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PLENARY SESSIONS

Transplantation in Lymphoma

James O. Armitage

Since its inception, bone marrow transplantation has been
an obvious treatment to test for patients with lymphoma.
Lymphoma is a chemotherapy-sensitive malignancy in which
escalating the doses of treatment might be expected to in-
crease the cure rate. However, the first cure of lymphoma
using high-dose therapy and autologous bone marrow trans-
plantation was not reported until 1978.1 Over the ensuing
decade, many of the problems involved in autologous trans-
plantation for patients with lymphoma were resolved, and
high-dose therapy and hematopoietic stem cell transplanta-
tion using either bone marrow or blood derived cells has
become a common treatment.

Allogeneic bone marrow transplantation has only more
recently been applied in significant numbers to patients with
lymphoma. The fact that most patients with lymphoma are
not young and that the risk of treatment-related mortality is
fairly high has limited the application of this treatment ap-
proach. However, the fact that relapses with certain types
of lymphoma following bone marrow transplantation are
frequent has led to a reevaluation of this treatment approach.

Early Clinical Trials
When it became apparent that bone marrow transplantation
could be performed with reasonable safety, clinical trials of
its use in specific lymphoma subtypes were instituted. Ini-
tially, transplant trials were in patients who had failed stan-
dard therapy and often had very advanced disease. How-
ever, in interpreting transplant trials, it is important to re-
member that transplant patients are generally younger than
the median age for all patients with the particular type of
lymphoma, and patients coming to transplant are less likely
to have bone marrow involvement. The disease-free sur-
vival for patients with relapsed Hodgkin’s disease under-
going autologous bone marrow transplantation has ranged
from 20 to 60%.2-21 However, the chances for failure-free
survival in most series was dependent upon the extent of
previous therapy. Patients who come to transplantation ear-
lier have a better chance for disease-free survival. Presum-
ably, this is related, at least in part, to a lower level of che-
motherapy resistance in the tumor.

The type of lymphoma most frequently treated with
autologous bone marrow transplantation has been diffuse
large-cell lymphoma.22-35 An early report of 100 patients

who underwent autologous bone marrow transplantation
demonstrated that the treatment outcome was highly corre-
lated to the tumor’s responsiveness to chemotherapy ad-
ministered previously.22 For chemotherapy sensitive relapse,
approximately 35–40% of patients can achieve prolonged
disease-free survival and apparent cure.

The results of trials in patients with follicular lymphoma
have been less clear. In this disorder, the indolent natural
history characterized by frequent and often long remissions
followed by relapse has made physicians slower to carry
out trials of transplantation. It also makes the interpretation
of transplant trials more difficult. However, in recent years,
a large number of patients treated in trials at St. Barthol-
omew’s Hospital in London, the Dana-Farber Center in
Boston, Stanford University, the University of Nebraska
Medical Center, and other centers have demonstrated that
prolonged disease-free survival can be seen in some pa-
tients and that the chances to benefit from therapy are, once
again, related to the extent of previous chemotherapy.17, 35-42

The results of these studies of bone marrow transplan-
tation in patients with lymphoma have demonstrated sev-
eral general points. One of these is that the high-dose therapy
that is the “treatment” in autologous bone marrow trans-
plantation represents a more intensive but related form of
treatment to what is considered standard therapy. Thus, it
should not be surprising that the prognostic factors identi-
fied for transplantation are the same ones seen in clinical
trials of standard dose therapy. Unfortunately, the relative
merits of the commonly used high-dose therapy regimens
are not clear. It is possible that total-body radiotherapy ver-
sus chemotherapy-only regimens, or different chemo-
therapy-only, high-dose regimens, would benefit different
subgroups of patients. However, comparative trials have not
been completed to address these issues.

A second issue that has become clear is that patients
who benefit from transplantation generally do not have long-
term complications related to the procedure. In a series of
patients treated at the University of Nebraska Medical Cen-
ter, the most frequent late complications related to specific
organ dysfunction were hypothyroidism in 16% of the pa-
tients and cataracts in 6%.43 However, the patients with hy-
pothyroidism often had mantle radiotherapy before they
came to transplantation. Approximately 90% of the trans-
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planted patients returned full time to their previous occupa-
tion. However, approximately 40% of patients complained
of alterations in sexual function. Late infectious complica-
tions were seen most often if the lymphoma relapsed, but
herpes zoster was a frequent complication after discontinu-
ing acyclovir, seen approximately 24% of the time.

The late complication after transplantation of most
concern is the development of secondary malignancies due
to the therapy. To date, there has been no obvious increase
in the incidence of solid tumors, although the duration of
follow-up might not be sufficient to identify such a trend.
However, there is an apparent increase in acute leukemia
and/or myelodysplastic syndrome in patients undergoing au-
totransplantation for lymphoma with total body radiation
administered in the preparative regimen.44-48 Unlike the situ-
ation with Hodgkin’s disease, acute leukemia or myelodys-
plasia is an unusual complication in the treatment of pa-
tients with follicular lymphoma. The risk of development
of this complication in patients more than 40 years of age
seems greater than 10%.

Throughout trials for non-Hodgkin’s lymphomas and
Hodgkin’s disease, the most common type of transplant
performed used autologous cells derived from the bone
marrow or blood. Increasingly, transplants with both blood-
derived cells have surpassed the number of transplants us-
ing bone marrow-derived cells. Allogeneic transplants us-
ing either blood or bone marrow have been performed less
frequently because of the comparatively older age of most
lymphoma patients and the absence of donors for the ma-
jority of patients.49-55 However, the net result of allogeneic
transplantation in lymphoma has been comparable to that
seen with autotransplantation, despite a higher mortality rate.
There appears to be an antilymphoma effect of allogeneic
cells.49 If sufficient donors could be found and the compli-
cations of graft-versus-host disease ameliorated without
eliminating the apparent antilymphoma effect of allogeneic
transplantation, it would probably become the treatment of
choice.

Comparative Trials
The most convincing evidence for the efficacy of high-dose
therapy and autotransplantation management of patients with
lymphomas would be from comparative or Phase III trials.
These have recently been initiated in some but not all sub-
types of lymphomas. Randomized trials testing the relative
merits of high-dose therapy with autotransplantation ver-
sus standard-dose therapy could be performed at several
points in the course of the disease. Patients could have high-
dose therapy and autotransplantation incorporated into the
planned initial therapy, patients might only be treated if they
responded slowly to the initial standard-dose therapy, the
transplantation could be used as an adjuvant treatment (i.e.,
in a manner analogous to chemotherapy use in primary breast
cancer) in complete responders, or the high-dose therapy
might be used as a salvage treatment.

The diseases most tested by Phase III trials to deter-
mine the place of autotransplantation in the management of

patients with lymphoma are the diffuse aggressive lympho-
mas typified by diffuse large-cell lymphoma. Here single-
arm studies of early incorporation of autotransplantation
have been encouraging.56-63  In the aggressive lymphomas,
each of the strategies for the use of high-dose therapy has
been tested. An important trial of the use of high-dose
therapy versus standard-dose therapy as salvage treatment
for patients with relapsed but chemotherapy-sensitive dif-
fuse aggressive lymphoma was reported recently.64 After
demonstrating responsiveness to DHAP (dexamethasone,
cytarabine and cisplatin), 109 patients were randomized to
continue DHAP in standard doses or to undergo autotrans-
plantation using the BEAC (carmustine, etoposide, cytara-
bine, and cyclophosphamide) regimen. Fifty-four patients
continued with standard-dose DHAP, and 55 patients were
randomized to transplantation. The event-free survival (12%
versus 46%, P = 0.001) and the overall survival (32% ver-
sus 53%, P = 0.04) favored autotransplantation. This is in
spite of the fact that patients who failed DHAP were of-
fered autotransplantation. Some patients were unable to
undergo salvage transplantation, and even when patients
could receive the transplant, their response rate was poorer
than when it was done earlier.

A trial of adjuvant bone marrow transplantation com-
pared to traditional dose-consolidative therapy in patients
who have achieved initial complete remission was carried
out in France by the Groupe d’Etude des Lymphomes de
l’Adult.65 After achieving a complete remission with the
ACVBP (Adriamycin, cyclophosphamide, vindesine,
bleomycin, and prednisone) regimen, 464 patients were ran-
domized to receive consolidative therapy with ifosfamide,
etoposide, L-asparaginase, and cytarabine or to undergo au-
totransplantation with CVB (cyclophosphamide, etoposide,
and bleomycin). The disease-free survival for all patients
randomized slightly, but not sufficiently, and favored bone
marrow transplantation. However, when patients were strati-
fied using the International Prognostic Index, those with
intermediate and high risk factors had significantly better
disease-free survival if they underwent transplantation.

Two studies have been completed testing autotransplan-
tation versus standard-dose chemotherapy in patients who
did not achieve a prompt remission to a front-line chemo-
therapy regimen. In Italy, 51 patients who had not achieved
rapid remission to either MACOP-B (methotrexate,
Adriamycin, cyclophosphamide, vincristine, prednisone,
and bleomycin) or F-MACHOP (fluorouracil, methotrex-
ate, cytarabine, cyclophosphamide, Adriamycin, vincristine,
and prednisone) were randomly allocated to DHAP or au-
totransplantation.66 In Holland, 69 patients who have failed
to achieve rapid complete remission to CHOP were allo-
cated to continuing CHOP or to undergo autotransplanta-
tion.67 In neither series was there a significant advantage to
the patients undergoing transplantation.

The Tumor Institute in Milan, Italy compared high doses
of single chemotherapeutic agents followed by autotrans-
plantation versus MACOP-B as the initial treatment for
patients with diffuse aggressive B-cell lymphomas with high-
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risk characteristics.68 Autotransplant patients demonstrated
a superior failure-free survival (78% versus 33%, P < 0.001),
and there was a trend for overall survival favoring the au-
totransplant patients. Once again, patients were offered au-
totransplant if they failed the initial chemotherapy regimen,
but all such patients were not able to undergo the treatment,
and the results with autotransplantation appeared inferior
after failing the primary chemotherapy regimen.

More recent trials seem to confirm these results. It ap-
pears that bone marrow transplantation can substitute for
several cycles of chemotherapy. However, to see the maxi-
mum benefit up-front, transplantation needs to be used as a
“adjuvant” therapy after the completion of a standard dose
of chemotherapy in high-risk patients.

A randomized trial of autotransplantation in the man-
agement of patients with Hodgkin’s disease was carried out
in the United Kingdom by Linch et al.69 Forty patients with
relapsed or refractory Hodgkin’s disease were randomly
allocated to receive autotransplantation with the BEAM
(carmustine, etoposide, cytarabine, and melphalan) regimen
or to receive the same agents at lower doses not requiring
hematopoietic stem cell support. Because of a highly sig-
nificant failure-free survival in favor of the autotransplant
patients, the study was terminated with only 20 patients in
each arm. The overall survival between the two groups was
not significant. There has been no comparative trial of early
transplantation in Hodgkin’s disease, but one Phase II trial
was encouraging.70

There has been no completed Phase III trial reported
comparing high-dose therapy and autotransplantation ver-
sus standard-dose therapy in patients with low-grade lym-
phomas. A retrospective comparison of patients with folli-
cular lymphoma in second remission treated with cyclophos-
phamide plus total-body radiotherapy and autotransplanta-
tion versus historical control patients has been reported from
St. Bartholomew Hospital in London.71 In this case, there
was a significant failure-free survival advantage in favor of
autotransplantation, but the overall survival did not vary.

Conclusion
Although there are several bits of data suggesting that au-
totransplantation is a superior therapy for certain subgroups
of patients with lymphoma, it is still clearly an imperfect
approach. The major reason for failure continues to be lym-
phoma relapse. A number of new approaches are being tested
to overcome this problem. These include new drugs and/or
better ways to use radiotherapy. For example, radiolabeled
antibodies provide a potential approach to deliver high doses
of radiotherapy without undue toxicity.72,73 Numerous ap-
proaches to the use of adjuvant immunotherapy in patients
undergoing transplantation are being tested. These include
tumor vaccines to stimulate the redevelopment of the im-
mune system after transplantation and chemicals to cause
immune stimulation.74 However, it is worth remembering
that allogeneic bone marrow transplantation is a way to pro-
vide cellular immunotherapy.

Finally, the most obvious way to improve the results of

transplantation today would be to use the treatment early in
the course of the disease. At the present time, less than half
of patients who are potential candidates for autotransplan-
tation for the management of lymphoma actually receive
the treatment. Although this is because of patient reluctance
in some cases and insurance problems in others, the major
impediment is probably physicians not recommending this
treatment to their patients at an appropriate time in the course
of the disease. The most obvious way to improve the results
would be to make the treatment available to patients at the
first evidence that their disease is not likely to be cured
with standard-dose therapy.
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