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Advanced low-grade lymphomas are usually incurable with

conventional-dose chemotherapy. It is uncertain whether

cures are possible with high-dose therapy and bone marrow

transplant from a human leukocyte antigen (HLA)-identical

sibling. We sought to determine the outcome of HLA-

identical sibling bone marrow transplants in advanced low-

grade lymphoma in an observational study of 113 patients

conducted at 50 centers participating in the International

Bone Marrow Transplant Registry (IBMTR). The median

patient age was 38 years (range, 15 to 61). Eighty percent

had stage IV disease at the time of transplantation. The

median number of prior chemotherapy regimens was two

(range, 0 to 5). Thirty-eight percent had refractory disease

and 29% a Karnofsky performance score (KPS) less than 80%.

All patients underwent allogeneic bone marrow transplanta-

tion from a HLA-identical sibling donor. The conditioning

regimen included total-body irradiation (TBI) in 82% of

patients; cyclosporine was used for graft-versus-host dis-

ease prophylaxis in 74%. Survival, disease-free survival,

recurrence rate, treatment-related mortality, and causes of

death were determined. Three-year probabilities of recur-

rence, survival, and disease-free survival were 16% (95%

confidence interval [CI], 9% to 27%), 49% (95% CI, 39% to

60%), and 49% (95% CI, 39% to 59%), respectively. Higher

survival was associated with pretransplant KPS H90%,

chemotherapy-sensitive disease, use of a TBI-containing

conditioning regimen, and age less than 40 years. We

conclude that high-dose therapy followed by transplantation

from a HLA-identical sibling leads to prolonged survival in

some patients with advanced low-grade lymphoma. Most

mortality is treatment-related, and recurrences are rare.
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ADVANCED-GRADE LYMPHOMAS are relatively indo-
lent, but are incurable with conventional treatments.1-4

The median survival duration from diagnosis is 7 to 9 years.
High-dose therapy and a blood cell or bone marrow autotrans-
plant reportedly results in sustained remission in some pa-
tients.5-9 Recurrences are common and there is concern about
posttransplant myelodysplastic syndromes.5,10-12 Prolonged re-
missions have been reported in small numbers of patients
treated with allogeneic bone marrow transplantation.13-19 We
studied 113 patients with advanced low-grade lymphoma who
received a bone marrow transplant from a human leukocyte
antigen (HLA)-identical sibling.

PATIENTS AND METHODS

Patients. We reviewed all HLA-identical sibling transplants for
low-grade lymphoma performed between 1984 and 1995 and reported
to the International Bone Marrow Transplant Registry (IBMTR) by 50
centers worldwide. The study included 113 patients with a diagnosis of
low-grade lymphoma at diagnosis and at the time of transplant. This
included patients with diffuse well-differentiated lymphocytic lym-
phoma (Working Formulation group A), follicular small cleaved-cell
lymphoma (Working Formulation group B), and follicular mixed-cell
lymphoma (Working Formulation group C).20 Patients initially diag-
nosed with low-grade lymphoma, but whose disease transformed to
intermediate-grade or high-grade lymphoma before transplantation,
were excluded.

Pathology reports confirming the diagnosis of low-grade lymphoma
were reviewed by Koen van Besien. Discrepancies in nomenclature
among centers were resolved using the recent publication on the
Revised European-American Lymphoma (REAL) classification.21

IBMTR. The IBMTR is a voluntary working group of more than
300 transplant teams worldwide that contribute detailed data on their
allogeneic bone marrow transplants to the Statistical Center at the
Medical College of Wisconsin. Participants are required to report all
consecutive transplants; compliance is monitored by on-site audits.
Approximately two thirds of all active transplant centers report their
data to the IBMTR. The IBMTR database includes 40% to 45% of all
allogeneic transplant recipients since 1970. Patients are monitored
longitudinally. Computerized error checks, physician review of submit-
ted data, and on-site audits of participating centers ensure data quality.

Statistical methods. Primary outcomes were survival, disease-free
survival (survival without lymphoma posttransplant), recurrence, and
treatment-related mortality (nonrelapse death). For treatment-related
mortality, patients were considered treatment failures at the time of
death from any cause in the first 28 days posttransplant or at time of
death in continuous remission for those surviving more than 28 days
posttransplant; patients with recurrent lymphoma were censored at the
time of relapse and those alive in remission were censored at the last
follow-up evaluation. For disease-free survival, patients were consid-
ered treatment failures at the time of relapse or death from any cause;
patients alive in continuous remission were censored at the last
follow-up evaluation. Patients who never achieved remission were
analyzed as having recurrent lymphoma on day 28.

Other outcomes examined were acute graft-versus-host disease
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(GVHD), chronic GVHD, and survival. Acute GVHD was defined as
moderate to severe (grade II to IV) disease using established criteria;
patients surviving more than 21 days with evidence of engraftment were
considered at risk.22 Chronic GVHD was determined by clinical criteria
in patients surviving more than 90 days with evidence of engraftment.23

Probabilities of outcomes were calculated using the Kaplan-Meier
product-limit estimate and expressed as probabilities with a 95%
confidence interval (CI) computed using the arcsine-square root transfor-
mation. Patient-, disease-, and transplant-related variables were studied
for associations with survival. Univariate comparisons used the log-
rank test. Multivariate analyses used Cox proportional hazards regres-
sion with stepwise forward variable selection. As disease-free survival
was nearly identical to survival, multivariate analyses were performed

Table 1. Patient-, Disease-, and Transplant-Related Characteristics

of 113 Recipients of HLA-Identical Sibling Bone Marrow Transplants

for Low-Grade Non-Hodgkin’s Lymphoma Reported to the IBMTR

by 50 Centers Worldwide

Variable

No.

Assessable

Patients

No. %

Patient characteristics

Male gender 113 66 58

Age at transplant (yr) 113

Median 38

Range 15-61

,40 63 56

$40 50 44

KPS # 80% 113 33 29

Disease characteristics at diagnosis

Histology 113

Small lymphocytic 20 18

Follicular small cleaved 52 46

Follicular mixed 41 36

Disease stage 113

I 2 2

II 9 8

III 10 9

IV 92 81

Extranodal involvement 110

None 19 17

Bone marrow 66 60

Bone marrow 1 other* 13 12

Other* 12 11

Disease characteristics at transplant

Disease stage 113

Complete remission 16 14

I 2 2

II 7 6

III 7 6

IV 80 71

Unknown 1 1

Extranodal involvement 110

None 30 27

Bone marrow 64 58

Bone marrow 1 other† 11 10

Other† 5 5

Response to chemotherapy 105

Sensitive 66 63

Resistant 39 37

No. of prior chemotherapy regimens 110

Median 2

Range 1-5

Prior complete remission 112 46 41

Disease duration (mo) 113

Median 24

Range 5-130

Transplant characteristics

Year of transplant 113

1984-1987 3 3

1988-1989 15 13

1990-1991 23 20

1992-1993 35 31

1994-1995 37 33

Donor-recipient sex match 113

Male-male 35 31

Male-female 29 26

Female-male 30 27

Female-female 19 16

(Continued)

Table 1. Patient-, Disease-, and Transplant-Related Characteristics

of 113 Recipients of HLA-Identical Sibling Bone Marrow Transplants

for Low-Grade Non-Hodgkin’s Lymphoma Reported to the IBMTR

by 50 Centers Worldwide (Cont’d)

Variable

No.

Assessable

Patients

No. %

Donor-recipient CMV status 109

1/1 36 33

2/1 19 17

Donor-recipient CMV status (Cont’d)

1/2 21 19

2/2 33 30

Conditioning regimen 113

TBI 1 Cy 32 28

TBI 1 Cy 1 VP16 6 other 43 38

TBI 1 Cy 1 other (not VP16) 11 10

TBI 6 other 7 6

LFR 1 Cy 1 Bu 1 1

Cy 1 BCNU 1 VP16 1 1

Cy 1 Bu 15 13

Other 3 3

GVHD prophylaxis 113

MTX 1 CsA 6 other 68 60

MTX 6 other 2 2

CsA 6 other 17 15

T-cell depletion 6 other 25 22

FK506 1 corticosteroids 1 1

Abbreviations: KPS, Karnovsky performance score; CMV, cytomega-

lovirus; TBI, total-body irradiation; Cy, cyclophosphamide; VP16,

etoposide; LFR, limited-field radiation; Bu, busulfan; BCNU, nitro-

surea; MTX, methotrexate; CsA, cyclosporine.

*Other 5 pleura, liver, bone, skin, lung, kidney, epidural space.

†Other 5 pleura, liver, kidney, bone, lung, brain.

Table 2. Probabilities (695% CI) of Transplant Outcomes

(at 3 years unless otherwise stated)

3-Year

Probability (%)

No.

Assessable

Graft failure 1 (0-5) 101

Relapse* 16 (9-27) 93

Treatment-related mortality 40 (30-50) 113

Acute GVHD (at 100 days)† 27 (19-37) 99

Chronic GVHD‡ 66 (53-77) 67

Survival 49 (39-60) 113

Disease-free survival 49 (39-59) 113

*Among patients surviving $28 days posttransplant.

†Among patients surviving $21 days with evidence of engraftment.

‡Among patients surviving $90 days with evidence of engraftment.
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only for survival. The incidence of lymphoma relapse was too low to
allow a multivariate analysis of this parameter.

RESULTS

Patient characteristics. Patient-, disease-, and transplant-
related characteristics are listed in Table 1. Fifty-eight percent
of patients were male. The median age was 38 years (range, 15
to 61). Twenty-nine percent had a Karnofsky performance score
(KPS) less than 90%.

Eighteen percent of patients had small lymphocytic lym-
phoma, 46% had follicular small cleaved-cell lymphoma, and
36% had follicular mixed-cell lymphoma. Eighty-one percent
were diagnosed with stage IV disease, most commonly due to
bone marrow involvement. Only 14% were in complete remis-
sion at transplant. Seventy-one percent had stage IV disease at
transplant, despite a median of two prior chemotherapy regi-
mens. Diverse chemotherapy regimens were used pretransplant;
37% of patients were felt to have chemotherapy-resistant
lymphoma (ie, they had achieved less than a partial remission to
the last chemotherapy regimen administered before transplant).

Eighty-four percent of the transplants were performed after
1990. The median interval from diagnosis to transplant was 24
months (range, 5 to 130). The pretransplant conditioning
regimen included total-body irradiation (TBI) in 82% of cases.
Among the 20 patients (18%) not receiving TBI for condition-
ing regimens, only three had received prior radiation. Twenty-
two percent of patients received T-cell–depleted transplants.

Outcomes. Outcomes are summarized in Table 2. The
median follow-up duration of surviving patients was 25 months

(range, 4 to 95). Three-year probabilities of recurrence and
treatment-related mortality were 16% (95% CI, 9% to 27%) and
40% (95% CI, 30% to 50%), respectively (Fig 1). Three-year
probabilities of survival and disease-free survival were both
49% (95% CI, 39% to 59%) (Fig 2). Among 33 patients
monitored for more than 2 years after transplantation, only one
relapse was documented.

In multivariate analysis, KPS, chemotherapy-resistance, con-
ditioning regimen, and age significantly predicted survival
(Table 3).

Fifty-one patients died; causes of death are summarized in
Table 4. Pulmonary complications were most common, includ-
ing interstitial pneumonitis (n5 7), acute respiratory distress
syndrome (n5 5), and pulmonary hemorrhage (n5 1). Two
patients died of acute GVHD and three of chronic GVHD.

DISCUSSION

This report evaluates the outcome of HLA-identical sibling
bone marrow transplants for advanced low-grade lymphomas
among centers reporting consecutive patients to the IBMTR.
Not surprisingly, the data indicate that transplants are mainly
offered to younger patients with advanced disease. Most
patients in this study received extensive prior therapy. Many
had chemotherapy-resistant disease and low performance scores.
Most were not candidates for autotransplants because of
extensive bone marrow involvement. Characteristics of these
patients and their outcomes are consistent with those reported in
three smaller single-institution series.13,18,19 Only 22 of the
patients in this study were included in those series. Given the

Fig 1. Probability of relapse and treatment-

related mortality after HLA-identical sibling bone

marrow transplant for low-grade non-Hodgkin’s lym-

phoma.

Fig 2. Probability of survival and disease-free

survival after HLA-identical sibling bone marrow

transplant for low-grade non-Hodgkin’s lymphoma.
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unfavorable characteristics of this population, the observed
lymphoma-free and overall survival rates of 49% and the
recurrence rate of only 16% are encouraging.

Interestingly, there was only one recurrence among 33
patients monitored for more than 2 years. This seems lower than
has been reported for autotransplants and is consistent with
other recent reports.24,25The low recurrence rate, if true, may be
due to graft-versus-lymphoma effects as suggested by some,26-28

or, alternatively, to lack of tumor contamination of the alloge-
neic graft.29,30 Our results should be interpreted cautiously.
Although we tried to obtain current information on all patients,
follow-up methods and accuracy of restaging varies consider-
ably among reporting centers; failure to detect early recurrences
may at least partially explain the results.

Multivariate analyses identified poor KPS and chemotherapy-
resistance as adverse prognostic factors. Better patient selection
and earlier transplants could improve outcome. Use of TBI for
pretransplant conditioning was also associated with better
survival. Radiation is effective in low-grade lymphoma and is

frequently used in autotransplant conditioning regimens. How-
ever, in a recent analysis of autotransplants for low-grade
lymphoma, there was a trend (P 5 .09 in multivariate analysis)
for poorer survival among patients receiving TBI.31 Only 18%
of the patients in this series received non-TBI regimens and it is
possible that such patients differed for unknown but important
(latent) covariates.

The 3-year probability of treatment-related mortality was
40% (95% CI, 30% to 50%). Most treatment-related deaths
were from pulmonary complications, similar to observations in
allogeneic transplants for Hodgkin’s disease.32 This high inci-
dence of pulmonary complications may be related to the use of
busulfan or TBI. Chronic GVHD, though common, was a rare
cause of death.

In conclusion, this analysis establishes the potential of
allogeneic transplantation to achieve survival in patients with
advanced low-grade lymphoma. Our data provide a rationale for
prospective studies of allogeneic transplants earlier in the
course of the disease.
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