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• Objective: To determine whether the conclusions of 
a 1991 study, which showed that adults with acute 
lymphoblastic leukemia in first remission had similar 
leukemia-free survival rates when treated with chemo
therapy or HLA-identical sibling bone marrow trans
plantation, remain valid after more than 4 years of 
additional follow-up. 
• Design: Retrospective comparison of two cohorts of 
patients using left-truncated Cox regression to adjust 
for differences in baseline characteristics and time to 
treatment. 
• Setting and Patients: Chemotherapy recipients were 
484 consecutive patients with acute lymphoblastic leu
kemia in first remission treated in 44 hospitals in Ger
many that were participating in two consecutive trials 
of the German Acute Lymphoblastic Leukemia Therapy 
Trials Group. Transplant recipients were 234 consecu
tive recipients of HLA-identical sibling bone marrow 
transplants for acute lymphoblastic leukemia in first 
remission in 98 centers, worldwide, reporting data to 
the International Bone Marrow Transplant Registry. 
• Interventions: Intensive combination chemotherapy 
or HLA-identical sibling bone marrow transplantation 
preceded by high-dose chemotherapy with or without 
total body irradiation. 
• Measurements: Relapse, treatment-related mortal
ity, and leukemia-free survival rate 9 years after first 
complete remission. 
• Results: The conclusions of our previous analyses 
were confirmed. Actuarial relapse probabilities at 9 
years were 66% (95% CI, 61 % to 70%) for chemother
apy and 30% (CI, 22% to 37%) for transplantation 

(P < 0.0001). The leukemia-free survival rates at 9 years 
were 32% (CI, 27% to 37%) for chemotherapy and 34% 
(CI, 28% to 40%) for transplantation (P > 0.02). 
• Conclusions: Fewer relapses but more treatment-
related deaths were seen with transplantation than with 
chemotherapy. Thus, leukemia-free survival rates were 
similar in adults receiving transplantation and adults 
receiving chemotherapy for acute lymphoblastic leuke
mia in first remission. 

Ann Intern Med. 1995;123:428-431. 

Considerable controversy exists about whether chemo
therapy or HLA-identical sibling bone marrow transplan
tation is the best therapy for adults with acute lympho
blastic leukemia in first remission (1-3). Our 1991 study 
(1) compared 454 adults receiving chemotherapy with 234 
adults receiving transplants. Chemotherapy recipients 
were treated in 44 hospitals in Germany in two consecu
tive trials of the German Acute Lymphoblastic Leukemia 
Therapy Trials Group. Transplantations were done in 98 
centers, worldwide, that reported data to the Interna
tional Bone Marrow Transplant Registry. Using statistical 
methods to adjust for leukocyte count at diagnosis, im
mune phenotype, time to first complete remission, and 
time to treatment, we found fewer relapses but higher 
treatment-related mortality with transplantation. Leuke
mia-free survival rates at 5 years were similar (about 
40%) with the two treatments; this was true for both 
patients with favorable and patients with unfavorable risk 
factors. The median follow-up when the study was pub
lished was 3 years. 

Although the conclusions of that study were clear, there 
was speculation that a difference favoring transplantation 
might emerge with additional follow-up. This hypothesis 
was based on the prediction that persons receiving che
motherapy would continue to have relapses, whereas re
lapse would not occur or would occur less frequently in 
the transplantation cohort. 

This current study, which has a median follow-up of 7.5 
years, updates our previous report and shows that 9-year 
leukemia-free survival rates were similar in patients 
treated with these two therapies. 

Methods 

Details of our previous analysis have been published (1). The 
previous study included two series of consecutively treated pa
tients. The chemotherapy cohort comprised 484 patients treated 
in two multicenter trials in Germany (January 1981 and February 
1984) who achieved complete remission of acute lymphoblastic 
leukemia between 1 January 1980 and 30 June 1987 (4, 5). The 
transplantation cohort comprised 234 patients with acute lympho
blastic leukemia in first remission who received bone marrow 
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transplants from HLA-identical siblings between 1 January 1980 
and 30 June 1987 and for whom complete information about 
prognostic factors was available. These patients had had no bone 
marrow or extramedullary relapse before transplantation. Data 
were reported to the International Bone Marrow Transplant 
Registry by 98 teams (6). Analysis was restricted to patients 
between 15 years of age (the lower age limit for the chemother
apy trials) and 45 years of age (the age of the oldest person in 
the transplantation cohort) at the time of treatment. Patients 
with B-cell acute lymphoblastic leukemia and hybrid leukemia (7) 
were excluded because there were so few of them. Details of the 
two cohorts and their treatments have been previously described 

Median follow-up at the time of this study was 7.5 years 
(range, 0.1 to 13.5 years); it was 7.0 years (range, 0.1 to 13 years) 
in the chemotherapy cohort and 8.3 years (range, 2.3 to 13.5 
years) in the transplantation cohort. 

Outcome 

The primary end point was duration of leukemia-free survival 
(survival without recurrent leukemia) after first remission. Pa
tients were considered treatment failures at time of relapse or at 
time of death from any cause and were censored only at time of 
last follow-up. Probabilities of relapse and treatment-related 
deaths were also determined. Recurrence of leukemia was de
fined in both cohorts as recurrence of more than 5% lympho-
blasts in the bone marrow or detection of leukemia cells in the 
blood or extramedullary sites. In estimations of probabilities of 
relapse, patients in continuous complete remission were censored 
at time of death from nonleukemic causes or at time of last 
follow-up. Treatment-related deaths were defined as deaths oc
curring in patients in continuous complete remission after treat
ment; these patients were censored at time of relapse or at time 
of last follow-up. 

Statistical Analysis 

Comparison of transplantation and chemotherapy requires ad
justment for two sources of bias: 1) differences in the baseline 
characteristics of patients chosen for each treatment and 2) a 
difference in time to treatment in the two cohorts. To address 
the second source of bias, which arises because patients in the 
transplantation cohort must survive in remission long enough for 
transplantation to be done, we used a left-truncated Cox regres
sion model to estimate the effects of covariates on treatment-
related mortality, relapse, and leukemia-free survival (8, 9). Us
ing this method, the risk set at each time point in the 
chemotherapy cohort consists of all patients in the initial cohort 
still being studied. In the transplantation cohort, the risk set at 
each time point includes only those who had a waiting time to 
transplantation of less than the current time point and who are 
still being studied. We adjusted for differences in baseline char
acteristics by including as fixed covariates factors predictive of 
leukemia-free survival in stepwise regression analysis of all pa
tients using the left-truncated Cox model. The following factors 
were correlated with outcome: age, immune phenotype (T-cell or 
others), leukocyte count at diagnosis (loge), and time to first 
remission. Other potential prognostic factors considered but not 
significant in the stepwise analyses were the presence of a me
diastinal mass at diagnosis (P = 0.22) and year of diagnosis 
(P = 0.32). We tested for interaction between significant covari
ates and type of treatment and found that the effect of leukocyte 
count at diagnosis differed in the two cohorts. A high leukocyte 
count at diagnosis had a greater negative effect on leukemia-free 
survival in the chemotherapy than in the transplantation cohort. 
Hence, in the final models, single covariates were used for age, 
immune phenotype, and time to remission, whereas separate 
covariates by treatment type were used for leukocyte count at 
diagnosis. Transplantation was considered to be a time-depen
dent covariate: Treatment effect differed for 12 or fewer months 
after first remission compared with more than 12 months after 
first remission. 

Adjusted probabilities of treatment-related mortality, relapse, 
and leukemia-free survival were generated from the above Cox 
models using the mean covariate value for each prognostic factor 
from the pooled sample (10). Odds ratios are based on these 

estimated probabilities. For subgroup analysis, the basic Cox 
model was refit to the data in specified groups. In all cases, 
reported probabilities represent predicted outcomes for similar 
groups of patients receiving each treatment. P values for com
parison of survival probabilities at fixed points in time are based 
on the standardized difference in estimated survival obtained 
from fitted Cox models in the two groups. 

None of the commercial sponsors acknowledged for their sup
port of this research were involved in study design, gathering or 
interpretation of data, or manuscript preparation. 

Results 

Adjusted probabilities of treatment-related mortality at 
9 years were 5% (95% CI, 3% to 7%) for persons receiv
ing chemotherapy and 53% (CI, 45% to 61%) for persons 
receiving transplants (P < 0.0001). Most treatment-related 
deaths occurred within 1 year of treatment. Among pa
tients surviving in remission for 3 years, the probability of 
treatment-related death in the subsequent 6 years was 1% 
(CI, 0% to 2%) with chemotherapy and 9% (CI, 3% to 
15%) with transplantation (P = 0.01). 

Adjusted probabilities of relapse at 9 years were 66% 
(CI, 61% to 70%) for persons receiving chemotherapy 
and 30% (CI, 22% to 37%) for persons receiving trans
plants (P < 0.0001). Late relapses occurred in both 
groups. Among patients surviving in remission for 3 years, 
the actuarial probabilities of having relapse in the subse
quent 6 years were 18% (CI, 12% to 24%) with chemo
therapy and 5% (CI, 1% to 9%) with transplantation 
(P = 0.0004). The latest relapses seen occurred at 6.6 
years in the chemotherapy cohort and at 4.2 years in the 
transplantation cohort. 

Adjusted probabilities of leukemia-free survival at 9 
years for persons receiving chemotherapy or transplants 
are shown in Table 1. At 9 years, chemotherapy and 
transplantation did not differ significantly (P > 0.2) either 
in the entire cohort or in groups defined by high- and 
low-risk prognostic factors. Among patients surviving in 
remission for 3 years, the probabilities of leukemia-free 
survival for the subsequent 6 years were 82% (CI, 76% to 
88%) for chemotherapy and 87% (CI, 80% to 94%) for 
transplantation (P > 0.2). 

Discussion 

Our data indicate that HLA-identical sibling transplan
tation is associated with fewer relapses than chemother
apy in adults with acute lymphoblastic leukemia in first 
remission. However, 9-year leukemia-free survival rates 
were similar for the two therapies. This conclusion applies 
to low- and high-risk groups as defined by leukocyte count 
at diagnosis, immune phenotype, and time to first remis
sion. The prediction that a difference between chemother
apy and transplantation might emerge with additional fol
low-up after our 1991 report was not confirmed. Although 
late relapses were less common in the transplantation 
cohort, this benefit was insufficient to overcome the in
creased treatment-related mortality seen with transplanta
tion. 

Our conclusions apply to these treatments as given 
between 1980 and 1987. Little indication of improvement 
in chemotherapy results has been seen since then. Al
though some studies suggest modest improvement in 
transplantation outcome since 1987, it is uncertain 
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Table 1. Adjusted Probabilities of Leukemia-Free Survival 9 Years after First Remission according to Type of Therapy 
Received after Remission and Prognostic Factors 

Variable Chemotherapy Group Transplantation Group RR (95% CI)* 

Patients Probability of Patients Probability of 
Leukemia-Free Leukemia-Free 

Survival (95% CI) Survival (95% CI) 

n % n % 

All patients 484 32 (27 to 37) 234 34 (28 to 40) 0.93 (0.60 to 1.26) 
Leukocyte count <30 X 107L| 328 38 (32 to 44) 132 37 (28 to 46) 1.02 (0.57 to 1.47) 
Leukocyte count >30 x 109/L 156 23 (16 to 30) 102 30 (20 to 40) 0.68 (0.26 to 1.11) 
Time to remission <8wks 395 36 (31 to 41) 156 40 (32 to 48) 0.86 (0.51 to 1.21) 
Time to remission >8wks 89 19 (10 to 28) 78 20 (11 to 29) 0.96 (0.20 to 1.72) 
T-cell phenotype 107 39 (29 to 49) 66 46 (33 to 59) 0.74 (0.23 to 1.24) 
Non-T-cell phenotype 247 25 (19 to 31) 133 28 (20 to 36) 0.86 (0.44 to 1.29) 

* RR = relative risk of treatment failure for patients receiving transplantation compared with chemotherapy. 
t At diagnosis. 

whether this reflects increased efficacy or patient selection 
(11). The results of our study are similar in some respects 
to those recently reported by the French Group for Ther
apy of Adult Acute Lymphoblastic Leukemia (12). They 
found similar disease-free and overall survival with trans
plantation and chemotherapy in a prospective trial, in 
which patients with an HLA-identical sibling were as
signed to receive a transplant. In contrast to our study, 
this study showed an advantage for transplantation in 
high-risk patients (5-year leukemia-free survival rate, 39% 
[CI, 23% to 55%] compared with 14% for chemotherapy 
[CI, 4% to 24%]; P = 0.01). Five-year leukemia-free sur
vival rates in our study were 33% (CI, 26% to 40%) with 
transplantation and 31% (CI, 26% to 36%) with chemo
therapy. The reasons for the difference in chemotherapy 
outcome in the two studies are not clear. The French 
Group study was more recent (it began in 1986), used 
different chemotherapy, and used slightly different high-
risk criteria, including cytogenetics. Cytogenetic data were 
available for few patients in our study. Data from both 
studies support reserving transplantation for treatment of 
relapse in adults with standard-risk acute lymphoblastic 
leukemia who have relapse. 

In conclusion, we found fewer relapses but more treat
ment-related mortality with HLA-identical sibling trans
plantation than with chemotherapy. Thus, leukemia-free 
survival rates were similar in adults receiving transplanta
tion and adults receiving chemotherapy for acute lympho
blastic leukemia in first remission. 

Appendix 

Additional members of the Acute Lymphoblastic Leukemia 
Working Committee are Albrecht Neiss, PhD, Technical Univer
sity, Munich, Germany; Kerry Atkinson, MD, St. Vincent's Hos
pital, Darlinghurst, New South Wales, Australia; A. John Barrett, 
MD, National Heart, Lung, and Blood Institute, Bethesda, Mary
land; Thomas Biichner, MD, and Wolfgang Hiddemann, MD, 
University of Miinster, Miinster, Germany; Mathias Freund, MD, 
University of Hannover, Hannover, Germany; Gerhard Heil, 
MD, University of Ulm, Ulm, Germany; Hans-Jochem Kolb, 
MD, University of Muenchen, Munich, Germany; Alberto M. 
Marmont, MD, Ospedale San Martino, Genoa, Italy; Georg Mas-
chmeyer, MD, University of Berlin, Berlin, Germany; Ciril 
Rozman, MD, Universidad de Barcelona, Barcelona, Spain; 
Bruno Speck, MD, Med Universitatsklinik, Basel, Switzerland; 
Ferry E. Zwaan, MD, PhD, King Faisal Specialist Hospital, Riy
adh, Saudi Arabia; and Mortimer M. Bortin, MD (deceased). 

Acknowledgments: The authors thank Sharon Nell, Beverly Bodine, and 
D'Etta Waldoch-Koser for help with data collection and analysis and Lisa 
J. Schneider for manuscript preparation. 

Grant Support: In part by Public Health Service Grant PO1-CA-40053 
from the National Cancer Institute, the National Institute of Allergy and 
Infectious Diseases, and the National Heart, Lung, and Blood Institute. 
Also by grants from Alpha Therapeutic Corporation; Armour Pharmaceu
tical Company; Astra Pharmaceutical; Baxter Healthcare Corporation; 
Biogen; Lynde and Harry Bradley Foundation; Bristol-Myers Squibb Com
pany; Frank G. Brotz Family Foundation; Burroughs-Wellcome Company; 
Center for Advanced Studies in Leukemia; Charles E. Culpeper Founda
tion; Eleanor Naylor Dana Charitable Trust; Eppley Foundation for Re
search; Immunex Corporation; Kettering Family Foundation; Kirin Brew
ery Company; Robert J. Kleberg, Jr. and Helen C. Kleberg Foundation; 
Herbert H. Kohl Charities, Inc.; Eli Lilly Company Foundation; Nada and 
Herbert P. Mahler Charities; Marion Merrell Dow, Inc.; Milstein Family 
Foundation; Milwaukee Foundation/Elsa Schoeneich Research Fund; 
Samuel Roberts Noble Foundation; Ortho Biotech Corporation; John 
Oster Family Foundation; Elsa U. Pardee Foundation; Jane and Lloyd 
Pettit Foundation; Pharmacia; RGK Foundation; Roerig/Pfizer Pharma
ceuticals; Sandoz Pharmaceuticals; Walter Schroeder Foundation; Stack-
ner Family Foundation; Starr Foundation; Joan and Jack Stein Charities; 
and Wyeth-Ayerst Laboratories. 

Requests for Reprints: Dr. Mary M. Horowitz, International Bone Marrow 
Transplant Registry, Medical College of Wisconsin, PO Box 26509, 8701 
Watertown Plank Road, Milwaukee, WI 53226. 

Current Author Addresses: Drs. Zhang, Horowitz, and Sobocinski: Interna
tional Bone Marrow Transplant Registry, PO Box 26509, 8701 Watertown 
Plank Road, Milwaukee, WI 53226. 
Dr. Hoelzer: Medizin Klinik III, Theodor-Stern-Kai 7, D-60590 Frankfurt, 
Germany. 
Dr. Gale: Salick Health Care, Inc., 8201 Beverly Boulevard, Los Angeles, 
California 90048-4520. 
Dr. Messerer: BZT, Pettenkoferstrasse. 35, D-80663 Munich, Germany. 
Dr. Klein: Division of Biostatistics, Medical College of Wisconsin, PO Box 
26509, 8701 Watertown Plank Road, Milwaukee, WI 53226. 
Dr. Loffler: II. Medizin, Universitatsklinik, Chemnitzstrasse 33, 24116 Kiel, 
Germany. 
Dr. Thiel: Universitatsklinikum Benjamin Franklin Abteilung, Innere 
Medizin mit Schwerpunkt Hamatologie und Onkologie, Hindenburgdamm 
30, 12207 Berlin, Germany. 
Dr. Weisdorf: Box 480, University of Minnesota Health Center, 420 Del
aware Street SE, Minneapolis, MN 55455. 

References 
1. Horowitz MM, Messerer D, Hoelzer D, Gale RP, Neiss A, Atkinson K, 

et al. Chemotherapy compared with bone marrow transplantation for 
adults with acute lymphoblastic leukemia in first remission. Ann Intern 
Med. 1991;115:13-8. 

2. Chao NJ, Blume KG. Bone marrow transplantation: what is the ques
tion? [Editorial]. Ann Intern Med. 1990;113:340-1. 

3. Hoelzer DF. Therapy of the newly diagnosed adult with acute lympho
blastic leukemia. Hematol Oncol Clin North Am. 1993;7:139-60. 

4. Hoelzer D, Thiel E, Loffler H, Bodenstein H, Plaumann L, Biichner T, 
et al. Intensified therapy in acute lymphoblastic and acute undifferen
tiated leukemia in adults. Blood. 1984;64:38-47. 

430 15 September 1995 • Annals of Internal Medicine • Volume 123 • Number 6 

Administrator
Highlight

Administrator
Highlight



5. Hoelzer D, Thiel E, Loftier H, Buchner T, Ganser A, Heil G, et al. 
Prognostic factors in a multicenter study for treatment of acute lym
phoblastic leukemia in adults. Blood. 1988;71:123-31. 

6. Barrett AJ, Horowitz MM, Gale RP, Biggs JC, Camitta BM, Dicke 
KA, et al. Marrow transplantation for acute lymphoblastic leukemia: 
factors affecting relapse and survival. Blood. 1989;74:862-71. 

7. Gale RP, Ben Bassat I. Hybrid acute leukaemia. Br J Haematol. 
1987;65:261-4. 

8. Andersen PK, Borgan O, Gill RD, Keiding N. Statistical Methods 
Based on Counting Processes. New York: Springer-Verlag; 1993. 

9. Klein JP, Zhang MJ. Statistical challenges in comparing chemotherapy 
and bone marrow transplantation as a treatment for leukemia. Tech
nical Report No. 3, Division of Biostatistics, Medical College of Wis
consin, 1994. 

10. Andersen PK, Bentzon R, Klein JP. Estimating the survival function in 
the proportional hazards regression model: a study of small sample 
size properties. Scandinavian Journal of Statistics. 1995; [In press]. 

11. Chao NJ, Forman SJ, Schmidt GM, Snyder DS, Amylon MD, Konrad 
PN, et al. Allogeneic bone marrow transplantation for high-risk acute 
lymphoblastic leukemia during first complete remission. Blood. 1991; 
78:1923-7. 

12. Sebban C, Lepage E, Vernant JP, Gluckman E, Attal M, Reiffers J, et 
al. Allogeneic bone marrow transplantation in adult acute lymphoblas
tic leukemia in first complete remission: a comparative study. French 
Group of Therapy of Adult Acute Lymphoblastic Leukemia. J Clin 
Oncol. 1994;12:2580-7. 

© 1995 American College of Physicians 

15 September 1995 • Annals of Internal Medicine • Volume 123 • Number 6 431 


	美国细胞修复系统医学中心
	www.cytothesis.us

	Long-Term Follow-up of Adults with Acute Lymphoblastic Leukemia 
	Conclusion
	Methods
	Results
	Discussion
	Appendix
	References



