duggan P, Stewart DA. Upfront thiotepa, busulfan, cyclophosphamide, and autologous stem cell transplantation for primary CNS lymphoma: a single centre experience. Leukemia & lymphoma. 2012;53(5):862-7. 46. Choi MK, Kang ES, Kim DW, Ko YH, Seok H, Park JH, et al. Treatment outcome of relapsed/refractory primary central nervous system diffuse large B-cell lymphoma: a single-center experience of autologous stem cell transplantation. Int J Hematol. 2013;98(3):346-54. 47. Soussain C, Suzan F, Hoang-Xuan K, Cassoux N, Levy V, Azar N, et al. Results of intensive chemotherapy followed by hematopoietic stem-cell rescue in 22 patients with refractory or recurrent primary CNS lymphoma or intraocular lymphoma. Journal of Clinical Oncology. 2001;19(3):742-9. 48. Welch MR, Sauter CS, Matasar MJ, Faivre G, Weaver SA, Moskowitz CH, et al. Autologous stem cell transplant in recurrent or refractory primary or secondary central nervous system lymphoma using thiotepa, busulfan and cyclophosphamide. Leukemia & lymphoma. 2015;56(2):361-7. 
  

  



16  

 

Patient characteristics  

 

HDT applied 

in first line 

N=15 

HDT applied in 

second/subsequent line 

N=37 

Total  

N=52  

Age at HDT-ASCT 
median (range) 

 
70 (66, 75) 

 
67 (65, 77) 

 
68.5 (65, 77) 

Sex  
female 
male 

 
7 (46.7) 
8 (53.3) 

 
17 (46) 
20 (54) 

 
24 (46.2) 
28 (53.8) 

KPS at diagnosis 
(median range) 

 
65 (30, 90) 

 
80 (40, 100) 

 
70 (30, 100) 

LDH 
elevated 
not elevated 
unknown 

 
8 (53.3) 
6 (40) 
1 (6.7) 

 
10 (27) 

18 (48,7) 
9 (24.3) 

 
18 (34.6) 
24 (46.2) 
10 (19.2) 

Deep brain structures involved 
yes 
no 

 
10 (66.7) 
5 (33.3) 

 
22 (59.5) 
15 (40.5) 

 
32 (61.5) 
20 (38.5) 

Ocular involvement 
yes 
no 
unknown 

 
0 (0) 

14 (93.3) 
1 (6.7) 

 
8 (21.6) 

21 (56.8) 
8 (21.6) 

 
8 (15.4) 

35 (67.3) 
9 (17.3) 

Leptomeningeal involvement 
yes 
no 
unknown 

 
 

5 (33.3) 
10 (66.7) 

 
5 (13.5) 

20 (54.1) 
12 (32.4) 

 
5 (9.6) 

25 (67.6) 
22 (42.3) 

Histology 

Aggressive B-NHL 

T-NHL 

 

15 (100) 

0 (0) 

 

34 (91.9) 

3 (8.1) 

 

49 (94.2) 

3 (5.8) 

HDT-ASCT applied in 
1st line 
2nd line 
3rd line 

 
15 (100) 

 
 

32 (86.5) 
5 (13.5) 

 
15 (28.8) 
32 (61.5) 

5 (9.6) 
KPS before HDT-ASCT 

median (IQR) 
 

70 (70, 80) 
 

80 (70, 90) 
 
80 (70, 90) 

Remission before HDT-ASCT 
CR 
PR 
SD 
PD 

 
4 (26,7) 

11 (73.3) 
0 (0) 
0 (0) 

 
14 (37.8) 
16 (43.3) 

2 (5.4) 
5 (13.5) 

 
18 (34.6) 
27 (51.9) 

2 (3.8) 
5 (9.6) 

 
Table 1: Patients’ characteristics. Numbers are frequencies (percentage) unless specified otherwise. 
Remission status according to IPCG Response criteria 
 
Abbreviations: IQR, interquartile range; KPS, Karnofsky Performance Status; Serum LDH, serum 

lactate dehydrogenase level, HDT-ASCT, high-dose chemotherapy followed by autologous stem cell 

transplantation; CR, complete remission, PR, partial remission, SD, stable disease, PD, progressive 

disease; IPCG, International PCNSL Collaborative Group  
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 Remission status before HDT-ASCT 

(1st line setting) 
Remission status before HDT-ASCT 

(2nd or later line setting) 

CR 
n=4 

PR 
n=11 

 
SD 
n=0 

 

PD 
n=0 

CR 
n=14 

PR 
n=16 

SD 
n=2 

PD 
n=5 

Remission 
status 
after HDT-
ASCT 

CR 4  7 0  0  12 11  1  1  

PR 0  3  0  0  0  3  0  3  
SD 0   0 0  0  0  0  0  1  
PD 0  1  0  0  1  2  1  0  
not 
applicable

0  0  0  0  1 0  0  0  

 

Table 2: Remission status stratified by line of treatment and remission status before HDT-ASCT. In 

the first line setting, 3/3 patients with PR after HDT-ASCT only had minimal contrast abnormality in 

brain imaging after HDT-ASCT likely in terms of reactive post-therapy lesions and remained in 

confirmed complete remission for > 6 months after HDT-ASCT without any additional therapy. In the 

second or later line setting, only 1/6 patient with PR after HDT-ASCT remained in confirmed remission 

> 6 months after HDT-ASCT without any additional therapy. 

 
Abbreviations: HDT-ASCT, high dose chemotherapy followed by autologous stem cell transplantation; 

CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease
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N° of patients Trial design median age 

(range) 

HD-ASCT 

setting 

Induction regimen Conditioning 

regimen 

WBRT Follow-up (median) OS TRM Reference 

33 prospective 57 (23-67) 1st line R-MPV Bu/TT/Cy no 45 3 y: 81% 12% (12) 

30 prospective 54 (27-64) 1st line HD-MTX+AraC/TT BCNU/TT yes 63 5 y: 69% 3% (10) 

28 prospective 53 (25-71) 1st line HD-MTX+AraC BEAM no 28 2 y: 55% 4% (38) 

25 prospective 51 (21-60) 1st line MBVP + IFO/AraC BEAM yes 34 4 y: 64% 4% (39) 

23 prospective 55 (18-69) 1st line HD-MTX Bu/TT only if no CR 15 2 y: 48% 13% (40) 

13 prospective 56 (35-65) 1st line MPV+AraC LEED only if no CR 44 3 y: 76% 0% (41) 

13 prospective 54 (38-67) 1st line HD-MTX + AraC/TT BCNU/TT only if no CR 72 5 y: 77% 0% (11) (42) 

11 prospective 52 (33-65) 1st line HD-MTX + AraC BUCYE only if no CR 25 2 y: 89% 0% (43) 

6 prospective 53 (30-66) 1st line MBVP + IFO/AraC BEAM yes 41 2 y: 40% 0% (44) 

105 retrospective 54 (23-70) 1st line mostly MTX-based polychemotherapy mostly BCNU/TT partly 47 5y: 79% 3% (23) 

21 retrospective 56 (34-69) 1st line MPV + AraC Bu/TT/Cy no 60 5 y: 44% 24% (45) 

45 prospective 57 (19-72) rel/ref ICE or HD-MTX Bu/TT no 53 5 y: 40% 5% (46) 

43 prospective 52 (23-65) rel/ref AraC /VP16 Bu/TT/Cy no 36 2 y: 45% 12% (14) 

22 prospective 53 (27-64) rel/ref AraC/VP16 Bu/TT/Cy no 41 3 y: 64% 4% (47) 

79 retrospective 52 (23-67) rel/ref mostly AraC/VP16 TT/Bu/Cy yes 56 5 y: 51% 8% (13) 

7 retrospective 58 (41-65) rel/ref unknown TT/Bu/Cy yes 34 not reached 0% (48) 

Table 3: Compendium of publications on HDT-ASCT in PCNSL  
Abbreviations: HDT-ASCT, high dose chemotherapy followed by autologous stem cell transplantation; WBRT, whole brain radiation therapy; OS, overall survival; 

TRM, treatment related mortality; MPV, methotrexate, procarbazine, vincristine; HD-MTX, high-dose methotrexate; AraC, cytarabine; TT, thiotepa; MBVP, 

methotrexate, carmustine, etoposide, methyprednisolone; ifo, ifosfamide; ICE, ifosfamide, carboplatin, etoposide; VP16, etoposide; Bu, busulfan; BCNU, 

carmustine; BEAM, carmustine, etoposide, cytarabine, melphalan, LEED, cyclophosphamide, etoposide, melphalan, dexamathasone; BuCy, busulfan, 

cyclophosphamide; Cy, cyclophosphamide
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4  
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Online Figure 1   
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Online Figure 2  



25  

Legend to Figures 

 
Figure 1 Kaplan-Meier plot: Progression Free Survival from time of HDT-ASCT of all evaluable 

patients 

Figure 2 Kaplan-Meier plot: Overall Survival from time of HDT-ASCT of all patients 

Figure 3 Kaplan-Meier plot: Progression Free Survival and Overall Survival from time of HDT-ASCT 

for patients receiving HDT-ASCT during first-line therapy 

Figure 4 Kaplan-Meier plot: Progression Free Survival and Overall Survival from time of HDT-ASCT 

for patients receiving HDT-ASCT at second or later line of treatment 

Online Figure 1 Kaplan-Meier plot: Progression Free Survival from time of HDT-ASCT of all patients 

stratified by remission status before HDT-ASCT 

Online Figure 2 Kaplan-Meier plot: Overall Survival from time of HDT-ASCT of all patients stratified 

by remission status before HDT-ASCT 

 

 

 

   


