© EM 1993

ORIGINAL ARTICLE

EARLY MORTALITY IN BONE MARROW TRANSPLANTATION
FOR ACUTE LYMPHOCYTIC LEUKAEMIA
A MULTIVARIATE ANALYSIS OF RISK FACTORS

M. Algara, A. Valls, J. Marrugat, A. Grafiena

SUMMARY

Objectives: Bone marrow transplantation is still associated
with a high case-fatality rate. This study was conducted to
identify the risk factors for early mortality in acute lympho-
cytic leukaemia patients treated with bone marrow transplanta-
tion.

Methods: Prospectively collected data on 76 acute lympho-
cytic leukaemia patients, treated with 60 mg/kg cyclophospha-
mide for two consecutive days, before (32 patients) or after
(44 patients) total body irradiation who received an allogeneic
(56 patients) or autologous (20 patients) bone marrow trans-
plantation were considered in the multivariate analysis includ-
ing fifteen potentially prognostic variables for early mortality.
Results: In the entire group, patients older than 20 years had
a relative risk for early mortality of 3.96 (95% confidence
interval (CI): 1.33-11.76) and those with a Karnofsky Index
lower than 90% had a relative risk of 5.56 (95% CI: 1.29-25).
In the subgroup of allogeneic patients, those over 20 years had
a relative risk of 5.17 (95% CI: 1.30-20.6); the relative risk for
patients with a Karnofsky index <90% was 10.55 (95% CI:
1.55-71.43) and 8.04 (95% CI: 43-45.07) for acute severe graft-
versus-host disease. Among radiation therapy variables only
dose-rate showed a trend towards better prognosis in patients
treated with less than 5 cGy/min.

Conclusions: In our patients and within the range of treat-
ment variables studied, age, Karnofsky index, and graft-versus-
host disease are the most important factors related with early
mortality. Eur J Med 1993; 2:386-392
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Long-term survival after bone marrow transplanta-
tion (BMT) in leukaemia patients is the result of a del-
icate balance between relapse rate and transplant toxic-
ity (1-5). An increase in preparative regimen agressiv-
ity yields a low relapse index (6) but is counterbal-
anced by an increase in morbidity and mortality (7).
The more extended conditioning regimens include total
body irradiation, because most investigators recognize
the role of total body irradiation in disease erradica-
tion, immunosuppression and creation of space to allow
graft implant (8), although its action mechanism is not
well understood and has been questioned (9). So far, in
absence of controlled prospective trials (10), no regi-
men is clearly superior. Thus, transplant teams select
their total body irradiation schedules not only accord-
ing to radiobiological considerations but also taking
into account their patient overload and technical avail-
abilities (11-16).

We began to use total body irradiation for BMT
giving a 10 Gy single dose and lung shielding at 8 Gy
(17). During the last few years, total dose, fractioning,
and lung shielding, have been modified following cur-
rent literature data and availability of radiation facilites
(18-23). In our experience, most deaths after BMT are
due to causes not related with disease progression, and
occur shortly after the procedure. In previous reports
(22, 23) we analyzed the causes of mortality in 221
leukaemia patients: 80% occurred during the first 120
days after BMT and were due to infection (60.7%),
haemorrhage (15.5%), idiopathic interstitial pneumonitis
(9.5%), and parenchymatous failure (14.3%). Like
other BMT teams we attribute these deaths to the pro-
cedure — «regimen related toxicity » (24) or « trans-
plant toxicity » (25-27). In this context, identification
of factors related to the occurrence of « early mortal-
ity » may help to introduce changes in preparative reg-
imens in an attempt to increase the therapeutic ratio of
the procedure.

In a first multivariate analysis, including 215 leu-
kaemia patients, we reported on two predictive factors
for early mortality (28): age and patient general condi-
tion (Karnofsky Index). Later, we analyzed a more
homogeneous group of leukaemia patients treated with
allogeneic BMT. The results on 174 subject is showed
that, besides age and Karnofsky index which were
already known, acute graft-versus-host disease (GVHD)
was a predictive factor of prime importance.

In this report we present the results of a multivar-
iate analysis on an even more specific group, including
76 acute lymphocytic leukaemia patients whose clinical
data have been collected prospectively in order to
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identify factors related with early mortality among
these patients.

PATIENTS AND METHODS

Seventy-six patients with a minimum follow-up of
6 months have been included. Their characteristics
before BMT and type of marrow infused are shown in
Table 1.

TasLE I. Characteristics of patients before bone marrow trans-
plantation (BMT).

Variable n %
seX male 44 57.9
female 32 42.1
Karnofsky index <90 10 13.2
> 90 66 86.8
disease phase complete remission 66 86.8
incomplete remission 10 13.2
BMT type allogeneic 56 73.7
autologous 20 26.3

Mean + SEM Range
19.4 £ 8.8 4-42
615.8 £ 583.6 97-2733

age (yr)

BMT dclay (days)

Preparative Regimen

Patients were conditioned with 60 mg/kg cyclo-
phosphamide for two consecutive days and with total
body irradiation. Chemotherapy was given before or
after irradiation in 32 and 44 patients respectively.
Total body irradiation was administered with a Co-60
unit, following one of these schedules: 10 Gy single
dose (29 patients); 6 x 200 cGy in 3 days (36 patients);
or 4x300cGy in 2 or 4days (11 patients). Subjects
were entered in one or other total body irradiation
schedule, regardless of their haematological or clinical
status.

Radiation dose was calculated for every patient at
midplane, in the axis and at different points of interest:
head, neck, mediastinum, lungs, abdomen, pelvis and
knees. The point of minimum absorbed dose was taken
as reference. Overdosed areas were shielded with
appropriate thickness of copper sheets. Heterogeneity
of dose distribution was accepted when less than 10%.
In patients treated with a single fraction, lungs were
completely shielded during the last part of the treat-
ment, when absorbed lung dose reached 8 Gy. In frac-
tionated schedules, lungs were partially shielded during
the whole treatment. Characteristics of total body irra-
diation schedules are listed in Table II.

Transplant Procedure

Patients received allogeneic or autologous BMT.
Allogeneic marrow was obtained from HLA-matched
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Tapre 1. Characteristics of treatment schedules in three
different facilites.

Treatment Schedule

Characteristic

1 2 3
cases (n) 29 27 20
paticnt position lat. decubitus sitting lat. decubitus
total dose 10 12 12
fractions 1 6 4-6
dose/fraction 10 2 2-3
axis dose rate 5.0+ 1.3 55+04 4.0+0.2
(midplane)
Jung dosc 8 83+0.4 82 +0.1
lung dose rate 6.6 1.7 3.8+0.2 26+0.1
lung shiclding lead* coppert coppert

Doses are expressed in Gy: Dose Rates are expressed in cGy/min.
# Lungs shielded at the end of treatment when lung absorbed dose
rcached 8 Gy.

t Lungs partially shiclded during the whole treatment time with Cu

shects.

related donors and negative mixed-lymphocyte culture.
Autologous bone marrow was collected during a com-
plete remission phase, treated ex vivo with monoclonal
antibodies in T and B leukaemias, and cryopreserved
until infusion day (29). Details of our technique have
been described elsewhere (18).

Supportive Care

The supportive care applied to our patients has
been published elsewhere (30), and has been modified
successively following current literature data. Briefly,
patients were isolated in a positive pressure filtered-air
ward and decontaminated from day 5 until recovery of
granulocyte count (>0.5 X 10%L). During this period
they received non-absorbable oral antibiotics, total
parenteral nutrition, prophylaxis against haemorrhagic
cystitis. irradiated haematic derivatives and antibiotics
upon clinical evolution. From day 32 after BMT all
patients received prophylaxis against P. carinii infec-
tion with cotrimoxazole (Septrin® 2 pills/12 hours).

Prophylaxis, Diagnosis
and Treatment of Graft-versus-Host Disease

Patients treated with allogeneic BMT received pro-
phylaxis against GVHD with methotrexate (MTX), 10-
15 mg/m? for 11 doses (21 patients), cyclosporine-A
alone (Cs-A) (2 patients), or both: MTX, 4 doses and
Cs-A (33 patients). Cs-A was administered following
Storb’s schedule (31), always trying to maintain plas-
matic levels between 200 and 500 pg/L (31), monitored
with a specific monoclonal antibody.

Diagnosis and grading of GVHD was done accord-
ing to the International Bone Marrow Transplant
Registry (IBMTR) criteria (32). Patients who developed

ve
wvro,

387

Crun ®

o4 0
fop W



Early Mortality in Bone Marrow Transplantation

acute  GVHD  received methylprednisolone  (5-
10 mg/kg/day).

End-points and Follow-up

During the first 120 days, causes of mortality were
classified into four groups: infection, haemorrhage,
idiopathic interstitial pneumonitis and other causes
(cardiac, hepatic or renal failure, and hepatic veno-
occlusive disease), following clinical or biological cri-
teria, and post mortem studies. Patients with interstitial
pneumonitis, in whom a pathogenic microorganism was
isolated were classified as having an infectious proces-
sus, and are included in this group. Only when no
pathogenic organism could be identified, interstitial
pneumonitis was referred to as idiopathic. When more
than one possible cause of mortality was present, only
the most important was recorded. GVHD was never
considered an ultimate cause of mortality.

Statistical Methods

Fifteen potential prognostic variables (Table III),
classified as non-controllable, sometimes controllable,
and controllable by the BMT team (33) were conside-
red in the analysis.

Descriptive results are presented as means with
standard deviation (SD) for continuous variables and as
proportions in categorical variables. Median and range
of values are also presented when the distribution of a
variable deviates from normality. The association

TasLE 1I1. Potential prognostic variables analyzed (see ref. 33).

Classification Variable

uncontrollable age (cut-point 20 years)

sex (male/female)

sometimes Karnofsky Index (cut-point 90)
controllable disease’s phase (CR vs non-CR)
radiotherapy technique
BMT Type*
donor-recipient sex:
(male-male. female-female, male-female,
female-male)t
GVHD grade (0 - 1 vs II-IV)t

controllable diagnosis-BMT delay (cut-point at 550 days)

TBI total dose (10 vs 12 Gy)

fractionation (yes/non)

number of fractions (one, four, or six)

axis midplane dose-rate (cut-point at 5 ¢cGy/min)
radio-chemotherapy sequence (before or after TBI)
GVHD prophylaxis (MTX, MTX-CsA, and CsA)t

* only entire group.

tonly allogeneic BMT.

CR = complete remission; BMT = bone marrow transplantation;
GVHD = graft-versus-host discase; TBI = total body irradiation;
MTX = methotrexate; CsA = cyclosporine-A.

. 4

between each factor and the occurrence of early mor-
tality was tested with the % test for categorical vari-
ables (34); Fisher exact test was applied when neces-
sary (35). The relative risks and probability of early
mortality were estimated by means of an unconditional
logistic regression model (36). Selection of variables
that entered in the multivariate analysis was done on a
stepwise procedure basis, including all factors signifi-
cantly associated with early mortality in the univariate
analysis, all the total body irradiation variables, and
others considered of clinical interest. The probability of
early mortality was calculated with the logistic model
for the presence of different profiles of factors.
Significative level was set to 0.05 and only two-sided
contrasts were considered. The statistic analysis was
done with the BMDP statistical package (37) at the
Institut Municipal d’Investigacié Médica of Barcelona.

RESULTS

Twenty-three patients (30.3%) died from causes
related with transplant procedure during the first
120 days after BMT. Recorded causes of mortality
were: infection (56.5%), haemorrhage (13.0%), idiopa-
thic interstitial pneumonitis (4.3%) and other causes
(26.2%). In the allogeneic BMT group acute severe
GVHD (grades II-IV) was present in 10/56 patients
(17.9%).

Univariate Analysis

The first univariate analysis included all patients
(76 subjects). The incidence of early mortality was
significantly associated with age (p=0.0191) and
Karnofsky index (p=0.0445). Allogeneic BMT type
showed a trend towards worse prognosis when com-
pared with autologous BMT type but without reaching
statistical significance (Table IV).

The second univariate analysis included 56 patients
treated with allogeneic BMT. As shown in Table V
none of the analyzed variables reached statistical sig-
nificance. Nevertheless, patients who developed acute
severe GVHD tended to have a worse prognosis than
those with grades 0 —I (recorded early mortality: 60 vs
30% respectively), as well as patients over 20 years
versus younger ones (recorded early mortality: 50 vs
35% respectively).

Multivariate Analysis

In the multivariate analysis of the entire group, the
logistic model selected two variables in the stepwise
procedure. Age and Karnofsky index were significantly
related with early mortality. The relative risk of mortal-
ity during the critical period, for patients over 20 years
was 3.96 (95% confidence interval (CI): 1.33-11.76)
while a Karnolsky index lower than 90% had a relative
risk of 5.65 (95% CI: 1.29-25.0) (Table VI).
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TasLE IV, Univariate analysis. Entire group of 76 bone marrow transplant recipients.

>

Variable % Mortality n X p
age < 20 years 20.8 48

> 30 16.4 2 5.48494 0.0191
sex Males 27.0 44

449

Females 34.4 32 0.44280 0.5058
Karnofsky <90 60.3 10 e
index 90-100 25.8 66 0.0445
phase CR 333 66

non-CR 10.0 10 0.1476
BMT type allo 35.1 56 5 5

auto 15.0 20 2.99632 0.0835
TBI technigue first 37.9 29

sccond 259 27 1.31110 0.5192

third 25.0 20
BMT delay < 550 320 50 s
(days) > 550 26.9 26 020891 0.6476
total dose 10 Gyt 37.9 29 ,
and fractionation 12 Gy§ 25.5 47 1.30643 0.2530
fractions one 37.9 29

four 36.4 11 2.10481 0.3491

SiX 22.2 36
dose-rate <5 30.0 40

2086 4

(¢ Gy/min) >5 306 36 020891 06476
radio-chemotherapy TBI + CHT 22.7 44 5
sequence CHT + TBI 40.6 32 2.81195 0.0936

# Fisher exact test; T Single dose; § Fractionated.
BMT = bone marrow transplantation; CR = complete remission: TBI = total body irradiation;

CHT = chemotherapy.

TasLi V. Univariate analysis. Allogeneic group.

Variable % Mortality n ba p
age < 20 years 25.4 32
20 500 2 3.73333 0.0533
sex males 32.3 31
3 : 76
females 40.0 25 036129 0.5478
Karnofsky <90 62.5 8 #
index 90-100 313 48 0.1164
phase CR 41.3 46 "
non-CR 10.0 10 0.0671
TBI technique first 37.9 29
second 30.0 20 0.50207 0.7780
third 42.9 7
BMT delay <550 39.5 38 ,
(days) > 550 278 18 0.72775 0.3936
total dose 10 Gyt 37.9 29 5
and fractionation 12 Gy§ 333 27 0.12874 0.7197
fractions one 379 29
four 66.7 3 1.76207 0.4144
six 29.2 24
dose-rate <5 34.6 26 5
(cGy/min) >5 36.7 30 0.02553 0.8733
radio-chemotherapy TBI + CHT 29.2 24 "
sequence CHT + TBI 40.6 32 0.78426 03758
donor-recipient sex male-male 35.7 14
female-male 29.4 17
2 2
male-female 58.3 12 3.87247 0.2756
female-female 23.1 13
GVHD prophylaxis MTX 38.1 21
MTX-CsA 30.3 33 4.07273 0.1305
CsA 100 2
GVHD grade 0-1 30.4 46 "
-1V 60.0 10 0.1000%

# Fisher exact text; T Single doese, § Fractionated.
BMT = bone marrow transplantation; CR = complete remission; TBI = total body irradiation; CHT = chemotherapy.
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Early Mortality in Bone Marrow Transplantation

TaBLE VI. Multivariate analysis. Entire group.

Factor Relative risk Confidence  Probability
interval of death

> 20 years 3.96 1.33 - 11.76 42 %

Karnofsky index < 90 % 5.65 1.29 - 25.0 51 %

> 20 years and 22.37 20.34 - 24.40 81 %

Karnofsky index < 90 %

The probability of early mortality was 42% for
patients over 20 years when no other risk factor was
present and 51% when the Karnofsky index was lower
than 90% and no other risk factor was present. The
relative risk and probability of early mortality for
patients with association of the both factors is shown
in Table VII. The worst prognosis corresponded to a
patient over 20years in poor general condition
(Karnofsky index <90%), who had an 81% probability
of early mortality and a relative risk of 22.37 (95% CI:
20.34-24.40).

TasLE VII. Multivariate analysis. Allogeneic group.

Factor Relative risk  Confidence  Probability
interval of death

> 20 years 5.17 1.30 - 20.60 24%

Karnofsky index < 90% 10.53 1.55-71.43 39%

severe GVHD 8.04 1.43 - 45.07 33%

dose-rate > 5 ¢Gy/m 3.42 0.79 - 14.83 17%*

> 20 years and 54.44 5176 - 57.12 77%

Karnofsky index < 90%

> 20 years 41.56 39.13 - 43.99 72%

and severe GVHD

Karnofsky index < 90% 84.66 81.68 - 87.64 84%

and severe GVHD

> 20 years 437.70 434.03 - 441.37 99%

and Karnofsky index < 90%
and severe GVHD

* Not significant, but contributes in mathematical model.

The best prognostic profile corresponded to a
patient under 20 years in good general condition
(Karnofsky index 90), with only a 16% probability of
early mortality, being the relative risk reference group
(RR=1).

In the allogeneic BMT subgroup (56 patients), the
stepwise procedure of the logistic model only selected
the haematological status variable. Paradoxically,
advanced disease protected patients from early mortal-
ity, with a relative risk of 0.158. When excluding this
variable, age Karnofsky index and acute GVHD
appeared as variables significantly related with early
mortality. Furthermore, total body irradiation dose-rate
improved the model at a significance level of 0.08
which is acceptable for our tentative purposes.
However, the confidence interval of its relative risk

was not significant (Table VII). The relative risk for
patients over 20 years was 5.17 (95% CI: 1.30-20.60).
Subjects in poor general condition (Karnofsky index
<90) had a relative risk of 10.53 (95% CI: 1.55-
71.43). Acute severe GVHD (grades II-IV) accounted
for a relative risk of 8.04 (95% CI: 1.43-45.07). Dose-
rate is the only radiotherapy variable that contributed
to the model: patients treated with dose-rate over
5 cGy-min had 3.42 times more risk (95% CI: 0.79-
14.83) than patients treated with dose-rates lower than
5 cGy/min.

The probability of early mortality for each variable
when no other risk factor was present, was 24% for
patients over 20 years, 39% for patients with a
Karnofsky index lower than 90, 33% for patients who
developed acute severe GVHD and 17% for patients
treated with dose rates higher than 5 cGy/min. In the
allogeneic group (Table VII), the worst profile corre-
sponded to patients over 20 years, with a Karnosfsky
index lower than 90 and who developed acute GVHD
(grade II-1V): these had a 99% probability of early
mortality. In contrast patients under 20 years, in good
general condition and without acute GVHD only had a
6% probability of dying during this critical period (120
days).

DISCUSSION

Bone marrow transplant teams are aware that this
therapeutic approach for leukaemia patients vyields
decreasing but still high mortality (25). It is clear now,
that overall survival depends on many factors, most of
which are interrelated. Many investigators have ana-
lyzed the causes of mortality and the prognostic factors
associated with the more relevant complications of the
procedure, i.e. relapse (38, 39), interstitial pneumonitis
(33, 40, 41), hepatic veno-occlusive disease (42, 43)
graft rejection (44), or GVHD (45). All this reports
and many others include the conditioning regimen in
their analysis and most of them find a relationship
between total body irradiation and acute, often fatal,
complications. When modifications in the preparative
regimen are introduced to improve one of these end-
points, their interrelations emerge. An increase in total
body irradiation dose to decrease relapse (46) is corre-
lated with higher regimen-related mortality and inci-
dence and severity of GVHD (47, 48); dose fractioning
in an attempt to decrease incidence of interstitial pneu-
monitis, or the administration of T-depleted grafts to
decrease GVHD, are associated with an increase in
relapse rates (39, 49, 50). Thus, after the introduction
of fractionated total body irradiation many reports
favour this therapeutic approach. Later, results did not
demonstrate any clear advantage (51). Nevertheless, the
difficulty lies in comparing non-randomized series of
patients with different total body irradiation schedules
(52, 53). The mechanism of action and the real role of
radiation therapy in the preparative regimen is being
discussed (54).
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We considered early mortality due to treatment
procedure as a valuable parameter of acute severe tox-
icity. Its relationship with the preparative regimen has
peen evaluated in other series of BMT patients (3, 8,
18, 20, 24, 55). Mortality related to procedure is high
and predominates in the first 3-4 months following
marrow infusion.

In the multivariate analysis of the entire group, age
and Karnofsky index remain in the significance level.
In the allogeneic group, the first multivariate analysis
selects disease phase as statistically significant.
Paradoxically, advanced disease seems to be a protec-
tive factor. This is an erroneous interpretation. Patients
in advanced phases do not die because of regimen-
related toxicity. They die of disease progression. In a
second analysis excluding disease phase, all variables
that showed a trend in the univariate analysis reached
the significance level. Furthermore, dose-rate contribut-
ed to the mathematical logistic model but without
attaining statistical significance.

In both series (entire and allogeneic group),
patients over 20 years had a higher risk of early mor-
tality (Tables VI and VII). This increased risk has
already been depicted for allogeneic BMT by Gratwhol
et al. (56) in leukaemia patients, and by Thomas (57),
and Tallman (5) in non-lymphocytic leukaemia patients
in first complete remission. In their studies these
authors demonstrate that younger patients tolerate the
preparative regimen better than older ones. The impor-
tance of this factor was also significant in previous
analysis (28).

Karnofsky index is another important variable,
attaining  statistical significance in both analyzed
groups. Patients with a Karnofsky index lower than 90
have an increased risk of early mortality (Tables VI
and VII). The importance of this factor in BMT out-
come has been reported by Bearman et al. (3) in lym-
phoma patients. Freedman et al. (58) share the same
opinion when attributing their low regimen-related
mortality rate (4%) to the excellent performance status
of patients. The importance of KI was also significant
in previous analysis (28).

In the allogeneic group, another significant prog-
nostic factor was acute GVHD. Patients developing this
complication in grades II-IV had a 33% probability of
early mortality with a relative risk eight times higher
than patients with grades O — 1. Incidence and severity
of GVHD has been widely recognized as closely influ-
encing BMT outcome in adults (43, 59, 60), and chil-
dren (61). In a similar series of patients, analyzed in
the Johns Hopkins Hospital (62), which included 78
acute lymphocytic leukaemia patients treated with
allogeneic BMT, this complication was associated with
most cases of death. Many efforts are currently being
invested in the prevention and treatment of this compli-
cation (31, 49, 50). This opinion is supported by
Thomas (63): « one area of progress includes the pre-
vention and control of graft-versus-host disease ».

The last variable with statistical importance in our
study was dose-rate. In the allogeneic group, patients
treated with dose-rate lower than 5 ¢cGy/min had a bet-
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ter prognosis than those irradiated with higher rates.
This variable has been frequently related with some
severe complications, specially interstitial pneumonitis.
In their analysis, Weiner (33) and The Japan BMT
Group (64), demonstrate a close relationship between
dose-rate and mortality due to this complication.

CONCLUSION

Briefly, our analysis demonstrates once again that
the most important variables related with early mortal-
ity are: age, general condition, and GVHD.
Unfortunately, patient age is a non-controllable factor
(33), and GVHD and Karnofsky index can only be
partially modified by increasing prophylaxis and treat-
ment of GVHD, and by entering patients in BMT pro-
grams when in good general condition. In contrast, the
easily controllable variables of total body irradiation
schedules, that is total dose and fractioning, were not
significantly related with early mortality. Within the
limits of total dose, fractioning and dose rate included
in our analysis, only the last showed a trend towards
increased early mortality in the allogeneic subgroup of
bone marrow transplant patients.

Acknowledgements: We thank E. Carreras and J. Sierra from
the Department of Hematology from the Hospital Clinic, for their
collaboration in data collection, and M. Jaume for her useful sug-
gestions.

REFERENCES

1. Klingemann, HG. When should bone marrow transplantation be consid-
ered ? In: Deeg HJ. Klingemann HG. Phillips GL (eds) A guide to Bone
Marrow Transplantation. Springer-Verlag, Berlin-Heilderberg 1988: 18-
26.

Buckner CD. Clift RA. Appelbaum FR. er al. Effects of treatment regi-

mens in patients allografted for acute and chronic myelogenous leuke-

mia. Bone Marrow Trans 1991: 7 (Suppl 2):6-8.

3. Bearman SI. Appelbaum FR. Back A. er al. Regimen-related toxicity
and ecarly posttransplant survival in patients undergoing marrow trans-
plantation for lymphoma. J Clin Oncol 1989; 7:1288-94.

4. Zander AR, Keating M. Dicke K. er al. A Comparison of marrow trans-
plantation with chemotherapy for adults with acute leukemia of poor
prognosis in first complete remission. J Clin Oncol 1988: 10:1548-57.

(8]

w

. Tallman MS, Kopecky KJ. Amos D, ef al. Analysis of prognostic fac-
tors for the outcome of marrow transplantation or further chemotherapy
for patients with acute nonlymphocytic leukemia in first remission. J
Clin Oncol 1989: 7:326-37.

6. Frassoni F. Scarpati D, Bacigalupo A. er al. The effect of total body
irradiation dose and chronic graft-versus- host disease on leukaemic
relapse after allogencic bone marrow transplantation. Br J Haematol
1989: 73:211-16.

7. Blaise D, Gaspard AM. Stoppa G. et al. Allogeneic or autologous bone
marrow transplantation for acute lymphoblastic leukemia in first com-
plete remission. Bone Marrow Transplant 1990: 5:7-12.

8. Thomas ED. Storb R, Clift RA, er al. Bone marrow transplantation. N
Engl J Med 1975 292:832-4: 895-902.

9. Gale RP. Buturrini A, Bortin MM. Response to Vriesendorp et al. Int J
Radiat Oncol Biol Phys 1991: 20:645-6.

10. Cossct JM, Girinsky T. Malaise E. ef al. Clinical basis for TBI fraction-
ation. Radiother Oncol 1990; 18 (Suppl 1):60-7.

1. Kim TH. Khan FM. Galvin JM. A report of work party: Comparison of

total body irradiation techniques for bone marrow transplantation. Int J

Radiar Oncol Biol Phys 1980; 6:779-84.

391

rme



Early Mortality in Bone Marrow Transplantation

20.

26.

27.

30.

31.

32.

33.

34,
35.
36.
37.

38.

392

. Garcfa I,

Broerse JJ, Dutreix D. Physical aspects of total body irradiation.
Proceedings of a workshop on Physical Aspects of Total Body
Irradiation. J Eur Radiother 1982; 4:157-8.

Leer JWH, Broerse 1J, De Vroome H, ¢t al. Techniques applied for
total body irradiation. Radiother Oncol 1990; 18 (Suppl 1):10-15.
Peters LJ, Withers HR, Cundiff JH, et al. Radiobiological considera-
tions in the use of total-body irradiation for bone marrow transplanta-
tion. Radiology 1979; 131:243.7.

Peters LJ. Discussion: The radiobiological bases of TBI. /ntr J Radiat
Oncol Biol Phys 1980 6:785-7.

Evans RJ. Radiobiological considerations in magna field irradiation. Inr
J Radiat Oncol Biol Phyvs 1983: 9:1907-11.

Rozman C. Graficna A, Valls A, ¢r al. Nuestra primera experiencia con
el trasplante de médula 6sea. Med Clin (Barc) 1976; 67:437-41.

. Grafena A. Rozman C, Carreras E, et al. Trasplante de médula ésea en

la leucemia aguda. Resultados en una seric de 51 pacientes consecutivos
preparados con ciclofosfamida e irradiacién corporal total. Med Clin
(Barc) 1985; 85:479-85.

Valls A, Graiiena A, Carreras E. er «l. Total body irradiation in bone
marrow transplantation: fractionated versus single dose. Acute toxicity
and preliminary result. Bul cancer 1989; 76:797-804.

Valls A, Ferrer E, Algara M, ¢ al. Irradiacién corporal total hiperfrac-
cionada en el régimen de acondicionamiento para el trasplante de
médula ésea. Experiencia en 99 casos. Oncologia 1989; 12:248-55.

. Valls A, Ferrer E, Algara M, ¢r al. Fractionated total body irradiation

for bone marrow (ransplantation: clinical results on

Radiother Oncol 1990: 18 (Suppl 1):151-4.

66 patients.

. Algara M, Valls A, Carreras E, Sierra J. Garcia J, Grafiena A. Causas

de mortalidad precoz en pacientes con leucemia tratados con irradiacion
corporal total y trasplante de médula Gsea. Biol Clin Hematol 1992:
14:29-8.

- Valls A, Algara M. Jaume M, er al. Early mortality after bone marrow

transplantation for leukemia. Analysis on 221 patients. Eur J Cancer
1991: 27 (Suppl 2):255.

. Bearman SI, Appelbaum FR, Buckner CD, et al. Regimen related toxic-

ity in patients undergoing bone marrow transplantation. J Clin Oncol
1988: 6:1562-8.

- Bianco JA, Appelbaum FR, Nemunaitis J. e al. Phase I-1{ trial od pen-

toxifylline for the prevention of transplant-related toxicities following
bone marrow transplantation. Blood 1991; 78:1205-11.

Lundberg JH, Hansen RM, Chitambar CR, et al. Allogeneic bone mar-
row transplantation for rclapsed and refractory lymphoma using geneo-
typically HLA-identical and alternative donors. J Clin Oncol 1991;
9:1848-59.

Garaventa A, Dini G, Bagnulo S, er «l. Early deaths in children after
bone marrow transplantation: data of the AIEOP BMT group. Bone
Marrow Transplant 1991: 7 (Suppl 2):55.

Valls A, Algara M, Carreras E, Sierra J, Grafiena A. Assessment of risk
factors for early mortality in patients treated with total body irradiation
and bone marrow transplantation for leukemia. A multivariate analysis
on 215 patients. Transplantology 1992; 3:79-86.

Martinez E. La criopreservaciéon  de precursores
hematopoyéticos: su papel en hematologia y oncologia. Biol Clin Hematol
1983; 5:99-107.

Grafiena A, Carreras E, Marin P, er a/. Tratamiento de soporte en el
trasplante de médula ¢sea. Sangre 1982: 30:611-27.

Storb R, Deeg HI, Whitehead J, er al. Methotrexate and cyclosporine
compared with cyclosporine alone for prophylaxis of acute graft versus
host disease after marrow transplantation for leukemia. N Engl J Med
1986: 314:729-35.

Report from ACS/NIH Bone Marrow Transplant Registry. Exp Hematol
1975; 3:149-55.

Weiner RS, Bortin MM. Gale RP. Interstitial Pneumonitis after bone
marrow transplantation. Assessment of risk factors. Ann Intern Med
1986; 104:168-75.

Matthews DE, Farewell VT. Using and understanding medical statistics.
Karger, Basel 1988.

Everitt BS. The analysis of contingency tables. Chapman and Hall,
London 1977.

Hosmer DW. Lemeshow S. Applied logistic regression. John Wiley &
Sons, New York 1989.

Dixon WI. Brown MB. Engelman L. BMDP statistical software 1981.
University of California Press, Berkeley 1981.

Devergie A, Reiffers J. Vernant IP, er al. Long-term follow-up after
bone marrow transplantation for chronic myelogenous leukemia: factors
associated with relapse. Bone Marros Transplant 1990: 5:379-86.

D

W00,

sveo,
. .,

EM

39.

40.

41.

42.

44,

45.

46.

47.

48.

49.

50.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Socie G, Devergie A, Girinsky T, er al. Influence of the fractionation of
total body irradiation on complications and relapse rate for chronic
myelogenous leukemia. /nt J Radiat Oncol Biol Phys 1991; 20:397-404.
Valls A, Guix B, Algara M, et al. La neumonfa intersticial en el trasplante
de médula 6sea: su relacin con la enfermedad del injerto contra el huésped
y la irradiacién corporal total. Biol Clin Hematol 1988; 10:205-12.
Denham JW, Juttner CA, Ward GG, et al. Total body irradiation and
bone marrow transplantation in Adelaide. A short report on 7 years
experience. Australas Radiol 1986; 30:262-7.

McDonald GB, Sharma P, Matthews E, er al. Venoocclusive disease of
the liver after marrow transplantation: Diagnosis, incidence, and predis-
posing factors. Hepatology 1984; 4:116-22.

- McDonald GB, Sharma P, Matthews E, er al. The clinical course of

53 patients with venoocclusive disease of the liver after marrow trans-
plantation. Transplantation 1984 39:603-8.

Champlin RE, Feig SA, Ho WG, et al. Graft failure following bone
marrow transplantation: Its biology and treatment. Exp Hematol 1984;
12:728.

Gale RP, Bortin MM, van Bekkum DW, er «l. Risk factors for acute
graft-versus-host disease. Br J Haematol 1987; 67:397-406.

Vitale V. Corvo R. Franzone P, et al. Allogeneic marrow transplanta-
tion in patients with acute and chronic myeloid leukemia: influence of
total body irradiation dose and graft versus host disease on relapse rate.
Bull Cancer/Radioter 1991; 78:207-16.

Clift RA, Buckner CD, Appelbaum FR, et al. Allogeneic marrow trans-
plantation in patients with acute myeloid leukemia in first remission: a
randomized trial of two irradiation regimens. Blood 1990; 76:1867-71.
Van Bekkum DW, Hagenbeek A. Immunohematological aspects of total
body irradiation and bone marrow transplantation for the treatment of
leukemia. Radiother Oncol 1990; (Suppl 1):28-36.

Butturini AB, Gale RP. T-cell depletion in bone marrow transplantation:
current results, future directions. Bone Marrow Transplant 1988; 3:185-92.
Goldman JM, Gale RP, Horowitz MM, et al. Bone marrow transplanta-
tion for chronic myelogenous leukemia in chronic phase: Increased risk
of relapse associated with T-cell depletion. Ann Intern Med 1988;
108:806-14.

. Vriesendorp HM. Prediction of effects of therapeutic total body irradia-

tion in man. Radiother Oncol 1990; 18 (Suppl 1):37-50.

. Vriesendorp HM, Herman MG, Saral R. Future analysis of total body

irradiation. Int J Radiat Oncol Biol Phys 1991; 20:635-7.

- Keane TJ. Van Dik J. TBI schedules prior to bone marrow transplanta-

tion: requirements for comparison. Radiother Oncol 1989; 15:207-9.

. Gale RP, Butturini A, Bortin MM. What does total body irradiation do

in bone marrow transplants for leukemia ? Int J Radiat Oncol Biol Phys
19915 20:631-4.

Altschuler C, Resbeut M, Maraninchi D, er al. Fractionated total body
irradiation and allogeneic bone marrow transplantation for standard risk
leukemia. Radiother Oncol 1989; 16:289-95.

Gratwohl A. Gahrton G. Trasplante alogénico de médula 6sea en leuce-
mia. Oncologia 1988; 11:452-60.

Thomas ED, Clift EA, Buckner CD. Marrow transplantation for patients
with acute nonlymphoblastic leukemia who achieve first remission.
Cancer Treat Reports 1982; 66:1463-6.

Freedman AS, Takvorial T, Anderson KC. Autologous bone marrow
transplantation in B-cell non-Hodgkin’s lymphoma: Very low treatment-
related mortality in 100 patients in sensitive relapse. J Clin Oncol 1990;
8:784-91.

Snyder DS, Findley DO, Forman SJ, et al. Fractionated total body irra-
diation and high dose cyclophosphamide: A preparative regimen for
bone marrow transplantation for patients with hematologic malignancies
in first complete remission. Blur 1988; 57:7-13.

Santos GW, Saral R, Burns WH, et al. Allogeneic, syngeneic and autol-
ogous marrow transplantation in the acute leukemias and lymphomas-
Baltimore experiences. Act Haemat 1987: 78 (Suppl 1):175-80.
Bordigoni P, Vernant JP, Souillet G, Philippe N, Maraninchi D. Greffe
de moelle allogénique dans les leucémies aigués lymphoblastiques de
'enfant. Analyse des facteurs pronostiques. Etude du GEGMO. Arch Fr
Pediatr 1986; 43:765-8.

Wingard JR, Piantadosi S, Santos GW, et al. Allogeneic bone marrow
transplantation for patients with high-risk acute lymphoblastic leukemia.
J Clin Oncol 1990; 8:820-30.

Thomas ED. Total body irradiation regimens for marrow grafting. Int J
Radiat Oncol Biol Phys 1990; 19:1285-8.

Inoue T, Masaoka T, Shibata H. Total body irradiation for allogeneic
bone marrow transplantation in acute leukemia: A co-operative study
from the TBI Subcommitte in Japan. Strahlenter Onkol 1986: 162:100-4.

Vol 2. n° 7 AUGUST-SEPTEMBER 1993



