1540 THE NEW ENGLAND JOURNAL OF MEDICINE

Dec. 7, 1995
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Abstract Background. High-dose chemotherapy fol-
lowed by autologous bone marrow transplantation is a
therapeutic option for patients with chemotherapy-sensi-
tive non-Hodgkin’s lymphoma who have relapses. In this
report we describe a prospective randomized study of
such treatment.

Methods. A total of 215 patients with relapses of non-
Hodgkin’s lymphoma were treated between July 1987
and June 1994. All patients received two courses of con-
ventional chemotherapy. The 109 patients who had a re-
sponse to chemotherapy were randomly assigned to re-
ceive four courses of chemotherapy plus radiotherapy
(54 patients) or radiotherapy plus intensive chemothera-
py and autologous bone marrow transplantation (55 pa-
tients).

Results. The overall rate of response to conventional
chemotherapy was 58 percent; among patients with re-
lapses after chemotherapy, the response rate was 64
percent, and among those with relapses during chemo-

T is generally agreed that patients with intermediate-
or high-grade non-Hodgkin’s lymphoma who have
a relapse after initial therapy have a poor prognosis."?
A retrospective study in 1984 from France and England
showed a clear relation between the responsiveness of
the lymphoma to treatment and the outcome.? In 1987,
the combination of high-dose chemotherapy and autol-
ogous bone marrow transplantation in patients with
non-Hodgkin’s lymphoma in relapse was considered
promising but experimental and appropriate for use
only at research centers.! The value of that treatment
remains an open question, because conventional sal-
vage treatment without autologous bone marrow trans-
plantation can induce lengthy remissions; long-term
survival after a relapse has been reported with at least
five different chemotherapy regimens.*®
In a preliminary study, our group (the Parma Group,
formed in 1986 during a meeting in Parma, Italy) found
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therapy, the response rate was 21 percent. There were
three deaths from toxic effects among the patients in
the transplantation group, and none among those in the
group receiving chemotherapy without transplantation.
The two groups did not differ in terms of prognostic
factors. The median follow-up time was 63 months. The
response rate was 84 percent after bone marrow trans-
plantation and 44 percent after chemotherapy without
transplantation. At five years, the rate of event-free sur-
vival was 46 percent in the transplantation group and 12
percent in the group receiving chemotherapy without
transplantation (P =0.001), and the rate of overall surviv-
al was 53 and 32 percent, respectively (P=0.038).

Conclusions. As compared with conventional chemo-
therapy, treatment with high-dose chemotherapy and au-
tologous bone marrow transplantation increases event-free
and overall survival in patients with chemotherapy-sensi-
tive non-Hodgkin’s lymphoma in relapse. (N Engl J Med
1995;333:1540-5.)

that salvage chemotherapy followed by radiotherapy of
the involved field, high-dose chemotherapy, and autol-
ogous bone marrow transplantation induced prolonged,
but unmaintained, remissions in 40 percent of patients
who had treatment-sensitive lymphomas in relapse. The
death rate from toxic effects among these patients was
only 10 percent.” We now report the results of a pro-
spective randomized trial of this treatment.!’

METHODS
Patients

We enrolled a total of 215 patients with non-Hodgkin’s lymphoma
of intermediate grade (163 patients) or high grade (52 patients) in re-
lapse. The patients were 18 to 60 years old at the time of the first re-
lapse (188 patients) or the second relapse (27 patients). The patients
were enrolled between July 1987 and June 1994 at 51 participating
centers (see the Appendix).

To be eligible for enrollment, patients had to have received previ-
ous treatment with a doxorubicin-containing regimen.'” All patients
had a complete response to an initial induction regimen, with the re-
sponse maintained for at least four weeks. Relapses during and after
therapy were defined by the investigators at the participating centers.
Patients with central nervous system or bone marrow involvement at
the time of the relapse were excluded. Informed consent was obtained
from each patient according to the Parma protocol and the rules of
each participating center and country.

All patients were given dexamethasone, cisplatin, and cytarabine
(DHAP).> After one course of DHAP, bone marrow was harvested
(except in 41 patients with clearly progressive disease) while the pa-
tients were under general anesthesia. The bone marrow was frozen,’
unless marrow had been stored previously (in the case of 24 patients).
Bone marrow—biopsy specimens obtained at the time of harvesting
were normal in all patients. None of the patients received hematopoi-
etic growth factors before the bone marrow was harvested. Peripher-
al-blood stem cells were not collected. A second course of DHAP was
given beginning on day | after the harvesting. Twenty days later, the
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stage of the disease was reevaluated according to the sites involved
when the first course of DHAP therapy was initiated. Patients with
complete or partial responses were considered to have relapses of che-
motherapy-sensitive lymphoma and were eligible for random assign-
ment to one of the treatment groups.

Randomization was performed as early as possible between day 20
and day 60 after the initiation of the second course of DHAP. Inter-
active computerized procedures were used to monitor data at the time
of enrollment and randomization. Patient assignments were stratified
according to center, and the computer assigned each patient to a treat-
ment group on the basis of a permuted-block design. All data were
checked for validity and coherence by the coordinating center. Errors
and missing values were reported to the investigators for correction
or confirmation. The plausibility of the data and consistency among
variables were checked. On-site monitoring was not performed sys-
tematically, but before the final analysis, an effort was made to obtain
missing data.

Treatment

Eligible patients were randomly assigned to receive autologous
bone marrow transplantation or conventional treatment. The condi-
tioning regimen in the transplantation group consisted of carmustine,
ctoposide, cytarabine, cyclophosphamide, and mesna (BEAC), with
or without radiotherapy of the involved field, followed by bone mar-
row transplantation. Radiotherapy was part of the transplantation
protocol and was indicated if the sites of bulky disease at the time of
relapse were at least 5 cm in diameter or if there were extranodal T3
or T4 lesions (according to the classification of the European Organ-
ization for Research and Treatment of Cancer).’ The total dose of ra-
diation was 26 Gy, given in fractions of 1.3 Gy each, delivered twice
daily with at least four hours between the two treatments. An involved
field was defined according to the Ann Arbor staging system!! and the
diameter of bulky disease at the time of the relapse (i.e., during the
enrollment phase), not at the time of randomization.” BEAC was ad-
ministered 48 hours after the completion of radiotherapy, on days 21
through 60 after the second course of DHAP.

The regimen consisted of 300 mg of carmustine per square meter
of body-surface area (administered intravenously for 30 to 60 min-
utes) on day 1; a total daily dose of 200 mg of etoposide per square
meter (100 mg per square meter given intravenously for 30 to 60 min-
utes twice daily) on days 2 through 5; a total daily dose of 200 mg
of cytarabine per square meter (100 mg per square meter given in-
travenously for 30 minutes twice daily) on days 2 through 5; a total
daily dose of 35 mg of cyclophosphamide per kilogram of body weight
(given as a short infusion for 60 minutes) on days 2 through 5; and
a total daily dose of 50 mg of mesna per kilogram (optional) on days
2 through 5 (given intravenously in six fractions every 4 hours for 30
minutes). Autologous bone marrow transplantation was performed
through a central line 48 hours after the last dose of etoposide, with
a minimum of 100 million nucleated cells per kilogram injected. Pa-
tients received care in single rooms according to the protocol for sup-
portive care at each participating center.!’

The conventional treatment consisted of four additional courses of
DHAP given at intervals of three to four weeks, followed, if no pro-
gression occurred, by radiotherapy of the involved field according to
the same definition of bulky disease used at the time of enrollment
(i.e., =5 cm). The radiotherapy was administered as complementary
treatment. The dose of radiation was 35 Gy delivered in 20 fractions
of 1.75 Gy per fraction.

After randomization, each patient was evaluated in the group to
which he or she had been assigned, even if the treatment was incom-
plete. The objective was to compare groups, not treatments. In both
groups, additional treatment was allowed if the assigned treatment
had failed. Such additional treatment included high-dose chemother-
apy and autologous bone marrow transplantation for patients in the
conventional-treatment group. No specific conditioning regimen was
recommended at this stage.

Statistical Analysis

Survival curves were calculated according to the Kaplan—Meier
method'? and compared by the two-sided log-rank test,® with the use
of the Lifetest procedure in the SAS statistical package. Differences
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were considered significant if the P value was less than 0.05. Other
comparisons were performed with the chi-square and Fisher’s exact
tests.!*

An event was defined as a relapse, evidence of disease progression,
or death, whatever the cause. The date of the first event was used in
calculating event-free survival.

A steering committee and policy board (see the Appendix) were set
up in 1987 to monitor the interim analysis. The first analysis was per-
formed in June 1990 to detect any abnormal toxic effects in the trans-
plantation group (>15 percent).’ A second analysis was performed in
June 1992, with differences considered significant if the P value was
less than 0.01. The policy board decided to stop the study in June
1994, before further analysis of the data had been performed.

RESULTS
Enrollment and Treatment

A total of 215 patients were enrolled in the study.
There were 126 men and 89 women, with a median age
of 43 years. A total of 163 patients had intermediate-
grade lymphoma, and 52 had high-grade lymphoma.
A central review of the pathological findings was not
mandatory. Forty-three percent of the patients had ele-
vated serum lactic dehydrogenase values at the time of
enrollment.

The rate of response to the initial doxorubicin-con-
taining regimen was 58 percent. Fifty-three patients
(25 percent) had complete responses and 72 (34 per-
cent) had partial responses. Among the 187 patients
who had relapses after therapy with the doxorubicin-
containing regimen, 64 percent had responses to two
courses of DHAP. Among the 28 patients who had re-
lapses during therapy with the doxorubicin-containing
regimen, the rate of response to DHAP was 21 percent.

Ninety patients were excluded before randomization
because they did not have a response to DHAP, and 16
of the 125 patients with responses (8 with complete re-
sponses and 8 with partial responses) were not included
for reasons defined in the protocol.

The remaining 109 patients were randomly assigned
to high-dose chemotherapy, irradiation of the involved
field (if indicated), and autologous bone marrow trans-
plantation (55 patients) or conventional treatment (54
patients). Of these 109 patients, 95 were having a first
relapse, and 14 were having a second relapse; all 109
had had complete responses after the first-line therapy.
The serum concentration of lactate dehydrogenase was
elevated in 36 of the 105 randomized patients (34 per-
cent) for whom data were available at the time of en-
rollment (Table 1). At the time of randomization, the
lactate dehydrogenase concentration was still abnor-
mal in 20 patients in the transplantation group and 21
in the conventional-treatment group. Of the 109 pa-
tients, 45 had complete responses (41 percent) and 64
had partial responses (59 percent) at the time of
randomization.

The time of relapse (during or after therapy), histo-
logic type of lymphoma, and number of second relapses
(nine in the conventional-treatment group and five in
the transplantation group, P=0.24) were similar in the
two groups (Table 1). The site of the relapse, proportion
of patients with elevated lactate dehydrogenase concen-
trations at the time of the relapse (36 percent in the
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transplantation group and 33 percent in the convention-
al-treatment group), and size of the tumor at the time
of the relapse were also similar in the two groups.

Six of the 55 patients randomly assigned to high-dose
chemotherapy and autologous bone marrow transplan-
tation did not undergo transplantation but were ana-
lyzed with the other patients in this group.” One of the
six died early in the course of a relapse, before receiv-
ing BEAC. Two had progressive disease before receiv-
ing BEAC, were treated with other chemotherapeutic
regimens, and died. Another patient who had progres-
sive disease before the administration of BEAC received
salvage treatment and then BEAC, had a relapse four
months later, received another rescue treatment, and
survived. The other two patients received DHAP: one
because of a cardiac problem after randomization and
before the administration of BEAC, and one because no
stem cells were present in the bone marrow before the
initiation of BEAC. These two patients underwent au-
tologous bone marrow transplantation outside the pro-

Table 1. Base-Line Characteristics of the 109 Patients with Non-
Hodgkin’s Lymphoma Randomly Assigned to Autologous Bone
Marrow Transplantation or Conventional Treatment.*

CONVENTIONAL
TREATMENT
(N=54)

TRANSPLANTATION
CHARACTERISTIC (N =55)
no. of patients

Histologic type of lymphoma

High-grade large-cell immunoblastic 10 12
High-grade lymphoblastic 0 2
High-grade, with small noncleaved cells 1 2
Intermediate-grade follicular, with 3 3
predominantly large cells
Intermediate-grade diffuse, with small 0 3
cleaved cells
Intermediate-grade diffuse, with mixed 12 9
small and large cells
Intermediate-grade diffuse, with 22 15
large cells
Other diffuse 7 8
Relapse
During therapy 2 3
Not during therapy 53 51
First 50 45
Second 5 9
Serum lactate dehydrogenase concentration
Normal value 34 35
1 to 2 X normal value 18 14
>2 X normal value 1 3
Unknown 2 2
Size of tumor at main location
Not measurable 1 4
<5.0 cm 38 28
5.1-10.0 cm 8 9
>10.0 cm 1 4
Unknown 7 9
Main location
Nodal thoracic 11 4
Nodal abdominal 12 14
Nodal head and neck 13 14
Other nodal 8 5
Extranodal thoracic 1 1
Extranodal abdominal 7 5
Extranodal head and neck 1 3
Other extranodal 2 8

*Patients in the transplantation group underwent radiotherapy; a regimen of carmustine,
etoposide, cytarabine, cyclophosphamide, and mesna (optional); and autologous bone marrow
transplantation. Patients in the conventional-treatment group received four courses of dexa-
methasone, cisplatin, and cytarabine, plus radiotherapy.
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tocol after relapse (with a second harvest performed in

one), and both died.

Overall and Event-free Survival

Thus, 49 patients received high-dose chemotherapy
and autologous bone marrow transplantation. Three (6
percent) died from toxic effects: one from septic shock
on day 63 after transplantation, one from a fungal in-
fection on day 97, and one from cardiac toxicity on day
83. An additional patient, who was in complete remis-
sion, died from pulmonary infection on day 406 after
transplantation (this death was classified as due to late
toxicity). Twenty-two of the 55 patients in the trans-
plantation group received radiotherapy. Two of these
patients had relapses before receiving BEAC. Morbidi-
ty after treatment with high-dose chemotherapy and
autologous bone marrow transplantation was high, with
1 case of septic shock and 30 episodes of bacterial in-
fection (septicemia in 17), 8 of viral infection, 6 of fun-
gal infection, 5 of renal toxicity, 4 of hepatic toxicity
(grade 3 in 2 patients), and 3 of pneumonitis. Twenty-
seven patients had mucositis (grade 3 in 7 patients and
grade 4 in 2), 16 had diarrhea (grade 3 in 6), and | had
grade 4 cardiac toxicity.

None of the 54 patients randomly assigned to the
conventional-treatment group died from toxic effects of
treatment, and 37 patients received at least three cours-
es of DHAP. Only 12 of the 54 patients received ra-
diotherapy of the involved field after four additional
courses of DHAP (essentially because 26 patients had
relapses during the four courses of DHAP and before
receiving radiotherapy). Morbidity was lower in this
group than in the transplantation group, with one case
of septic shock and six episodes of bacterial infection
(septicemia in three), two of viral infection, one of fun-
gal infection, three of pneumonitis, and one of hepatic
toxicity. Four patients had mucositis, three had diar-
rhea (grade 3 in one patient), and two had cardiac tox-
icity (grade 1 in both). Only renal toxicity (14 cases,
1 of which was grade 3) was more frequent than in the
transplantation group.

The median follow-up period was 63 months. The re-
sponse rate was 84 percent after bone marrow trans-
plantation and 44 percent after chemotherapy without
transplantation. The overall survival at five years in the
group of 109 randomized patients was 42 percent, as
compared with 45 percent in the group of 16 patients
excluded from randomization (5 of the 8 survivors had
no evidence of disease) and 11 percent in the group of
90 patients without initial responses to chemotherapy
(P<<0.001). The rate of event-free survival was 46 per-
cent in the transplantation group and 12 percent in the
conventional-treatment group (P=0.001) (Fig. 1). At
five years, the overall survival was 53 percent in the
transplantation group and 32 percent in the conven-
tional-treatment group (P=0.038) (Fig. 2).

Relapses

Twenty-six of the patients who received high-dose
chemotherapy and autologous bone marrow transplan-
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Figure 1. Kaplan—Meier Curves for Event-free Survival of Patients
in the Transplantation and Conventional-Treatment Groups.

The data are based on an intention-to-treat analysis. Tick marks
represent censored data.

tation had relapses. There was no significant difference
in the proportion with relapses between the subgroup
of patients who had received radiotherapy of the in-
volved field (22 patients, 8 with relapses) and the sub-
group who had not received radiotherapy (33 patients,
18 with relapses; P=10.19). Relapses occurred at the pri-
mary site of the disease at the time of the first relapse
in 4 of the 22 patients who underwent irradiation and
in 12 of the 33 who did not (P=0.15).

In the conventional-treatment group, 45 patients had
relapses, also with no statistical difference between those
who received radiotherapy of the involved field (12 pa-
tients, 10 with relapses) and those who did not (42 pa-
tients, 35 with relapses; P=0.66). Relapses occurred at
the primary site of disease at the time of the first re-
lapse in 3 of the 12 patients who underwent irradiation

and in 26 of the 42 who did not (P=0.21).

Transplantation in the Conventional-Treatment Group

Among the 45 patients in the conventional-treat-
ment group who had relapses, 24 did not have at least
a partial response to reinduction therapy, and 3 did not
undergo autologous bone marrow transplantation, de-
spite a previous response to a rescue protocol. Eight-
een of the 45 patients who had relapses with progres-
sive disease subsequently were treated with a high-dose
regimen of chemotherapy and bone marrow transplan-
tation, as allowed in the protocol. Sixteen of these 18 pa-
tients underwent induction chemotherapy according to
a conventional rescue protocol (MIME [mitoguazone,
ifosfamide, methotrexate, and etoposide] in 7, and other
treatments in 9). The conditioning regimen was BEAC
in eight patients, cyclophosphamide and total-body ir-
radiation in five, and other treatments in five (data
not shown). Fourteen of the 18 died, and 2 survived
with relapses; only 2 were alive and free of disease 333
and 1911 days after autologous bone marrow trans-
plantation.

Di1SCUSSION

This study demonstrates a significantly higher sur-
vival rate after high-dose chemotherapy and autologous
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bone marrow transplantation than after conventional
chemotherapy in adults with relapses of chemotherapy-
sensitive, intermediate- or high-grade non-Hodgkin’s
lymphoma. Since we selected patients who were opti-
mally suited for chemotherapy, the result in the conven-
tional-treatment group is disappointing. Furthermore,
11 of the 20 patients still alive at the time of the analy-
sis had progressive disease. These results are similar to
those reported by Bosly et al. in a nonrandomized, ret-
rospective study.?

One patient had a relapse 26 months after undergo-
ing autologous bone marrow transplantation. On re-
view the tumor was found to be a small lymphocytic fol-
licular lymphoma, at the time of both this relapse and
the initial relapse, not an intermediate-grade, diffuse,
mixed-cell type, as originally diagnosed. The patient
died 53 months after the transplantation.!® In another
patient, who had a relapse at 66 months, the disease
was diagnosed after a review of the slides (performed
by Dr. D.D. Weisenburger, Omaha, Nebr.) as diffuse,
large-cell non-Hodgkin’s lymphoma at the time of the
initial diagnosis and the first and second relapses. This
patient survived.

The prognosis is poor for patients with intermediate-
or high-grade non-Hodgkin’s lymphoma who have a
relapse after a complete remission, regardless of wheth-
er any further treatment is given.>"!' The most impor-
tant prognostic factor is the duration of the remission."’
Second complete remissions do occur, however, after
further treatment with combination chemotherapy at
standard doses, and 10 percent of patients survive for
long periods.'”2%22 Cures with high-dose chemotherapy
and autologous bone marrow transplantation were first
reported by Appelbaum et al.?; this approach, howev-
er, is restricted to a minority of patients in relapse,
since it cannot be used in patients who are elderly (i.e.,
older than 60 to 65 years)."”

We believe that patients with chemotherapy-sensitive
lymphomas in relapse are most likely to have good re-
sults with additional chemotherapy.%® In our study we
selected the patients most likely to benefit from either

P =0.038
Transplantation

Conventional treatment

Overall Survival (%)
3

0 T T T T T 1
0 15 30 45 60 75 90

Months after Randomization

Figure 2. Kaplan—Meier Curves for Overall Survival of Patients
in the Transplantation and Conventional-Treatment Groups.
The data are based on an intention-to-treat analysis. Tick marks
represent censored data.

Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission.
Copyright © 1995 Massachusetts Medical Society. All rights reserved.



1544 THE NEW ENGLAND JOURNAL OF MEDICINE

type of treatment: those younger than 60 years with
previous complete responses, no central nervous system
or bone marrow involvement, and previous responses
to a conventional rescue protocol. Because of these
stringent selection criteria, only 129 patients were en-
rolled between July 1987 and November 1989. Only 43
patients were enrolled between December 1989 and
November 1991, because 29 of the 31 participating cen-
ters had stopped enrolling patients in the study. Only
18 centers were still enrolling patients after November
1991, and the policy board stopped the study in June
1994 because of the low rate of accrual. The rates of re-
sponse and survival did not differ significantly among
these three periods of enrollment.

The two groups of randomized patients were similar
with regard to prognostic factors. Only 22 of 88 pa-
tients who could be evaluated had an intermediate or
high tumor burden, and only 36 of 105 had high lactate
dehydrogenase levels. The six patients with intermedi-
ate-grade, follicular, large-cell lymphoma'® were equal-
ly distributed in the two groups. Only two patients
(both in the conventional-therapy group) had lympho-
blastic lymphoma.?* We thus succeeded in selecting a
group of patients with favorable prognostic indicators
in order to compare high-dose chemotherapy and autol-
ogous bone marrow transplantation with conventional
therapy under the best possible conditions for the con-
ventional approach.!®-1922.25.26

The rates of mortality from toxic effects and morbid-
ity were higher in the transplantation group than in the
conventional-treatment group. Future studies should be
conducted to determine whether toxicity can be re-
duced by the use of peripheral-blood stem cells and
growth factors.'7?2® Some unanswered questions about
the management of relapses of lymphoma concern the
roles of total-body irradiation (although retrospective
studies indicate no marked effect?’), bone marrow purg-
ing and allogeneic marrow transplantation,?¢3%32 and
peripheral-blood stem cells in increasing survival and
reducing relapses and toxicity.?*33

We conclude that radiotherapy of the involved field
and BEAC followed by autologous bone marrow trans-
plantation is the best available treatment for patients
with relapses of chemotherapy-sensitive, intermediate-
or high-grade non-Hodgkin’s lymphoma without bone
marrow or central nervous system involvement.

We are indebted to Zora Abdelbost, head of the data-center staff in
Lyon; to Dr. Thomas Bachelot, Dr. Frédéric Gomez, and Elisabeth
Heseltine for exceptional assistance in conducting this study; and to
Yves Alamercery and Jean Maupas (Clinical Pharmacology Unit,
Lyon), who were responsible for the data-processing system.

APPENDIX

The Parma study group consisted of the following centers and
investigators: Peter MacCallum Cancer Institute, Melbourne, Australia:
I. Cooper; St. Vincent Hospital, Sydney, Australia: J.C. Biggs; Academic
Hospital, Brussels, Belgium: R. Schots and B. Van Camp; Institut Jules
Bordet, Brussels, Belgium: D. Bron; University Zickenhuis, Edegem, Belgium:
R. De Bock and Z. Berneman; Clinique de Mont Godine, Yvoir, Belgium:
A. Bosly and C. Chatelain; Hépital de la Durance, Avignon, France:
G. Lepeu; Hopital Jean Minjoz, Besancon, and Centre Hospitalier Général
Louis Pasteur, Colmar, France: J.Y. Cahn, E. Deconinck, and B. Audhuy;
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Hbpital Antoine Béclere, Clamart, France: G. Tertian and F. Boue; Hopital
Beaujon, Clichy, France: E. Attassi Dumont and J.F. Bernard; Centre Ré-
gional de Lutte contre le Cancer (CRLCC) Jean Perrin, Clermont Ferrand,
France: M. Legros and F. Mayer; Hépital Henri Mondor, Creteil, France:
C. Haioun; CRLCC George Francois Leclerc, Dijon, France: P. Fargeot;
Centre Hospitalier Lyon Sud and Hdépital Edouard Herriot, Lyon, France:
B. Coiffier and C. Sebban; CRLCC Léon Bérard, Lyon, France: T. Philip,
P. Biron, 1. Philip, and J.Y. Blay; CRLCC Institut Paoli Calmettes,
Marseille, and Centre Hospitalier Universitaive (CHU) Hépital Saint Eloi,
Montpellier, France: D. Maraninchi, A.M. Stoppa, and V. Faucherre;
CHU Brabois, Nancy, France: ¥. Witz; CHU Hotel Dieu, Nantes, France:
J.L. Harousseau and L. Bataille; CRLCC Antoine Lacassagne, Nice,
France: A. Thyss; Hopital Saint Louis, Paris: C. Gisselbrecht; CHU
Frangois Magendie, Pessac, and Centre Hospitalier Régional (CHR) Sainte
Andrée, Bordeaux, France: B. David, G. Marit, and M. Longy; CHU La
Miletrie, Poitiers, France: ¥. Guilhot; Hépital Robert Debré, Reims, France:
B. Pignon; CHU Pontchaillou, Rennes, France: C. Dauriac; CRLCC Henri
Becquerel, Rouen, France: H. Tilly; CRLCC René Huguenin, St. Cloud,
France: M. Janvier; CHU Purpan, Toulouse, France: G. Laurent; CHU
Bretonneau, Tours, France: P. Colombat; CHU Paul Brousse, Villejuif,
France: J.L. Misset, P. Ribaud, M.P. Lemonnier, and M. Di Palma;
Klinikum Charlottenburg, Berlin, Germany: W. Siegert; Universita degli Stu-
di Bari Policlinico, Bari, Italy: V. Pavone and V. Liso; Ospedale Maggiore,
Cremona, Italy: A. Porcellini and A. Manna; Universita Di Parma, Parma,
Italy: V. Rizzoli and L. Mangoni; Ospedale Maria Delle Croci, Ravenna,
Italy: G. Rosti; Universita La Sapienza, Rome: C. Guglielmi, F. Mandelli,
M. Martelli, and G. Meloni; Academic Medical Center, Amsterdam:
H. Van Der Lelie; Antoni Van Leeuwenhoek, Amsterdam: R. Somers; Uni-
versity Hospital, Groningen, the Netherlands: G.W. Van Imhoff; University
Hospital, Leiden, the Netherlands: J.C. Kluin Nelemans; University Hospi-
tal, Maastricht, the Netherlands: P. Hupperets; Doctor Daniel Den Hoed
Cancer Center, Rotterdam, the Netherlands: A. Hagenbeek; University Hos-
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CORRECTION

Autologous Bone Marrow Transplantation in
Relapsed Non-Hodgkin’s Lymphoma

To the Editor: In the report by Philip et all (Dec. 7 issue), there are
several shortcomings in the Parma Group’s comparison of high-dose
chemotherapy and autologous bone marrow transplantation with con-
ventional salvage chemotherapy for patients with relapsed lymphoma.

First, the authors state that the base-line characteristics of the two
study groups were similar. According to their Table 1, however, there
were consistently more patients with adverse prognostic factors in the
conventional-treatment group than in the transplantation group: 30
percent versus 20 percent with high-grade histologic features, 17 per-
cent versus 9 percent with a second relapse, 24 percent versus 16
percent with a tumor over 5 cm at the main location, and 15 percent
versus 4 percent with other extranodal disease. The nonsignificant
P values noted by the authors are not reassuring, since we are con-
cerned not with a chance occurrence of these differences but rather
with their effect on the outcomes measured. This effect is best de-
termined with Cox’s proportional-hazards model,? and the authors
should report the results of such an analysis.

Second, the authors provide no information on the distributions of age
and disease stages in the two study groups. Both age and the stage
of disease could be expected to have an effect on the outcome in this
population.

Third, the authors do not describe the measures used to ensure con-
cealment of the group assignments. Poor concealment has been
shown to yield overestimates of the treatment effect.® This study was
stopped early because of low accrual after the first two and a half
years of enroliment, suggesting that there was widespread knowledge
of the preliminary results among the participating investigators, which

may have increased the temptation to subvert randomization.*

Finally, the most useful information on the treatment effect is the differ-
ence in overall survival between the two groups, with some indication
of the preciseness of that measure. The best summary statistic for
this purpose is the 95 percent confidence interval for the difference in
survival between the groups. The authors should provide this infor-
mation.

Carl D. Atkins, M.D.
242 Merrick Rd.
Rockville Centre, NY 11570
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To the Editor: The patterns of relapse observed in the Parma study
indicate that low-dose radiotherapy may not be sufficient to obtain
durable local control of aggressive non-Hodgkin’s lymphoma. Of the
22 patients in the transplantation group who received radiotherapy (to-
tal dose, 26 Gy given in 20 fractions), 4 (18 percent) had recurrences
at the primary site of disease at the time of the first relapse. Of the 12
patients in the conventional-treatment group who received radiother-
apy (total dose, 35 Gy in 20 fractions), 5 (42 percent) had recurrences
at the primary site of disease at the time of the first relapse. Although
the numbers are small, and the patients selected to receive radiother-
apy had unfavorable characteristics (tumor mass >5 cm or T3 or T4
lesions), the high local-recurrence rate shows that there is room to im-
prove the radiation schedule. Although radiotherapy is generally not
used after chemotherapy in patients without bulky disease, the very
high incidence of recurrence at the primary site of disease in patients
without bulky masses who did not undergo irradiation casts doubt on
the appropriateness of withholding radiotherapy in this group. Indeed,
the local-recurrence rates of 36 percent (recurrences in 12 of 33 pa-
tients) in the transplantation group and 62 percent (in 26 of 42) in
the conventional-treatment group make involved-field irradiation worth
considering in future phase 3 trials.

Although aggressive non-Hodgkin's lymphoma is known to be quite
sensitive to radiation, when only radiotherapy is used, doses over 40
Gy (at around 2 Gy per fraction) are required to obtain local-control
rates that exceed 90 percent.:l Unfortunately, the optimal total dose,
fractionation schedule, and target volume of radiation in combined-
modality treatment are unknown at present. Moreover, in patients
with recurrent disease, the response to radiation may differ from the
response in patients with primary disease, because of altered cel-
lular radiosensitivity and the rate of proliferation. Probably because
of the extrapolation of radiation doses from Hodgkin's disease and
low-grade non-Hodgkin’s lymphoma to aggressive non-Hodgkin’s lym-
phoma, there is a tendency to use low-dose radiation in patients with
the latter disorder.

We hope future trials will be designed to reconsider not only the place
of radiotherapy in the treatment of lymphoma but also the schedule
and dose patterns and the target volumes in different clinical situa-
tions, such as after high-dose chemotherapy with stem-cell support.
The detailed results of the trial conducted by the Southwest Oncology
Group may soon provide important information on this subject.2

N Engl J Med 1996;334:990
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To the Editor: The study by Philip et al. shows an advantage of high-
dose chemotherapy plus autologous bone marrow transplantation
over conventional treatment in patients with a response to second-
line chemotherapy after a relapse of intermediate- or high-grade non-
Hodgkin’s lymphoma. We are concerned about the statistical design
of this important trial.

No information is given about the chief end point of the study (survival
or event-free survival) and the difference in the anticipated end point
that the investigators wished to determine in comparing the two treat-
ments. The reader is informed about a two-sided P value of less than
0.05 but not about the statistical power considering the hypothesized
difference in outcome and the number of patients studied.

Two planned interim analyses were performed. The first was per-
formed “to detect any abnormal toxic effects in the transplantation
group (>15 percent).” In the second analysis, “differences [were] con-
sidered significant if the P value was less than 0.01.” What were the
toxic effects the investigators wished to detect, and what kind of end-
point difference did the second interim analysis seek? Since the study
was closed early because of low patient accrual, before the planned
number of patients had been enrolled, what was the power of the pre-
liminary evaluation and the range of the proposed benefit from high-
dose chemotherapy and autologous bone marrow transplantation, as
compared with conventional therapy? A study is terminated early be-
cause of either an interim analysis showing a difference in the chief
end point (such as survival) with a high level of statistical significance
or a low level of accrual with equivalent end points in the two groups
of the study at the time of the analysis. In such a case, the reader
is given information about the probability of having missed an antici-
pated difference or the range of differences that could be ruled out as
possible true differences.

In the case of positive results obtained in a prematurely closed trial,
we are worried that the statistical significance of the difference be-

tween the treatment groups is a result of multiple testing when the
difference appeared significant.

Claus-Henning Koehne, M.D.
Peter Daniel, M.D.

Humboldt University

13122 Berlin, Germany

To the Editor: Philip et al. state, “A central review of the pathologi-
cal findings was not mandatory.” Perhaps such a review should have
been mandatory, and perhaps the Journal should have included a
reviewer with some knowledge of pathology. In their description of
one patient, Philip et al. state, “On review the tumor was found to
be a small lymphocytic follicular lymphoma, at the time of both this
relapse and the initial relapse, not an intermediate-grade, diffuse,
mixed-cell type, as originally diagnosed.” We are unable to find the
term “small lymphocytic follicular lymphoma” in any of the commonly
used classifications of non-Hodgkin's lymphomas, including the work-
ing formulation,! the updated Kiel classification,? and the newly pro-
posed revised European—American lymphoma classification.® A quick
review of other classifications® also failed to enlighten us. Perhaps
this is a typographic error. Since the tumor was initially thought to
represent diffuse mixed-cell lymphoma, we think the most likely diag-
nosis is small lymphocytic lymphoma or leukemia, but follicular, small-
cleaved-cell lymphoma remains a possibility.

This discussion detracts from the real question: How can therapeutic
outcomes be compared when the disease treated is unknown? By
chance, it is known that at least one patient probably did not have
intermediate- or high-grade non-Hodgkin’s lymphoma (depending on
the correct diagnosis). What about the other patients? This article
clearly shows that pathologists are not as irrelevant as either the au-
thors of this report or the editors at the Journal appear to think they
are.

J. Adelia McBride, M.D.

William C. Pugh, M.D.

University of Texas M.D. Anderson Cancer Center
Houston, TX 77030
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The authors reply:

To the Editor: We can supply Dr. Atkins with the following answers.
The mean age at recruitment was 44.2 years (range, 24 to 59) in
the transplantation group and 43.8 years (range, 19 to 59) in the
conventional-treatment group. The Karnofsky score was unknown in
five cases. The score was greater than or equal to 80 in 44 patients
in the transplantation group and in 44 patients in the conventional-
treatment group. The score was less than 80 in seven patients in the
transplantation group and in nine in the conventional-treatment group
(in all of whom it was 60 to 70) (the difference is not significant).

Group assignments were centrally managed in Lyon and were known
by the physicians who participated in the trial before inclusion of the
patients. All the patients were preregistered before the first course
of dexamethasone, cisplatin, and cytarabine (DHAP), and all patients
were enrolled and randomized in Lyon. No patient was excluded after
randomization.

Itis true that randomization was performed without stratification on the
basis of prognostic factors (stratification was performed only by the
centers). However, we have performed a Cox proportional-hazards
analysis in which all the main available prognostic factors were in-
cluded. This analysis confirmed the superior results in the trans-
plantation group in terms of both event-free survival (relative risk of
an event in the conventional-treatment group, 2.24; 95 percent confi-
dence interval, 1.72 to 2.75; P = 0.002) and overall survival (relative
risk of death in the conventional-treatment group, 1.90; 95 percent
confidence interval, 1.33 to 2.47; P = 0.028).

The study was stopped after seven and a half years, and only the
two previously planned interim analyses were performed. The first
one, at three years, showed that the rate of death from toxic effects
in the transplantation group was under 15 percent (no analysis of the
end point was performed). The second analysis was performed two
years later to determine whether there was a 20 percent advantage
in disease-free survival in one group, without disclosure of the group
with the survival advantage, if the difference was not statistically sig-
nificant (which was the case).

We agree with the comments by De Ruysscher et al. on the role of
radiotherapy in the treatment of lymphomas.

The term noted by Drs. McBride and Pugh, on page 1543 of our
article, was an error (“small lymphocytic follicular lymphoma™ should
have read “small lymphocytic lymphoma™).

In response to Drs. Koehne and Daniel, the primary end point of the
study was event-free survival, and only the two previously scheduled
analyses were performed. The statistical hypothesis was a rate of
event-free survival of 35 percent in the transplantation group and 15
percent in the conventional-treatment group at two years. The calcu-
lated sample size for a power of 80 percent and three years of accrual
was 71 patients per group. The study was stopped in June 1994 by
the policy board without any additional statistical testing. The power
of the final analysis with the initial expected difference is 78 percent.1

We would also like to clarify a statement in our article. On page
1541, in the right-hand column, the first sentence of the second para-
graph under Results, “The rate of response to the initial doxorubicin-
containing regimen was 58 percent,” should have read as follows:
“The rate of response to the two courses of DHAP given before ran-
domization was 58 percent.”

Thierry Philip, M.D.
Frédéric Gomez, M.D.
Franck Chauvin, M.D.
Centre Léon Bérard
69373 Lyon, France
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