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Summary:

The purpose of the present study was to investigate the
hypothesis that family factors, in conjunction with clini-
cal factors, are associated with physical outcomes in
pediatric BMT. A prospective study of 68 pediatric
patients (mean age= 7.5 years; ranging from 4 months
to 18 years) undergoing BMT was carried out over a
6.5 year period. Physicians rated initial prognosis on a
(0-5) scale which incorporated the child’s diagnosis,
known risk factors, and type of donor. Both parents
individually completed two psychometrically sound
guestionnaires assessing family well-being and marital
satisfaction. Cox proportional hazards survival analyses
were performed to determine predictors of death (44%
of the patients died). Potential predictor variables
included were: initial prognosis, type of transplant,
patient’'s age, socioeconomic status, marital satisfaction
and family status, and family stress. Initial prognosis,
as estimated by the physician, (RR= 0.62, 95% CI =
0.40, 0.97) was the best predictor of survival. Initial
clinical factors are clearly critical in outcomes for pedi-
atric BMT patients. Bone Marrow Transplantatio2000)
26, 553-558.
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bers’ well-being and on the psychiatric aspects of sur-
vival.® Adjunct programs to assist family members cope
with the demands of BMT have been described but not
evaluated. (The reader is directed to Phippséxcellent
review chapter concerning the psychosocial aspects of
pediatric BMT.)

An emerging area of research addresses the determinants
of medical complications and survival in BMT patients.
One would expect that disease-related variables such as
type of transplant and previous medical history would be
related to outcomes. A more controversial idea is that psy-
chosocial factors may also impact outcorfieset, if one
considers the growing literature which links social support
to longevity in the general populatibas well as to survival
in other medical conditions (eg breast cafiethen the
notion that psychosocial factors may contribute to BMT
outcomes does not appear so polemic. Certainly, for
psychological adjustment it is clear that family support is
critical for pediatric patients in generdgnd BMT patients,
in particulart® Moreover, family support has been found to
predict survival in other diseases, such as patients being
treated with hemodialysis.

In an initial effort to identify variables related to physical
outcomes, McConvilleet al? conducted a retrospective
cross-sectional study of 32 pediatric BMT patients. They
found that four factors contributed to ‘unexpected’ severe
medical complications; they were: (1) the child’s functional
impairment, (2) family dysfunction, (3) geographical dislo-
cation, and (4) paternal psychopathology. With regard to

BMT in pediatric patients, while no longer an experimental.ynexpected’ deaths, the following four factors were found

treatment, is often a procedure used as a last resort. It i contribute to this outcome: (1) the child’s functional
complicated, costly (both in h_uman anc_i flnar_10|al terms)vimpairment, (2) paternal psychopathology, (3) family dys-
and extremely stressful for all involved (ie patient, family, fynction, and (4) the child’s personality (ie perceived as
hospital personnel). Initiall_y, research focused on the medijikeable and cooperative’). In the former case (ie medical
cal technology and physical health outcomes. Given theompiications) 55% of the variance was accounted for by
high demands of BMT it is not surprising that a secondihe four factors whereas in the latter case (ie unexpected
Ilne_ of research e_xddressed the psychoso_mal issues for bogéath) 36% of the variance was accounted for by the four
patients and family members. Most of this latter work wasgactors, Yet, this study involved retrospective chart review
descriptive’ outlining the various challenges incurred dur- hich may have introduced bias with regard to the vari-
ing the different phases of the procedure. Studies typicallyples assessed. Moreover, cases with particularly poor out-
were cross-sectional and included small sample sizegomes were selected, compromising external validity.
Attention was paid to the impact of BMT on family mem- | 3 study of psychological factors associated with sur-
vival in 71 adult BMT patients, Young and colleagties
reported that younger age, autologousdllogeneic) trans-
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Clinical Epidemiology (L10—41Y7), 1%50 Cedar Avenue, i\/lontreal, QC emt)é,tf?(;lctljslZvrfr/]eprl(;l;teu(:;’?ndtel’lslgasl’{u%i/o\:\?esrgrﬁlg}flzggljirxéveillor?oe

H3G 1A4, Canada I ! !
Received 6 August 1999; accepted 14 February 2000 the McConvilleet als study in that patients were tested




Predictors of outcomes in pediatric BMT
PL Dobkin et a

554

directly using standardized psychological instruments andParents were requested to complete the questionnaires indi-
followed prospectively for 1 year. vidually, without consulting each other. The study was
Using a similar prospective design, Syrjala and col-approved by the hospitals’ ethics committees prior to
league$* studied 67 allogeneic adult BMT patients for sev- commencement.
eral years. At 1 year post transplant, the physical func-
tioning and psyphologlcal_ adjustment was assessed in Séaseline assessment
survivors. Impaired physical recovery was predicted by
more severe chronic GVHD, pre-transplant physical impair\When a child was accepted into the transplantation service
ment, and family conflict; 41% of the variance was the treating physician rated the child’s prognosis on a 0 to
accounted for using multiple regression analysis. Greatéb rating scale whereby ©very poor and 5 excellent. The
emotional distress was predicted by pre-transplant familyscale was developed by the first author; physicians were
conflict, non-married status, and development of less seveliastructed to integrate all previous data pertaining to the
chronic GVHD; 38% of the variance was accounted forcase (ie diagnosis, risk factors, type of donor) with current
using multiple regression analysis. Interestingly, family medical knowledge specific to the illness being treated.
relations were tracked throughout the study (ie pre-trans- General information regarding the demographics of the
plant, 90 days post transplant, and 1 year post transplantamilies (eg, parents’ occupation, number of children in the
and found to be remarkably stable. This is importantfamily, years married/separated/divorced/cohabiting, living
because when only one assessment is taken (for example, Montreal or outside Montreal) was gathered through
prior to the transplant) it is often assumed that the resulthart review and interviewing the parents.
reflects a stable characteristic. This assumption can, appar-
ently, be made with some degree of confidence as &tife Locke—Wallace Marital Adjustment Testhis widely used
al*s followed 34 families with children diagnosed with inventory measures the degree of marital satisfaction by
acute lymphoblastic leukemia (ALL) over a period of 1 having each partner independently complete 15 questions
year; families with predominately stable relationships andpertaining to their relationshif. The psychometric para-
adequate social support within the family unit copedmeters of the instrument have been studied and its
well whereas those having problems predating diagnosiseliability and validity are good® This inventory was
experienced deterioration in family life. administered to intact families (ie, families for whom two
Neuset® followed 35 adult BMT patients between 497 parents are living with the children; in the case of reconsti-
and 754 days. Using survival analyses it was found thatuted families (married or not), stepfathers who had lived
patients who scored high on a personality subscale entitleth the family for at least 1 year were included).
‘strives for recognition and help’ were shown to survive
the longest. These individuals sought and received socidtamily Well-Being Assessmenthis questionnaire,
support from their environment. Social support was also aleveloped by Caldwef®?! contains the following subs-
predictor of survival in Coloret als'” study of 100 adult cales: family stress, family satisfaction, family support,
patients undergoing allogeneic BMT for acute leukemia. Infamily cohesion, family adaptation, role conflict, role over-
this study, three variables were found to independentljoad, role ambiguity, role nonparticipation, psychosomatic
affect outcome: iliness status, presence of depressed moaglymptoms, and life satisfaction which can be combined to
and the extent of perceived social support (derived froncompute a Total Family Stress score. Individual family
the spouse or family). While the Colost al study has members rate each of the 74 items on a six-point Likert
methodological flaws (eg data were based on a retrospescale (a high score indicates poorer functioning for most
tive review of clinical data obtained as part of routine psy-subscales). Normative data are available from families with
chiatric assessment of patients) its findings corroboratehronically ill and healthy children. Findings concerning
others. reliability show that test—retest reliability was 0.88; Chron-
Thus, there is preliminary evidence that a combinatiorbach’s alpha was 0.90. Content and construct validity were
of biological and psychosocial factors influence BMT examined and found to be at acceptable levels. Question-
patients’ prognosis, although there has not been a prospenaires were translated into French using the back-
tive study of pediatric patients. The purpose of the presentranslation method
investigation was to extend these early findings and attempt
to replicate those reported by McConviléé al using a pro- ;
spective design including both parents of the pediatric BMTOutcome variables
patient as well as data collected by treating staff. Medical charts were reviewed to determine the child’'s
status 4 months following BMT by a research nurse special-
ized in BMT; she was blinded to the psychosocial baseline
Materials and methods data. A standardized form was developed in collaboration
with the treating staff (physicians and research nurses)
which allowed for documentation of the various medical
complications which may follow BMT (eg GVHD, various
Parents were informed of the study by their child’s phys-infections, relapse). Once the type and severity of compli-
ician and invited to participate in the investigation. Theycations were coded, the nurse made an overall judgment
were instructed in completing the psychosocial measures bsegarding the severity of medical complications on a Visual
a research assistant who was available to answer questiomalog Scale (VAS) ranging from 0 to 10, where=Ono

Procedures
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complications and 16 very serious complications. VASS Tablel  Sample baseline characteristics<168)

are widely used with medical patients to assess constructs
such as pain, mood, functional capacity, response to andhild

satisfaction with treatmef#2> Thus, two physical out-  Mean age at transplant (years) _47-53t(h$dt5-3%
come variables were recorded: death and medical compli- g, (4, range= 4 months fo o years
cations. . . _ Girls 33.8

Nurses also rated the children’s quality of life 120 and  Boys 66.2

365 days following the BMT using Lanskgt aP® Play Diagnosis (%)

Performance status ratings. This scale is similar to the Kar- Lymphoblastic leukemia 279
. , . Myeloid leukemia 235
nofsky scale used to rate adult cancer patients’ functional |\ nohoma 8.8
status. The Play Performance scale ranges from 0 Aplastic anemia 7.3
(unresponsive), 50 (gets dressed, but lies around much of Neuroblastoma 5.9
the day; no active play; able to participate in all quiet play _ Others 26.4
and activities), to 100 (fully active, normal). While it may Tyﬁﬁtgroggﬂzp'am (%) 20,4
have been preferable to have physicians rate these out- ajogeneic 706
comes, it was not feasible. Mean initial prognosis 2.59 (s.¢ 0.90)
Parents
Data analyses Mean age (years)

Lo . Mother ( = 66) 36.59 (s.d= 6.33)
Descriptive analyses were created for all study variables Father o = 68) 37.61 (s.d= 8.29)
using means, standard deviations, medians, ranges, and perOccupational status
centages where appropriate. A Cox proportional hazards Mother (= 58) Median= 36, range= 0 to 71.60
model was used to investigate the relationship between risk Fa';ﬁfgesrtgw‘se&)r{ _ 68) Median= 41, range= 0 to 101.32
factors and survival following BMT. The index date was Intact 80.9
considered to be the date of transplant. Risk factors investi-  Non-intact 19.1

gated included the initial prognosis as evaluated by the Mean marital satisfaction ~
physician, the sex and age of the patient, the Locke— Mother @ =60) 102.98 (s.d= 25.31)

. . Father (1 = 4 105.24 (s.d= 24.
Wallace marital adjustment scores for both mothers and Me:r: ;i,’taﬂ famgi)l)y stress 05.24 (s.d 53)
fathers (for intact families), family stress as rated by both  mother (1 = 67) 2.62 (s.d= 0.54)
parents, and the occupational status of the mother or father Father ¢ = 52) 2.56 (s.d= 0.52)

(higher score was used). Missing data were corrected for
using multiple imputation techniqué%.For each missing

:Etem, we _crgatgd a :cegrestgonfm?getl th?.t pt[egmted the 'lterféchniques in that the model need not be nested, and the
rom non-missing information for that patient. For €xample, g, mogel is selected independent of the order in which
we predicted the family stress score from a missing 'te”lhey are estimated

in the father's data from the score of the mother. Since '
these items are not generally predicted with high accuracy

from the information available, we used 10 imputations OfResuIts
each item, which covered the range of feasible values. In

doing this, we in effect create 10 different ‘complete’ data i
sets, each of which differs from the other nine data sets inS ample characteristics
the missing data only. By performing each analysis 10Sixty-eight consecutive pediatric BMT patients were
times while carefully accounting for both the within-analy- accrued over a 6.5-year period in the principal urban center
sis variance (sampling variance) and between-analyses vate offer BMT to children in Quebec, Canada. Character-
ance (variance due to the imputation of missing data), finaistics of the sample are summarized in Table 1. The average
results are created that fully reflect all inherent uncertaintyage was 7.53 years; two-thirds were boys; and 80.9% of the
in the data while not being forced to omit cases with onepatients lived in two-parent families. The mean for initial
or more missing items from the analyses. Therefore, werognosis was 2.59 (s.& 0.90). As shown in Figure 1,
maximize power without exaggerating the accuracy of our

missing data imputations. Moreover, we created an indicto~ 50 -
variable for family status (single, two-parent) and included 45 -
that term in the model along with its interaction with the 40

Locke—Wallace score. In this way we were able to include £ 35
both types of families into the survival analyses without . 804
having to omit subjects from the analyses. The relationshij 251
| mm . i i i . /

atien

o
of the same risk factors to future medical complications © fg:
was investigated via linear regression. Similar imputations > 10 4
to those described above were carried out for these analys 5 -
as well. In all cases, final models were selected using th 0

BIC2® model selection criterion. The BIC improves over Verypoor  Poor  Average  Good  Very good Excellent

the conventional backwards or forwards model selectiorFigure 1 Physicians’ ratings of initial prognosis at baseline assessment.
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296 the scores tended towards the middle range, with 80.9% ¢ 1.0 ——Very poor
the patients being scored as average or good prognosi HEO T Modorate
Forty-eight (70.6%) of the BMTs were allogeneic, with 22 0sdint - -—-\c/igrc;dgood/excellent

related donors (45.8%) and 26 unrelated donors (54.2%
the balance (ien = 20 or 29.4%) were autologous BMTSs.
The donors were A, B and molecular DR related and unre

lated.

There was a wide range of occupations with mothers ani 0.4
fathers reporting median scores of 36 and 41, respectively
According to Blishenet aF° scores are a composite index
of income and education; 42.74 (s&d.13.28) represents
the mean of 514 occupations classified. Table 1 shows th:
both parents, on average, reported normal levels of marite 0.01
satisfaction (10G= average in a nonclinical population, 10

o
2
©

o

0 1 2 3 4 5 6

=1 s.d.; 90 indicates some problems, 80 indicates seriou Years

marital problems). Family stress, as indicated by both par
ents (mothers’ mean 2.62 (s.d.= 0.54); fathers’ mear
2.56 (s.d.= 0.52)), was higher than families with healthy

children (based on data provided in Caldv®ll

Survival analyses

Thirty of the 68 patients died following BMT. The mean
survival time was 1.82 years (s.d.1.71; mediar= 1.19).

Figure 2 Survival analysis using initial prognosis as a predictor.

Table 3 Medical complications

Mean VAS score
120 days 491 (s.d= 2.53)
365 days 2.33 (s.c= 3.14)

Mean Play Performance score

Table 2 presents the results from the Cox proportional haz- 120 days 80.18 (s.c- 18.22)

ards model. The physicians’ initial prognostic score was

365 days 89.85 (s.ck 9.31)

the best predictor of future survival, with each increase ofGVHD (allogeneic only; %)

one point in the scale resulting in a relative risk reduction 120 days

of 0.62 (95% ClI= 0.40, 0.97). The confidence intervals for No §§QZ
family stress and marital satisfaction as perceived by both 365 days

mothers and fathers were wide and included the null value Yes 54.5
of 1. Therefore, this study did not find an effect of family No 24.2
stress or marital satisfaction on survival. Figure 2 showRejection (% yes)

the results of the survival analysis graphically using initial 120 days 175
prognosis as a predictor. The percent of patients alive ovetauses of death (%)

the 6.5 years period is shown for those patients with very Relapse = 12) 40.0
poor, moderate, good, and very good/excellent prognoses. Treatment-relatedn(= 18) 60.0

Medical complications/causes of death

As shown in Table 3, at 4 months following BMT, 7.4%

Sample sizes were 57 at 120 days, 36 at 365 days.
VAS = global score recorded on the Visual Analog Scale; s.dtan-
dard deviation.

of the patients had rejected the transplant (three related, two

unrelated donors); 32.2% of those with allogeneic BMTs According to the BIC criterion, there were no predictors
had GVHD. Nurses’ global assessment of medical compli-of medical complications in our data set, in that the best
cations ranged from 0 to 10, with an average score of 4.9inodel is simply a constant. Of course, this does not neces-
(s.d.= 2.53). Causes of death are listed in Table 3. Twelvesarily mean that none of our predictors are potentially
patients relapsed and 18 patients died of treatment-relatdthportant, but rather reflects a lack of power in our study.

events.

Table 2 Cox proportional hazards model of survival

Variable Relative 95% confidence
risk interval

Initial prognosis 0.62 (0.40, 0.97)

Locke—Wallace — mother 0.91 (0.75, 1.09)

(10 point change)

Locke-Wallace — father 0.89 (0.72, 1.10)

(10 point change)

Family stress — mother 0.92 (0.62, 1.37)

Family stress — father 0.96 (0.67, 1.36)

Bone Marrow Transplantation

Eleven subjects died before this variable could be evalu-
ated, meaning that analyses could only be carried out on
57, rather than 68 subjects.

The average Play Performance score average at 120 days
was 80.18 (s.d= 18.22). According to the BIC criterion,
there were no important predictors of this measure in our
data set. Again, given that data were available for only 57
patients, these results may reflect a lack of power in our
study.

Finally, although the study was not designed to be car-
ried out to 1 year, we were able to obtain medical data for
36 survivors. As shown in Table 3, 54.5% of those with
allogeneic BMTs had GVHD. A much smaller percentage
of patients had infections compared to 4 months following
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BMT. Nurses’ global assessment of medical complications What, if any, are the clinical implications of these find- %57
ranged from 0 to 10, with an average score of 2.33 (s.dings? First, treating physicians may be interested in know-
= 3.14). Play Performance score average was 89.85 (s.thg that they are skilled in assessing prognosis. As for the
=0.31). psychosocial findings, while not predictors of physical out-
comes, the data indicate that some families are having dif-
ficulty coping with the demands of BMT as reflected by
Discussion their reports concerning their marriage and home lives. In
a previous studi¥ where we compared three groups: (1)
The results of this prospective study do not support the onlyamilies with a child being treated for ALLn(= 19); (2)
other investigation published to date including psychosociafamilies with a child undergoing BMTn(= 25, a subset of
variables in a pediatric BMT sample. McConvile al?  the present sample); (3) controls, ie families with a healthy
reported that the patient’s functional impairment (ie bio-child (n = 24), we noted that, on all psychosocial measures
logical factor), paternal psychopathology, family dysfunc-the BMT families were fairing the worst. There were sig-
tion, and the child’s personality (ie psychosocial factors)nificant differences for marital satisfaction with BMT par-
predicted ‘unexpected’ deaths. In the present study, initiaents scoring the lowest, and control families scoring the
prognosis, as estimated by the treating physicians, was theaghest. Likewise, for family stress, the pattern was the
only significant predictor of survival. same, with a significant difference between mothers and
The finding that initial prognosis was the best predictorfathers, with mothers reporting more stress than fathers.
of death warrants further discussion. First, as is evident imwo indices of vulnerability recorded on the Family Well
Figure 1, physicians tended to respond in the middle zon8eing Assessment (psychosomatic symptoms and life
of the VAS; this may reflect the cases they treated or itsatisfaction) were the worst for the BMT families. This may
may indicate an unwillingness to endorse extreme scoreseflect the burden of disease history as most BMT patients
In other words, is the VAS reliable and valid? There isand their families have gone through numerous phases of
sufficient evidence to indicate that the psychometric properillness leading to transplantation as a last resort. Thus, sup-
ties of VASs are good. For example, Scott and Huskigson port for the supporters (ie parents) may need to be part
found a high correlation between pain severity measuredf the overall treatment plan, especially for families with
with a VAS and a simple descriptive pain score=(0.90, problems which predate the BMT.
P < 0.01) when both measures were administered at the This study is not without its limitations. While the sam-
same time. Similarly, Rideet aF® compared physician- ple size was large for a pediatric BMT study, we may not
rated disease activity scores of juvenile idiopathic inflam-have had enough power to investigate many of the effects
matory myopathies using VAS and five-point Likert scales.of interest. In many cases, while the 95% confidence inter-
High correlations were found using Spearman rank correvals for risk factor effects included the null value of 0, they
lation (0.89) and intraclass correlation coefficients (0.85).also did not rule out clinically interesting effects. We felt,
Thus, it appears that physicians are skilled in assessingowever, for the amount of time required to accrue more
prognosis. Psychosocial findings are not predictors ofubjects (with an average of about 10 per year) that it was
physical outcomes. Even without considering the confitime to report the results as they are. Second, we did not
dence interval, the effect of the Locke—Wallace score orassess the children undergoing the BMT directly. This was
survival is small, with a relative risk decrease of only 0.90intentional so as not to burden the sick patients. Moreover,
for a 10 point decrease in marital satisfaction. Howevergiven the wide age distribution (4 months to 18 years) uni-
while not predictors of physical outcome, the data indicateform psychosocial testing across different age groups was
that some families are having difficulty coping with the untenable. Nonetheless, perhaps the patient’s perception of
demands of BMT, and that the children with the worstsocial support is critical and assessing parent’'s perceptions
prognosis are found in the most dysfunctional couples. may not be capturing the variable of interest. It is rec-
The present study failed to replicate McConvideals ommended that future research select children old enough
findings for medical complications as well. Plausible to respond directly and that the investigation takes place in
reasons for the descrepancies between the two studies aae number of treatment centers to accrue a sufficient
as follows. First, McConvilleet al? included cases with sample size.
‘unexpected’ complications, whereas we assessed almost
all BMT patients in the province of Quebec during the
study period. It is likely that this biased their sample byAcknowledgements
selecting the extreme cases. Second, our data were col- o i
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