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Summary

The evolution of combination chemotherapy regimens, com-

bined with improvements in supportive care, has incrementally

improved survival outcomes for patients with non-Hodgkin’s

lymphomas (NHL). Although 40–60% of younger patients

with diffuse large cell lymphoma can now expect to be cured,

significant numbers will either fail to achieve a remission or

relapse after attaining a remission. In addition, certain

histological subtypes are associated with particularly poor

prognoses with combination chemotherapy alone (e.g. mantle

cell lymphoma, B-cell prolymphocytic leukaemia). Relatively

few of these patients can achieve long-term responses. Other

NHL subtypes, whilst associated with more favourable prog-

noses in terms of overall survival, are rarely, if ever, cured (e.g.

most low grade NHL including follicular lymphoma, chronic

lymphocytic leukaemia and small lymphocytic lymphoma).

For these reasons dose escalation and allogeneic transplanta-

tion have been investigated as potential ways of improving

outcome, although this has mainly been in the setting of

advanced disease. Any possible benefits have frequently been

out-weighed by procedural morbidity and mortality. The

parallel development of transplantation approaches that limit

procedural toxicity along with advances in supportive care

require that the role of allogeneic haematopoietic stem cell

transplantation in the management of lymphoma be

re-evaluated.
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Rationale for allogeneic transplantation

The central themes that form the rationale behind the

development and application of allogeneic transplantation

approaches are that:

1 Tumours show a dose–response relationship to chemother-

apy and that the escalation of the latter is limited by

collateral organ damage, in particular by toxicity to the stem

cell compartment.

2 An allogeneic stem cell source provides a pluripotent

progenitor pool that is free of tumour contamination.

3 Donor-derived immune cells are potentially capable of

mediating graft-versus-tumour (GvT) effects, either specifi-

cally or as part of an alloreactive phenomenon.

Proof of principle for the first of these is provided for a

number of lymphomas by the success of high dose therapies

with autologous stem cell rescue. These approaches allow

successful long-term salvage of 40–50% of selected patients

with relapsed diffuse large B-cell lymphoma (DLBCL). As long

as procedure-related mortality can be kept low, reduced

relapse rates can be translated into better overall (OS) and

disease-free survival (DFS) rates compared with conventional

chemotherapy, as demonstrated in a number of prospective

randomized studies (Philip et al, 1995; Schouten et al, 2003).

A common finding from these studies is that results are better

in those patients whose disease remains chemo-sensitive prior

to autologous transplantation. The benefits in chemo-refract-

ory cases, particularly with modern induction and salvage

therapies, are minimal and any prolongation of disease control

is usually offset by procedural toxicity. Thus disease status and

chemo-sensitivity at the time of transplantation are important

factors to consider when evaluating allogeneic transplantation

series.

Evidence that provision of a stem cell source that is free

from tumour contamination may also contribute to outcome

by reducing disease relapse comes from a number of sources.

Studies incorporating purging strategies that aim to reduce or

eliminate tumour contamination of autologous grafts have

given contradictory results (Williams et al, 1996; Freedman

et al, 1999; van Besien et al, 2003; Schouten et al, 2003). A

recent analysis of patients receiving syngeneic grafts led to the

suggestion that the major component of any benefit con-

ferred by allografting results directly from the lack of tumour

contamination of these grafts (Bierman et al, 2003). The

reduced risk of relapse in allogeneic compared with auto-

logous transplant recipients, as detailed in many other studies

and often equated with a graft-versus-malignancy effect
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(Jones et al, 1991; Ratanatharathorn et al, 1994; Schimmer

et al, 2000; Peniket et al, 2003), was confirmed. However, no

significant differences in relapse rates were observed when

results of allogeneic transplantation (n ¼ 893) were com-

pared with syngeneic transplantation (n ¼ 89) for any

histological subtype of non-Hodgkin’s lymphoma (NHL),

and T-cell depletion (TCD) of allografts was not associated

with a higher risk of relapse. The analyses also failed to show

a lower relapse rate in patients who developed graft-versus-

host disease (GvHD). All of these factors have historically

been acknowledged as indirect surrogate markers for poten-

tial graft-versus-malignancy activity, as first suggested for

chronic myeloid leukaemia. Interpretation is complicated by

the heterogeneity in disease histology and lack of information

on other characteristics that might influence transplant

outcomes, such as disease chemo-sensitivity (unknown or

untested in >50% of allograft recipients). Inclusion of

more poor-prognosis chemo-resistant cases could potentially

obscure any beneficial immune-mediated effect of allogeneic

transplantation.

More direct evidence of clinically relevant graft-versus-

malignancy activity in haematological neoplasms has come

from the demonstration of tumour regression after withdrawal

of immune suppression or the infusion of donor lymphocytes

(DLI) following allogeneic transplantation. However, data

specifically addressing the efficacy of these approaches accord-

ing to lymphoma subtype are relatively scarce (Table I).

Although the precise mechanisms behind the decrease in

relapse rates remain unknown, it is this feature that fuels

allogeneic transplantation programmes. The mechanisms are,

however, of some relevance to the evolution of transplantation

strategies. The recognition that GvT activity may be important

in some haematological malignancies has resulted in the

development of preparative regimens that are less myelosup-

pressive but more immunosuppressive, often incorporating

fludarabine. The latter ensures reliable engraftment rates,

whilst the former potentially reduces transplant-related mor-

tality (TRM). This allows application to a broader patient

group, including those who have previously undergone

autologous transplantation. Since these approaches result in

less direct anti-tumour activity, they may be less effective in the

more aggressive malignancies. They have evolved within a

spectrum varying in the intensity of conditioning (cytoreduc-

tive capacity) and immunosuppressive activity. Some are truly

non-myeloablative, whilst others would fulfil criteria for a

conventional myeloablative regimen. Most reduced intensity

protocols can be assigned to one of two basic strategies. The

first uses moderate conditioning with low-dose total body

irradiation (TBI) or relatively modest combinations of purine

analogues and alkylating agents without TCD, and the second

Table I. DLI responses.

Disease Reference Number Responses Duration Comments

LG-unspecified Morris et al (2004) 9 7 (CR or PR) Not stated Three treated for MRD; one ‘transient’; includes CLL

FL Mandigers et al (2003) 4 3 (3 CR) 43–89+ Months

Marks et al (2002) 13 8 (8 CR) 21–39+ Months Prior anti-tumour therapy in an undisclosed number

Bernard et al (1999) 1 1 (CR) 24+ Months

SLL Mandigers et al (2003) 2 2 (1 CR, 1 PR) 17–49+ Months

Bernard et al (1999) 1 1 (1 PR) Transient

CLL Schetelig et al (2003) 6 1 (CR) 26+ Months

Khouri et al (2004a)) 7 6 (4 CR, 2 PR) Not stated 5 (3 CR, 2 PR) also received rituximab

Rondon et al (1996) 1 1 (CR)

Toze et al (2000) 1 0

Ritgen et al (2004)* 3 2 (Molecular CR) Not stated Unmutated VH gene, treated for MRD

Marks et al (2002) 7 1 (PR) Not stated

Dreger et al (2003) 12 4 (3 CR, 1 PR) Median 8 months

PLL van Besien et al (1997) 1 0

Peggs et al (2004) 1 0 B-PLL

Marks et al (2002) 1 1 (CR) 23+ Months T-PLL

MCL Khouri et al (2003) 2 1 (CR) 45+ Months

Morris et al (2004) 2 1 Not stated

Adkins et al (1998) 1 0

Corradini et al (2002) 1 0

DLCL Collins et al (1997) 6 0 Reported no significant sustained responses

van Besien et al (1997) 2 0

Branson et al (2002) 3 0 Histology reported as ‘high grade’

PTCL Corradini et al (2004) 3 2 (1 CR, 1 PR) Not stated

*These cases may have also been reported in the study by Dreger et al (2003).

LG, low grade; FL, follicular lymphoma; SLL, small lymphocytic lymphoma; CLL, chronic lymphocytic leukaemia; PLL, pro-lymphocytic leukaemia;

MCL, mantle cell lymphoma; DLCL, diffuse large cell lymphoma; PTCL, peripheral T-cell lymphoma.
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combines more intensive doses of melphalan or busulphan

with in vivo TCD [with either anti-thymocyte globulin (ATG)

or alemtuzumab]. Currently, the reduced incidence of GvHD

and its associated TRM achieved with the latter seems to

balance the increased infective complications and relapse rates

documented with TCD (Perez-Simon et al, 2002). Whether the

judicious use of DLI can tip the balance in favour of TCD

approaches remains unclear (Peggs et al, 2004). Current

applications of DLI incur the development of GvHD, which

may balance the morbidity of that associated with non-TCD

approaches. The importance of a direct role of serotherapy in

anti-tumour responses (e.g. alemtuzumab in the low grade

CD52-expressing malignancies) also remains unclear.

Differences in outcome according to histology are likely to

occur and these will probably vary between protocols relating

to intensity and whether or not TCD is incorporated. Advances

in our understanding of the histological subtypes of lymphoma

complicate interpretation of the published literature detailing

results of allogeneic stem cell transplantation for lymphoma.

Based on an advancing use of molecular diagnostics we are

now able to define lymphomas at an increasingly complex level

according to the cell lineage and stage of cell development.

This has led to an increased understanding of the response and

relapse characteristics of distinct disease entities. One of the

immediate effects of the evolution of lymphoma classification

systems is that interpretation of historical transplant series in

which lymphoma may have been categorized according to

histological grade (Kiel classification) or clinical aggressiveness

(International Working Formulation) becomes more challen-

ging. In addition, the parallel refinement and development of

non-transplant options provides an ever-changing standard of

care by which to judge allogeneic transplantation outcomes.

The aim of this review is to critically evaluate available

evidence for the current position of allogeneic transplantation

in the management of patients with lymphoma. In cases where

series have been updated and expanded an attempt has been

made only to reference the more recent data in order to

prevent dual reporting of patients from the earlier cohorts.

Studies that were not analysed according to histological

subtype have largely been excluded.

Disease-specific outcomes

Follicular and small lymphocytic lymphomas

Whilst it is now recognized that small lymphocytic lymphoma

(SLL) is biologically more akin to chronic lymphocytic

leukaemia (CLL) than follicular lymphoma (FL), the majority

of published transplant series have included SLL cases with the

FL group, whilst larger series of CLL have been reported

separately. Thus for the purpose of this review of clinical

outcomes we have similarly divided the discussion of disease

entities along these lines. The relatively long survival of

patients with indolent low-grade lymphomas with conven-

tional treatment, combined with the older age at diagnosis has

limited the number of allogeneic transplants performed in

these conditions. Advances in non-transplant therapies, such

as the development of rituximab have continued to limit their

application. However, younger patients with recurrent ad-

vanced stage disease have relatively poor prognoses (median

4–5 years) and these have been the focus of allogeneic series.

Conventional allogeneic transplantation. A group of 26 patients

with a median age of 42 years transplanted for low grade

lymphoma [16 FL, two SLL, seven CLL, one prolymphocytic

lymphoma (PLL)] between 1985 and 1998 was reported from

British Columbia (Toze et al, 2000). Eleven had chemo-

resistant disease at the time of transplantation, and 11 had

previously received fludarabine. The majority (n ¼ 23)

underwent TBI-based conditioning. The donor source was

human leucocyte antigen (HLA)-matched sibling in 19,

matched unrelated in six and syngeneic in one. Actuarial

TRM was 30% at 2 years. With a median follow-up of

2Æ4 years, the OS and event-free survival (EFS) were 58 and

54% respectively (with no significant differences between the

patients with FL/SLL and those with CLL). No disease

recurrences occurred after the first year. A group of 24

patients (median age 44 years) with FL undergoing T-cell

replete allogeneic haematopoietic stem cell transplantation

(HSCT), mainly from sibling (n ¼ 23) donors, achieved an OS

and progression-free survival (PFS) of 78% with a median of

2Æ3 years follow-up (Forrest et al, 2002). TRM was 21% at

2 years. The majority (n ¼ 22) received busulphan-based

conditioning. Only one was chemo-resistant at the time of

transplantation.

Similar results were achieved with a T-cell depleted TBI-

based protocol using HLA-matched sibling donors in 15

patients with poor-risk low-grade NHL (defined as relapse

within 12 months after or progression during prior treatment)

(Mandigers et al, 1998). Thirteen had FL and two had SLL.

The median patient age was 47 years. At a median follow-up of

3 years, 10 patients were alive and in complete remission (CR).

Two of them had relapsed after bone marrow transplantation

(BMT) but re-entered CR following DLI. Five patients died

from non-relapse causes.

Comparison with autologous transplantation. Twenty-eight

patients undergoing TBI-based HSCT were included in a

comparative single institution study (Verdonck et al, 1997).

Eighteen underwent autologous and 10 patients allogeneic

transplantation. All of the former were chemo-sensitive at the

time of transplantation, whilst seven of the latter were chemo-

resistant. In addition, all of the allogeneic transplant recipients

had overt lymphoma infiltration of the bone marrow at the

time of transplantation. All allogeneic transplant recipients

achieved CR, three patients had a treatment-related death, and

seven patients were alive and disease-free with a median

follow-up of 41 months. In contrast, none of the autologous

transplant recipients died of transplant-related complications.

However, despite the fact that all autologous BMT patients had
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chemo-sensitive disease only three of 18 patients remained

alive and disease-free. The probability of relapse or disease-

progression among allogeneic transplant patients was 0%

compared with 83% for autologous transplant patients

(P ¼ 0Æ002). PFS rates at 2 years were 68% for allogeneic

transplant patients and 22% for autologous transplant patients

(P ¼ 0Æ049).

A study from the International Bone Transplant Registry/

Autologous Blood and Marrow Transplant Registry (IBMTR/

ABMTR) compared outcomes in 176 patients with FL who had

undergone HLA-identical sibling allogeneic HSCT with 728

(131 purged, 597 unpurged) who had undergone autologous

HSCT (van Besien et al, 2003). All allograft procedures

followed conditioning with conventional ablative regimens.

Five-year OS rates were not significantly different between

allogeneic (51%) and autologous (62% purged, 55% un-

purged) cases. Although a higher TRM was documented in the

allogeneic group (30% allogeneic versus 14% in the purged and

8% in the unpurged autologous transplants) resulting in an

inferior early outcome, the reduced relapse rate in this group

resulted in an apparently superior 5-year DFS (45% vs. 39% in

the purged and 31% in the unpurged autologous group).

Neither acute nor chronic GvHD appeared to significantly

reduce the relapse risk in the allogeneic HSCT group. The lack

of late recurrences in the allogeneic group (only 2% beyond

1 year) and apparent plateau on the survival curves supports

the premise that allogeneic HSCT offers the potential of cure.

Year of transplant was found to significantly influence OS in

the allogeneic cohort. In the most recent cohort (transplanted

1997–99, n ¼ 52) the 2-year OS was approximately 70%. It is

important to recognize that this is a better comparator to other

treatment modalities than more historical data. Age over

40 years was found to be an independent predictor of adverse

outcome.

A European Bone Marrow Transplant Group (EMBT)

comparative study including 231 allograft recipients with low

grade histology (not further specified), matched 1–3 with

autologous transplant patients, reported a similar 4-year PFS

of 42Æ7% (Peniket et al, 2003). At the time of transplantation

20% of the allograft recipients had chemo-resistant disease.

There was no significant difference in PFS between the

allogeneic and autologous cohorts, although the relapse rate

was again lower in the allogeneic group with survival curves

more suggestive of a plateau than those displayed for the

autologous transplant patients.

Reduced intensity transplantation. Twenty patients with either

FL or SLL undergoing reduced intensity transplantation with a

regimen combining fludarabine with cyclophosphamide were

reported to have a 2-year actuarial DFS of 84% (Khouri et al,

2001). All were chemo-sensitive at the time of transplant (12

CR). Nine received rituximab in addition to the other agents.

The rates of acute grade II-IV GvHD were relatively low (20%)

with tacrolimus/methotrexate GvHD prophylaxis but the

cumulative incidence of chronic GvHD was high (64%). The

results appear initially very promising but the limited follow-

up (median 21 months), chemo-sensitive nature of this

cohort, and relatively indolent nature of the disease in this

selected patient group warrant that further follow-up is needed

to confirm the promise of this approach.

A series including 28 patients with low-grade NHL (histol-

ogy unspecified) receiving a more intensive BEAM [BCNU

(carmustine), etoposide, cytarabine, melphalan]-alemtuzumab

preparative regimen revealed similarly encouraging results

(Faulkner et al, 2004). The cohort included five patients with

transformed disease. Disease status at transplantation was not

available specifically for this group. OS at 3 years can be

estimated at 70% from the survival curves. Other survival data

are only available for the entire cohort of 65 patients with

lymphoproliferative disorders. The 12-month actuarial TRM

was 8% in those not previously treated with an autograft.

However, in keeping with the more intensive nature of the

conditioning, it was 57% in those who had previously had an

autograft. In addition there was a significant difference in EFS

between those aged over 46 years and those under 46 (3-year

EFS 38Æ7% vs. 77Æ6% respectively, P ¼ 0Æ005). A less intensive

T-cell depleted protocol incorporating fludarabine, melphalan

and alemtuzumab appears to have a more acceptable toxicity

profile following prior autologous transplantation (Branson

et al, 2002). In a group of 38 patients with a variety of

lymphoproliferative disorders the 2-year TRM was 20%. In an

overlapping cohort of 41 patients with low-grade lymphopro-

liferative disorders (29 FL, nine CLL/PLL, three lymphoplas-

macytoid lymphoma), 15 of whom had failed a prior

autologous transplant, the 2-year TRM was 11% (Morris et al,

2004). Only one was chemo-resistant at the time of transplan-

tation (11 CR). The 3-year actuarial probability of relapse was

relatively high at 44%, but a number of these patients were

responsive to further immune manipulation (withdrawal of

immune suppression and DLI). The 3-year OS and current PFS

(with DLI responsive patients included as currently non-

progressive) was 73% (78% for those with sibling donors, 56%

with unrelated donors) and 65% respectively.

Registry data from the EBMT on 52 patients with low grade

NHL (FL and SLL) undergoing reduced intensity transplan-

tation are also encouraging although limited by lack of follow-

up (Robinson et al, 2002). The majority (85%) were chemo-

sensitive at the time of transplantation. The median number of

lines of prior therapy was 3 (range 1–5) and 29% had failed a

prior autograft. TRM was 22% at 1 year. The OS and PFS were

65 and 54%, respectively, at 2 years.

Donor lymphocyte infusions. Mandigers et al (2003) reported

seven patients with FL (n ¼ 5) or SLL (n ¼ 2) receiving DLI

for relapsed disease following a T-deplete myeloablative

allograft. Four had preceding chemotherapy, making

interpretation of cause of response particularly difficult in

two of the cases. Four of the remaining five responded (all

CR), with apparent durability (43–89 months). A multi-

institution study from the UK reported CR in eight of 13
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patients with FL receiving DLI following reduced intensity

transplants, although an undisclosed number received anti-

tumour therapy prior to DLI (Marks et al, 2002). Responses

were maintained at 21–39 months. It is encouraging that CR

has been documented in 13 of 21 (62%) cases reported from a

number of studies (Table I).

Summary. In lymphomas where dose escalation alone fails to

result in long-term DFS (FL, SLL) the minimal late recurrence

rates following allogeneic transplantation are very encouraging

but have not translated into improved OS. Approaches to limit

TRM may make allografting the treatment of choice for such

patients if HLA-identical siblings are available. The evidence

available from DLI data suggests that these may be a group of

disorders in which immune-mediated graft-versus-lymphoma

(GvL) effects are likely to be important. Preliminary results

with reduced intensity preparative regimens are very

encouraging. Prospective studies comparing standard

therapies (potentially autografting) with reduced intensity

allogeneic transplantation earlier in the treatment pathway are

warranted. In the first instance these might be limited to those

with matched sibling donors. The lack of long-term follow-up

in reduced intensity studies coupled with the very low late

relapse rates in a number of the full intensity allograft studies

warrants that younger patients (perhaps below the age of 35 or

40 years) with relatively low predicted TRM rates following

more intensive preparative regimens, be seriously considered

for conventional TBI-based transplants. Patients beyond

second response may be considered appropriate candidates

for reduced intensity approaches using sibling or unrelated

donors. Current data suggest that TCD may improve results

for the latter but further study is required.

Chronic lymphocytic leukaemia

The average survival for patients with advanced stage CLL is

approximately 5 years and >90% of young patients will

ultimately die of causes directly related to their disease. The

median survival of young patients (<56 years) unresponsive to

fludarabine (n ¼ 42) has been reported as 48 weeks, with only

11% responding to subsequent therapies (Seymour et al,

1995). The median survival of patients relapsing following a

fludarabine-induced remission (n ¼ 49) was 87 weeks, and

83% of those who had received fludarabine as their first

therapy (n ¼ 14) responded to further fludarabine-containing

therapies, with 60% alive at 4 years.

Conventional allogeneic transplantation. Early experience with

allogeneic transplantation in patients with heavily pretreated

disease demonstrated high non-relapse mortality rates but the

suggestion of a plateau on survival curves. Twenty-three

patients with CLL transplanted between 1988 and 1997 using

stem cells from related (n ¼ 20) or unrelated donors (n ¼ 3)

were reported from Omaha (Pavletic et al, 2000a). The median

patient age was 46 years. At transplantation 14 patients had

chemo-refractory disease. The preparative regimen included

TBI in 22 cases. GvHD prophylaxis was with cyclosporine and

methotrexate. Twenty patients (87%) achieved a CR. The

incidence of grade II–IV acute GvHD was 54%. Nine patients

(39%) have died, including only one with progressive disease.

The projected 5-year failure-free survival (FFS), OS, and

relapse rates were 65, 62, and 5% respectively.

Data on a similar group of 25 patients with CLL transplan-

ted between 1980 and 1999 have been reported from Seattle

(Doney et al, 2002). The median patient age was 47 years.

Twenty-one donors were HLA-identical siblings, one was a

DR-mismatched sibling, and three were identical twins. Two

patients died of recurrent CLL. Fourteen of 24 evaluable

patients died of non-relapse causes. Non-relapse mortality at

day 100 was 57% for the seven patients conditioned with

busulphan/cyclophosphamide and 17% for the 18 patients

conditioned with TBI-containing regimens. Actuarial survival

at 5 years for the entire cohort was 32%. However, all patients

who received busulphan/cyclophosphamide died within

3 years of transplant. OS was 48% at 5 years for the 18

patients receiving a TBI-based regimen, and was 56% for the

14 of these transplanted since 1992.

Twenty-eight patients with CLL who were either refractory

to (n ¼ 19) or had progressed after a prior response to

fludarabine underwent allogeneic transplantation following

conditioning with cyclophosphamide and TBI were reported

from the MD Anderson group (Khouri et al, 2002). The

median age was 43 years. Twenty had an HLA-identical

sibling, one a single-antigen mismatched sibling, and seven a

matched unrelated donor. The median follow-up for the

surviving patients was 66 months. The 5-year OS and PFS was

45 and 42% respectively. The OS for the chemo-sensitive

patients was 78%, compared with 31% for those with

refractory disease (P ¼ 0Æ05). PFS at 5 years was 78% for the

chemo-sensitive and 26% for the chemo-refractory patients

(P ¼ 0Æ03). Eight patients died of transplant-related causes.

The actuarial risk of acute grade II–IV GvHD was 49% and of

chronic GvHD was 64%.

Registry data. Data on 209 patients from the EBMT

undergoing allogeneic transplantation for CLL have been

reported in abstract form (Michallet et al, 2001). A relatively

high TRM of 40% impacted significantly on overall outcomes.

The projected 3-year survival was 55% (compared with 79% in

an autologous transplant group of 482 patients, P < 0Æ01).

However, only 90 of the allograft group could be evaluated for

disease response. Similar outcomes were reported from the

IBMTR (Horowitz et al, 2000). In a group of 204 patients with

a median age of 47 years the projected 3-year OS was 45%. The

usual caveats apply to interpretation of registry data (selection

of poor-risk patients with extensive pretreatment for

allografting, improvements in supportive care, more recent

reductions in GvHD incidence). Improvements in HLA-

typing, GvHD prevention and supportive care allow

application of unrelated donor transplants to younger
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patients with CLL. Data available from 33 patients

transplanted from unrelated donors reported to the National

Marrow Donor Program revealed a 3-year DFS of 44%

(Pavletic et al, 2000b).

Reduced intensity transplantation. A reduced intensity

approach based on a combination of fludarabine and

cyclophosphamide, with subsequent incorporation of

rituximab to enhance tumour control after the initial seven

patients, has been reported in 17 patients with CLL and HLA-

identical sibling donors (Khouri et al, 2004a). The median age

was 54 years. All patients were either refractory to fludarabine

or had recurrence following prior fludarabine therapy (eight

were chemo-sensitive at the time of transplantation). The

study schema was designed to maximize the chance of GvL

activity in those with persistent or progressive disease by early

taper and discontinuation of tacrolimus followed by

rituximab and DLI (with relatively high T-cell doses) in

those patients not developing GvHD. Given this design the

high incidence of GvHD (60% chronic) was not unexpected.

Four patients died of chronic GvHD and a further patient died

of infection and GvHD (2-year TRM 22% but still rising). The

response rates following immuno-manipulation were

encouraging, although the absolute contribution of the

additional cytoreductive serotherapy is impossible to gauge.

Similarly, the documentation of 12 cases of CR at best response

also provides some evidence for optimism, although all five

cases that died of GvHD-related causes were within this group.

The estimated OS and PFS at 2 years were 80 and 60%

respectively. However, a progressive fall in the PFS curve

beyond this time point is evidenced by three deaths at later

time points and there is as yet no clear evidence of a plateau.

Although there was a suggestion that the group treated with

the rituximab-containing conditioning regimen achieved

superior results, this group had more chemo-sensitive cases

(60% vs. 29%) and achieved less CRs (60% vs. 86%). A

comparison with a historical group of patients with CLL

treated at the same institution (median age 47 years) revealed

comparable survival rates at 2 years (PFS 60% for the reduced

intensity group versus 44%, P ¼ not significant). Further

follow-up is required in order to confirm a plateau on current

survival curves.

A relatively small number of CLL patients (n ¼ 7) were

included in the series of reduced intensity HLA-matched

sibling allograft recipients reported following conditioning

with low dose single-fraction TBI (McSweeney et al, 2001).

Fludarabine was added to the conditioning protocol after a

high graft failure rate in initial patients. The median age was

54 years. Of the entire cohort of CLL patients one rejected, one

died of infection and one of disease progression. Four

remained alive and progression-free at 319–528 d post-trans-

plant. Two attained molecular CRs, the slow tempo of which

suggested the activity of GvL mechanisms. In a group of 13

CLL and PLL patients conditioned with BEAM-alemtuzumab

included in a larger series of patients with lympho-proliferative

disorders, the 2-year OS and EFS were both 69% (Faulkner

et al, 2004).

The Cooperative German Transplant Study Group reported

the outcome of 30 patients with CLL using a reduced intensity

approach incorporating fludarabine, busulphan and anti-

thymocyte globulin (Schetelig et al, 2003). Fifteen had a

related and 15 an unrelated donor. At the time of transplan-

tation 46% were chemo-refractory and the median age was

50 years. TRM was 15% at 2 years. Acute GvHD was relatively

common despite the in vivo TCD, although this mainly

reflected a high level in those with unrelated donors (grade II–

IV in 27% related, and 87% unrelated donor recipients). The

inclusion of ATG in this protocol appeared to have no major

impact on the rate of acute GvHD in the HLA-identical

sibling setting (Schetelig et al, 2004). Chronic GvHD occurred

in 75% of cases. Despite a relatively intensive protocol and

high incidence of chronic GvHD only 40% attained a CR. Six

of the 12 patients who achieved a CR were refractory to

fludarabine prior to transplantation. Relatively few patients

were eligible for DLI because of the high GvHD rates. Only

one of six (a patient with low level disease) had a durable

response to DLI. The 2-year OS and PFS was 72 and 67%

respectively.

To date there is relatively little data to address the issue of

whether the potential GvL effect of allogeneic transplantation

can overcome the prognostic influence of the newer markers of

adverse biological disease characteristics [unmutated VH gene

status, CD38 and zeta-chain-associated protein 70 (ZAP-70)

expression, del 11q23 or del 17p13]. These remain adverse

prognostic factors with dose escalation (Ritgen et al, 2003),

although autologous transplantation may confer a relatively

large absolute survival advantage in this poor-prognosis group

(Dreger et al, 2004). Preliminary experience with reduced

intensity transplantation (fludarabine and cyclophosphamide)

in patients with unmutated VH gene status indicated that a

minimal residual disease (MRD) negative state could be

achieved in seven of nine cases (occurring from day 100

onwards subsequent to chronic GvHD or DLI) compared with

only six of 26 control patients after autologous transplantation,

providing optimism for the role of immunotherapy in the

management of this group (Ritgen et al, 2004).

Seventy-seven patients with CLL treated with reduced

intensity allografts between 1998 and 2001 were identified in

a recent EBMT study (Dreger et al, 2003). The median age was

54 years. Sixty-two had an HLA-identical sibling donor.

Interpretation is complicated by the multiplicity of condition-

ing regimens. Forty per cent had some form of TCD with

either ATG or alemtuzumab. Status at transplant was CR in

eight, parial remission (PR) in 42 and less than PR in 27. The

TRM at 12 months was 18%, and the 2-year EFS and OS was

56 and 72% respectively. The 2-year probability of progression

or relapse was 31%. Achievement of CR (n ¼ 53, 69%) was

significantly associated with the development of chronic

GvHD, and only one patient had disease progression following

development of chronic GvHD, compared with 14 of 33
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without chronic GvHD (P < 0Æ0001). Further support for a

GvL effect was provided by a number of responses to DLI.

Responses were documented in four of 12 patients given DLI

for insufficient disease control (three CR, one PR). Multi-

variate analyses identified disease response at transplant and

the use of unrelated donors as adverse factors for relapse. TCD

was not significantly associated with overall relapse risk,

although it was associated with an increased relapse risk at

time points beyond 1 year post-transplantation.

Donor lymphocyte infusions. Responses were documented in 15

of 37 patients with CLL (41%) treated with DLI reported in the

literature (Table I). Inclusion of case reports probably results

in a positive selection bias. However, complete responses were

documented in 11 (30%) including molecular CR in at least

four of five of those assessed, confirming the existence of a

graft-versus-leukaemia activity in CLL.

Summary. Similar considerations apply to those outlined for

FL/SLL. Although outcomes following allogeneic

transplantation may seem worse for CLL in some series

compared with those for FL/SLL, this probably reflects the

inclusion of greater numbers of chemo-refractory cases

(Table II). When analysis is restricted to chemo-sensitive

cases the results appear comparable. Thus further exploration

of reduced intensity approaches is warranted, but ablative

conditioning may still have a role in younger patients.

Richter’s syndrome

Transformation in CLL is associated with a grim prognosis

(median survival of <8 months) (Tsimberidou et al, 2003).

Experience with allografting is limited. Of a small series of

eight patients, three remained alive and in remission at 14–

67 months post-transplant (Rodriguez et al, 2000). At the time

of transplant, five were chemo-resistant and three chemo-

sensitive or untested relapse. The preparative regimen varied.

Four received an ablative chemotherapy-based regimen and

four a range of less intensive regimens. Five died of transplant-

related causes. The application of a reduced intensity approach

incorporating alemtuzumab in three patients with Richter’s

transformation resulted in disappointing outcomes (Khouri

et al, 2004b). Despite the potential for direct anti-tumour

activity of the anti-CD52 monoclonal drug, one patient died of

progressive disease at 6 months, and one had progressed by

4 months. The other died of infection at 3 months. Disease

status at transplant (one partial response, one stable disease

and one progressive) may in part explain these disappointing

results. A case report of a patient transplanted for CLL, and

subsequently relapsed with Richter’s transformation, who

responded to withdrawal of immune suppression and DLI

has been reported (Espanol et al, 2003). Although no molecu-

lar studies were performed to confirm clonality, the tumour

cells did not express Epstein–Barr virus (EBV)-encoded latent

membrane protein 1, suggesting that this was not an EBV-

driven lympho-proliferation.

Diffuse large cell lymphoma

Patients with diffuse large cell lymphoma (DLCL) in chemo-

sensitive first relapse have a 40–50% chance of long-term DFS

following autologous transplantation (Philip et al, 1995). This

approach may also confer a survival advantage for high-risk

patients in first CR (Haioun et al, 1997). However, patients

with poorer predicted outcomes, such as those with residual

disease on functional imaging prior to autografting (Spaepen

et al, 2003) can be identified. Patients relapsing following an

autograft have a particularly poor prognosis with a median

survival of less than 12 months (Vose et al, 1992; Paltiel et al,

2003).

Table II. Transplant series: CLL.

Number

(n)

Age

(years)

Number of

refractory (%) Sib/UD NRM OS PFS

Conventional

Pavletic et al (2000a) 23 46 61 20/3 17% at 100 d 65% at 5 years 62% at 5 years

Doney et al (2002) 25 47 64 25*/0 14/24 (time NA) 32% at 5 years NA

Khouri et al (2002) 28 43 67 21/7 11% at 100 d 45% at 5 years 42% at 5 years

Michallet et al (2001) 209 47 44 NA 40% at 3 years 55% at 3 years NA

Horowitz et al (2000) 242 47 NA 189/53� 30% at 3 years 45% at 3 years NA

Pavletic et al (2000b) 40 44 50 0/40 33% at 100 d 41% at 3 years 44% at 3 years (n ¼ 33)

Reduced intensity

Dreger et al (2003) 77 54 35 62/15 18% at 1 year 72% at 2 years 56% at 2 years

Schetelig et al (2003) 30 50 46 15/15 15% at 2 years 72% at 2 years 67% at 2 years

Khouri et al (2004a) 17 54 53 17/0 6% at 1 year 80% at 2 years 60% at 2 years

Faulkner et al (2004) 13� NA NA NA NA 69% at 2 years 69% at 2 years

McSweeney et al (2001) 7 53 57 7/0 NA 71% at 1 year 57% at 1 year

*Three syngeneic; �24 ‘other relative’, 29 unrelated donor (UD); �includes PLL patient(s).

NRM, non-relapse mortality.

Review

ª 2004 Blackwell Publishing Ltd, British Journal of Haematology, 128, 153–168 159



Conventional allogeneic transplantation. Histological identi-

fication of lymphomas as DLCL from retrospective

transplantation series employing the Working Formulation is

problematic. However, it can be estimated that approximately

75% of intermediate grade and 90% of high grade lymphomas

(in those series excluding lymphoblastic and Burkitts subtypes)

are probably DLCL. A French multi-centre study reported 5-year

OS and DFS rates of 41 and 40%, respectively, in a group of 73

patients with aggressive lymphomas (including intermediate

grade lymphomas, immunoblastic lymphoma and anaplastic Ki-

1 positive lymphoma) (Dhedin et al, 1999). Thirty-nine (53%)

had diffuse large cell histology (22 B-cell, eight T-cell, nine not

available) and histological subtype was not a significant factor in

survival analyses. The median age was relatively young

(35 years). Only 10 had undergone a prior autograft. The

median follow-up in surviving patients was 90 months. All but

one were transplanted from HLA-identical sibling donors.

Forty-six (63%) had chemo-sensitive disease (14 CR1, 11 CR2/

3) and 27 (37%) bone marrow involvement at the time of

transplantation. The probability of disease progression was 30%

at 5 years, but only one relapse occurred beyond 15 months (a

low-grade relapse in a patient transplanted for transformed

disease), suggesting that the majority of the remaining patients

may have been cured. The OS of the 25 patients transplanted in

CR was an encouraging 76% at 5 years, and the PFS was 60% in

the group of 22 patients treated in chemo-sensitive relapse.

Results were relatively poor for those patients not in CR at the

time of transplantation (n ¼ 48). In this group, the OS was 23%

at 5 years. Results for PFS, in particular for the 27 patients with

chemo-refractory disease, are not available.

Comparative studies. A case-matched analysis from the EBMT

including 43 patients with intermediate or high-grade

lymphoma undergoing allogeneic transplantation failed to

demonstrate a significant advantage in favour of allografting

over autografting in terms of either PFS (43% vs. 49%) or

relapse (29% vs. 35%) (Chopra et al, 1992). An updated

analysis from the EBMT separated the intermediate (n ¼ 120)

and high grade (n ¼ 255) patients receiving allografts and

matched each with three patients receiving autografts (Peniket

et al, 2003). At the time of transplantation 31% of the former,

and 18% of the latter were chemo-resistant. The 4-year PFS

was 35 and 39%, and the TRM 42 and 33% for the

intermediate and high grade lymphoma patients undergoing

allogeneic transplantation respectively. PFS following

autografting was not significantly different for the

intermediate grade but was better for the high grade group

(absolute figures not given).

Reduced intensity transplantation. There are no particularly

large series exclusively reporting reduced intensity approaches

in patients with DLCL (Table III). Nine patients were included

in a cohort of 45 patients with a variety of haematological

malignancies conditioned with thiotepa, fludarabine and

cyclophosphamide (Corradini et al, 2002). Information on

disease status at transplantation is not available. Two died

prior to day 100 (one TRM, one disease progression) and a

further patient had disease progression. Six remain in CR

(180–850 d) with a median follow-up of approximately

20 months. Eight patients with DLCL were included in a

cohort of 23 patients with lymphoma conditioned with

fludarabine, busulphan and ATG (Nagler et al, 2000). Five

had chemo-sensitive disease at the time of transplantation.

Only one remains alive (at 25 months), with chronic GvHD

following three DLIs for residual disease. Two of the other

seven died following disease progression, and five of non-

relapse mortality.

A multi-centre UK study using reduced intensity condi-

tioning included 22 patients with DLCL (B cell immunophe-

notype) and 11 with transformed low-grade NHL (Morris

et al, 2004). An additional four patients with peripheral T-cell

lymphoma (PTCL) were included in the analyses of this

‘aggressive NHL’ group. Nineteen had failed a prior autograft.

The preparative regimen consisted of fludarabine, melphalan

and alemtuzumab. The 3-year actuarial OS and PFS were both

34% for the entire cohort. Actuarial PFS at 3 years for patients

transplanted in CR (n ¼ 6) was 50%, in chemo-sensitive PR

(n ¼ 23) was 37% and of those transplanted with refractory

disease (n ¼ 8) only one patient was progression-free at

2Æ5 years. Non-relapse mortality was 38% at 3 years. Relapse

remained a major problem (estimated actuarial 3-year risk

of 53%).

Table III. Transplant series: DLCL.

Number (n)

Age

(years)

Number of

refractory (%) NRM OS PFS

Conventional

Dhedin et al (1999) 73 (39 DLC) – see text 35 37 44% 41% at 5 years 40% at 5 years

Reduced intensity

Morris et al (2004) 22 DLC, 11 tLG, four PTCL NA 22 38% at 2 years 34% at 3 years 34% at 3 years

Spitzer et al (2001) 20 DLC 38 85 (10% untested) 0% at 100 d 25% at 13–52 months

Corradini et al (2002) 9 DLC NA NA 11% at 100 d 78% at 20 months 67% at 20 months

Nagler et al (2000) 8 DLC 40 38 63% at 2 years 13% at 2 years 13% at 2 years

DLC, diffuse large cell; tLG, transformed low grade; PTCL, peripheral T-cell lymphoma; NRM, non-relapse mortality.
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A series of 20 patients with poor prognosis diffuse large B

cell lymphoma were reported in abstract form (Spitzer et al,

2001). Disease status at the time of transplantation was

primary refractory in 7, refractory relapse in 10, untreated

relapse following prior autograft in 2 and partial response in 1.

Median age was 38 years. The preparative regimen consisted of

cyclophosphamide, ATG or anti-CD2 antibody and thymic

irradiation. Eight patients had a disease response, maintained

in 5 (25%) at 13–52 months.

Donor lymphocyte infusions. Few data have been reported on

the outcome of DLI in high grade lymphomas and the results

have been disappointing (Table I). Whether this relates to the

tempo of disease relapse or an intrinsic resistance to GvL

activity remains unclear. Occasional reports of impressive and

apparently durable responses to withdrawal of immune

suppression have been reported (van Besien et al, 1997;

Bierman, 2000), suggesting that there may be a potential

therapeutic gain associated with immune manipulation in at

least a proportion of these lymphomas.

Summary. Given the reasonable outcomes and limited toxicity

of salvage high dose therapy and autologous stem cell rescue in

DLBCL, allogeneic transplantation should be considered only

following autograft failure unless outcome is predicted to be

particularly poor. If allogeneic transplantation is considered

for younger patients with high-risk features and a good

performance status it should only be performed in the context

of a clinical study. An alternative might be a tandem

autologous-allogeneic approach (Carella et al, 2000). Patients

with stem cell compromise because of prior therapy or bone

marrow infiltration prejudicing autologous approaches may

also be candidates for allogeneic approaches. Since the

importance of the immune-mediated component of the

transplant is less-well documented in DLBCL, but the

intensity of conditioning does appear to be of importance,

either a full intensity or one of the more intensive of the

reduced intensity spectrum of regimens may be appropriate.

Reduced intensity transplantation following a failed autograft

can be considered but its use in this setting also remains

investigational. The same considerations for intensity apply,

although regimens such as BEAM-alemtuzumab may be too

intensive in these cases (Faulkner et al, 2004).

Mantle cell lymphoma

This relatively uncommon disease (3–5% of NHL) is charac-

terized by the t(11;14) cytogenetic abnormality that results in a

novel fusion gene (PRAD-1/bcl-1) and overexpression of

cyclin D1. The median age of presentation is 65 years. Whilst a

significant proportion of cases show initial chemo-sensitivity

(20–60%), early recurrence is common and average survivals

of 3–4 years are reported. However, distinct differences in

behaviour are reported to occur according to a number of

histological features. Thus blastic histology is an unfavourable

feature (Bernard et al, 2001). Mantle cell lymphoma (MCL) is

one of the entities that may have been classified under different

categories in the Working Formulation, and historical and

registry series are therefore particularly difficult to evaluate for

evidence of response to allogeneic transplantation. The role of

high dose therapy and autologous rescue remains unclear. Use

early in the disease may improve OS but there is little evidence

that the procedure is curative (Jacobsen & Freedman, 2004).

The role of rituximab and of TBI-based conditioning regimens

is also unclear.

Conventional allogeneic transplantation. Partly because of the

advanced age of the majority of patients the numbers of

allogeneic transplants performed for MCL have been very

limited. An early study from the EBMT registry in heavily

pretreated patients showed 2-year OS and EFS of 62% and

50%, respectively, in 22 patients undergoing allogeneic HSCT

between 1983 and 1998 (Vandenberghe et al, 2000). Scattered

reports of successful cases have appeared in the literature. Two

patients remained alive and in CR at 12 months (Corradini

et al, 1996; Adkins et al, 1998), another at 8 years (Kroger

et al, 2000) and one of two at 38 months (Milpied et al, 1998).

The 3-year OS and PFS were only 23 and 12% in 12 patients

reported from Seattle (58% non-relapse mortality) (Sohn et al,

1998). A series of 16 patients with MCL with diffuse histology,

including three with blastic features, documented a 3-year OS

and EFS of 55% following allogeneic HSCT from a sibling

donor (Khouri et al, 1999). Median patient age was 52 (range

30–60) years, and median follow-up 24 months. The estimated

3-year OS/EFS was 80% for patients with chemo-sensitive

disease at the time of transplantation (n ¼ 10, including five in

CR1). Fourteen of the patients had been conditioned with

conventional approaches (11 TBI-based), and two with a

reduced intensity protocol. Of the latter, one died of

progressive disease following failure of engraftment, and the

other achieved CR following the onset of GvHD, suggesting

the possibility of a clinically relevant GvL effect. Five died of

TRM.

Reduced intensity transplantation. The largest single centre

series to date reported 18 patients treated on one of two

consecutive trials (Khouri et al, 2003). Five underwent a

conditioning regimen consisting of cisplatin, fludarabine and

cytarabine, and 13 a regimen consisting of fludarabine,

cyclophosphamide and high-dose rituximab. Tacrolimus and

methotrexate were used as GvHD prophylaxis. All had failed to

achieve remission or had disease recurrence after previous

therapy. Five had failed a prior autograft and 16 (89%) had

chemo-sensitive disease (eight CR, eight PR; the other two had

stable disease at transplantation). Thirteen had a sibling donor.

There was one transplant-related death. Median follow-up was

26 months. Grade II acute GvHD occurred in 17%, grade

III–IV in 0% and extensive chronic GvHD in 36%. Complete

remission was maintained in the eight patients transplanted in

CR, and occurred in nine of 10 of the others. Three of the latter
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relapsed. Two received DLI and one was re-induced into a

stable CR. Current progression-free survival (CPFS) was

reported as 82% at 3 years.

Thirty-three patients with relapsed or refractory MCL who

underwent reduced intensity (fludarabine/low dose single-

fraction TBI) HSCT were reported in a multi-institution study

(Maris et al, 2004). Sixteen had matched related and 17

matched unrelated donors. Thirteen (39%) had chemo-

refractory disease (defined as less than PR to preceding

chemotherapy). Cyclosporine and mycophenolate mofetil were

used as GvHD prophylaxis. Median follow-up was

24Æ6 months. Non-relapse mortality was 24%, including two

fatal graft rejections. Grade II acute GvHD occurred in 27%,

grade III–IV in 30% and extensive chronic GvHD in 64% of

evaluable patients. Disease responses were documented in 85%

of those with measurable disease (n ¼ 20) at transplant. Two-

year OS was 64% (56% related, 74% unrelated) and PFS was

60% (56% related, 66% unrelated) at 2 years.

Some additional data on patients with MCL can also be

extracted from larger series of patients with lymphoprolifer-

ative disorders undergoing reduced intensity transplantation

approaches. Three-year OS and CPFS was 60 and 50%,

respectively in 10 patients (nine chemosensitive, one progres-

sive) conditioned with melphalan, fludarabine and ale-

mtuzumab (Morris et al, 2004). Two of these patients

received DLI for progressive disease and one responded. The

more intensive T-deplete BEAM-alemtuzumab regimen resul-

ted in a similar 3-year OS of 40% in five patients with MCL

(Faulkner et al, 2004). Further specific details are not available

on this subgroup but relapse appeared to be the major cause of

treatment failure. Despite a high incidence of acute (two grade

II, one grade III) and chronic (three extensive) GvHD, two of

four patients with MCL from a series of patients conditioned

with thiotepa, fludarabine and cyclophosphamide died of

disease progression (Corradini et al, 2002). One of these failed

to achieve a PR with DLI. The other two were documented to

be in CR at 160 and 850 d post-transplant.

Data from the EBMT registry on 22 patients with MCL

undergoing reduced intensity transplants is far less encour-

aging (Robinson et al, 2002). At the time of transplantation

73% had chemo-sensitive disease. PFS at 2 years was 0%. The

reason for the poor outcome was a combination of high TRM

(46% at 1 year) and high progression rates (48% at 1 year).

Donor lymphocyte infusions. There has been minimal

experience with DLI for MCL reported in the literature.

Occasional impressive responses to withdrawal of immune

suppression are documented (Grigg et al, 1999). Two of six

patients reported to receive DLI have responded (Table I).

Summary. Preliminary data in MCL indicate the ability of

allogeneic transplantation to induce durable remissions. It may

be a reasonable approach in those who fail to respond to initial

chemotherapy or those with recurrent disease. In younger

patients with relatively low predicted TRM rates a full intensity

approach remains preferable, particularly for those with blastic

morphology, when it may be considered in first response.

Although there is a slowly increasing body of evidence to

support the potential importance of immune-mediated effects

in MCL outcomes, the combined experience with reduced

intensity approaches to date fails to provide convincing

evidence of a plateau in survival curves. Given the lack of

long-term DFS with autologous approaches the role of

allogeneic transplantation in newly diagnosed patients needs

to be addressed in appropriate extended phase II studies.

Peripheral T-cell non-Hodgkin lymphoma

The PTCL are a rare and heterogeneous group of disorders

characterized by a relatively poor prognosis. Relapsed or

refractory patients receiving salvage treatment with high dose

chemotherapy and autologous transplantation have an OS and

EFS/PFS of 39–48 and 32–37%, respectively, at 3–4 years

(Rodriguez et al, 2001; Song et al, 2003). The results may be

superior for those with anaplastic large cell histology (3-year

EFS 67%, n ¼ 9) (Song et al, 2003). No randomized studies

have been performed of autologous transplantation versus

chemotherapy specifically in this subgroup. It is uncertain

what percentage of patients with relapsed PTCL can proceed to

autologous HSCT, and the potential role of autologous HSCT

in CR1 remains similarly unclear.

Conventional allogeneic transplantation. Very few studies have

addressed the role of allogeneic HSCT in T-cell lymphomas. A

retrospective series of mainly TBI-based myeloablative

transplants including both T-cell (n ¼ 16) and B-cell

(n ¼ 57) lymphomas found no significant impact of

immunophenotype (T or B) on survival (Dhedin et al,

1999). The 5-year OS and PFS rates were 41 and 40%,

respectively, for the entire cohort (76% for those in CR at the

time of transplant). The analysis excluded Burkitt and

lymphoblastic lymphoma. Seven of the 36 patients

undergoing high dose therapy procedures for PTCL in the

series reported by Rodriguez et al (2001) had allogeneic HSCT

(mostly chemotherapy based conditioning). Four had diffuse

mixed and three large cell histology (none anaplastic). Only

four were chemosensitive at the time of transplant (one CR,

three progressive). The 3-year OS and PFS rates were 29 and

14% in this group (compared with 39 and 32% in those

undergoing autologous HSCT). Four died as a result of TRM

in CR.

Reduced intensity transplantation. As in other lymphoma

subtypes, reduced intensity approaches are now being

explored. A series of 17 patients with relapsed or refractory

PTCL received salvage chemotherapy prior to a thiotepa,

cyclophosphamide and fludarabine-containing reduced

intensity conditioning protocol (Corradini et al, 2004).

Sixteen had a sibling and one an unrelated donor. Eight had

failed a previous autologous HSCT. At the time of transplant
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two were in CR, 12 PR, one untested relapse and two had

primary chemotherapy-refractory disease. Six developed acute

(four grade I–II, two grade IV) and seven chronic GvHD.

Three received DLI for progressive disease. Two responded

(one CR, one PR). With a median follow-up of 28 months 12

remained in CR. Estimated 3 year OS and PFS were 81 and

64%. This study provides some evidence to support the

existence of a GvL effect against PTCL. Six patients with PTCL

were included in the study of BEAM-alemtuzumab (Faulkner

et al, 2004). Only limited data are available on this subgroup

but the 3-year OS was 100%.

Summary. Similar considerations as those detailed for DLBCL

for the role of allogeneic transplantation apply to PTCL,

although the role of autologous transplantation is less clear.

Studies examining the role of reduced intensity approaches

earlier in the disease course for those with poor-risk features or

chemo-sensitive relapse are warranted.

Burkitt and lymphoblastic lymphoma

Both Burkitt/Burkitt-like (BL) and lymphoblastic (LBL)

lymphomas have leukaemic counterparts and are often treated

with similarly aggressive regimens. Both are relatively common

amongst paediatric lymphomas but account for <5% of NHL

cases in adults. Despite high initial response rates these

lymphomas have historically often recurred. Results of

allogeneic transplantation in this setting have been disappoint-

ing. An encouraging series reported continuing CR in seven of

nine patients with BL (transplanted in CR1) at 18–59 months

post-transplant (Troussard et al, 1990). However, this report

was from 1990 and marked improvements in outcomes

following conventional chemotherapy in this group have

probably negated much of the initial benefit of dose escalation

achieved with earlier transplantation approaches. Ten patients

with BL were included in a series of 64 patients with relapsed/

refractory lymphoma from the MD Anderson Cancer Center

(van Besien et al, 1996). Seven progressed within 2 months

and there was only one long-term survivor. The same series

included 25 heavily pretreated patients with LBL. The 2-year

OS and DFS was 21 and 17% respectively.

Comparison with autologous transplantation. A relatively small

French analysis described a trend towards a survival advantage

for allogeneic (n ¼ 12) over autologous (n ¼ 18)

transplantation for a group of high-risk patients with

lymphoblastic lymphoma transplanted in first remission

(P ¼ 0Æ06). Either transplantation approach conferred a

survival advantage over no further therapy following

induction chemotherapy (OS 60% vs. 30%, P ¼ 0Æ005)

(Bouabdallah et al, 1998).

A recent EBMT study included 314 patients with lymphob-

lastic and 71 with Burkitt’s morphology undergoing allogeneic

transplantation between 1982 and 1998 (Peniket et al, 2003).

The vast majority (almost 90%) had HLA-identical sibling

donors. Chemo-resistance at the time of transplantation was

documented in 12Æ1 and 20% of the lymphoblastic group and

the Burkitt’s group respectively. The actuarial 4-year PFS was

37Æ7% in the lymphoblastic group and 34Æ9% in the Burkitt’s

group. Matched groups undergoing autologous transplanta-

tion (matched three autologous to one allogeneic patient) had

superior OS and PFS survival rates, with late relapses

uncommon in either group. Although an attempt was made

to match for year of transplant it could not exclude a possible

difference between the cohorts in terms of improvements in

TRM and survival outcomes over time. Multiple studies have

demonstrated such an effect in allogeneic transplant groups

(Gahrton et al, 2001; van Besien et al, 2003) that in absolute

terms will outweigh improvements in autologous cohorts.

A comparative study from the IBMTR/ABMTR included

data from 76 allograft and 128 autograft recipients with

lymphoblastic lymphoma (Levine et al, 2003). There were no

differences in lymphoma-free survival rates (5-year rate was

36% in the allograft versus 39% in the autologous cohort,

P ¼ 0Æ82), even when consideration was made for confound-

ing factors, such as disease stage, bone marrow involvement or

time from diagnosis to transplantation. The pattern of

treatment failure (TRM versus relapse) differed between the

two groups.

Summary. Outcomes with conventional chemotherapy for

LBL and particularly BL have improved over the past decade.

The role of both autologous and allogeneic transplantation in

these disorders remains unclear. There are no convincing risk

models that identify clear indications for transplantation in

CR1. Allogeneic transplantation should probably therefore be

restricted to chemo-sensitive relapsed patients. The outcomes

with salvage chemotherapy are poor, and achievement of a

stable second remission remains a major problem. Early

referral for consideration of allogeneic transplantation is

therefore advisable. The lack of a clear contributory benefit

of GvL in these disorders suggests that for patients without

bone marrow involvement in whom a sibling is not available,

autologous transplantation may provide a reasonable

alternative to unrelated donor transplantation, particularly if

the potential delay incurred by the donor search is likely to be

considerable.

Conclusions

The role of allogeneic transplantation in the management of

lymphomas remains uncertain. Increasing evidence has accu-

mulated to support the concept of a therapeutically relevant

GvL effect for a number of lymphoma subtypes, and a gradual

improvement in TRM rates have made these approaches more

attractive. The low rates of late relapses with conventional

transplant approaches support the concept of attainment of

cure in a proportion of patients. Reduced intensity approaches

allow application to a broader patient group, but follow-up in

these studies is limited. Single centre studies suggest that

Review

ª 2004 Blackwell Publishing Ltd, British Journal of Haematology, 128, 153–168 163



acceptable TRM rates can be achieved in younger patients with

conventional cyclophosphamide/TBI based regimens. This is

supported by the registry analyses of more recent time periods,

and may be even more pronounced with the incorporation of

TCD. In 22 chemo-sensitive patients with lymphoma (three

low-, nine intermediate- and 10 high-grade) with a median age

of 36 years a preparative regimen including TBI and CD6+ T-

cell depletion resulted in a TRM of only 5% (Soiffer et al,

1998). The 40-month EFS and OS rates were estimated at 54

and 59% respectively. Eight relapsed at a median of

6Æ5 months. One of the strengths of these studies is the

demonstration of very few late relapses, a feature that has yet to

be confirmed in the majority of reduced intensity series. As

such, it currently remains unclear whether reduced intensity

approaches offer a real advantage in the younger patients in

whom the predicted TRM rate with more intensive approaches

may be more acceptable. It is also important to recognize that

whilst allogeneic transplantation has been evaluated in a

number of phase I and II studies, the results are difficult to

interpret because of a lack of randomized controlled studies,

and the impact of eligibility criteria and patient selection on

outcome. Whilst those including larger numbers of chemo-

resistant cases provide encouraging data given the extremely

poor predicted outcomes in these groups, other studies have

been limited to chemo-sensitive patients only. In the setting of

low grade disorders the latter is particularly important if

follow-up is limited. Few prospective comparative studies have

been performed. Randomization is problematic given the often

strongly-held preferences of the physician or patient. A

relatively small study comparing autologous (n ¼ 35) and

allogeneic (n ¼ 31) transplant modalities in patients with

relapsed or refractory NHL that attempted a biological

randomization by sibling donor availability reported a signi-

ficant reduction in disease progression in the allogeneic cohort

(20% vs. 69%, P ¼ 0Æ001), but only a non-significant

improvement in PFS (47% vs. 24%, P ¼ 0Æ21) (Ratanathara-

thorn et al, 1994). The study design was to give ‘preference to’

allogeneic transplantation in those with an available donor, but

bias was likely to be working in both directions, with an excess

of higher risk patients with bone marrow involvement in the

allogeneic group, but an excess of those with less favourable

age and general medical conditions in the autologous group.

Interpretation is further complicated by the inclusion of all

Working Formulation lymphoma subtypes.

There is still no definitive data available to answer the

question of the relative importance of graft purity and GvL to

outcomes. The evidence for GvL activity is often stronger in

those cases where graft contamination is more likely in the

autologous setting (CLL, FL) and in which one might theorise

that a tumour-free graft may be more important. In DLCL,

relapse often occurs at the original extra-medullary site and the

importance of a tumour-free graft is probably less, but

similarly the evidence for a relevant GvL effect in these

tumours is less persuasive. Data from reduced intensity series

inferring that a slow tempo of disease response may be seen,

and that this may mirror reductions in immune suppression,

support a major role for GvL in the low grade lymphomas and

perhaps MCL. Experience with DLI in the reduced intensity

setting also suggests that durable responses can be attained in

the low grade disorders, even when disease bulk is significant,

and this supports a probable role of GvL in those cases not

receiving DLI. Further follow-up of these series may help to

address these issues.

Increasingly precise and reproducible lymphoma classifica-

tions have refined our knowledge of the response and relapse

characteristics of distinct disease entities. These advances,

coupled with identification of new prognostic indices (e.g.

immunoglobulin gene rearrangements and p53 mutation/

deletion status in CLL, cytogenetic abnormalities detected by

fluorescent in situ hybridization) enable the identification of

cases likely to do poorly with conventional therapies. Addi-

tional information derived from gene array analyses is further

refining these response predictions. These approaches may

identify natural candidates for novel treatment strategies, and

we may be able to move towards an era of individualized risk-

stratified therapy. Yet it remains unclear whether further

treatment intensification in these cases will improve outcome.

The lessons learnt from transplantation studies in acute

leukaemia may be pertinent. The poorer prognostic groups

may continue to do poorly with little apparent overall benefit,

whilst the standard risk groups may derive the greatest

absolute benefit. However, these risk-adapted approaches

provide a platform from which to design appropriate pros-

pective studies to address these issues.

For some rare aggressive lymphomas, typified by hepatosp-

lenic T-cell lymphomas (Belhadj et al, 2003), outcomes are

poor with conventional chemotherapy even with dose inten-

sification, and the literature detailing allogeneic transplanta-

tion outcomes is particularly limited. Given that many of these

occur in relatively young patients, allogeneic transplantation is

an attractive option if the disease is chemo-sensitive and a

donor can be identified within an appropriate time frame. It is

important that such cases are reported to registries regardless

of outcome so that the role of transplantation can be better

defined.

Approaches to the integration of allogeneic transplantation

in current management algorithms for lymphoma should thus

be based on a number of principles. All patients should be

treated on clinical trials if possible. Appropriate timing of

transplantation in the treatment pathway will vary according

to histological subtype. The most appropriate preparative

regimen may vary according to both disease- and patient-

related factors. Donor source may also influence the timing

and choice of preparative regimen. The relative merits of more

or less intensive preparative regimens, and of strategies

incorporating TCD need to be more clearly defined by more

widespread collaborative studies. Although contentious, pa-

tients with disease that is refractory to modern salvage

regimens should seldom be considered candidates for alloge-

neic approaches. The exception may be those patients with low

Review
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grade disorders (FL, SLL, CLL) who would be considered

appropriate candidates for more intensive preparative regi-

mens, in whom a significant minority may achieve long term

DFS. Whether reduced intensity protocols confer a similar

benefit in this group remains unclear.
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