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Summary:

The role of allogeneic bone marrow transplantation in
lymphoma remains uncertain. We have analyzed 1185
allogeneic transplants for lymphoma reported to the
EBMT registry between 1982 and 1998 and compared
the results with those of 14 687 autologous procedures
performed over the same period. Patients receiving
allogeneic transplants were subdivided according to
histology: low-grade non-Hodgkin’s lymphoma (NHL)
231 patients; intermediate-grade NHL 147 patients; high-
grade NHL 255 patients; lymphoblastic NHL 314
patients; Burkitt’s lymphoma 71 patients; and Hodgkin’s
disease 167 patients. These patients received allogeneic
transplants as their first transplant procedure. Actuarial
overall survival (OS) at 4 years from transplantation was:
low-grade NHL 51.1%; intermediate-grade NHL 38.3%;
high-grade NHL 41.2%; lymphoblastic lymphoma 42.0%
years; Burkitt’s lymphoma 37.1%; and Hodgkin’s disease
24.7% years. These outcomes are relatively poor because
of the high procedure-related mortality associated with
these procedures, particularly in patients with Hodgkin’s
disease (51.7% actuarial procedure-related mortality at 4
years). Multivariate analysis showed that for all lympho-
mas apart from Hodgkin’s disease, status at transplanta-
tion significantly affected outcome. A matched analysis
was performed: for all categories of lymphoma, OS was
better for autologous than for allogeneic transplantation.
Relapse rate was better in the allogeneic group for low-,
intermediate- and high-grade, and lymphoblastic NHL. It
was equivalent for Burkitt’s lymphoma and worse in the
allogeneic group for Hodgkin’s disease. Allogeneic
transplantation appears to be superior to autologous
procedures in terms of producing a lower relapse rate. The
toxicity of allogeneic procedures must however be reduced
before this translates into an improvement in OS.
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The use of high-dose therapy and autologous hematopoie-
tic stem cell transplantation has become widespread in
patients with lymphoma.1–5 The indications for and the use
of allogeneic stem cell transplantation in these patients
remain poorly defined. The relatively successful use of
autologous procedures has perhaps precluded widespread
use of allografting such as has occurred in acute and
chronic leukemia. The use of allogeneic stem cell trans-
plantation has two main theoretical justifications. Firstly,
the problems of tumor contamination from reinfused
autologous bone marrow are avoided since the allogeneic
hematopoietic cells are tumor-free.6 Secondly, it has been
postulated that a graft-versus-lymphoma effect (analogous
to graft-versus-leukemia effect) may be of direct therapeutic
value.7,8 The major practical problem with allogeneic
transplantation is the increased treatment-related mortality
in comparison to autologous transplantation.9,10

We here report the EBMT experience with allogeneic
stem cell transplantation, principally to address two issues:
is the relapse rate lower than expected with allogeneic
transplantation; and do the problems with these procedures
outweigh the advantages in terms of overall survival (OS)?

Subjects and methodology

The first allogeneic transplant for lymphoma reported to
the EBMT was performed in 1982. We used this year as the
starting point for the study. For the period between 1982
and 1998, the EBMT Lymphoma Registry held 18 908
procedures, of which 18 593 were first transplants. Of these
first transplant procedures, 1483 were allogeneic trans-
plants. The analysis was restricted to the 1185 patients
receiving allogeneic stem cell transplantation as a first
transplant who could be classified according to histological
subtypes derived from the Working Formulation.Received 3 January 2002; accepted 1 November 2002
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Patients were divided into six groups according to the
histological subtype reported by the referring center: (1)
Low-grade non-Hodgkin’s lymphoma (NHL); (2) Inter-
mediate-grade NHL; (3) High-grade NHL (immunoblastic
subtypes); (4) Lymphoblastic lymphoma; (5) Burkitt’s
lymphoma; and (6) Hodgkin’s disease. This histological
classification followed the Working Formulation, which
was the principal classification system in use during the
long period under study.11 Reclassification of these
lymphomas according to the REAL system was not
practical given the large number of cases involved.12

Patient characteristics at diagnosis and transplantation
were compared for the autologous and allogeneic popula-
tions using univariate and multivariate analyses. The aim of
these analyses was to detect imbalances in patients’
characteristics at diagnosis and transplant between the
autologous and allogeneic groups which could affect
outcome independently of the allogeneic or autologous
nature of the procedure.

Study of outcome using controlled matched subsets

The information obtained from the first stage of the
analyses was used to select the matching variables and find
matches for the allogeneic population within the auto-
logous population. The possible difference in outcome of
the autologous vs the allogeneic first transplants was
analyzed in a controlled matched study.

Statistical techniques

Comparisons between groups were carried out using t-tests
or Mann–Whitney U-tests as necessary. The distribution of
a variable in the different groups was analyzed using
contingency tables. Prognostic factors were studied with the
Cox regression model. The proportional hazards assump-
tion was tested with standard graphical methods, and
stratification was used when lack of proportionality of the
hazards was evident.
In the first instance all analyses were run on patients for

whom all possible prognostic variables were reported to the
EBMT. If variables were found to be grossly nonsignifi-
cant, they were dropped from the analyses, allowing more
patients to enter the model. To check that patients left out
of the final analysis because of missing data in at least one
prognostic factor were not in other ways different from the
analyzable population, the outcome measurements, pro-
gress-free survival (PFS), relapse rate, and procedure-
related mortality (PRM) of these groups were compared
with the equivalent groups of patients used in the analysis.
No significant differences were found, indicating that the
loss of a subset of the population because of missing data
was not likely to have biased the results.
Statistical analyses were performed using Stata. Match-

ing was carried out using a program developed for that
purpose by Dr Walter Gregory. The program matched a
number of variables according to rules provided by the
user, which allowed for different variables to be matched
with different accuracy and in a pre-established order. For
example, status at transplantation was selected as the first

variable to be matched and the match to be exact; age,
however, was not matched exactly but within a range of75
years. After matching was been accomplished, the program
provided information on degree of matching and number
of perfect matches found. The files used for matching access
the records in a random order avoiding possible bias due to
the underlying structure of the existing sorting order.
Event–time distributions were estimated using the method
of Kaplan and Meier and log-rank tests were used to detect
differences in event–time distributions between the allo-
geneic and autologous populations in the matched analysis.

Variables

Within each histological subcategory patients were ana-
lyzed according to the following characteristics at diag-
nosis: age, sex, stage, presence or absence of B-symptoms,
and bone marrow (BM)/CNS involvement. A record of the
diagnostic LDH was available in relatively few patients and
so was not included in the analysis. The patients were also
analyzed in terms of the characteristics at transplantation:
age, BM/CNS involvement, largest lymphoma mass at
transplant, number of first line treatments, disease status at
transplantation, and year of transplantation.
Disease status at transplantation was classified as

follows: complete remission (CR) (total resolution of all
active disease areas in response to treatment); chemosensi-
tive (at least a 50% reduction in the cross-sectional area of
nodal regions on CT scanning following chemotherapy
prior to the transplantation procedure), and chemoresistant
(failure to meet the criteria for chemosensitivity following
chemotherapy).
Bone marrow donors were classified as HLA-identical

sibling, monozygotic identical twin, HLA-identical related,
HLA-identical unrelated, HLA-nonidentical related, and
HLA-nonidentical unrelated.
Other information used in the analyses were the details of

preparative and supportive therapy, type of conditioning
treatment including total body irradiation (TBI), use of
T-cell depletion, presence and grade of acute graft-versus-
host disease (aGvHD), and cause of death.
The major end points of analysis were OS, PFS, and time

to relapse after transplantation. OS was defined as the time
from transplantation until death from any cause. PFS was
defined as the time from the day of transplantation until
disease progression or death from any cause. Time to
relapse was defined as time to disease progression with
deaths without relapse being censored. The time to
procedure-related mortality was defined as the time from
the day of transplantation to death from a cause other than
disease progression.

Results

Patient characteristics at diagnosis and transplantation of
the allogeneic population

During the study period, the number of allogeneic
transplants performed according to histological subtype
were as follows: low-grade NHL 231 patients; intermediate-
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grade NHL 147 patients; high-grade NHL 255 patients;
lymphoblastic NHL 314 patients; Burkitt’s lymphoma 71
patients; and Hodgkin’s disease 167 patients. The char-
acteristics of these patients at the time of diagnosis are
outlined in Table 1. Patients with low- and intermediate-
grade NHL tended to be older (median age 39.1 and
35.7 years, respectively) than those in the other four
categories.
The majority of patients proceeding to allograft pre-

sented with clinically advanced lymphoma. In all, 77.2%
of patients with Hodgkin’s disease were of Stage III or IV
at diagnosis. The percentage affected within the other
categories was even higher: 79.1% Burkitt’s; 81.7%
lymphoblastic lymphoma; 86.3% intermediate-grade
NHL; 79.3% high-grade NHL; and 90.7% low-grade
lymphoma. Bone marrow involvement was most commonly
reported at diagnosis in patients with low-grade disease
(67.7%), although it occurred within each subcategory of
NHL in more than 40% of patients. Only 26.2% of
allograft patients with Hodgkin’s disease had bone
marrow involvement at diagnosis. CNS involvement was
detected in 12.0% of lymphoblastic, 12.2% of high-grade,
and 15.6% of Burkitt’s lymphoma patients. More male
patients than female patients were transplanted within each
subtype.
Characteristics at the time of transplantation are out-

lined in Table 2. Patients with lymphoblastic lymphoma
and Burkitt’s lymphoma were, in the majority of cases,
transplanted in complete remission (73.8% of lymphoblas-
tic patients and 63.1% of Burkitt’s patients). Relatively few

patients with low-grade lymphoma (20.8%) were trans-
planted in CR. The Hodgkin’s disease cohort includes the
highest proportion (42.4%) of patients with chemoresistant
disease. Within each histological subcategory, more than
81% of all donors were HLA-identical siblings (see
Table 2). A total of 3.4% of all donors were syngeneic,
although none of this type was reported to the Registry in
patients with Burkitt’s lymphoma.

Multivariate analysis of prognostic factors affecting
outcome in the allogeneic population

Patient characteristics and disease status at diagnosis and
transplant were used to determine their possible effect on
outcome measurements using multivariate analysis. In all
types of lymphoma excluding Hodgkin’s, status at trans-
plant (classified as 1st CR, chemosensitive and chemore-
sistant) – had a significant effect on OS (Table 3). The mass
at transplant significantly affected OS in lymphoblastic
lymphoma. For Hodgkin’s disease, lymph node involve-
ment at transplant and lymphoma mass size at transplant
were the most important factors to affect OS.
Relapse rate was also affected by status at transplant in

most types of lymphoma, including Hodgkin’s disease, but
excluding low-grade lymphoma. Other factors, including
age, also influenced relapse rate (see Table 3). This
multivariate analysis also included the year of transplant
as a variable for examination (to assess whether there was a
detectable improvement in outcome in recent years): this
was not found to affect the outcome significantly.

Table 1 Patients receiving allogeneic transplants: characteristics at diagnosis

Low-grade NHL Intermediate-grade NHL High-grade NHL Lymphoblastic Burkitt’s Hodgkin’s

Number of patients 231 147 255 314 71 167

Age (years)
Median 39.1 35.7 27.15 22.7 22.6 24.1
Range 19.4–66.1 6.0–73.6 2.4–60.5 1.9–56.0 4.8–48.0 7.1–57.1

Sex
Male 143 (62.7) 84 (57.5) 169 (66.5) 229 (72.9) 55 (71.4) 92 (56.1)
Female 85 (37.3) 62 (42.5) 85 (33.5) 85 (27.1) 16 (20.8) 72 (43.9)
Missing 3 1 1 0 0 3

Stage
I+II 14 (9.3) 13 (13.7) 35 (20.7) 37 (18.3) 9 (20.9) 21 (22.8)
III+IV 137 (90.7) 82 (86.3) 134 (79.3) 165 (81.7) 34 (79.1) 71 (77.2)
Missing 80 52 86 112 28 75

B-symptoms
Absent 107 (80.4) 68 (80.0) 122 (69.7) 143 (76.9) 29 (69.0) 42 (46.7)
Present 26 (19.6) 17 (20.0) 53 (30.3) 43 (23.1) 13 (31.0) 48 (53.3)
Missing 98 62 80 128 29 77

BM involvement
Yes 90 (67.7) 38 (46.3) 69 (42.9) 90 (52.0) 22 (59.5) 21 (26.2)
No 43 (32.3) 44 (53.7) 92 (57.1) 83 (48.0) 15 (40.5) 59 (73.7)
Missing 98 65 94 141 34 87

CNS involvement
Yes 1 (1.0) 1 (1.4) 18 (12.2) 18 (12.0) 5 (15.6) 0 (0.0)
No 100 (99.0) 72 (98.6) 129 (87.8) 132 (88.0) 27 (84.4) 78 (100.0)
Missing 130 74 108 164 39 89

Parentheses indicate percentages of known values only.
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Graft-versus-host disease

An analysis on a possible relation between a decreased
relapse aGvHD was performed by including the absence or
presence – and level – of aGvHD in the multivariate
analysis. This analysis is preliminary since it was performed
on a smaller subset of the population for which we had
reliable information on aGvHD manifestation. The data
available on chronic GvHD were insufficient to permit a
similar analysis for this condition.
It was found that high levels (3 and 4) of aGvHD had

a deleterious effect on OS (n¼ 163, HR¼ 1.59, 95% CI:
1.08–2.33) and no effect on relapse rate, while low levels (1
and 2) of aGvHD, as opposed to the absence of aGvHD,
had no effect on either outcome for low-grade NHL. A low
level of aGvHD was associated with improved OS (n¼ 87,
HR¼ 0.48, 95% CI: 0.26–0.86) and all levels of aGvHD
were associated with a decrease in the relapse rate (n¼ 100,
HR¼ 0.38, 95% CI: 0.18–0.84) for intermediate-grade
NHL. High levels of aGvHD had a deleterious effect on
OS (n¼ 213, HR¼ 1.36, 95% CI: 1.05–1.77), but were
associated with improved relapse rate (HR¼ 0.50, 95% CI:

0.39–0.91), for lymphoblastic lymphoma. For high-grade
NHL, Burkitt’s or Hodgkin’s disease, no effect of aGvHD
was seen, although a trend for low levels of aGvHD to
improve OS was noted in high-grade NHL (P¼ 0.068) and
Hodgkin’s (P¼ 0.085).

Overall survival

Median OS from the date of transplant for this allogeneic
population was as follows: low-grade NHL 5 years;
intermediate-, high-grade NHL and lymphoblastic lym-
phoma 1 year; Burkitt’s lymphoma 4.7. months; and
Hodgkin’s disease 6.8 months. Actuarial OS at 4 years
was: low-grade NHL 51.1%; intermediate-grade NHL
38.3%; high-grade NHL 41.2%; lymphoblastic lymphoma
42.0% years; Burkitt’s lymphoma 37.1%; and Hodgkin’s
disease 24.7% years.

Progression-free survival

Median PFS from the date of transplant for this allogeneic
population was: low-grade NHL 1.7 years; intermediate-

Table 2 Patients receiving allogeneic transplants: characteristics at transplantation

Low-grade NHL Intermediate-grade NHL High-grade NHL Lymphoblastic Burkitt’s Hodgkin’s

Age (years)
Median 42.1 37.7 28.5 23.5 22.9 28.0
Range 21.7–68.0 11.8–74.7 3.5–61.1 1.9–56.9 5.5–48.4 12.0–60.3

Year of transplant
o1989 11 (4.7) 14 (9.5) 58 (22.7) 60 (19.1) 19 (26.8) 31 (18.6)
1989–90 22 (9.5) 23 (15.6) 40 (15.7) 33 (10.5) 8 (11.3) 19 (11.4)
1991–92 21 (9.1) 19 (12.9) 32 (12.6) 73 (23.2) 12 (16.9) 22 (13.2)
1993 26 (11.3) 15 (10.2) 23 (9.0) 27 (8.6) 5 (7.0) 11 (6.6)
1994 29 (12.6) 19 (12.9) 20 (7.8) 31 (9.9) 6 (8.4) 21 (12.6)
1995 36 (15.6) 17 (11.6) 29 (11.4) 29 (9.2) 4 (5.6) 12 (7.2)
1996 39 (16.9) 18 (12.2) 29 (11.4) 32 (10.2) 10 (14.1) 20 (12.0)
1997–98 47 (20.3) 22 (15.0) 24 (9.4) 29 (9.2) 7 (9.9) 31 (18.6)
Missing 0 0 0 0 0 0

Status at transplant
1st CR 22 (10.4) 21 (15.4) 53 (22.7) 113 (38.1) 25 (38.5) 7 (5.0)
CR>1 22 (10.4) 24 (17.6) 72 (30.9) 106 (35.7) 16 (24.6) 30 (21.6)
Chemosensitive 126 (59.4) 49 (36.1) 65 (27.9) 42 (13.1) 11 (17.0) 43 (30.9)
Chemoresistant 42 (19.8) 42 (30.9) 43 (18.5) 36 (12.1) 13 (20.0) 59 (42.4)
Missing 19 11 22 17 6 28

Donor type
Syngeneic 8 (3.6) 10 (6.9) 9 (3.7) 5 (1.6) 0 (0.0) 7 (4.5)
Identical sibling 189 (84.0) 119 (82.6) 211 (86.5) 268 (86.7) 62 (88.6) 128 (81.5)
Matched related 19 (8.7) 8 (5.6) 9 (3.7) 11 (3.6) 1 (1.4) 6 (3.8)
Matched unrelated 5 (2.2) 1 (0.7) 7 (2.9) 15 (4.9) 3 (4.3) 4 (2.6)
Unmatched related 3 (1.3) 6 (4.2) 7 (2.9) 8 (2.6) 4 (5.7) 11 (7.0)
Unmatched unrelated 1 (0.4) 0 (0.0) 1 (0.4) 2 (0.7) 0 (0.0) 1 (0.6)
Missing 6 3 11 5 1 10

Mass at transplant
No mass (in CR) 44 (31.0) 45 (45.0) 125 (66.8) 219 (86.2) 41 (78.8) 37 (44.6)
o5 cm 56 (39.4) 29 (29.0) 26 (13.9) 11 (4.3) 4 (7.7) 28 (33.7)
5–10 cm 8 (5.6) 12 (12.0) 9 (4.8) 3 (1.2) 1 (1.9) 7 (8.4)
>10 cm 5 (3.5) 2 (2.0) 4 (2.1) 3 (1.2) 2 (3.8) 3 (3.6)
BM/blood/CNS involvement 29 (20.4) 12 (12.0) 23 (12.3) 18 (7.1) 4 (7.7) 8 (9.6)
Missing 89 47 68 60 19 84

Parentheses indicate percentages of known values only.
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grade NHL 8.8 months; high-grade NHL 7.1 months;
lymphoblastic lymphoma 7.6 months, Burkitt’s lymphoma
2.5 months; and Hodgkin’s disease 4.7 months. The
actuarial PFS at 4 years was as follows: low-grade NHL
42.7%; intermediate-grade NHL 34.6%; high-grade NHL
39.3%; lymphoblastic lymphoma 37.7%; Burkitt’s lym-
phoma 34.9%; and Hodgkin’s disease 15.5%.

Procedure-related mortality

The actuarial procedure-related mortality at 4 years was:
low-grade NHL 38.0%;. intermediate-grade NHL 41.8%;
high-grade NHL 33.0%; lymphoblastic lymphoma 33.2%;
Burkitt’s lymphoma 30.9%; and Hodgkin’s disease 51.7%.

Comparison of the autologous and allogeneic populations

We compared the distribution of patient characteristics at
diagnosis and transplantation in both populations. These
populations were significantly different in various aspects
(Table 4). Patients subjected to allogeneic transplantation
tended to have a more advanced stage at diagnosis and had
received more treatment before transplantation; they were
younger and tended to have more blood and marrow
involvement. The situation at the time of transplantation
indicated that they tended to be transplanted with a worse
disease status (Table 5) and received TBI more often. The
source of stem cells also differed, with allogeneic trans-
plants receiving mainly BM (82.5%) rather than peripheral
blood stem cells (16.8%): 53.8% of autologous transplants
were carried out using peripheral blood progenitor cells.
The relative proportion of allogeneic/autologous proce-

dures according to histological subtype is shown in Table 4.
A total of 7.5% of patients reported to the EBMT

undergoing transplantation procedures who could be
assigned to these histological subgroups received allogeneic
transplantation, with the rest undergoing autologous
procedures. Only 3.3% of patients with Hodgkin’s disease
received allogeneic transplantation as the first transplanta-
tion procedure.
Cox regression analysis was performed on patient

characteristics both at diagnosis and transplantation to
determine significant prognostic factors, and in particular
to examine the influence of allogeneic as opposed to
autologous transplantation on outcome. This analysis was
initially restricted to patients for whom complete data of
possible prognostic factors had been reported to the
Registry. Some of these factors were shown not to affect
outcome and were dropped from the analysis. Overall, the
factors that were found to have significant effects on OS
PFS or relapse rate were as follows: bone marrow
involvement at diagnosis, age at diagnosis, age at trans-
plant, status at transplant, largest mass at transplant,
number of first line treatments, and year of transplant. The
degree or significance of their effects differed with the
different histological subtypes of lymphoma. Autologous vs
allogeneic transplant type also had a significant effect on
the three outcome measurements, but there were interac-
tions with year of transplant. These complications led to
the decision to use the matched analysis method to examine
outcome differences between allogeneic and autologous
transplantation.

Matched analysis

With the information obtained through multivariate
analysis, we selected the variables used to match the
allogeneic to the autologous population. Matching was

Table 3 Patients receiving allogeneic transplants: multivariate analysis

Factors with a significant prognostic
effect on outcome measurements

Overall survival Relapse rate

Hazard ratio 95% CI P-value (one way) Hazard ratio 95% CI P-value (one way)

Low-grade NHL
Status at transplant 2.05 1.40–3.20 o0.001 — — —
Age at transplant — — — 1.61 10.5–2.46 o0.03

Intermediate-grade NHL
Status at transplant 1.47 1.0– 2.15 o0.05 2.21 1.21–4.02 o0.01
Age at diagnosis — — — 5.36 2.18–13.15 o0.001
Age at transplant — — — 0.25 0.11–0.57 o0.001

High-grade NHL
Status at transplant 1.54 1.10–2.16 o0.02 3.14 2.01–4.90 o0.001

Lymphoblastic
Status at transplant 1.97 1.40–2.78 o0.001 2.64 1.39–5.03 o0.01
Mass at transplant 1.27 1.09–1.48 o0.01 3.01 1.62–5.61 o0.001

Burkitt’s
Status at transplant 2.48 1.62–3.78 o0.001 1.76 1.02–3.02 o0.05
Age at transplant — — 0.57 0.37 –0.88 o0.02

Hodgkins
Status at transplant — — — 2.31 1.16–4.62 o0.02
Lymph nodes involved at transplant 2.29 1.17–4.49 o0.02 2.33 1.07–5.10 o0.04
Mass at transplant 1.50 1.13–1.99 o0.005 — — —
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performed on the basis of one allogeneic patient to three
autologous patients: the variables matched and degree of
matching are listed in Table 6. The matching was over 90%
exact for all variables for all lymphoma types, but the
quality of the matching was impaired by the amount of
missing data in mass at transplant and BM involvement at

diagnosis when these variables were considered to be of
importance.
The log-rank analysis of end points indicated that OS

was always better for autologous than for allogeneic
patients (Figure 1; see Table 7 for numbers at risk). PFS
was the same in both the autologous and allogeneic groups

Table 4 All patients. characteristics at diagnosis

Autologous Allogeneic P-value

Number of patients 14687 1185

Age at diagnosis
Median 35.5 29.2 o0.001
Range 0.3–83.8 1.9–73.6

Numbers % Numbers %

Gender 8937 61.0 772 65.6
Male 5708 39.0 405 34.4 0.001
Female 42 8
Missing

LDH at diagnosis
Normal 2099 78.3 302 74.9
High 580 21.7 101 25.1 NS
Missing 12008 782

Mass at diagnosis
o5 cm 1935 31.1 130 24.9
5–10 cm 1791 28.7 114 21.8
>10 cm 1484 23.8 80 15.3 o0.001
Mass not measurable 1025 16.4 199 38.0
Missing 8452 662

Involvement
BM/blood/CNS involvement 2168 28.6 321 52.2 o0.001
No above involvement 5414 71.4 351 47.8
Missing 7105 513

Number of lines of treatment
1 or 2 1223 44.7 83 34.9
3 or more 1515 55.3 155 65.1 0.003
Missing 11949 947

Splenectomy
No 3551 88.5 191 91.4
Yes 463 11.5 18 8.6 NS
Missing 10673 976

Lymphoma type
Low-grade NHL 2047 13.9 231 19.5
Intermediate-grade NHL 2863 19.5 147 12.4
High-grade NHL 3232 22.0 255 21.5
Lymphoblastic 1332 9.1 314 26.5
Burkitt’s 416 2.8 71 6.0
Hodgkin’s 4797 32.7 167 14.1 o0.001

Stage
I 540 5.9 29 3.9
II 2159 23.4 100 13.3
III 2139 23.2 116 15.4
IV 4370 47.5 507 67.4 o0.001
Missing 5479 433

B-symptoms
Yes 3008 36.4 200 28.1 o0.001
No 5250 63.6 511 71.9
Missing 6429 474
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for low-grade and intermediate-grade NHL, but better in
the autologous group for the other types of NHL and for
Hodgkin’s. The relapse rate was better in the allogeneic
groups for low-, intermediate- and high-grade NHL and for
lymphoblastic lymphoma, it was equivalent for Burkitt’s
lymphoma, and worse in the allogeneic group for
Hodgkin’s disease (Figure 1a–e; Table 7). Treatment-
related mortality was always worse in the allogeneic groups
(Figure 2a and b; Table 7).

Discussion

We report the results of 1185 allogeneic hematopoietic stem
cell transplants for lymphoma reported to the EBMT
Registry between 1982 and 1998. Although allogeneic
transplantation is occasionally performed to treat relapse
after prior autologous procedures,13–15 this study restricted
the analysis to allografts carried out as the first transplan-
tation procedure.

We divided the patients into six subgroups according to
the histology based upon the Working Formulation.11 A
reclassification, according to the REAL system, was not
possible since most of the procedures in these two groups
were performed prior to its introduction.12 The results were
compared with the 14 687 autologous procedures reported
to the Registry for patients for whom similar histological
classification was possible. The study confirms that over the
last two decades, the use of autologous transplantation has
been much more widespread than allogeneic transplanta-
tion as reported to the EBMT: over the same period the
number of autologous procedures exceeds the number of
allografts more than 10-fold. Patients with lymphoblastic
lymphoma and Burkitt’s lymphoma appeared most likely
to receive an allograft (20% of all transplantation
procedures in these two groups were allografts) and the
majority of these were performed in first or second CR. The
use of allografts in low-, intermediate- and high-grade
NHL was relatively uncommon. In Hodgkin’s disease the
use of allogeneic transplantation was even less common:
only 167 allograft patients reported to the EBMT
compared to 4797 autologous procedures.
The rather conservative use of these procedures seems to

be justified since across all histological subtypes, the
reported toxic death rate is alarmingly high, particularly
for Hodgkin’s disease in which the actuarial treatment-

Table 5 All patients: characteristics at transplantation

Autologous Allogeneic P-value

Age at transplant
Median 37.8 31.5 o0.001
Range 1–84.2 1.9— 74.7

Year of transplant
Numbers % Numbers %

o1988 1399 9.5 193 16.3
1989–90 1177 8.0 145 12.2
1991–92 1963 13.4 179 15.1
1993 1736 11.8 107 9.0
1994 1847 12.6 126 10.6
1995 2220 15.1 127 10.7
1996 2283 15.5 148 12.5
1997–98 2062 14.1 160 13.5 o0.001
Missing 0 0

Status at transplant
1st CR 2988 21.4 241 22.3
CR>1 2988 21.4 270 24.9
Chemosensitive 5571 40.0 336 31.1
Chemoresistant 2391 17.1 235 21.7
At diagnosis 12 0.1 — — o0.001
Missing 737 103

Mass at transplant
No mass (in CR) 5976 60.1 511 62.5
o5 cm 2475 24.9 154 18.8
5–10 cm 866 8.7 40 4.9
>10 cm 328 3.3 19 2.3
BM/blood/CNS involvement 292 2.9 94 11.5 o0.001
Missing 4750 367

TBI
No 10548 80.6 313 28.6
Yes 2540 19.4 782 71.4 o0.001
Missing 1599 90

Cell source
Bone marrow 5748 40.9 798 82.5
Peripheral blood 7563 53.8 162 16.8
Both 747 5.3 7 0.7 o0.001
Missing 629 218

Table 6 Matching summary

Lymphoma
type

Prognostic
factor

Degree of matching (%)

Exact Off by no
more than
one level

% matched
as missing

Low-grade Status at transplant 97.6 99.7 8.3
NHL Year of transplant 87.4 96.0 0

Age at diagnosis 93.8 97.7 1.4
Age at transplant 83.4 96.5 0
Mass at transplant 76.4 81.3 38.0

Intermediate- Status at transplant 99.2 100.0 2.5
grade NHL Year of transplant 86.9 99.4 0

Age at transplant 94.8 99.2 0
Mass at transplant 86.5 93.8 28.6

High-grade Status at transplant 99.5 100.0 8.6
NHL Year of transplant 89.1 97.5 0

Age at transplant 88.2 99.7 0
Mass at transplant 86.2 92.9 26.7
BM involvement
diagnosis

91.8 96.9 36.9

Lymphoblastic Status at transplant 92.9 98.9 5.4
Year of transplant 85.9 94.9 0

Burkitt’s Status at transplant 94.8 96.5 8.5
Year of transplant 80.6 93.1 0
Disease duration 95.1 98.6 0

Hodgkin’s Status at transplant 99.3 100.0 15.2
Year of transplant 94.2 97.4 0
Age at diagnosis 99.3 100.0 4.8
Age at transplant 92.8 99.5 0
Mass at transplant 83.0 87.2 46.9
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related mortality at 4 years is 51.7%. The increased
mortality rate of allogeneic procedures compared to
autologous procedures is well-recognized and due in part
to the additional immunosuppression associated with
allografts and the role of GVHD.9,16,17 The particularly
high toxicity of Hodgkin’s disease allografts may be a
reflection of the disproportionately large proportion of
patients with resistant disease undergoing allografts: this
group of patients is known to suffer increased treatment-
related mortality even when undergoing autologous trans-
plantation,16 and this problem may be potentiated by the
allogeneic procedure.

The increased toxicity of allografting is largely respon-
sible for the disappointing OS in these patients. We have
attempted to compare these results with those of auto-
logous transplantation using a matched-pair analysis. In all
six histological subcategories, the actuarial OS obtained
with autologous transplantation procedures is superior to
that obtained with allogeneic transplantation.
Clearly, there is a fundamental problem in terms of

treatment-related mortality that must be addressed as a
priority in centers advocating allogeneic transplantation for
lymphoma patients. If such a modality is to be pursued,
then this is often in the hope that allogeneic procedures will
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produce a therapeutic graft-versus-lymphoma effect.16,18

Allogeneic transplantation also affords the benefit of
having a hematopoietic stem cell source free of tumor
contamination. Both of these effects lead to a theoretically
lower relapse rate in lymphoma allografts.
The presence of a lower relapse rate in lymphoma

allografts compared to autografts was confirmed by this
analysis. Previous analysis of the EBMT Registry detected
a lower relapse rate in patients with lymphoblastic
lymphoma.10 This finding was confirmed by our analysis.
Furthermore, allogeneic transplants produced a lower
relapse rate than autologous procedures in patients with
low-, intermediate-, and high-grade NHL. The superiority
of allogeneic procedures in terms of relapse rate in patients
with indolent lymphoma is particularly striking and has
been reported by other groups.19–25

It is not possible to determine from our analysis whether
the reduced relapse rate is consequent upon a graft-versus-
lymphoma effect or due to the hematopoietic stem cell
source being free of tumor contamination. We did,
however, find some evidence that a certain degree of
GvHD may be associated with a lower relapse rate in some
lymphoma types. Such findings are reminiscent of well-

established data on leukaemia patients where increased
severity of GvHD is associated with a lower relapse rate.26

Indeed, the presence of at least a degree of graft-versus-
lymphoma effect appears likely in allogeneic transplanta-
tion and the existence of this phenomenon is supported by
the reports of success with donor lymphocyte infusions for
lymphoma27 and of putative graft-versus-lymphoma effects
following nonmyeloablative therapy and HLA-mismatched
bone marrow transplantation.8 However, due to the
paucity of data on acute GvHD in our subset, our results
are preliminary and this issue should be further explored
with a larger data set. Owing to incomplete data we were
unable to analyze the influence of chronic GvHD on
outcome. It is possible that the potential of the graft-versus-
lymphoma phenomenon may be best utilized using non-
myeloablative chemotherapy followed by allogeneic stem
cell transplantation. Preliminary reports have demon-
strated the successful use of such protocols in lympho-
ma.28–31 Such protocols may be expected to decrease the
currently high toxicity of allogeneic procedures, as may the
increased use of allogeneic peripheral blood stem cells.32,33

It remains to be seen whether low-intensity allograft
protocols may be of therapeutic benefit in the challenging

Table 7 Numbers at risk

Lymphoma type Transplant Interval from transplant

Start 2.5 years 5 years 7.5 years 10 years

Overall survival Low-grade Auto 648 210 73 20 6
Allo 216 59 22 9 1

Intermediate-grade Auto 360 116 50 21 8
Allo 120 40 19 12 5

High-grade Auto 765 287 168 86 37
Allo 255 80 53 27 9

Lymphoblastic Auto 942 340 164 86 39
Allo 314 95 50 32 18

Burkitt’s Auto 213 79 44 28 11
Allo 71 19 13 8 3

Hodgkins Auto 435 173 75 23 8
Allo 145 25 10 5 3

Relapse rate Low-grade Auto 648 148 49 12 3
Allo 216 55 21 9 1

Intermediate-grade Auto 360 92 36 16 6
Allo 120 35 18 12 5

High-grade Auto 765 246 148 74 32
Allo 255 73 49 27 9

Lymphoblastic Auto 942 304 153 79 37
Allo 314 89 46 30 16

Burkitt’s Auto 213 77 42 27 10
Allo 71 19 13 8 3

Hodgkin’s Auto 435 131 56 17 7
Allo 145 22 6 3 2

Procedure-related mortality Low-grade Auto 648 202 70 19 6
Allo 216 59 22 9 1

Intermediate-grade Auto 360 116 50 21 8
Allo 120 40 19 12 5

High-grade Auto 765 287 168 86 37
Allo 255 78 53 27 9

Lymphoblastic Auto 942 355 162 86 39
Allo 314 93 49 31 18

Burkitt’s Auto 213 79 44 28 11
Allo 71 19 13 8 3

Hodgkin’s Auto 435 172 75 23 8
Allo 145 24 10 5 3
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setting of chemoresistant lymphoma: preliminary data
suggest that the outcome of such procedures is rather poor
in this cohort of patients.28

In conclusion, the EBMT experience supports the
beneficial effects of allogeneic procedures in producing a
lower relapse rate than autologous transplantation in
lymphoma patients. There has been, however, a dis-
appointingly high treatment-related mortality associated
with these procedures, which in this analysis more than
outweighs the benefits of a lower relapse rate. Whether
recent improvements in the supportive care of patients
undergoing high-dose therapy will translate to a reduction
in the toxic death rate great enough to permit beneficial use
of allogeneic procedures remains to be seen. In the
meantime, the precise role of allogeneic transplantation in
lymphoma has still to be defined and autologous trans-
plantation remains the current benchmark therapy for
patients requiring high-dose therapy.
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Hôpital A. Michallon, Grenoble; Hôpital Bretonneau, Tours;
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