J Clin Exp Hematop
Vol. 56, No. 2, December 2016

Review Article

Autologous Hematopoietic Stem Cell Transplantation for
Diffuse Large B-Cell Lymphoma
Eisei Kondo
High-dose chemotherapy supported by autologous stem cell support/transplantation (HDT/ASCT) has been a standard of care
over the last two decades in patients with relapsed or refractory(R/R) diffuse large B-cell lymphoma (DLBCL), which is sensitive to salvage chemotherapy. HDT/ASCT for high-risk DLBCL in upfront setting remains controversial, so it is not recommended for clinical practice. Various promising salvage chemotherapy regimens have been reported in phase 2 studies; however, two large randomized phase 3 studies showed similar efficacy of R-ICE vs. R-DHAP and R-GDP vs. R-DHAP. Since the
registry data shows feasibility and efficacy of HDT/ASCT in elderly R/R DLBCL patients, older age (> 65 years) itself is not a
contraindication for HDT/ASCT. Rituximab maintenance failed to demonstrate a significant benefit compared with observation only after HDT/ASCT. While sensitive R/R DLBCL might be cured by HDT/ASCT even in third-line therapy, the prognosis of insensitive R/R DLBCL is extremely poor. Further study to establish treatment strategies for high-risk patients defined
by prognostic factors or biomarkers, and insensitive patients is warranted. 〔J Clin Exp Hematop 56(2):100-108, 2016〕
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for both elderly and young patients.1,4 Five-year overall survival (OS) was improved from about 50% with chemotherapy alone3,5 to 75-80% with R-containing chemotherapy.5,6
Therefore, the rate of primary refractory and relapsed
patients was reduced to 4% and 10-20%, respectively.1 As
prognosis of DLBCL patients in whom R-CHOP failed has
been reported to be worse than prognosis of those who failed
to CHOP alone,5,7 it is difficult to improve the response rate
of salvage chemotherapy in the R-era. In the randomized
phase 3 trial for untreated high-risk DLBCL, the benefit of
HDT/ASCT at up-front setting was shown in progression free
survival, but not in overall survival.8 HDT/ASCT as consolidation therapy in first-line treatment for DLBCL is therefore
not generally recommended at present. In this review, I
describe recent research and advances in the treatment strategy of R/R DLBCL patients eligible for HDT/ASCT.

INTRODUCTION
Patients with relapsed or refractory (R/R) diffuse large
B-cell lymphoma (DLBCL) have a poor outlook with a life
expectancy of 3 to 4 months if left untreated.1 Based on the
PARMA study published in 1995, high-dose chemotherapy
followed by autologous stem cell transplantation/support
(HDT/ASCT) has been the standard of care in R/R DLBCL
patients who achieved complete remission (CR) or partial
response (PR) after salvage chemotherapy (Fig. 1).2 At that
time, 10% of DLBCL patients were refractory with first-line
chemotherapy, and 30-40% of DLBCL patients who
responded to first-line chemotherapy relapsed in the prerituximab era, 3 meaning that half of DLBCL patients proceeded to salvage chemotherapy.
The addition of rituximab (R) to the first-line treatment
(rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisolone [CHOP] or CHOP-like chemotherapy) for
DLBCL has resulted in a marked improvement in outcome

SALVAGE CHEMOTHERAPY REGIMENS
FOR R/R DLBCL
In the PARMA study,2 the salvage chemotherapy regimen
was DHAP (dexamethazone, high-dose cytarabine and cis
platin) with an overall response rate after 2 cycles of 52.7%.
The patients who were sensitive to the salvage chemotherapy
could proceed to HDT/ASCT if they did not meet ineligible
criteria. It is therefore prerequisite to increase the response
rate of salvage chemotherapy to improve the prognosis of
R/R DLBCL. Various chemotherapy regimens, such
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Fig. 1. Overall survival (left) and event-free survival (right) of patients in the transplantation and conventional-treatment groups in the
PARMA study. (Philip T, et al., Ref. 2)
Table 1. Outcome of salvage chemotherapy regimens for relapsed or refractory aggressive lymphoma patients in phase 2 studies
Regimen
DHAP
ICE

n
(DLBCL)
90
222 (176)

OS, %

PFS, %

Transplanted
(%)

Reference

ORR, %

CR, %

62

34

25 (2 y)

NA

NA

72

28

38 (5 y)

29 (5 y)

149 (67%)

24

9

R-ICE

28

71

25

72 (1 y)

60 (1 y)

19 (68%)

14

R-ICE

36 (36)

78

53

67 (2 y)

NA

25 (69%)

13

ESHAP

122 (46)

64

37

31 (3 y)

NA

NA

25

R-ESHAP

163 (163)

Re: 67

Re: 37

Re: 37 (3 y)

Re: 17 (3 y)

98 (60%)

10

Rn: 81

Rn: 56

Rn: 67 (3 y)

Rn: 57 (3 y)

MINE

44

73

41

52 (2 y)

38 (2 y)

35 (77%)

15

CHASER

32 (11)

67

53

39.3 mon

NA

19 (59%)

18

GDP

51 (40)

49

16

NA

NA

22/35 (63%)

19

GEMOX-R

32 (32)

43

34

41 (1 y)

29 (1 y)

NA

26

R-GEMOX

46 (36)

83

50

66 (2 y)

43 (3 y)

NA

21

Re, patients treated with rituximab in previous chemotherapy; Rn, patients not pretreated with rituximab; NA, not applicable; y, year;
DLBCL, diffuse large B-cell lymphoma; ORR, overall response rate; CR, complete response; OS, overall survival; PFS, progression-free survival; DHAP, dexamethazone, high-dose cytarabine, and cisplatin; ICE, ifosfamide, calboplatin, and etoposide; R-ICE, rituximab, ifosfamide,
calboplatin, and etoposide; ESHAP, etoposide, methylprednisolone, cytarabine, and cisplatin; R-ESHAP, rituximab, etoposide, methylprednisolone, cytarabine, and cisplatin; MINE, mesna, ifosfamide, mitoxantrone, and etoposide; CHASER, cyclophosphamide, high-dose cytarabine,
dexamethasone, and etoposide; GDP, gemcitabine, dexamethazone, and cisplatin; GEMOX-R, rituximab, gemcitabine and oxaliplatin;
R-GEMOX, rituximab, gemcitabine and oxaliplatin

as ESHAP (etoposide, methylprednisolone, cytarabine and
cisplatin),9-11 ICE (ifosfamide, calboplatin and etoposide),12-14
MINE (mesna, ifosfamide, mitoxantrone and etoposide), 15
IVAD (ifosfamide, etoposide, cytarabine, and dexamethasone),16,17 CHASE (cyclophosphamide, high-dose cytarabine,
dexamethasone and etoposide),18 and gemcitabine containing19-21 have been explored in phase 2 studies and retrospective studies (Table 1). These regimens seemed to be promising because the overall response rate (ORR) was favorable
compared with that of the DHAP regimen (52.7%) in the

PARMA study. Another important issue in salvage chemotherapy is the efficiency of hematopoietic stem cell mobilization. Even though granulocyte-colony-stimulating factor
after chemotherapy increased mobilization efficiency, mobilization failure (defined as the inability to collect two million
CD34+ cells/kg) occurred in 5-15%.22 Among these candidate regimens, the ICE regimen, with an ORR of 71-78% in
the phase 2 studies, 12-14 was chosen to compare with the
DHAP regimen in the multicenter phase III study (CORAL
study).23
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ression-free survival (PFS) (31% in R-ICE and 42% in
R-DHAP; p = 0.4) and the 3-year OS (47% in R-ICE and
51% in R-DHAP; p = 0.4). The superiority of the R-ICE
regimen was not confirmed in the phase III study.

RANDOMIZED PROSPECTIVE STUDIES OF
HDCT IN THE SALVAGE SETTING (1) CORAL
STUDY
The CORAL study23 was designed to evaluate the superiority of the R-ICE regimen with the R-DHAP regimen on the
primary endpoint of mobilization adjusted response rate
(MARR). The MARR is the composite endpoint of ORR mobilization failure, meaning the rate of patients who are
able to proceed to HDT/ASCT. The MARR was estimated
to be 60% (75% ORR - 15% mobilization failure) for R-ICE
and 45% (65% ORR - 20% mobilization failure) for the corresponding regimen, R-DHAP. In total, 396 R/R aggressive
CD20 + B-cell non-Hodgkin lymphoma (NHL), including
DLBCL, patients were randomized to receive R-ICE or
R-DHAP (Table 2). The ORR was similar for the R-ICE
arm and the R-DHAP arm at 63.5% (95% confidence interval
[CI], 56.8% to 70.7%) and 62.8% (95% CI, 55.6% to 69.7%),
respectively. As 20 patients (10%) in the R-ICE arm and 15
patients (8%) in the R-DHAP arm failed to mobilize two million CD34+ cells/kg, the MARR was not significantly different (52.3% vs. 54.5%) (Table 3). There was no significant
difference in the 3-year event-free survival (EFS) (26% in
R-ICE and 35% in R-DHAP; p = 0.6), the 3-year prog-

RANDOMIZED PROSPECTIVE STUDIES OF
HDCT IN THE SALVAGE SETTING (2) NCICCTG LY.12 STUDY
The NCIC-CTG LY.12 study27 was planned to prove the
non-inferiority of the GDP (gemcitabine, dexamethasone and
cisplatin) regimen compared with the DHAP regimen, which
was a different approach from the CORAL study. The GDP
regimen has been developed as a salvage treatment for
Hodgkin lymphoma and NHL, and the phase 2 study of GDP
for R/R DLBCL patients revealed a 49% ORR (16% of CR)
with low hematological toxicities.19 In addition to response
rate by arm after two cycles of treatment as the primary endpoint, not only OS, EFS and toxicities, but also quality of life
and economic analysis, e.g. requirement of hospitalization,
were analyzed. Of 619 enrolled R/R aggressive NHL
patients in the LY.12 study, 67.7% were DLBCL (Table 2).
For the intention-to-treat population, the response rate with
GDP was 45.2% and with DHAP the response rate was

Table 2. Comparison of characteristics in the CORAL study and NCIC CTG LY.12 study
CORAL STUDY23

NCIC CTG LY.12 STUDY27

Salvage regimen

(R-)ICE vs. (R-)DHAP

(R-)GDP vs (R-)DHAP

Patients number

396 (ICE 202, DHAP 194)

619 (GDP 319, DHAP 309)

Disease

R/R aggressive CD20 B-cell NHL including DLBCL

R/R aggressive lymphoma including DLBCL

Study design

Superiority trial

Non-inferiority trial

First randomization

R-ICE vs R-DHAP

R-GDP vs. R-DHAP

Second randomization

R maintenance after HDT/ASCT

R maintenance after HDT/ASCT

HDT regimen

BEAM

Not defined (mandated by institutional policy)

Primary endpoint

Mobilization-adjusted response rate

Response rate by arm after two cycles of
treatment

Age (y), median (range)

55 (19-65)

55.5 (19-74)*

Ann Arbor stage III-IV

240

285 (66%)*

Elevated LDH

198

188 (44%)*

Prior rituximab

244

325 (76%)*

Relapse < 12 mon, refractory relapse ≥ 12 mon

215

180, 133*

244

116*

419 (GDP 216, DHAP 203)*
+

*; diffuse large B-cell lymphoma subset28
HDT, high-dose chemotherapy; LDH, lactate dehydrogenase; R-ICE, rituximab, ifosfamide, calboplatin, and etoposide; R-DHAP, rituximab,
dexamethazone, high-dose cytarabine, and cisplatin; R/R, relapsed or refractory; NHL, non-Hodgkin lymphoma; DLBCL, diffuse large B-cell
lymphoma; HDT/ASCT, high-dose chemotherapy supported by autologous stem cell support/transplantation; BEAM, BCNU, etoposide,
cyclophosphamide, and melphalan; R-GDP, rituximab, gemcitabine, dexamethazone, and cisplatin
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Table 3. Outcome in the CORAL study23 and NCIC CTG LY.12 study27,28

CORAL

PBSC mobilization
failure (%)

HDT/ ASCT
rate (%)

EFS
(3-year)

OS
(3- year)

N

ORR (%)

CR (+ CRu)

PR (%)

R-ICE

197

125 (63)

72 (36)

53 (27)

20 (10)

101 (51)

26%

47%

R-DHAP

191

120 (63)

75 (40)

45 (24)

15 (8)

105 (55)

35%

51%

p = 0.6

p = 0.4

27% (4-year)

41% (4-year)

NCIC LY.12

R-GDP

220

103 (47)

(DLBCL subset)

R-DHAP

209

92 (44)

32/252 (13)

118 (54)
106 (51)

ORR, overall response rate; CR, complete response; CRu, complete remission uncertain; PR, partial response; PBSC, peripheral blood stem
cell; ASCT, autologous stem cell support/transplantation; EFS, event-free survival; OS, overall survival; R-ICE, rituximab, ifosfamide, calboplatin, and etoposide; R-DHAP, rituximab, dexamethazone, high-dose cytarabine, and cisplatin; R-GDP, rituximab, gemcitabine, dexamethazone, and cisplatin

respectively. Survival was better in patients who underwent
HDT/ASCT (n = 224, 4-year OS 63%, and EFS 46%). The
GDP regimen was non-inferior with respect to response rate
to the DHAP regimen, and showed similar results for rates of
transplantation and event-free survival. In addition, GDP
resulted in less toxicity and was highly cost effective compared with DHAP.

CONDITIONING REGIMENS OF HDT/ASCT
The most common high-dose chemotherapy regimen used
is the BEAM regimen (BCNU, etoposide, cyclophosphamide, and melphalan); however, no randomized data is available to demonstrate superiority of the BEAM regimen. The
Center for International BMT Research (CIBMTR) has
recently analyzed HDT regimens prior to ASCT in a total of
4917 lymphoma patients.29 In DLBCL, BEAM, CBV (cyclophosphamide, BCNU, and etoposide), BuCy (busulfan and
cyclophosphamide) and total body irradiation-containing regimens were conducted in 735, 662, 279 and 161 patients,
respectively. The CBV regimen was subdivided into CBVlow
(app. 300 mg/m2 of BCNU; n = 472) and CBVhigh (app. 450
mg/m 2 of BCNU; n = 190). The incidence of treatment
related mortality (TRM) at 1 year was 4-8%, and was not significantly different for each regimen. There was no significant difference in PFS or progression/relapse rate at 3 years
among these groups. OS at 3 years was also comparable for
BEAM (58%), CBV low (55%), BuCy (52%) and the total
body irradiation-containing regimen (47%), but not for
CBVhigh (42%) (Fig. 2). The incidence of idiopathic pneumonia syndrome, a fatal toxicity of HDT, was significantly
higher in CBVhigh, demonstrating that CBVhigh was associated
with a higher mortality than BEAM (hazard ratio, 1.44, p =
0.001) in DLBCL.
In countries and regions where BCNU is not available,
various alternative HDT regimens are used. MCEC
(MCNU, carboplatin, etoposide, cyclophosphamide),30 LEED
( L - PA M , e t o p o s i d e , c y c l o p h o s p h a m i d e , a n d d e x a -

Fig. 2. Adjusted probability of overall survival after high-dose chemotherapy supported by autologous stem cell support/transplantation for diffuse large B-cell lymphoma according to conditioning
regimen. (Chen YB, et al., Ref. 29)
BEAM, BCNU, etoposide, cyclophosphamide, and melphalan;
CBV, cyclophosphamide, BCNU, and etoposide; BuCy, busulfan
and cyclophosphamide; TBI, total body irradiation

44.0% (95% CI for difference, -9.0% to 6.7%). The onesided 95.6% upper confidence bound for each response rate
was 5.7%, which did not exceed the pre-specified non-inferiority margin 10% (p = 0.005), meaning that the non-inferiority of GDP regimen was established. There was no significant difference in the mobilization efficiency of peripheral
hematopoietic stem cells (87.9% with GDP vs. 82.2% with
DHAP, p = 0.14) and transplantation rate (52.1% with GDP
vs. 49.3% with DHAP, p = 0.44). Patients receiving GDP
experienced less grade 3/4 toxicity (47% vs. 61%), including
febrile neutropenia (9% vs. 23%), platelet transfusion during
the first two treatment cycles (18% vs. 32%) and adverse
events requiring hospitalization (18% vs. 30%).
In the DLBCL subset (n = 429), 28 the response rate of
both arms were similar (GDP 47% (103/220 patients) vs.
DHAP 44% (92/209 patients) (Table 3). The 4-year OS and
EFS in the total DLBCL group were 41% and 27%,
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methazone)31 and MEAM (BEAM modified regimen using
MCNU) 32 are common HDT regimens in Japan, and the
LEAM (BEAM modified using CCNU) 33 regimen was
reported from India.
In an attempt to reduce the risk of common toxicity in
HDT, e.g. lung injury, bendamustine instead of BCNU, with
Etoposide, Cytarabine, Melphalan (BeEAM) has been developed in a phase 1-2 study. 34 In forty-three patients with
resistant/relapsed NHL (n = 28) or Hodgkin lymphoma (n =
15) 14 patients (33%) were in second or further CR, 22
patients (51%) were in partial response and 7 patients (16%)
did not respond to the salvage chemotherapy. After a
median follow-up of 18 months from transplantation, the outcome was good, as 35 patients (81%) are alive and diseasefree. The TRM within 100 days was, of note, 0%. The
BeEAM regimen is currently being tested in a Phase 3 study
with the BEAM regimen.
Addition of radioactive conjugated anti-CD20 antibody to
the HDT regimen is another approach to improving the outcome in R/R DLBCL. In a phase 3 study with either
iodine-131 tositumomab plus BEAM (B-BEAM) or BEAM
regimen in 224 patients with R/R DLBCL, there was no significant difference between 2 year PFS (48.6% vs. 47.9%)
and 2-year OS (65.6% vs. 61%) for BEAM and B-BEAM,
respectively. The TRM within 100 days was similar in
BEAM (4.1%) and B-BEAM (4.9%).35 In meta-analysis of
ten studies with BEAM, including Yttrium-90-ibritumomab
tiuxetan (Z-BEAM), the 2-year OS and PFS were 84.5% (n =
328) and 67.2% (n = 285), respectively. Moreover, the TRM
rate was 6.3% and the incidence rate of myelodysplastic syndrome was 2.5%. 36 The meta-analysis concluded that
Z-BEAM is safe and effective as a conditioning regimen in
relapsed/refractory DLBCL.36

histologic material of 249 out of 396 patients in the CORAL
study, the patient data were analyzed by immunochemistry
for CD10, BCL6, MUM1, FOXP1, and BCL2 expression,
and fluorescent in situ hybridization for BCL2, BCL6 and
c-MYC breakpoints. Hans algorithm was applied to classify
DLBCL into germinal center B-cell (GCB) and non-GCB
subtypes.40 By univariate analysis, MYC (8q24) gene rearrangement was the parameter to be correlated with a worse
PFS (p = 0.02) and a worse OS (p = 0.04). Interestingly,
patients with GCB DLBCL who were treated with R-DHAP
had a better PFS than patients with non-GCB DLBCL (3-year
PFS, 52% vs. 32%, respectively; p = 0.01). In patients
treated with R-ICE, there was no difference between patients
with GCB and non-GCB (3-year-PFS, 31% vs. 27%, respectively; p = 0.8). Multivariate analysis has shown an independent prognostic impact of the following parameters on
PFS: GCB/non-GCB Hans phenotype interaction with treatment (p = 0.04), prior rituximab exposure (p = 0.0052), saaIPI (p = 0.039), and FoxP1 expression (p = 0.047). The
patients with GCB R/R DLBCL as classified by Hans algorithm seemed to benefit from the R-DHAP regimen. In
interim analysis of an ongoing phase 2 study for R/R DLBCL
(n = 20), all 8 patients in early relapse (primary refractory or
relapse within 1 year after initial diagnosis) did not achieve
CR or PR, and therefore could not proceed to HDT/ASCT. 41
A retrospective study has shown double-expressor lymphoma, which overexpresses MYC and BCL2 protein, and a
known prognostic factor in untreated DLBCL, was also associated with poorer overall survival in R/R DLBCL.42 New
treatment strategies, e.g. allogeneic HSCT, molecular targeted agent combination therapy seems to be warranted for
these high-risk R/R DLBCL patients.

RITUXIMAB MAINTENANCE AFTER HDT/ASCT

PROGNOSTIC FACTORS OF HDT/ASCT

In both phase III studies, CORAL and LY.12, patients
who received HDT/ASCT were again randomized for either
R maintenance or observation. In the CORAL study, 122
patients received rituximab every 2 months for one year after
HDT/ASCT, and 120 patients were left for observation.38 At
a median follow-up of 44 months, the 4-year EFS after HDT/
ASCT was 52% and 53% for the rituximab and observation
groups, respectively. There was also no significant improvement of PFS (52% vs. 53%) or OS (61% vs. 65%) at four
years in the R maintenance group. The factors affecting EFS
after HDT/ASCT were early relapse (46% for relapsed disease within 12 months vs. 56% for relapsed disease after 12
months), high saaIPI (37% vs. 61%), prior treatment with
rituximab (47% vs. 59%) and male sex (46% vs. 63%). In
the multivariate analyses of PFS, saaIPI (p < 0.001) and male
sex (p = 0.01) remained significant prognostic factors.
Toxicity was increased by 15% and serious adverse events were
reported in the rituximab arm after day 100, the majority of

In the PARMA study, International Prognositc Index (IPI)
at relapse37 and early relapse (relapse within 12 months from
diagnosis) 37 were identified as prognostic factors of R/R
aggressive lymphoma patients who underwent HDT/ASCT.
Of note, both prognostic factors were again identified in the
CORAL study. In multivariate analysis, ORR, 3-year EFS
and 3-year OS were affected by early relapse (ORR, 46% vs.
88%, p < 0.001; 3-year EFS, 20% vs. 45%, p < 0.001; 3-year
OS, 39% vs. 64%, p < 0.001), high secondary age adjusted
IPI (saaIPI) (ORR, 52% vs. 71%, p < 0.001; 3-year EFS,
18% vs. 40%, p < 0.001; 3-year OS, 32% vs. 62%, p < 0.001)
and prior rituximab (ORR, 51% vs. 83%, p < 0.001; 3-year
EFS, 21% vs. 47%, p < 0.001; 3-year OS, 40% vs. 66%, p <
0.01).38
In an attempt to understand the biologic basis for the outcomes of R/R DLBCL patients, biomarkers were analyzed as
a subsequent analysis of the CORAL study. 39 Using
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which were infections. Interestingly, the difference in survival between female and male was observed only in the R
maintenance arm.
The survival advantage of female sex in R maintenance
has been repeatedly reported in the study for follicular lymphoma43,44 and DLBCL in first line,45,46 and is explainable by
slower clearance of rituximab in females than in males.47
In the second randomization of the LY.12 study, the R/R
CD20-positive aggressive lymphoma patients after HDT/
ASCT were assigned to rituximab 375 mg/m2 every 2 months
for 6 doses (n = 115), or observation (n = 115). Seventeen %
of the patients had transformed from previous indolent lymphoma. After a median follow-up of 63 months, 2 year EFS
was 64% for the R maintenance group vs. 51% for the observation group (p = 0.11) and there was also no difference in
4-year OS (R 69% vs. observation 68%). In multivariable
analysis, age > 60 was significantly associated with EFS.
Grade 3-4 neutropenia, Grade 3-4 thrombocytopenia and
febrile neutropenia was observed more frequently with R
maintenance.27

Fig. 3. Overall survival from time of treatment failure to CORAL
induction according to transplantation performed (yes, n = 64
patients; no, n = 129 patients).
(Van den Neste, et al., Ref. 48)

ELIGIBILITY AGE
Age has been thought to be a factor for eligibility of
HDT/ASCT. The upper age limit for the PARMA study and
the CORAL study was 60 and 65 years, respectively, and
sensitive R/R DLBCL patients over 65 years will not always
proceed to HDT/ASCT in practice. It was therefore unclear
whether elderly patients could be treated with HDT/ASCT.
In the European Blood and Marrow Transplantation registry data, HDT/ASCT treated DLBCL patients who were ≥
60 years (n = 463) were compared with younger patients (<
60 years; n = 2,149).49 Non-relapse mortality was higher in
elderly patients at 100 days (4.4% vs. 2.8%, p = 0.002), and
PFS (51% vs. 62%, p < 0.001) and OS (60% vs. 70%, p <
0.001) at 3 years were significantly poorer for elderly
patients. Similar findings were reported from the registry of
Japanese Society of Hematopoietic Cell Transplantation. 50
In a total of 484 R/R DLBCL patients aged 60 years or older,
who underwent HDT/ASCT, the two-year OS of patients
ages 60 to 64, 65 to 69, and 70 years or older was 64.6%,
50.6% and 45.7%, respectively, and was significantly better
in patients ages 60 to 64 years (p = 0.01) (Fig. 4) The outcome of HDT/ASCT in elderly R/R DLBCL patients is not as
good as in younger patients; however, HDT/ASCT is feasible
and effective in selected elderly patients, taking the overall
poorer outcome of elderly R/R DLBCL patients into account.
Older age (> 65 years), in and of itself, is not a contraindication for autologous SCT as long as the other SCT eligibility
criteria are met.51

INSENSITIVE R/R DLBCL PATIENTS TO
SALVAGE CHEMOTHERAPY
There is no standard treatment strategy for R/R DLBCL
patients not responding to salvage chemotherapy, as the data
is very limited. Van Den Neste et al. recently reported follow-up data in 145 patients who failed to proceed to HDT/
ASCT in the CORAL study. 48 In the study, the third-line
treatment conducted was ICE-type (19%), DHAP-type
(19%), gemcitabine-containing (16%), CHOP-like (8%),
dexaBEAM (8%), and miscellaneous (31%) regimens with or
without rituximab. ORR was 43%, with 29% CR/complete
remission uncertain (CRu) and 14% PR. CR/CRu and PR
among patients treated with ICE-type, DHAP-type, gemcitabine-containing, or CHOP-like regimens were 23 and
23%, 35 and 8%, 9 and 4%, 25 and 25%, respectively.
Among the 145 patients, 56 patients proceeded to HDT/
ASCT and 8 patients were treated by allogeneic hematopoietic stem cell transplantation. At median follow-up of 32.8
months, median OS, calculated from the time of second failure until death, was 5.9 months, and was not influenced by
the type of the third-line regimen (p = 0.49). Median OS
was 11.1 months in patients who were eventually underwent
transplantation compared with 3.3 months in those who were
not (p < 0.0001) (Fig. 3), corresponding to a 2-year OS of
33.9% and 9.3%, respectively. HDT/ASCT is thought to
have a role in in-sensitive R/R DLBCL to salvage chemotherapy, if it is sensitive to the third line treatment.

CONCLUSION
While HDT/ASCT is still the standard of care for sensitive R/R DLBCL in the R-era, only half of R/R DLBCL
patients are able to proceed to HDT/ASCT. To improve the
outcome of R/R DLBCL, it is essential to identify high-risk
patients by prognostic factors and biomarkers, and establish
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Fig. 4. Overall survival by age group (left) and overall survival by response status (right) at transplantation. (Chihara D, et al., Ref. 50)
CR, complete response; PR, partial response
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