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Summary

For a meta-analysis based on comparisons between studies rather than
controlled comparisons within studies, it is especially important to ex-
plain, estimate, and to allow for the heterogeneity in results between stud-
ies. The danger of bias in the use of “historical controls” is well known.
The aim of the present investigation was to develop a simple method to
analyze differences in results between paediatric and adult clinical trials
in Hodgkin’s disease, through meta-analysis of a full and extensive col-
lection of published results. Patient and treatment characteristics were
included as possible explanatory factors in a generalized linear model.
Sampling errors in the Kaplan-Meier estimates derived in the studies as
well as heterogeneity between studies were estimated iteratively in order
correctly to weight the observations and assess significance while fitting
the model and testing effects. A significant superiority of treatment re-
sults in children, compared with adults, was demonstrated, allowing for
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patient and treatment characteristics. A generalized linear model incor-
porating heterogeneity and explanatory factors was found to be a practi-
cable and flexible method for a “between-studies” meta-analysis, suitable
for investigations where controlled comparisons are not possible or not
available.

13.1 INTRODUCTION

The “standard” type of meta-analysis combines the results of several random-
ized studies, each of which makes the same (randomized) comparison as the
meta-analysis. The technique has been extended to non-randomized investi-
gations, for example, of diagnostic methods or prognostic factors (see Chap-
ters 11 and 6 in this volume). Again, such meta-analyses combine compara-
tive information (relative frequencies, correlations, etc.) from each study. The
meta-analysis addresses the same question as each component study, its ad-
vantage lying in the greater (combined) sample size and therefore power, and
in its greater representativity. In practice, many questions and hypotheses in
clinical research have not been – or cannot be – investigated within studies.
Tentative inferences are then made using comparisons between studies, for in-
stance, a historical comparison between a former treatment and a new treat-
ment. Such comparisons are liable to suffer from hidden or unquantifiable bi-
ases due to systematic differences between the patients, or their treatment, in
the compared studies. Two techniques may help to improve the reliability of
between-study comparisons: firstly, avoiding selection bias and “averaging-
out” of chance differences by systematic inclusion of a large number of rele-
vant studies; secondly, modeling the influence of known study characteristics
to make allowance for biases. This report applies these techniques to the com-
parison of treatment results in Hodgkin’s disease between paediatric and adult
institutions.

13.2 OBJECTIVE

In the development and optimization of therapy for malignant lymphoma it
has been widely observed during the last decades that paediatric treatment re-
sults, as a whole, are superior to those achieved in adults. Since there are sys-
tematic differences in treatment strategy between paediatric and non-paedia-
tric institutions (emphasis on combined chemo-radiotherapy even for early
stages, lower radiation doses, new and more intensive chemotherapies for chil-
dren), the reason for this superiority and the role of patient age were unclear.
Should the type of therapy rather than age per se be responsible for the good
paediatric results, then a rethinking of adult therapy and a borrowing of ideas
from children’s institutions might be fruitful (Magrath, 1997). The aim of the
present analysis was to model the dependence of cure rates in paediatric and
non-paediatric Hodgkin’s disease patient cohorts on the factors age-range of
patients, distribution of disease characteristics in the cohort and type of ther-
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apy. The size of differences, if any, in cure rates between children’s and adults’
cohorts with similar disease characteristics and therapy were to be evaluated.

13.3 METHODS

The publications of studies from which data were to be extracted were selected
using a systematic search in the medical literature database Medline (1980–
1997) followed by the application of several predefined criteria (first-line treat-
ment, sample size at least 30, chemotherapy as main therapy component, ade-
quate information and follow-up). Pure radiotherapy trials were omitted since
children are rarely treated with radiation alone. The patients reported in each
paper were, where appropriate and as far as the sample size and the reported
details allowed, divided into homogeneous cohorts according to disease char-
acteristics and therapy, avoiding subgroups of less than 30 patients.

Data concerning the type of institution or trial group, sample size, distribu-
tion of disease characteristics, type of therapy and Kaplan-Meier estimates of
cure rates (disease free survival (DFS) and overall survival (SV) rates) were ex-
tracted. Cure rates were adjusted to the time point 5 years after first diagnosis,
this adjustment being based on results of a linear regression on pooled data
at multiple time points from all those publications where a Kaplan-Meier plot
covering an adequate time span was given.

The form of this meta-analysis was a generalized linear model (McCullagh
& Nelder, 1989; for some further developments see Nelder, 1998) with cure
rate (S) as response variable:

log (− log(E(S))) = β0 + β1X1 + · · ·+ βkXk.

In order to restrict predicted rates to between 0 and 100%, the complementary
log-log link function was chosen to relate response variable S to the linear com-
bination of explanatory variables X and unknown parameters β. The observed
response is assumed to vary normally about the expected value with variance
comprising two components, namely the sampling error of the Kaplan-Meier
estimate σ2

P (P = variation between patients) and the heterogeneity σ2
C (C =

variation between cohorts):

S ∼ N
(

E(S); σ2
P + σ2

C

)
.

Nine potentially explanatory variables were considered, namely:

• type of institution (single-centre, oligocentric, multicentric)
• recruitment period
• sample size
• proportion with advanced disease (stages III and IV)
• proportion with systemic symptoms
• treatment modality (chemotherapy or combined chemo-radiotherapy)
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• type of chemotherapy

• number of different drugs

• number of cycles of chemotherapy.

The observations were weighted according to their estimated variance: the
standard error of the (iteratively estimated) cure rate according to the formula
of Greenwood (1926) plus a second component allowing for the heterogeneity
between cohorts. The amount of heterogeneity was estimated iteratively from
the sum of squared model residuals, allowing for the contribution due to σ2

P
(iterative reweighting).

Model fitting was performed in SAS by iterative use of the procedure GEN-
MOD. After each model fitting, the fitted values of cure rate and the residuals
were used to estimate the Greenwood standard errors and the heterogeneity
respectively. These estimates were combined to estimate the variance of each
observation and hence its weight for the next fit, until (after typically 4–5 it-
erations) the results were stable (Figure 13.1). Using stepwise regression tech-
niques, the effect of including or excluding each explanatory factor was as-
sessed by the change in log-likelihood. Thus, an “optimal” model including
only the significant explanatory factors was selected.

Initial values of s
C

2 and s
P

2 (Greenwood‘s SE)

START

Calculate weights = 1/(s
C

2+ s
P

2)

Fit model using weights (GENMOD)

Calculate residuals

Calculate s
C

2 from residuals

Calculate s
P

2 from fitted values

END

Iterate
until
stable

Figure 13.1 Iteratively reweighted fitting of the generalized linear model using the
SAS procedure GENMOD.
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The sensitivity of the results to small changes in the model (choice of ex-
planatory factors, logistic link function, uniform weighting, weighting pro-
portional to sample size) was investigated. The model was also fitted to sev-
eral subgroups of the available cohorts (combined modality treatments, pure
chemotherapy treatments, particular chemotherapy schemes, early stages, ad-
vanced stages, larger cohorts) to assess the generalizability of the results.

In order to correct for the poorer prognosis of the elderly patients who were
represented in almost all adult cohorts, the age-specific cure rates of patients
in the multicentre German Hodgkin’s Lymphoma Study group were analyzed.
The effect of older patients in lowering the cure rate of the whole cohort was
estimated. Allowing for this effect enabled us to use the meta-analysis results
to compare children with younger adults alone.

13.4 RESULTS

Thirty-eight paediatric and 85 adult cohorts were selected for inclusion. The
distribution of disease characteristics was similar, on average, in paediatric and
non-paediatric cohorts. However, consistent differences in type of cohort and
type of therapy were seen (Tables 13.1 and 13.2). Due to the lower incidence of
Hodgkin’s disease in children, the paediatric cohorts were on average smaller,
more often multicentric, and less often randomized. Children more often re-
ceived combined modality therapy and a lower radiation dose, and therapy
more often included a more modern, ABVD1-type regimen.

The heterogeneity of both DFS and SV rates between cohorts was signifi-
cant, according to the Q-statistic of DerSimonian and Laird (1986). For DFS,
heterogeneity represented about two-thirds of the residual variation and for
SV, about one-third.

Cure rates were consistently better, on average, for paediatric cohorts than
for adults. Figures 13.2 – 13.4 show examples of the distribution of paediatric
and adult DFS plotted against three of the potential explanatory factors, al-
lowing paediatric and adult results (with respect to the chosen factor) to be
compared. This graphical method of comparison is limited to single explana-
tory factors.

Using the generalized linear modeling technique with all the explanatory
factors listed above, highly significant differences of circa 13% in DFS (95%
confidence interval: 6–19%) and 12% in survival (95% confidence interval: 8–
15%) were found. These differences in cure rates were calculated from the
estimated regression coefficients for the factor paediatric/adult via the link
function (see above). Figure 13.5 shows estimated differences, which (due to
the curvature of the link function) vary according to the level at which the cure
rates lie. Alongside the factor paediatric/adult, the following factors were se-
lected as significant for DFS by the stepwise fitting procedure: type of institu-

1Adriamycin, Bleomycin, Vinblastine, Dacarbazine
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Table 13.1 Characteristics of Paediatric and Adult Cohorts

Pediatric Adult

Type of Cohort Single Centre 14 37% 50 59%
2-4 Centres – – 7 8%
Multicentre 24 63% 28 33%

Randomized No 29 76% 40 47%
Study? Yes 9 24% 45 53%

Number of < 40 9 24% 15 18%
Patients 41-60 11 29% 19 22%

61-100 15 40% 27 32%
101-200 3 8% 17 20%
> 200 – – 7 8%

Total 38 85

Note. Entries represent number and percentage of cohorts.

Table 13.2 Treatment in Paediatric and Adult Cohorts

Pediatric Adult

Chemotherapy MOPP or similar 8 21% 42 49%
ABVD or similar 7 18% 5 6%
MOPP/ABVD or similar 9 24% 13 15%
OPPA 9 24% – –
Other 5 13% 25 29%

Number of 2–3 7 20% 17 21%
Chemotherapy 4 6 17% 5 6%
Cycles 5–7 16 44% 40 49%

8 5 14% 14 17%
> 8 2 6% 6 7%

Radiotherapy None 5 13% 26 31%
Fields Localized 27 71% 18 21%

Extended 6 16% 33 39%
Various – – 7 8%

Total 38 85

Note. Entries represent number and percentage of cohorts. MOPP = Mustargen,
Vincristine, Procarbacine, Prednisone, ABVD = Adriamycin, Bleomycin, Vinblastine,
Dacarbazine, OPPA = Vincristine, Procarbacine, Prednisone, Adriamycin.
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Figure 13.2 Boxplots of (5-year-adjusted) disease free survival rates according to the
proportion of advanced stage patients in the cohort, for adult (left) and paediatric
(right) cohorts.

Figure 13.3 Scatterplot of disease free survival (5-year adjusted) against proportion
of patients with systemic (B) symptoms in the cohort, for paediatric and adult cohorts.
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Figure 13.4 Scatterplot of disease free survival (5-year adjusted) against year at mid-
point of recruitment period, for paediatric and adult cohorts.

tion, proportion with disease stage III-IV, proportion with systemic symptoms,
treatment modality).

Figure 13.5 Estimated differences in disease free survival rates between paediatric
and adult cohorts, calculated using the estimated parameter β = 0.442 from the gener-
alized linear model.

The paediatric/adult difference was not restricted to certain types of cohorts
but reappeared as significant in all main subgroups of cohorts, including the
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cohorts of predominantly early stage patients, the cohorts of predominantly
advanced stage patients, the cohorts receiving combined chemo-radiotherapy,
the cohorts of size over 80, the multicentre cohorts, and so forth. Small varia-
tions in modeling methods (weighting scheme, form of link function) did not
qualitatively change the results.

The reduction in DFS and SV due to the presence of patients over 45 years
old in the adult cohorts was estimated as 3% and 4% respectively. The remain-
der of 9% in each case therefore represents a difference between children and
young adults. This difference could not be accounted for by therapy-related or
other factors. It could be due to an intrinsic biological difference or to hidden
confounding factors such as quality of care in paediatric institutions.

13.5 CONCLUSIONS

A statistical model for the dependence of treatment results on explanatory fac-
tors relating to treating institution, patient cohort and type of therapy was
constructed and fitted, with the aim of estimating the difference in treatment
results attributable to the age range of the patients (paediatric or adult, respec-
tively).

The generalized linear model allows an appropriate form of dependence
and an appropriate specification of error to be incorporated. Heterogeneity
between cohorts was an important part of the random variation in both end-
points. The iterative estimation of heterogeneity together with an approximate
calculation of the standard error of each cohort-based Kaplan-Meier estimate
leads to an error structure which allows for both types of error and thus to
a plausible weighting scheme. In the application to Hodgkin’s disease, the
size of the effect of interest (superiority of paediatric cure rates) could be esti-
mated, although the precision was not high. The results were not sensitive to
small changes in modeling methods or inclusion criteria.

A more sophisticated, integrated approach would make use of a maximum
likelihood technique to fit a generalized linear model with variance compo-
nents, the heterogeneity between cohorts being represented by a cohort ran-
dom effect. Aitkin (1999) lists alternative techniques and proposes a nonpara-
metric approach.

The presence of hidden or non-quantifiable differences which occur system-
atically between paediatric and adult cohorts could influence the results of such
an analysis despite the attempt to explain and allow for heterogeneity. The
possible influence of such effects should be carefully assessed. In the present
analysis, intrinsic differences in curability between children and adults may
be confounded with different treatment strategies adopted by paediatric com-
pared with adult institutions. The inclusion of treatment type as a factor in
the model may only partially allow for such confounding. Furthermore, it has
been suggested that children systematically receive a more thorough staging,
treatment administration and care, factors which are not available for inclusion
in the model. Thus, the conclusion that paediatric results are superior, for com-
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parable patient characteristics and treatment schemes, applies only under the
current standards of care and management in paediatric and adult institutions
respectively.

The credibility of the results of any meta-analysis, but especially one based
on comparisons between studies, depends on the unbiased and representative
selection of studies for inclusion. In the present analysis, credibility was sought
through systematic inclusion of a large number of studies.
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